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ABSTRACT
Background  Over-ordering of daily laboratory tests 
adversely affects patient care through hospital-acquired 
anaemia, patient discomfort, burden on front-line staff and 
unnecessary downstream testing. This remains a prevalent 
issue despite the 2013 Choosing Wisely recommendation 
to minimise unnecessary daily labs. We conducted a 
systematic review of the literature to identify interventions 
targeting unnecessary laboratory testing.
Methods  We systematically searched MEDLINE, EMBASE, 
Cochrane Central and SCOPUS databases to identify 
interventions focused on reducing daily complete blood 
count, complete metabolic panel and basic metabolic 
panel labs. We defined interventions as ‘effective’ if a 
statistically significant reduction was attained and ‘highly 
effective’ if a reduction of ≥25% was attained.
Results  The search yielded 5646 studies with 41 articles 
that met inclusion criteria. We grouped interventions into 
one or more categories: audit and feedback, cost display, 
education, electronic medical record (EMR) change, and 
policy change. Most interventions lasted less than a year 
and used a multipronged approach. All five strategies were 
effective in most studies with EMR change being the most 
commonly used independent strategy. EMR change and 
policy change were the strategies most frequently reported 
as effective. EMR change was the strategy most frequently 
reported as highly effective.
Conclusion  Our analysis identified five categories 
of interventions targeting daily laboratory testing. All 
categories were effective in most studies, with EMR 
change being most frequently highly effective.
PROSPERO registration number  CRD42021254076.

INTRODUCTION
One in every five inpatient laboratory 
tests ordered is unnecessary as it does not 
contribute to the advancement of patient 
care.1 This high volume of repetitive lab 
testing is among the 4–5 billion tests that are 
performed within the USA each year, with 
approximately 200 billion dollars in annual 
healthcare spending attributed to excessive 
testing and treatment.2 3 Moreover, unnec-
essary blood draws contribute to hospital-
acquired anaemia, patient discomfort and 
excess downstream testing.4 5 Drivers of 

inappropriate testing include defensive medi-
cine and panel-based ordering.1

To help address and promote high value 
care, the Choosing Wisely Campaign recom-
mended in 2013 against performing complete 
blood count (CBC) or basic chemistry tests 
‘in the face of clinical stability’.6 Though 
many groups have attempted to follow this 
recommendation, there are limited synthesis 
and analysis of effective methods. One narra-
tive review of 17 interventions suggests reduc-
tion in laboratory testing is best achieved 
through simultaneous interventions.7 Our 
analysis builds on this review by seeking to 
categorise and identify the most highly effec-
tive interventions.

We performed a multidatabase system-
atic review to identify current methods 
for reducing unnecessary daily labs in the 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ In 2013, Choosing Wisely recommended against 
performing complete blood count or basic chemistry 
tests in the face of clinical stability. Though many 
groups have attempted to follow this recommen-
dation, existing literature is limited to small quality 
improvement projects and nonsystematic reviews.

WHAT THIS STUDY ADDS
	⇒ Our multidatabase search yielded over 5000 stud-
ies distilled down to 41 articles which we then sys-
tematically reviewed to categorise strategies for 
reducing unnecessary daily laboratory testing and 
identify the most highly effective interventions. All 
approaches demonstrated effectiveness with elec-
tronic medical record changes being the most com-
monly used independent strategy and the strategy 
most frequently categorised as highly effective.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ This study easily allows healthcare workers to iden-
tify high value care strategies applicable to their 
own institutions to reduce unnecessary daily labo-
ratory testing.
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inpatient setting and their effectiveness. This work can 
guide future interventions to reduce overall labora-
tory testing. This review focuses on interventions and 
outcomes specifically aimed at reducing the high volume 
of daily labs that do not contribute to the advancement of 
patient care.

METHODS
Systematic review registration
A protocol was developed and submitted to the Interna-
tional Prospective Register of Systematic Reviews (PROS-
PERO) on 10 May 2021 and registered on 10 June 2021 
(registration number CRD42021254076).

Inclusion and exclusion criteria
Studies evaluating interventions that aimed to reduce 
daily CBCs, comprehensive metabolic panel and BMPs 
(basic metabolic panel) in adult inpatient departments 
were included. Studies that focused on other tests such as 
coagulation or liver function tests, as per Choosing Wisely 
recommendations, were excluded.6 All studies meeting 
the above criteria were included irrespective of year of 
publication and geographic location. Full text availa-
bility in English was required. Analyses of interventions 
in paediatric and intensive care unit populations were 
excluded. Cross-sectional studies without interventions 
were also excluded.

Search strategy
We systematically searched MEDLINE, EMBASE, 
Cochrane Central and SCOPUS databases. Search 
terms included unnecessary lab testing, redundant labs, 
Choosing Wisely and high value care. Searches were 
performed before 14 April 2022. Search details can be 
seen in online supplemental file 1.

Risk of bias
To identify risk of bias within the studies, the Newcastle-
Ottawa Scale for Quality Assessment for cohort studies 
was used, which rated studies based on representative-
ness, ascertainment of exposure and outcomes, and 
comparability of groups and duration.8 Studies could 
earn a total of eight points in eight separate categories 
(online supplemental table 1). A score of six or higher 
was considered good quality, five or less was considered 
fair quality and two or less was poor quality and thus high 
risk of bias.8 Discrepancies were resolved by discussion 
between two reviewers (CB and BY).

Study records
All database searches were extracted and uploaded to Covi-
dence systematic review software (Veritas Health Innova-
tion, Melbourne, Australia) for analysis of duplicates and 
further data management. Four reviewers (CB, BY, JDu 
and JYS) participated in the initial screen of studies. Each 
study was reviewed by a minimum of two reviewers with 
discrepancies reconciled jointly by two reviewers (CB and 
BY). Researchers (CB, BY, JDu, JYS, MSha, WZ and HL) 

systematically collected data on intervention method, 
primary outcome of reduction in labs ordered and cost 
reduction. Interventions were categorised as effective if a 
statistically significant reduction was attained and ‘highly 
effective’ if they achieved ≥25% reduction in primary 
outcome. The two groups were not mutually exclusive so 
interventions that were ‘highly effective’ were also clas-
sified as effective. Data were synthesised using general 
descriptive statistics.

RESULTS
The systematic search yielded 5646 studies: 629 from 
Cochrane, 3380 from Embase, 1460 from Medline and 
177 from SCOPUS, which were entered into Covidence. A 
total of 1384 duplicates were excluded. Of the remaining 
4262 screened studies, 176 were advanced to full text 
screening, and ultimately 41 articles met all inclusion 
criteria.9–49 Inter-rater reliability was moderate to substan-
tial with a kappa statistic ranging from 0.40 between 
pairs of reviewers in the initial screening to 0.61 between 
final reviewers CB and BY.50 Figure  1 demonstrates the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses flow diagram.

The study design and characteristics of these studies, 
including intervention types, are shown in online supple-
mental table 2. Of the 41 included papers, 35 were 
cohort studies, 4 were non-randomised control trials 
(RCTs)30 34 35 48 and 2 were RCTs.23 32 The majority of 
studies were published after 2014 (31 of 41). Most inter-
ventions took place in US academic hospitals and in a 
single healthcare setting. Assessment of risk of bias in the 
studies with the Newcastle-Ottawa Scale resulted in an 
average score of 7.8 out of 8, with scores ranging from 
6 to 8, signifying high quality of studies. An intervention 
was considered successful if it resulted in a statistically 
significant reduction in lab ordering in comparison to a 
control period or group.

Qualitative results
Interventions used to address laboratory overutilisation 
were grouped into five categories: audit and feedback, 
cost display, education, electronic medical record (EMR) 
change, and policy change. The most frequently used 
interventions were education (26 of 41 studies, 63.4%), 
followed by EMR change (19 of 41, 46.3%), audit and 
feedback (12 of 41, 29.3%), cost display (11 of 41, 26.8%) 
and policy change (10 of 41, 24.4%). Approaches included 
single interventions (14 of 41, 34.1%) and multiple inter-
ventions (27 of 41, 65.9%). Two of the included studies 
reported equivocal results in primary outcomes,17 23 with 
the remainder reporting statistically significant reduc-
tions in daily labs ordered. Most studies (24 of 41, 58.5%) 
lasted less than 1 year.

Audit and feedback
Audit and feedback was defined as an intervention that 
screened provider daily lab test ordering habits and 
provided reflective evaluation. This strategy was effective 
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in 91.7% (11 of 12) and ‘highly effective’ in 8.3% (1 of 
12) of the studies. Interventions provided feedback to 
frontline providers at weekly or monthly intervals. All 12 
studies using audit and feedback as an intervention did so 
as a component of a combined intervention as opposed 
to an exclusive intervention. Corson et al incorporated 
audit and feedback with education via monthly emails 
and attributed their sustained success to a pre-existing 
culture of quality improvement in their facility.27

Cost display
Cost display interventions provided laboratory test cost 
data to providers at the time of ordering. It was ‘highly 
effective’ in combination with education in 30% (3 of 
10) of the studies. While only a single study used this 
approach exclusively, 22.0% (9 of 41) included cost 
display as a component of a multipronged intervention. 
Only one study, by Hirota et al used cost display alone. 

This study took place in Japan and juxtaposed stand-
ardised cases with and without cost display, resulting in 
significant cost savings and a reduction in labs ordered 
per patient.40 Over half of the multi-intervention studies 
that included cost display used cost display coupled with 
education (7 of 10). Sommers et al did not find significant 
cost savings and included a qualitative approach to iden-
tify mitigators of the lack of impact.23 They found that 
residents reported minimal cost-awareness education as 
well as systemic barriers to reduction in laboratory testing, 
including fear and attitudes of attendings.

Education
Education was defined as any intervention that provided 
information to providers who ordered daily labs, excluding 
cost display, which was categorised separately. This inter-
vention was effective in 42.3% (11 of 26) of studies and was 
highly effective in 19.2% (5 of 26) of studies. Education 

Figure 1  Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram. BMP,basic metabolic panel; 
CBC, complete blood count; CMP, comprehensive metabolic panel; ICU, intensive care unit.
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was included as a component of combined interventions 
in 56% (23 of 41) of studies while only 7.3% (3 of 41) 
included this approach as their exclusive intervention. Of 
studies using education exclusively, 33.3% (1 of 3) were 
highly effective.49 The most frequent combination was 
education coupled with policy change, which occurred in 
34.6% (9 of 26) of included studies. Specific approaches 
to educational interventions varied significantly in their 
degree of proactivity. One study posted signs on physician 
computers outlining test-ordering recommendations.45 
Gupta et al developed lectures for residents and allotted 
time for resident teams to peer-review orders.33 Mean-
while, Almeqdadi et al incorporated audit and feedback 
with biweekly discussions of repercussions of unnecessary 
daily labs and provided positive reinforcement incen-
tives (such as food) for those who followed the suggested 
guidelines.44 All three of these papers demonstrated 
successful reductions in laboratory test ordering.

