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Box S1: Search strategy 

Conducted by René Spijker on November 12, 2019 

 

Databases 

Medline 

((((obsole* or (("not" or "no longer") adj (effective or essential or efficient)) or ineffective or uneffective 

or low-value or overuse* or inappropriate or "old habits") adj4 ("health system" or healthcare or care 

or policy or policies or practice or technology or procedure* or treatment* or intervention* or "health 

services" or strateg* or "clinical use" or referral* or diagnosis or regulatory or approach or prescrib* or 

therap*)) or (overtest* or overdiagnos*)) adj5 (reduce or avoid or minimise or discontinu* or minimise 

or decreas* or stop or stopping or revers* or replace* or avert or "trim down" or (cut adj (down or 

back)) or substitute or decrement)).mp. OR ("de-implementation" or deimplementation or "do-not-do" 

or "deadopt*" or decommission*).mp. 

 

Embase 

#1 ((((obsole* or (("not" or "no longer") adj (effective or essential or efficient)) or ineffective or 

uneffective or low-value or overuse* or inappropriate or "old habits") adj4 ("health system" or 

healthcare or care or policy or policies or practice or technology or procedure* or treatment* or 

intervention* or "health services" or strateg* or "clinical use" or referral* or diagnosis or regulatory or 

approach or prescrib* or therap*)) or (overtest* or overdiagnos*)) adj5 (reduce or avoid or minimise or 

discontinu* or minimise or decreas* or stop or stopping or revers* or replace* or avert or "trim down" 

or (cut adj (down or back)) or substitute or decrement)).mp. OR ("de-implementation" or 

deimplementation or "do-not-do" or "deadopt*" or decommission*).mp. 

 

#2 limit (conference abstract OR conference paper OR conference review) 

 

Rx for change 

"de-adoption" OR "Decrease use" OR "abandoning" OR "Discontinue" OR "discontinuation" OR 

"Abandon" OR "Reassess" OR "reassessment" OR "Obsolete" OR "Medical reversal" OR "Re-invest" 



 

OR "Withdraw*" OR "de-implementation" OR "Reduc*" OR "Decline in use" OR "Health technology 

reassessment" OR "Change in use" OR "De-implement*" OR "De-list" OR "De-commission" OR "Do 

not do" OR "Reallocation" OR "relinquishing" OR "Over use" OR "Stop" OR "Inappropriate use" OR 

"Relinquish*" OR "Ineffective" OR "Misuse" OR "Re-appraisal" OR "Re-prioritization" OR "Clinical 

redesign" OR "Disadoption" OR "Redeploy" OR "Reversal" OR "Drop in use" OR "stopping" 

 

Websites 

Canadian Agency for Drugs and Technologies in Health - https://www.cadth.ca/resources/rx-for-

change/database/browse  

 

Agency for Healthcare Research and Quality  - http://www.ahrq.gov/  

 

Right Care - http://www.rightcare.nhs.uk/  

 

National Institute for Health and Care Excellence - https://www.nice.org.uk/  

 

Choosing Wisely  - http://www.choosingwisely.org/  

 

Kingsfund - http://www.kingsfund.org.uk/  

 

Nuffield Trust  - http://www.nuffieldtrust.org.uk/ 

  



 

Box S2: Data extraction items 

GENERAL INFORMATION Author 

Publication year 

Country 

Study design (e.g, RCT; Cluster RCT; Others) 

Setting (e.g., Single center; Multicentre; Community) 

Target condition 

Type of medical tests (e.g., Laboratory test ; Imaging; 

Physiology; Pathology; Others) 

Aim of medical tests (e.g., Diagnostic; Screening; Staging; 

Unspecified) 

DE-IMPLEMENTATION STRATEGY Target of interventions (e.g., Provider; Patient; Organization; 

Healthcare system; Combination) 

Classification of interventions (e.g., Educational meetings; 

Educational materials; Reminders; Audit and feedback; 

Patient directed interventions; Organizational interventions; 

Structural interventions; Regulatory interventions; Financial 

interventions 

Number of interventions 

Comparison (e.g., De-implementation vs. no de-

implementation; Direct comparison of de-implementation 

strategies)  

OUTCOME & RESULTS Consequences on healthcare use (e.g., Delay of diagnosis, 

treatment, or referral; Frequency of complication/death; Cost 

for medical tests; Use of other tests; Frequency of 

unexpected admission; Revisit to primary care/emergency 

room; PROMs) 

Sustainability measurement 

Significant reduction (intervention vs control) (e.g., no; yes; 

Not reported; Not applicable) 

Sustainable benefit intervention vs control (e.g., no; yes; Not 

reported; Not applicable) 

