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Variation in Diagnostic Test Use and Associated

Outcomes in Staphylococcal Scalded Skin
Syndrome at Children’s Hospitals
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OBJECTIVES: The incidence of staphylococcal scalded skin syndrome (SSSS) is rising, but current practice
variation in diagnostic test use is not well described. Our aim was to describe the variation in diagnostic test use
in children hospitalized with SSSS and to determine associations with patient outcomes.

METHODS: We performed a retrospective (2011—2016) cohort study of children aged o to 18 years from

35 children’s hospitals in the Pediatric Health Information System database. Tests included blood culture,
complete blood count, erythrocyte sedimentation rate, C-reactive protein level, serum chemistries, and group
A streptococcal testing. K-means clustering was used to stratify hospitals into groups of high (cluster 1) and
low (cluster 2) test use. Associations between clusters and patient outcomes (length of stay, cost, readmissions,
and emergency department revisits) were assessed with generalized linear mixed-effects modeling.

RESULTS: We included 1259 hospitalized children with SSSS; 84% were =4 years old. Substantial interhospital
variation was seen in diagnostic testing. Blood culture was the most commonly obtained test (range 62%-100%),
with the most variation seen in inflammatory markers (14%-100%). Between hospital clusters 1 and 2, respectively,
there was no significant difference in adjusted length of stay (2.6 vs 2.5 days; P = .235), cost ($4752 vs $4453;
P = .591), same-cause 7-day readmission rate (0.8% vs 0.4%; P = .349), or emergency department revisit rates
(0.1% vs 0.6%; P = .148).

CONCLUSIONS: For children hospitalized with SSSS, lower use of diagnostic tests was not associated with
changes in outcomes. Hospitals with high diagnostic test use may be able to reduce testing without adversely
affecting patient outcomes.
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Staphylococcal scalded skin syndrome
(S8SSS) is a toxin-mediated exfoliative
dermatitis that primarily affects children.
Authors of multiple studies have reported
that the incidence of SSSS is rising.'®
Although affected children are known to
have a broad range of clinical severity,
many require hospitalization.™
Hospitalizations for SSSS increased by
50% from 2009 to 2012, reaching an
estimated 900 hospitalizations in the United
States and increasing as a proportion of
overall pediatric hospitalizations." Local
fluctuations in the incidence of SSSS
secondary to outbreaks from clustering
within communities may contribute to the
rising incidence of hospitalizations.'>"

Currently, there are no comprehensive
evidence-based clinical practice guidelines
to assist clinicians with the diagnostic
evaluation and management of children with
SSSS. Although some experts suggest
diagnostic testing only in cases of expanding
skin desquamation or nonresponse to
antibiotic therapy, others recommend

the universal use of diagnostic tests,
including nasal and surface cultures.””®"®
Recommendations for adjunct testing, such
as inflammatory markers, are even less
clear, but some experts recommend their use
in severe cases.” Bacterial culture is the most
commonly recommended diagnostic test,
yet within the published literature there is
a lack of consensus regarding the optimal
site to culture (eg, skin, nares, blood, or
pharynx).'#%6® Although skin biopsy can
accurately differentiate SSSS from other
desquamating skin diseases,®?' its use is
limited by the invasive nature of the
procedure.’

Given conflicting expert recommendations
and lack of strong evidence supporting
standardization of practice for children
with SSSS, we hypothesized that there is
substantial variation in diagnostic test

use. Variation in diagnostic testing and
associated costs across hospitals has not
been well described in the literature.
Similarly, it is unclear whether a lower rate
of test use is associated with differences
in patient outcomes. With increasing
attention on diagnostic test stewardship,?2
understanding the role of diagnostic testing

in SSSS is needed to promote more
judicious use and help decrease
unnecessary health care costs. Our aim with
this study is to describe the variation in
diagnostic testing across multiple US
children’s hospitals and to determine if
patterns in diagnostic testing are
associated with differences in hospital
length of stay (LOS), cost, readmission rates,
and emergency department (ED) revisits.

METHODS

We performed a multicenter, retrospective
cohort study using data from 35 free-
standing tertiary care US children’s
hospitals located across 24 states within the
Pediatric Health Information System (PHIS)
database. The PHIS database is maintained
by the Children’s Hospital Association in

Lenexa, Kansas, and contains deidentified
patient data, including demographics,
diagnoses (with International Classification
of Diseases, Ninth Revision, Clinical
Modification [ICD-9-CM] and International
Classification of Diseases, 10th Revision,
Clinical Modification [ICD-10-CM]),
procedures, and daily billing information.
Participating hospitals and the Children’s
Hospital Association ensure the quality
and reliability of the data.?” The local
institutional review board determined that
this study did not constitute human subjects
research because the information was
deidentified.

