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Abstract

Background: Research into low-value routine testing at children’s hospitals has not consistently
evaluated changing patterns of testing over time.

Objectives: To identify changes in routine laboratory testing rates at children’s hospitals over ten
years and the association with patient outcomes.

Design, Settings, and Participants: We performed a multi-center, retrospective cohort study
of children aged 0-18 hospitalized with common, lower-severity diagnoses at 28 children’s
hospitals in the Pediatric Health Information Systems database.

Main Outcomes and Measures: We calculated average annual testing rates for complete
blood counts, electrolytes, and inflammatory markers between 2010 and 2019 for each hospital.
A > 2% average testing rate change per year was defined as clinically meaningful and used to
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separate hospitals into groups: increasing, decreasing, and unchanged testing rates. Groups were
compared for differences in length of stay, cost, and 30-day readmission or ED revisit, adjusted for
demographics and case mix index.

Results: Our study included 576,572 encounters for common, low-severity diagnoses. Individual
hospital testing rates in each year of the study varied from 0.3 to 1.4 tests per patient day. The
average yearly change in hospital-specific testing rates ranged from —6% to +7%. Four hospitals
remained in the lowest quartile of testing and two in the highest quartile throughout all ten years
of the study. We grouped hospitals with increasing (8), decreasing (n = 5), and unchanged (n = 15)
testing rates. No difference was found across subgroups in costs, length of stay, 30-day ED revisit,
or readmission rates. Comparing resource utilization trends over time provides important insights
into achievable rates of testing reduction.

INTRODUCTION

Overuse of diagnostic testing is a highly prevalent type of low-value carel in pediatric
settings and provides no net benefit to patients or healthcare systems. This type of overuse
leads to excess healthcare costs,12 wasted staff time to perform testing, and reduced
quality of care.34 It also exposes patients to potential harms such as radiation, phlebotomy
pain, interrupted sleep, and iatrogenic anemia and worsens patient and family experience
overall.>8 Overuse of diagnostic testing also can lead to an unnecessary cascade effect

of further testing or treatments and overdiagnosis with no meaningful impact on patient
outcomes.37 Reducing the overuse of diagnostic testing is vital to improving the value of
pediatric healthcare.

Previous studies have identified wide variations in rates of routine inpatient testing with no
clear difference in patient outcomes.8-12 This variation between hospitals in testing rates
does not appear to be randomly distributed. Hospitals with high rates of testing for one
condition tend to have high rates of testing for other conditions and high rates of testing
throughout early and late time points of inpatient admissions.8-11 Cultural or environmental
factors at an institutional level may contribute to these diagnostic testing patterns.

However, all of these studies aggregate longitudinal data into one overall measure to identify
high and low performers, leading to a loss of perspective on how testing has changed

over time. For example, sites with steady improvement over time might appear as average
performers when collapsing data across time points into one measure. Making significant
changes to system-level practice culture and reliably sustaining that change throughout

time are difficult improvement science endeavors.1314 Analyzing hospital-level performance
time trends over a specified period can help push beyond identifying hospitals with high
average performance to identifying hospitals that have successfully changed practice and
those that have a record of sustained change. These model sites may provide a rich learning
environment for future intervention development.

The objectives of this study were to (1) determine hospital-level changes to routine testing
rates over a 10-year period in children’s hospitals and (2) evaluate whether hospitals with
increasing, decreasing, or sustained rates of testing had meaningful differences in clinical
outcomes.
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Study design

We performed a multicenter, retrospective cohort study of hospitalized children at children’s
hospitals contributing data to the Pediatric Health Information Systems (PHIS) database
(Children’s Hospital Association, Lenexa, KS). Participating hospitals submit clinical,
demographic, and billing data for all encounters, including /nternational Classification of
Diseases, 10th Revision, Clinical Modification codes. Data are deidentified at the time of
submission and reviewed regularly for data quality. Of the 49 PHIS hospitals, we excluded
hospitals with incomplete data (/7= 11) during the study timeframe and hospitals that did not
submit length of stay (LOS) in hours (7= 10), limiting our ability to measure this outcome
precisely, leaving 28 hospitals in the study. This study was deemed exempt from review
according to policies at the lead author’s Institutional Review Board.

