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Development and Testing of the Pediatric
Respiratory Illness Measurement System
(PRIMES) Quality Indicators
Rita Mangione-Smith, MD, MPH,a,b Carol P. Roth, RN, MPH,c Maria T. Britto, MD, MPH,d,e Alex Y. Chen, MD, MS,f Julie McGalliard,a Thomas F. Boat, MD,e
John L. Adams, PhD,g Elizabeth A. McGlynn, PhDg

ABSTRACT

OBJECTIVES: To develop and test quality indicators for assessing care in pediatric hospital settings for
common respiratory illnesses.
PATIENTS: A sample of 2796 children discharged from the emergency department or inpatient setting at 1 of
the 3 participating hospitals with a primary diagnosis of asthma, bronchiolitis, croup, or community-acquired
pneumonia (CAP) between January 1, 2010, and December 31, 2011.

SETTING: Three tertiary care children’s hospitals in the United States.
METHODS: We developed evidence-based quality indicators for asthma, bronchiolitis, croup, and CAP.
Expert panel–endorsed indicators were included in the Pediatric Respiratory Illness Measurement System
(PRIMES). This new set of pediatric quality measures was tested to assess feasibility of implementation and
sensitivity to variations in care. Medical records data were extracted by trained abstractors. Quality measure
scores (0–100 scale) were calculated by dividing the number of times indicated care was received by the number
of eligible cases. Score differences within and between hospitals were determined by using the Student’s t-test
or analysis of variance.
RESULTS: CAP and croup condition-level PRIMES scores demonstrated signiﬁcant between-hospital
variations (P , .001). Asthma and bronchiolitis condition-level PRIMES scores demonstrated signiﬁcant
within-hospital variation with emergency department scores (means [SD] 82.2(6.1)–100.0 (14.4)] exceeding
inpatient scores (means [SD] 71.1 (2.0)–90.8 (1.3); P , .001).
CONCLUSIONS: PRIMES is a new set of measures available for assessing the quality of hospital-based
care for common pediatric respiratory illnesses.
a
Seattle Children
Research Institute, Center
for Child Health, Behavior
and Development, Seattle,
Washington; bDepartment
of Pediatrics, University
of Washington, Seattle,
Washington; cRAND
Corporation, Santa
Monica, California;
d
Cincinnati Children’s
Hospital Medical Center,
Cincinnati, Ohio;
e
Department of
Pediatrics, University
of Cincinnati College of
Medicine, Cincinnati,
Ohio; fAltaMed Health
Services, Los Angeles,
California; and
g
Kaiser Permanente
Center for Effectiveness
and Safety Research,
Pasadena, California

www.hospitalpediatrics.org
DOI:10.1542/hpeds.2016-0182
Copyright © 2017 by the American Academy of Pediatrics
Address correspondence to Rita Mangione-Smith, MD, MPH, Seattle Children’s Research Institute, Center for Child Health, Behavior, and
Development, 2001 Eighth Ave, Ste 400, Seattle, WA 98121. E-mail: rita.mangione-smith@seattlechildrens.org
HOSPITAL PEDIATRICS (ISSN Numbers: Print, 2154-1663; Online, 2154-1671).
FINANCIAL DISCLOSURE: The authors have indicated they have no ﬁnancial relationships relevant to this article to disclose.
FUNDING: All phases of this study were funded by National Heart, Lung, and Blood Institute grant 1R01HL088503–01A2, principal
investigator: Rita Mangione-Smith, MD, MPH.
POTENTIAL CONFLICT OF INTEREST: The authors have indicated they have no potential conﬂicts of interest to disclose.
Dr Mangione-Smith conceptualized and designed the study, led the analysis of the study data, and drafted the initial manuscript; Ms Roth developed
the programming speciﬁcations for the data abstraction tool, trained the medical record abstractors, assisted with data analysis, and reviewed and
revised the manuscript; Drs Britto, Chen, Boat, and McGlynn contributed to the study design, assisted with data analysis, and reviewed and revised
the manuscript; Ms McGalliard developed the electronic medical records abstraction tool, assisted with data analysis, and reviewed and revised the
manuscript; Dr Adams co-led the analysis, and reviewed and revised the manuscript; and all authors approved the ﬁnal manuscript as submitted.