Study Population

We included children aged 0 to 18 years who
were hospitalized from July 2011 to June

SSSS at an included PHIS hospital
(N=1815)

Children hospitalized with diagnosis of

.| Excluded for complex chronic
medical condition (n = 119)
v
n=1696
| Excluded for alternative
| dermatologic diagnosis (n = 145)
v
n=1551
Excluded for hospitals with
| incomplete billing data (n = 233)
and low hospital volume (7 = 59)
\ 4
n=1259

FIGURE 1 Flowchart of study population.
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2016 with a primary or secondary diagnosis
of SSSS (ICD-9-CM: 695.81; IGD-10-CM: L00).
We excluded children who were transferred
from another hospital because patient data
from the index hospital are not accessible in
the PHIS database. We excluded children
with complex chronic medical conditions as
defined by Feudtner et al?® because these
children may warrant a different diagnostic
approach compared with the general
population. Additionally, to minimize
diagnostic ambiguity, we excluded children
if they were coded for an alternative
dermatologic diagnosis as a primary or
secondary diagnosis (eg, scarlet fever or
Stevens-Johnson Syndrome) (Supplemental
Table 3). Finally, we excluded hospitals with
<10 children with SSSS during the study
period because of concern that individual
patient cases may dramatically skew
aggregate data for a hospital because of
low patient volumes.

Patient Covariates

Patient variables included age, sex, ethnicity
and/or race, payer type, level of care, and
illness severity. Age was divided into the
following categories: 0 to 59 days, 2 to

11 months, 1 to 4 years (preschool-aged),
5 to 10 years (school-aged), and 11 to

18 years (adolescent). Infants from 0 to

99 days of age were divided into a separate
age group than older infants because they
may warrant a different diagnostic
approach. Racial and ethnic data were
classified as white (non-Hispanic), African
American (non-Hispanic), Hispanic, or
other. Payer types were categorized as
government (such as Medicaid), private, or
other. lliness severity was assessed by using
the All Patient Refined Diagnosis Related
Group (3M, Maplewood, MN) severity
levels.® Level of care was classified as
either intensive care or acute care. We
characterized hospitals by US region,
assigned as Northeast, Midwest, South, and
West.

Diagnostic Test Use

We used PHIS billing codes to determine the
diagnostic tests obtained in the study
population. We assessed the general use
of bacterial cultures, including wound
cultures, cultures with an unspecified site,
and cultures that were specific for
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Staphylococcus aureus or methicillin-
resistant Staphylococcus aureus (MRSA).
Tests chosen for further analysis were the
most common distinct serum and
microbiologic swab tests in the patient
cohort and included the following: complete
blood count (CBC), C-reactive protein (CRP)
level or erythrocyte sedimentation rate
(ESR), blood chemistry profile, blood
culture, and group A streptococcal testing.
A blood chemistry profile included the
following: an 8- or 14-test chemistry profile,
an electrolyte profile, a kidney profile, other
multitest chemistry profile, or if all of the
following individual tests were ordered:
sodium + potassium + chloride +
bicarbonate + blood urea nitrogen +

creatinine + glucose. Group A streptococcal
testing included the following: B-hemolytic
streptococcal antigen detection,
antistreptolysin 0 titer, streptococcal screen
culture, other specified Streptococcus, or
streptococcal antibody screen. We defined
hospital-level diagnostic test use as the
percentage of the patient cohort at each
hospital that had each test ordered at least
once during the admission.

Outcome Measures

Outcome measures included hospital-level
LOS in days and all-cause and same-cause 7-
and 14-day readmission and ED revisit rates.
Readmissions and revisits were considered
same-cause if a diagnosis for SSSS

TABLE 1 Comparison of Characteristics of Children With SSSS Across Hospital Clusters

Characteristics Overall Hospital Cluster 1 Hospital Cluster 2 P
Patient total, n (%) 1259 838 (67) 421 (33)
Level of care, n (%) 703
Intensive 64 (5) 44 (5) 20 (5)
Acute 1195 (95) 794 (95) 401 (95)
Age group, n (%) 280
0-59 d 168 (13) 108 (13) 60 (14)
2-11 mo 231 (18) 163 (20) 68 (16)
-4y 658 (52) 428 (51) 230 (55)
5-10'y 180 (14) 121 (14) 59 (14)
11-18 y 22 (2) 18 (2) 4 (1)
Sex, n (%)
Male 664 (53) 450 (54) 214 (51) 336
Race and/or ethnicity, n (%) <.001
White 634 (50) 392 (47) 242 (58)
African American 280 (22) 189 (23) 91 (22)
Hispanic 210 (17) 178 (21) 32 (8)
Other 135 (11) 79 (9) 56 (13)
Payer, n (%) <.001
Government 704 (56) 496 (59) 208 (49)
Private 518 (41) 330 (39) 188 (45)
Other 37 (3) 12 (1) 25 (8)
US region, n (%) <.001
Midwest 263 (21) 115 (14) 148 (35)
Northeast 166 (13) 15 (2) 151 (36)
South 631 (50) 542 (65) 89 (21)
West 199 (16) 166 (20) 33 (8)
lliness severity? n (%) 146
Low 777 (62) 529 (63) 248 (59)
High 482 (38) 309 (37) 173 (41)

