Costs and Infant Outcomes After Implementation
of a Care Process Model for Febrile Infants

WHAT’S KNOWN ON THIS SUBJEGT: Febrile infants in the first 90 | AUTHORS: Carrie L. Byington, MD,? Carolyn C. Reynolds,
days may have life-threatening serious bacterial infection. Well- MS, APRN,> Kent Korgenski, MS,> Xiaoming Sheng, PhD,?
appearing febrile infants with serious bacterial infections cannot | Karen J. Valentine, MStat Richard E. Nelson, PhD,® Judy A.
be distinguished from those without by examination alone. Daly, PhD,® Russell J. Osguthorpe, MD,” Brent James, MD,
Variation in care resulting in both undertreatment and MStat,” Lucy Savitz, PhD,> Andrew T. Pavia, MD,>* and

. Edward B. Clark, MD?
overtreatment is common.
aDepartment of Pediatrics, University of Utah, Salt Lake City, Utah;
bIntermountain Healthcare, Salt Lake City, Utah; and °Medicine

WHAT THIS STUDY ADDS: The systemwide implementation of an University of Utah, Salt Lake City, Utah

evidence-based care process model for the care of febrile infants

. : : o KEY WORDS
in Intermountain Healthcare was associated with increased :
) A ) ; fever, infant, outcomes, cost
delivery of evidence-based care, improved infant outcomes, and
ABBREVIATIONS

lower costs. This model adopted nationally can improve value. / 0BC—complete blood count

EB-CPM—evidence-based care process model
ED—emergency department

EDW—enterprise data warehouse
IPCP—Intermountain Pediatric Clinical Program
LOS—Iength of stay

PCMG—-Primary Children’s Medical Center

OBJECTIVE: Febrile infants in the first 90 days may have life- | RMC—regional medical center

. . . . . . . SBl—serious bacterial infection

threatening serious bacterial infection (SBI). Well-appearing febrile UTk—urinary tract infection

infants with 3BI cannot be distinguished from those without by All authors are responsible for the research within the article

examination alone. Variation in care resulting in both undertreatment and have participated in the concept and design, acquisition of
and overtreatment is common. data, and analysis and interpretation of data of the manuscript.
Dr Byington, Ms Reynolds, and Drs Nelson, Sheng, Osguthorpe,
METHODS: We developed and implemented an evidence-based care Pavia, Clark were responsible for drafting the article or revising

process model (EB-CPM) for the management of well-appearing it critically for important intellectual content. All authors
febrile infants in the Intermountain Healthcare System. We report an | Provided final approval of the version to be published.
observational study describing changes in (1) care delivery, (2) outcomes | WWwwpediatrics.org/cgi/doi/10.1542/peds.2012-0127

of febrile infants, and (3) costs before and after implementation of the | doi:10.1542/peds 20120127

EB-CPM in a children’s hospital and in regional medical centers. Accepted for publication Mar 22, 2012

RESULTS: From 2004 through 2009, 8044 infants had 8431 febrile epi- | Address correspondence to Carrie L. Byington, MD, Department
Iti . ical | . A . | . f 1h of Pediatrics, University of Utah, 295 Chipeta Way, Salt Lake City,
sodes, resulting in medical evaluation. After implementation of the UT 84108, E-mail: carrie.byington@hsc.utah.edu

EB-CPM in 2008, infants in all facilities were more likely to receive
evidence-based care including appropriate diagnostic testing,
determination of risk for SBI, antibiotic selection, decreased antibiotic
duration, and shorter hospital stays (P << .001 for all). In addition,
mor‘e. infants had a definitive diagnosis of urmar“y tract mfep’uon or FUNDING: This work was supported in part by a Public Health
VIY‘a| |”neSS (P < 001 f0r‘ bOth) |nfant OutcomeS Impr‘OVGd W|th more Services research grant ULT1RR025764 from the National Center
admitted infants positive for SBI (P = 011), and infants at low risk for Research Resources (CLB, XS, and LS), the National Institutes

P . f Health/Eunice Kennedy Shriver National Institute of Child
< I ) 0

for SBI were _more Oﬂeh managed without anthI?JtICS (P 001) Health and Human Development grant K24HD047249 (CLB, XS,
Although hospital admissions were shortened by 27%, there were N0 | anq k). the Agency for Health Research and Quality grant AHRQ
cases of missed SBI. Health Care costs were also reduced, with the mean R18HS018034 (CLB, XS, KK, REN, and LS), the National Institutes of

cost per admitted infant decreasing from $7178 in 2007 to $5979 in 2009 | Health/National Cancer Institute grant KM1CA156725 (CLB, REN),
(—17% P < 001) and the HA and Edna Benning Presidential Endowment (CLB).

