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ABSTRACT
Objectives  We explored the effectiveness of the 
Evidence-Based Interventions (EBI) programme 
which aimed to reduce the number of inappropriate 
procedures or diagnostic tests (‘interventions’) 
in the English National Health Service (NHS). For 
12 interventions, we evaluated whether expected 
intervention counts fell or geographical variation was 
reduced across England following the publication of 
EBI Wave 2 guidance in November 2020.
Design  We conducted a retrospective observational 
study utilising routine hospital data. We applied a 
controlled interrupted time series analysis to examine 
both step and trend changes in the use of EBI 
interventions following the publication of the EBI Wave 
2. We compared geographical variation in intervention 
rates pre-EBI and post-EBI.
Setting  English hospitals where NHS funded elective 
healthcare interventions are performed.
Participants  Patients who had NHS-funded elective 
interventions in England from March 2018 to February 
2022 inclusive.
Results  Half of the 12 interventions evaluated had 
significantly lower counts compared with their controls 
by February 2022. For five of these interventions, 
counts were between 20% and 57% lower than 
expected. This was the result of either (1) a larger 
fall in procedure counts by the end of the pandemic 
period (n=4 interventions); (2) declining counts 
post-pandemic (n=1); or (3) a combination of both 
(n=1). The remaining six interventions had similar or 
greater than expected counts by February 2022. There 
was limited evidence of reductions in geographical 
variation in procedure rates after publication of EBI 
guidance.
Conclusions  Wave 2 of the EBI programme had 
a mixed impact on the use of the interventions 
targeted. There were some successes, however, 
following significant reduction in the use of elective 
care during the pandemic, half of the interventions 
evaluated returned to utilisation at or above 
predicted levels.

INTRODUCTION
Health systems are under pressure to meet 
the increasing healthcare demands of their 
populations. For example, in August 2023, 
7.7 million people were waiting for elective 
treatments in the English National Health 
Service (NHS) compared with 4.4 million in 
the same month pre-pandemic (2019); more 
than 395 000 waited for over a year.1 2 There-
fore, health systems such as the NHS must 
prioritise treatments and effectively manage 
waiting lists to maximise the health of their 
population within the resources available.

A key element of maintaining sustainable 
health systems is the de-implementation of 
ongoing healthcare in favour of more cost-
effective treatments. De-implementation, 
also referred to as de-adoption or disinvest-
ment, is the process of stopping or reducing 
the use of existing healthcare interventions, 
tests and services.3 A number of programmes, 
including the international ‘Choosing Wisely’ 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ To our knowledge, this is the first evaluation of the 
Evidence-Based Interventions (EBI) programme’s 
second wave of guidance for the National Health 
Service (NHS) in England published in 2020.

	⇒ A controlled interrupted time series analysis allowed 
us to assess the impact of the EBI guidance on sur-
gical procedures while NHS services continued to 
recover from significant COVID-19 constraints.

	⇒ We produced reliable estimates for 12 Wave 2 pro-
cedures, using NHS hospital administration data 
which robustly captures inpatient stays for elective 
surgery funded by the NHS.

	⇒ A further 19 procedures included emergency de-
partment, outpatient and diagnostic procedures 
which are poorly recorded in NHS datasets, were 
excluded from our analysis.
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programme and national programmes in both the Neth-
erlands and Australia, have detailed challenges and 
barriers to the de-implementation of healthcare.4–6

In 2019, NHS England launched the largest national 
de-implementation programme in its history. The 
Evidence-Based Interventions (EBI) programme aimed 
to reduce the number of ‘inappropriate’ interven-
tions carried out in the NHS.7 Inappropriate, in this 
context, refers to interventions where the benefits do 
not outweigh the costs, both in terms of patient harm or 
risk and healthcare resources, in certain circumstances 
and/or for certain patients. The programme aimed 
to reduce unwarranted variation, minimise harm and 
optimise the use of the finite NHS resources. The EBI 
programme published guidance in four waves. In each 
wave, guidelines specified clinical criteria for the appro-
priate use of a number of interventions that are poten-
tially overused in the NHS. Earlier work found the EBI 
programme to have had little success in reducing inter-
vention rates in the first wave of 17 surgical interventions 
published in 2019.8 9 One reason for this was pre-existing 
downward trends for many of the chosen interventions 
left little room for any additional impact from the EBI 
programme. Furthermore, local NHS commissioners 
described inconsistent or limited adoption of EBI Wave 
1 recommendations. Local policies restricting access to 
the selected procedures were typically already in place 
and were either more restrictive or not easily altered to 
reflect the EBI criteria.10 11

