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Abstract: Laboratory and radiographic tests are often ordered
unnecessarily. This excess testing has financial costs and is
a burden on patients. We performed a systematic review
to determine the effectiveness interventions to reduce test
utilization by physicians. The MEDLINE and EMBASE databases were searched for the years 1946 through to September
2013 for English articles that had themes of test utilization
and cost containment or optimization. Bibliographies of
included papers were scanned to identify other potentially
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relevant studies. Our search resulted in 3236 articles of
which 109 met the inclusion criteria of having an intervention aimed at reducing test utilization with results that could
be expressed as a percent reduction in test use relative to the
comparator. Each intervention was categorized into one or
more non-exclusive category of education, audit and feedback, system based, or incentive or penalty. A rating of study
quality was also performed. The percent reductions in test
use ranged from a 99.7% reduction to a 27.7% increase in test
use. Each category of intervention was effective in reducing
test utilization. Heterogeneity between interventions, poor
study quality, and limited time horizons makes generalizations difficult and calls into question the validity of results.
Very few studies measure any patient safety or quality of care
outcomes affected by reduced test use. There are numerous
studies that use low investment strategies to reduce test utilization with one time changes in the ordering system. These
low investment strategies are the most promising for achievable and durable reductions in inappropriate test use.
Keywords: audit and feedback; education; laboratory utilization; reducing; test use.

Introduction
Healthcare spending in has increased in both relative and
absolute terms over the past several decades [1, 2]. This
increase has been seen in many countries and will be
unsustainable if the trend continues at the present rate
[3]. Laboratory and radiographic testing is a promising
target for reducing spending because many of the tests
ordered by physicians are suspected to be unnecessary;
in some studies, 95% of tests performed are inappropriate
as judged by criteria of redundancy or their probability of
adding value to patient care [4].
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The perceived prevalence of inappropriate laboratory
utilization has prompted many attempts to reduce test
utilization. Several systematic and narrative reviews have
been published on this topic [5–8]. The most recent review,
published in 1998, used a behavioral framework to classify interventions and found that targeting multiple behavioral factors was more successful than targeting a single
factor [8]. However, this review only dichotomized study
outcomes by statistical significance, making it difficult to
understand the utility of these interventions. Other reviews
used categories of education, audit and feedback or other
but were unable to make generalizations about which
strategy is most effective because of differences within
each category of intervention, a wide range of effects, and
lack of a common measure [5, 6]. To date, no review has
quantitatively compared the influence of various interventions on test utilization reduction. In addition, previous
reviews have not examined investments required to implement these interventions. For these reasons, we performed
a systematic review to determine the effectiveness of all
interventions to reduce test utilization by physicians.

for eligibility by three researchers (DK, PR, JM). All
abstracts reporting on the effect of an intervention on
laboratory utilization were selected for full text review.
This initial stage was intentionally liberal; we discarded
only abstracts that clearly were not reporting inventions
aimed at reducing test utilization. Full text articles were
then assessed by one reviewer (DK) with verification by
two reviewers (PR, JM) to determine if the study met the
specified inclusion criteria. Inclusion criteria included: 1)
study population had to include physicians; 2) the aim of
the intervention was the modification of test utilization; 3)
a comparator arm (either standard care or no intervention)
was needed; and 4) the study had to quantify laboratory
test utilization with and without the intervention so that
a percent change could be calculated. All study designs
were considered within this review.

Intervention classification

We performed a systematic review following a predetermined protocol in accordance with published guidelines
for reporting of systematic reviews of randomized controlled trials [9]. We identified all potentially relevant
articles published in English by searching Medline (1946
through September 2013) and Embase (1947 through September 2013). Searches were enhanced by systematically
scanning bibliographies of identified articles and relevant
review articles as well as articles deemed by PubMed to
be related to the included studies. To search electronic
databases, we used the strategy recommended for systematic reviews of interventional studies [10] and specified two comprehensive search themes (Online-Appendix
1). Theme 1 identified relevant terms related to laboratory
utilization. Theme 2 related to optimization and cost containment. We then combined the two datasets using the
Boolean operator ‘and’ and limited the intersection to
human studies.

Interventions used to effect physician laboratory ordering practices were categorized into one or more of the
following non-exclusive categories:
1. Educational interventions in which appropriate test
ordering (including the distribution of guidelines)
was taught to physicians;
2. Audit and feedback interventions in which physicians
were presented their test utilization compared to their
previous utilization or peer utilization or the total
costs of the tests they ordered;
3. System-based interventions involving one-time,
permanent changes to test ordering processes
including: order form modifications; computer order
entry systems with rules disallowing test ordering in
specific circumstances; and clinical decision support
systems (CDSS) in which an interactive computer
system forces physicians to integrate previous
knowledge about the patient and/or the medical
literature into the test ordering process; and
4. Incentive or penalty interventions in which physicians
received rewards or punishments for certain test
ordering practices. For each intervention, we
also determined whether the targeted physicians
were actively engaged during the intervention’s
development [8].

Study selection

Data extraction and quality assessment

Relevant articles were selected from the retrieved studies
using a two-phase process. Abstracts were first reviewed

For each study, we extracted information on publication
year, country of origin, study design (randomized two-arm

Methods
Data sources and searches
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trials, before and after studies, prospective cohort), the
healthcare providers targeted and the tests targeted
for reduction. We recorded characteristics of the study
intervention(s) along with its duration. We assessed study
quality using an adapted version of the Effective Practice
and Organization of Care (EPOC) Cochrane guidelines
for interventional studies [11]. In particular, we assessed
whether: patients and providers were similar across intervention and comparator groups; a randomized control
group was used within the study, there was sufficient detail
to describe the intervention, there was risk of contamination between the intervention and comparator groups,
and whether a time-series analysis was performed. Lastly,
we assessed whether studies measured any patient safety
outcome that could be affected by reducing test utilization.

Results

Statistical analysis

Study quality

The unit of analysis was the intervention, with some
studies having more than one intervention. The effectiveness of interventions was summarized using the percent
relative reduction in test volume for the intervention group
relative to the comparator group. This was calculated as:

Study quality is summarized in Online-Appendix 2. Of
the 109 studies, 14 (12.8%) had a randomized design and
37 (33.9%) provided evidence that patients were similar
between groups. Time-series analysis was performed
in only 11 (10.1%) studies. Interventions were described

Our search generated 3236 unique citations. Following the
initial screening and full-text review, 109 unique studies
that included 119 interventions were included in the systematic review (Figure 1) [12–121]. Study characteristics
and brief descriptions of each intervention are shown in
Table 1. Ninety-three studies (85.3%) used before-after
designs, 2 (1.8%) were non-randomized prospective trials,
and 14 (12.8%) were randomized controlled trials. Studies
were published between 1974 and 2013 with 61 studies
(56.0%) performed in North America, 27 (24.8%) in Europe,
11 (10.1%) Australasia, and 10 (9.2%) in other regions.
Studies used very limited time horizons with only 15 of 109
studies (13.8%) measuring intervention effects beyond 1 year.