) ) ) COMPANION PAPER: A companion to this article can be found on
CONCLUSIONS: The EB-CPM increased evidence-based care in all page €199, online at www.pediatrics.org/cgi/doi/10.1542/peds.

facilities. Infant outcomes improved and costs were reduced, substantially 2012-1178.
improving value. Pediatrics 2012;130:e16—e24

PEDIATRICS (ISSN Numbers: Print, 0031-4005; Online, 1098-4275).
Copyright © 2012 by the American Academy of Pediatrics

FINANCIAL DISCLOSURE: The authors have indicated they have
no financial relationships relevant to this article to disclose.

el6 BYINGTON et al


mailto:carrie.byington@hsc.utah.edu
www.pediatrics.org/cgi/doi/10.1542/peds.2012-1178
www.pediatrics.org/cgi/doi/10.1542/peds.2012-1178

Evaluationoffeverininfants aged 1t090
days is common, yet there are no na-
tional guidelines addressing manage-
ment. Approximately 10% will have
serious bacterial infection (SBI), which
can be life threatening."2 However, the
majority of infants have viral infections,
and infants with laboratory and clini-
cally confirmed viral infections are less
likely to have SBI.'3-5 Independent re-
commendations for care of the febrile
infant published in 1993 and revised in
2000 did not address viral infections.6.”
Compliance with these recommenda-
tions is limited, and variation in care is
substantial 8-

Inthe Intermountain Healthcare system,
we noted variation in care delivered at
regional medical centers (RMGs) com-
pared with Primary Children’s Medical
Center (PCMC, Salt Lake City, UT), a ter-
tiary children’s hospital. For example, in
2004, the proportion of febrile infants
who had urinalysis ranged from 19% in
1 RMC to 70% at PCMG, although urinary
tract infection (UTI) is the most common
SBl in febrile infants.

The Intermountain Pediatric Clinical
Program (IPCP) undertook a quality im-
provement initiative to address care of
febrile infants. The IPCP has administra-
tive, laboratory, nursing, and physician
representatives from all Intermountain
Healthcare regions and includes pedia-
tricians from the University of Utah.
The IPCP used Six Sigma methodology
(Table 1) to develop an evidence-based
care process model (EB-CPM) for febrile
infants.'’>-4 CPMs are designed to de-
crease variation, improve quality, and
support local preferences.!®

The EB-CPM for febrile infants incor-
porated evidence derived from local
institutions’45.16-25 gnd others.27.824-42
We defined 6 quality measures by
consensus of representatives serving
on the IPCP and their constituents.
Quality measures targeted laboratory
testing, SBI risk determination, antibi-
otic selection, hospital admission, and
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TABLE 1 Modified Six Sigma Process Used to Develop and Implement the EB-CPM for Febrile

Six Sigma Steps

Actions of the Pediatric Clinical Programs Guidance Council

Define

Measure

Analyze

Improve

Control

Identify febrile infants

o Developed method for identification using electronic
administrative data

e Map the process flow to be improved

o Created flow diagrams from patient, nursing, laboratory,
and physician perspectives

Develop a data collection plan

o Developed through iterative process

Collect data from Intermountain Healthcare facilities

o Baseline data for all quality measures generated

o Reports generated for individual facilities and combined
target facilities

Analyze data collected to determine root causes for defects and
sources of variation

e Baseline data demonstrated poor compliance with
laboratory testing with root causes including lack of
equipment, laboratory schedules, and courier services

e |dentify and prioritize opportunities for improvement

e |[dentify gap between current performance and goal

Design creative solutions using technology

o Web-based tools including care algorithms, standard order
sets, parent information

e In-person and web-based training modules

Develop and deploy implementation plan

o All target hospitals participated in 2007

Develop and document an ongoing monitoring plan

e Monitor all quality and balance measures monthly

o Monitor critical outcomes of febrile infants including deaths

and missed SBI

e Address equipment, laboratory, and courier schedules

Institutionalize performance by modification of systems and
structures

o Care of febrile infant uses web-based tools available to all
providers

o All hospital representatives receive institutional feedback
monthly

e Hospital representatives inform providers of performance
and outcome data

o Individual provider data for those participating in
maintenance of certification

