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Asthma is a leading cause of pediatric hospi-
talizations; to improve asthma care, the Joint
Commission requires children’s hospitals to
submit process measure compliance data for
hospital accreditation. The Children’s Asthma
Care (CAC) process measures include the
use of relievers (CAC-1) and systemic corti-
costeroids (CAC-2) for asthma exacerbation,
as well as the completion of a home manage-
ment plan of care (CAC-3) for patients at dis-
charge, outlining indications for medications,
follow-up plan after discharge, and information
on environmental triggers (Fassl et al., 2012).
Since 2010, these data are publicly reportable
on the website www.hospitalcompare.gov.
(Data.Medicare.gov, 2012).

Recent literature is conflicted on whether
performance on CAC process measures is re-
lated to improvements in asthma outcomes.
In a study of 42 free-standing, tertiary care
children’s hospitals, there was no associa-
tion between compliance with CAC measures
and asthma-related outcomes such as subse-
quent emergency department visits and asthma-
related readmissions among almost 40,000 chil-
dren (Morse et al., 2011). Conversely, in a
single-site study of almost 2,000 patients assess-
ing the effect of increased compliance with
the use of home management plans of care
(CAC-3) in conjunction with an asthma clinical
pathway, authors showed a reduction in read-
missions from 17% to 12% (p = .01; Fassl et al.,
2012).

Others have identified new metrics beyond
CAC process metrics to measure asthma care.
Nkoy and colleagues used a modified Rand ap-
propriateness method to identify nine process
measures that were tested for feasibility and re-
liability; these process measures included ele-
ments of the CAC process measures including
the use of systemic corticosteroids and a writ-
ten asthma action plan, but also included other
process measures including documentation of
asthma severity at admission and scheduling
a follow-up appointment with a primary care
provider at discharge (Nkoy et al., 2008). De-
spite this recent literature suggesting the het-
erogeneity in measures for asthma care, little is
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known about the specific types of quality met-
rics that hospitals currently use to measure and
improve asthma care.

It is also unclear what the impact of het-
erogeneity in measurement for asthma care
is on performance improvement in individual
hospitals and on quality of care provided to in-
dividual patients. Although some process mea-
sures may be directly tied to outcome measures,
many process measures may be markers for
other unmeasured but nevertheless important
processes of care (Werner, Bradlow, & Asch,
2008). Furthermore, it has been suggested that
the very act of performance measurement may
have a positive impact on outcomes, due in part
to the intense scrutiny placed on a whole sys-
tem of care. This idea of a “Hawthorne strat-
egy” takes the principles of the “Hawthorne
effect,” or the impact on behaviors that some-
times occurs as a consequence of subjects be-
ing observed by experimenters, and leverages
its strength to change behaviors to achieve
performance improvement. According to the
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“Hawthorne strategy,” intense internal commit-
ment as in the use of multiple measures for a
given complex process may in fact drive perfor-
mance on both process and outcome metrics,
simply by measurement alone and the intense
scrutiny involved in this (Lied & Kazandjian,
1998). This strategy has been credited in qual-
ity improvement projects related to increasing
residents’ assessments and documentation of
patient pain, improving physician documenta-
tion of parental consent and technical perfor-
mance of pediatric lumbar puncture, and in im-
proving perioperative quality measures using a
clinical pathway for kidney transplant patients
(Gruber, Sharma, Daneschvar, & Estfan, 2003;
Schwarzbach et al., 2010; Taitz et al., 2006).
Despite the importance of asthma as a leading
cause of pediatric hospitalization, little is known
regarding the association between the num-
ber and type of measures used as a proxy for
strategic focus and patient outcomes. Armed
with this knowledge, hospitals would be more
informed to craft efficient, meaningful quality
measurement programs that take into consid-
eration both the benefits and opportunity costs
of measuring a wide array of asthma metrics.