The second wave of the EBI programme’s guidance 
was published in November 2020. This wave included an 
additional 31 interventions expanding beyond surgical 
procedures to include both diagnostic tests and outpa-
tient interventions.12 To support de-implementation, 
a web-based system was developed providing access to 
the criteria, supporting evidence, guidelines and impli-
cations, to assist clinicians and patients reach a decision 
about appropriate care.12

Given significant investment in the EBI programme, 
and the backdrop of record elective care demand in 
England, it is important to examine its effectiveness. This 
paper forms part of the OLIVIA study,13 a mixed methods 
evaluation of the EBI programme. The OLIVIA project 
aimed to understand the delivery, impact and accept-
ability of the EBI programme, in order to produce recom-
mendations to improve future de-implementation efforts 
in the NHS and provide key insights for other health 
systems around the world.

In this paper, we explored whether the EBI programme 
guidance resulted in the de-implementation and/
or reduction in variation of 12 Wave 2 interventions. 
Specifically, we estimate: (1) any reduction in expected 
intervention counts by February 2022; (2) whether any 
reduction in expected intervention counts occurred as 
a step change and/or as a trend change over time; and 
(3) whether geographical variation in intervention rates 
reduced following the introduction of EBI guidelines.

METHODS
Data sources
Data were extracted from Hospital Episode Statistics 
Admitted Patient Care (HES-APC) and Outpatient (HES-
OP) datasets.14 HES-APC is a routinely collected dataset 
including information from all episodes of NHS-funded 
hospital-based inpatient and day case care. The dataset 
includes up to 20 diagnoses (International Classification 
of Disease (ICD-10)) and records up to 24 procedure 
codes (Office of Population Censuses and Surveys (OPCS-
4)).15 16 HES-OP records all specialist consultations in 
acute hospitals that do not require admission. Increas-
ingly, minor surgical treatments and tests (recorded 
using OPCS-4 codes) are performed in an outpatient 
clinic setting. Geography is captured by the Lower Super 
Output Area (LSOA) of residence for each patient. Using 
LSOA, we grouped patients into Integrated Care Board 
areas (ICBs).17 There are 42 ICBs in England which are 
statutory bodies responsible for planning and funding 
most NHS services for their local populations of up to 4.5 
million people.

12 of the 31 interventions selected in Wave 2 of the 
EBI programme had ICD-10 and OPCS-4 coding data 
considered sufficiently robust to determine intervention 
frequencies using routine data.12 The remaining 19 inter-
ventions are diagnostic tests or outpatient procedures 
which the EBI programme considered to be unreliably 
recorded (eg, appendicectomy without confirmation of 
appendicitis) or not captured (eg, preoperative imaging) 
in routine healthcare data. Given this, we focused our anal-
ysis on the 12 interventions considered robustly measur-
able (table 1). Full details of all interventions and medical 
coding are available in EBI guidance documents.12

Episodes were selected for inclusion in our analyses if 
the admission or clinic date was between 1 March 2018 
and 28 February 2022, allowing at least 2 years of data 
before the pandemic and publication of the guidelines 
(in November 2020) to capture pre-intervention rates 
and trends. We selected episodes of care for each inter-
vention that included the procedure and diagnosis codes, 
as specified by the EBI programme.12 All code lists are 
available in the supplementary material (online supple-
mental file S1).

Admitted patient care episodes that included any other 
elective healthcare intervention were extracted as poten-
tial control group interventions. We excluded: episodes 
with interventions identified in earlier EBI guidelines 
(Wave 1) and their potential substitutes9; EBI Wave 2 
interventions; and cancer-related treatments (cancer 
exclusion codes available in online supplemental file S1).