—, not applicable.

2 lliness severity defined by All Patient Refined Diagnosis Related Group codes.
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(ICD-9-CM: 695.81; IGD-10-CM: LO0) was recorded
for the encounter. Costs were estimated
from charges by using hospital- and year-
specific cost-to-charge ratios. Secondary
outcomes included the following: frequency
of diagnostic coding for bacteremia or
sepsis® (Supplemental Table 4), escalation
of care to the ICU after hospital day 1, and
mortality occurring during the admission.

Statistical Analysis

Summary statistics were calculated to
assess patient characteristics, disposition,
and LOS. Patient variables were compared
across hospital groups by using X2
statistics. Each hospital was assigned to 1 of
2 clusters on the basis of similar diagnostic
testing patterns across 5 different
diagnostic tests by using k-means
clustering. Two clusters were confirmed
through examination of the Scree plot.
Hospitals were grouped into 2 clusters,
named cluster 1 (high test use) and cluster
2 (low test use), so that each hospital was
part of the cluster with the closest mean
testing pattern in aggregate for each of the
5 diagnostic tests. This approach has been
used with other diagnoses as a framework
to evaluate hospital-level patterns in testing
and their association with patient
outcomes.®

Generalized linear mixed-effects models
were used with random hospital intercepts
(to account for patient grouping within a
hospital) to model outcomes between the
2 hospital clusters. Models were adjusted
for race, illness severity, payer, and region.
Because of the nonnormal behavior of cost
and LOS data, an exponential distribution
was used for the models. All analyses were
performed with SAS 9.4 (SAS Institute, Inc,
Cary, NC), and P values of <.05 were
considered statistically significant.

RESULTS

Overall, 1815 children with SSSS were
admitted to a study hospital from 2011 to
2016. In total, 6.6% of hospitalized children
were excluded because of a complex
chronic condition, and an additional 8.6% of
those remaining were excluded because of
an alternative dermatologic diagnosis

(Fig 1). The overall population is described
in Table 1 (N = 1259). The majority of

children (84%) were <4 years of age, 52.7%
were boys, and 5% were admitted directly to
an ICU. In the 33 hospitals with continuous
patient data during the study period, patient
cases increased from 2011 to 2016, with an
increased incidence during summer and

early fall of each year (Supplemental Fig 4).

Hospital Clustering

Cluster 1 contained 22 hospitals, whereas
cluster 2 contained 13 hospitals. More
children received each of the selected
diagnostic tests at cluster 1 hospitals than
at cluster 2 hospitals, although variation in
some tests was greater than in others. In
addition, differences in median testing rates
between the clusters also varied by test
type (Fig 2). Patient case mix between
hospital clusters is shown in Table 1.
Significantly more children with Hispanic
ethnicity and public insurance were in
cluster 1, and a larger percentage of

hospitals were in the Southern United
States. There were no significant differences
in patient age, sex, illness severity, or ICU
admission between the 2 cluster groups.

Variation in Diagnostic Test Use

Substantial interhospital variation was seen
in diagnostic test use (Fig 3). Blood cultures
were obtained most frequently at individual
hospitals, with use ranging from 62% to
100%, whereas group A streptococcal
testing was obtained the least, with use
ranging from 11% to 69%. Overall, 88% and
31% of children received blood cultures and
streptococcal testing, respectively. The use
of ESR or CRP revealed the greatest range
across hospitals, from 14% to 100%. Overall,
wound cultures were obtained in 28% of
hospitalized children, 7% of children
received a specific S aureus or MRSA
culture (multiple sites), and 32% of children
had bacterial cultures obtained but from an
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Median Percentage
Cluster 1 94.5 68.7 32.3 87.2 90.2
Cluster 2 81.8 34.1 26.9 73.7 73.9