Study population

The study cohort included all inpatient or observation encounters from 2010 to 2019 for
patients 018 years of age with diagnoses that fell into the 10 most common all patient
refined diagnosis-related groups (APR-DRG; 3M Healthcare) categories defined from

our previous study on routine laboratory testing (e.g., asthma, bronchiolitis, urinary tract
infections; details available in Supporting Information S1: Data 1).12 In PHIS, the severity of
illness score is assigned per 3M Healthcare’s APR-DRG grouper algorithm (1 = Minor, 2 =
Moderate, 3 = Major, 4 = Extreme). The focus of our study was routine laboratory testing in
patients with low illness severity, so we only included patients within the “minor” severity
of illness category. Similarly, we excluded patients with complex chronic conditions!® and
encounters with intensive care unit utilization. Finally, we excluded transfers in from other
hospitals due to the inability to determine testing that may have occurred at the transferring
institution.

Testing rates

We measured rates of testing in three common, high-volume laboratory test categories
defined in our previous publication: inflammatory markers (e.g., c-reactive protein,
erythrocyte sedimentation rate), electrolyte testing (e.g., basic metabolic panels), and
complete blood counts (Supporting Information S1: Data 2).12 A routine laboratory testing
rate was determined for each hospital and each year during the study time period, defined as
the total number of these tests performed divided by the total number of patient days for the
included patient encounters.

Identifying hospitals with increasing or decreasing rates of testing

To evaluate changing patterns of testing for each hospital over time, we determined each
hospital’s annual testing rate quartile. We then calculated each hospital’s rate ratio (RR)
as their average annual change in testing rate using Poisson regression and determined the
trend (RR > 1 was increasing, RR < 1 decreasing) and significance of the trend using

p < 0.010 for this calculation. Because the large data set predisposes to high rates of
statistical significance, the study team established a separate consensus measure of what
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constituted a clinically meaningful change, which was an overall testing change of >2% per
year over the 10-year time period. This threshold was chosen by consensus based on prior
improvement studies demonstrating this to be an achievable change in routine testing.16-19
We then used this measure of clinically meaningful change to group hospitals into one of
three mutually exclusive groups: increasing testing rates, decreasing testing rates, and the
remaining hospitals with no clinically significant change in testing rates.

Outcome measures

Analysis

We compared hospitals with increasing, decreasing, and no change in testing rates for
differences in clinical outcomes over time. Outcome measures included LOS in hours, cost
of hospitalization in US dollars (estimated from charges using hospital and year-specific
cost-to-charge ratios and inflated to 2019 dollars using the medical component of the
Consumer Price Index), 30-day all-cause readmission rate, and 30-day all-cause emergency
department (ED) revisit rate. These outcomes are common measures in retrospective

and quality improvement studies to measure the effect of changes in utilization directly

and as balancing measures against potential adverse outcomes from changes in testing
rates.8:11:12,16,.18-21 oytcomes were adjusted for patient severity using the Hospitalization
Resource Intensity Scores for Kids (H-RISK) score, a pediatric-specific relative cost weight
used to measure resource intensity of patient admissions based on the APR-DRG (3M
Health-care).22 To evaluate if changes in case mix over time impacted results, we also
determined hospital-specific case mix indices calculated as the mean H-RISK score of
hospitalizations for each hospital and study year.

We summarized categorical variables with frequencies and percentages and continuous
variables with geometric means and geometric standard deviations because of the skewed
distribution of the data. Hospital volume was described via a median and range. We
compared demographic and clinical characteristics across hospital groups using )(2 and
Wilcoxon rank tests. Because of ongoing research and discussions around the ways inequity
in healthcare affects the overall value of care provided,23:24 we included racial and ethnic
categories available in the PHIS database to examine whether these social constructs were
associated with a hospital’s ability to change testing rates. The method of collecting

racial and ethnic category data (e.g., patient self-report) was not available from PHIS. We
compared outcomes between hospital groups using a general linear mixed effects model
with binomial distribution for readmissions and ED revisits and normal distribution for
cost and LOS after log-transformation. Models were adjusted for H-RISK and clustered by
hospital with random intercepts. Yearly changes to case mix index for each hospital were
compared over time to evaluate for clinically significant changes. Statistical analyses were
performed using SAS version 9.4 (SAS Institute Inc.) and pvalues < .05 were considered
statistically significant for these analyses.
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Study cohort

We included 576,572 patient encounters across 28 hospitals after exclusions were applied
(Supporting Information S1: Data 3). Most patients were in the 0- to 4-year-old age group,
male, non-Hispanic White, and had government payor insurance (Table 1). In the hospitals
with decreasing testing, there was a ~10% higher proportion of private payor. Over 99% of
patient encounters were discharged to home, and the case-mix index determined via H-RISK
was generally low.