(# of tests in comparator group) − (# of tests in intervention group)
(# of tests in comparator group)
Given the variability in the types of interventions,
duration of interventions, targeted tests, and patient
populations, we did not conduct a meta-analysis. Instead,
a descriptive analysis of the relative reductions was performed using medians and inter-quartile ranges (IQR) to
summarize effects across the various intervention types.
We also documented when these reductions in a particular study were statistically significant. Results were stratified by categories of interventions (educational, system
based, audit/feedback and incentive and penalty) and
were visualized using box plots. Stratifications were then
conducted by additional interventional factors within
each category and by measures of study quality and statistical significance. The effect of physician involvement
was also measured across interventions. Finally sensitivity analyses were conducted to assess the effect of interventions that targeted four or more tests.
In order to highlight the interventions with the best
return on investment we included a narrative review of
interventions with the largest reductions in test utilization
as well as the most effective system-based interventions targeting four or more tests. All analyses were performed using
Stata version 13.0 (Stata Corp., College Station, TX, USA).

adequately to be reproducible in 88 (80.7%) studies. Test
utilization was reported with the patient or the encounter as the unit of analysis in 79/109 (72.5%) studies with
the rest using the physician or the group of physicians
working that location as the unit of analysis.

Intervention components
Of 119 interventions, 51 (42.9%) had an educational component, 54 (45.4%) had a system-based component, 41
(34.5%) had an audit feedback component, with only
one (0.8%) using incentive or penalty. Physicians were
involved in the development of interventions in only 17
(14.3%) interventions. Thirty-two (26.9%) interventions
were multifaceted, being classified into more than one of
the four main intervention categories. A measure of patient
safety or quality of care was included in 13 (11.9%) studies.

Intervention effects
The percent relative reductions in laboratory utilization
ranged from a +99.7% (a reduction in the test volumes)
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3236 citations (Medline: 1554; EMBASE: 1633) identified from
electronic searches bibliography searching

49 relevant articles identified
through bibliographic search
of included papers

2964 citations excluded (Studies did not
report on interventions related to
laboratory utilization, or did not contain
original data)

272 studies that passed initial
screen and were retrieved for
further scrutiny

163 studies excluded:
- No intervention to reduce utilization
- Did not report on outcomes of interest

109 studies included
in systematic review

Figure 1 Selection of articles in systematic review.
The search was performed in September of 2013.

to –27.7% (an increase in test volume). Table 2 displays the percent relative reductions in test volume for
each intervention and their sub-categories. Interventions with an educational component had the highest
median relative reduction in test volume at 34.5% (IQR
16.5–49.0) while audit feedback or system-based interventions had a relative reduction of 22.0% (8.6–34.6)
and 22.2% (3.6–68.3), respectively (Figure 2). The single
incentive and penalty intervention had a 5.8% relative
reduction.
Thirty-three (27.7%) of the interventions targeted three
or fewer tests, while 86 (72.3%) targeted four or more tests.
The median relative reduction for interventions that targeted three or fewer tests was 40.2% (IQR 23.7–52.8) while
that targeting four or more tests was 18.8% (IQR 8.2–28.5)
(Figure 3). Thirty interventions (25.2%) used multiple
interventions; these multifaceted interventions had
larger reductions in test use with a median relative reduction in test volume of 32.7% (IQR 15.1–47.5) versus 21.4%
(IQR 9.5–33.3) for interventions that were classified into a
single category. Interventions for which physicians were
engaged during the intervention development had similar
median relative reductions as interventions without physician input.

Finally, we found important differences in the relative reductions across quality indicators (Table 3). Most
notably, the effect of interventions was less if a study
reported a reduction in test utilization per patient rather
than reduction per institution or physician group and
studies with a concurrent control group had smaller
reductions. Unexpectedly there were larger relative reductions in studies that had a risk of contamination between
the experimental and control groups.

Interventions with the largest effects
We found extensive heterogeneity in the components that
made up each intervention, how interventions were implemented, the study setting, and the tests that were targeted
for reduction. Meaningful generalizations across intervention types is therefore difficult; so the interventions with
the largest relative reductions in test volume are described
here (Table 1). The studies by Froom et al. and Lewandrowski et al. attained the largest relative reductions with
both targeting a single test. Froom et al. changed laboratory policy so that urine microscopy was done only if
specifically requested by the physician; this resulted in

Country

USA

USA

Israel

Switzerland

USA

Italy

USA

USA

Author Year

Amukele 2011

Archambault
2011

Attali 2006

Barazzoni 2002

Bareford 1990

Baricchi 2012

Barie 1995

Bates 1999

All physicians

All medical staff in
the ICU

General
practitioners

All physicians
seeing patients
pre-operatively
for elective
procedures
All medical staff:
consultants and
junior house staff

Resident
physicians

Physicians
working in
surgery,
hematology, and
internal medicine
All physicians

Healthcare
workers targeted

Single
teaching
hospital
Single
teaching
hospital

4 primary
care clinics

Single
community
hospital

6 community
hospitals
with surgery
facilities

Single
teaching
hospital
Single
teaching
hospital

Single
teaching
hospital

Site

Table 1 Study characteristics and description of interventions.

Before-after

Before-after

Comparator

Definitions of a redundant test were
created. The computer order entry
system created reminders when tests
were ordered that were redundant

Randomized
trial

Monthly usage statements were
Before-after
distributed to physicians. Guidelines
on appropriate testing were distributed
and some tests were canceled if
inappropriate
Testing algorithms for 7 common clinical Before-after
scenarios were developed. Physicians
were then educated about the algorithms
and told to use them
Testing pathways were introduced and
Before-after
audit and feedback was done monthly

Educational lecture about excessive
Before-after
and inappropriate testing; tests were
unbundled on the request form; a senior
physician gave feedback about ordering
practices
All stakeholders were involved in
Before-after
a guideline creation process. The
guidelines were then adopted as hospital
policy

The order form was modified with some
tests being bundled and others being
unbundled. Physicians who were high
users were educated about coagulation
tests and an algorithm was distributed
ESR testing was no longer performed