FIGURE 2 Comparison of distribution of diagnostic testing for hospital clusters 1 and 2. Boxes
extend to the 25th and 75th percentiles. Lines indicate median testing rates. Whiskers
represent 1.5 X IQR from the edge of the box.
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% Received % Received % Received
% Received % Received | Streptococcal | Electrolyte Blood
Hospital CBC ESR or CRP Test Panel Culture Cluster
1

91
14 89
15 90
16 93
17 92
18 % s
19 88 24
20 95 24
21 89 56 34 69 88
22 95 46 22 87 76
23 85 55 36 82 67
24 75 46 | s | 75 88
25 95 37 26 74 84
26 91 34 25 77 82
27 83 58 30 74 65
28 91 19 | a8 62 76
29 88 33 32 54 88 2
30 82 34 21 75 68
31 78 22 22 61 74
33 71 14 24 71 71
34 78 39 17 44 70
35 65 23 27 62 62

FIGURE 3 Heat map of hospital-specific use of diagnostic testing. Numbers indicate the
percentage of children at each hospital that received each test. Hospitals are sorted
by highest to lowest mean testing rate across the 5 tests with the cluster number
indicated. Shading corresponds to use quartile, with darker shading indicating higher

use.

unspecified site of collection. Finally, skin
biopsy was rarely performed (1.7% of
children).

Patient Outcomes and Association
With Diagnostic Test Use

For the entire patient cohort, the median
LOS was 3 days (interquartile range [IQRI:
2-3); 23% of children required 4 or more
days of admission. Forty-two children (2.4%)
were also coded for the diagnosis of
bacteremia or sepsis. No children in our
cohort required escalation of care to the
ICU after admission, and none died.
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In cluster 1 hospitals, the unadjusted
median LOS was 3 days (IQR: 2-3) versus
2 days (IQR: 2-3) in cluster 2 hospitals. After
adjustment, there was no difference in
median LOS or ED revisit rates at 7 or

14 days between cluster 1 and cluster

2 hospitals (Table 2). The 7-day all-cause
hospital readmission rate was lower in
cluster 2 hospitals, but there was no
significant difference in same-cause 7- and
14-day readmission rates. Among children
who experienced an ED revisit or
readmission, none had a diagnosis code of
bacteremia or sepsis recorded for the

encounter. There was no significant
difference in adjusted cost between cluster
1 and cluster 2 hospitals.

DISCUSSION

We performed a multicenter, retrospective
study of hospitalized children with SSSS,
including assessment of hospital-level
variation in diagnostic testing and the
association with patient outcomes. We found
that significant variation exists in diagnostic
testing among children hospitalized with
SSSS. Lower rates of test use were not
associated with significant differences in
hospital-level LOS, readmissions, ED revisits,
or escalations of care. Qur findings reveal
that some patient outcomes might not be
adversely affected with an overall reduction
in diagnostic testing.

Blood culture was the most common type
of bacterial culture performed in our
population, and hospital-level use varied
from 62% to 100%. However, the use of
blood culture for isolation of S aureus may
be less helpful because bacteremia is
thought to be uncommon in SSSS.152"%
Authors of 1 study found that 3.8% of
children with SSSS had toxigenic S aureus
isolated from the blood,' and in our cohort,
only 2.3% were coded for a diagnosis of
sepsis or bacteremia. The association
between the use of blood culture in

SSSS and patient outcomes has not

been described in the literature. In
uncomplicated skin and soft tissue
infections, blood culture yield is low, and its
routine use is found to prolong L0S.%
Furthermore, routine blood culture is no
longer recommended in uncomplicated
cellulitis.®* Similarly, routine blood culture
may be most indicated in severe cases of
§SSS," but further large-scale research is
needed to confirm in which clinical
situations blood cultures are most useful.

In our cohort, hospital-level use of CBC, CRP,
ESR, and electrolytes varied more widely
than the use of blood culture. Despite being
frequently used at some hospitals, the utility
of these tests in pediatric SSSS has not
been well studied. Authors of a study with a
small sample size found that white blood
cell count and levels of CRP were elevated in
patients with SSSS compared with healthy
controls. However, these tests had lesser

NEUBAUER et al



TABLE 2 Adjusted Patient Outcomes Between Hospital Clusters

Outcome?® Hospital Cluster 1 Hospital Cluster 2 P
Median (IQR) Median (IQR)
L0S, d 26 (24, 2.7) 2.5 (2.3, 2.6) 235
Cost, US dollars 4752 (4009, 5495) 4453 (3617, 5288) 991
All cause % (IQR) % (I0R)
7-d readmission 1.3 (0.5, 2.1) 0.3 (0, 0.9) 049
14-d readmission 1.5 (0.6, 2.3) 0.7 (0, 1.4) 138
7-d ED revisit 0.9 (0.3, 1.5) 1.4 (0.4, 2.5) 436
14-d ED revisit 1.6 (0.7, 2.4) 2 (0.3, 3.7) 436
Same cause % (IQR) % (IQR)
7-d readmission 0.8 (0.1, 1.4) 04 (0, 1) 349
14-d readmission 0.8 (0.1, 1.4) 04 (0, 1) 621
7-d ED revisit 0.1 (0, 0.4) 0.6 (0, 1.3) 148
14-d ED revisit 0.1 (0, 0.4) 0.6 (0, 1.3) 148