Testing rates

Hospital-level routine laboratory testing rates in 2010 varied from 0.32 to 1.41 tests per
patient day (Figure 1) with the lowest quartile testing rates varying from 0.32 to 0.46 and
the highest quartile varying from 0.88 to 1.41 tests per patient day. In 2019, the last year of
the study timeframe, hospital-level routine laboratory testing rates varied from 0.32 to 1.36
tests per patient day with the lowest quartile testing rates varying from 0.32 to 0.53 and the
highest quartile varying from 0.89 to 1.36 tests per patient day.

Hospital changes in rates of testing over time

Outcomes

RRs for changes to hospital testing over time varied from 0.94 to 1.07 (median 1.00,
interquartile range: 0.98-1.03), indicating an average yearly change in testing rates ranging
from —6% to +7% for hospitals (Figure 1). When considering clinically meaningful changes
as per our study definition, eight hospitals had a clinically meaningful increase in testing
rates, five hospitals had a clinically meaningful decrease, and 15 hospitals had no change
(Figure 2). The average RR for the decreasing group was 0.96, for the increasing group was
1.04, and for the no change group was 1.00. In the increasing testing group, four of eight
hospitals were in the lowest quartile of testing rate in the first year of the study (2010), and
one was in the top quartile (Figure 1). In the decreasing group, two of five hospitals were in
the highest quartile and none were in the lowest quartile for testing rate in the first year of
our study.

Over the 10-year study timeframe, there were no significant differences in adjusted hospital
encounter costs, LOS, 30-day ED revisit, or 30-day readmission rates between the three
hospital subgroups (Table 2). For all three subgroups, hospitalization costs decreased
between $53 and $124 per hospitalization per year, and LOS decreased between 0.31 and
1.04 h per year. Case mix index remained stable over time for the hospitals in the study
(Supporting Information S1: Data 4).

DISCUSSION

In this multicenter study of routine laboratory testing in hospitalized children with common,
lower-severity inpatient diagnoses, we identified three groups of hospitals with different
patterns of hospital-level testing rate changes over 10 years. Most hospitals had no clinically
meaningful change to their rates of testing during the 10 years of the study, though we
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identified groups of hospitals with both increasing and decreasing testing rates over time.

A common argument for higher utilization of testing is preventing more severe clinical
outcomes. However, in this low-severity population, there were no differences in any of
these clinical outcomes across hospital groups, supporting the idea that higher value care
may be safely achieved through lower rates of testing. Surprisingly, there was also no clear
statistical difference in the rate of change of the cost of hospitalization between groups. This
may be explained by the relatively low cost of routine testing compared to hospitalization
overall or a lack of power to detect small changes in cost with the number of hospitals in this
study. However, it was clear that reduced testing did not lead to increased costs for hospitals.

This study adds to the growing body of evidence around the low value of repeated routine
laboratory testing in many situations for low-severity hospitalized children. Across the
low-severity patient population in this study, rates of routine laboratory testing varied by
three- to fourfold during most years of the study. It is unlikely that this wide range of testing
rates is appropriate or contributes to high-value clinical care. The implications of excess
testing are broad. With over 500,000 patient encounters, if hospitals in this study changed
their routine testing to a rate closer to the lower quartile median (~20% lower), ~100,000
tests could potentially be avoided over 10 years. Estimating the financial impact of this
reduced testing via incorporating the direct and indirect costs of routine laboratory testing

is difficult, 2 but prior studies using hospital-level financial sources have found estimates of
$10-50 per test which would correlate with a potential cost savings of $1-5 million over 10
years.16.19 As seen in other studies, low-value tests that are low-cost but high-frequency can
quickly add significantly to total costs.26 Further identifying which types of routine testing
are the highest priority or best opportunity for deimplementation may be an important next
step in this line of research to guide value improvement efforts.

And though there were no differences across groups in the specific clinical outcomes
measured directly in this study, it is likely that hospitals with higher testing rates had some
important differences in several unmeasured outcomes. Specifically, overuse of laboratory
testing is likely to impact two areas that are particularly important to patient experience:
sleep and pain. Poor sleep and pain from excess phlebotomy have both been identified as
significant causes of negative experiences in the hospital for patients and families.>:6:27:28
Reducing common laboratory test utilization has been associated with reduced phlebotomy
attempts and reduced early morning awakenings for patients and families in addition

to reduced staff workload related to blood draws and results interpretation.16.17.19.29-33
Together, our study, along with these prior studies, highlight the continued challenges of
low-value routine laboratory testing and a need to focus on system-wide efforts toward
diagnostic stewardship and reducing overuse.34:35