Missing data
The recording of procedure codes in HES-APC administra-
tive data is considered very high quality and is linked to the 
payment/reimbursement of hospital trusts in the English 
NHS.14 However, as with any routine dataset, miscoding 
does occur. Age and sex, used in the standardisation of 
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process, are well recorded in HES (<0.5% and <0.1% 
missing) so no imputation was necessary.

Analysis period
We conducted analyses across three periods, pre-EBI-
COVID (1 March 2018 to 29 February 2020), COVID-19 
(1 March 2020 to 28 February 2021) and post-EBI-COVID 
(1 March 2021 to 28 February 2022). The start of the 
COVID-19 period was selected as March 2020, the first 
month with COVID-19 lockdown restrictions in England. 
We considered the end of the intensive COVID-19 period 
(28 Feb 2021) to be the point after which restrictions had 
mostly lifted and elective intervention counts levelled out 
following the second wave of the pandemic (figure 1b).

Beginning in March 2020, there were three separate 
national ‘lockdowns’ in England aiming to reduce the 
spread of COVID-19, with gradual release from lockdown 
in early 2021; these resulted in vast reductions in elec-
tive hospital care (figure 1b). To ‘factor out’ the impact 
of COVID-19 on elective interventions in the NHS, we 
excluded all data points during the intensive COVID-19 
period (indicated in red in figure  2), assuming a 
continued pre-EBI-COVID trend during this period (blue 
dashed line in figure 2).

Control group
We generated unique control groups for each EBI 
Wave 2 intervention using the pool of elective interven-
tions not considered for de-implementation, excluding 
cancer admissions. We used the Stata ‘synth’ command 
to generate control groups by selecting weighted aver-
ages of these interventions (captured as three-character 
OPCS codes).18 This method created synthetic control 
groups that best resembled each EBI intervention in the 
pre-EBI-COVID period based primarily on the trend, but 
also taking account of monthly intervention counts, the 
proportion of women treated and average patient age.19

Statistical analyses
All analyses were carried out in Stata V.17 statistical 
software.20

Controlled interrupted time series analysis
To explore whether trends in monthly intervention 
counts changed following the publication of the EBI guid-
ance, we performed a controlled interrupted time series 
(CITS) analysis.21 This analysis estimated whether there 
was a step (immediate) or trend (over time) change for 
each EBI intervention during the post-EBI-COVID period 
(ie, 1 March 2021 onwards), compared with their control 
group.

Monthly counts for each control group were subtracted 
from their matched EBI intervention counts. An inter-
rupted time series analysis was run using segmented linear 
regression on these differenced counts, with 1 March 
2021 as the interruption point, to estimate step-change 
and trend-change coefficients for the CITS analyses. We 
included a winter month dummy variable to account for 
the usual seasonal fluctuations in elective interventions.

Table 1  EBI interventions evaluated

EBI 
number Procedure Description

2A Diagnostic coronary 
angiography for low 
risk, stable chest 
pain

An invasive X-ray procedure that 
uses a contrast dye to visualise 
the coronary arteries.

2B Repair of minimally 
symptomatic 
inguinal hernia

Treatment involves using 
synthetic mesh to reinforce the 
abdominal wall.

2C Surgical 
intervention 
for chronic 
rhinosinusitis

Surgery using a telescope via 
the nasal cavity to open the 
sinuses and, if present, remove 
nasal polyps.

2D Removal of 
adenoids for 
treatment of glue 
ear

A procedure performed 
via the mouth to remove 
excessive adenoidal tissue 
(adenoidectomy).

2E Arthroscopic 
surgery for 
meniscal tears

Camera and instruments are 
inserted into the knee through 
small incisions to repair 
meniscal tissue.

2G Surgical removal of 
kidney stones

Includes a number of techniques 
such as shockwave lithotripsy, 
ureteroscopy and percutaneous 
stone surgery.

2H Cystoscopy 
for men with 
uncomplicated 
lower urinary tract 
symptoms

A diagnostic procedure to 
examine the lining of the bladder 
and urethra to offer evidence 
regarding an underlying cause.

