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Despite studies indicating a high rate of overuse,
electrolyte testing remains common in pediatric inpatient care. Frequently
repeated electrolyte tests often return normal results and can lead to
patient harm and increased cost. We aimed to reduce electrolyte testing
within a hospital medicine service by >25% within 6 months.

We conducted an improvement project in which we targeted 6
hospital medicine teams at a large academic children’s hospital system by
using the Model for Improvement. Interventions included standardizing
communication about the electrolyte testing plan and education about
the costs and risks associated with overuse of electrolyte testing. Our
primary outcome measure was the number of electrolyte tests per patient
day. Secondary measures included testing charges and usage rates of
specific high-charge panels. We tracked medical emergency team calls and
readmission rates as balancing measures.

The mean baseline rate of electrolyte testing was 2.0 laboratory
draws per 10 patient days, and this rate decreased by 35% after 1 month of
initial educational interventions to 1.3 electrolyte laboratory draws per 10
patient days. This change has been sustained for 9 months and could save an
estimated $292 000 in patient-level charges over the course of a year. Use of
our highest-charge electrolyte panel decreased from 67% to 22% of testing.
No change in rates of medical emergency team calls or readmission were

found.

Our improvement intervention was associated with significant
and rapid reduction in electrolyte testing and has not been associated with

unintended adverse events.

Overuse of resources is a growing
problem in health care, with up to
47% to 54% of health care spending
classified as waste in some estimates.!?
In pediatrics, in part as a result of

a sharp increase in spending,3+
there is a growing recognition of the
need to decrease waste in the care
of children.>¢ In addition, there is
also increased understanding that
unnecessary care has inherent risks

and costs but provides no benefit to
patient outcomes.”?

One frequent source of waste

and excess spending is diagnostic
laboratory testing, for which as much
as 20% may be overuse.!? Overuse
can be defined as tests whose results
are not expected to change diagnostic,
management, or prognostic plans.
There is a growing movement

to reduce overuse of testing,
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including several Choosing Wisely
guidelines!1-13 and frameworks

for high-value testing.14-16 Routine
laboratory tests in the inpatient
setting are frequently ordered

but often not expected to return
abnormal results.!7-22 This excess
testing may result in pain from
phlebotomy,2324 anemia from excess
blood loss,?>26 and poor sleep for
patients and caregivers from early-
morning laboratory draws.27-30 In
some cases, excessive testing may
also lead to a cascade of repeated
testing after false-positive results,
especially in tests organized as
panels, for which the overall chance
of a false-positive increases.31-33
Overuse of testing also increases the
workload of staff who obtain blood
samples and physicians who review
the results. All of these outcomes
negatively affect health care value,
defined as outcomes achieved per
dollar spent.3*

The overall goal of our quality
improvement project was reduction
in overuse of inpatient laboratory
testing, with a resulting improvement
in the value and experience of

care. We targeted electrolyte
testing because of its frequent use
and a body of literature in which
researchers indicate it can be
frequently repeated even when not
clinically indicated.19:21,32

Our specific aim for this study was

to reduce the number of electrolyte
tests ordered per patient day by 25%
for children admitted to the hospital
medicine service. Our secondary
aims were to reduce overall charges
related to electrolyte testing and to
reduce ordering of the highest-charge
electrolyte panel.

Cincinnati Children’s Hospital
Medical Center (CCHMC) is a large,
quaternary care pediatric health
system with >700 hospital beds. The
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CCHMC hospital medicine service has
6 clinical teams at 2 locations (the
main hospital and a satellite location)
who care for >7000 admissions per
year. The hospital medicine team
most commonly admits patients
with general pediatric issues, such
as bronchiolitis, pneumonia, and
asthma, but also cares for patients
with complex chronic conditions.
Each team is staffed by an attending
physician and 1 to 5 residents and
may also have a hospital medicine
fellow or nurse practitioner. Within
the hospital system, bedside nurses
typically perform phlebotomy for
laboratory tests, and there are

no scheduled phlebotomists. A
residency-wide high-value care
curriculum including a series of
lectures and case conferences began
concurrently with our project.

We assembled a multidisciplinary
improvement team of faculty, fellows,
residents, nurse practitioners, and
an administrative resident. We also
engaged key stakeholders, including
bedside and vascular access nurses,
family and patient councils, as well
as attending physicians, fellows,
residents, and nurse practitioners
who rotate on the hospital medicine
service.

Initial interviews and surveys among
hospital medicine providers and
residents indicated a consensus that
our teams order more electrolyte
testing than necessary. Because

of the challenges of determining
overuse on a case-by-case basis, the
improvement team decided to use
overall rates of testing as a primary
measure and established a goal for
reduction of testing on the basis

of review of similar improvement
projects353% and our observed local
rates of testing in specific low-

value categories (eg, daily repeated
testing). On the basis of these results
and further process observations,
our improvement team developed
key drivers of overuse (Supplemental

Fig 4), created a process map, and
completed a failure modes and effects
analysis of electrolyte test ordering
(Supplemental Fig 5). Key drivers

of reducing test overuse included
discussion of the necessity of
laboratory orders within the primary
and consulting teams, awareness

of recurring laboratory orders,
developing best-practice guidelines
for electrolyte testing, electronic
medical record (EMR) order design,
knowledge of the cost of testing, and
staff engagement.