Despite recent literature suggesting hetero-
geneity in asthma quality measures, little is
known about the specific types of quality met-
rics that hospitals currently use to measure and
improve asthma care and whether hospitals
with a wide array of metrics for asthma care have
improved asthma outcomes due to increased
strategic focus on processes of care. In order to
bridge this gap, we surveyed senior administra-
tive leaders responsible for quality and patient
safety initiatives at children’s hospitals in order
to (1) characterize the number and types of
quality metrics hospitals are using to measure
and improve asthma care and (2) determine if
an association exists between the number and
type of metrics used and hospital-specific read-
mission rates.

Study Design and Methods
Study Design
We conducted a cross-sectional, observational,
online survey of quality leaders at children’s
hospitals associated with the Children’s Hospi-
tal Association on their use of quality metrics
related to asthma care from June to Septem-
ber 2012. An email link to the online sur-
vey (SurveyMonkey, Palo Alto, CA) was sent to

quality and safety leaders via a list-serve hosted
by the Children’s Hospital Association. Nonre-
sponders were contacted at 1-month intervals
to complete the survey. The study was approved
by the Columbia University Institutional Review
Board (IRB-AAAJ9155).

Subjects
Subjects included hospital-identified quality
leaders at the children’s hospitals associated
with the Children’s Hospital Association whose
hospitals submit data to the Pediatric Health In-
formation System (PHIS). The Children’s Hos-
pital Association (CHA) represents more than
220 children’s hospitals, of which 43 submit
administrative data to PHIS. The CHA advances
public policy, enabling hospitals to better serve
children, and is a resource for pediatric data
and analytics driving improved clinical and op-
erational performance of member hospitals.
Surveys were emailed via a quality and safety
leaders list-serve used for sharing information
among members to the hospital-identified qual-
ity leader at each hospital who either completed
the survey themselves or identified an appro-
priate designee or team to complete the survey.
Quality leaders were identified by their respec-
tive hospitals as senior administrative leaders
responsible for quality and patient safety initia-
tives.

Measurements/Variables
We developed a short, online survey asking
quality leaders about their use of different qual-
ity metrics to measure and improve asthma
care. The survey was based on existing literature
regarding quality measures used for asthma
care (National Asthma Education and Preven-
tion Program, 1997; Nkoy et al., 2008). The
survey was developed by consensus of the au-
thors, which included a broad range of quality
of care professionals, physicians and nonphysi-
cians, and those with expertise in both hospital-
and ambulatory-based pediatric healthcare
delivery. There were 30 questions on the sur-
vey; of these 30 questions, 28 were dichotomous
questions (Yes/No) and 2 asked for specific an-
swers. There were no open-ended questions in-
cluded in the survey. The survey was divided
into three sections, each addressing a differ-
ent care setting (inpatient, emergency room,
and outpatient care). Questions asked whether
each hospital “used” certain metrics to evaluate
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performance and/or guide improvement on
asthma care. “Use” was defined as measuring
and reviewing data on a periodic basis and us-
ing these data to evaluate performance and,
when applicable, guide improvement projects.
We did not collect information regarding how
hospitals were performing on the individual
metrics (Supporting Information).

Survey questions were further grouped into
domains according to topic—domains in-
cluded Clinical Complications, Clinical Out-
comes, Resource Utilization, Health Mainte-
nance after Discharge, Process of Care, Follow-
up Care, and Patient Value. Each domain in-
cluded a number of quality metrics relating to
that topic. Additionally, subjects were asked to
provide the zip code of their hospital in order
to assure that each hospital only submitted one
completed survey. All of the participating hospi-
tals were located in separate discrete zip codes.

Lastly, we used the PHIS to determine 7-,
30-, and 90-day same-cause readmission rates
for asthma for each hospital for the previous
calendar year (2011). The PHIS database con-
tains clinical and billing data from 43 freestand-
ing children’s hospitals and was used to identify
all potential subjects and define readmissions
through the use of a masked medical record
number. Data quality and coding reliability are
assured through a joint effort between the CHA
and participating hospitals, as described previ-
ously (Mongelluzzo, Mohamad, Ten Have, &
Shah, 2008). Asthma subjects were defined as
children with a principal ICD-9 discharge diag-
nosis code of 493.xx in the inpatient or obser-
vational setting.