HOSPITAL PEDIATRICS Volume 7, Issue 3, March 2017

125

Acute and chronic respiratory illnesses
account for a substantial proportion of
childhood disease burden and health care
utilization in the United States.1,2
Respiratory illnesses are the most frequent
causes for pediatric hospitalizations.1,2 In
2012, pneumonia was the most prevalent
diagnosis among children hospitalized with
respiratory illness with 118 934 children
being treated for this condition.2 More than
6 million US children (9%) have asthma
and 3 million suffer a severe exacerbation
annually,3 resulting in 113 840 pediatric
hospitalizations, costing approximately
$433 million.2 An additional
112 332 children are hospitalized for
bronchiolitis annually with costs exceeding
$500 million.2
Signiﬁcant gaps exist between pediatric
clinical practice guidelines and the health
services provided to our nation’s
children.4–9A comprehensive study of
outpatient pediatric quality of care found US
children on average receive 46% of
recommended care.10 Despite relatively
standardized and well-publicized
recommendations for appropriate asthma
care, children with asthma in that study
received just 45% of recommended care.
Although this level of adherence to
standards for outpatient care is
problematic, the impact of poor quality of
care on hospitalized children, especially
those at increased risk for respiratory
failure, is likely to have even more
serious consequences. Thus, monitoring
and improving on processes of care for
hospitalized children is essential
to ultimately improve their health outcomes.
Although a limited number of process
measures for asthma have been developed
to evaluate pediatric inpatient quality of
care,11,12 there is a dearth of measures for
other respiratory illnesses commonly
observed in the pediatric emergency
department (ED) and inpatient settings. The
objectives of this study were to rigorously
develop and ﬁeld test a set of process-ofcare quality indicators focused on
evaluating the quality of both ED and
inpatient care for pediatric respiratory
illness: the Pediatric Respiratory Illness
Measurement System (PRIMES).
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METHODS
We selected prevalent respiratory conditions
observed in the ED and inpatient settings for
measure development so that the indicators
would apply to a substantial proportion of
children cared for in these settings. We ﬁrst
analyzed the Pediatric Health Information
System database developed and maintained
by the Children’s Hospital Association, which
includes ED and inpatient discharge diagnostic
data for 45 US children’s hospitals.13 This
analysis indicated that asthma, bronchiolitis,
and community-acquired pneumonia (CAP) are
the top 3 reasons for respiratory illness
admissions to these hospitals. Adding
hospitalizations for croup to the top
3 respiratory conditions accounted for 16% of
admissions to Pediatric Health Information
System hospitals nationally. Thus, we selected
these 4 conditions for further quality indicator
development.

Literature Review and Developing
Condition-Speciﬁc Quality Indicators
Two research staff reviewed the literature to
identify key elements of appropriate
diagnosis, treatment, and follow-up care for
each of the 4 conditions. A search of
Medline, the Agency for Healthcare
Research and Quality National Guideline
Clearinghouse, and the Cochrane Database
of Systematic Reviews was conducted to
identify all English language review articles,
guidelines, and studies published on each of
the 4 respiratory conditions in children
relating to hospital-based management
between 1999 and 2009. The Medline search
used the following terms: asthma,
bronchiolitis, croup, pneumonia, aspiration
pneumonia, emergency department/room,
hospital and hospital management,
inpatient, child, diagnosis, management,
treatment, and follow-up. The American
Academy of Pediatrics (AAP), National Heart,
Lung, and Blood Institute, Cincinnati
Children’s Hospital Medical Center, and
British Thoracic Society Web sites were also
searched for relevant guidelines. Selected
articles from the reference lists of reviews
done to inform guideline development for all
4 conditions also were examined. Potentially
relevant citations included in reference lists
of articles obtained in the original searches
also were retrieved and reviewed

Based on these literature and guideline
reviews, staff drafted quality indicators
related to the diagnosis, treatment, and
follow-up in the ED and inpatient settings for
each of the 4 conditions. The draft
indicators addressed what constitutes
an adequate history and physical
examination on admission, which diagnostic
tests should be done on admission to the ED
or hospital, which treatments should be
administered during the course of the
illness, which procedures should be
performed, tests and treatments that
should be avoided, appropriate monitoring
during ED admission and hospitalization,
and appropriate follow-up of ED and
hospital admissions. The level of evidence to
support each indicator was formally rated
by using the University of Oxford’s Centre
for Evidence-Based Medicine method:
1 5 randomized control trials; 2 5
nonrandomized controlled trials, cohort and
outcome studies; 3 5 case-control studies;
4 5 case-series; and 5 5 expert consensus.