We performed a quality improvement
study to determine the effect of our
intervention on the rate of electrolyte
testing. This study was reviewed and
designated as exempt by the CCHMC
Institutional Review Board.

We present our improvement
activities as organized around the 6
key drivers. Each activity was tested
and implemented on all hospital
medicine teams unless otherwise
noted.

At the launch of our improvement
efforts, presentations in which

the rationale for the project and
interventions were detailed were
made to residents at their main
educational conference and to the
hospital medicine division. Further
education occurred at monthly
30-minute resident orientation
sessions. Ongoing e-mail reminders
were sent to attending physicians
weekly and to residents monthly,
coinciding with the first day of their
rotation.

During the initial stages of our
improvement project, direct
observations of rounds occurred
with follow-up discussion with
residents on the value and impacts of
testing. Residents were asked if any
changes to management occurred
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TABLE 1 Electrolyte Panels Included in Primary Measure and Corresponding Results and Charges

Test Name Included Results Total No. Results Relative Charge?
Na K Cl Co, BUN Cr Glucose Ca Ph Alb

Renal panel X X X X X X X X X X 10 8558

BMP X X X X X X X X 8 $$

CMPP X X X X X X X X X 9 $$5$

Electrolyte panel X X X X 4 $$

Individual test X X X X X X X X X X 1 $

Alb, albumin; BMP, basic metabolic panel; Ca, calcium; Cl, chloride; CMP, complete metabolic panel; Go,, bicarbonate; Cr, creatinine; K, potassium; Na, sodium; Ph, phosphate; SUN, serum

urea nitrogen.
2 $$8$$ = highest charge, $ = lowest charge.

b CMP also includes liver function test results, which are not included in the “Total No. Results™ column.

as a result of the laboratory test
result, if the patient had intravenous
fluids stopped or was discharged
soon after testing, if the test had a
previously normal result within the
last day, if the patient had multiple
phlebotomies in the same day, and
if the resident thought the test was
necessary in hindsight. After an
initial 3-week trial, we transitioned
to discussing testing decisions with
senior residents after rounds. We
later transitioned to bimonthly
check-ins with the entire resident
team as the project progressed.

To provide overall feedback on

the intervention, the most recent
control chart and a high-value tip was
displayed at resident conferences and
distributed in a resident newsletter
weekly.

Through discussion with the hospital
finance team and use of hospital
finance software, the team acquired
the average charge and estimated
cost for common hospital medicine
laboratory tests, including 4 different
electrolyte panels and individual
electrolyte tests. Cost reference cards
(Supplemental Fig 6) were created
from this information and attached
to mobile rounding workstations and
above desktop workstations. During
orientation sessions, residents were
instructed on the content and use of
the cards, and later they were asked
for feedback.

As a means to reduce overuse of the
renal panel (Table 1), our highest-
charge electrolyte panel, educational
e-mails and orientation sessions

for both attending physicians and
residents were changed to include

a clear statement to avoid using

the highest-charge panel except

in instances where it would be
beneficial for patient care.

Providers were not always aware

of the current laboratory plan, so a
standard laboratory plan was added
to all history, physical, and progress
notes. This standard template
detailed the current laboratory
orders, frequency, and rationale

for testing and was updated daily

by the note writer and reviewed by
attending physicians when cosigning
the notes (Supplemental Fig 7). After
initial rollout of this intervention,
the improvement team tracked

how often the template was used
and accurately represented the
laboratory plan, with feedback given
to individual providers and teams
weeKkly.

To encourage the discussion of
testing necessity, a structured
laboratory plan discussion was
incorporated on rounds, during
which residents would discuss the
necessity of any ongoing or newly
ordered laboratory tests. Commonly,

residents used their progress notes
to guide their presentations and were
encouraged to use their laboratory
plan template as a prompt for this
discussion.

A review of the timing of laboratory
draws indicated that >60% were
drawn during the overnight nursing
shift, between 12 am and 8 am. The
improvement team observed that
frequently these tests became
unnecessary after discussion

later on rounds. On 2 hospital
medicine teams, we implemented
an intervention to eliminate most
laboratory tests drawn before
rounds. The intervention was
discontinued after 2 weeks when

it was discovered that shifting

the laboratory draw burden from
overnight to day-shift nursing
presented significant workflow
challenges.

[t was observed that residents
ordering laboratory tests for a
frequency listed as “am Rounds”

(1 of 3 default choices) did not
realize that this frequency was a daily
repeating order. We worked with
information services to remove this
option from the default options that
appeared when providers ordered
laboratory tests.

Baseline electrolyte testing results
data from January 1, 2015, to
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August 1, 2016, were collected
retrospectively via a real-time
decision support tool (Vigilanz,
VigiLanz Corp, Chicago, IL) linked to
the EMR. To understand the impact
of our improvement interventions
and allow for rapid-cycle learning,
testing results were retrieved on

a weekly basis throughout the
intervention period. A census of
hospital medicine inpatients was
derived from divisional billing

data for both the baseline and
intervention time periods. Charge
and cost data for tests were obtained
through an institutional financial
system (MicroStrategy Enterprise,
MicroStrategy Inc., Tyson’s Corner,
VA) linked to hospital charges and
cost estimates.