discharge. After in-person and web-
based training, education, and feed-
back with clinical personnel at PCMC
and 3 RMCs during 2007, the EB-CPM
was implemented at all Intermoun-
tain Healthcare facilities on January 1,
2008. Web-accessible tools including
algorithms, orders, antibiotic reco-
mmendations, and references were
available at the points of care in all
facilities. All facilities received monthly
performance feedback from the IPGP.
The objectives of this article are to
describe the changes in (1) care de-
livery, (2) outcomes of febrile infants,

and (3) costs before and after the
implementation of the EB-CPM.

METHODS
Protection of Human Subjects

The Institutional Review Boards of Inter-
mountain Healthcare and the University
of Utah approved this study. Informed
consent was waived. Provider use ofthe
EB-CPM was voluntary.

Setting

This observational study was per-
formed at Intermountain Healthcare,
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a not-for-profit, integrated health care
system that provides care for ~85%
of Utah children and a higher propor-
tion of infants. The 21 Intermountain
Healthcare hospitals include PCMC and
3 RMCs located in Ogden, Provo, and St
George, Utah. The RMCs and PCMC pro-
vide care for most febrile infants and
were designated target facilities. Mid-
level providers and resident and at-
tending physicians practicing family
medicine, pediatrics, and adult and pe-
diatric emergency medicine staff target
facilities. All facilities had the same viral
diagnostic technology and electronic
record system throughout the study.

Identification of Febrile Infants

Febrile infants were identified from the
Intermountain enterprise data ware-
house (EDW). The EDW contains clinical,
laboratory, and administrative data for
all facilities. We developed a definition
for febrile infants based on age, reason
for visit, admitting diagnosis, Interna-
tional Classification of Diseases, Ninth
Revision, and All Patient Refined DI-
agnosis Related Groups (APR-DRGs)
coding and validated it against a pro-
spectively collected sample.! The defi-
nition has a sensitivity and specificity
0f 93% and 90%, respectively.4s SBl was
identified through the EDW and was
defined as culture-confirmed bacter-
emia, meningitis, or UTI. UTl was defined
as =50 000 colony forming units/mL of
a single pathogen.44 An infant with
missed SBI was defined as having SBI
and treatment either only in the emer-
gency department (ED) or hospital ad-
mission within 5 days of ED discharge.

EB-CPM Recommendations

The full EB-CPM for outpatients and
inpatients is available in the Supple-
mental Information. The EB-CPM is for
well-appearing febrile infants aged 1 to
90 days. Separate CPMs are available
for early-onset neonatal sepsis in the
nursery* and for infants and children
with findings consistent with sepsis or
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septic shock.#6 Providers determine well
appearance and whether use of a CPM is
appropriate.

The febrile infant EB-CPM includes a
history and physical examination and
recommends obtaining a complete blood
count (CBC) and urinalysis for all infants.
Infants are classified as high-risk for SBI
using a modification of the Rochester
criteria.s'47 A recent review demon-
strated the Rochester criteria and Phil-
adelphia criteria have similar diagnostic
accuracy in predicting SBI, and the
Rochester criteria were more accurate
in neonates.#8 High-risk infants are those
aged =28 days or with history of preterm
birth (<37 weeks), chronic medical
conditions, abnormal CBC (<<5000 or
>15000 white blood cells per mm?®) or
urinalysis results (=10 white blood cells/
high power field) 47 The electronic record
and orders capture risk designation.

Management without antibiotics is
recommended for infants not identified
as high risk and thus considered low
risk for SBI. The EB-CPM, consistent with
other expert guidance,5” recommends
admission and antibiotic treatment of
high-risk infants. Viral diagnostic test-
ing is recommended for all admitted
infants, including testing for enterovi-
ruses by polymerase chain reaction
between June and November or if ce-
rebral spinal fluid pleocytosis'® is
present and testing for respiratory vi-
ruses by direct fluorescent assay or
polymerase chain reaction year-round.
Antibiotic recommendations reflect the
epidemiology and resistance of SBI path-
ogens at Intermountain Healthcare.