EMR change
EMR change was defined as interventions that targeted 
reduction in lab ordering through electronic means, such 
as directly restricting the frequency of ordering or imple-
menting pop-up alerts. This strategy was effective in 100% 
of studies (19 of 19) and highly effective in 21% (4 of 
19) of studies. Most single intervention studies used EMR 
change (10 of 14, 71.4%). Among these single interven-
tion studies, 30% (3 of 10) were highly effective.13 19 20 An 
additional 33% (9 of 27) of the multi-intervention studies 
included EMR change as a component of their combined 
interventions. EMR change interventions were associated 
with success in lab test reduction but were also met with 
negative feedback from affected providers. One study 
that exclusively used an EMR change to eliminate the 
ability to order daily recurring tests demonstrated success 
in reduction of less commonly tested labs, such as coag-
ulation studies and hepatic function panels, but did not 
reduce CBCs or BMPs.29 Importantly, 43% of surveyed 
providers reported negative experiences with this inter-
vention and identified an increase in workload as a 
result of the EMR change.29 Procop et al demonstrated 
the use of a demanding decision support tool that was 
more effective in reducing the number of duplicate tests 
ordered compared with a less stringent counterpart.26 
However, it is important to note that the ‘Hard Stop’ 
section of this study, which entailed a stricter protocol to 
limit lab orders, was less favoured by many physicians and 
was anticipated to cause a diversion of test ordering to 
downstream medical staff. In this vein, EMR changes that 
gave providers the power to override pop-ups resulted in 
more favourable feedback.19

Policy change
Policy change was defined as any institutional modifi-
cation, such as workflow change, implemented without 
adjusting the EMR. This strategy was effective in 100% of 
studies using this approach (9 of 9) and highly effective in 
22% (2 of 9) of interventions. No studies exclusively used 

policy change, though it was incorporated in 22.0% (9 of 
41) of included studies. Some examples of policy change 
included audit without feedback where auditors were 
required to use stricter guidelines in evaluating appro-
priateness of tests ordered and site-specific lab-ordering 
guidelines that required increasing provider justification 
for ordering labs in clinically stable patients.22 36

Single intervention versus multiple interventions
Most studies (27 of 41) implemented a strategy that 
included multiple interventions. Of the 14 studies with 
single intervention approaches, all were effective at 
reducing unnecessary daily laboratory testing. EMR 
change was the most common exclusive intervention 
approach (nine studies), followed by education (three 
studies) and cost display (one study).

The most common intervention combinations included 
education with policy change (eight studies) and educa-
tion with cost display (seven studies). Combinations of 
audit and feedback with education were seen in nine 
studies while audit and feedback with education and 
EMR change was reported in three studies. Interventions 
combining education, EMR change and policy change 
occurred in four studies. One large-scale, multifacility 
study demonstrated simultaneous interventions at four 
different hospitals that included components of audit 
and feedback, EMR change, and education, with success 
at three of the four hospitals.43 The unsuccessful site had 
the least staffing with only a single resident who rotated 
during the period, as well as less investment in scrutinising 
lab ordering in the outpatient department. Nonetheless, 
this multimodal intervention received significant positive 
feedback regarding resident involvement in changing 
organisational culture.43

Sustainability
Of the 24 studies that took place with a duration of 1 year 
or less, all but two demonstrated a significant change 
from preintervention to postintervention.17 23 Most of the 
single intervention studies (8 of 14, 57.1%) had a dura-
tion of 1 year or less.19 34 39 40 42 44 45 47

All the studies (17 of 17) conducted over more than 1 
year were successful in significantly decreasing the number 
of laboratory tests ordered.18 20 21 24 25 28 29 31 33 35 37 38 41 43 46–48 
The average length of these studies was 28.9 months. 
Eleven of the 19 studies lasting greater than 1 year used 
multiple interventions. The most common interven-
tion for this group of studies was EMR change (5 of 19), 
followed by a combination of audit and feedback, educa-
tion, and EMR change (4 of 19). Two studies demonstrated 
consistent and significant reduction in laboratory testing 
across multiple years. Konger et al, one of four studies 
with the longest duration of intervention (36 months), 
demonstrated significant sustainable reduction in labora-
tory testing across consecutive years of the study.28 Simi-
larly, Vidyarthi et al also demonstrated sustained decreases 
in total test volume across a 3-year interval.25
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Randomised controlled trials
Two randomised controlled trials were included. The 
trial by Wertheim et al examined a strategy of EMR 
change combined with education and policy change and 
reported a 9% reduction in aggregate labs.32 The authors 
randomised medical teams comprised of residents and 
attendings to either intervention or control groups. The 
reduction was primarily driven by decreased ordering 
of BMP and CBC without differential; hepatic function 
panel, coagulation studies and other electrolytes were not 
affected. Sommers et al investigated education and cost 
display through a clustered RCT of 33 teams made up of 
96 residents that entailed a 45 min educational session 
focused on reviewing a hospital bill for one of the resi-
dent’s patients.23 They aimed at reducing patient cost 
burden through reduction of unnecessary lab ordering. 
No significant difference in lab costs between the inter-
vention and control groups was achieved.

DISCUSSION
This systematic review identified 41 studies using five 
primary strategies for lab reduction: education, cost 
display, audit and feedback, EMR change, and policy 
change. All five strategies were effective in most 
studies. EMR change and policy change were the strat-
egies most often reported to be effective. One-quarter 
of studies included were highly effective (defined as 
providing 25% or greater reduction in labs). When 
considering both sustainability and effectiveness of 
interventions, EMR change stood out in both dimen-
sions. It was the strategy that was most often found to 
be highly effective when used as an exclusive inter-
vention but was unfavourable among providers when 
strict limitations in ordering or unavoidable pop-up 
alerts were implemented. While other interventions 
such as cost display, education and policy change were 
similarly highly effective, they were primarily used in 
multifaceted interventions and less is known about 
their individual efficacy and sustainability. Our find-
ings expand on previously noted trends.7

This systematic review adds to the prior literature 
review because it includes a larger number of studies, 
standardises components of analysis and introduces a 
benchmark to define the effectiveness of lab reduc-
tion across various interventions.7 Identifying and 
categorising interventions into five strategies facili-
tates systemisation and comparison of the efficacy of 
such interventions, despite wide heterogeneity. This 
systematic review also comments on the reliability 
of studies including the risk of bias and unintended 
consequences for providers experiencing such inter-
ventions, such as dissatisfaction with overly stringent 
EMR changes.

Our findings suggest that institutions can develop 
impactful and sustainable models based on common 
organisational tools and mechanisms for improvement, 
such as EMR enhancements and hospital-based policy 

development. A supportive approach will be important 
in the implementation of any change. For example, 
new EMR requirements can contribute to burnout, but 
when done thoughtfully can provide highly effective and 
sustainable interventions.

This analysis has several limitations. Most impor-
tantly, only two of the identified studies were 
randomised controlled trials and most used pre–post 
analysis as opposed to a simultaneous control. One 
of the two randomised trials achieved a significant 
reduction in lab orders.23 32 Though the low number 
of randomised trials precludes definitive conclusions, 
the non-randomised design of many of the published 
studies reflects the nature of most quality improve-
ment initiatives and the consistency of results across 
the identified studies supports the primary conclu-
sions. In addition, most studies were conducted 
within a single institution. Hospital leaders imple-
menting EMR and policy changes across multiple 
sites will need to account for local differences, such 
as hospital culture and whether the same EMR is 
used. Additionally, most of the interventions lasted 
less than 1 year and none of the studies addressed 
turnover of house-staff as a factor in ordering prac-
tices, a key limitation for academic medical centres. 
The heterogeneous design of the studies and lack of 
primary data do not allow for a formal meta-analysis. 
Similarly, there is publication bias as interventions 
that were not successful were less likely to have been 
submitted or accepted for publication. Finally, while 
most studies demonstrated significantly reduced lab 
orders, successful interventions do not necessarily 
equate to reduced needle-sticks for patients, reduced 
cost, reduced phlebotomy labour or improved patient 
satisfaction.

Almost a decade has passed since the Choosing 
Wisely guidelines first recommended restricting daily 
lab ordering for clinically stable patients, yet this issue 
remains pervasive and challenging to address. This review 
identifies strategies that have the potential to reduce 
unnecessary laboratory testing when used alone or in 
combination and suggests that EMR change may be the 
most effective strategy.

Author affiliations
1Icahn School of Medicine, Mount Sinai, New York, New York, USA
2Department of Medicine, Mount Sinai, New York, New York, USA
3Emergency Medicine, Hackensack Meridian Hackensack University Medical Center, 
Hackensack, New Jersey, USA
4Department of Pathology and Laboratory Medicine, Icahn School of Medicine at 
Mount Sinai Lillian and Henry M Stratton-Hans Popper, New York, New York, USA
5Hospital Medicine, Icahn School of Medicine at Mount Sinai, New York, New York, 
USA
6Department of Medicine, Icahn School of Medicine at Mount Sinai, New York, New 
York, USA

Contributors  CB, BY, ST, AL, AD and MShy contributed to the design of the study. 
CB, BY, JDu and JYS participated in the initial screen of studies. BY, CB, JDu, JSY, 
MShy, WZ and HL systematically collected data. BY, CB and JDi performed analysis 

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://bm

jopenquality.bm
j.com

/
B

M
J O

pen Q
ual: first published as 10.1136/bm

joq-2022-002128 on 23 M
arch 2023. D

ow
nloaded from

 

http://bmjopenquality.bmj.com/


6 Yeshoua B, et al. BMJ Open Quality 2023;12:e002128. doi:10.1136/bmjoq-2022-002128

Open access�

of the results. BY, CB, AD, MShy, MSha, AL, ST contributed to the writing of the 
manuscript. BY is the designated gaurantor.

Funding  The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not-for-profit sectors.

Competing interests  None declared.

Patient and public involvement  Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication  Not applicable.