2I Surgical 
intervention for 
benign prostatic 
hyperplasia

Transurethral resection of 
prostate is a therapeutic 
procedure involving removal of 
tissue from the inner aspect of 
the prostate using diathermy.

2J Lumbar discectomy The surgical removal of 
intervertebral disc material to 
treat the symptoms resulting 
from compression of one or 
more spinal nerve roots.

2K Lumbar 
radiofrequency 
facet joint 
denervation

Also known as ‘dorsal 
rhizotomy’ or ‘radiofrequency 
ablation’, this is a non-surgical 
and minimally invasive 
procedure that uses heat to 
reduce or stop the transmission 
of pain signals arising from one 
or more spinal facet joints.

2L Exercise ECG 
for screening for 
coronary heart 
disease

A type of cardiac stress test.

2M Upper GI 
endoscopy

An invasive procedure to 
examine the lining of the 
oesophagus, stomach and the 
first part of the small intestine 
(duodenum) using a long, 
flexible tube with a camera.

EBI, Evidence-Based Interventions; GI, gastrointestinal.
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Using the control intervention trend from the model 
as a prediction of what would have happened without 
the EBI guidance, we generated a ‘1-year prediction’ that 
estimated the impact of the EBI programme 1 year after 
the COVID-19 period (ie, EBI intervention count minus 
control group count in February 2022). Negative ‘1-year 
predictions’ provide evidence that the EBI programme 
was successful in achieving de-implementation, taking 
into account the impact of the pandemic which affected 
all elective interventions.

Variation analyses
We compared intervention rates by ICB pre-EBI-COVID 
and post-EBI-COVID. Indirectly age-sex standardised 
intervention rates per 100 000 residents were calculated 
for each year, taking account of population, age and sex 
differences between ICBs.22 Expected intervention counts 
for each ICB were estimated using the national age/sex-
specific intervention rates (per population) applied to the 

age/sex-specific ICB populations. Two metrics were used 
to compare variation: the 90/10 ratio and the systematic 
component of variation (SCV).23 The 90/10 ratio quan-
tifies the difference between the intervention rates of 
the ICB at the 90th and the 10th percentiles; a larger 
value represents greater variation. The SCV statistic takes 
account of chance variation and incorporates the more 
extreme values excluded by the 90/10 ratio.24 We gener-
ated 95% CIs around SCV statistics using the percentile 
method bootstrapping with 1000 replications.

Sensitivity analyses
Analysis periods changes
There are no universally agreed dates for when the effect 
of COVID-19 on elective interventions began or ended in 
England; therefore, we re-ran the CITS model with (1) 
an earlier start date (1 February 2020) for the COVID-19 
period; (2) a prolonged COVID-19 period (1 March 2020 
to 31 May 2021); and (3) an earlier interruption point (1 

Figure 1  Pooled monthly intervention counts for EBI (a) and non-EBI elective procedures (b). GI, gastrointestinal.

Figure 2  Illustrative depiction of analyses of the impact of EBI on intervention counts. EBI, Evidence-Based Interventions.
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November 2020) assessing if the EBI guidance had imme-
diate impact.

Alternative control groups
We derived alternative control groups based on a clin-
ical guide to surgical priorities during the COVID-19 
pandemic which identified the ‘lowest priority’ interven-
tions during the pandemic.25 For EBI interventions in 
specialties with a high volume of ‘lowest priority’ inter-
ventions (urology; musculoskeletal; ear, nose and throat), 
we pooled all ‘lowest priority’ interventions in the rele-
vant specialty as the control group. EBI interventions in 
other specialties were compared with a control group 
comprised of all ‘lowest priority’ interventions regardless 
of specialty (see online supplemental file 2). We scaled 
the control group intervention rates to a similar level of 
monthly activity of each EBI intervention, using a multi-
plier generated by differencing average counts in the pre-
EBI-COVID period for both the EBI and control counts.