Intervention

X

X

X

X

X

X

X

E

X

X

X

X

X

X

X

X

S A

Category of
Intervention

I

Electrolytes, urinalysis,
digoxin, tobramycin,
aminophyline, vancomycin,
and gentamycin levels,
urine, sputum and stool
cultures, Clostridium difficile
testing, fibrin split products

All blood tests and chest
radiographs

All blood tests

CBC, ESR and PT

All pre-operative tests

All blood tests

ESR and CRP

PT, PTT, TT and fibrinogen

Targeted tests

0.1

34.6

4.7

62.1

26.1a

34.5a

47.5

77.8

Relative
reduction
of targeted
tests
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Country

USA

USA

USA

Belgium

Scotland

Canada

Australia

Israel

Author Year

Bates 1997

Berenholtz 2001

Berwick 1986

Boon-Falleur
1995

Buckingham
1994

Bunting 2004

Burnett 1991

CalderonMargalit 2005

(Table 1 Continued)

200 physicians
who ordered the
most tests in 1997
All physicians
requesting blood
work from a single
medical laboratory
All physicians

All physicians

Physicians
working on liver a
transplant unit

35 internists

Physicians
working in a
surgical ICU

All physicians

Healthcare
workers targeted

Costs were displayed for each test that
was ordered.

Intervention

Single
teaching
hospital

X

Before-after

Randomized
controlled
trial
Before-after

Before-after

X

X

Before-after

Before-after

X

X

E

X

X

X

X

X

X

S A

Category of
Intervention

Before-after

Before-after

Before-after

Comparator

Several interventions including
Before-after
mandatory consultation prior to ordering,
education, restriction or elimination of
various tests

Single private All laboratory tests were unbundled so
medical
they had to be ordered individually
laboratory

Clinical pathways were created for
various surgical problems. Appropriate
laboratory testing was suggested by the
pathway
Single health Doctors met to discuss the use of
management particular tests and journal articles were
organization distributed on the use of these tests
Clinicians received individualized
feedback on their rates of test ordering
compared to their peers and their rank
relative to their peers
Physicians were ranked by the
proportion of tests they ordered that
were abnormal. Each physician was then
given their rank
Pediatric liver A rule based decision support
unit
application decided on the next day’s
laboratory tests based on previous
results
All hospitals
Justification for tests ordered had to be
in a single
given. Specifics on how this was done
city
are not given
Single
Feedback on test usage was given four
province
times over a 2-year period

Single
teaching
hospital
Single
teaching
hospital

Site

I

All blood tests

All blood tests

All blood tests

All biochemical blood tests

All blood tests

ESR, T4, serum glucose,
heterophile antibody
testing, ANA, SLE
preparation, RF, liver
enzymes, cholesterol
levels, radiographs of
peripheral bones and
chest, ECGs

All blood tests and the 35
most common radiologic
tests
All laboratories included in
the pathway

Targeted tests

19.0a

18.8a

7.8a

1.4

24.9

–4.1

14.2a

0.2

–6.8

4.1

Relative
reduction
of targeted
tests
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Country

USA

USA

USA

Australia

USA

USA

USA

Canada

Author Year

Carson 1995

Carter 2002

Chen 2003

Chu 2012

Chu 1996

Cohen 1982

Davidoff 1989

Detsky 1986

(Table 1 Continued)

24 medical
interns entering a
university training
program
All attending
physicians

All physicians
working on the
teaching units

Physicians taking
care of trauma
patients

Medical students
and residents

Physicians
sending
specimens to the
lab
All Physicians
ordering selected
tests

All physicians

Healthcare
workers targeted

20 teaching
hospitals
in a single
province

Single
teaching
hospital

4 clinical
teaching
units at
a single
teaching
hospital

Single
teaching
hospital
Single
teaching
hospital

Single
teaching
hospital

Single
teaching
hospital

Single
teaching
hospital

Site

Comparator

Lectures on probability and test
characteristics were compared to
placebo lectures on economics and cost
control
Residents and interns went on strike for
7 days in 1980

The cost of all blood tests ordered were
given to each team weekly

The cost of all imaging tests ordered
were given to each team weekly

Before-after

Randomized
controlled
trial

Randomized
controlled
trial
Randomized
controlled
trial

A reminder on the half-life of various
Before-after
anti-epileptic drugs was shown on
the computer when repeat levels were
requested in a short time period
Selected tests were restricted and
Before-after
required a senior staff member to sign off
on them prior to being ordered
A liberal admission algorithm with
Before-after
extensive testing was compared to
physicians only ordering tests they
thought necessary

An algorithm that automatically
Before-after
restricted fibrin degradation product
testing and instead used D-dimer testing
for suspected DIC
All test requests were reviewed by a more Before-after
senior physician

Intervention

X

X

E

X

X

X

X

X

X

X

X

S A

Category of
Intervention

I

All blood tests

All blood tests

Coagulation tests, thyroid
function tests, ESR and
d-dimer
Hematology, chemistry
and coagulation profile,
urinalysis, blood gas, blood
alcohol level, type and
screen
CXR, CT scans, US and liver
scans
All blood tests

Anti epileptic drug levels

All laboratories that
cost > $75 USD

D-Dimer and fibrin
degradation products

Targeted tests

8.3a

16.5a

24.7a

12.9

68.3

7.5a

23.4a

23.0

48.3a

Relative
reduction
of targeted
tests
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USA

USA

France

France

England and General
Scotland
Practitioners

USA

USA

USA

Dixon 1974

Dowling 1989

Durand-Zaleski
1993

Durieux 2003

Eccles 2001

Eisenberg 1977

Emerson 2001

Everett 1985

Site

Single
teaching
hospital

Single
community
hospital

Multiple
primary care
clinics

Single
teaching
hospital
Single
teaching
hospital

First year residents Single
teaching
hospital

All physicians
working at the
medical center

Resident
physicians

All physicians at
the hospital

All physicians at
the hospital

Single
teaching
hospital
Interns working on Single
the wards
teaching
hospital
Residents in a
Single family
family health
health center
center

All physicians in
the institution

USA

Dickinson 1987

Healthcare
workers targeted

Country

Author Year

(Table 1 Continued)

Lectures and guidelines on appropriate
testing were distributed. Audit and
feedback of test usage was performed
repeatedly
The laboratory requisition was changed
so that the purpose of each tumor marker
was included on the requisition
The laboratory requisition was changed
so that the purpose of each tumor marker
was included on the requisition. The
purpose for each test, i.e., screening,
follow-up or diagnosis was explained on
the requisition
Guidelines on when to order lumbar
spine and knee X-rays were circulated
along with feedback on the number of
requests to each physician
There was an education program with
a weekly lecture; results from a single
audit on utility of testing were circulated
along with a memorandum from the
medical director asking for careful
consideration of test usage
Laboratory requisition was redesigned
with some tests unbundled and cascades
implemented for thyroid function and
anemia
Residents were taught about laboratory
utilization using specific cases