For admitted infants, duration of anti-
biotic therapy and length of stay (LOS)
are based on results of bacterial and
viral diagnostic testing at 24 hours. Ad-
mitted culture-negative infants at high
risk for SBI and who test positive for
a viral pathogen or who are at low-risk
for SBI are eligible for discontinuation
of antibiotics and discharge at 24 hours.
All other culture-negative infants are

eligible for the same at 36 hours. Given
the distance between RMCs and the
central laboratory (Salt Lake City, UT), we
allowed 6 hours for specimen transport
and measuredthe proportion of infants
discharged within 42 hours of specimen
collection.

Statistical Analysis

We identified 6 quality measures and
4 balancing measures to assess un-
intended consequences of EB-CPM
implementation. We compared perfor-
mance on these measures at the target
facilities during baseline (July 1, 2004—
December 31, 2007) and implementa-
tion (January 1, 2008—December 31,
2009) by using general linear models for
continuous measures (with log trans-
formations when the data had a skewed
distribution) and logistic regression
models for binary outcomes. A temporal
analysis for performance changes dur-
ing the baseline period was performed
and did not yield significant year-to-year
differences in individual facilities or the
system.

Cost data were derived from the In-
termountain Healthcare cost-accounting
program, an activity-based microcosting
systemthat identifies and aggregates the
variable and fixed-cost components of
hospital services and products according
to the date of service.’® Because of the
nonnormality of cost data, we used the
Wilcoxon-Mann-Whitney test to compare
the mean cost per infant during the 2
periods. Costs were adjusted for inflation
to 2009 dollars.

RESULTS
Participants

There were 8044 infants with 8431 fe-
brile episodes resulting in evaluation
at Intermountain Healthcare facilities
(Table 2); 6991 (83%) occurred in target
facilities. Infants at evaluation had a
mean age of 45 days; 54% were boys,
and 62% were white, 26% Latino, 2%
African American, 2% Pacific Islander, 1%
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TABLE 2 Characteristics of Febrile Infant Episodes Across All Intermountain Healthcare Facilities

Variable Base and Training, Implementation, PValue
n = 5444a (%) n = 29872 (%)
Episode at Target Facility 4524 (83) 2467 (83) .600
Age 001
=28d 1617 (30) 787 (26)
29-90d 3827 (70) 2200 (74)
Inpatient admission 2516 (46) 1424 (48) 200
Observation unit admission 372 (7) 284 (10) <.001
Any admission 2888 (53) 1708 (57) <.001
Infants with any SBIP 440 (8) 295 (10) .006
utl 360 (7) 257 (9) <.001
Bacteremia 112 (2) 60 (2) 328
Meningitis 16 (0.3) 7(0.2) 670
Infants with SBI admitted at first encounter 378/440 (86) 267/295 (91) 070
Infants with bacteremia or meningitis 117/128 (91) 66/67 (99) .060
admitted at first encounter
Death 2 (0.04) 1(0.03) 1.000

a Unless otherwise indicated.
b Infants may have =1 type of SBI.

Asian, 1% Native American, and 6% un-
known. In 3781 (45%) episodes, infants
were classified as high risk for SBI.

0f all febrile episodes, 735 of 8431 (9%)
had culture-confirmed SBI. Among in-
fants with bacterial cultures of blood,
urine, or cerebrospinal fluid (n=6363),
735 (12%) had SBI. Infants were more
likely to be diagnosed with SBI during
the implementation period because of
an increase in the diagnosis of UTI
(+29%, P << .001; Table 2). The proportion
of admitted infants with SBI increased
from 13% to 16% after implementation
(+23%, P=.011).

Performance of Quality Measures
in Target Facilities

Laboratory Testing

The proportion of infants with recom-
mended laboratory testing increased
in all target facilities during the imple-
mentation period (Table 3). By 2009, al-
most all admitted infants had CBC (93%)
and urinalysis (99%), and there was
little variation between facilities. Infants
were more likely to have blood (73% vs
79%) and urine cultures (74% vs 79%)
after implementation (P<<.001 for both).
Infants were also more likely to have
viral testing during the implementation

TABLE 3 Comparison of Key Quality and Balancing Measures for the EB-CPM in Target Facilities
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and the proportion of admitted infants
diagnosed with an enterovirus or respi-
ratory virus increased from 25% to 36%
(+40%, P << .001).