RAND–University of California Los
Angeles Modiﬁed Delphi Method for
Final Indicator Selection
The validity and feasibility of the indicators
were evaluated by using the
RAND–University of California Los Angeles
modiﬁed Delphi method.14 This method is a
structured approach to expert panel
deliberations that uses individual panel
member ratings of indicators rather than
consensus to arrive at recommendations. In
the ﬁrst round of rating, panelists received
the literature reviews, quality indicators,
and rating sheets for the 4 conditions and
were asked to rate each indicator for
validity and for feasibility on a 9-point scale
(1 5 low, 9 5 high). Validity was deﬁned to
mean that adequate scientiﬁc evidence or
professional consensus exists to support
the indicator, there are identiﬁable health
beneﬁts for patients who receive the
speciﬁed care, clinicians or hospitals with
higher rates of adherence would be
considered higher quality, and a high
proportion of the determinants of
adherence are under the clinician’s or
hospital’s control. Ratings of 1 to 3 mean
that the indicator is not a valid criterion for
evaluating quality; ratings of 4 to 6 mean
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that the indicator is an equivocal criterion
for evaluating quality; and ratings of 7 to
9 mean that the indicator is a valid criterion
for evaluating quality. This method of
selecting indicators is reliable and has been
shown to have content, construct, and
predictive validity in other applications.15–19
Feasibility means that a “typical” ED or
inpatient medical record (paper or
electronic) is likely to contain the
information needed to determine eligibility
for and adherence to the indicators, and
estimates of performance based on medical
records data are likely to be reliable.
Ratings of 1 to 3 mean that it is not feasible
to score the indicator by using data found in
the average medical record; ratings of 4 to
6 mean that there is likely considerable
variability in the availability of information
needed to score the indicator; and ratings
of 7 to 9 mean that it is feasible to
consistently ﬁnd information in the medical
record to score the indicator or the absence
of information itself is a sign of poor quality.

Selecting Members for the Expert
Delphi Panel
Nominations for the Delphi panel were sought
from several relevant professional societies,
including the American Thoracic Society, the
American Academy of Allergy, Asthma, and
Immunology, the Pediatric Infectious Diseases
Society, the AAP, the Academic Pediatric
Association (Quality Improvement Special
Interest Group and Hospital Medicine Special
Interest Group), and the Society for Hospital
Medicine. Nine individuals from among those
nominated were invited and agreed to
participate on the panel. RAND panels have
historically consisted of 9 members because
small-group analysis suggests that it is
difﬁcult to hold a meaningful discussion with
larger numbers of panelists.14
Conducting the Expert Delphi Panel
In advance of the panel, a conference call
was held with the panelists to orient them
to the method, procedures, and
requirements for participating in the Delphi
panel. Six weeks before meeting in person,
the panelists were sent literature reviews
and 136 draft quality indicators for the
4 respiratory conditions and asked to
provide their initial ratings.
HOSPITAL PEDIATRICS Volume 7, Issue 3, March 2017

Panelists submitted their round 1 Delphi
scores for the 136 indicators to the
research team. Before convening for
a 2-day in-person meeting in May 2010,
panelists were sent the results of their
ﬁrst round of scoring. The results included
the distribution of ratings for each
indicator on the 9-point scales (without
revealing the ratings of speciﬁc panelists),
the median rating, and a caret indicating
the panelist’s own initial rating for each
indicator.
The panel discussed indicators if the
median validity score was ,7 but .3 and/
or the median feasibility score was ,4, or
the mean absolute deviation from the
median scores indicated either an
indeterminate level of agreement or
disagreement among the panelists. Based
on these criteria, the panel discussed 70 of
the 136 draft indicators. For each condition,
after the discussion was completed, the
panelists privately rescored all
136 indicators for validity and feasibility.

Development of the PRIMES
Electronic Data Abstraction Tool
To ensure reliable implementation of the
quality indicators, we developed detailed
speciﬁcations to guide data collection and
analysis for each panel-endorsed indicator.
Speciﬁcations were pilot tested on a sample
of paper and electronic medical records
from 3 children’s hospitals to determine the
feasibility of data collection and scoring. Not
all endorsed indicators could be
successfully speciﬁed secondary to
necessary data elements not being reliably
available in the pilot sample of medical
records to determine eligibility and/or
adherence to the indicators.

Analytic Methods: Assessing Panel
Ratings
Ratings from the second round of scoring
were tabulated for each indicator. The
ﬁnal disposition of each indicator was
based on its median validity and
feasibility scores. To be considered
endorsed by the panel and included in
PRIMES, an indicator had to have a median
validity rating of $7, a median feasibility
rating of $4, and be scored without
disagreement.

The speciﬁcations were then used to develop
an electronic medical record abstraction tool
with automated scoring capability. The tool
was designed so that abstractors answer a
series of questions that ﬂow logically given
the organization of the average medical
record (eg, all needed vital signs are collected
only once regardless of how many indicators
require this information for determining
eligibility or scoring). Within conditions (eg,
asthma), preprogrammed algorithms use
data entered by the abstractor (eg,
presenting symptoms or vital signs), to
determine if a given case is eligible for each
indicator. Once a case is determined to be
eligible, preprogrammed scoring algorithms
determine whether the indicated care was
received again based on information entered
by the abstractor (eg, medications
administered or laboratory tests performed).