Ethics approval  This study did not require institutional review board approval as it 
was limited to a systematic review of the literature.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  All data relevant to the study are included in the 
article or uploaded as online supplemental information.

Supplemental material  This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Brandon Yeshoua http://orcid.org/0000-0001-8555-3509

REFERENCES
	 1	 Zhi M, Ding EL, Theisen-Toupal J, et al. The landscape of 

inappropriate laboratory testing: a 15-year meta-analysis. PLoS One 
2013;8:e78962. 

	 2	 Koch C, Roberts K, Petruccelli C, et al. The frequency of 
unnecessary testing in hospitalized patients. Am J Med 
2018;131:500–3. 

	 3	 American Hospital Association. Environmental scan. 2018. Available: 
https://www.aha.org/data-and-insights/presentation-center/aha-​
environmental-scan [Accessed 01 Sep 2022].

	 4	 Kurniali PC, Curry S, Brennan KW, et al. A retrospective study 
investigating the incidence and predisposing factors of hospital-
acquired anemia. Anemia 2014;2014:634582. 

	 5	 Makam AN, Nguyen OK, Clark C, et al. Incidence, predictors, and 
outcomes of hospital-acquired anemia. J Hosp Med 2017;12:317–22. 

	 6	 Society of Hospital Medicine. Blood tests when you’re in the 
hospital. 2015. Available: https://www.choosingwisely.org/patient-​
resources/blood-tests-when-youre-in-the-hospital/ [Accessed 01 
Sep 2022].

	 7	 Eaton KP, Levy K, Soong C, et al. Evidence-based guidelines 
to eliminate repetitive laboratory testing. JAMA Intern Med 
2017;177:1833–9. 

	 8	 Wells GA, Shea B, O’Connell D, et al. The newcastle-Ottawa scale 
(NOS) for assessing the quality of nonrandomised studies in meta-
analyses [The Ottawa Hospital Research Institute]. 2021. Available: 
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp 
[Accessed 01 Sep 2022].

	 9	 Faisal A, Andres K, Rind JAK, et al. Reducing the number of 
unnecessary routine laboratory tests through education of internal 
medicine residents. Postgrad Med J 2018;94:716–9. 

	10	 McDonald EG, Saleh RR, Lee TC. Mindfulness-based laboratory 
reduction: reducing utilization through trainee-led daily time outs. Am 
J Med 2017;130:e241–4. 

	11	 Melendez-Rosado J, Thompson KM, Cowdell JC, et al. Reducing 
unnecessary testing: an intervention to improve resident ordering 
practices. Postgrad Med J 2017;93:476–9. 

	12	 Tawfik B, Collins JB, Fino NF, et al. House officer-driven reduction in 
laboratory utilization. South Med J 2016;109:5–10. 

	13	 Ruzica Galović MF, Rogić D. Minimum retesting intervals – application 
through electronic order forms on common laboratory tests. SV 
2016;11:77. 

	14	 Wagholikar A, O’Dwyer J, Hansen D, et al. Observing effectiveness of 
pathology ordering controls in emergency departments. Stud Health 
Technol Inform 2011;168:172–8.

	15	 Miyakis S, Karamanof G, Liontos M, et al. Factors contributing to 
inappropriate ordering of tests in an academic medical department 
and the effect of an educational feedback strategy. Postgrad Med J 
2006;82:823–9. 

	16	 Calderon-Margalit R, Mor-Yosef S, Mayer M, et al. An administrative 
intervention to improve the utilization of laboratory tests within a 
university hospital. Int J Qual Health Care 2005;17:243–8. 

	17	 Grivell AR, Forgie HJ, Fraser CG, et al. Effect of feedback to clinical 
staff of information on clinical biochemistry requesting patterns. Clin 
Chem 1981;27:1717–20. 

	18	 Gortmaker SL, Bickford AF, Mathewson HO, et al. A successful 
experiment to reduce unnecessary laboratory use in a community 
hospital. Med Care 1988;26:631–42. 

	19	 Bates DW, Kuperman GJ, Rittenberg E, et al. A randomized trial of 
a computer-based intervention to reduce utilization of redundant 
laboratory tests. Am J Med 1999;106:144–50. 

	20	 Neilson EG, Johnson KB, Rosenbloom ST, et al. The impact of 
peer management on test-ordering behavior. Ann Intern Med 
2004;141:196–204. 

	21	 May TA, Clancy M, Critchfield J, et al. Reducing unnecessary 
inpatient laboratory testing in a teaching hospital. Am J Clin Pathol 
2006;126:200–6. 

	22	 Vegting IL, van Beneden M, Kramer MHH, et al. How to save costs 
by reducing unnecessary testing: lean thinking in clinical practice. 
Eur J Intern Med 2012;23:70–5. 

	23	 Sommers BD, Desai N, Fiskio J, et al. An educational intervention 
to improve cost-effective care among medicine housestaff: a 
randomized controlled trial. Acad Med 2012;87:719–28. 

	24	 Minerowicz C, Abel N, Hunter K, et al. Impact of weekly feedback on 
test ordering patterns. Am J Manag Care 2015;21:763–8.

	25	 Vidyarthi AR, Hamill T, Green AL, et al. Changing resident test 
ordering behavior: a multilevel intervention to decrease laboratory 
utilization at an academic medical center. Am J Med Qual 
2015;30:81–7. 

	26	 Procop GW, Keating C, Stagno P, et al. Reducing duplicate testing: a 
comparison of two clinical decision support tools. Am J Clin Pathol 
2015;143:623–6. 

	27	 Corson AH, Fan VS, White T, et al. A multifaceted hospitalist quality 
improvement intervention: decreased frequency of common labs.  
J Hosp Med 2015;10:390–5. 

	28	 Konger RL, Ndekwe P, Jones G, et al. Reduction in unnecessary 
clinical laboratory testing through utilization management at 
a US government Veterans Affairs Hospital. Am J Clin Pathol 
2016;145:355–64. 

	29	 Iturrate E, Jubelt L, Volpicelli F, et al. Optimize your electronic 
medical record to increase value: reducing laboratory overutilization. 
Am J Med 2016;129:215–20. 

	30	 Iams W, Heck J, Kapp M, et al. A multidisciplinary housestaff-
led initiative to safely reduce daily laboratory testing. Acad Med 
2016;91:813–20. 

	31	 Sadowski BW, Lane AB, Wood SM, et al. High-value, cost-conscious 
care: iterative systems-based interventions to reduce unnecessary 
laboratory testing. Am J Med 2017;130:1112. 

	32	 Wertheim BM, Aguirre AJ, Bhattacharyya RP, et al. An educational 
and administrative intervention to promote rational laboratory test 
ordering on an academic general medicine service. Am J Med 
2017;130:47–53. 

	33	 Gupta SS, Voleti R, Nyemba V, et al. Results of a quality 
improvement project aimed at eliminating healthcare waste by 
changing medical resident test ordering behavior. J Clin Med Res 
2017;9:965–9. 

	34	 Bellodi E, Vagnoni E, Bonvento B, et al. Economic and organizational 
impact of a clinical decision support system on laboratory test 
ordering. BMC Med Inform Decis Mak 2017;17:179. 

	35	 Ambasta A, Ma IWY, Woo S, et al. Impact of an education and 
multilevel social comparison-based intervention bundle on use of 
routine blood tests in hospitalised patients at an academic tertiary 
care hospital: a controlled pre-intervention post-intervention study. 
BMJ Qual Saf 2020;29:1–2. 

	36	 Tsega S, O’Connor M, Poeran J, et al. Bedside assessment of the 
necessity of daily lab testing for patients nearing discharge. J Hosp 
Med 2018;13:38–40. 

	37	 Bejjanki H, Mramba LK, Beal SG, et al. The role of a best practice 
alert in the electronic medical record in reducing repetitive lab tests. 
Clinicoecon Outcomes Res 2018;10:611–8. 

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://bm

jopenquality.bm
j.com

/
B

M
J O

pen Q
ual: first published as 10.1136/bm

joq-2022-002128 on 23 M
arch 2023. D

ow
nloaded from

 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-8555-3509
http://dx.doi.org/10.1371/journal.pone.0078962
http://dx.doi.org/10.1016/j.amjmed.2017.11.025
https://www.aha.org/data-and-insights/presentation-center/aha-environmental-scan
https://www.aha.org/data-and-insights/presentation-center/aha-environmental-scan
http://dx.doi.org/10.1155/2014/634582
http://dx.doi.org/10.12788/jhm.2712
https://www.choosingwisely.org/patient-resources/blood-tests-when-youre-in-the-hospital/
https://www.choosingwisely.org/patient-resources/blood-tests-when-youre-in-the-hospital/
http://dx.doi.org/10.1001/jamainternmed.2017.5152
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://dx.doi.org/10.1136/postgradmedj-2018-135784
http://dx.doi.org/10.1016/j.amjmed.2017.01.011
http://dx.doi.org/10.1016/j.amjmed.2017.01.011
http://dx.doi.org/10.1136/postgradmedj-2016-134513
http://dx.doi.org/10.14423/SMJ.0000000000000390
http://dx.doi.org/10.22514/SV112.062016.17
http://dx.doi.org/21893926
http://dx.doi.org/21893926
http://dx.doi.org/10.1136/pgmj.2006.049551
http://dx.doi.org/10.1093/intqhc/mzi025
http://dx.doi.org/10.1093/clinchem/27.10.1717
http://dx.doi.org/10.1093/clinchem/27.10.1717
http://dx.doi.org/10.1097/00005650-198806000-00011
http://dx.doi.org/10.1016/s0002-9343(98)00410-0
http://dx.doi.org/10.7326/0003-4819-141-3-200408030-00008
http://dx.doi.org/10.1309/WP59-YM73-L6CE-GX2F
http://dx.doi.org/10.1016/j.ejim.2011.07.003
http://dx.doi.org/10.1097/ACM.0b013e31825373b3
http://dx.doi.org/26633250
http://dx.doi.org/10.1177/1062860613517502
http://dx.doi.org/10.1309/AJCPJOJ3HKEBD3TU
http://dx.doi.org/10.1002/jhm.2354
http://dx.doi.org/10.1002/jhm.2354
http://dx.doi.org/10.1093/ajcp/aqv092
http://dx.doi.org/10.1016/j.amjmed.2015.09.009
http://dx.doi.org/10.1097/ACM.0000000000001149
http://dx.doi.org/10.1016/j.amjmed.2017.02.029
http://dx.doi.org/10.1016/j.amjmed.2016.08.021
http://dx.doi.org/10.14740/jocmr3210w
http://dx.doi.org/10.1186/s12911-017-0574-6
http://dx.doi.org/10.1136/bmjqs-2019-010118
http://dx.doi.org/10.12788/jhm.2869
http://dx.doi.org/10.12788/jhm.2869
http://dx.doi.org/10.2147/CEOR.S167499
http://bmjopenquality.bmj.com/


� 7Yeshoua B, et al. BMJ Open Quality 2023;12:e002128. doi:10.1136/bmjoq-2022-002128

Open access

	38	 Shinwa M, Bossert A, Chen I, et al. Think before you order: 
multidisciplinary initiative to reduce unnecessary lab testing.  
J Healthc Qual 2019;41:165–71. 