Data Analysis
Descriptive data were presented as counts and
percentages. Linear regression was used to as-
sess if any individual metric or any domain of
metrics was associated with hospital-level read-
mission rates. All statistical analyses were per-
formed using SAS 9.3 (SAS Institute, Inc., Cary,
NC). For unadjusted comparisons, p < .05
was considered statistically significant. We pow-
ered our study based on moderate correlation
(Spearman’s correlation: .5–.6) between the to-
tal number of measure collected and the 90-
day readmission rate. For a test of a correlation
between two normal variables using Fisher’s z
statistic with a two-sided significance level of
.05, a sample size of 27 has a power of .93 to

detect a correlation of .6. For a correlation of
.5, the test had a power of .78.

Results
Of the 43 hospitals approached to participate
in the study, 27 (62.7%) of their respective rep-
resentatives returned a completed survey. The
characteristics of the study hospitals are de-
scribed in Table 1. Responding hospitals were
on average larger, had more asthma-related
emergency department visits, had more asthma-
related discharges, and had slightly higher 7-
day asthma-related readmissions compared to
nonresponding hospitals (Table 1).

There was variation regarding the number
and types of metrics each hospital used to mon-
itor and improve asthma care (Tables 2–4). The
mean number of metrics used per hospital was
20.5 (SD = 9.1, range = 4–38). The median
number of metrics used per hospital was 19
(IQR: 14–27).

Almost all hospitals used CAC metrics; these
include use of relievers (92.6%), corticosteroids
(92.6%), and use of the home management
plan of care (96.3%). Beyond metrics in this
domain, hospitals used a variety of other met-
rics to measure the quality of asthma care,
including metrics in the clinical com-
plication domain, clinical outcome do-
main, inpatient resource utilization do-
main, and health maintenance domain
(Table 2). Fewer hospitals used emer-
gency department (ED) metrics for asthma
(Table 3). Similarly to inpatient metrics, ED
metrics used were commonly in the health
maintenance domain and clinical outcome do-
main. Lastly, outpatient metrics were mostly in
the health maintenance domain and clinical
outcome domain (Table 4).

Mean readmission rates to the hospital for
asthma were 0.75% (SD = 0.48) within 7 days,
2.45% (SD = 1.36) within 30 days, and 6.64%
(SD = 2.61) within 90 days. There was no associ-
ation between the use of any individual metric
regardless of performance and 7-, 30-, or 90-day
readmission rates to the hospital or emergency
room. Similarly, there was no association be-
tween the number of metrics used in any clini-
cal domain in any setting and 7-, 30-, or 90-day
readmission rates (Tables 2–4).

Discussion
In this study, we found that although almost
all hospitals use the Joint Commission core
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Table 1. Characteristics of Study Hospitals
Responders Median [IQR] Nonresponders Median [IQR] p

Hospital statistics
N (%) hospitals 27 (62.8) 16 (37.2)
Number of beds,

median [IQR]
310 [259, 379] 250 [162, 282] .00

Census region of
hospital

.69

Northeast, N (%) 3 (11.1) 2 (12.5)
South, N (%) 10 (37.0) 6 (37.5)
North Central,

N (%)
9 (33.3) 3 (18.8)

West, N (%) 5 (18.5) 5 (31.3)
All diagnosis-related statistics
Annual all diagnosis

ED visits, median
[IQR]

65,642 [52,128, 88,212] 49,537 [42,793, 66,145] .12

Percentage of all
diagnosis patients
admitted through
ED, median [IQR]

10.0 [8.6, 14.0] 8.7 [7.3, 13.8] .20

All diagnosis number
of inpatient
discharges,
median [IQR]

15,727 [8,672, 16,957] 14,511 [13,010, 20,403] .19

Case mix index
(CMI) for all
diagnosis
inpatient, median
[IQR] discharges

2.6 [2.2, 2.8] 2.5 [2.2, 2.8] .72

Asthma-related visit statistics
Annual asthma ED

visits, median
[IQR]