We used a statistical method to determine
agreement or disagreement among the
9 panelists for each indicator.14 This method
tests hypotheses about the distribution of
ratings in a hypothetical population of
repeated ratings by similarly selected
panelists. For 9 ratings, the deﬁnition of
agreement requires that no more than 2 of
the ratings be outside the 3-point region
that contains the median. The deﬁnition of
disagreement is satisﬁed when $3 ratings
are in the 1 to 3 region and $3 are in the
7 to 9 region. Finally, if the ratings cannot be
classiﬁed as “with agreement” or “with
disagreement,” then they are classiﬁed as
“indeterminate” and the indicator is
retained.

Classiﬁcation of the Indicators
Because the PRIMES tool is designed to
produce both individual indicator and
aggregate scores, we classiﬁed each
indicator by site, function, and modality of
care. These classiﬁcations can be used to
create aggregate scores within and across
conditions. First, the indicators were
classiﬁed by site of care: ED or inpatient.
Second, the indicators were classiﬁed by
function of care: diagnosis, treatment, and
follow-up. Diagnosis indicators address the
process by which physicians make
diagnoses (eg, history, physical
examination). Treatment includes
medications, the decision to admit or
discharge a patient, and other interventions
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(eg, observing response to treatment).
Follow-up includes developing a
postdischarge care plan (eg, asthma action
plan, follow-up visits). Third, the indicators
were classiﬁed according to the modality by
which the care is delivered: history, physical
examination, laboratory or radiology study,
medication, ancillary therapy (eg, chest
physiotherapy), counseling, referrals, and
disposition determination. Indicators were
assigned to 1 site and 1 function of care, but
could have up to 2 modalities (Table 1).

Field Testing of the PRIMES
Indicators
Three tertiary care children’s hospitals
afﬁliated with academic institutions and
located in large urban areas participated
in the ﬁeld test of the PRIMES indicators.
In 1 hospital, all records were electronic,
in the second hospital some records were
electronic (eg, laboratory data, orders)
and some were paper (eg, histories and
physicals, nursing ﬂow charts, progress
notes), and in the third hospital inpatient
records were electronic and ED records
were paper. For each hospital, 2 research
nurses were trained on the clinical content
and use of the electronic abstraction tool by
1 of the authors. After completion of
training, the nurses abstracted 4 charts,
1 for each target condition. Their

abstractions were compared with goldstandard abstractions developed by the
author. Abstractors were considered fully
trained when they could reliably abstract
the gold-standard medical record for each
of the 4 target conditions. For an
abstraction to be considered reliable,
k statistics for both indicator eligibility
and scoring had to be 0.75 or higher.

Case Selection
At each participating hospital, by using
International Classiﬁcation of Diseases,
Ninth Revision, Clinical Modiﬁcation (ICD-9CM) codes included in hospital discharge
data, we identiﬁed potentially eligible ED
and inpatient discharges occurring between
January 1, 2010, and December 31, 2011,
and selected a random sample for each
condition (see Supplemental Table 5 for a
list of ICD-9-CM codes used to select cases
for abstraction). Our goal was to sample
200 cases for each condition from inpatient
admissions/ED visits occurring at each
hospital during the study period (total
sample size/hospital 5 800). For asthma,
bronchiolitis, and croup, the goal was to
obtain 50 cases for children discharged to
home from the ED and 150 cases for
children hospitalized for .1 day. Because
our CAP guideline and literature review for
PRIMES supported only the development of

inpatient quality indicators, all 200 cases for
this condition were selected for children
hospitalized for .1 day.

Medical Record Abstractions
At each hospital, the 2 trained nurse
abstractors were assigned half of the case
sample (n 5 100) for each condition.
Eligibility of each sampled case was
conﬁrmed at the beginning of abstraction. To
be eligible, the primary discharge diagnosis
had to be a PRIMES condition and the child
had to fall into the speciﬁed age range for
that condition: asthma $2 and ,18 years
old, bronchiolitis #2 years old, CAP
,18 years old, croup #6 years old. Children
with the following comorbidities were
excluded: congenital lung or airway disease,
neuromuscular disease, congenital heart
disease, immunodeﬁciency syndromes,
cancer, and sickle cell disease. Children also
were excluded if they were initially admitted
to the ICU. Data for each eligible case were
entered by the abstractors into the electronic
PRIMES data collection tool and both the raw
variables and autogenerated indicator
scores were uploaded to a central research
database for further analysis.
Nurses at each site performed 10 additional
abstractions for each PRIMES condition that
were randomly selected from the other

TABLE 1 Sample Indicators With Strength of Evidence and Classiﬁcation by Site, Function, and Modality of Care
Sample Indicator

Strength of Evidencea
Site

Function

Asthma

Children with moderate to severe asthma
exacerbation who do not respond immediately to
the initial 3 short-acting b-agonist treatments in
the ED should receive systemic corticosteroids
while in the ED.

