
The Journal of Emergency Medicine, Vol. 56, No. 6, pp. 583–591, 2019
� 2019 Elsevier Inc. All rights reserved.

0736-4679/$ - see front matter

6/j.jemermed.2019.03.003
https://doi.org/10.101
Reprints are no

RECEIVED: 29 N
ACCEPTED: 4 Ma
Original
Contributions
PRACTICE VARIATION IN THE EVALUATION AND DISPOSITION OF FEBRILE
INFANTS #60 DAYS OF AGE

Alexander J. Rogers, MD,* Nathan Kuppermann, MD, MPH,† Jennifer Anders, MD,‡ Genie Roosevelt, MD,§
John D. Hoyle Jr., MD,ǁ Richard M. Ruddy, MD,{ Jonathon E. Bennett, MD,# Dominic A. Borgialli, DO, MPH,**

Peter S. Dayan, MD, MSC,†† Elizabeth C. Powell, MD, MPH,‡‡ T. Charles Casper, PHD,§§ Octavio Ramilo, MD,ǁǁ
and Prashant Mahajan, MD, MPH, MBA * the Febrile Infant Working Group of the Pediatric Emergency Care

Applied Research Network (PECARN)

*Departments of Emergency Medicine and Pediatrics, University of Michigan, Ann Arbor, MI, †Department of Emergency Medicine, University
of California, Davis School of Medicine, Sacramento, CA, ‡Department of Pediatrics, Johns Hopkins School of Medicine, Baltimore, MD,
§Department of Emergency Medicine, Children’s Hospital Colorado, Aurora, CO, ǁDepartment of Emergency Medicine, Western Michigan
University, Kalamazoo, MI, {Department of Pediatrics, Cincinnati Children’s Hospital, Cincinnati, OH, #Department of Pediatrics, Nemours/AI
Dupont Hospital for Children, Wilmington, DE, **Department of Emergency Medicine, University of Michigan, Flint, MI, ††Department of

Pediatrics, New York Presbyterian-Morgan Stanley Children’s Hospital, New York, NY, ‡‡Department of Pediatrics, Ann and Robert H. Lurie
Children’s Hospital, Chicago, IL, §§Department of Pediatrics, University of Utah; Salt Lake City, UT, and ǁǁDepartment of Pediatrics,

Nationwide Children’s Hospital, Columbus, OH

Corresponding Address: Alexander J. Rogers, MD, Children’s Emergency Services, Department of Emergency Medicine, Michigan Medicine,
CW 2-737, 1540 East Hospital Drive, SPC 4260, Ann Arbor, MI 48109
, Abstract—Background: Febrile infants commonly pre-
sent to emergency departments for evaluation. Objective:
We describe the variation in diagnostic testing and hospital-
ization of febrile infants #60 days of age presenting to the
emergency departments in the Pediatric Emergency Care
Applied Research Network. Methods: We enrolled a con-
venience sample of non-critically ill–appearing febrile
infants (temperatures $38.0�C/100.4�F) #60 days of
age who were being evaluated with blood cultures in 26
Pediatric Emergency Care Applied Research Network
emergency departments between 2008 and 2013. Patients
were divided into younger (0–28 days of age) and older
(29–60 days of age) cohorts for analysis. We evaluated
diagnostic testing and hospitalization rates by infant
age group using chi-square tests and by site using anal-
ysis of variance. Results: Four thousand seven hundred
seventy-eight patients were eligible for analysis, of
whom 1517 (32%) were 0–28 days of age. Rates of
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lumbar puncture and hospitalization were high (>90%)
among infants #28 days of age, with chest radiography
(35.5%) and viral testing (66.2%) less commonly ob-
tained. Among infants 29–60 days of age, lumbar punc-
ture (69.5%) and hospitalization (64.4%) rates were
lower and declined with increasing age, with chest radi-
ography (36.5%) use unchanged and viral testing
(52.7%) slightly decreased. There was substantial varia-
tion between sites in the older cohort of infants, with
lumbar puncture and hospitalization rates ranging
from 40% to 90%. Conclusions: The evaluation and
disposition of febrile infants #60 days of age is highly
variable, particularly among infants who are 29–
60 days of age. This variation demonstrates an opportu-
nity to modify diagnostic and management strategies
based on current epidemiology to safely decrease inva-
sive testing and hospitalization. � 2019 Elsevier Inc.
All rights reserved.
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INTRODUCTION