The number of unnecessary tests was
measured and shown to department
heads
Interns and residents were limited to 8
tests each

Intervention

Randomized
controlled
trial

Before-after

Before-after

Randomized
controlled
trial

Before-after

Before-after

Before-after

Before-after

Before-after

Comparator

X

X

X

X

E

X

X

X

X

X

X

X

X

S A

Category of
Intervention

I

All blood tests and
microbiology

All blood tests

PTT

Knee and lumbar spine XR

CEA, alpha feto-protein,
CA19-9

Tumor markers

CBC and TSH

All blood chemistry tests

All blood tests

Targeted tests

–12.3

4.7a

42.1a

40.8

56.5a

23.9a

47.5a

66.7a

24.5a

Relative
reduction
of targeted
tests
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Country

USA

USA

USA

Canada

Australia

United
Kingdom

USA

Israel

Author Year

Everett 1983

Feldkamp 1996

Feldman 2013

Finegan 2005

Fong 2008

Fowkes 1986

Friedman 2010

Froom 2012

(Table 1 Continued)
Site

Single
teaching
hospital and
22 satellite
clinics
Single
teaching
hospital

Physicians taking
care of children
post procedure
All physicians

All physicians
working in the
emergency room
All residents
working on the
medical unit
Single
teaching
hospital
Regional
laboratory
serving a
single Health
Management
Organization

Single
teaching
hospital
Single
teaching
hospital

All providers who
order laboratory
tests through a
computerized
order entry system
All physician
Single
trainees in a
teaching
hospital
hospital

All physicians in
health center

First year residents Single
training in internal teaching
medicine
hospital

Healthcare
workers targeted

A guideline on testing was distributed
and weekly meetings were held with
medical staff to discuss their use of tests
in the previous week
A set of standard assessment and
management plans were developed and
implemented after certain procedures
Urine microscopy was no longer done
automatically instead the physician had
to specifically request it

Each anesthetist selected tests to
be performed preoperatively at their
discretion. The comparator was surgery
specific protocols that were being used
A clinical decision rule was used instead
of physician discretion

Cost of each test was displayed when it
was ordered

Audit and feedback of costs was
performed weekly, cost education news
letters were distributed and costs of
tests were put in patient charts. There
were one-on-one meetings of faculty with
residents to discuss costs
Algorithms were developed for thyroid
function testing and implemented by the
laboratory

Intervention

Before-after

Nonrandomized
controlled
trial
Before-after

Before-after

Before-after

Randomized
controlled
trial

Before-after

Randomized
controlled
trial

Comparator

X

X

E

X

X

X

X

X

X

X

X

S A

Category of
Intervention

I

Urine for dip and
microscopy

All blood tests and imaging

All blood tests

CT head

All blood tests

61 diagnostic blood tests

Thyroid function testing

All blood tests

Targeted tests

99.7a

15.6

63.4a

–27.7a

3.6

8.6a

21.6

15.1a

Relative
reduction
of targeted
tests
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Country

United
Kingdom

United
Kingdom

Ireland

USA

USA

Australia

USA

USA

Author Year

Gama 1991

Gama 1992

Goddard 2011

Golden 1987

Gortmaker 1988

Grivell 1981

Groopman 1992

Gross 1988

(Table 1 Continued)

All medical
staff ordering
laboratories in
the ER
All physicians
taking care of
inpatients

All physicians
caring for
inpatients

All physicians
working in the
hospital

All physicians

All physicians
working in the ICU

Physicians taking
care of inpatients

General internists

Healthcare
workers targeted

Single
teaching
hospital

Single
teaching
hospital

Single
teaching
hospital

Outpatient
department
of a single
teaching
hospital
Single
community
hospital

Single
teaching
hospital

Single
community
hospital
Single
community
hospital

Site

Before-after

Randomized
controlled
trial
Before-after

Comparator

Guidelines on when to order blood
cultures were distributed

Physicians received a report every 4
weeks on the type and number of tests
ordered. Physicians were also shown
where they rank in comparison to their
peers
Tests were taken off the standard
requisition and had to be written in by
hand

Nine staff meetings were held to discuss
cost issues. Data on excess usage
was sent to all doctors. All physicians
reached a consensus on when each test
was considered inappropriate

Before-after

Before-after

Before-after

Before-after

The cost of tests billed to the patient was Before-after
changed so that ordering individual tests
was cheaper than ordering the whole
panel

Data on personal and peer expenditure
of laboratory resources was given to
physicians monthly for 12 months
Data on personal and peer clinical
chemistry expenditure per patient was
provided to physicians monthly for 12
months
All recurring orders for blood work were
discontinued; instead each test had to be
ordered as a single occurrence

Intervention

X

E

X

X

X

X

X

X

S A

Category of
Intervention

I

Blood cultures

PT/PTT

BUN, CBC, chemistry
profile, CK, creatinine,
electrolytes, fasting and
random blood sugar,
hematocrit, PT, SGOT,
urinalysis
All blood tests

CBC, urea, electrolytes,
coagulation, LFTs,
magnesium, Ca, PO4,
albumin, CRP
All blood chemistry test

Clinical chemistry and
hematology

Clinical chemistry

Targeted tests

75.0a

61.6a

0.0

14.0a

33.5a

33.1

27.0a

24.6a

Relative
reduction
of targeted
tests
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Country

Austria

United
Kingdom

Australia

Australia

USA

Canada

USA

Author Year

Haschke-Becher
2009

Hutton 2009

Jelinek 1990

Kelly 1998

Kumwilaisak
2008

Larocque 1994

Levick 2013

(Table 1 Continued)

Single
teaching
hospital

Single
community
hospital
Single
teaching
hospital

Single
teaching
hospital

Single
teaching
hospital

Single
teaching
hospital

Site

Clinicians ordering A health
the BNP test
network
including
2 hospitals
and several
community
health
centers

Surgeons and
surgical house
staff

All physicians
working in the
surgical ICU

All physicians in
the ER

All physicians

No doctors were
targeted, it was
a laboratory
intervention
All emergency
room and medical
unit physicians

Healthcare
workers targeted

X

Before-after

X

X

X

X

E

X

X

X

X

S A

Category of
Intervention

Before-after

Before-after

Before-after

Comparator

Guidelines regarding when certain blood Before-after
tests should be used were introduced at
a staff meeting and sent out by email. A
session was repeated for new residents
every month
Guidelines on which tests were
Before-after
appropriate for different medical
conditions were posted on the wards and
distributed as pocket cards
Computer order entry system displayed
Before-after
a warning when a repeat BNP was being
ordered