1

ED

Treatment

Medication

Bronchiolitis

Otherwise healthy children .8 wks old diagnosed with
bronchiolitis should not have a test for RSV performed.

5

ED

Diagnosis

Laboratory/radiology

CAP

Parents of children hospitalized with a diagnosis of
pneumonia should have documentation of a plan
instructing them to contact their child’s PCP (or
the hospital physician who cared for the child
during admission) within 1 wk of discharge to
schedule a follow-up appointment and should be
given a referral if they lack a PCP.

5

IP

Follow-up

Referral

Croup

Patients experiencing moderate croup symptoms
should be observed in the ED or observation unit,
for at least 2 h after treatment with
dexamethasone.

1

ED

Treatment

Physical examination

Condition

Classiﬁcation
Modality

IP, inpatient; PCP, primary care provider; RSV, respiratory syncytial virus.
1, randomized controlled trial; 2, nonrandomized controlled trial, outcomes study, cohort study; 3, case-control studies; 4, case-series; 5, expert consensus opinion.

a
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nurse’s sample to enable assessment of
interrater reliability. Average reliability,
indicated by the k statistic, ranged from
substantial to almost perfect20 on 2 levels:
the child’s eligibility for care represented
by a given indicator (k 5 0.96, SE 5 0.01)
and the child’s score for that indicator
(k 5 0.86, SE 5 0.01).

Analytic Methods: PRIMES Scores
Hospital-level summary scores were
constructed by using the following approach:
the denominator for each score was the total
number of children eligible to receive indicated
care and the numerator was the number of
times that care was received. Several PRIMES
summary scores were generated at the
hospital level, including condition-speciﬁc
scores, site of care scores, scores by function
of care, and scores by modality of care.
Statistical signiﬁcance in observed variation in
scores between the 3 hospitals, as well as
within each hospital by condition, site of care,
function, and modality, was assessed by
comparing mean scores by using the Student’s
t-test or analysis of variance as appropriate.
Because some indicators are more
challenging to pass than others, when
making hospital-to-hospital comparisons,
we adjusted hospital-level PRIMES scores to
account for the level of difﬁculty associated
with passing each indicator, in lieu of
making adjustments for patient case-mix,
demographics, or comorbidities.21,22 This
“observed difﬁculty of delivery” (ODD)
adjustment is performed for each indicator
by subtracting the mean study population
pass rate for each indicator from a
hospital’s average pass rate for that
indicator. The adjusted hospital-level PRIMES
condition score (eg, hospital A’s asthma
score) is calculated by averaging all of the
ODD-adjusted indicator scores for that
condition and then adding this adjusted
score to the average study population pass
rate for that condition. ODD adjustment can
result in a score that is .100 in cases in
which a hospital achieves a high score on a
difﬁcult to pass measure. For example,
consider a condition that has 2 quality
indicators, with 1 indicator having an
average study population pass rate across
all 3 hospitals of 80% and a second
indicator having an average population pass
HOSPITAL PEDIATRICS Volume 7, Issue 3, March 2017

rate of 20%. The average population pass
rate for that condition across all 3 hospitals
is 75%, because eligibility for the ﬁrst
indicator is more common than eligibility
for the second. A hospital with a pass rate
of 80% on the ﬁrst indicator and a pass rate
of 90% on the second indicator exceeds
expected scores for the second indicator by
70%. Also, assume that this hospital has a
higher eligibility rate for the second
indicator. The hospital’s ODD-adjusted score
for that condition would be as follows:
ðð80 2 80Þ 1 ð90 2 20ÞÞ=2 1 755110%
This hospital receives a very high score by
excelling at satisfying a difﬁcult to pass
measure. It is also possible to receive a
score ,0 with a low pass rate on an easy to
pass measure.
All study procedures underwent
institutional review board approval at all
3 participating hospitals.

RESULTS
Delphi Panel Results
Overall, 112 (82%) draft quality indicators
were endorsed by the Delphi panel. The
proportion of indicators endorsed varied by
condition, ranging from 69% for CAP to 95%
for croup. These results are similar to
previous quality indictor development efforts
by using the RAND–University of California Los
Angeles Delphi method (81% to 95%).23–26
Seventy-six (68%) of the panel-endorsed
indicators were successfully speciﬁed and
ﬁeld tested (Table 2). Forty-six (60%) of the
PRIMES indicators assess care received in the
ED setting and 30 (40%) assess inpatient care.