2,896 [1,664, 4,184] 1,677 [917, 2,454] .02

Percentage of asthma
patients admitted
through the ED,
median [IQR]

23.6 [16.2, 25.7] 23.9 [14.5, 61.1] .71

Asthma number of
inpatient
discharges,
median [IQR]

527 [398, 710] 342 [245, 539] .02

CMI for all asthma
inpatient
discharges,
median [IQR]

0.8 [0.7, 0.9] 0.8 [0.8, 0.9] .13

7-day readmission
rate for asthma,
median [IQR]

0.81 [0.28, 1.26] 0.43 [0, 0.64] .04

30-day readmission
rate for asthma,
median [IQR]

2.39 [1.75, 3.04] 2.13 [1.11, 2.61] .46

90-day readmission
rate for asthma,
median [IQR]

5.63 [5.01, 8.46] 5.16 [3.94, 6.40] .07



Vol. 00 No. 0 xxx 2014 5

Table 2. Percentage of Hospitals That Use Metrics for Inpatient Asthma and
Linear Regression Model Assessing Relationship Between the
Number of Metrics in Each Inpatient Domain and 7-, 30-, and 90-Day
Readmission Rates

Percentage
of Hospitals That 7-Day 30-Day 90-Day

Inpatient Quality Metrics for Asthmaa Use Metric (n) p- Value p- Value p- Value

All inpatient domains .44 .18 .29
Clinical complication domainb .32 .14 .23
Transfers to PICU 33.3% (9)
Intubations 18.5% (5)
Cardiopulmonary resuscitations 14.8% (4)
Mortality rate 25.9% (7)
Clinical outcome domain .39 .19 .34
Readmissions to hospital 85.2% (23)
Readmissions due to asthma 81.5% (22)
Readmissions due to any cause 77.8% (21)
Resource utilization domainc .34 .97 .34
Antibiotics 11.1% (3)
Receipt of other inpatient medicationsd 33.3% (9)
Chest x-ray 22.2% (6)
Pulmonary or asthma or allergy consult 14.8% (4)
Health maintenance domaine .60 .34 .35
Received influenza vaccination as

inpatient
40.7% (11)

Received environmental trigger
information

81.5% (22)

Discharged with controller medications 77.8% (21)
Discharged with reliever medications 74.1% (20)
Educated on how to use medications 77.8% (21)
Provided with name/number of

follow-up doctor
29.6% (8)

Given appointment with follow-up
doctor within one week of discharge

7.4% (2)

Core asthma care measures domain .14 .12 .26
Use of relievers as inpatient 96.3% (26)
Use of corticosteroids as inpatient 96.3% (26)
Discharged with a home management

plan of care
92.6% (25)

aUse of no individual metric was found to be associated with 7-, 30-, or 90-day readmission rates.
bThe metrics of patients who developed air-leak syndrome and patients who required extra-corporeal membrane oxygenation were
removed from the table in this domain because no hospitals responded that they use these metrics.
cThe metric of patients who received chest physiotherapy was removed from the table in this domain because no hospitals responded
that they use this metric.
dOther inpatient medications include the following: Subcutaneous epinephrine; intravenous beta-agonist; inhaled ipratropium; nebu-
lized ipratropium; levo-albuterol; inhaled steroid; nebulized steroid; oral corticosteroid; intravenous corticosteroid; intravenous magne-
sium.
eThe metric-kept follow-up appointment with doctor was removed from the table in this domain because less than 5% of hospitals
responded that they use this metric. This metric was included in the linear regression model.

measure CAC metrics, many hospitals use a
wide variety of other metrics to measure and
potentially improve the quality of asthma care.
There is significant variability in what types
of metrics hospitals use; metrics used include
those relating to clinical complications, pro-

cess of care, follow-up care, clinical outcomes,
resource utilization, health maintenance, and
patient value. Despite the plethora of metrics
used, no individual metric used and no do-
main of metrics used were associated with bet-
ter readmission rates to the hospital suggesting
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Table 3. Percentage of Hospitals That Use Metrics for Emergency Department
Asthma and Linear Regression Model Assessing Relationship
Between the Number of Metrics in Each Inpatient Domain and 7-, 30-,
and 90-Day Readmission Rates