We defined our primary measure

as the weekly number of electrolyte
laboratory draws per 10 patient
days on all hospital medicine teams.
Electrolyte laboratory draws were
defined as the total number of
instances in a patient’s stay when
an electrolyte test (or tests) were
drawn. If multiple electrolyte tests
were obtained at the exact same
time, and thus only required 1 blood
sample, they were counted as 1
laboratory draw to most accurately
capture the patient’s experience and
staff workflow impacts of testing. All
panels that contained at least 1
electrolyte test and individual
electrolyte tests were included in
this measure (Table 1). We also
included nonelectrolyte tests that
are commonly found on most
electrolyte panels, such as creatinine
or blood urea nitrogen. Electrolyte
laboratory draws were then divided
by the weekly number of patient
days to account for high seasonal
variation in the hospital population
and hence variable patient days in
which patients could potentially have
testing. We chose 10 patient days as
the denominator to create a resulting
measure that was generally >1. We
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also measured the rate of use of our
highest-charge panel, the renal panel.

To measure the total number of
individual results clinicians
reviewed, we also followed the
weekly volume of electrolyte results
that were generated from testing
orders. This rate was expressed as
weekly laboratory test results per
10 patient days. In this measure, an
order for a single sodium test would
contribute 1 result, whereas an order
for a basic metabolic panel would
contribute 8 results (Table 1).

To measure the financial impact of
testing on patient-level billing, we
also measured charges for electrolyte
testing, expressed as weekly charges
per patient day. This measure

was calculated by using hospital
pricing software to calculate the
average charge for each individual
test. Total weekly rates of charges
for each individual test were then
calculated and summed to produce
an aggregated weekly charge per
patient day.

To monitor whether decreasing
usage of electrolyte testing led to
adverse clinical effects, such as
hyponatremic seizures or electrolyte-
related arrhythmias, we also
followed balancing measures of
medical emergency team (MET) (also
called a rapid response team) use
and readmissions within 7 days of
discharge.

Measures were evaluated by using
both run and statistical process-
control charts,3738 and established
rules for determining special cause
variation were employed. Our
primary measure of electrolyte tests
per 10 patient days was evaluated on
a statistical process-control u-chart.
Secondary measures and balancing
measures were also evaluated with
control charts. Highly variable data
such as charges were evaluated by
using an XMR control chart.3?

Baseline rates of electrolyte
laboratory draws demonstrated
significant variability (Fig 1, Table 2),
with a mean of 2.0 laboratory
draws per 10 patient days.

Within 2 months of the initiation

of improvement interventions,
there was a 35% decrease in
electrolyte laboratory draws, with
a new centerline of 1.3 laboratory
draws per 10 patient days. There
remained substantial variation

in the postintervention data. The
observed reduction in laboratory
draws occurred shortly after

the initiation of our educational
interventions and individual
feedback, and our lowest series

of points coincided with the
introduction of our cost reference
cards, standardized laboratory
plan template in patient notes, and
structured rounds discussions. This
reduction was sustained throughout
the rest of the intervention period
during our other interventions.

Similarly, the number of laboratory
test results decreased from 18.4
to 13.5 test results per 10 patient
days after initial improvement
activities. A second reduction to
9.5 test results per 10 patient days
occurred after rollout of the cost
reference cards, the laboratory
plan template in patient notes,
and structured rounds discussion.
This 48% reduction in test results
was sustained throughout the
intervention period (Fig 2A).

Patient charges for electrolyte testing
were reduced by 29% from a mean
$53.81 per patient day to $38.22

per patient day, corresponding to a
>$292 000 reduction in charges over
the 9-month intervention period

(Fig 2B).

The use of our highest-charge panel,
the renal panel, initially decreased
from 67% to 48% of all electrolyte
testing, coinciding with initial
educational interventions, with a
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FIGURE 1

Electrolyte laboratory draw rate statistical process-control u-chart in which the primary outcome
measure of electrolyte laboratory draws per 10 patient days is displayed and annotated with

improvement interventions. Data are from January 2015 to June 2017.

TABLE 2 Description and Timing of Interventions

Oct 09, 2016
Nov 06, 2016

Dec 04, 2016
Jan 01,2017
Jan 29, 2017
Feb 26, 2017
Mar 26, 2017
Apr 23,2017
May 21, 2017
Jun 18, 2017

Intervention Description

Intervention Start Date

Start provider education: introductory lectures and meetings for providers

Resident feedback: postrounds feedback for residents about laboratory
ordering and value

Attending education: specific education targeting attending providers

Laboratory plan in patient notes: adding a laboratory plan to all provider
daily notes and note templates

Laboratory plan in rounds: formalized process to include a discussion of the
laboratory testing plan on rounds

Cost cards: reference cards at resident workspaces detailing both cost and
charge for commonly ordered tests

Weekly tip: a high-value tip displayed at resident conferences with current
control chart

Target renal panel: specific education about reducing use of highest-charge
panel

EMR order change: limiting availability of recurrent daily laboratory order
options in the EMR

September 12, 2016
October 3, 2016

October 15, 2016
October 22, 2016

November 14,2016
November 14,2016
February 1, 2017
March 3, 2017

April 4,2017

subsequent shift after initiation of the
high-value tip and a third shift down
to 22% after targeted education on
renal panel use (Fig 2C).