Febrile infants who are #60 days of age commonly
present to the emergency department (ED) for evaluation
and management (1). Recent studies have confirmed
that 5% to 10% of febrile infants in this age group pre-
senting to the ED will have serious bacterial infections
(SBIs) (defined here as urinary tract infections, bacterial
meningitis, or bacteremia) as the cause of their fever,
with <2% having bacteremia (2,3). Because of the
absence of any single or combination of clinical
variables or laboratory tests that can detect the presence
of SBI with high degrees of sensitivity and specificity,
several guidelines have been developed over the
years to risk-stratify young febrile infants to determine
whomight be at low enough risk to safely forego invasive
testing, empirical antibiotics, or hospitalization (4–7).
These guidelines recommend obtaining screening tests
including urinalysis for urinary tract infections (UTIs),
complete blood cell counts for bacteremia, and
cerebrospinal fluid analysis for bacterial meningitis
along with respective cultures for a definitive diagnosis
of SBI. Most guidelines recommend a conservative
approach (i.e., a complete evaluation for SBIs along
with empiric antibiotic use and hospitalization for
febrile infants #28 days of age). Other diagnostic
modalities, including chest radiography and viral
testing, might also be incorporated into the fever
evaluation (8).

Despite the existence of these guidelines, there is sub-
stantial variation and lack of adherence to these tradi-
tional recommendations in the evaluation of young
febrile infants because of the changing epidemiology of
SBI in this population and the incorporation of newer bio-
markers (9–11). A recent retrospective analysis of Kaiser
Permanente data demonstrated selective management
strategies, with nearly a quarter of infants 7 to 28 days
of age presenting for fevers having no cultures
obtained, noting the provider did not believe the
reported thermometer reading in most of these cases
(12). Although previous studies have revealed practice
variation, many of those studies suffer from methodolog-
ical issues as they were either retrospective in nature or
have used varying study definitions for inclusion and
SBI. Prospective, nationally representative multicenter
data on the diagnostic evaluation and disposition of
febrile infants #60 days of age in United States EDs
have not been reported.

We conducted a planned secondary analysis of a large
prospective observational study of febrile infants
#60 days of age who were evaluated for SBIs in the
EDs of the Pediatric Emergency Care Applied Research
Network (PECARN) to describe practice variation (13).
We sought to identify patient- and hospital-level variation
in the evaluation of febrile infants with regard to the per-
formance of lumbar punctures (LPs), chest radiographs,
viral testing, urine testing, and patient disposition from
the ED.

METHODS

In the parent study, we enrolled a prospective conve-
nience cohort of febrile infants #60 days of age who
were evaluated for SBIs at 26 children’s hospitals partici-
pating in PECARN between 2008 and 2013 (13). Only in-
fants who had blood cultures obtained and whose parents
consented for their child to have additional blood drawn
for host response biomarkers (RNA biosignature by mi-
croarray analysis) were enrolled (14). Enrollment
included patient history and a physical examination of
each patient, including an assessment of clinical appear-
ance using the Yale Observation Scale score (15). We
abstracted laboratory data and radiographic reports, if
performed. Further diagnostic testing and patient disposi-
tion was at the discretion of the treating provider. Tests
for viral infections ranged from individual seasonal vi-
ruses (such as respiratory syncytial virus or influenza)
to comprehensive viral panels (16). For our analysis, pa-
tients were considered to have had an LP performed if it
was attempted, whether or not cerebrospinal fluid was
actually obtained. Urine was considered to be obtained
if either urinalysis or urine culture was ordered. We per-
formed telephone follow-up for patients who were dis-
charged without an LP to identify infants with missed
meningitis.

Selection of Participants

Infants #60 days of age with documented fevers
(defined as rectal temperatures $38�C/100.4�F) were
eligible. We excluded critically ill infants (i.e., those
requiring emergent interventions, such as endotracheal
intubation, the use of vasoactive medications, or car-
diopulmonary resuscitation), infants who were born
prematurely (#36 weeks’ gestation), and those with
congenital malformations or focal infections. Details
of the parent study, which defined RNA biosignatures
to distinguish febrile infants with bacterial vs. viral in-
fections, have been published previously (13). Because
clinical data were collected only if the patient was
enrolled in the parent PECARN study, those that did
not have a blood culture and research blood specimen
obtained for genomic analysis were ineligible for the
current analysis. The parent study was approved by
institutional review boards of all participating institu-
tions.