@ Adjustments made for severity, race, payer, and census region.

accuracy to diagnose SSSS as compared
with procalcitonin.® In our cohort, we chose
not to analyze procalcitonin because it was
rarely ordered. In addition, electrolyte tests
were performed in 80% of children in our
cohort. Authors of other studies have
demonstrated that electrolyte tests in
hospitalized patients may be overused,?*®
but the appropriateness of these electrolyte
tests in our cohort is unclear without the
associated clinical context. The utility of
using the above tests to diagnose and
effectively manage SSSS remains uncertain.
Additional studies are needed to determine
if they lend any prognostic value for patient
outcomes or severity of disease. However,
as opposed to tests with less variation between
hospitals, tests with more variation (such as
CRP) may represent a greater opportunity to
reduce testing in hospitals with high use.

Although our study was isolated to US
children’s hospitals, patient outcomes were
comparable with available data from other
studies of SSSS. Overall median LOS

was 3 days (adjusted median LOS of
2.5-2.6 days). In other studies, LOS ranged
from 3 days®'®¥” to 5 to 8 days,*® and even
longer in studies with primarily neonatal
populations.’™ Authors of a recent study
found that being >2 years of age, being
African American or multiracial, and having
chronic conditions were associated with a
longer LOS®; however, the authors of this
study did not examine the impact of
diagnostic testing. Also, we observed no

mortalities in our cohort, which aligns with
a recent US study in which a 0.3% mortality
rate was reported.® Our same-cause
readmission rate of <1% is not surprising.
Data on readmissions have not been well
described, but recurrent SSSS is extremely
rare, and most children have a good
prognosis.'®®

We observed that variation in diagnostic
test use was not strongly associated with
patient outcomes in our cohort. Hospitals
with lower rates of diagnostic test use

did not experience significantly different
LOS, cost, readmissions, or ED revisits.
Interestingly, a lower rate of test use was
not associated with lower costs. This may
reflect the more sizable impact of costs
related to LOS in relation to laboratory tests,
which has been described in other
studies.®®* In the literature examining SSSS,
the association between overall use of
diagnostic tests and patient outcomes has
not been specifically described. Further
research focused on individual diagnostic
test use and the results of those tests is
needed to better evaluate the association
between test use and patient outcomes.
Researchers should also examine the
population factors that may have
contributed to differences in test use, such
as government versus private payers and
the socioeconomic status of patients.
Researchers of future efforts could also
focus on costs from the parental and
societal perspectives for unnecessary test
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use. All of these factors could influence how
hospitals might approach diagnostic test
stewardship in children hospitalized

with SSSS.

This study was subject to limitations
inherent to the use of an administrative
database. Identification of children with
SSSS relied on recorded 1CD-9-CM and ICD-
10-CM diagnostic codes, which could result
in patient misclassification. However, our
cohort’s age demographic and higher
incidence of SSSS in summer and early fall,
which has been previously described with
$S88,48 suggest that children with SSSS
were appropriately identified. Test results
were not available, and therefore we cannot
determine the clinical utility of performing
the test. Culture results were not available
to confirm a diagnosis of bacteremia or
sepsis. Additionally, we were unable to
identify the primary source of cultures with
an unspecified site because of differences in
hospital coding practices. For this reason,
site-specific cultures were not quantified
(such as nasopharyngeal cultures). Clinical
details regarding progression of illness,
such as the duration of fever or degree of
skin desquamation, may have contributed to
variability in diagnostic test use between
hospitals and are not available in the PHIS
database.” Finally, because only PHIS
hospitals were included, the description of
practice and outcomes may not reflect all
practice settings.

CONCLUSIONS

We found significant interhospital variation
in diagnostic test use across hospitals with
a similar case mix. Similar patient outcomes
were present in our cohort between
hospitals with high versus low rates of test
use, suggesting that clinicians may be able
to safely decrease diagnostic test use in
SSSS. Further research with specific
diagnostic test results may help guide the
appropriate use of diagnostic testing and
inform future development of clinical practice
guidelines for children hospitalized with SSSS.
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