	39	 Lapić I, Rogić D, Fuček M, et al. Effectiveness of minimum retesting 
intervals in managing repetitive laboratory testing: experience from a 
croatian university hospital. Biochem Med (Zagreb) 2019;29:030705. 

	40	 Hirota Y, Suzuki S, Ohira Y, et al. The effectiveness of cost reduction 
with charge displays on test ordering under the health insurance 
system in Japan: a study using paper-based simulated cases for 
residents and clinical fellows. Intern Med 2019;58:187–93. 

	41	 Erard Y, Del Giorno R, Zasa A, et al. A multi-level strategy for a long 
lasting reduction in unnecessary laboratory testing: a multicenter 
before and after study in a teaching hospital network. Int J Clin Pract 
2018;73:e13286. 

	42	 Coberly J, Coberly E, Dettenwanger K, et al. Evidence-based 
duplicate order alerts promote effective test utilization and reduce 
unnecessary laboratory testing. Am J Clin Pathol 2019;152:S149. 

	43	 Bindraban RS, van Beneden M, Kramer MHH, et al. Association of 
a multifaceted intervention with ordering of unnecessary laboratory 
tests among caregivers in internal medicine departments. JAMA 
Netw Open 2019;2:e197577. 

	44	 Almeqdadi M, Nair HK, Hill J, et al. A quality improvement project to 
reduce overutilization of blood tests in a teaching hospital.  
J Community Hosp Intern Med Perspect 2019;9:189–94. 

	45	 Wiens EJ, Supel I, Gallardo J, et al. Signage as an intervention on a 
general medicine ward to reduce unnecessary testing. Intern Med J 
2021;51:398–403. 

	46	 Basuita M, Ethier C, Soong C. Reducing inappropriate laboratory 
testing in the hospital setting: how low can we go? JCOM 
2020;27:261–4. 

	47	 Chin K-K, Krishnamurthy A, Zubair T, et al. A minimalist electronic 
health record-based intervention to reduce standing lab utilisation. 
Postgrad Med J 2021;97:97–102. 

	48	 Fisher A, Katumba A, Musa K, et al. Reducing inappropriate blood 
testing in haematology inpatients: a multicentre quality improvement 
project. Clin Med (Lond) 2021;21:142–6. 

	49	 Thurm M, Craggs H, Watts M, et al. Reducing the number of 
unnecessary laboratory tests within Hospital through the use of 
educational interventions. Ann Clin Biochem 2021;58:632–7. 

	50	 McHugh ML. Interrater reliability: the kappa statistic. Biochem Med 
(Zagreb) 2012;22:276–82.

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://bm

jopenquality.bm
j.com

/
B

M
J O

pen Q
ual: first published as 10.1136/bm

joq-2022-002128 on 23 M
arch 2023. D

ow
nloaded from

 

http://dx.doi.org/10.1097/JHQ.0000000000000157
http://dx.doi.org/10.1097/JHQ.0000000000000157
http://dx.doi.org/10.11613/BM.2019.030705
http://dx.doi.org/10.2169/internalmedicine.0738-17
http://dx.doi.org/10.1111/ijcp.13286
http://dx.doi.org/10.1093/ajcp/aqz130.018
http://dx.doi.org/10.1001/jamanetworkopen.2019.7577
http://dx.doi.org/10.1001/jamanetworkopen.2019.7577
http://dx.doi.org/10.1080/20009666.2019.1601979
http://dx.doi.org/10.1080/20009666.2019.1601979
http://dx.doi.org/10.1111/imj.14784
http://dx.doi.org/10.12788/jcom.0027
http://dx.doi.org/10.1136/postgradmedj-2019-136992
http://dx.doi.org/10.7861/clinmed.2020-0250
http://dx.doi.org/10.1177/00045632211040670
http://dx.doi.org/23092060
http://dx.doi.org/23092060
http://bmjopenquality.bmj.com/


Supplement: Search criteria for each database 

 

Cochrane 

ID Search Hits 

#1 ((Unnecessary test*)):ti,ab,kw  

#2 MeSH descriptor: [Unnecessary Procedures] explode all trees 144 

#3 ((Unnecessary lab*)):ti,ab,kw 481 

#4 ((Low-value care)):ti,ab,kw 73 

#5 (((Lab OR laboratory) NEAR/3 overutilization)):ti,ab,kw 1 

#6 (((Lab OR laboratory) NEAR/3 burden)):ti,ab,kw 11 

#7 (((Complete Metabolic Panel OR CMP) NEAR/3 unnecessary)):ti,ab,kw 3 

#8 (((Complete Blood Count OR CBC) NEAR/3 unnecessary)):ti,ab,kw 37 

#9 (((Basal Metabolic Panel OR BMP) NEAR/3 unnecessary)):ti,ab,kw 1 

#10 ((Repetitive NEAR/3 lab*)):ti,ab,kw 4 

#11 ((Redundant NEAR/3 lab*)):ti,ab,kw 2 

#12 ((Unnecessary NEAR/3 laboratory)):ti,ab,kw 21 
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#14 ((Choosing wisely)):ti,ab,kw 72 
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Embase Classic+Embase &lt;1947 to 2021 May 06&gt; 

1 (Unnecessary adj3 test*).mp. [mp=title, abstract, heading word, drug trade name, 
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23 21 and 22 3280 

 

Ovid MEDLINE(R) and Epub Ahead of Print, In-Process, In-Data-Review &amp; 

Other Non-Indexed 

Citations and Daily &lt;1946 to May 06, 2021&gt; 

1 (Unnecessary adj3 test*).mp. [mp=title, abstract, original title, name of substance 

word, subject 

heading word, floating sub-heading word, keyword heading word, organism 

supplementary concept word, 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open Qual

 doi: 10.1136/bmjoq-2022-002128:e002128. 12 2023;BMJ Open Qual, et al. Yeshoua B



protocol supplementary concept word, rare disease supplementary concept word, 

unique identifier, 

synonyms] 2476 

2 (Unnecessary adj3 lab*).mp. [mp=title, abstract, original title, name of substance word, 

subject 

heading word, floating sub-heading word, keyword heading word, organism 

supplementary concept word, 

protocol supplementary concept word, rare disease supplementary concept word, 

unique identifier, 

synonyms] 387 

3 (Low-value care or Low-value test*).mp. 344 

 

4 ((Lab or laboratory) adj3 overutilization).mp. 25 

5 ((Lab or laboratory) adj3 burden).mp. 80 

6 (Complete Metabolic Panel or CMP).mp. [mp=title, abstract, original title, name of 

substance 

word, subject heading word, floating sub-heading word, keyword heading word, 

organism supplementary 

concept word, protocol supplementary concept word, rare disease supplementary 

concept word, unique 

identifier, synonyms] 4640 

7 (Complete Blood Count or CBC).mp. [mp=title, abstract, original title, name of 

substance word, 

subject heading word, floating sub-heading word, keyword heading word, organism 

supplementary 

concept word, protocol supplementary concept word, rare disease supplementary 

concept word, unique 

identifier, synonyms] 8869 

8 (Basal Metabolic Panel or BMP).mp. [mp=title, abstract, original title, name of 

substance word, 

subject heading word, floating sub-heading word, keyword heading word, organism 

supplementary 

concept word, protocol supplementary concept word, rare disease supplementary 

concept word, unique 

identifier, synonyms] 19931 

9 (Repetitive adj3 lab*).mp. [mp=title, abstract, original title, name of substance word, 

subject 

heading word, floating sub-heading word, keyword heading word, organism 

supplementary concept word, 
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protocol supplementary concept word, rare disease supplementary concept word, 

unique identifier, 

synonyms] 172 

10 (Redundant adj3 lab*).mp. [mp=title, abstract, original title, name of substance word, 

subject 

heading word, floating sub-heading word, keyword heading word, organism 

supplementary concept word, 

protocol supplementary concept word, rare disease supplementary concept word, 

unique identifier, 

synonyms] 58 

11 (Lab* adj3 (frequent or frequency)).mp. [mp=title, abstract, original title, name of 

substance word, 

subject heading word, floating sub-heading word, keyword heading word, organism 

supplementary 

concept word, protocol supplementary concept word, rare disease supplementary 

concept word, unique 

identifier, synonyms] 1919 

12 (Unnecessary adj3 laboratory).mp. [mp=title, abstract, original title, name of 

substance word, 

subject heading word, floating sub-heading word, keyword heading word, organism 

supplementary 

concept word, protocol supplementary concept word, rare disease supplementary 

concept word, unique 

identifier, synonyms] 278 

13 (Unnecessary adj3 testing).mp. [mp=title, abstract, original title, name of substance 

word, subject 

heading word, floating sub-heading word, keyword heading word, organism 

supplementary concept word, 

protocol supplementary concept word, rare disease supplementary concept word, 

unique identifier, 

synonyms] 1245 

14 choosing wisely.mp. 927 

15 hospitals/ or hospitals, community/ or hospitals, general/ or hospitals, group practice/ 

or hospitals, 

high-volume/ or hospitals, low-volume/ or hospitals, private/ or hospitals, public/ or 

hospitals, rural/ or 

hospitals, satellite/ or hospitals, special/ or hospitals, teaching/ or hospitals, urban/ or 

mobile health units/ 

or secondary care centers/ or tertiary care centers/ 185811 

16 hospital*.mp. 1690905 
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17 Inpatients/ 23645 