Admission of Infants With SBI at Initial
Evaluation

Admission of infants subsequently pro-
ven to have SBI was associated with in-
creased laboratory evaluation during the
implementation period. The proportion
of infants with SBI who were admitted at
the initial evaluation increased from
86% to 91% and those with bacteremia
or meningitis increased from 91% to
99%. Of the 28 infants with SBI dis-
charged from the ED during the imple-
mentation period, 27 had UTland received
antibiotictreatment as outpatients. There
were no missed cases of meningitis
during the implementation period. This
compares with the preimplementation
period when there were 68 infants sub-
sequently identified with SBI discharged
fromthe ED including 8 with bacteremia
and 3 with meningitis.

Antibiotic Selection and Treatment

Febrile infants in target facilities re-
ceived antibiotictherapy in 4229 0f 6991
(61%) of episodes. Infants classified as
high risk for SBI were more likely to
receive antibiotics than those classified

Target Facilities Base and
Training Periods, N = 4524,2 n (%)

Target Facilities Implementation
Period, N = 24672 n(%)

Absolute Difference in
Propositions (95% Cl, P value)

Quality measure

Obtain both CBC and urinalysis

Determine risk status for SBI

Perform viral testing for admitted Infants

Administer only formulary antibiotic therapy for
admitted infants receiving antibiotics

Discontinue antibiotics within 36 h for infants with
negative bacterial cultures

Discharge eligible infants by 42 h

Balancing measure

Lumbar Puncture

Infants admitted within 72 h post ED discharge

Readmission within 72 h after discharge inpatient
or observation unit

Missed SBI after admission 0 0 NA

3040 (67
3057 (68
1992/2620 (76
1167/1511 (77

1975 (80)
1836 (74)
1296/1540 (84)
826/901 (92)

13% (11% to 15%, <.001)
7% (5% to 9%, <.001)
8% (6% to 11%, <.001)

15% (12% to 17%, <.001)

547/1172 (47) 415/658 (63) 16% (12% to 21%, <.001)

682/1418 (48) 586/777 (75) 27% (23% to 31%, <.001)
2261 (50)
92/1904 (5)

21/2620 (0.8)

1281 (52)
45/927 (5)
10/1540 (0.6)

2% (—0.5% to 4.4%, .120)
0.02% (—1.7% to 1.7%, 1.000)
—0.2% (—0.7% to 0.4%, .710)

Cl, confidence interval; NA, not applicable.
a Unless otherwise denoted.
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as low risk (85% vs 63% P < .001).
Infants classified as low risk were less
likely to receive antibiotics in the in-
patient (91% vs 85%, —7%, P = .005) or
outpatient setting 43% vs 34%, —26%,
P = .002) after implementation.

The recommended antibiotics are am-
picillin, gentamicin, cefotaxime, and cef-
triaxone. Infants admitted after the
introduction of the EB-CPM were more
likely to receive only recommended
antibiotics (77% vs 92%, +15%) and to
have antibiotics discontinued by 36 hours
(47% vs 63%, +16%, P << .001 for both). In
94% of all episodes of SBI and 99% of
meningitis episodes, the recommended
antibiotics were active against the re-
covered pathogens.

Hospital Length of Stay

The mean hospital LOS for infants
without SBI decreased from 60 to 44

hours after implementation (—27%,
P < .001), resulting in 1644 fewer hos-
pital days. The LOS at PCMC was in-
creasing 2.4% annually in 2004-2008
(Fig 1). After implementation, there
was a 12.0% decrease in LOS in 2009
compared with 2008 (P=.001). The LOS
in all RMCs decreased significantly, and
all target facilities achieved a common
baseline for LOS by 2009 (Fig 1).

Balancing Measures and Cost

The performance of lumbar puncture
remained stable, and there were no
cases of missed meningitis after im-
plementation. Although LOS was signifi-
cantly decreased, there was no increase
in readmissions and no readmissions
with SBI after hospital discharge.