During our intervention period, we
saw no special cause variation in
MET or readmission rates (Fig 3).

by nearly 50%, indicating a shift

to less frequent and more focused
electrolyte test ordering. We also
saw an overall decrease in the
proportion and rate of high-charge
test usage, with no change in rates of
MET calls or readmissions. Although

researchers in previous studies
have demonstrated reductions of
8% to 31% in the adult inpatient

Using improvement science
methods, we successfully reduced
the use of electrolyte testing by
35% and decreased the overall
volume of electrolyte test results

population,3549 efforts to reduce
testing in the pediatric population
have generally focused on specific
diagnoses*142 and specific testing
situations.3® With our study we

have expanded on this by applying
interventions targeted at improving
value to an entire category of testing
across all diagnoses.

Researchers in previous studies
have identified many types of
interventions to target reduced
testing.353640.4143 Provyiders often
have poor awareness of the cost and
benefit of testing,*+-*¢ so improved
cost awareness has been targeted in
several studies.*”48 We also know
that provider practice habits are
often set during training, 444549 so
engaging residents and creating
resident-level interventions were
focuses of researchers in several
other improvement studies.3>36/43,50
Finally, clinicians can be supported
at the point of care through
interventions in which the

EMR is directly used to guide
decisions,*15152 and other decision-
support tools such as checklists have
been used both within and outside
of the EMR.4041 One important
point from these studies is that
multifaceted approaches that

create a culture of value may lead

to greater impact on outcomes.#0,53
Our study’s success may in

part be traced to the breadth of
interventions that encouraged
discussions of necessity and value

in testing and reduced overuse of
testing. Interventions that focused
on residents and integrated easily
into their workflow, such as the
templates in their notes and easily
accessible cost reference cards, were
key in encouraging frequent, reliable
discussions about test necessity

and value. In addition, there may
have been a synergistic effect from
the concurrent high-value care
curriculum in which discussions

of value were encouraged. Single
interventions in isolation, such

as a cost display without relevant
education about overuse and value,
may not lead to the desired behavior
change.>*

As health care continues to focus
on reducing costs, an important
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Secondary measures: laboratory results, charges, and high-charge panel usage statistical process-
control charts for (A) laboratory test results per 10 patient days (XMR chart), (B) electrolyte testing
charges per patient day (XMR chart), and (C) renal panel ordering as the proportion of all electrolyte
tests (p-chart). For (A), an explanation of how many test results are present on specific laboratory
panels can be found in Table 1. Data are from January 2015 to June 2017. RFP, renal function panel.

consideration will be which
interventions or combinations of
interventions produce the most
efficient reduction in overuse.
Because of the relatively close
timing of our interventions, it is
difficult to ascertain the relative
impact of each intervention
compared with others. Further
comparative studies or factorial
designs could better elucidate
the specific impacts of individual
interventions. In addition, although
the cost for materials for our
described interventions was
minimal, the major cost for our
interventions was the salary and
time of improvement leaders.
The use of multiple interventions
to reduce overuse carries an
increased cost burden that may
outweigh cost savings in certain
circumstances.

The immediate and long-

term success of improvement
interventions can be modified
significantly by local factors and
context.>® For our project, resident
and attending consensus and
enthusiasm for reducing testing
was high. By reducing overuse
the number of test results that
needed to be reviewed decreased
by almost half. This potentially
provides increased time for
other tasks. For frontline nursing
and phlebotomy staff, there

are similar incentives to avoid
unnecessary laboratory tests

and create time for other value-
added work. However, nursing
workflow can be complex. One
study revealed that nurses view
routine laboratory tests as more
beneficial,>® potentially because
they can be scheduled when
nursing workload is light. In our
environment, nursing workflow
and the lack of a dedicated
phlebotomy team made afternoon
laboratory tests difficult to obtain
in a timely, reliable manner, so
efforts to reduce early-morning
laboratory tests ultimately were
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abandoned. In addition, one of the
challenges of addressing overuse
in an entire category of testing is
the inherent variation in a study
population that contains many
different diagnoses. It is likely that
testing rates within 1 diagnosis,
such as gastroenteritis, are
significantly different from those
of another, such as bronchiolitis,
and combining this within-group
variation and between-group
variation can make it difficult

to know the specific impact

of the work.3? Finally, most of

our interventions are based on
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increasing education and
awareness as drivers of behavior.
Our most reliable intervention,
the removal of a specific daily
order frequency, did not have a
clear impact on order rates but
may have helped hardwire some
of the education. Although we
have demonstrated that education
and awareness alone can drive
substantial change in this arena,
it is likely that more reliable
interventions over time may be
necessary to continue and sustain
the reduction in testing we have
initially seen.