18 inpatient*.mp. 126877 

19 exp Emergency Service, Hospital/ 83902 

20 (emergency department* or ED or emergency room or ER).mp. 264979 

21 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 39349 

22 15 or 16 or 17 or 18 or 19 or 20 1923086 

23 21 and 22 3744 

24 (Unnecessary adj3 test*).mp. [mp=title, abstract, original title, name of substance 

word, subject 

heading word, floating sub-heading word, keyword heading word, organism 

supplementary concept word, 

protocol supplementary concept word, rare disease supplementary concept word, 

unique identifier, 

synonyms] 2476 

25 (Unnecessary adj3 lab*).mp. [mp=title, abstract, original title, name of substance 

word, subject 

heading word, floating sub-heading word, keyword heading word, organism 

supplementary concept word, 

protocol supplementary concept word, rare disease supplementary concept word, 

unique identifier, 

synonyms] 387 

26 (Low-value care or Low-value test*).mp. 344 

27 ((Lab or laboratory) adj3 overutilization).mp. 25 

28 ((Lab or laboratory) adj3 burden).mp. 80 

29 ((Complete Metabolic Panel or CMP) adj3 unnecessary).mp. [mp=title, abstract, 

original title, 

name of substance word, subject heading word, floating sub-heading word, keyword 

heading word, 

organism supplementary concept word, protocol supplementary concept word, rare 

disease 

supplementary concept word, unique identifier, synonyms] 0 

30 ((Complete Blood Count or CBC) adj3 unnecessary).mp. [mp=title, abstract, original 

title, name of 

substance word, subject heading word, floating sub-heading word, keyword heading 

word, organism 

supplementary concept word, protocol supplementary concept word, rare disease 

supplementary concept 

word, unique identifier, synonyms] 1 

31 ((Basal Metabolic Panel or BMP) adj3 unnecessary).mp. [mp=title, abstract, original 

title, name of 
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substance word, subject heading word, floating sub-heading word, keyword heading 

word, organism 

supplementary concept word, protocol supplementary concept word, rare disease 

supplementary concept 

word, unique identifier, synonyms] 1 

32 (Repetitive adj3 lab*).mp. [mp=title, abstract, original title, name of substance word, 

subject 

heading word, floating sub-heading word, keyword heading word, organism 

supplementary concept word, 

protocol supplementary concept word, rare disease supplementary concept word, 

unique identifier, 

synonyms] 172 

33 (Redundant adj3 lab*).mp. [mp=title, abstract, original title, name of substance word, 

subject 

heading word, floating sub-heading word, keyword heading word, organism 

supplementary concept word, 

protocol supplementary concept word, rare disease supplementary concept word, 

unique identifier, 

synonyms] 58 

34 (Lab* adj3 (frequent or frequency)).mp. [mp=title, abstract, original title, name of 

substance word, 

subject heading word, floating sub-heading word, keyword heading word, organism 

supplementary 

concept word, protocol supplementary concept word, rare disease supplementary 

concept word, unique 

identifier, synonyms] 1919 

35 (Unnecessary adj3 laboratory).mp. [mp=title, abstract, original title, name of 

substance word, 

subject heading word, floating sub-heading word, keyword heading word, organism 

supplementary 

concept word, protocol supplementary concept word, rare disease supplementary 

concept word, unique 

identifier, synonyms] 278 

36 (Unnecessary adj3 testing).mp. [mp=title, abstract, original title, name of substance 

word, subject 

heading word, floating sub-heading word, keyword heading word, organism 

supplementary concept word, 

protocol supplementary concept word, rare disease supplementary concept word, 

unique identifier, 

synonyms] 1245 
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37 choosing wisely.mp. 927 

38 hospitals/ or hospitals, community/ or hospitals, general/ or hospitals, group practice/ 

or hospitals, 

high-volume/ or hospitals, low-volume/ or hospitals, private/ or hospitals, public/ or 

hospitals, rural/ or 

hospitals, satellite/ or hospitals, special/ or hospitals, teaching/ or hospitals, urban/ or 

mobile health units/ 

or secondary care centers/ or tertiary care centers/ 185811 

39 hospital*.mp. 1690905 

40 Inpatients/ 23645 

41 inpatient*.mp. 126877 

42 exp Emergency Service, Hospital/ 83902 

43 (emergency department* or ED or emergency room or ER).mp. 264979 

44 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 6049 

45 38 or 39 or 40 or 41 or 42 or 43 1923086 

46 44 and 45 1406 
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Author Year 

 

Title 

Repre

sentat

ivenes

s of 

the 

Expos

ed 

Cohor

t 

Selec

tion 

of the 

non-

expo

sed 

cohor

t 

Asc

erta

inm

ent 

of 

exp

osu

re 

Dem

onstr

ation 

that 

outc

ome 

of 

inter

est 

was 

not 

pres

ent 

at 

start 

of 

stud

y 

Compa

rability 

of 

cohort

s on 

the 

basis 

of the 

design 

or 

analysi

s 

Ass

ess

men

t of 

outc

ome 

Was 

follo

w-up 

long 

enou

gh 

for 

outc

omes 

to 

occu

r 

Adequ

acy of 

follow 

up of 

cohort

s 

Total 

Scor

e 

Thurm 2021 

 Reducing the 

number of 

unnecessary 

laboratory tests 

within hospital 

through the use of 

educational 

interventions 

* * * * * * * * 8 

Fisher 

et al. 
2021 

 Reducing 

inappropriate blood 

testing in 

haematology 

inpatients: A 

multicenter quality 

improvement project 

* * * * * * * * 8 

Chin et 

al. 
2021 

 A minimalist 

electronic health 

record-based 

intervention to 

reduce standing lab 

utilization 

* * * * * * * * 8 

Basuita 

et al. 
2020 

 Reducing 

Inappropriate 

Laboratory Testing in 

the Hospital Setting: 

How Low Can We 

Go? 

* * * * 

  

* * * 7 
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Wiens 

et al. 
2020 

 Signage as an 

intervention on a 

general medicine 

ward to reduce 

unnecessary testing 

* * * * * * * * 8 

Almeqd

adi et 

al. 

2019 

 A Quality 

Improvement Project 

to Reduce 

Overutilization of 

Blood Tests in a 

Teaching Hospital 

* * * * * * * * 8 

Bindrab

an et 

al. 

2019 

 Association of a 

Multifaceted 

Intervention With 

Ordering of 

Unnecessary 

Laboratory Tests 

Among Caregivers in 

Internal Medicine 

Departments 

* * * * * * * * 8 

Coberly 

et al. 
2019 

 Evidence-Based 

Duplicate Order 

Alerts Promote 

Effective Test 

Utilization and 

Reduce 

Unnecessary 

Laboratory Testing 

* * * * * * * * 7 

Erard 

et al. 
2019 

 A multi-level strategy 

for a long-lasting 

reduction in 

unnecessary 

laboratory testing: A 

multicenter before 

and after study in a 

teaching hospital 

network 

* * * * * * * * 8 

Hirota 

et al. 
2019 

 The Effectiveness of 

Cost Reduction with 

Charge Displays on 

Test Ordering under 

the Health Insurance 

System in Japan: A 

Study Using Paper-

based Simulated 

Cases for Residents 

and Clinical Fellows 

* *  * *  * * 6 
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Lapic 

et al. 
2019 

 Effectiveness of 

minimum retesting 

intervals in 

managing repetitive 

laboratory testing: 

Experience from a 

Croatian university 

hospital 

* 

  

* * * * * * 7 

Shinwa

het al 
2019 

 "THINK" Before You 

Order: 

Multidisciplinary 

Initiative to Reduce 

Unnecessary Lab 

Testing 

* * * * * * * * 8 

Faisal 

et al. 
2018 

 Reducing the 

number of 

unnecessary routine 

laboratory tests 

through education of 

internal medicine 

residents 

* * * * * * * * 8 

Bejjank

i et al. 
2018 

 The role of a best 

practice alert in the 

electronic medical 

record in reducing 

repetitive lab tests 

* * * * * * * * 8 

Tsega 

et al. 
2018 

 Bedside Assessment 

of the Necessity of 

Daily Lab Testing for 

Patients Nearing 

Discharge 

* * * * * * * * 8 

Ambast

a, 

Anshul

a 

2017 

Impact of an 

education and 

multilevel social 

comparison-based 

intervention bundle 

on use of routine 

blood tests in 

hospitalized patients 

at an academic 

tertiary care hospital: 

a controlled pre-

intervention post-

intervention study 

* 

  

* * * * * * 7  

Bellodi 

et al. 
2017 

Economic and 

organizational 

impact of a clinical 

decision support 

* * * * * * * * 8  
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system on laboratory 

test ordering 

Gupta 

et al. 
2017 

Results of a Quality 

Improvement Project 

Aimed at Eliminating 

Healthcare Waste by 

Changing Medical 

Resident Test 

Ordering Behavior 

* * 

  

* * 

  

* * 8  

McDon

ald et 

al. 

2017 

Mindfulness-Based 

Laboratory 

Reduction: Reducing 

Utilization Through 

Trainee-Led Daily 

'Time Outs' 

* * * * * * * * 8  

Melend

ez-

Rosado 

et al. 

2017 

Reducing 

unnecessary testing: 

an intervention to 

improve resident 

ordering practices 

* * * * * * * * 8 

Werthei

m et al. 
2017 

 An Educational and 

Administrative 

Intervention to 

Promote Rational 

Laboratory Test 

Ordering on an 

Academic General 

Medicine Service 

* * * * * * * * 8 

Sadow

ski et 

al. 

2017 

 High-Value, Cost-

Conscious Care: 

Iterative Systems-

Based Interventions 

to Reduce 

Unnecessary 

Laboratory Testing 

* * * * * * * * 8 

Tawfik 

et al. 
2017 

 House Officer-Driven 

Reduction in 

Laboratory Utilization 

* * * * * * * * 8 

Iams et 

al. 
2016 

 A Multidisciplinary 

Housestaff-Led 

Initiative to Safely 

Reduce Daily 

Laboratory Testing 

* * * * * * * * 8 

Galovic 

et al. 
2016 

 Minimum retesting 

intervals - application 

through electronic 

order forms on 

* * * * * * * * 8 
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common laboratory 

tests 

Iturrate 

et al. 
2016 

Optimize Your 

Electronic Medical 

Record to Increase 

Value: Reducing 

Laboratory 

Overutilization 

* * * * * * * * 8 

Konger 

et al. 
2016 

Reduction in 

Unnecessary Clinical 

Laboratory Testing 

Through Utilization 

Management at a 

US Government 

Veterans Affairs 

Hospital 

* * * * * * * * 8 

Corson 

et al. 
2015 

 A multifaceted 

hospitalist quality 

improvement 

intervention: 

Decreased 

frequency of 

common labs 

* * * * * * * * 8 

Procop 

et al. 
2015 

 Reducing Duplicate 

Testing: A 

Comparison of Two 

Clinical Decision 

Support Tools 

* * * * 

  

* * * 7 

Vidyart

hi et al. 
2015 

 Changing resident 

test ordering 

behavior: a multilevel 

intervention to 

decrease laboratory 

utilization at an 

academic medical 

center 

* * * * * * * * 8 

Minero

wicz et 

al. 