Screened
7335

Not Consented
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Consented 
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Infants 29-60 days
3,261 (68.2%)

Figure 1. Patient recruitment and enrollment.
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Data Analysis

We reported patient demographics and basic clinical in-
formation using descriptive statistics with means and
standard deviations or medians and interquartile ranges,
as appropriate. We described the rates of diagnostic
testing and hospital admission by week of age and by
site. For the hospital-level analysis, we divided the study
population into younger (0–28 days of age) and older
(29–60 days of age) cohorts. We evaluated the frequency
of diagnostic test performance and hospitalization rates
by patient age using chi-square tests and by ED site using
1-way analysis of variance. We also analyzed whether an
abnormal white blood cell (WBC) count by existing
guidelines (either <5000 or >15,000 cells/mm3) had an
effect on LP or hospitalization rates. Statistical analyses
were performed using SAS software (version 9.4; SAS
Institute, Inc, Cary, NC).
Table 1. Demographics and Other Baseline Characteristics by Age

0–28 days

Total patients, n (%) 1517 (31.7)
Male gender, n (%) 865 (57.0)
Race, n (%)

American Indian or Alaska Native 15 (1.0)
Asian 44 (2.9)
Black or African American 369 (24.3)
Native Hawaiian or other Pacific

Islander
12 (0.8)

White 866 (57.1)
Other 98 (6.5)
Stated as unknown 113 (7.4)

Ethnicity, n (%)
Hispanic or Latino 429 (28.3)
Not Hispanic or Latino 1061 (69.9)
Unknown 27 (1.8)

Qualifying temperature, median �C (IQR) 38.3 (38.2–38.
Yale Observation Scale score, median

(IQR)
6.0 (6.0–8.0)

IQR = interquartile range.
RESULTS

There were 7335 screened infants, of whom 5997
(81.8%) were enrolled in the parent study. Of these,
4778 (79.7% of enrolled) patients had research samples
and clinical data collected, and therefore were eligible
for this secondary analysis. Of the 4778 eligible patients,
1517 (32%) were 0–28 days of age (Figure 1). There were
no differences between the younger (0–28 days of age)
and older (29–60 days of age) cohorts in their median pre-
senting temperatures or Yale Observation Scale scores
(Table 1). Diagnostic evaluation and patient disposition
were stratified by age (Table 2). Rates of LP perfor-
mance (69.5% vs. 92.7%, p < 0.01) and hospital admis-
sion (64.4% vs. 97.8%, p < 0.01) were lower in the
older cohort (Figure 2A, B). In addition, there was a
decrease in the rates of LP performance and hospitali-
zation frequency by increasing week of age in the older
cohort. In contrast, viral testing (Figure 2C) showed a
smaller but significant age-related effect, as the
younger cohort had a higher rate of viral testing than
the older cohort (66.2% vs. 52.7%, p < 0.01). The rates
of chest radiographs (Figure 2D) did not vary with age.
Urine samples were almost universally obtained in both
age cohorts.

There was little difference among hospitals in LP per-
formance rates (Figure 3A) or in hospitalization rates
(Figure 3B) in the younger cohort. There was substantial
variation, however, in the older cohort, because site LP
rates varied between 40% and 90% across the partici-
pating institutions. Similarly, hospital admission rates
were consistently high (>90%) among hospitals for the
Group

Age Group

Overall29–60 days

3261 (68.2) 4778 (100)
1837 (56.3) 2702 (56.6)

54 (1.7) 69 (1.4)
89 (2.7) 133 (2.8)

786 (24.1) 1155 (24.2)
12 (0.4) 24 (0.5)

1872 (57.4) 2738 (57.3)
236 (7.2) 334 (7.0)
212 (6.5) 325 (6.8)

991 (30.4) 1420 (29.7)
2203 (67.6) 3264 (68.3)