Emergency Department Percentage of Hospitals 7-Day 30-Day 90-Day
Quality Metrics for Asthmaa That Use Metric (n) p-Value p-Value p-Value

All ED domains .07 .40 .74
Process of care domain .05 .64 .85
Time to first reliever treatment 18.5% (5)
Time to first steroid treatment 29.6% (8)
Resource utilization domain .26 .24 .80
Antibiotics 11.1% (3)
Chest x-ray 14.8% (4)
Health maintenance domainb .67 .64 .74
Discharged from ED with home

management plan of care
37.0% (10)

Given follow-up appointment
with doctor

7.4% (2)

Kept follow-up appointment with
doctor

22.2% (6)

Clinical outcome domain .38 .44 .71
Readmissions to ED 63.0% (17)

aUse of no individual metric was found to be associated with 7-, 30-, or 90-day readmission rates.
bThe metric-kept follow-up appointment with asthma specialist was removed from the table in this domain because less than 5% of
hospitals responded that they use this metric. This metric was included in the linear regression model.

that hospitals using a more robust array of
asthma metrics may not necessarily have better
asthma-related outcomes. Despite these nega-
tive findings, this is a first step in identifying
other process measures that may be more sen-
sitive indicators of the quality of asthma care.

Most hospitals are using large numbers of
process measures beyond the sole pediatric spe-
cific CAC core measures (Fassl et al., 2012).
As accountability measures, or measures used
for accreditation, public reporting, or pay-
for-performance (Chassin, Loeb, Schmaltz, &
Wachter, 2010), recent literature has called into
question the use of CAC measures, especially
the use of the home management plan of care,
as a sensitive process measure (Morse et al.,
2011). Perhaps as a result of this, we found
that many hospitals used a wide array of metrics
beyond the CAC measures to improve asthma
care, identifying a need for more uniformity
and evaluation regarding whether the measure-
ment of any of these other metrics is associated
with improved outcomes, and therefore are bet-
ter candidates for accountability measures.

In addition to heterogeneity of process met-
rics used, we found no association between the
number or type of metrics used and outcomes.
There are two possible explanations for this:

(1) that measurement itself does not affect out-
comes and (2) the lack of a clear association be-
tween the process and outcome. The model for
improvement suggests there are three critical
questions to drive meaningful improvement:
(1) what are we trying to accomplish; (2) how
will we know change is an improvement; and (3)
what changes can we make that will result in im-
provement (Langley et al., 2009). These three
questions feed the improvement team into
Plan-Do-Study-Act cycles to trial, document,
measure, and subsequently act upon improve-
ment. Measurement is a critical component
of this, but by itself likely does not guarantee im-
proved performance. Processes have to be reli-
ably implemented and improved upon to truly
affect outcomes. Although this study did not
assess how well individual hospitals performed
in specific process measures or how hospitals
used the measures to drive improvement in
outcomes, it is a preliminary look at the wide
number and types of process metrics children’s
hospitals are using to measure asthma care.

We found a lack of relationship between
the number and type of process metrics used
and outcomes. Other studies have shown re-
lated findings; although CAC measures such
as use of corticosteroids and beta-agonists are
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Table 4. Percentage of Hospitals That Use Metrics for Outpatient Asthma and
Linear Regression Model Assessing Relationship Between the
Number of Metrics in Each Inpatient Domain and 7-, 30-, and 90-Day
Readmission Rates

Outpatient Quality Percentage of Hospitals 7-Day 30-Day 90-Day
Metrics for Asthmaa That Use Metric (n) p-Value p-Value p-Value