Patient and public involvement
GT and MB are named authors and public contributors 
to this work. Both have been involved in the work since 
its inception, including the development of the research 
project, interpretation of results and editing of the final 
manuscript. The study plan and subsequent results have 
been presented to the patient and public advisory group 
of our wider mixed-method project (NIHR130547), 
gaining insight into the interpretation of results.13

RESULTS
Overview of intervention counts
Pre-EBI and COVID-19, there were a total of 891 031 
and 901 671 EBI interventions performed in 2018/2019 
and 2019/2020, respectively (figure 1a, black line). This 
fell to 509 571 during the intensive COVID-19 period 
(2020/2021), increasing back towards pre-COVID-19 
levels afterwards (751 482 interventions in 2021/2022). 
Upper gastrointestinal (GI) endoscopy accounted for 
the majority (74%) of the EBI interventions measured. 
However, a similar trend, a large fall during COVID-19 
followed by a partial recovery in intervention counts 
was observed for other EBI interventions (figure  1a, 
green line) and all other non-EBI elective procedures 
(figure 1b). Pre-EBI and COVID-19, the control group’s 
monthly counts were well matched to the EBI proce-
dure counts except for upper GI endoscopy in which the 
intervention counts were much higher than the control 
(figure 3 and online supplemental figure 1).

Changes in intervention counts post-EBI-COVID
6 of 12 interventions (exercise ECG, surgery for chronic 
rhinosinusitis, lumbar discectomy, adenoids removal 
surgery for benign prostatic hyperplasia (BPH) and 
arthroscopic surgery for arthroscopic surgery for 
meniscal tears; table 2, first column in green) selected by 
the EBI programme had significantly lower intervention 

counts in February 2022 than would have been expected 
based on trends in the matched control groups. The 
largest absolute and percentage differences in expected 
intervention counts were seen in exercise ECG with 1573 
(95% CI 1742 to 1404) (57%) fewer interventions than 
the matched control. In a further four interventions, 
reductions ranged from 20% to 45%. The difference in 
arthroscopic surgery for meniscal tears, although statisti-
cally significant, represented less than a 1% reduction in 
expected procedure counts.

In four of these six interventions, exercise ECG, surgery 
for BPH (table  2 and figure  3), surgery for chronic 
rhinosinusitis and adenoid removal (table 2 and online 
supplemental figure 2), a larger fall in intervention counts 
(ie, step change) compared with the control group was 
evident at the end of the pandemic period. In one inter-
vention, lumbar discectomy (online supplemental file 1, 
figure 3), intervention counts compared with the control 
declined post-pandemic (ie, trend change). In the final 
intervention, arthroscopic surgery for meniscal tears 
(online supplemental file 1, figure 3), the difference was 
due to a combination of small step and trend changes.

In contrast, for two interventions (removal of kidney 
stones and upper GI endoscopy) counts in February 
2022 were higher than predicted (table  2; first column 
in red). For both, this was due to a relatively smaller fall 
(step-change) in interventions than predicted during the 
COVID-19 period. However, for both interventions, there 
was a relative downward trend in intervention rates post-
pandemic. The remaining four interventions (coronary 
angiography, cystoscopy, radiofrequency (RF) denerva-
tion and hernia repair) had non-significantly different 
1-year predictions (table 2; first column in grey).

Geographical variation
The majority of interventions had relatively low 
geographical variation pre-EBI-COVID with no substan-
tial reduction observed afterwards (table 3). The largest 
pre-EBI-COVID variation was found in RF denervation 
(90/10 ratio of 15.7; table 3), cystoscopy (9.6) and exer-
cise ECG (7.1). For RF denervation, there was a reduction 
in variation post-EBI-COVID (90/10 ratio difference of 
−4.99; table  3). The SCV score for RF denervation also 
decreased post-EBI-COVID, although CIs were wide and 
included zero (−8.1; 95% CI −63.9 to 36.4; online supple-
mental table S1).

Sensitivity analyses
Analysis periods changes
The sensitivity analyses altering the COVID-19 period 
dates, or the EBI interruption point supported our 
primary findings (online supplemental table S2).