67 (2.1) 94 (2.0)
7) 38.4 (38.2–38.8) 38.4 (38.2–38.7)

6.0 (6.0–8.0) 6.0 (6.0–8.0)



Table 2. Diagnostic Evaluation and Disposition

Age Group

Overall, N = 47780–28 days, n = 1517 29–60 days, n = 3261

Lumbar puncture completed,*n (% [95%
CI])

1406 (92.7 [91.4–94.0]) 2265 (69.5 [67.9–71.1]) 3671 (76.8 [75.6–78.0])

Viral testing performed, n (% [95% CI]) 1004 (66.2 [63.8–68.6]) 1718 (52.7 [51.0–54.4]) 2722 (57.0 [55.6–58.4])
Chest radiography, n (% [95% CI]) 539 (35.5 [33.2–38.0]) 1191 (36.5 [34.9–38.2]) 1730 (36.2 [34.9–37.6])
Admitted to hospital/transferred/died,†n

(% [95% CI])
1484 (97.8 [97.1–98.6]) 2099 (64.4 [62.7–66.0]) 3583 (75.0 [73.8–76.2])

Urine obtained n (% [95% CI]) 1507 (99.3 [98.8–99.6]) 3217 (98.7 [98.2–99.0]) 4724 (98.9 [98.5–99.1])

* There were 24 total cases of confirmed bacterial meningitis, 19 of which were in the younger age cohort.
† A 34-day-old female died. Blood and cerebrospinal cultures were negative.
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younger cohort but ranged from 40% to 90% for the older
cohort. For viral testing (Figure 3C) and chest radiog-
raphy (Figure 3D), testing rates varied widely between
sites, between 20% and 90%, with similar variability in
Lumbar Puncture
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Figure 2. Intervention rates by age of infant (with 95% CI). Rate of l
radiography (D).
both the younger and older age cohorts. The site variation
was significant for all 4 analyzed outcomes.

For infants #28 days of age, LP and hospitalization
rates were high (>90%) regardless of WBC counts.
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Figure 3. Intervention rates by treating hospital (with 95% CI). Rate of lumbar puncture (A), admission (B), viral testing (C), and
chest radiography (D).

Table 3. Patients With Lumbar Puncture and Hospital
Admission

Admitted,
n (%)

Not Admitted,
n (%)

Patients 0–28 days of age, n = 1517
Lumbar puncture 1394 (92) 12 (1)
No lumbar puncture 90 (6) 21 (1)

Patients 29–60 days of age, n = 3261
Lumbar puncture 1753 (54) 512 (16)
No lumbar puncture 346 (11) 650 (20)

All patients, N = 4778
Lumbar puncture 3147 (66) 524 (11)
No lumbar puncture 436 (9) 671(14)
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Table 3 shows the relationship between patients who
received LPs and hospital admission. No patients dis-
charged without an LP were determined to have bacterial
meningitis using telephone follow up. For infants
29–60 days of age, LP (79.3% vs. 66.3%; risk difference
13.0% [95% confidence interval {CI} 9.6–16.4%]) and
hospitalization rates (82.0% vs. 58.8%; risk difference
23.2% [95% CI 19.9–26.6%]) were higher for infants
with WBC counts >15,000 cells/mm3 or <5000 cells/
mm3 compared with infants with WBC counts of 5000
to 15,000 cells/mm3. Regardless of WBC count, there
was wide variability between sites, with LP rates ranging
from approximately 35-90% in infants 29–60 days of age
and WBC counts of 5000 to 15,000 cells/mm3, and 50%
to 100% in infants with WBC counts >15,000 cells/mm3

or <5000 cells/mm3. Rates of hospital admission showed
similarly wide variation between sites when stratified by
WBC count.
C-reactive protein levels were inconsistently obtained,
with only 249 infants (5%) having C-reactive protein as-
sessments performed as part of their fever evaluation.
Procalcitonin levels were rarely obtained, with only 2
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infants having procalcitonin measured as part of their
initial evaluation.

DISCUSSION

In this secondary analysis of a large prospective observa-
tional study of febrile infants 60 days of age and younger,
we demonstrated substantial practice variation in patient
evaluation and disposition. Most of the variation occurred
in the second month of life, with both LP performance
and hospitalization rates decreasing consistently with
increasing age and varying widely between hospitals.