Requests for CRP from the ER had to
be approved by a senior physician.
Junior staff were told to limit CRP use.
Lastly repeat testing within 24 h was
disallowed
Guidelines on when abdominal films
could be ordered were circulated and
all requests had to be run by a senior
physician
Guidelines on who should receive a
blood culture were distributed

A decision rule was created to determine
when the laboratory would process
liquor diagnostics

Intervention

I

BNP

Pre-op screening tests
including blood work, CXR
and ECGs

All blood tests

Blood cultures

Abdominal plain films

CRP

Liquor diagnostics

Targeted tests

22.2a

10.1a

20.8a

53.0

52.2

85.0a

28.6a

Relative
reduction
of targeted
tests
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Country

USA

USA

USA

USA

USA

Author Year

Lewandrowski
1994

Mancuso 1999

Martin 1980

Marton 1985

May 2006

(Table 1 Continued)

All docs working
on inpatient
service

Residents and
medical students

Residents and
medical students

All physicians at
the hospital

All physicians
working at the
hospital

Healthcare
workers targeted

Single
teaching
hospital

Single
teaching
hospital

Single
specialized
orthopedic
surgery
hospital
Single
teaching
hospital

Single
teaching
hospital

Site

Nonrandomized
controlled
trial

Before-after

Before-after

Comparator

There was a 1-h lecture on laboratory
costs. Senior physicians then met weekly
with residents, they reviewed cases
and suggested changes in test ordering
practices.
A manual about rational test ordering
Randomized
was given to the trainees
controlled
trial
Feedback on laboratory usage and costs
incurred was shown to trainees along
with their usage compared with peers
A manual about rational test ordering
was given to the trainees. They also
received feedback on laboratory usage,
costs incurred and their usage compared
with peers
Duplicate orders were deleted and all
Before-after
blood work orders expired in 24 h. Blood
work would only be drawn every 4, 6 or
12 h. Future orders could only be for a
single occurrence

There was a 1 h lecture on laboratory
costs. Money was given to the residents
if their laboratory use decreased

A guideline on appropriate testing
was developed. All requests were then
reviewed by laboratory staff and the
ordering physician was contacted if the
request was not in accordance with the
guideline
Guidelines were published suggesting
selective test ordering preoperatively

Intervention

X

X

X

X

X

X

E

X

X

X

X

X

S A

Category of
Intervention

X

I

All blood tests

All blood tests

All radiologic and blood
tests

Pre-operative blood work,
ECG, CXR,

LD-isozymes

Targeted tests

11.5a

40.9a

33.3

18.2

–17.8a

5.8a

30.0a

99.6

Relative
reduction
of targeted
tests
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Country

New
Zealand

Canada

Switzerland

USA

Greece

USA

United
Kingdom

USA

USA

USA

Author Year

Mehari 1997

Meng 2006

Merlani 2001

Meyer 2010

Miyakis 2006

Morris 1992

Mutimer 1992

Nardella 1995

Neilson 2004

Nelson 1978

(Table 1 Continued)

Single
teaching
hospital

Single
teaching
hospital
3 teaching
hospitals

Site

Single
teaching
hospital
Single
teaching
hospital
Single
teaching
hospital
Liver unit
at a single
teaching
hospital
Anesthetists and
Single
surgeons
teaching
hospital
Residents,
Single
physicians and
teaching
nurse practitioners hospital
who used
computer order
entry
All physicians
Single
who work at the
community
hospital
hospital

Doctors residents
and nurses
working in the
intensive care unit
Gynecologic
oncologists and
other physicians
All physicians
working at the
hospital
All physicians
working at the
hospital
All physicians
working in the
liver unit

All physicians

Physicians
working in ICU

Healthcare
workers targeted

Before-after

Before-after

Before-after

Before-after

Before-after

Before-after

Before-after

Before-after

Before-after

Comparator

There was a 20-min grand rounds
Before-after
presentation on B12 testing.
Suggestions were given on when to order
this test

A multidisciplinary team created
a guideline and then created a
communication plan to disseminate it
The results of an audit on test use were
presented along with strategies for
reducing utilization
Only one stool sample for parasites was
accepted by the laboratory instead of
three
Laboratory tests to be ordered for the
next day were determined by protocol
based on patient characteristics and
previous testing
Guidelines about appropriate preoperative testing were distributed and
discussed at staff meetings
Recurring tests had to be confirmed
daily, many tests were limited to a single
occurrence and previous results were
displayed when ordering tests

A guideline was placed on each patients
chart stating when it is appropriate to do
each test
A policy was created regarding who is
allowed to order troponin testing and
how many repeats can be ordered
A guideline on when arterial blood gases
can be done was circulated

Intervention

X

X

X

X

X

X

E

X

X

X

X

X

X

S A

Category of
Intervention

I

B12 and folate

CBC, PT, PTT, bleeding time,
BUN, Cr, Glucose ALT AST,
electrolytes
All blood tests and imaging

Hematology, biochemistry,
immunology, microbiology
and cross matching

Stool for ova and parasite

25 laboratories hematology
and chemistry tests

Pap tests

ABG

CBC, coagulation tests,
Cr, Na, K, urea, calcium,
glucose, Mg, PO4, ABGs
TnI

Targeted tests

45.3

64.2a

61.8a

9.3a

33.3

13.5a

31.2a

41.5a

2.9

21.2

Relative
reduction
of targeted
tests

Kobewka et al.: Systematic review of interventions to reduce test use

169

Country

United
Kingdom

Israel

USA

USA

United
Kingdom

Canada

Netherland

Australia

Author Year

Nightingale 1994

Nirel 2011

Pageler 2013

Pageler 2009

Patel 2005

Pilon 1997

Pop 1989

Power 1999

(Table 1 Continued)

Surgical Residents
in pre-op clinic

General
practitioners

All physicians
working in the
hospital
Physicians and
nurses working in
the ICU

Not reported

Physicians
working in
pediatric ICU

All physicians
working in the
health system

Residents working
on the liver unit

Healthcare
workers targeted

A computerized protocol was created that
suggested tests for the next day based
on current laboratory values and patient
characteristics
An online medical record was introduced
so that old laboratory tests could be
accessed
An online medical record was introduced
so that old radiology tests could be
accessed
A rule preventing repeating testing was
created in the computer order entry
system. It had to be overridden to order
repeat testing
Recurring orders for CXR were no longer
allowed and instead had to be re-ordered
daily
Urine was not cultured if the urinalysis
was normal