Alternative control group
Analyses using the ‘lowest priority’ intervention control 
groups, supported evidence of lower intervention counts 
than expected in February 2022 for five of the six inter-
ventions identified in the primary analysis (exercise ECG, 
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Figure 3  Time series plots of 6 of 12 EBI interventions and controls. BPH, benign prostatic hyperplasia; EBI, Evidence-Based 
Interventions, RF, radiofrequency.
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chronic rhinosinusitis, lumbar discectomy, adenoids 
removal and meniscal tears; online supplemental table 
S3, figure S2). However, surgery for BPH had evidence 
of higher intervention counts than predicted compared 
with the urology ‘lowest priority’ control group.

DISCUSSION
As was evident across all elective healthcare in England, the 
use of 12 interventions targeted by the EBI programmes 

Wave 2 guidelines had not returned to pre-COVID-19 
levels by February 2022. After controlling for the impact 
of the pandemic on all elective care, 6 of 12 interventions 
had lower than expected intervention counts by February 
2022. In four of these procedures, this fall was greater 
than 35%. The remaining six interventions had counts 
at a similar (n=4) or higher (n=2) level than predicted.

In four of the six interventions, the lower than 
expected counts were predominantly due to a larger fall 

Table 2  CITS regression results ranked by the difference in 1-year prediction

EBI procedure
1-year prediction
(95% CI)

% difference 
Feb 2022*

Step change
(95% CI)

Trend change
95% (CI)

Exercise ECG for screening for CHD −1573† (−1742 to −1404) −57 −613‡ (−1200 to −26) −10 (−59 to 39)

Surgery for chronic rhinosinusitis −252‡ (−298 to −207) −36 −249‡ (−398 to −101) −7.4 (−20 to 6)

Surgery for BPH −103‡ (−171 to −34) −20 −543‡ (−750 to −335) 0.3 (−16 to 17)

Diagnostic coronary angiography −65 (−161 to 31) −4 798‡ (553.3 to 1042.7) −27‡ (−46 to −8)

Cystoscopy −50 (−191 to 92) −9 124 (−222 to 469) −37‡ (−59 to −15)

Lumbar discectomy −43‡ (−57 to −29) −41 −20 (−60 to 19) −4‡ (−7 to −2)

Adenoids removal −34‡ (−40 to −28) −45 −24† (−47 to 0) 4‡ (2 to 5)

Arthroscopic surgery for meniscal tears −21‡ (−42 to 0) <1 −21 (−67 to 25) −2 (−5 to 1)

RF denervation 4 (−9 to 18) −13 −43‡ (−65 to −22) 1 (−1 to 3)

Hernia repair 63 (−180 to 306) −9 −43‡ (−65 to −22) 10 (−56 to 77)

Removal kidney stones 231‡ (165 to 297) +8 623‡ (464 to 783) −31‡ (−43 to −19)

Upper GI endoscopy 3665‡ (1433 to 5896) +12 2003 (−2017 to 6023) −493‡ (−875 to −111)

Green represents statistically significant evidence of de-implementation; grey no statistically significant evidence of adoption; and 
red statistically significant evidence of greater adoption than would be expected compared with the control group.
‡ p-vlaue <0.01
† p-value <0.05
*Percentage difference between the EBI procedure and its control in February 2022.
BPH, benign prostatic hyperplasia; CHD, coronary heart disease; EBI, Evidence-Based Interventions; GI, gastrointestinal; RF, 
radiofrequency.