PRIMES Field Test Results
Across the 3 hospitals, 2796 charts were
abstracted for the 4 PRIMES conditions with

190 to 350 cases abstracted per condition at
each hospital. The goal of 200 cases per
condition per hospital was exceeded for
asthma (n 5 219–350), bronchiolitis (n 5
220–301), and pneumonia (n 5 202–216);
however, the 2-year study period was
insufﬁcient to reach this goal for croup in
all 3 hospitals (n 5 190–249).
Overall PRIMES summary scores were
highest (means [SDs] 94.0 [3.5]–95.8 [3.0])
for croup and lowest for CAP (means [SDs]
68.2 [1.0]–88.0 [1.0]; Table 3). Signiﬁcant
between-hospital variations in overall
scores were observed for CAP and croup
but not for bronchiolitis or asthma (Table 3).
We found signiﬁcant (P , .001 for all
comparisons) within-hospital variation,
with ED scores (means [SDs]
82.2[6.1]–100.0 [14.4]) exceeding inpatient
scores (means [SD] 71.1[2.0]–90.8 [1.3]) for
asthma and bronchiolitis and inpatient
scores (means [SDs] 139 [51.0]–170 [38.0])
exceeding ED scores for croup (means [SDs]
94.8 [3.7]–96.6 [4.2]) in all 3 hospitals
(Table 3).
Quality scores related to function and
modality of care varied signiﬁcantly both
within and between the 3 hospitals
(Table 4). Scores related to treatment
decisions and appropriate use of
medications were among the highest
(means [SDs] 88.1 [17.9]–94.1 [14.0]),
whereas those related to laboratory/
radiology testing were among the lowest
(means [SDs] 56.7 [43.4]–73.3 [40.6]).

DISCUSSION
Although several pediatric inpatient studies
have examined either variations in care
or adherence to quality standards for a
variety of respiratory diagnoses by using

TABLE 2 Number and Percentage of PRIMES Quality Indicators Endorsed by the Delphi Panel,
and Speciﬁed in Final Tool
Condition

Indicators Drafted by
Staff, n

Indicators Endorsed by
Panel, n (%)

Endorsed Indicators Speciﬁed in
Final PRIMES Tool, n (%)

Asthma

57

48 (84)

36 (75)

Bronchiolitis

31

25 (81)

18 (72)

CAP

26

18 (69)

7 (39)

Croup

22

21 (95)

15 (71)

Total

136

112 (82)

76 (68)a

a

See Supplemental Table 6 for the full list of indicators included in the ﬁnal PRIMES tool.
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TABLE 3 Variation in Performance on PRIMES Conditions Between and Within 3 Field Test
Hospitals
Condition

Pb

Hospital
A. Mean (SD),a
No. Eligible Cases

B. Mean (SD),
No. Eligible Cases

C. Mean (SD),
No. Eligible Cases

Overall score

81.3 (4.0)
n 5 219

81.1 (4.3)
n 5 219

81.7 (3.8)
n 5 350

.18

ED score

82.5 (5.5)
n 5 209

82.2 (6.1)
n 5 194

82.8 (5.0)
n 5 341

.46

IP score

71.4 (2.0)
n 5 164

71.1 (2.0)
n 5 164

72.8 (2.6)
n 5 295

,.001

,.001

,.001

,.001

Overall score

91.4 (3.9)
n 5 220

91.4 (4.0)
n 5 221

91.4 (4.8)
n 5 301

.98

ED score

100 (14.4)
n 5 207

100 (9.2)
n 5 209

100 (9.4)
n 5 298

.12

IP score

90.5 (1.7)
n 5 164

90.8 (1.3)
n 5 168

90.8 (1.3)
n 5 245

.10

,.001

,.001

,.001

88.0 (1.0)
n 5 213

87.8 (1.3)
n 5 216

68.2 (1.0)
n 5 202

,.001

N/A

N/A

N/A

N/A

Overall score

94.0 (3.5)
n 5 190

95.4 (2.7)
n 5 196

95.8 (3.0)
n 5 249

,.001

ED score

94.8 (3.7)
n 5 190

95.7 (3.0)
n 5 196

96.6 (4.2)
n 5 249

,.001

IP score

139 (51.0)
n 5 38

170 (38.0)
n 5 37

166 (30.3)
n 5 75

,.001

,.001

,.001

,.001

Asthma

Pc
Bronchiolitis

Pc
CAP
Overall score (IP only)
ED score
Croup

Pc

No ED-based quality indicators for CAP. IP, inpatient; N/A, not applicable.
a
All scores are on a 0–100 scale and adjusted for the ODD; adjusted scores can be .100.
b
P value is for between-hospital comparisons of scores for category.
c
P value is for within-hospital comparisons of ED and IP scores.