In this study, the changes in testing rates over time also identified interesting hospital
practice patterns. Five hospitals consistently reduced testing rates over 10 years with no
clear worsening of clinical outcomes. We know from previous studies that changing clinical
practice patterns and hospital-wide culture change can be difficult to achieve,36:37 so this
degree of consistency would be unusual without specific and consistent interventions. In
addition, a second pattern emerged around sustainability. Four hospitals remained in the
lowest quartile of testing throughout the 10-year time period with little year-over-year
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variation and no change in measured outcomes. We know that sustaining high-value practice
over time can also be difficult.1438 Understanding the strategies that have been effective

at these four sites over a prolonged time period could be useful to identify sustainment
strategies in value improvement efforts. Finally, though hospitals that began in the highest
testing quartile and lowest testing quartile were both able to reduce testing, none of those in
the lowest quartile were able to reduce testing to a clinically meaningful degree, indicating

a potential floor for testing rates across systems. There may be more opportunity to reduce
testing for those with higher initial testing rates. Finding an achievable “floor” for testing
rates may be useful in situations where the ideal rate of utilization is nuanced or unknown
and where undertesting remains a risk. Similar to an achievable benchmark of care (ABC),20
this could be a pragmatic measure based on real-world practice to quantify what measure of
improvement is feasible in healthcare around routine testing. Though less concrete than an
ABC, this approach may reduce the risk of miscategorizing undertesting as ideal testing like
a straightforward ABC calculation might.

It is unclear based on our findings if there is an important relationship between payor

mix (i.e., higher proportion of private payor) and a hospital’s ability to consistently reduce
testing. It could be important to know if this relationship is related to something like a payor
financial incentive or alternately a difference in access to care and follow-up, both of which
may facilitate decreased rates of testing. With a continued push to increase high-value care
in pediatric settings, this finding supports the idea that we should continue to gather data
where we can on the equity and access implications of value improvement work.3°

A positive deviance approach has been posited as an effective method to improve the

value of healthcare via studying the specific systems that consistently demonstrate the

best performance.*041 In the case of routine laboratory testing, the results of this study
highlight the feasibility and benefits of measuring data over time to identify these positive
deviants. Some of the patterns described in this article may not have been identified in

other research methods that combine data over time into one overall performance measure.
Other studies have looked at changes to practice patterns over time across a combined cohort
of hospitals,*2-44 which is useful for understanding overall healthcare utilization trends.
These studies do not break down their results to the level of hospital-specific changes and
how they may be different from overall trends. A few recent articles have investigated
hospital-specific changing practice patterns.1921 Nabower et al. evaluated hospital-specific
practice patterns in acute gastroenteritis and similarly found that many hospitals had
minimal changes in routine diagnostic testing. In that study, the hospitals with the highest
reduction in costs were associated with decreased LOS and diagnostic testing.1 Overall,

the ability to identify hospitals with specific changes over time to their testing patterns may
facilitate learning and future research to improve and sustain high-value diagnostic testing in
healthcare systems.

LIMITATIONS

Our study has several important limitations. The study uses an administrative database
which may lack important clinical variables for interpreting the trends identified.
Specifically, in this administrative data set, it is difficult to determine the location of testing
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(e.g., the ED vs. acute care ward) which may be an important consideration for evaluating
the value of testing. We looked at testing per patient day and do not know the clinical
indication for testing or how testing was used for decision making. This study investigated
a subset of lower severity, uncomplicated patients that have previously been shown to
encompass a large proportion of admissions; however, it may not be applicable to higher
severity or more complex inpatients.*®46 In particular, further study in the population of
patients with complex chronic conditions is necessary to see if similar results occur in more
complex populations. Extrapolating results from this study to nonchildren’s hospitals may
not be appropriate. The retrospective study design makes it difficult to know with certainty
if any of the associations identified in this study are causative or if other secular trends or
changes to hospital populations influence the outcomes, though our limitation of the study
population to a low severity, uncomplicated patient population minimizes this possibility.
Finally, our study established a consensus-based definition of a clinically meaningful change
in testing based on achievable changes in prior studies, but further research may be needed
to determine how best to define this threshold more specifically.

CONCLUSION

This multicenter study identified a cohort of hospitals that reduced rates of routine testing
over time with no change in commonly measured patient outcomes and hospitals that
sustained low testing rates over time. It can be difficult to change hospital-wide practice
patterns and culture, and the results of this study highlight one method to identify sites with
success in changing hospital-level utilization trends over time.
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Refer to Web version on PubMed Central for supplementary material.