2015 

 Impact of weekly 

feedback on test 

ordering patterns 

* * * * * * * * 8 

Somme

rs et al. 
2012 

 An educational 

intervention to 

improve cost-

effective care among 

medicine housestaff: 

a randomized 

controlled trial 

* * * * * * * * 8 

Vegting 

et al. 
2012 

 How to save costs 

by reducing 
* * * * * * * * 8 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open Qual

 doi: 10.1136/bmjoq-2022-002128:e002128. 12 2023;BMJ Open Qual, et al. Yeshoua B



unnecessary testing: 

lean thinking in 

clinical practice 

Waghol

ikar et 

al. 

2011 

 Observing 

effectiveness of 

pathology ordering 

controls in 

emergency 

departments 

* * * * * * * * 8 

May et 

al. 
2006 

Reducing 

unnecessary 

inpatient laboratory 

testing in a teaching 

hospital 

* 

  

* * 

  

* * * 6 

Miyakis 

et al. 
2006 

 Factors contributing 

to inappropriate 

ordering of tests in 

an academic medical 

department and the 

effect of an 

educational 

feedback strategy 

 * * * * * * * 7 

Calder

on-

Margali

t et al. 

2005 

 An administrative 

intervention to 

improve the 

utilization of 

laboratory tests 

within a university 

hospital 

* * * * * * * * 8 

Neilson 

et al. 
2004 

 The impact of peer 

management on 

test-ordering 

behavior 

* * * * * * * * 8 

Bates 

et al. 
1999 

 A randomized trial of 

a computer-based 

intervention to 

reduce utilization of 

redundant laboratory 

tests 

* * * * * * * * 8 

Gortma

ker et 

al. 

1988 

A successful 

experiment to reduce 

unnecessary 

laboratory use in a 

community hospital 

* * * * * * * * 8 

Grivell 

et al. 
1981 

Effect of feedback to 

clinical staff of 

information on 

* * * * * * * * 8 
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Supplement Table 1: Newcastle Ottawa Scale 

clinical biochemistry 

requesting patterns 
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Title Author Year Journal 

Total 

study 

duration 

(months) 

Study 

Design 

Intervention(s) 

tested 
Description of Intervention Summary data for each intervention group 

Reducing the number 

of unnecessary 

laboratory tests within 

hospital through the 

use of educational 

interventions 

Thurm 2021 

Annals of 

Clinical 

Biochemistry 

1 month Cohort study Education 

Combination of educational lectures and 

poster intended to incentivize physicians to 

evaluate whether blood testing was clinically 

indicated   

33% reduction (P<0.0001) in laboratory tests 

ordered and about $9,200 in savings. Statistically 

significant reduction at eight of the nine sites where 

the study was undertaken 

Reducing 

inappropriate blood 

testing in haematology 

inpatients: A 

multicenter quality 

improvement project 

Fisher et al. 2021 

Clinical 

Medicine 

(London) 

48 

months 

Control trial 

(non-

randomized) 

Education + 

Policy change 

Blood testing schedule (BTS) and education 

intervention designed by junior physicians 

with 3 PDSA cycles 

24.7% reduction in inappropriate tests with 

estimated cost savings of 38,000 Euros per year 

A minimalist electronic 

health record-based 

intervention to reduce 

standing lab utilization 

Chin et al. 2021 
Postgrad 

Medical Journal 

24 

months 
Cohort study EMR change 

Providers required to specify number of 

laboratory tests in EMR instead of indefinite 

ordering  

CBC with differential decreased by 9% (P<0.0001) 

on General Medicine service 

Reducing 

Inappropriate 

Laboratory Testing in 

the Hospital Setting: 

How Low Can We 

Go? 

Basuita et al. 2020 

Journal of 

Clinical 

Outcomes 

Management 

24 

months 
Cohort study 

Audit and 

feedback + 

Education + EMR 

change 

Restrictions on computer ordering for 

laboratory tests, educating residents on 

appropriate laboratory ordering, and audit 

feedbacking to physicians 

Number of labs per patient per days decreased 

from by 6.7% (1.19 to 1.11; P<0.0001). Average 

cost per case related to laboratory tests decreased 

by 6.2% ($17.24 to $16.17, totaling a cost savings 

of $26,851) 

Signage as an 

intervention on a 

general medicine ward 

to reduce 

unnecessary testing 

Wiens et al. 2020 

Internal 

Medicine 

Journal 

6 months Cohort study Education  
Placing signs describing safe indications for 

lab ordering on physician computers 

Patients on Ward A received less tests compared 

to those on Ward B, the control ward (7.38 vs. 8.20; 

10% reduction, P<0.01) and had less 'sign-

specified tests' per day (6.43 vs. 7.15, 10% 

reduction), CBCs per day (0.80 vs 0.86), and 

'Chem-7s' per day (0.87 vs. 0.96, 10% reduction). 

But not true when compared to historical Ward A 

control. Patients on Ward A were also less likely to 

get 1 or more CBC than ward B (36.1% vs. 42.5%; 

15% reduction, P=0.04). Similar results when 

analyzing patients with LOS between 7-30 days. 

Savings equate to >$10,000 over the 6 months per 

ward  

A Quality 

Improvement Project 

to Reduce 

Overutilization of 

Blood Tests in a 

Teaching Hospital 

Almeqdadi et 

al. 
2019 

Journal of 

community 

Hospital 

Internal 

Medicine 

Perspectives 

6 months Cohort study  Education 
Educational intervention with food 

incentive/team competition 

CBC index decreased by 7.05% from 1.56 (+/- 

0.02) to 1.45 (+/- 0.03, P<0.001). BMP index 

decreased by 21.4% from 1.45 (+/-0.02) to 1.14 (+/-

0.03) (P<0.0001). No impact on hospital LOS or 

mortality 

Association of a 

Multifaceted 

Intervention With 

Ordering of 

Unnecessary 

Laboratory Tests 

Among Caregivers in 

Internal Medicine 

Departments. 

Bindraban et al. 2019 JAMA 
24 

months 
Cohort study 

Audit and 

feedback + 

Education + EMR 

change 

Education, heightened supervision, and 

EMR changes including time restrictions on 

reordering labs 

Hospital 1 (−1.55; 95% CI, −1.98 to −1.11; 

P<0.001), hospital 3 (−0.74; 95% CI, −1.42 to 

−0.07; P=0.03), and hospital 4 (−2.18; 95% CI, 

−3.27 to −1.08; P<0.001) had statistically significant 

changes in slope for laboratory tests 

Evidence-Based 

Duplicate Order Alerts 

Promote Effective 

Coberly et al. 2019 
American 

Journal of 
1 month Cohort study  EMR change 

EMR alerts for duplicate orders from 8 hours 

to custom time intervals based on evidence 

and focus group experience 

914 orders cancelled in 1 month because of 

tailored duplicate order alerts versus the baseline 

mean of 710 (22.3% reduction, 95% CI, 633-786) 
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Test Utilization and 

Reduce Unnecessary 

Laboratory Testing 

Clinical 

Pathology 

and a predicted 552 (39.6% reduction, 95% CI, 

475-628) when adjusted for number of inpatient 

discharges. Most canceled orders were CBCs (530 

accepted alerts). This reduction is equivalent to 

3,092 mL of blood not collected from patients per 

month 

A multi-level strategy 

for a long-lasting 

reduction in 

unnecessary 

laboratory testing: A 

multicenter before and 

after study in a 

teaching hospital 

network 

Erard et al. 2019 

International 

Journal of 

Clinical 

Practice 

36 

months 
Cohort study  

Audit and 

feedback + 

Education 

Open access nonblinded database of order 

rates and educational component quarterly 

11% reduction of daily laboratory tests ordered per 

patient per day (P<0.0001). Also reduced blood 

volume per patient by approximately 7% (P<0.05), 

costs by 17% (P<0.01), and mean LOS by 3% 

(P<0.01) 

The Effectiveness of 

Cost Reduction with 

Charge Displays on 

Test Ordering under 

the Health Insurance 

System in Japan: A 

Study Using Paper-

based Simulated 

Cases for Residents 

and Clinical Fellows 

Hirota et al. 2019 
Internal 

Medicine 

One 

session 

Cohort study 

(Randomized) 
Cost display  

Provided standardized cases with and 

without costs of labs  

Mean value of difference in number of tests and 

cost of tests between non-display and display 

group 4 and 2830-yen (P=0.002) 

Effectiveness of 

minimum retesting 

intervals in managing 

repetitive laboratory 

testing: Experience 

from a Croatian 

university hospital 

Lapic et al. 2019 
Biochemical 

Medicine 

12 

months 
Cohort study  

EMR change + 

Policy change  

Implemented minimum retesting interval 

(MRI) unique to each laboratory test 

included with pop-up if test requested within 

MRI. Pop-up alert allows option to abort or 

override request with reasoning 

Overall, 2.1% reduction in performed biochemistry 

tests with 432,429 biochemistry tests ordered and 

9268 alerts canceled. 38,222 (Eur) annual 

reductions in charges with CBCs accounting for 

17%. 6367 annual reductions in reagent cost-

savings (Eur). Additionally, 90% of CBC alerts 

generated were ignored 

"THINK" Before You 

Order: 

Multidisciplinary 

Initiative to Reduce 

Unnecessary Lab 

Testing 

Shinwa et al. 2019 

Journal for 

Healthcare 

Quality 

14 

months 
Cohort study 

Education + EMR 

change + Policy 

change 

Short, monthly educational initiative 

sessions to housestaff and hospitalists. A 

simple mnemonic, “THINK,” was created. 