Intervention

Before-after

Before-after

Before-after

X

X

X

X

X

X

Before-after

X

X

X

S A

X

X

E

Category of
Intervention

Before-after

Before-after

Comparator

A guideline about when ABGs should
Before-after
be used was created. It was distributed
on pocket cards and taught during
education sessions
All physicians Two times per year physicians were given Before-after
using
a report of tests they had ordered and
the same
whether they were appropriate or not.
laboratory in Physicians were also informed of their
one city
redundant tests
Single
Published guidelines on test ordering
Before-after
teaching
were distributed. A maximum number of
hospital
tests per patient was instituted and test
ordering was reviewed by a consultant

Single
teaching
hospital
Single
teaching
hospital
Single
teaching
hospital

Single
teaching
hospital

Liver unit
at a single
teaching
hospital
Primary care
clinics

Site

I

CBC, coagulation tests,
urea, LFTs, CXR, ECG

BUN, Cr, liver enzymes,
WBC, Hgb, ESR, glucose

ABGs

Urine culture

Chest XR

CBC, chemistry and
coagulation

All radiology tests

All blood tests

All blood tests

Targeted tests

37.1

36.2

36.7a

4.0

10.0

37.7a

12.3

3.6a

23.7

Relative
reduction
of targeted
tests
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Country

United
Kingdom

France

USA

USA

Australia

USA

Canada

Author Year

Powles 2009

Prat 2009

Pysher 1999

Ramoska 1998

Ratnaike 1993

Rhyne 1979

Roberts 1993

(Table 1 Continued)

All physicians
working at the
hospital

Family doctors

Physicians and
residents working
in the emergency
department
All physicians
working in the
cardiac care unit

All physicians
ordering tests at
this laboratory

All physicians
in region using
the university
laboratory for PSA
testing
All physicians
working in ICU

Healthcare
workers targeted

The family
medicine
program
associated
with one
university
Single
teaching
hospital

Single
teaching
hospital

Single
teaching
hospital

Single
teaching
hospital

Single
teaching
hospital

Single
teaching
hospital

Site

Before-after

Comparator

Serum osmolality was removed from
the requisition and blood count
differential was not done if white cell
count was normal. A protocol was used
to determine when electrolytes should
be checked. Daily CXRs were no longer
allowed

Guidelines were created by the hospital
and issued to the cardiology unit. No
further details about the guidelines were
given
A chart audit of test ordering was done
and the results were presented to
medical staff

Before-after

Before-after

Before-after

A guideline was created on when to
Before-after
perform each of the common blood tests.
The cost of each test was also shown on
the guideline. Teaching was done on how
to reduce test utilization
Predefined chemistry panels were
Before-after
eliminated from the requisition forms.
Instead each test had to be ordered
separately
Graphs of laboratory utilization and costs Before-after
of laboratory tests at the hospital was
displayed on a bulletin board

Prostate-specific antigen was taken off
the request form and had to be written
in by hand

Intervention

X

X

X

X

E

X

X

X

X

X

S A

Category of
Intervention

I

Blood gases, serum
osmolality, CBC, Na, K,
glucose, CXR, and ECG

Thyroid function tests

All blood tests

All blood tests

All blood chemistry tests

CXR and daily routine BW

PSA

Targeted tests

18.1a

36.4a

57.2

17.8a

32.7a

49.0a

17.3a

Relative
reduction
of targeted
tests
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Country

USA

Brazil

France

Israel

USA

USA

USA

Author Year

Rosenbloom
2005

Santos 2012

Seguin 2002

Shalev 2009

Sorita 2011

Spray 2012

Stafford 2003

(Table 1 Continued)

117 primary care
providers

Physicians taking
care of inpatients

All primary care
physicians in
Israel
Residents training
in medicine and
surgery

All physicians
working in ICU

All residents
and physicians
working at the
hospital

All physicians
working on
selected inpatient
units

Healthcare
workers targeted

Single
community
hospital
Primary care
practices
affiliated
with a single
teaching
hospital

Single
teaching
hospital
Single health
service
provider
Single
teaching
hospital

Single
teaching
hospital

Single
teaching
hospital

Site

Comparator

Before-after

Audits of individual and group ECG
usages patterns were mailed to
physicians

Before-after

There was a 1 h teaching session
Before-after
regarding when to order STAT blood tests
and results of an audit were presented.
The highest users of STAT tests were
given individual feedback
An electronic protocol for electrolyte
Before-after
replacement and retesting was instituted

27 tests were removed from the
requisition and 2 were added

Magnesium could only be ordered
Before-after
once with no recurrence and a screen
displaying old results and education on
when magnesium should be checked had
to be viewed before the order could be
entered
A meeting was held to discuss evidence
Before-after
for certain tests and the costs of
the tests. Patterns of testing and
appropriateness of various tests was
discussed
Costs for each test was shown on the
Before-after
order form

Intervention

X

X

X

E

X

X

X

X

X

X

S A

Category of
Intervention

I

ECG

Magnesium, phosphorous
and ionized calcium

All stat laboratory tests

Electrolytes, CBC, ABG,
LFTs, coagulation panel,
CXR
All blood test

CRP

Magnesium

Targeted tests

28.3

32.0a

21.0a

4.3a

18.9

48.4

55.2a

Relative
reduction
of targeted
tests
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USA

USA

USA

USA

France

Netherlands GPs working in
practices with
electronic medical
records

Sussman 1984

Thompson 1983

Tierney 1987

Tierney 1990

Toubert 2000

van Wijk 2001

All physicians in
the hospital

Physicians
working in the
clinic

Residents and
staff working in
the clinic

All physicians
working in the
hospital
All physicians part
of the health plan

All physicians
working in the
hospital

USA

Sucov 1998

Healthcare
workers targeted

Country

Author Year

(Table 1 Continued)

Single health
region

Single
university
associated
general
medicine
clinic
Single
university
associated
general
medicine
clinic
Single
teaching
hospital

Single
teaching
hospital
Single prepaid health
plan

Single
teaching
hospital

Site

Educational material on thyroid disease
was distributed. Physicians were told
that any test other than TSH required
justification. Tests were still processed
even if no justification was provided
Computerized decision support
suggested appropriate tests based on
basic clinical information

Cost to the patient of ordering each
tests was displayed before the order is
confirmed

A recommendation was made against
screening healthy adults with blood tests
and CXR. An educational campaign was
then implemented
All previous results for a test were shown
when using the computer order entry
system. An option to cancel the current
test was then available

Guidelines were created regarding what
tests to order for which patient groups.
The guideline was then rolled out with
a series of educational sessions. Each
department received feedback on its
ordering practices but there was no
individual feedback
All recurring orders were eliminated