Table 3  Intervention rate variation across English ICBs: 90/10 ratios by year

EBI procedure
Pre-EBI-COVID
2019/2020

COVID-19
2020/2021

Post-EBI-COVID
2021/2022

Difference 2019/2020– 
2021/2022

Exercise ECG for screening for CHD 7.10 8.28 7.14 0.04

Surgery for chronic rhinosinusitis 2.21 2.98 2.84 0.63

Surgery for BPH 1.42 1.71 1.57 0.15

Diagnostic coronary angiography 1.78 1.92 1.80 0.02

Cystoscopy 9.66 8.56 8.84 −0.18

Lumbar discectomy 3.31 6.41 5.11 1.80

Adenoids removal 4.07 3.90 6.14 0.15

Arthroscopic surgery for meniscal tears 2.33 3.00 3.05 0.71

RF denervation 15.66 11.54 10.67 −4.99

Hernia repair 1.31 1.95 1.80 0.02

Removal of kidney stones 1.74 1.66 1.55 −0.18

Upper GI endoscopy 1.51 1.64 1.61 0.10

BPH, benign prostatic hyperplasia; CHD, coronary heart disease; EBI, Evidence-Based Interventions; GI, gastrointestinal; ICBs, Integrated 
Care Boards ; RF, radiofrequency.
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in procedure counts by the end of the pandemic period; 
for one, it was declining counts post-pandemic restric-
tions, and in the final one, a combination of both. Conse-
quently, there is some evidence to support the hypothesis 
that the EBI programme led to de-implementation in 
some of the interventions targeted.

For many interventions, there was relatively low 
geographical variation in intervention rates pre-EBI and 
little or no reduction in variation afterward. Therefore, 
there was very limited evidence that the publication of 
EBI guidelines minimised variation in care.

Strengths and limitations
Strengths
To our knowledge, this is the first analysis of the EBI 
programme’s second wave of guidance. This work 
provides insights into a national de-implementation 
initiative at a time when services were under pressure and 
when the opportunity cost of undertaking ‘inappropriate’ 
interventions was very high. HES data makes it possible to 
precisely count all elective admissions for interventions 
funded by the NHS in England.14 We were therefore able 
to accurately evaluate nationwide intervention counts and 
variation over time. Although some patient characteris-
tics are not reported consistently in the HES dataset (eg, 
ethnicity), the variables used for this analysis, including 
diagnosis and procedure codes, are very well-recorded 
in the inpatient setting.14 The CITS analysis allowed 
comparison of intervention counts between interventions 
targeted by the EBI programme and those which were not 
in order to identify the effects of the de-implementation 
initiative.

Limitations
Although our methods aimed to minimise the 
confounding effect of COVID-19, we cannot eliminate it. 
The pandemic-related reductions in all elective surgery 
may have provided an opportunity for health systems to 
re-assess and de-implement procedures already viewed as 
of lower value. However, our findings were largely consis-
tent in sensitivity analyses when ‘lowest priority’ interven-
tions not targeted by the EBI programme were used as 
control groups. This suggests that, at least for some proce-
dures, EBI guidance may have played an additional role 
in reducing re-uptake post-pandemic. Other concurrent 
factors, such as the publication of trial results or clinical 
guidelines, may also have affected the use of specific 
procedures.

There are no definitive start and end points for 
COVID-19 and its impact on health services. We used 
time points based on visual inspection of elective inter-
vention counts over time. However, in sensitivity anal-
yses varying these time points, we found little change in 
our results. Given the lack of reliable prevalence data 
for the health conditions treated by the interventions, 
we evaluated intervention counts rather than rates. The 
underlying prevalence of health conditions may have fluc-
tuated over the 4-year analysis period, which could have 

impacted procedure counts. It is well documented that 
the COVID-19 pandemic increased the global burden of 
many non-COVID-19 conditions such as mental health 
and heart disease.26 However, we have no reason to 
believe that the health conditions associated with EBI 
interventions would have a differential change in prev-
alence compared with health conditions associated with 
the control interventions.

The synthetic control method allowed us to create 
control groups that closely matched EBI intervention 
trends pre-EBI-COVID for almost all interventions. 
However, the very high monthly counts for upper GI 
endoscopy limited the ability of this approach to select an 
appropriate control group for this procedure. Our find-
ings may be less reliable for this intervention, although 
we observed similar findings in sensitivity analysis using a 
‘lowest priority’ control group for this intervention.

We were only able to evaluate 12 of the 31 procedures 
targeted in Wave 2, providing a detailed but potentially 
limited picture of the overall effectiveness of the EBI 
programme. Routine NHS data lacked the reliability or 
coding detail necessary to track a further 13 procedures. 
For example, the capture of Troponin testing in the 
Emergency Care Data Set in England is relatively new; 
therefore, increases in usage may relate to improvements 
in data collection over time rather than true increases in 
its use. The remaining six interventions are not currently 
captured in any routine healthcare dataset. However, 
alongside our evaluation of Wave 1,9 analyses exploring 
healthcare managers views and local policy changes in 
response to the EBI programme,10 11 and further work to 
come, we provide a broad picture of the successes and 
challenges of a complex national de-implementation 
programme.