Biweekly e-mails were sent and displayed a 

scorecard of the lab testing per each 

teaching team. Admission EMR order sets 

were adjusted to default to a single “next 

day's lab” order. A nurse-driven pathway 

facilitated discussion at time of discharge 

planning initiation 

The intervention decreased the increasing baseline 

trend (post-intervention effect estimate −0.04 labs 

per patient day per month, P<0.05), which was not 

seen in the control unit. Estimated cost savings of 

$6,734 per month, a total of $94,269  

Reducing the number 

of unnecessary 

routine laboratory 

tests through 

education of internal 

medicine residents 

Faisal et al. 2018 
Postgrad 

Medical Journal 

1.8 

months 
Cohort study 

Cost display + 

Education  

Educational presentation explaining benefits 

of reducing the number of routine blood 

tests before the study. Additionally, resident 

reminders at beginning of IM rotations to 

reduce routine blood tests and to provide 

justification for ordered tests. Attending 

physicians were also educated and 

instructed to encourage minimization of 

Median blood test count (CBC/CMP/BMP) 

decreased by 50% (4 to 2 tests per patient per day. 

Noted both a decrease in median LOS (4.9 to 3.9 

days; 21% decrease) and in people requiring 

transfusions (2016: 6.1%, 2017: 2.9%). Median 

LOS reduced by 20.4% from 4.9 to 3.9 and 3.2% 

reduction in people requiring transfusions in the 

following year 
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unnecessary routine laboratory tests. 

Finally, displayed costs of different lab tests 

in resident areas 

The role of a best 

practice alert in the 

electronic medical 

record in reducing 

repetitive lab tests. 

Bejjanki et al. 2018 

Clinic 

economics and 

Outcomes 

Research 

18 

months 
Cohort study  EMR change 

Best Practice Alert (BPA) implemented in 

the EMR as a pop-up for duplicate orders 

18% reduction in duplicate orders post exposure 

with 73,000 Euros in savings 

Bedside Assessment 

of the Necessity of 

Daily Lab Testing for 

Patients Nearing 

Discharge 

Tsega et al. 2018 

Journal of 

Hospital 

Medicine 

12 

months 
Cohort study 

Education + 

Policy change  

Impelling hospitalists to identify stable 

patients and discontinue labs coupled with 

educational rounding discussions  

24-hour prior to discharge lab reduction of 15.5% 

from preintervention average of 50.1% to a 

postintervention average of 34.5%. Similarly, for 

48-hour prior to discharge lab reduction of 20.5% 

from 75.6% to 55.1% 

Impact of an 

education and 

multilevel social 

comparison-based 

intervention bundle on 

use of routine blood 

tests in hospitalized 

patients at an 

academic tertiary care 

hospital: a controlled 

pre-intervention post-

intervention study 

Ambasta, 

Anshula 
2017 

BMJ Quality 

and Safety  

30 

months 

Control trial 

(non-

randomized) 

Audit and 

feedback + 

Education 

Provided individualized feedback that 

specifically included social comparison or 

lab ordering habits with subsequent 

education on safety and consequences of 

overordering 

In intervention group, incidence ratio of ordering 

routine lab tests yielded 0.89 corresponding to an 

11% reduction at the intervention site (CI 0.79 to 

1.00; P=0.048) with cost savings of $68,877 

(P=0.02) 

Economic and 

organizational impact 

of a clinical decision 

support system on 

laboratory test 

ordering 

Bellodi et al. 2017 

BMC Medical 

Informatics and 

Decision 

Making 

6 months 

Control trial 

(non-

randomized) 

EMR change 

Implemented a clinical decision support 

(CDSS) system PROMETEO to measure 

effectiveness on lab and cost reduction 

In the intervention group, 16-17% reduction of lab 

tests ordered and costs in cardiology and medicine 

wards compared to 14% reduction in labs, 20% 

reduction in costs for the cardiology wards, 4% 

increase in labs ordered, 2% increase in costs in 

medicine wards in the control group 

Results of a Quality 

Improvement Project 

Aimed at Eliminating 

Healthcare Waste by 

Changing Medical 

Resident Test 

Ordering Behavior 

Gupta et al. 2017 

Journal of 

Clinical Medical 

Research 

21 

months 
Cohort study 

Audit and 

Feedback + 

Education  

Resident lectures highlighting judicious lab 

ordering, study team designed testing 

algorithm for CBC, BMP, CMP, and study 

team peer-groups to periodically assess 

progress of residents 

Significant decreases in the number of PT/INR 

orders by 20.6%, followed by BMP orders by 

12.4%, and CBC orders by 9.3%. The mortality rate 

increased slightly by 0.5% from 5.3% for the pre-

intervention phase to 5.8% for the selected 

intervention phase  

Mindfulness-Based 

Laboratory Reduction: 

Reducing Utilization 

Through Trainee-Led 

Daily 'Time Outs' 

McDonald et al. 2017 

American 

Journal of 

Medicine 

12 

months 
Cohort study 

Education + EMR 

change + Policy 

change 

Regular physician education combined with 

a forcing function along with a change in 

ordering culture was encouraged. Resident-

led curriculum at monthly quality 

improvement rounds discussion intervention 

and harms of over testing. Additionally, lab 

ordering was restricted to 2 days. Finally, 

daily sign-out changed to include a “time 

out” for any required laboratory testing 

32% reduction in the number of per patient tests 

ordered. CBCs, and electrolyte panels performed 

per patient significantly decreased (P<0.001). 

Reduction of 9.6 tests per patient number of total 

tests (-7.0 to -12.2). The average cost per admitted 

patient decreased by 44% from $117 to $66 with 

estimated savings of $50,657  

Reducing 

unnecessary testing: 

an intervention to 

Melendez-

Rosado et al. 
2017 

Postgrad 

Medical Journal 

12 

months 
Cohort study 

Cost display + 

Education 

A short teaching session for internal 

medicine residents was held in December 

2014, in which the quality improvement 

29.41% reduction in CBC with differentials 

(P<0.0001, SD=2.2) with no difference in mortality. 

But statistically significant decrease in readmission 
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improve resident 

ordering practices 

team presented the current literature 

encompassing laboratory ordering practices 

rate (P=0.008) in the intervention group. The 

overall mean cost for all laboratory tests was US 

$632.40 per patient hospitalization, but no 

statistical difference occurred in the overall cost for 

all three months between the control and 

intervention groups (P=0.14) 

An Educational and 

Administrative 

Intervention to 

Promote Rational 

Laboratory Test 

Ordering on an 

Academic General 

Medicine Service 

Wertheim et al. 2017 

American 

Journal of 

Medicine 

2 months 
Control trial 

(Randomized) 

Education + EMR 

change + Policy 

change  

Educational intervention on first day of each 

block to review ordering guidelines.  

Ordering individuals were encouraged to not 

automatically order recurring daily labs. Also 

asked to include section in daily progress 

notes to track labs needed for following day 

9% decrease in aggregate laboratory utilization 

with rate ratio of 0.91 (P= 0.02; CI 0.84 – 0.98). 

This reduction appeared to be due to decreased 

BMP and constituent studies (Na, K, Cl, CO2, BUN, 

Cr, glucose) and CBC without differential 

High-Value, Cost-

Conscious Care: 

Iterative Systems-

Based Interventions to 

Reduce Unnecessary 

Laboratory Testing 

Sadowski et al. 2017 

American 

Journal of 

Medicine 

24 

months 

Cohort study 

(randomized) 

Cost display + 

EMR change  

Changed EMR to adjust order sets by 

allowing labs to be drawn only one time at 

admission if not taken in the ED. Also 

display costs of lab tests next to order 

Reduction in labs by 15.56% from 13829 to 11677 

and total labs per day by 19.43% from 4.99 to 4.02 

(P<0.001) for Intervention 1. Intervention 2 had no 

significant change in total labs, but reduced by 

15.43% from 4.99 to 4.22 labs per patient per day 

(P<0.001) 

House Officer-Driven 

Reduction in 

Laboratory Utilization 

Tawfik et al. 2017 

Southern 

Medicine 

Journal 

10 weeks Cohort study 
Cost display + 

Education 

Posted cost of labs as well as lab ordering 

frequency weekly (as well as change from 

week prior). Also held educational 

conferences for residents 

Mean lab tests for residents had a 7.01% reduction 

and decreased by 0.39 per patient per day 

(P<0.0001). Mean charge by residents decreased 

by $27 per patient per day. Mean lab tests by 

hospitalists decreased by 0.18 (nonsignificant) and 

mean charge by hospitalists decreased by $30 per 

patient per day (nonsignificant) 

A Multidisciplinary 

Housestaff-Led 

Initiative to Safely 

Reduce Daily 

Laboratory Testing 

Iams et al. 2016 
Academic 

Medicine 

10 

months 

Control trial 

(non-

randomized) 

Cost display + 

Education 

20-minute oral presentation describing HVC 

principles and test ordering practices. 

Distributed pocket-size cards displaying lab 

test charges and educational flyer 

highlighting the Choosing Wisely 

recommendations supporting the initiative 

were distributed Weekly data feedback e-

mails comparing their daily lab ordering 

rates and goals (20% daily BMP and CMP 

ordering goal on GM and surgical staff, 10% 

on hospitalist services) 

Mean BMP tests per patient per day decreased by 

28.3% (95% CI 0.17-0.29) for housestaff and 

36.2% (95% CI 0.09-0.21) for hospitalists. CBCs 

decreased by 26.9% (95% CI 0.23-0.33) for 

housestaff, 35.5% (95% CI 0.03-0.13) for 

hospitalists. Lab-free days increased by an 

additional 4.1 percentage points (95% CI 2.1-6.1) 

for housestaff and 9.7 percentage points (95% CI 

6.6-12.8) for hospitalists 

Minimum retesting 

intervals - application 

through electronic 

order forms on 

common laboratory 

tests 

Galovic et al. 2016 SIGNA VITAE 1 month Cohort study EMR change 

Notification in EMR system for inappropriate 

ordering based on preset criteria for minimal 

retesting intervals  

7% of all tests requested reduced (1,517 requests 

were cancelled), 37% of alerted tests and 36% of 

CBC's alerted were reduced 

Optimize Your 

Electronic Medical 

Record to Increase 

Value: Reducing 

Laboratory 

Overutilization 

Iturrate et al. 2016 

American 

Journal of 

Medicine 

24 

months 

Cohort study 

(Randomized) 
EMR change 

Restrictions on repetitive daily labs in the 

EMR 

8.5% (P<0.001) to 20.9% (P <0.001) reduction in 

tests per patient per day with cost savings of 

$32,489 
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Reduction in 

Unnecessary Clinical 

Laboratory Testing 

Through Utilization 

Management at a US 

Government Veterans 

Affairs Hospital 

Konger et al. 2016 

American 

Journal of 

Clinical 

Pathology 

36 

months 
Cohort study  EMR change 

Implementation of filters for ordering labs 

within the EMR 

Year 1, year 2, and year 3 resulted in 5.07%, 

12.37%, and 16.11% reduction in total labs 

ordered, respectively. Estimated projected savings 

of $469,162 over the 3-year intervention 

A multifaceted 

hospitalist quality 

improvement 

intervention: 

Decreased frequency 

of common labs. 