Our study had several important
limitations. The interventions

took place at a quaternary care
children’s hospital with a history
of multiple successful quality
improvement interventions, which
may limit the generalizability of the
work. Our data have a high degree
of variability, leading to challenges
in interpreting wide swings in
testing rates at certain points in our
baseline or intervention periods.
We used charges to measure
financial impact; however, it is
difficult to know the true patient-
level financial impact of this work
because insurance plans vary
greatly and insurance companies
negotiate rates with hospitals.
Because available cost estimates
did not include nonlaboratory
costs (ie, supplies, nursing and
physician workload related to
laboratory testing), actual hospital-
level financial impact is difficult to
calculate. More accurate measures
of cost and methods to quantify
true cost will be critical for better
understanding value-based
improvement work.

After demonstrating initial
improvement, our next improvement
steps will be focused on maintaining
and expanding the progress made
thus far. Potential targets include
improved EMR decision support,
interventions in which specific
diagnoses are targeted, and
developing interventions related to
nursing workflow that help reduce
laboratory testing.

With our project we have also
identified the need for further
clinical research into diagnoses
and other factors that affect
electrolyte testing rates and value.
Accurate data in this arena could
help target benchmarking and
more focused interventions in the
future.
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We reduced rates of electrolyte
testing by 35% and charges by

29% through the use of interventions

that increased awareness of

cost and value and encouraged
discussion of test necessity. These
reductions were achieved without
increasing adverse effects,

which adds to evidence that frequent
testing of electrolytes may be
reduced safely in inpatient pediatric
care.

We thank Josh Courter, PharmD,
and John Dougan, MHSA, for their

Copyright © 2018 by the American Academy of Pediatrics

assistance in this improvement
project.

CCHMC: Cincinnati Children’s
Hospital Medical Center

EMR: electronic medical record

MET: medical emergency team

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

FUNDING: No external funding.

POTENTIAL CONFLICT OF INTEREST: The authors have indicated they have no potential conflicts of interest to disclose.

. Berwick DM, Hackbarth AD. Eliminating
waste in US health care. JAMA.
2012;307(14):1513-1516

. PricewaterhouseCoopers’ Health
Research Institute. The Price of Excess:
Identifying Waste in Healthcare
Spending. London, United Kingdom:
PricewaterhouseCoopers’ Health
Research Institute; 2010. Available at:
http://www.o0ss.net/dynamaster/file_
archive/080509/59f26a38¢1142295
757bb6be522128a/The%20Price%20
0f%20Excess%20-%20ldentifying%20
Waste%20in%20Healthcare%20
Spending%20-%20PWC.pdf. Accessed
March 21, 2017

. Bui AL, Dieleman JL, Hamavid

H, et al. Spending on children’s
personal health care in the United
States, 1996-2013. JAMA Pediatr.
2017;171(2):181-189

. Health Care Cost Institute. Children’s
health spending: 2010-2013. Available
at: www.healthcostinstitute.org/
childrens-health-spending-2010-2013.
Accessed August 7, 2015

. Fieldston ES. Pediatrics and the
dollar sign: charges, costs, and
striving towards value. Acad Pediatr.
2012;12(5):365-366

. Fieldston E, Marar M, Jonas J.
Bending the value curve. Hosp Pediatr.
2014;4(4):261-263

. Schroeder AR, Harris SJ, Newman TB.
Safely doing less: a missing component
of the patient safety dialogue.
Pediatrics. 2011;128(6). Available at:

Downloaded from http://pediatrics.aappublications.org/ by guest on April 4, 2018

14.

www.pediatrics.org/cgi/content/full/
128/6/e1596

. Coon ER, Quinonez RA, Moyer VA,

Schroeder AR. Overdiagnosis: how
our compulsion for diagnosis may
be harming children. Pediatrics.
2014;134(5):1013-1023

. Goon ER, Young PC, Quinonez RA,

Morgan DdJ, Dhruva SS, Schroeder
AR. Update on pediatric overuse.
Pediatrics. 2017;139(2):€20162797

. Zhi M, Ding EL, Theisen-Toupal J,

Whelan J, Arnaout R. The landscape
of inappropriate laboratory testing:
a 15-year meta-analysis. PLoS One.
2013;8(11):678962

. American Association of Blood Banks.

Don’t perform serial blood counts on
clinically stable patients. Available at:
www.choosingwisely.org/clinician-
lists/american-association-blood-
banks-serial-blood-counts-on-clinically-
stable-patients/. Accessed June 4, 2017

. Society of Hospital Medicine. Five

things physicians and patients
should question. Available at: www.
choosingwisely.org/societies/society-
of-hospital-medicine-adult/. Accessed
June 13,2016

. Critical Care Societies Gollaborative.

Five things physicians and patients
should question. Available at: www.
choosingwisely.org/societies/critical-
care-societies-collaborative-critical-
care/. Accessed June 4, 2017

Laine C. High-value testing begins with
a few simple questions. Ann Intern
Med. 2012;156(2):162—163

15.

16.

17.

18.

19.

20.

22.