administrative claims data,6,8,9 few have
conducted detailed quality assessments
requiring medical record review. The studies
that have used medical record review
included limited numbers of quality indicators
focused on a single condition (asthma).11,12,27
Development of PRIMES represents a ﬁrst step
in facilitating more thorough and clinically
relevant assessments of health care quality
provided to children for 1 of 4 respiratory
conditions frequently encountered in the
pediatric ED and inpatient settings.
We observed variation in performance both
between and within hospitals on the PRIMES
indicators at the condition level. Betweenhospital variation was most marked for CAP.
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Although the CAP quality indicators are
aligned with many of the recommendations
in the pediatric CAP clinical practice
guideline released in 2011,28 the wider
variation in performance observed may be
related to the fact that the guideline was
released late in our study period (January
1, 2010–December 31, 2011). Expert
consensus guidelines for asthma,
bronchiolitis, and croup were in place for
several years (2005–2007) before the study
period and likely had some degree of uptake
in clinical practice potentially resulting in
decreased variation.29–31 Although we found
statistically signiﬁcant differences in
inpatient scores for asthma as well as
overall and ED scores for croup across the

3 hospitals, the clinical signiﬁcance of these
differences is questionable given their small
magnitude (2 points on the 0–100 scale;
Table 3). Inpatient scores for croup also
varied signiﬁcantly across institutions;
however, these estimates were based on a
small number of cases (37–75 cases per
hospital; Table 3) and may not be
representative of care in general for this
condition at these institutions.
We found signiﬁcant within-hospital
variation in performance between the ED
and inpatient setting for asthma,
bronchiolitis, and croup in all 3 ﬁeld test
hospitals (Table 3). Better performance in
the ED for asthma and bronchiolitis care
may reﬂect a more standardized clinical
approach to children presenting to this
setting with acute exacerbation of asthma
or respiratory distress later diagnosed as
bronchiolitis. In most tertiary care pediatric
academic medical centers, larger numbers
of different providers care for children
in the inpatient setting compared with the
ED, which may lead to more variation in
approaches to care and lower adherence to
clinical pathways. For croup, only 2 of
15 quality indicators applied to inpatient
care (Supplemental Table 6); thus, obtaining
higher average scores required adherence
to far fewer processes of care, so it is not
surprising that inpatient scores were
signiﬁcantly higher for this condition.
When considering functions and modalities
of care (Table 4), performance varied
signiﬁcantly both between and within the
3 ﬁeld test hospitals. Not surprisingly, and
consistent with previous studies examining
function and modality, quality scores related
to treatment decisions and appropriate
use of medications were some of the
highest, whereas those related to
appropriate laboratory/radiology testing
and counseling were low.10,32

Limitations
This quality measure development process
had several limitations. First, expert
consensus was the dominant level of
evidence supporting PRIMES indicators
(Supplemental Table 6); however, this
reﬂects the state of the evidence base for
these 4 conditions. In most cases, current
pediatric practice guidelines include many
MANGIONE-SMITH et al

TABLE 4 Variation in Performance on PRIMES Indicators by Function and Modality of Care
Between and Within 3 Field Test Hospitals
Scoring Category