Our prospectively collected data are consistent with
previous retrospective studies that have demonstrated
practice variation in the evaluation of young febrile in-
fants in U.S. hospitals (9,11,12). There are a number of
possible reasons why the evaluation and disposition of
these patients demonstrates such wide variability: 1)
low rates of bacteremia and meningitis with changing
epidemiology of SBI (17); 2) poor performance charac-
teristics of historical screening biomarkers (complete
blood cell counts, absolute neutrophil counts, and band
counts) (18); and 3) the availability of rapid turnaround
multipanel viral tests that identify patients with viral
illness, although bacterial coinfections still do occur at
a non-negligible rate (16,19,20).

We observed a decrease in LP rates with increasing age
for infants$28 days of age, with LP rates of <50% in the
oldest age group (infants 57–60 days of age), despite
guidelines recommending a universal approach for febrile
infants between 29 and 60 days of age (21,22). Examining
hospital-level variability revealed that clinicians per-
formed LPs on essentially all enrolled infants less than
29 days of age. Therewas awide range of LP performance
rates between sites in the older cohort, which could reflect
differences in disease prevalence between the age cohorts,
differences in risk tolerance between clinicians and insti-
tutions, access to close outpatient follow-up or institu-
tional culture, and local guidelines.

Previous studies using administrative databases have
demonstrated lower rates of LPs in the younger age
group, which possibly reflects the inclusion of patients
who presented with and were coded as having a ‘‘fever’’
but were determined to not require laboratory workup
(9,11). In one recent study, the most common reason
cited for patients 7–28 days of age with fever who
received no cultures was the provider not believing that
the temperature was sufficient to initiate a laboratory
workup, representing a patient population that was
excluded from our current study (12). Some newer guide-
lines use an age cutoff of 21 days to determine risk level,
with infants #21 days of age hospitalized and those 22–
90 days of age evaluated with laboratory tests and selec-
tively discharged from the ED after a period of observa-
tion (23). This evaluation strategy, however, was not
published at the time of our data collection.

All published guidelines recommend urine testing in
this age group, with no low-risk criteria for urine sample
omission, reflecting that UTIs are the most common SBI
in this age group (21,24). In this analysis, urine was
obtained at high rates across the 2 age cohorts and did
not show the same decrease with increasing age as was
seen with LP rates. There has been an acknowledgment
of the difference in risk of UTI/pyelonephritis vs.
invasive bacterial infections (i.e., bacteremia or
meningitis). A recent multicenter retrospective study
showed significant rates of concomitant bacteremia in
patients with UTI, but low rates of bacterial meningitis,
particularly in the group 29–60 days of age, and
suggested selective LP performance in patients greater
than 28 days of age with UTIs (25).

The decision to admit a febrile infant to the hospital
has implications for infant exposure to parenteral antibi-
otics, hospital-acquired infections, costs of care, lost
parental work days, and parental stress (26). The rates
of hospitalization in our study followed a similar pattern
to the rates of LPs, with patients 0–28 days of age having
consistently high rates of admission, with a relatively
steady decrease in hospitalization rate beyond 28 days
of age. The hospital admission rate, like the LP perfor-
mance rate, decreased with increasing age and showed
significant variation between sites.

The use of chest radiography in febrile infants without
respiratory symptoms is controversial, with low rates of
pathologic abnormalities detected (27–29). About one
third of infants underwent chest radiography across all
age groups, but there was substantial variation in
radiography use between hospitals.

Finally, we evaluated the use of viral testing in this
cohort. Most guidelines for the evaluation of febrile in-
fants do not include viral testing. There is little guidance
on how to best incorporate the results of viral testing into
decision-making regarding febrile infants evaluated in
the ED and much new data are available and need to be
considered how best to incorporate into evaluation strate-
gies. One group of investigators found that infants with
documented respiratory syncytial virus infections were
at substantially lower, but non-negligible, risk of SBIs
than those without respiratory syncytial virus; the same
group of investigators had similar results with influenza
infections (19,20). Serious bacterial coinfection in
infants with documented viral infections has recently
been re-examined in a large study performed by our
group, with risks of SBI less common but non-
negligible in viral-infected infants, especially those less
than 29 days of age (16). More than 50% of the infants
in the current study had viral testing performed, with
wide variation between study sites. Viral testing was
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somewhat more commonly performed in infants in the
younger cohort. This may reflect an increased focus on
identifying a causative agent for fever in younger infants
with the potential to scale back antibiotics or discharge
home in cases of proven viral illness.