In our cohort, 91% of the costs for fe-
brile infants occurred in the inpatient
setting. Thus, although mean laboratory

costsinthe ED increased at PCMC ($153
vs $184, P<<.001) and in the RMCs ($44
vs $69, P << .001), these costs were
more than offset by the decreased
costs for admitted infants. After im-
plementation, the mean cost per ad-
mitted infant fell from $7178 in 2007 to
$5979 in 2009 (—17%, P < .001).
Implementation was associated with
reduced inpatient costs in all RMCs
($8037 vs $6206, —23%, P << .001). At
PCMG, baseline inpatient costs were
lower than at the RMCs (—$1914 in
2007) but were increasing at a faster
annual rate ($233 vs —$366). After
implementation of the EB-CPM, the
mean inpatient cost per infant at PCMC
declined 11.6% (P << .001). Variation in
the LOS and costs between the RMCs
and PCMC were virtually eliminated by
2009.
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FIGURE 1

A, LOS for inpatient or observation unit episodes at target facilities. B, Cost for RMCs and Primary Children’s Medical Center.

e20 BYINGTON et al



The mean cost per admitted infant was
lower in 2009 than in 2004 (Fig 2).
Savings were realized through de-
creased LOS and reductions in antibi-
otic prescribing and ancillary testing
not recommended by the EB-CPM. Us-
ing a model based on a rate of inflation
equal to the CPI, costs in 2009 were
predicted to be 18% greater than in
2004. In contrast, our data demon-
strated that costs in 2009 were 3%
lower than in 2004 (Fig 2). In 2009, the
cost per admitted infant was $1270 less
than predicted resulting in an estimated
savings of ~$1.9 million.

DISCUSSION

We report the successful implementa-
tion of an EB-CPM for the care of febrile
infants. Implementation was associ-
atedwithanincreasein evidence-based
care delivered by a diverse group of
providers at a children’s hospital and in
community RMCs. Following imple-
mentation, there was a slight increase
in the admission rate of febrile infants,
an increased documentation of UTls
and viral infections, a higher percent-
age of patients with SBI who were ad-
mitted after UTI detection, a decreased
length of stay, a more appropriate use
of recommended antibiotics, and a sim-
ilar rate (with trends toward improve-
ment) in admission of patients with
meningitis and bacteremia compared

with the preimplementation period. Im-
plementation was also associated with
a considerable reduction in costs. Al-
though the infrastructure and resources
devoted to quality improvement in In-
termountain Healthcare may not be
available in all settings, the creation of
facility specific care process models
with internal process control and per-
formance evaluation is a flexible tool
that can be adapted by other health care
systems to improve care and outcomes
while reducing costs.4®

The care of the febrile infant is con-
troversial, and there are variations in
care associated with site of care and
type of provider.8-11.50-54 Strategies for
classification of infants at risk for SBI,
admission of high-risk infants, and
treatment of low-risk infants as out-
patients have been extensively evalu-
ated and discussed.”2426.3637.55 \griation
in practice continues, perhaps because
of the lack of an accepted guideline and
the absence of research comparing
different care processes to determine
if any are associated with better out-
comes or lower costs.

The EB-CPM was created to define best
practices for Intermountain Healthcare
and to create a common process for
delivering quality care across many
hospitals. Intermountain hospitals, al-
though widely separated geographically
and using different provider staffing

$7,500
.57'249 Projected

$7,000
$6,500

%Msa

46,160
$6,000 86, 5 Actual
$5,500 ; ¥ .

2004 2005 2006 2007 2008 2009

FIGURE 2

Average total cost per admitted infant at target facilities.
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models, are all committed to quality
improvement, have representationthrough
the IPCP, and share common laboratory
and electronic medical record resour-
ces.'® These elements were vital to the
development and dissemination of the
EB-CPM.

Implementation of the EB-CPM resulted
in increased evidence-based care de-
livery as measured by 6 indicators. The
investigators worked withtarget facilities
to ensure that the indicators were rele-
vant to the medical providers and that
processes were in place to support
delivering recommended care without
interrupting workflow. The increase in
delivery of evidence-based care demon-
strates the value of providing decision
support at the point-of-care to guide
clinicians. Parents of febrile infants any-
where in Utah can now be assured
that their infant will receive high-quality
care anywhere in the Intermountain
Healthcare system, whether evaluated
in RMCs by nonpediatric providers or
at PCMC by pediatricians and pediatric
subspecialists.

Increased evidence-based care was
associated with improved infant out-
comes. On the basis of studies dem-
onstrating the low rate of SBI among
infants with viral infection'3-541 and
data demonstrating that the majority
(~85%) of all positive blood cultures in
this population are detected within 24
hours,3338 the EB-CPM recommends
discharge for admitted infants with
positive viral testing and negative
bacterial cultures at 24 hours. Diag-
noses of viral illnesses increased by
40% after implementation resulting in
opportunities for earlier discharge and
discontinuation of antibiotics for many
infants.