Corson et al. 2015 

Journal Of 

Hospital 

Medicine 

7 months Cohort study 

Audit and 

feedback + 

Education 

Monthly email describing educational 

component and transparent audit and 

feedback of lab ordering within hospitalist 

cohort 

The number of labs ordered per patient decreased 

by 10.7% from 2.06 (SD of 1.40; P<0.01) per 

patient per day to 1.84. Nonsignificant changes in 

mortality and blood transfusion volume, LOS, and 

readmission rates. Hospital costs decreased from 

$16.19 per admission, totaling $151,682  

Reducing Duplicate 

Testing: A 

Comparison of Two 

Clinical Decision 

Support Tools 

Procop et al. 2015 

American 

Journal of 

Clinical 

Pathology 

12 

months 
Cohort study  

Audit and 

feedback + EMR 

change + Policy 

change 

EMR Smart Alert and Hard Stop alert that 

would block tests deemed to be 

unnecessary. Both alerts notified the 

ordering provider that the test ordered was a 

duplicate. The result from the previously 

ordered test was embedded in the alert 

screen, if available 

The Hard Stop alert was significantly more effective 

than the Smart Alert (92.3% vs 42.6%, respectively; 

P<0.0001). $16.08 was saved per Hard Stop alert 

and $3.52 per Smart Alert 

Changing resident test 

ordering behavior: a 

multilevel intervention 

to decrease laboratory 

utilization at an 

academic medical 

center 

Vidyarthi et al. 2015 

American 

Journal of 

Medical Quality 

36 

months 
Cohort study  

Audit and 

feedback + 

Education + EMR 

change 

System change, teaching, social marketing, 

academic detailing, incentive-based, audit 

and feedback 

Year 1 (2009) actual test volume of 184,871, cost-

savings of ($167,859.30), readmission rate or 

12.16% and mortality of 2.24%. In year 1, CBC and 

CBC with differential decreased by 7.0% from 1.07 

to 0.99 tests per inpatient day. Year 2 (2010) total 

test ordering decreased by 8.1% with actual test 

volume of 1,409,993 cost-savings of $931,942.50, 

readmission rate of 12.41% and mortality of 2.12%. 

Year 3 (2011) total test volume decreased by same 

8% but unchanged from prior year with actual test 

volume of 1,411,262, cost-savings of $918,315.00, 

readmission rate of 1.92% and mortality of 2.07% 

Impact of Weekly 

Feedback on Test 

Ordering Patterns 

Minerowicz et 

al. 
2015 

American 

Journal of 

Managed Care 

18 

months 
Cohort study 

Audit and 

feedback + 

Education 

Educational session on laboratory utilization 
emphasizing consequences of 
overutilization on cost and safety. 5-minute 
refresher sessions with regular reminders 
and discussions of overall progress were 
included in monthly resident meetings. 
Weekly graphs reporting the total number of 
tests ordered per de-identifier and were 
grouped according to resident to allow 
comparison with peers in same level of 
training 

Net reduction of 21% in tests ordered—an average 
of 941 tests per week 
 

An educational 

intervention to 

improve cost-effective 

care among medicine 

housestaff: a 

randomized controlled 

trial 

Sommers et al. 2012 

Journal of the 

Association of 

American 

Medical 

Colleges; 

Academic 

Medicine 

2 months 
Control trial 

(randomized) 

Cost display + 

Education 

Residents reviewed hospital bill of patients 

they cared for learn ordering effects on 

costs 

No significant cost difference noted. No statistically 

significant outcomes except continued exposure to 

residents of concepts of cost-effectiveness in follow 

up survey (P=0.041) and higher readmission rates 

in the intervention group (P=0.01) 
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How to save costs by 

reducing unnecessary 

testing: lean thinking 

in clinical practice 

Vegting et al. 2012 

European 

Journal of 

Internal 

Medicine 

12 

months 
Cohort study 

Cost Display + 

Education + EMR 

change + Policy 

change 

Supervising consultants advised to pay 

even more critical attention to lab ordering 

as to diagnostic ordering. Also unbundling of 

panel tests (clinicians instructed to follow 

national guidelines for Dutch physicians for 

lab ordering duration in specific chronic 

disease patients). Printing posters and 

pocket cards with pricing information of 

diagnostic tests as well as presentations of 

6 weekly reports of ordered diagnostic tests 

230,000 euros savings in laboratory testing 

(P<0.02). No evident changes for mortality, hospital 

readmission, or HbA1c levels 

Observing 

effectiveness of 

pathology ordering 

controls in emergency 

departments 

Wagholikar et 

al. 
2011 

Studies in 

health 

technology and 

informatics 

9.2 

Months 

(40 

weeks) 

Cohort study 
Education + 

Policy change  

"Traffic light system" pathology request form 

and Health Data Integration (HDI) to 

automatically analyze orders 

"'Traffic Light System' and Pathology request form" 

led to 9.93% reduction in FBC tests from 42.3 to 

38.1 tests per 100 patients (P=0.001) 

Reducing 

unnecessary inpatient 

laboratory testing in a 

teaching hospital 

May et al. 2006 

American 

Journal of 

Clinical 

Pathology 

24 

months 
Cohort study EMR change 

Limiting Phlebotomy and Test Orders to 24 

Hours on Previously Identified, Frequently 

Recurring Inpatient Laboratory Tests (multi-

pronged approach) 

12% reduction in inpatient testing (72,639 tests) 

between fiscal year volume data from before (2002-

2003) and after (2003-2004) 

Factors contributing to 

inappropriate ordering 

of tests in an 

academic medical 

department and the 

effect of an 

educational feedback 

strategy 

Miyakis et al. 2006 
Postgrad 

Medical Journal 
6 months Cohort study 

Audit and 

feedback + Cost 

Display + 

Education 

The medical staff was informed about their 

test-ordering behavior, cost awareness and 

the factors associated with overuse of 

diagnostic tests 

The avoidable tests per patient per day significantly 

decreased by 21.40% from 2.01 to 1.58 tests per 

patient per day (P=0.002). However, containment 

of unnecessary ordering of tests gradually waned 

during the semester after the intervention 

An administrative 

intervention to 

improve the utilization 

of laboratory tests 

within a university 

hospital 

Calderon-

Margalit et al. 
2005 

International 

Journal for 

Quality in 

Health Care 

12 

months  
Cohort study 

Education + 

Policy change  

Restricting test ordering in addition to 

educational intervention on detriments of 

repetitive lab testing 

Average biochemistry ordering request reduced by 

17.1% from 3 years prior to intervention (467,038 to 

386,948; 95% CI: 16.8–17.5%). The average 

number of tests ordered per 100 hospital days 

reduced by 19% (591 to 479; 95% CI: 18.8–

19.2%). Hematology tests reduced by 7.6% per 

100 hospital days (P<0.009). All 12 tests (urea, 

albumin, electrolytes, bilirubin (total), glucose, 

amylase, uric acid, protein (total), AST, ALT, 

Cholesterol (total), creatinine also changed 

postintervention (P<0.009) 

The impact of peer 

management on test-

ordering behavior 

Neilson et al. 2004 

Annals of 

Internal 

Medicine 

24 

months 
Cohort study EMR change 

Modifying software for the care provider 

order entry (CPOE) system. A daily alert 

was initiated that asked providers whether 

they wanted to discontinue tests scheduled 

past 72 hours. Next, serum metabolic panel 

tests were unbundled (sodium, potassium, 

chloride, bicarbonate, glucose, blood urea 

nitrogen, and creatinine tests) 

Voluntary reduction of testing after three days 

reduced metabolic panel component tests by 24% 

(P=0.02). Unbundling panel tests resulted in an 

additional 51% decrease for metabolic panel 

component tests (P<0.001). Incidence of patients 

with abnormal targeted blood chemistry levels after 

two days decreased post-intervention (P=0.02). 

Postintervention-adjusted coefficients of variation 

decreased for metabolic panel component 

estimates (P=0.03). Readmission rates, ICU 

transfers, hospital LOS, and mortality were 

unchanged 
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Supplementary Table 2: Studies that met criteria for inclusion in the systematic review9-49 

 

 

A randomized trial of a 

computer-based 

intervention to reduce 

utilization of redundant 

laboratory tests 

Bates et al. 1999 

American 

Journal of 

Medicine 

4 months 
Cohort study 

(randomized) 
EMR change 

Reminders were provided for previously 

performed or pending tests. Results were 

provided if available 

In the intervention group, 69% (300/437) of tests 

were canceled. Of 137 overrides, 41% appeared 

justifiable. Less redundant tests were performed in 

the intervention group than the control group (51% 

in control group versus 27% in intervention group; 

P<0.0001) 

A successful 

experiment to reduce 

unnecessary 

laboratory use in a 

community hospital 

Gortmaker et 

al. 
1988 Medical Care 

60 

months 
Cohort study  

Audit and 

feedback + 

Education 

Identification of personal ordering habits and 

educational meetings discussing 

consequences of overordering labs 

14% reduction (1.4 tests per patient per day) and 

8% decrease in lab costs. There was a statistically 

significant decrease in CHEM profiles ordered 

during study and increase in alternatives 

Effect of feedback to 

clinical staff of 

information on clinical 

biochemistry 

requesting patterns 

Grivell et al. 1981 
Clinical 

Chemistry 

12 

months 
Cohort study  

Audit and 

feedback + Cost 

display 

Audit and feedback every 4-weeks including 

histograms of number and costs of labs 

ordered 

Monthly auditing and feedback did not decrease 

number of labs ordered 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open Qual

 doi: 10.1136/bmjoq-2022-002128:e002128. 12 2023;BMJ Open Qual, et al. Yeshoua B


	Interventions to reduce repetitive ordering of low-­value inpatient laboratory tests: a systematic review
	Abstract
	Introduction﻿﻿
	Methods
	Systematic review registration
	Inclusion and exclusion criteria
	Search strategy
	Risk of bias
	Study records

	Results
	Qualitative results
	Audit and feedback
	Cost display
	Education
	EMR change
	Policy change
	Single intervention versus multiple interventions
	Sustainability
	Randomised controlled trials

	Discussion
	References