Qaseem A, Alguire P, Dallas P, et al.
Appropriate use of screening and
diagnostic tests to foster high-value,
cost-conscious care. Ann Intern Med.
2012;156(2):147-149

Power M, Fell G, Wright M. Principles
for high-quality, high-value testing. Evid
Based Med. 2013;18(1):5-10

Narayanan S, Scalici P. Serum
magnesium levels in pediatric
inpatients: a study in laboratory
overuse. Hosp Pediatr. 2015;5(1):
9-17

Rajkomar A, McCGulloch CE, Fang MC.
Low diagnostic utility of rechecking
hemoglobins within 24 hours in
hospitalized patients. Am J Med.
2016;129(11):1194-1197

Weydert JA, Nobbs ND, Feld R, Kemp
JD. A simple, focused, computerized
query to detect overutilization of
laboratory tests. Arch Pathol Lab Med.
2005;129(9):1141-1143

van Walraven C, Raymond M;

Network of Eastern Ontario Medical
Laboratories. Population-based study
of repeat laboratory testing. Glin Chem.
2003;49(12):1997—-2005

. Hawkins RC. Potentially inappropriate

repeat laboratory testing in inpatients.
Clin Chem. 2006;52(4):784—785

Ridout KK, Kole J, Fitzgerald KL, Ridout
SJ, Donaldson AA, Alverson B. Daily
laboratory monitoring is of poor health
care value in adolescents acutely
hospitalized for eating disorders.

J Adolesc Health. 2016;59(1):104—109

TCHOU et al


http://www.oss.net/dynamaster/file_archive/080509/59f26a38c114f2295757bb6be522128a/The%20Price%20of%20Excess%20-%20Identifying%20Waste%20in%20Healthcare%20Spending%20-%20PWC.pdf
http://www.oss.net/dynamaster/file_archive/080509/59f26a38c114f2295757bb6be522128a/The%20Price%20of%20Excess%20-%20Identifying%20Waste%20in%20Healthcare%20Spending%20-%20PWC.pdf
http://www.oss.net/dynamaster/file_archive/080509/59f26a38c114f2295757bb6be522128a/The%20Price%20of%20Excess%20-%20Identifying%20Waste%20in%20Healthcare%20Spending%20-%20PWC.pdf
http://www.oss.net/dynamaster/file_archive/080509/59f26a38c114f2295757bb6be522128a/The%20Price%20of%20Excess%20-%20Identifying%20Waste%20in%20Healthcare%20Spending%20-%20PWC.pdf
http://www.oss.net/dynamaster/file_archive/080509/59f26a38c114f2295757bb6be522128a/The%20Price%20of%20Excess%20-%20Identifying%20Waste%20in%20Healthcare%20Spending%20-%20PWC.pdf
http://www.oss.net/dynamaster/file_archive/080509/59f26a38c114f2295757bb6be522128a/The%20Price%20of%20Excess%20-%20Identifying%20Waste%20in%20Healthcare%20Spending%20-%20PWC.pdf
www.healthcostinstitute.org/childrens-health-spending-2010-2013
www.healthcostinstitute.org/childrens-health-spending-2010-2013
www.pediatrics.org/cgi/content/full/128/6/e1596
www.pediatrics.org/cgi/content/full/128/6/e1596
www.choosingwisely.org/clinician-lists/american-association-blood-banks-serial-blood-counts-on-clinically-stable-patients/
www.choosingwisely.org/clinician-lists/american-association-blood-banks-serial-blood-counts-on-clinically-stable-patients/
www.choosingwisely.org/clinician-lists/american-association-blood-banks-serial-blood-counts-on-clinically-stable-patients/
www.choosingwisely.org/clinician-lists/american-association-blood-banks-serial-blood-counts-on-clinically-stable-patients/
www.choosingwisely.org/societies/society-of-hospital-medicine-adult/
www.choosingwisely.org/societies/society-of-hospital-medicine-adult/
www.choosingwisely.org/societies/society-of-hospital-medicine-adult/
www.choosingwisely.org/societies/critical-care-societies-collaborative-critical-care/
www.choosingwisely.org/societies/critical-care-societies-collaborative-critical-care/
www.choosingwisely.org/societies/critical-care-societies-collaborative-critical-care/
www.choosingwisely.org/societies/critical-care-societies-collaborative-critical-care/
http://pediatrics.aappublications.org/

23.

24.

25.

26.

21.

28.

29.

30.

31

32.

33.

34.

PEDIATRICS Volume 141, number 5, MapPmwal oaded from http://pediatrics.aappublications.org/ by guest on April 4, 2018

Clark SL, Taylor A, Shaw KN,
Copelovitch L. Making every

drop count for pediatric kidney
transplant patients. Hosp Pediatr.
2015;5(5):287-289

Aydin D, Sahiner NG, Ciftci EK.
Comparison of the effectiveness of
three different methods in decreasing
pain during venipuncture in children:
ball squeezing, balloon inflating

and distraction cards. J Clin Nurs.
2016;25(15-16):2328-2335

Hassan NE, Winters J, Winterhalter
K, Reischman D, El-Borai Y. Effects of
blood conservation on the incidence
of anemia and transfusions in
pediatric parapneumonic effusion: a
hospitalist perspective. J Hosp Med.
2010;5(7):410-413

Sloniewsky D. Anemia and transfusion
in critically ill pediatric patients:

a review of etiology, management,
and outcomes. Crit Care Clin.
2013;29(2):301-317