Pb

Hospital
A. Mean (SD),a
No. Eligible Cases

B. Mean (SD),
No. Eligible Cases

C. Mean (SD),
No. Eligible Cases

Diagnosis

87.5 (13.6)
n 5 838

84.8 (18.7)
n 5 848

84.6 (16.9)
n 5 1096

,.001

Treatment

91.5 (16.3)
n 5 832

88.1 (17.9)
n 5 814

88.7 (17.8)
n 5 1070

,.001

Follow-Up

81.3 (35.0)
n 5 596

85.8 (27.6)
n 5 600

90.7 (24.4)
n 5 793

,.001

,.001

,.01

,.001

History

83.4 (20.1)
n 5 647

74.6 (21.4)
n 5 639

86.5 (17.5)
n 5 846

,.001

Physical examination

86.1 (15.4)
n 5 628

86.6 (22.6)
n 5 633

88.9 (16.2)
n 5 895

,.01

Laboratory/radiology

73.3 (40.6)
n 5 619

70.6 (41.9)
n 5 594

56.7 (43.4)
n 5 811

,.001

Medications

94.1 (14.0)
n 5 643

91.5 (16.7)
n 5 727

93.1 (14.0)
n 5 942

,.01

Ancillary therapyd

95.2 (21.3)
n 5 378

97.1 (16.7)
n 5 384

82.6 (38.0)
n 5 447

,.001

Counseling

79.5 (25.3)
n 5 360

79.5 (30.5)
n 5 373

80.0 (30.2)
n 5 501

.96

Referral

84.1 (36.6)
n 5 597

86.2 (34.5)
n 5 601

94.7 (22.4)
n 5 794

,.001

Disposition determinatione

86.6 (34.1)
n 5 344

87.4 (33.2)
n 5 294

86.5 (34.2)
n 5 458

.93

,.001

,.001

,.001

Function of care

Pc
Modality of care

Pc
a
b
c
d
e

All scores are on a 0–100 scale and adjusted for the ODD: adjusted scores can be .100.
P value is for between-hospital comparisons of scores for category.
P value is for within-hospital comparisons of function and modality categories.
Examples of ancillary therapy include chest physiotherapy or suctioning.
Examples of disposition determinations include appropriate discharge to home or transfer to the ICU.

recommendations that are based on expert
consensus rather than empirical
evidence.4,33,34 Because randomized trials
may not be feasible to conduct in children,
much of quality assessment in pediatrics
will continue to focus on care processes
that are hypothesized to be associated with
better outcomes. However, where possible,
outcome validation of process measures
should be undertaken and should focus on
shorter-term outcomes that are primarily
dependent on the medical interventions
being delivered. Future validation work for
PRIMES should include formal studies to
assess the relationship between high levels
of performance on these indicators and
other established quality measures, such as
return to baseline functional status during
HOSPITAL PEDIATRICS Volume 7, Issue 3, March 2017

the month after hospitalization, reduction in
return visits to the ED, or fewer 30-day
readmissions to the hospital. Until further
outcome validation of the PRIMES indicators
occurs, hospitals may want to focus their
quality improvement (QI) efforts on the
indicators with higher levels of supporting
evidence (level 1 or 2; Supplemental Table 6).
Second, our ﬁeld test was limited to
3 tertiary care children’s hospitals, so
performance on these quality indicators
may be different at other children’s
hospitals with lower acuity of care or in
community hospitals in which most children
receive care for these conditions.2 Further
testing of PRIMES in these settings is
warranted.

Third, our understanding of the key drivers
of observed variation in performance on the
PRIMES measures is limited due to a lack of
contextual information related to the care
settings in which they were assessed.35
Future studies of the PRIMES quality
measures should include contextual
information to better understand variation
in performance observed in different care
settings (ED versus inpatient) and/or across
different intuitions.
Fourth, the age of the literature review
(1999–2009) is a potential limitation.
However, review of more recently published
guidelines and evidence reviews for these
conditions demonstrates that the PRIMES
indicators are still well aligned with current
recommendations, with 2 notable
exceptions.28,36–38 Review of the
2011 pediatric CAP guideline developed by
the Infectious Diseases Society of America,
indicates testing for acute phase reactants
in children hospitalized for CAP may be
appropriate under certain circumstances.28
Thus, the PRIMES indicator stating these
tests should not be performed
(Supplemental Table 6; CAP indicator no. 4)
is too stringent and will be removed from
the post–ﬁeld test tool. Review of the
2015 AAP bronchiolitis guideline indicates
that b-agonists should not be used to treat
children diagnosed with bronchiolitis under
any circumstances.36 This is in contrast to
the 2006 AAP bronchiolitis guideline
statement that suggested treatment with
b-agonists was acceptable if there was also
an assessment before and after
administration that indicated clinical
improvement.30 Thus, the bronchiolitis
PRIMES indicator regarding treatment with
b-agonists will be updated to reﬂect this
more stringent recommendation in the ﬁnal
tool (Supplemental Table 6; Bronchiolitis
indicator no. 9). As with all quality
measures, periodically reviewing new
evidence as it becomes available will be
essential to determine whether indicators
included in PRIMES require adjustment or
deletion.
Based on this limited pilot test, we
recommend that PRIMES is appropriate for
use to monitor within-hospital QI efforts on
individual condition-speciﬁc measures
131

included in the tool. The individual quality
indicators provide performance information
on processes of care that are under the
control of health care providers and lend
themselves well to QI efforts. Further testing
of PRIMES is needed, by using a more
representative sample of hospitals to
establish the tool’s utility for accountability
assessments across hospitals.

CONCLUSIONS
Despite the limitations inherent in this
measure development and testing
process, PRIMES represents a newly
developed set of quality indicators that
are feasible to implement and
demonstrate signiﬁcant variation in
performance both between and within
3 children’s hospitals for various aspects
of respiratory care. PRIMES may be a
useful tool for monitoring and improving
the quality of inpatient and ED care for
common pediatric respiratory illnesses.
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