Intervention

Randomized
controlled
trial

Before-after

Randomized
controlled
trial

Randomized
controlled
trial

Before-after

Before-after

Before-after

Comparator

X

X

X

E

X

X

X

X

X

S A

Category of
Intervention

I

All blood tests

TSH, T3, T4,

All blood tests

All laboratory and imaging
and ECGs

CBC, electrolytes, CXR,
chemistry panel, FBG,
electrocardiogram, PT
All blood chemistry tests
and CXR

All blood tests

Targeted tests

20.3a

39.6

17.6a

8.9a

60.0a

20.8

22.0a

Relative
reduction
of targeted
tests
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Australia

All physicians
working in the
emergency
department
Netherlands Family physicians

Netherlands Family physicians

USA

Wagholikar 2011

Winkens 1992

Wones 1987

Winkens 1995

Netherlands Physicians – not
specified

Verstappen 2003

First year internal
medicine
residents

All physicians
ordering tests
through the HMO

Israel

Vardy 2005

Healthcare
workers targeted

Country

Author Year

(Table 1 Continued)
Intervention

Single
regional
medical
laboratory
Single
regional
medical
laboratory
Single
teaching
hospital

The group was simply informed that
laboratory utilization was being
monitored

Individualized feedback was sent to
each physician from a respected internal
medicine physician. The feedback
included alternative testing strategies
Biannual reports were sent on the
number and rationality of laboratory
testing compared to peers

Lists of appropriate laboratory tests for
each clinical condition were created and
physicians were educated about them.
Each list was then put into the computer
order entry system
5 health
Each physician received feedback on
regions in the their ordering practices regarding
country
upper and lower abdominal pain and
cardiovascular conditions compared with
their peers. The physicians then met
together to discuss how to change their
ordering practices
Each physician received feedback on
their ordering practices regarding COPD,
asthma, degenerative joint complaints
and non-specific complaints compared
with their peers. The physicians then met
together to discuss how to change their
ordering practices
Single
Approval from a senior physician
teaching
was required to order tests in certain
hospital
circumstances

Single health
management
organization

Site

Randomized
controlled
trial

Before-after

Before-after

X

X

Randomized
controlled
trial

Before-after

X

X

E

X

X

X

X

X

X

X

S A

Category of
Intervention

Randomized
controlled
trial

Before-after

Comparator

I

All laboratory tests

Cervical smear, ECG,
endoscopy, allergy
tests, radiographic and
ultrasound tests
46 blood tests

CBC and ESR

Biochemistry and
hematology tests, ECGs,
sigmoidoscopy and
imaging

Biochemistry and
hematology tests, ECGs,
sigmoidoscopy and
imaging

All blood tests

Targeted tests

–11.4

25.0a

5.5a

11.8a

8.0

12.0a

4.2

Relative
reduction
of targeted
tests
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USA

USA

Zaidi 1999

Zia 2013

Single
teaching
hospital

Single
teaching
hospital

Two health
regions

Site

Comparator

This group received individual feedback
on laboratory usage and costs every
2 weeks
This group received individual feedback
on laboratory usage and costs every
2 weeks along with group data for
comparison
The laboratory requisition was modified Before-after
so that it only had 15 tests on it. All other
tests had to be written in
Guidelines were created from local data
Before-after
and shared with all medical staff. After
this all samples not meeting the criteria
were rejected
The test was removed from the laboratory Before-after
requisition but could still be ordered if
written in by hand

Intervention

X

E

X

X

X

All laboratory tests

X

Serum protein
electrophoresis and
immunofixation

Stool culture

All hematological and
chemistry tests

All laboratory tests

I

Targeted tests

X

S A

Category of
Intervention

a

29.6

30.9

18.2a

–7.27

–13.15

Relative
reduction
of targeted
tests

Denotes studies in which a test of statistical significance was performed and found to be significant by the studies’ authors. A, Audit and feedback; E, Educational; I, Incentive or penalty;
S, System-based.

All Physicians at
the hospital

All physicians
sending samples
to the hospital lab

Netherlands General
Practitioners

Zaat 1992

Healthcare
workers targeted

Country

Author Year
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Table 2 Percent relative reductions in test utilization by intervention type.a
Number of
interventions

Median Minimum Maximum
RR (IQR)
RR
RR

Educational interventions
–Δ between intervention and control statistically significant
–Δ between intervention and control statistically insignificant
Exclusively education intervention
Exclusively guideline distribution

51
33
18
22
13

34.5 (16.5–49.0)
31.2 (18.1–47.5)
38.3 (8.0–53.0)
30.6 (16.5–48.5)
30.0 (20.8–53.0)

–12.3
4.7
–12.3
–12.3
4.7

99.6
85.0
99.6
75.0
99.6

System-based interventions
–Δ between intervention and control statistically significant
–Δ between intervention and control statistically insignificant
Exclusively system-based intervention
Exclusively clinical decision support

54
36
18
37
10

22.2 (3.6–68.3)
19.6 (10.4–36.1)
24.8 (10.0–37.1)
21.6 (10.0–32.7)
22.8 (9.3–23.9)

0.1
3.6
0.1
0.1
4.7

99.7
99.7
77.8
99.7
85.0

Audit feedback interventions
–Δ between intervention and control statistically significant
–Δ between intervention and control statistically insignificant
Exclusively audit and feedback intervention
Exclusively cost display

41
24
17
20
12

22.0 (8.6–34.6)
23.2 (13.8–34.5)
18.9 (0–36.2)
18.4 (2.1–24.8)
18.4 (2.1–28.8)

–13.1
5.5
–13.1
–13.1
5.5

99.6
63.4
99.6
36.2
99.6

17
103

23.0 (8.0–39.6)
22.2 (10.1–36.7)

3.6
–27.7

99.6
99.7

Physicians targeted were involved in creating and implementing the intervention
Physicians targeted were not involved in creating and implementing the
intervention
Categories of interventions are not mutually exclusive unless stated.

a

Figure 2 Box plots of relative reductions in laboratory utilization stratified by intervention type.
1) Interventions with an educational component; 2) Interventions classified as educational only; 3) Interventions classified as educational
only that use distribution of a guideline to educate; 4) Interventions with a system-based component; 5) Interventions classified as systembased only; 6) Interventions classified as system-based only that used a clinical decision support tool; 7) Interventions with an audit and
feedback component; 8) Interventions classified as audit and feedback only; 9) Interventions classified as audit and feedback only that use
cost information display.
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Figure 3 Box plots of relative reductions in laboratory utilization stratified by intervention type among interventions targeting four or more tests.
1) Interventions with an educational component; 2) Interventions classified as educational only; 3) Interventions classified as educational
only that use distribution of a guideline to educate; 4) Interventions with a system-based component; 5) Interventions classified as systembased only; 6) Interventions classified as system-based only that used a clinical decision support tool; 7) Interventions with an audit and
feedback component; 8) Interventions classified as audit and feedback only; 9) Interventions classified as audit and feedback only that use
cost information display.