Linder LA, Christian BJ. Nighttime
sleep disruptions, the hospital
care environment, and symptoms
in elementary school-age children
with cancer. Oncol Nurs Forum.
2012;39(6):553-561

Linder LA, Christian BJ. Nighttime sleep
characteristics of hospitalized school-
age children with cancer. J Spec
Pediatr Nurs. 2013;18(1):13-24

Stickland A, Clayton E, Sankey R, Hill
CM. A qualitative study of sleep quality
in children and their resident parents
when in hospital. Arch Dis Child.
2016;101(6):546—-551

McCann D. Sleep deprivation is an
additional stress for parents staying
in hospital. J Spec Pediatr Nurs.
2008;13(2):111-122

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

Werner M. Appropriate utilization and
cost control of the hospital laboratory:
panel testing and repeat orders. Clin
Chim Acta. 1995;233(1-2):1-17

Mold JW, Stein HF. The cascade effect
in the clinical care of patients. N Engl J
Med. 1986;314(8):512-514

Porter ME. What is value in health
care? N Engl J Med. 2010;363(26):
2477-2481

39.

36.

37.

38.

39.

40.

41.

42.

43.

44,

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

Johnson DP, Lind G, 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

Perla RJ, Provost LP, Murray SK.

The run chart: a simple analytical
tool for learning from variation in
healthcare processes. BMJ Qual Saf.
2011;20(1):46-51

Benneyan JG, Lloyd RC, Plsek PE.
Statistical process control as a
tool for research and healthcare
improvement. Qual Saf Health Care.
2003;12(6):458-464

Mohammed MA, Panesar JS, Laney DB,
Wilson R. Statistical process control
charts for attribute data involving
very large sample sizes: a review of
problems and solutions. BMJ Qual Saf.
2013;22(4):362—-368

Yarbrough PM, Kukhareva PV, Horton
D, Edholm K, Kawamoto K. Multifaceted
intervention including education,
rounding checklist implementation,
cost feedback, and financial incentives
reduces inpatient laboratory costs.

J Hosp Med. 2016;11(5):348-354

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

Powell EC, Hampers LC. Physician
variation in test ordering in the
management of gastroenteritis in
children. Arch Pediatr Adolesc Med.
2003;157(10):978-983

Stinnett-Donnelly JM, Stevens PG,
Hood VL. Developing a high value
care programme from the bottom
up: a programme of faculty-resident
improvement projects targeting
harmful or unnecessary care. BMJ
Qual Saf. 2016;25(11):901-908

Sedrak MS, Patel MS, Ziemba JB,
et al. Residents’ self-report on why

45.

46.

47.

48.

49.

50.

92.

93.

94.

they order perceived unnecessary
inpatient laboratory tests. J Hosp Med.
2016;11(12):869-872

Sirovich BE, Lipner RS, Johnston M,
Holmboe ES. The association between
residency training and internists’
ability to practice conservatively. JAMA
Intern Med. 2014;174(10):1640—1648

Hoffmann TC, Del Mar C. Clinicians’
expectations of the benefits and harms
of treatments, screening, and tests: a
systematic review. JAMA Intern Med.
2017;177(3):407-419

Seguin P, Bleichner JP, Grolier J,
Guillou YM, Mallédant Y. Effects of
price information on test ordering in
an intensive care unit. Intensive Care
Med. 2002;28(3):332—335

Silvestri MT, Bongiovanni TR, Glover JG,
Gross GP. Impact of price display on
provider ordering: a systematic review.
J Hosp Med. 2016;11(1):65-76

Iwashyna Td, Fuld A, Asch DA, Bellini
LM. The impact of residents, interns,
and attendings on inpatient laboratory
ordering patterns: a report from one
university’s hospitalist service. Acad
Med. 2011;86(1):139—145

Long T, Bongiovanni T, Dashevsky

M, et al. Impact of laboratory cost
display on resident attitudes and
knowledge about costs. Postgrad Med
J. 2016;92(1092):592-596

. Georgiou A, Vecellio E, Li L, Westbrook

JI. The ompact of an electronic
medical record on repeat laboratory
test ordering across four Australian
hospitals. Stud Health Technol Inform.
2015;216:917

Levick DL, Stern G, Meyerhoefer CD,
Levick A, Pucklavage D. “Reducing
unnecessary testing in a GPOE system
through implementation of a targeted
CDS intervention”. BMC Med Inform
Decis Mak. 2013;13:43

Hoefgen E, Tchou M, Brady P. Continued
learning in supporting value-based
decision making. J Hosp Med.
2017;12(8):683-684

Sedrak MS, Myers JS, Small DS,

et al. Effect of a price transparency
intervention in the electronic health
record on clinician ordering of
inpatient laboratory tests: the PRICE
randomized clinical trial. JAMA Intern
Med. 2017;177(7):939-945


http://pediatrics.aappublications.org/

55. Kaplan HG, Provost LP, Froehle healthcare quality improvement. BMJ regarding overuse of inpatient

CM, Margolis PA. The Model for Qual Saf. 2012;21(1):13-20 laboratory testing with health care
Understanding Success in Quality 56. Roman BR, Yang A, Masciale J, provider type. JAMA Intern Med.
(MUSIQ): building a theory of context in Korenstein D. Association of attitudes 2017;177(8):1205-1207