Analyses Unit of analysis 

Total number/proportion of tests before intervention  

Total number/proportion of tests after intervention 

Total number/proportion of low-value tests before 

intervention 

Total number/proportion of low-value tests after intervention 

RCT = randomized controlled trial; PROMs = patient-reported outcomes   



 

Box S3: Classification of components of de-implementation strategies  

Targeted at provider 

Educational meetings  

Courses, workshops, conferences or other educational meetings  

Including educational outreach visits (personal visits by a trained person to 

health workers in their own settings, to provide information with the aim of 

changing practice) and inter-professional education (continuing education for 

health professionals that involves more than one profession in joint, interactive 

learning) 

Educational materials  

Distribution to individuals, or groups, of educational materials to support clinical 

care, i.e., any intervention in which knowledge is distributed. For example this 

may be facilitated by the internet, learning critical appraisal skills; skills for 

electronic retrieval of information, diagnostic formulation; question formulation  

Reminders  

Manual or computerised interventions that prompt health workers to perform an 

action during a consultation with a patient, for example computer decision 
support systems.  

Audit/feedback  

A summary of health workers’ performance over a specified period of time, given 

to them in a written, electronic or verbal format. The summary may include 

recommendations for clinical action.  

Targeted at patients Interventions aimed at patients; e.g. patient information, posters in waiting room, 

mass media campaign. 

Targeted as organizational context 

Organisational interventions 

Interventions aimed at a group of professionals, interprovider relations, 

organisation or institution 

Examples: 

- Revision of professional roles: ‘professional substitution’, ‘boundary 

encroachment’; includes the shifting of roles among health professionals. 

For example, nurse midwives providing obstetrical care; pharmacists 

providing drug counselling that was formerly provided by nurses and 

physicians; nutritionists providing nursing care; physical therapists 

providing nursing care. Also includes expansion of role to include new 

tasks. 

- Clinical multidisciplinary teams: creation of a new team of health 

professionals of different disciplines or additions of new members to the 

team who work together to care for patients 

- Formal integration of services across sectors or teams or the organisation 

of services to bring all services together at one time also sometimes called 

‘seamless care’ 

- Skill mix changes: changes in numbers, types or qualifications of staff  

- Local opinion leaders: the identification and use of identifiable local opinion 

leaders to promote good clinical practice.  

- Continuity of care: including one or many episodes of care for inpatients or 

outpatients) 

• Arrangements for follow-up. 

• Case management (including co-ordination of assessment, treatment 

and arrangement for referrals 

- Communication and case discussion between distant health professionals 

e.g. telephone links; telemedicine; there is a television/video link between 

specialist and remote nurse practitioners 

- Continuous quality improvement: an iterative process to review and 

improve care that includes involvement of healthcare teams, analysis of a 

process or system, a structured process improvement method or problem 

solving approach, and use of data analysis to assess changes  

- Clinical Practice Guidelines: clinical guidelines are systematically 

developed statements to assist healthcare providers and patients to decide 

on appropriate health care for specific clinical circumstances'(US IOM).  

- Clinical incident reporting: system for reporting critical incidents,  

- Routine patient-reported outcome measures: routine administration and 



 

reporting of patient-reported outcome measures to providers and/or 

patients  

- Local consensus processes: formal or informal local consensus processes, 

for example agreeing a clinical protocol to manage a patient group, 

adapting a guideline for a local health system or promoting the 

implementation of guidelines. 

- Reduced availability of low-value medical tests 

Structural interventions 

- Changes to the setting/site of service delivery e.g. moving a family 

planning service from a hospital to a school 

- Ownership, accreditation, and affiliation status of hospitals and other 

facilities  

Targeted at healthcare system 

Regulatory interventions 

 

Any intervention that aims to change health services delivery by regulation or 

law  

Examples: 

- Changes in medical liability  

- Licensure  

Financial interventions 
Any financial interventions aimed at either healthcare professional, patient, 

health care system 

The component of de-implementation strategies were classified based on target 

levels and taxonomy provided by the Cochrane Effective Practice and Organisation 

of Care (EPOC) Group1,2 

  



 

Table S1: Detailed information of each study 
Study Country Study design Unit of 

randomization Setting Target condition 
Aim of 
medical 
tests 

Medical tests Target of 
intervention Intervention 

Overall 
risk of 
bias  

Bearcroft 
19943 UK Cluster RCT Practice Multi-

center 
Five indications for chest 
radiography 

Diagnosis, 
screening, 
monitoring 

Chest X ray Provider Educational 
materials High 

Dey 20044 UK Cluster RCT Health center Multi-
center Acute low back pain Diagnosis Lumbar spine X ray 