Implementation of the EB-CPM improved
recognition and treatment of SBI. The in-
creasing proportion of admitted febrile
infants with SBlinthe postimplementation
period supports the use of screening
criteria to identify well-appearing infants
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at high-risk for SBI. The increase in uri-
nalysis testing identified infants with UTI
who may have been missed before im-
plementation. Bacteremia and meningitis
are rare but potentially lifethreatening
occurrences. After implementation, 99%
of infants with bacteremia or meningitis
were admitted at the initial evaluation
compared with 91% before implementa-
tion. Althoughthis difference did not reach
statistical significance, the value of early
recognition and treatment of bacteremia
and meningitis in nearly all infected
infants cannot be discounted. Finally,
the EB-CPM improved antibiotic treat-
ment decisions with infants benefitting
from the selection of antibiotics ap-
propriate for SBI pathogens and reduc-
tions in antibiotic use in low-risk and
culture-negative infants.

We detected no adverse consequences
after implementation of the EB-CPM.
The performance of lumbar puncture,
considered invasive by many parents
and clinicians, did not increase, and yet
there were no cases of missed menin-
gitis. There was a modest increase
in the proportion of infants admitted
because of an increase in admissions
of <24 hours in observation units,
and 75% of all admitted infants were
discharged from the hospital by 42
hours. Although the mean hospital
LOS was 16 hours shorter than before
implementation, the readmission rate
was stable at <0.5%, and there were
no cases of missed SBI after hospital
discharge.

The implementation of the EB-CPM re-
duced costs and increased the value of
the health care delivered. Variations in
care can unnecessarily increase cost
through overtreatment, including ex-
cess testing, inappropriate antibiotic
use, or prolonged LOS, and through
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undertreatment, resulting in delayed
recognition and treatment of SBI. By
2009, the target facilities all had similar
LOS and costs, indicating adoption of
similar process for the evaluation and
management of febrile infants. Infants
and families benefitted from improv-
ed health outcomes, shorter hospital
stays, and lower cost. Savings for the
hospital system were realized through
lower direct care costs, improvements
in carethat may reduce medical liability,
and reduction in hospital days, which
can delay the need for new bed con-
struction and reduce long-term capital
outlay.

This study has several strengths and
limitations. Strengthsincludethe size of
the febrile infant cohort, the largest
ever reported. The results are also
strengthened by the quality of the
shared EDW, which allowed us to eval-
uate outcomes across the system in-
cluding readmissions and missed SBI.
The study is limited to a single health
care system; however, we examined
multiple hospital facilities with differ-
ent characteristics, suggesting that an
EB-CPM could be successfully imple-
mented in other settings. Documenta-
tion of training was not required for
providers. Since 2009, pediatricians
have been able to use the EB-CPM for
maintenance of certification (MOC).
Evaluation of performance of trained
providers using the EB-CPM for main-
tenance of certification compared with
all providers is ongoing. The observa-
tion period after implementation was
only 2 years; however, we continue to
monitor the quality measures monthly
through the IPCP and have seen either
maintenance or additional improve-
ment in all measures through 2011. For
example, in 2011, 90% of admitted in-

1 to 90 days old with and without viral
infections. Pediatrics. 2004;113(6):1662—1666

fants with negative bacterial cultures
were discharged by 42 hours compared
with 75% in 2008—2009. The changes
observed may have been due to factors
other than the introduction of the EB-
CPM. However, there were no signifi-
cant changes in the environment such as
availability of diagnostic testing or new
external guidelines over the entire study
period. Furthermore, the fact that there
were no significant changes observed
during the 4-year baseline period and
the sustained monthly improvements in
the 6 quality measures that occurred in
all facilities after the implementation of
the EB-CPM makes this unlikely. Finally,
there were likely unmeasured sources of
variation that may have resulted in fail-
ure to achieve universal compliance with
the EB-CPM. We seek to identify and ad-
dress these factors through our monthly
IPCP meetings and update the EB-CPM
and available support as new data be-
come available.

CONCLUSIONS

The introduction of an EB-CPM changed
the culture of caring for febrile infants
across a large health care system.
Variation in care was substantially re-
duced. Infant outcomes were excep-
tional, and significant savings were
realized. The EB-CPM for febrile infants is
an example of value-driven health care
that addresses a common problem and
can be used to inform guidelines dis-
seminated nationally.
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