Comparisons with other literature
The de-implementation literature to date has focused 
on evaluation of interventions to de-implement indi-
vidual medical procedures or tests. Cliff et al systemati-
cally reviewed multiple single interventions within the 
Choosing Wisely programme in the USA between 2012 
and 2019.4 They found that interventions with multiple 
active de-implementation components (eg, clinician 
education and shared decision-making) were much more 
likely to be effective than those that only disseminated 
Choosing Wisely recommendations.

A process evaluation of the Dutch ‘to do or not to do?’ 
programme (2016–2018) showed that reductions in ‘inap-
propriate’ care are possible.6 The programme selected 
eight ‘de-implementation projects’ with bespoke de-im-
plementation strategies, such as education of general 
practitioners, appointing clinical champions and changes 
to pathways of care. The evaluation concluded that five 
out of eight projects resulted in a reduction of inappro-
priate care and identified barriers (eg, lack of time) and 
facilitators (eg, support among clinicians) for success.

Further qualitative work, following on from 
recently published work exploring the views of local 
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commissioners,10 is soon to be published, unpicking the 
reasons for the impact or apparent lack of impact of the 
EBI programme from the perspective of patients and 
clinicians as part of our wider project (NIHR130547).13

Implications
Given the ongoing constraints on healthcare expendi-
tures and the need to provide financial ‘headroom’ for 
effective but costly new healthcare, it is essential that 
de-implementation initiatives are designed and executed 
well. The COVID-19 pandemic, which at its peak resulted 
in a 95% reduction in elective hospital care, provided a 
unique opportunity to reconsider the appropriate use 
of healthcare resources. However, as we have demon-
strated, even in these circumstances, the dissemination 
of guidelines on the appropriate use of interventions did 
not have a universal impact on de-implementation or 
reduce geographical variation in the uptake of care. Our 
current findings on EBI Wave 2 are more encouraging 
than previous work on Wave 18 9 which did not identify 
any impact. This may be due to Wave 2 focusing on inter-
ventions not already decreasing pre-guidance. Neverthe-
less, our results are mixed and many questions remain 
about the mechanisms by which de-implementation 
programmes work and why they work in some circum-
stances and not others. In this work, we see the largest 
reductions in use of exercise ECG, which was the only 
procedure with a ‘do not do’ recommendation. This may 
have resulted in a simpler de-implementation message and 
process in comparison to implementing nuanced criteria 
for appropriate use. As de-implementation programmes 
require significant resources, it is very important that they 
are robustly evaluated, even when outcomes are difficult 
to measure using routine data. The value of future de-im-
plementation initiatives depends on learning from the 
successes and failures of current programmes.

Future research
This work is part of a larger body of research examining the 
de-implementation of inappropriate care using the NHS 
EBI programme as a case study (NIHR130547).9–11 13 We 
are also researching the spillover effects of de-implemen-
tation in the primary care setting, including the impact on 
referrals to secondary care and non-surgical treatment. 
Our team is also undertaking qualitative work investi-
gating patients’, clinicians’ and commissioners’ accounts 
of the actions taken in response to the EBI programme, 
and the perceived consequence of this on the delivery 
and experience of care. The findings will provide insight 
into potential mechanisms by which the EBI programme 
reduced activity rates, reasons why it did not (where 
applicable), and the wider consequences for delivery and 
receipt of care.

Conclusions
We found evidence of a reduction in 6 of 12 of the Wave 
2 EBI interventions analysed. De-implementation of 
healthcare remains challenging. Even following a period 

of forced reductions in elective interventions resulting 
from the pandemic, half of the interventions analysed 
returned to levels at or above what would have been 
expected without the EBI programme. There was little 
evidence that the publication of national criteria for the 
appropriate use of surgical interventions reduced varia-
tion in procedures across England.
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