10 Downloaded from http://pediatrics.aappublications.org/ by guest on April 4, 2018

TCHOU et al


http://pediatrics.aappublications.org/

Reducing Electrolyte Testing in Hospitalized Children by Using Quality

I mprovement Methods

Michael J. Tchou, Sonya Tang Girdwood, Benjamin Wormser, Meifawn Poole,
Stephanie Davis-Rodriguez, J. Timothy Caldwell, Lauren Shannon, Philip A.
Hagedorn, Eric Biondi, Jeffrey Simmons, Jeffrey Anderson and Patrick W. Brady
Pediatrics originally published online April 4, 2018;

Updated Information &
Services
Supplementary Material

References

Subspecialty Collections

Permissions & Licensing

Reprints

including high resolution figures, can be found at:
http://pediatrics.aappublications.org/content/early/2018/04/02/peds.2
017-3187

Supplementary material can be found at:
http://pediatrics.aappublications.org/content/suppl/2018/04/02/peds.2
017-3187.DCSupplemental

This article cites 51 articles, 18 of which you can access for free at:
http://pediatrics.aappublications.org/content/early/2018/04/02/peds.2
017-3187.full#ref-list-1

This article, along with others on similar topics, appearsin the
following collection(s):

Administration/Practice M anagement

http://classi c.pediatrics.aappublications.org/cgi/collection/administrat
ion:practice_management_sub

Quality Improvement

http://classi c.pediatrics.aappublications.org/cgi/collection/quality_im
provement_sub

Hospital Medicine

http://classi c.pediatrics.aappublications.org/cgi/collection/hospital_m
edicine_sub

Information about reproducing this article in parts (figures, tables) or
in its entirety can be found online at:
https://shop.aap.org/licensing-permissions/

Information about ordering reprints can be found online:
http://classi c.pediatrics.aappublications.org/content/reprints

Pediatricsis the official journal of the American Academy of Pediatrics. A monthly publication, it
has been published continuously since . Pediatricsis owned, published, and trademarked by the
American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk Grove Village, lllinois,
60007. Copyright © 2018 by the American Academy of Pediatrics. All rights reserved. Print | SSN:

American Academy of Pediatrics

DEDICATED TO THE HEALTH OF ALL CHILDREN"™

Downloaded from http://pediatrics.aappublications.org/ by guest on April 4, 2018



http://http://pediatrics.aappublications.org/content/early/2018/04/02/peds.2017-3187
http://http://pediatrics.aappublications.org/content/early/2018/04/02/peds.2017-3187
http://pediatrics.aappublications.org/content/suppl/2018/04/02/peds.2017-3187.DCSupplemental
http://pediatrics.aappublications.org/content/suppl/2018/04/02/peds.2017-3187.DCSupplemental
http://pediatrics.aappublications.org/content/early/2018/04/02/peds.2017-3187.full#ref-list-1
http://pediatrics.aappublications.org/content/early/2018/04/02/peds.2017-3187.full#ref-list-1
http://classic.pediatrics.aappublications.org/cgi/collection/administration:practice_management_sub
http://classic.pediatrics.aappublications.org/cgi/collection/administration:practice_management_sub
http://classic.pediatrics.aappublications.org/cgi/collection/quality_improvement_sub
http://classic.pediatrics.aappublications.org/cgi/collection/quality_improvement_sub
http://classic.pediatrics.aappublications.org/cgi/collection/hospital_medicine_sub
http://classic.pediatrics.aappublications.org/cgi/collection/hospital_medicine_sub
https://shop.aap.org/licensing-permissions/
http://classic.pediatrics.aappublications.org/content/reprints
http://pediatrics.aappublications.org/

PEDIATRICS

OFFICIAL JOURNAL OF THE AMERICAN ACADEMY OF PEDIATRICS

Reducing Electrolyte Testing in Hospitalized Children by Using Quality
I mprovement M ethods
Michael J. Tchou, Sonya Tang Girdwood, Benjamin Wormser, Meifawn Poole,
Stephanie Davis-Rodriguez, J. Timothy Caldwell, Lauren Shannon, Philip A.
Hagedorn, Eric Biondi, Jeffrey Simmons, Jeffrey Anderson and Patrick W. Brady
Pediatrics originally published online April 4, 2018;

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://pediatrics.aappublications.org/content/early/2018/04/02/peds.2017-3187

Pediatricsis the official journal of the American Academy of Pediatrics. A monthly publication, it
has been published continuously since . Pediatricsis owned, published, and trademarked by the
American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk Grove Village, lllinois,
60007. Copyright © 2018 by the American Academy of Pediatrics. All rights reserved. Print | SSN:

American Academy of Pediatrics

DEDICATED TO THE HEALTH OF ALL CHILDREN"™

Downloaded from http://pediatrics.aappublications.org/ by guest on April 4, 2018


http://pediatrics.aappublications.org/content/early/2018/04/02/peds.2017-3187
http://pediatrics.aappublications.org/