Provider 
and 
organization 

Educational 
meetings, 
educational 
materials, 
organizational 
interventions 

High 

Eccles 
20015 UK Cluster RCT Practice Multi-

center No specific target condition Unspecified Lumbar spine and knee X ray Provider 

Educational 
materials, 
reminders, 
audit/feedback 

High 

Fenton 
20166 USA Cluster RCT Physician Single 

center 

Low back pain/ 
postmenopausal women at 
low risk of 
osteoporosis/Neuroimaging 
for recent-onset headache 

Diagnosis, 
screening 

MRI for low back pain, DXA for 
postmenopausal women, and 
neuroimaging for recent onset 
headache 

Provider Educational 
meetings High 

Flottorp 
20027 Norway Cluster RCT Practice Multi-

center 
Urinary tract infection and 
sore throat Diagnosis 

Laboratory tests (for evaluation of 
sore throat and urinary tract 
infection 

Provider, 
patient and 
system 

Educational 
meetings, 
educational 
materials, 
reminders, 
patient-
targeted 
interventions, 
financial 
incentives 

High 

French 
20138 Australia Cluster RCT Practice Multi-

center Acute low back pain Diagnosis X ray and CT for evaluation of 
acute low back pain Provider 

Educational 
meetings, 
educational 
materials 

High 

Kerry 20009 UK Cluster RCT Practice Multi-
center No specific condition 

Diagnosis, 
screening, 
monitoring 

X ray of chest or limbs or spine Provider 
Educational 
materials, 
audit/feedback 

High 



 

Oakeshott 
199410 UK Cluster RCT Practice Multi-

center No specific condition 
Diagnosis, 
screening, 
monitoring 

X ray of chest or limbs or spine Provider Educational 
materials High 

Schectman 
200311 USA Cluster RCT Practice Multi-

center Acute low back pain Diagnosis X ray, CT, and MRI for evaluation 
of acute low back pain 

Provider 
and patient 

Educational 
meetings, 
educational 
materials, 
audit/feedback, 
patient-
targeted 
interventions 

High 

Thomas 
200612 UK Cluster RCT Practice Multi-

center No specific target condition 
Diagnosis, 
screening, 
monitoring 

Laboratory tests (AAS, CA125, 
CEA, Ferritin, FSH, HPS, IgE, 
TSH, Vitamin B12) 

Provider 

Educational 
materials, 
reminders, 
audit/feedback 

High 

Tierney 
199013 USA Cluster RCT Physician Single 

center No specific target condition Unspecified 

All laboratory tests and imaging 
performed by the clinical 
laboratory/radiology/nuclear 
medicine/diagnostic cardiology 
department 

Provider Reminders High 

Trietsch 
201714 Netherlands Cluster RCT 

Local quality 
improvement 
collaboratives 

Multi-
center 

Anemia, rheumatic 
complaints, prostate 
complaints, Chlamydia 
infections, thyroid 
dysfunction, and 
perimenopausal conditions 

Diagnosis, 
screening, 
monitoring 

Various laboratory tests in 
evaluation of anemia, rheumatic 
complaints, prostate complaints, 
Chlamydia infections, thyroid 
dysfunction, and perimenopausal 
conditions 

Provider 
Educational 
meetings, 
audit/feedback 

Low 

Van Vijk 
200115 Netherlands Cluster RCT Practice Multi-

center No specific target condition 
Diagnosis, 
screening, 
monitoring 

All laboratory tests Provider Reminders Low 

Verstappen 
2003/200416-

18 
Netherlands Cluster RCT Physician 

group 
Multi-
center 

Cardiovascular/hypertension, 
upper/lower abdominal 
complaints, COPD/asthma, 
general complaints, and 
degenerative joint complaints 

Diagnosis 

Various tests in evaluation of 
cardiovascular/hypertension, 
upper/lower abdominal 
complaints, COPD/asthma, 
general complaints, and 
degenerative joint complaints 

Provider 

Educational 
meetings, 
educational 
materials, 
audit/feedback 

Low 



 

Weller 
200319 Australia Cluster RCT Practice Multi-

center Prostate cancer Unspecified PSA Provider 

Educational 
meetings, 
educational 
materials, 
audit/feedback 

Low 

Winkens 
199520 Netherlands RCT Physician Multi-

center No specific target condition Unspecified 
Electrography/Endoscopy/Cervical 
smears/Allergy 
tests/Radiography/Ultrasound 