ACKNOWLEDGMENTS

Dr. Tchou’s effort contributing to this article was in part funded via a grant from the PEDSnet Scholars Training
Program, which is a national faculty development program that trains individuals in the competencies of learning
health systems science. Dr. Markham was supported by the Agency for Healthcare Research and Quality (AHRQ)
under award number KO8HS028845.

REFERENCES

1. Chua KP, Schwartz AL, Volerman A, Conti RM, Huang ES. Use of low-value pediatric services
among the commercially insured. Pediatrics. 2016;138(6):e20161809. doi:10.1542/peds.2016-1809
[PubMed: 27940698]

2. Chua KP, Schwartz AL, Volerman A, Conti RM, Huang ES. Differences in the receipt of low-
value services between publicly and privately insured children. Pediatrics. 2020;145:620192325.
doi:10.1542/peds.2019-2325 [PubMed: 31911477]

3. Coon ER, Quinonez RA, Moyer VA, Schroeder AR. Overdiagnosis: how our compulsion
for diagnosis may be harming children. Pediatrics. 2014;134(5):1013-1023. doi:10.1542/
peds.2014-1778 [PubMed: 25287462]

4. Sterdal K, Wyder C, Trobisch A, Grossman Z, Hadjipanayis A. Overtesting and overtreatment—
statement from the European Academy of Paediatrics (EAP). Eur J Pediatr. 2019;178(12):1923—
1927. [PubMed: 31506723]

J Hosp Med. Author manuscript; available in PMC 2024 August 03.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Tchou et al.

11.

12.

13.

15.

16.

17.

18.

19.

20.

Page 9

. Postier AC, Eull D, Schulz C, et al. Pain experience in a US children’s hospital: a point prevalence

survey undertaken after the implementation of a system-wide protocol to eliminate or decrease
pain caused by needles. Hosp Pediatr. 2018;8(9):515-523. doi:10.1542/hpeds.2018-0039 [PubMed:
30076160]

. Meltzer LJ, Davis KF, Mindell JA. Patient and parent sleep in a children’s hospital. Pediatr Nurs.

2012:38(2):64-71. [PubMed: 22685865]

. Deyo RA. Cascade effects of medical technology. Annu Rev Public Health. 2002;23(1):23-44.

doi:10.1146/annurev.publhealth.23.092101.134534 [PubMed: 11910053]

. Tchou MJ, Hall M, Shah SS, et al. Patterns of electrolyte testing at children’s hospitals for common

inpatient diagnoses. Pediatrics. 2019;144(1):e20181644. doi:10.1542/peds.2018-1644 [PubMed:
31171587]

. Lind CH, Hall M, Arnold DH, et al. Variation in diagnostic testing and hospitalization

rates in children with acute gastroenteritis. Hosp Pediatr. 2016;6(12):714—721. doi:10.1542/
hpeds.2016-0085 [PubMed: 27899409]

10. Nabower AM, Hall M, Burrows J, et al. Trends and variation in care and outcomes for children

hospitalized with acute gastroenteritis. Hosp Pediatr. 2020;10(7):547-554. [PubMed: 32493708]
Markham JL, Thurm CW, Hall M, et al. Variation in early inflammatory marker testing for
infection-related hospitalizations in children. Hosp Pediatr. 2020;10(10):851-858. [PubMed:
32948631]

Stephens JR, Hall M, Markham JL, et al. Outcomes associated with high-versus low-frequency
laboratory testing among hospitalized children. Hosp Pediatr. 2021;11(6):563-570. doi:10.1542/
hpeds.2020-005561 [PubMed: 33952575]

Johnson AM, Moore JE, Chambers DA, Rup J, Dinyarian C, Straus SE. How do researchers
conceptualize and plan for the sustainability of their NIH RO1 implementation projects. Implement
Sci. 2019;14(1):50. doi:10.1186/s13012-019-0895-1 [PubMed: 31072409]

14. Schechter S, Jaladanki S, Rodean J, et al. Sustainability of paediatric asthma care quality in

community hospitals after ending a national quality improvement collaborative. BMJ Qual Saf.
2021;30(11):876-883. doi:10.1136/bmjgs-2020-012292

Feudtner C, Feinstein JA, Zhong W, Hall M, Dai D. Pediatric complex chronic conditions
classification system version 2: updated for ICD-10 and complex medical technology dependence
and transplantation. BMC Pediatr. 2014;14:199. doi:10.1186/1471-2431-14-199 [PubMed:
25102958]