Table 3 General descriptions of study quality (n = 109).
Number of
studies

Median relative
reduction (IQR)

Where patients similar between groups?
Yes
37
19.0 (8.6–37.7)
No
72
24.8 (14.0–41.5)
Were those ordering the tests similar between groups?
Yes
103
23.8 (11.9–40.2)
No
6
11.7 (4.2–25.0)
Was there a concurrent control group?
Yes
27
16.5 (5.8–27.0)
No
82
24.9 (14.0–47.5)
Was the intervention described adequately enough to be replicated?
Yes
88
23.5 (12.4–38.6)
No
21
20.8 (4.7–36.7)
Was there a risk of contamination between experimental and control
groups?
Yes
89
24.9 (13.5–40.8)
No
20
15.8 (4.8–29.6)
Were the results reported per patient instead of per institution or
per physician?
Yes
79
19.9 (9.1–35.4)
No
30
33.4 (23.4–48.3)
Was a time-series analysis conducted?
Yes
11
26.1 (14.0–55.2)
No
98
23.5 (10.1–37.1)

a 99.7% reduction in test use [53]. Lewandrowski et al.
distributed guidelines stating when it was appropriate to
order LD-isozymes with a laboratory physician notifying
the ordering physician when the LD-isozyme request was
not compliant with the guideline [69]. This combination
of education and feedback led to a 99.6% reduction in LDisozymes being ordered. The two largest relative reductions among interventions that targeted four or more tests
were by Chu et al. and Dixon et al. Chu et al. used a protocol driven algorithm for admitting trauma patients and
found a 68.3% reduction in the number of tests ordered
per patient [33]. Dixon et al. limited the number of tests
that interns could order to eight per patient per day, resulting in a 66.7% reduction in the number of tests ordered per
patient [38].
The most successful interventions targeting four or
more tests that were purely system based were the study
by Chu et al, discussed above, and a study by Neilson
et al. Neilson et al. sequentially implemented a number
of system-based interventions using a computerized order
entry system including: the display of previous laboratory results to physicians ordering tests; the prevention of
recurring orders in various circumstances; and the unbundling of tests so that each component had to be ordered
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individually [82]. This package of interventions resulted in
a 64.2% relative reduction in the tests targeted.

Discussion
We summarized 109 studies evaluating the effect of interventions aimed at reducing test utilization by calculating
relative reductions to compare interventions. We found
that all intervention categories (including education,
system based, audit feedback, and incentive penalty) can
reduce test utilization. Even though educational interventions had the largest relative reduction in test utilization,
the inter-quartile ranges were large and overlapping. The
greatest difference in our stratified analysis was between
interventions that targeted less than four tests, which had
much larger relative reductions than interventions that
targeted four or more tests. Consistent with past reviews,
we found that interventions using multiple strategies
were more effective [8]. Even though all intervention types
seem to be effective, we found a large range of effects and
much heterogeneity between studies. Many studies did
not use appropriate statistical techniques and follow-up
was often short. These shortcomings call into question the
sustainability and generalizability of many interventions
in our review.

Sustainability
Although interventions with an educational component
had the greatest median relative reductions, their longterm sustainability is questionable. The resources needed
to perpetuate educational strategies (i.e., lectures or individual teaching sessions) are significant and probably
need to be continuous to maintain an effect, especially
in teaching hospitals where ordering physicians are constantly changing. Even in studies where the educational
strategy was low effort (i.e., the distribution of a guideline), multiple reminders and repeated meetings were
necessary to maintain the change in behavior [89, 97, 106,
111]. There was only one purely educational intervention
that reported results from > 1 year after the intervention
began but this study did not use time series analysis to
determine if utilization returned to baseline during this
time [70]. With all but one purely educational interventions having a time horizon of < 1 year there is no evidence
in our review that educational strategies have long-term
sustainability. In contrast there are several examples of
system-based interventions which by definition require

few resources to maintain, that are shown to maintain
their effect for > 1 year [14, 47, 53]. The ratio of resource
input to test reduction is not measured in the included
studies but is an important consideration when deciding
to implement a particular intervention.

Generalizability
Many of the interventions have questionable generalizability. There is a wide range of relative reductions among
included studies due to heterogeneity at every level. There
are differences in how an invention type is implemented,
who is target by the intervention, and the pre-existing
ordering practices among the targeted physicians. Due to
the heterogeneity, similar results cannot be expected even
if an intervention is perfectly replicated. Some of the large
reductions ( > 70%) suggest that anomalous ordering is
being targeted which further calls into question the generalizability of results. Lastly many of the studies target
physicians in training who would likely respond differently than physicians in independent practice.

Quality
The quality of included studies was poor. As expected
studies with lower quality had higher relative reductions
suggesting that poor quality studies were over estimating
the effects of interventions. Surprisingly, very few of the
before and after studies used time-series analysis or autocorrelation to analyze results, bringing into question the
validity of results.

Limitations
This review has several limitations. Our search strategy
used only studies published in English ignoring potentially important studies published in other languages
and only searched two databases. Another limitation
is that the heterogeneity between interventions makes
generalizations about effective strategies difficult.
Despite this weakness the relative reduction does tell
us which interventions were associated with the largest
reductions. This allows these successes to be examined
to see if they are applicable to other settings. This review
is broad in scope and therefore does not allow detailed
examination of particular intervention types to find
the elements that lead to success. Reviews of particular types of interventions have been done and explore
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these factors closely [122–124]. Lastly, our use of relative reductions leaves out absolute reduction and cost
savings information that may be important to decision
makers.

Conclusions
Our review found that research into interventions to
reduce test utilization is ongoing and many strategies
can be successful. There are many examples of low
investment interventions that work, especially when
they target tests that have a high rate of inappropriate
use. Due to questionable validity and generalizability
of these results, this review should be used as a reference for finding high quality studies with large relative
reductions that apply to a setting of interest. Future
research needs to determine how low input strategies
using computerized order entry can be used to implement system changes, audit and feedback, and education. Database monitoring should be developed so that
institutions know when anomalous test use is occurring
and which physicians are deviating from the mean. This
will allow for targeting of interventions to where they
will have the greatest effect. Lastly, further studies in
this field must monitor for adverse events caused by
reduced testing.
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