All outpatient domains .83 .47 .76
Health maintenance domainb .59 .66 .93
Home management plan of care 63.0% (17)
Controller medications 44.4% (12)
Influenza vaccine 40.7% (11)
Smoking exposure assessment 22.2% (6)
Smoking cessation offered 22.2% (6)
Asthma severity class assigned 44.4% (12)
Assessment of control 40.7% (11)
Receipt pulmonary function test 22.2% (6)
Clinical outcome domain .19 .09 .22
Outpatient admission rate 37.0% (10)
Given appointment with follow-up

doctor within 1 week of discharge
7.4% (2)

Patient value domain .88 .38 .38
Average missed days of school 12.0% (3)
Average missed days of caregiver

work
8.0% (2)

Smoking exposure assessment 23.1% (6)

aUse of no individual metric was found to be associated with 7-, 30-, or 90-day readmission rates.
bThe metrics average yearly albuterol canisters used and average yearly corticosteroids used were removed from the table in this domain
because less than 5% of hospitals responded that they use these metrics. This metric was included in the linear regression model.

considered standards of care, there has been
mixed evidence regarding the effectiveness of
the use of the home management plan of care
for asthma patients at the time of discharge
(DeNicola, Gayle, & Blake, 2001; Morse et al.,
2011). This lack of relationship between pro-
cess and outcome is not isolated to pediatric
asthma; studies looking at process measures
for other diagnoses such as heart failure have
shown that process measures have not been
shown to be associated with outcomes of inter-
est such as morbidity and mortality (Fonarow
et al., 2007). Nevertheless, these process mea-
sures persist as publicly reportable quality met-
rics for inpatient exacerbations of these chronic
diseases.

Although we focused on readmission rates
as our outcome measure, there are other
outcome measures that may be more clini-
cally significant. Reducing hospital readmis-
sions has become a focus for inpatient quality
of care, especially in the Medicare population
(Goldfield et al., 2008), despite evidence that
preventable readmissions may be reduced by
interventions outside the control of the hos-

pital (Bhalla & Kalkut, 2010). In pediatrics,
recent literature has shown that although
readmission rates are generally low, only a frac-
tion could be considered preventable (Hain
et al., 2013). Other outcome measures may be
more appropriate measures of asthma quality
such as health-related quality of life, parental or
patient understanding of home management,
symptom control, school or work attendance,
or health care utilization. However, as our find-
ings indicate, these measures are not routinely
used; hence data are lacking regarding how hos-
pitals perform on these measures.

There are several limitations inherent in this
study. We asked a small sample of hospitals
to report on what quality metrics they used to
measure and improve asthma care; we did not
collect data on how each hospital performed
on each metric. This could possibly explain
why we did not find an association between
the number of metrics used and readmission
rates. Second, data were self-reported by a qual-
ity leader or that person’s designee, whose
roles may have been different at each hospital,
which may have affected their responses and
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introduced bias. Others at the same institution
may have reported different results, and we
did dot measure inter-rater reliability of report-
ing at individual institutions. However, a self-
identified leader would presumably best esti-
mate what measures are being used rather than
underestimate metrics being monitored. And,
lastly, the survey was sent out in 2012 and asked
about metrics that were “currently” used; we
used these data to correlate with readmissions
data from 2011.

The discrepancies between use of metrics
and asthma-related outcomes such as readmis-
sions highlight the need for continued research
in developing process measures and validating
true outcome measures. Process measures must
be evidence-based, accurately represent what is
being measured, be proximal to the outcome
it represents, and have few or no unintended
consequences (Chassin et al., 2010). Further-
more, process measures must be tied to mean-
ingful outcome measures that are specific to
the pediatric population. As the field of quality
measurement grows, future study should aim
at defining these types of process and outcome
measures in order to create efficient, meaning-
ful quality programs.

Conclusions
Children’s hospitals in this cohort use a wide
variety of process metrics across multiple topic
domains to measure asthma care. Despite the
number of different metrics used, there is lit-
tle association between the number and type
of metrics used and asthma-related outcomes
such as readmission rates. Children’s hospitals
should attempt to define process measures that
are tied to validated outcome measures in order
to create efficient quality programs.
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