Tchou MJ, Tang Girdwood S, Wormser B, et al. Reducing electrolyte testing in children by using
quality improvement methods. Pediatrics. 2018;141:¢20173187. doi:10.1542/peds.2017-3187
[PubMed: 29618583]

Johnson DP, Lind C, Parker SES, et al. Toward high-value care: a quality improvement

initiative to reduce unnecessary repeat complete blood counts and basic metabolic panels on a
pediatric hospitalist service. Hosp Pediatr. 2016;6(1):1-8. doi:10.1542/hpeds.2015-0099 [PubMed:
26631502]

Rooholamini S, Jennings B, Zhou C, et al. Effect of a quality improvement bundle to standardize
the use of intravenous fluids for hospitalized pediatric patients: a stepped-wedge, cluster
randomized clinical trial. JAMA Pediatr. 2022;176(1):26. doi:10.1001/jamapediatrics.2021.4267
[PubMed: 34779837]

Coe M, Gruhler H, Schefft M, et al. Learning from each other: a multisite collaborative to reduce
electrolyte testing. Pediatr Qual Saf. 2020;5(6):e351. [PubMed: 33134756]

Stephens JR, Hall M, Molloy MJ, et al. Establishment of achievable benchmarks of care in

the neurodiagnostic evaluation of simple febrile seizures. J Hosp Med. 2022;17(5):327-341.
d0i:10.1002/jhm.12833 [PubMed: 35560723]

21. Stephens JR, Hall M, Cotter JM, et al. Trends and variation in length of stay among hospitalized

febrile infants <60 days old. Hosp Pediatr. 2021;11(9):915-926. doi:10.1542/hpeds.2021-005936
[PubMed: 34385333]

22. Richardson T, Rodean J, Harris M, Berry J, Gay JC, Hall M. Development of Hospitalization

Resource Intensity Scores for Kids (H-RISK) and comparison across pediatric populations. J Hosp
Med. 2018;13(9):602-608. doi:10.12788/jhm.2948 [PubMed: 29694460]

J Hosp Med. Author manuscript; available in PMC 2024 August 03.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Tchou et al.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Page 10

Brooks DJ, Reyes CE, Chien AT. Time to set aside the term ‘low-value care’—focus on achieving
high-value care for all. Health Affairs Blog, May 21, 2021. doi:10.1377/hblog20210518.804037

Itchhaporia D. The evolution of the quintuple aim. J Am Coll Cardiol. 2021;78(22):2262-2264.
doi:10.1016/j.jacc.2021.10.018 [PubMed: 34823665]

Synhorst DC, Gay JC, Harding JP, Hall M. Methods progress note: hospital finances for the
hospitalist. J Hosp Med. 2023;18(4):344-347. do0i:10.1002/jhm.13041 [PubMed: 36591872]

Mafi JN, Russell K, Bortz BA, Dachary M, Hazel WA, Fendrick AM. Low-cost, high-volume
health services contribute the most to unnecessary health spending. Health Aff. 2017;36(10):1701-
1704. doi:10.1377/hlthaff.2017.0385

Erondu Al, Orlov NM, Peirce LB, et al. Characterizing pediatric inpatient sleep duration and
disruptions. Sleep Med. 2019;57:87-91. doi:10.1016/j.sleep.2019.01.030 [PubMed: 30921685]

Arora VM, Machado N, Anderson SL, et al. Effectiveness of SIESTA on objective and subjective
metrics of nighttime hospital sleep disruptors. J Hosp Med. 2019;14(1):38-41. doi:10.12788/
jhm.3091 [PubMed: 30667409]

May TA, Clancy M, Critchfield J, et al. Reducing unnecessary inpatient laboratory testing in a
teaching hospital. Am J Clin Path. 2006;126(2):200-206. doi:10.1309/WP59YM73L6CEGX2F
[PubMed: 16891194]

Lee B, Hershey D, Patel A, Pierce H, Rhee KE, Fisher E. Reducing unnecessary testing in
uncomplicated skin and soft tissue infections: a quality improvement approach. Hosp Pediatr.
2020;10(2):129-137. d0i:10.1542/hpeds.2019-0179 [PubMed: 31941651]

Algaze CA, Wood M, Pageler NM, Sharek PJ, Longhurst CA, Shin AY. Use of a checklist

and clinical decision support tool reduces laboratory use and improves cost. Pediatrics.
2016;137(1):e20143019. doi:10.1542/peds.2014-3019

Vidyarthi AR, Hamill T, Green AL, Rosenbluth G, Baron RB. Changing resident test ordering
behavior: a multilevel intervention to decrease laboratory utilization at an academic medical center.
Am J Med Qual. 2015;30(1):81-87. d0i:10.1177/1062860613517502 [PubMed: 24443317]