Provider Audit/feedback High 

  
UK = United Kingdom; USA = United States of America; RCT = randomized controlled trial; MRI = magnetic resonance imaging; DXA = dual energy X-ray 
absorptiometry; CT = computed tomography; AAS = autoantibody screening; CA125 = carbohydrate antigen-125; CEA = carcino-embryonic antigen; FSH = 
follicle stimulating hormone; HPS = Helicobacter pylori serology; TSH = thyroid stimulating hormone; COPD = chronic obstructive pulmonary disease; PSA = 
prostate specific antigen 



 

 

Figure S1: Risk of Bias graph 
  



 

Figure S2: Risk of Bias summary 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  



 

Table S2: Detailed information of studies without information for calculation of relative reduction 
Study Aim of medical 

tests 
Target condition Medical tests Target of 

intervention 
Intervention Outcome description Effect of intervention 

compared to the control 
group reported by 
authors 

Bearcroft 19943 Unspecified Five indications for 
chest radiography 

Chest X ray Provider Educational materials Referrals to chest X ray which 
were contrary to the guidelines 

Reduction by 30.5% 
(P = 0.016) 

Dey 20044 Diagnosis Acute low back pain Lumbar spine X ray Provider and 
organization 

Educational meetings, educational 
materials, organizational 
interventions 

Referrals to lumbar spine X ray Difference between the 
intervention and control 
groups were 1.4% (95% 
CI -4.1 - 6.8) 

Fenton 20166 Diagnosis, 
screening 

Low back pain/ 
postmenopausal 
women at low risk of 
osteoporosis/Neuroima
ging for recent-onset 
headache 

MRI for low back 
pain, DXA for 
postmenopausal 
women, and 
neuroimaging for 
recent onset 
headache 

Provider Educational meetings Ordering of medical tests Adjusted odds ratio of 
1.07 (95% CI 0.49 - 
2.32) 

French 20138 Diagnosis Acute low back pain X ray and CT for 
evaluation of acute 
low back pain 

Provider Educational meetings, educational 
materials 

Referral to X ray or CT scan Incidence rate ratio of 
0.87 (95% CI 0.68 - 
1.10) 

van Vijk 200115 

Unspecified No specific target 
condition All laboratory tests Provider 

Reminders (Comparison between 
decision support systems based on 
a reduced list of tests vs. the 
guidelines) 

Number of laboratory tests per 
order form per practice 

General practitioners 
who used the system 
based on guideline 
requested 20% fewer 
tests (mean ± SD, 5.5 ± 
0.9 vs. 6.9 ± 1.6 tests, P 
= 0.003) 

Weller 200319 Unspecified Prostate cancer PSA Provider Educational meetings, educational 
materials, audit/feedback 

PSA test ordering rates per 100 
consultations  

At 6 months after the 
intervention, PSA test 
ordering rates for 
educational outreach 
visits, posted materials, 
and the control group 
were 1.32, 1.97, and 
2.20, respectively, with 
statistically significance.  

DXA = dual energy X-ray absorptiometry; CT = computed tomography; PSA = prostate specific antigen; CI = confidence interval



 
 

 

Table S3: Comparison of net relative reductions in the use of low-value medical tests 
 

  N Median (IQR) 

All 10 17 (12 - 24) 

Type of medical tests   

Laboratory tests 3 15 (12 - 20) 

Imaging 4 31 (12 - 60) 

Laboratory test, imaging, and physiology 3 20 (15 - 22) 

Role of medical tests   

Diagnosis 3 22 (16 - 57) 

Diagnosis, screening, and monitoring 4 14 (12 - 17) 

Unspecified 3 20 (15 - 35) 

Number of intervention components   

1 3 13 (12 - 16) 

2 2 12 (11 - 13) 

3 or more 5 25 (22 - 50) 

Single or multiple targets and interventions   

Single target, single intervention 3 13 (12 - 16) 

Single target, combination of interventions 5 22 (15 - 25) 

Multiple targets, combination of interventions 2 51 (30 - 72) 

Outcome measured   

Low-value care 3 22 (17 - 57) 

Total volume of care 7 15 (11 - 22) 

Bias   

Low 2 18 (17 - 20) 

High 8 16 (11 - 31) 

Intervention categories and targets   

Targeted at provider 10 17 (12 - 24) 

Educational component (either meetings or   



 
 

 

materials, or both) 

    Yes 8 18 (12 - 31) 

    No 2 15 (13 - 18) 

Reminders   

Yes 4 22 (17 - 31) 

No 6 14 (12 - 20) 

Audit/feedback   

Yes 7 22 (13 - 37) 

No 3 13 (11 - 16) 

Targeted at patient 2 51 (30 - 72) 

Not targeted at patient 8 17 (12 - 23) 
IQR = interquartile range  
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