The variation in the evaluation of febrile infants in our
study, both within infant age groups and between EDs,
suggests that guidelines are not being adhered to by emer-
gency providers in the PECARN network. The reasons
for this are likely multifactorial. Older guidelines do
not reflect the current epidemiology of SBIs, do not use
more novel testing methods (e.g., procalcitonin), and do
not accurately predict the risk of SBIs (30–32). Clinical
scoring systems or unstructured clinical suspicion have
been shown to be unreliable in this population (33).
Improved diagnostic tests may improve diagnostic cer-
tainty, ultimately decreasing the need for invasive testing,
antibiotics, and hospitalization for infants who have self-
limited viral illnesses. Newer molecular diagnostic tech-
niques have shown early success and may play a large
role in the not too distant future (13,34,35). Improving
the accuracy and decreasing the turnaround times of
screening tests for the evaluation of febrile infants
could potentially standardize evaluations and decrease
variability.

Limitations

Our study has several limitations. First, we enrolled a
convenience sample of febrile infants who were being
evaluated with blood cultures, based on the availability
of study staff, which could reflect a population at
greater risk of SBIs. However, the patient sample size
was large and the rates of SBI were reflective of those
in the literature for this group of infants (13). There-
fore, our study population was likely generalizable to
other cohorts of febrile infants in this age group.
Focusing on patients who had, at a minimum, a blood
culture obtained identifies patients for whom treating
physicians had concerns for invasive SBIs. Critically
ill–appearing infants were excluded from this study;
however, those patients are unlikely to receive only par-
tial evaluations for SBI or be discharged home from the
ED. In addition, critically ill–appearing infants do not
represent a diagnostic conundrum that can be resolved
by laboratory testing alone. We did not have data on
provider-level variation within an institution or obtain
details regarding clinical factors such as the results of
viral testing that might have influenced providers’ deci-
sions to pursue various testing. We believe the impact
of this potential limitation is mitigated by the large,
prospective, geographically diverse sample. It is also
possible that some of the hospital variation in testing
was caused by external systemic factors, such as the
availability of timely outpatient follow-up, which
might have affected treatment decisions. Finally, this
study was conducted within a research network consist-
ing mostly of academic pediatrics EDs, which may or
may not accurately reflect practice pertaining to febrile
infants in general ED settings, where >80% of ED visits
for U.S. children occur (36).

CONCLUSIONS

Substantial variation exists in the evaluation and disposi-
tion of febrile infants 60 days of age or younger in pedi-
atric EDs within a national pediatric emergency research
network, particularly among infants 29–60 days of age.
This variation highlights an opportunity to update diag-
nostic and treatment strategies with better evidence-
based tools and decision aids that incorporate the latest
epidemiology of SBIs. This may assist with clinical deci-
sion making, with a goal of safely decreasing invasive
testing, antibiotic exposure and hospitalization.
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ARTICLE SUMMARY

1. Why is this topic important?
Young infants with fever commonly present to the

emergency department for evaluation and management.
Multiple guidelines exist, but guideline adherence has
been variable in retrospective studies.
2. What does this study attempt to show?

This is the first U.S.-based multicenter report of pro-
spectively collected data describing the practice variation
in evaluation and disposition of febrile infants. The study
describes variation in practice within the Pediatric Emer-
gency Care Applied Research Network.
3. What are the key findings?

Infants younger than 29 days of age had relatively little
variation in lumbar puncture and hospitalization rates. In-
fant 29–60 days of age had wide hospital-level variation in
the rates of both lumbar puncture and admission, with
both rates decreasing with increased week of age. The
use of chest radiography and viral testing also varied
widely between hospitals.
4. How is patient care impacted?

Areas of practice variation represent opportunities for
improvement in care. Updated guidelines with focus
on current epidemiology and newer biomarkers have
the potential to safely decrease invasive testing and
hospitalization.
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