Tapaskar N, Kilaru M, Puri TS, et al. Evaluation of the order SMARTT: an initiative to
reduce phlebotomy and improve sleep-friendly labs on general medicine services. J Hosp Med.
2020;15(8):479-482. doi:10.12788/jhm.3423 [PubMed: 32804609]

Morgan DJ, Malani P, Diekema DJ. Diagnostic stewardship—Ileveraging the laboratory to

improve antimicrobial use. JAMA. 2017;318(7):607-608. doi:10.1001/jama.2017.8531 [PubMed:
28759678]

Messacar K, Parker SK, Todd JK, Dominguez SR. Implementation of rapid molecular infectious
disease diagnostics: the role of diagnostic and antimicrobial stewardship. J Clin Microbiol.
2017;55(3):715-723. doi:10.1128/JCM.02264-16 [PubMed: 28031432]

Gill PJ, Mahant S. Deimplementation of established medical practice without intervention: does it
actually happen. J Hosp Med. 2020;15(12):765-766. doi:10.12788/jhm.3467 [PubMed: 33284743]
Gupta R, Moriates C. Swimming upstream: creating a culture of high-value care. Acad Med.
2017;92(5):598-601. doi:10.1097/ACM.0000000000001485 [PubMed: 28441671]

Hailemariam M, Bustos T, Montgomery B, Barajas R, Evans LB, Drahota A. Evidence-

based intervention sustainability strategies: a systematic review. Implement Sci. 2019;14(1):57.
doi:10.1186/s13012-019-0910-6 [PubMed: 31171004]

Liang D, House SA, Moriates C. Improving healthcare value: the need to explicitly address equity
in high-value care. J Hosp Med. 2024;19:jhm.13280. doi:10.1002/jhm.13280

Bradley EH, Curry LA, Ramanadhan S, Rowe L, Nembhard IM, Krumholz HM. Research in
action: using positive deviance to improve quality of health care. Implement Sci. 2009;4(1):25.
doi:10.1186/1748-5908-4-25 [PubMed: 19426507]

Jaladanki S, Schechter SB, Genies MC, et al. Strategies for sustaining high-quality

pediatric asthma care in community hospitals. Health Serv Res. 2022;57(1):125-136.
doi:10.1111/1475-6773.13870 [PubMed: 34382224]

Nigrovic LE, Fine AM, Monuteaux MC, Shah SS, Neuman MI. Trends in the management of viral
meningitis at United States children’s hospitals. Pediatrics. 2013;131(4):670-676. doi:10.1542/
peds.2012-3077 [PubMed: 23530164]

J Hosp Med. Author manuscript; available in PMC 2024 August 03.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Tchou et al.

43.

44,

45.

46.

Page 11

Brown CM, Williams DJ, Hall M, et al. Trends in length of stay and readmissions
in children’s hospitals. Hosp Pediatr. 2021;11(6):554-562. doi:10.1542/hpeds.2020-004044
[PubMed: 33947746]

Berry JG, Poduri A, Bonkowsky JL, et al. Trends in resource utilization by children with
neurological impairment in the United States inpatient health care system: a repeat cross-sectional
study. PLoS Med, 9:€1001158. doi:10.1371/journal.pmed.1001158

Shanahan KH, Monuteaux MC, Nagler J, Bachur RG. Early use of bronchodilators and outcomes
in bronchiolitis. Pediatrics. 2021;148(2):62020040394. doi:10.1542/peds.2020-040394 [PubMed:
34230092]

Gill PJ, Anwar MR, Thavam T, et al. Identifying conditions with high prevalence, cost, and
variation in cost in US children’s hospitals. JAMA Netw Open. 2021;4(7):e2117816. doi:10.1001/
jamanetworkopen.2021.17816 [PubMed: 34309667]

J Hosp Med. Author manuscript; available in PMC 2024 August 03.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Tchou et al. Page 12
a‘inicuily
Meaningful
Hospital #| 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 | Rate Ratio| Change
1 1.41 1.34 1.20 135 1.25 1.08 1.05 0.90 0.96 0.92 0.95 | Decreasing
2 1.18 1.23 1.17 1.18 1.08 1.22 1.09 0.90 0.89 0.78 0.96 | Decreasing
3 1.16 1.18 1.20 0.86 1.13 1.19 1.37 1.32 1.39 1.36 1.03 | Increasing T
4 0.97 0.63 0.47 0.53 0.58 0.68 0.73 0.72 0.75 0.61 100 |No Change &
5 0.94 0.91 0.95 0.85 0.82 0.83 0.78 0.86 0.89 0.90 0.99  [No Change &)
6 0.89 0.98 0.87 0.93 0.89 1.00 0.97 0.89 0.87 0.86 0.99 No Change &
7 0.88 0.86 0.88 0.83 0.82 0.87 0.89 0.79 0.94 1.00 1.00  |No Change &
8 0.85 0.89 0.85 0.86 0.81 0.80 0.85 0.80 0.87 0.89 1.00 _ |No Change ¢
9 0.82 0.86 0.85 0.76 0.73 0.75 0.75 0.73 0.75 0.83 0.99  |No Change ¢
10 0.79 0.76 0.71 0.84 0.75 0.66 0.51 0.48 0.44 0.55 0.94 | Decreasing &
11 0.79 0.76 0.71 0.69 0.63 0.66 0.61 0.62 0.65 0.76 0.98  [No Change &)
12 0.78 0.66 0.61 0.60 0.44 0.68 0.49 0.60 0.64 0.59 0.98 | Decreasing
13 0.71 0.68 0.66 0.67 0.78 0.74 0.66 0.55 0.66 0.65 0.99  [No Change &)
14 0.66 0.79 0.78 0.73 0.70 0.72 0.74 0.79 0.73 0.85 1.01 _ |No Change <
15 0.65 0.75 0.68 0.78 0.76 0.89 1.00 0.91 0.95 0.97 1.05 | Increasing T
16 0.60 0.66 0.62 0.70 0.68 0.55 0.59 0.63 0.69 0.71 101 |No Change &
17 0.53 053 0.59 0.72 0.85 0.85 0.79 0.90 0.96 0.99 1.07 Increasing T
18 0.52 0.57 0.63 0.63 0.62 0.62 0.59 0.55 0.55 0.60 1.00 __ |No Change ¢
19 0.49 0.59 0.46 0.38 0.34 0.36 0.40 0.43 0.44 0.44 0.98 | Decreasing J
20 0.49 0.43 0.40 0.46 0.39 0.41 0.36 0.43 0.39 0.41 0.98  [No Change &)
21 0.47 0.49 0.47 0.51 0.50 0.56 0.54 0.58 0.60 0.64 1.03 | Increasing T
22 0.46 0.54 0.50 0.48 0.52 0.55 0.51 0.61 0.71 0.67 1.04 Increasing T
23 0.44 0.44 0.40 0.41 0.53 0.59 0.62 0.48 0.49 0.53 1.03 | Increasing 1
24 0.44 0.48 0.49 0.50 0.51 0.53 0.52 0.61 0.63 0.71 1.05 | Increasing T
25 0.44 0.37 0.37 0.39 0.40 0.43 0.42 0.40 0.38 0.37 0.99  |No Change <3|
26 0.42 0.40 0.39 0.45 0.37 0.43 0.35 0.38 0.38 0.42 0.99 _ [No Change &)
27 0.32 0.28 021 0.22 0.21 0.11 0.12 0.26 0.46 0.52 1.04 | Increasing 1 |
28 0.32 032 0.34 033 0.34 035 0.29 0.28 0.27 032 0.98  [No Change &)
Q3 0.86 0.86 0.85 0.83 0.81 0.83 0.81 0.81 0.87 0.87 1.03
Median 0.66 0.66 0.63 0.68 0.66 0.67 0.61 0.61 0.68 0.69 1.00
[o51 0.47 0.49 0.47 0.47 0.48 0.55 0.50 0.48 0.48 0.54 0.98
FIGURE 1.

Heat map of hospital-level routine testing rates over time. Hospital-level variation in routine
testing rates displayed as a heat map. Individual hospitals are displayed as rows and year is
displayed in columns. Color values correspond to quartiles of testing rate for each specific
year. Median testing rate and 25th percentile (Q1) and 75th percentile (Q3) testing rates for
a specific year displayed at the bottom of the chart. Rate ratio is the average annual change
in testing rate. Clinically meaningful changes to rates of testing determined by a rate ratio
>1.02 or <0.98 (i.e., annual change of =2%). Hospitals were sorted by 2010 testing rate.
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FIGURE 2.
Trends in routine testing rates over time by hospital groups. Annual hospital-specific rates

of routine laboratory testing per patient day. Each figure represents a subgroup of hospitals
based on increasing, decreasing, or no change in testing rates over time. Gray lines indicate
individual hospital testing rates. Black lines indicate unweighted average of hospital testing
rates by year.
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