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Emergency laparotomy has a high mortality rate and there is

significant variation in care processes and outcomes around

England and Wales.1 The Enhanced Peri-Operative Care for

High-risk patients (EPOCH) trial studied the effectiveness of a

national quality improvement (QI) programme to implement a

care pathway to reduce mortality in patients undergoing

emergency laparotomy.2 There have been several smaller

studies looking at components of the emergency surgery care

pathway with encouraging results. Subsequent to the publi-

cation of the EPOCH study, the emergency laparotomy

collaborative (ELC) group have reported an uncontrolled before

and after study of a QI collaborative approach in 28 English

hospitals.3 This confirmed their previous study in four hospi-

tals that a collaborative approach to implement a simple care

bundle led to a reduction in mortality, noting that many of the

mortality benefits were not apparent until the second year of

the programme. Other studies have also shown a reduction in

mortality. In Denmark, a prospective study of staff education

and a care protocol showed a reduction in mortality compared

with historical controls in high-risk abdominal surgery and

peptic ulcer disease.4,5

There is mixed evidence in peer reviewed publications on

the effectiveness of QI interventions in general.6 This may be

attributable to poor fidelity of QI methods such as

planedoestudyeact cycles or a mistaken emphasis on spe-

cific interventions over cultural change.7,8 The EPOCH study

sought to evaluate the effectiveness of a QI programme on

the implementation of a care pathway spanning the whole

perioperative pathway from diagnosis to discharge, across all

of England and Wales. The study commenced in March 2014,

shortly after the National Emergency Laparotomy Audit

(NELA) commenced data collection in December 2013. The

recommended care standards measured by NELA are based

on consensus statements and publications from the Royal

College of Surgeons of England, Association of Surgeons of

Great Britain and Ireland, reports from the National
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National Institute for Health and Care Excellence. None of

these standards of care are based on the findings of RCTs.9

Here, we consider the findings of the EPOCH study using the

format of an independent discussion.10 An independent dis-

cussion is one written by an author with expertise in research

methodology, independent of the original research team. The

author has access to the introduction, methods, results, and

raw data, but not the discussion section. Highlighting the

similarities and differences between the original discussion

and the second, independent discussion may help readers

contextualise the findings of a study and its limitations. This is

intended to increase the inferential reproducibility of scientific

research by mitigating some of the potential limitations of

existing discussion sections.
Main findings of the trial

Original discussion
‘The principal finding of this trial was that there was no

survival benefit associated with a national quality

improvement programme to implement an evidence-

based care pathway for patients undergoing emergency

abdominal surgery. Furthermore, there was no beneficial

effect on 180 day mortality, hospital stay or hospital

readmission. At a national level, there were only modest

improvements amongst the ten measures selected to

reflect key processes of care within the pathway. Expe-

rience from individual hospitals suggested wide varia-

tions in which of the 37 pathway elements local QI teams

chose to tackle, the rate of change they achieved, and

their eventual success.’

‘Our findings reveal that implementation of such an

extensive care pathway was a more complex challenge
1
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than expected by our clinical community. It is important

to interpret the results of this trial alongside those of the

ethnographic study and process evaluation, which

together suggest that quality improvement programmes

designed to implement complex care pathways require

more resources, with dedicated time for clinical teams to

focus on making change happen.’

Independent discussion

The EPOCH QI programme was developed using a well-

established consensus-based approach based on existing

guidelines and published literature. The authors then under-

took a large national trial to evaluate the policy of imple-

menting the EPOCH programme. They carried out a

randomised stepped-wedge cluster trial which is a recognised

design to increase the efficiency of the trial with respect to

required sample size.

The trial did not find evidence that adoption of the EPOCH

programme for emergency open major abdominal surgery in

the NHS improved 90 day mortality. This result was not a

consequence of the study not meeting its anticipated sample

size (15 873 rather than 27 540) as, despite a lack of precision in

the primary intervention effect estimate, there was no

convincing evidence for survival benefit. The 95% confidence

interval (CI) for the hazard ratio (HR) covered 0.96 to 1.28,

where an HR <1 favours the EPOCH programme. Owing to the

lack of precision in the estimate, the result is consistent with

the conclusion that there is no difference between control and

EPOCH, and also that there is an important increase in mor-

tality in the control.

Commentary

Both the original investigators and the independent review

provide the same summary of the quantitative findingsdthat

there was no evidence that the intervention reduced 90 day

mortality.
Relationship of main finding to previous
studies independent discussion
Original discussion
‘A review undertaken by the authors found previous

studies evaluating either quality improvement compo-

nents or packages did find some benefit on survival, but

these were assessed as being at high risk of bias. The

results of this large scale randomised trial differ as it

suggests no benefit. The seemingly contrasting results

with previous researchmay be due to this trial answering

a more pragmatic question regarding adoption of the

EPOCH programme, rather than implementation of

quality improvement components, or it may be due to

higher risk of bias in previous studies.’

Original discussion
‘The primary outcome of 90 day mortality occurred in

1393 patients in the usual care group (16%) compared

with 1210 patients in the QI group (16%) (Hazard ratio, QI

vs usual care: 1.11 [0.96 to 1.28]). Results were similar for

mortality within 180 days (HR 1.12 [0.98 to 1.28]). Patients

in the QI group had a lower probability of hospital

discharge (Hazard ratio for hospital discharge 0.90 [0.83 to

0.97]), leading to amarginally longer hospital stay (days in

hospital, usual care: 8 [13 to 23] days vs QI: 8 [13 to 24]

days), although this difference was not clinically mean-

ingful. There was no difference between groups in hos-

pital re-admission within 180 days (usual care 1618 (20%)

vs. QI 1242 (18%); Hazard ratio for re-admission 0.87 [0.73

to 1.04]). In a secondary analysis, we found no evidence

that the QI strategy became more effective the longer it

had been adopted.’

‘The extent to which the QI programme was delivered as

intended, as well as enablers and barriers to change, are

described in full in the report of the EPOCH trial process

evaluation.’
Independent discussion

The EPOCH pathway was developed using a Delphi process

to update the existing Royal College of Surgeons guidelines.

The evidence underlying most of these recommendations is

of lower grades. Of the 27 recommendations, 15 are graded
as grade I, that is ‘Scientific evidence is lacking, of poor

quality, or conflicting, such that the risk vs benefit balance

cannot be assessed. Clinicians should help patients under-

stand the uncertainty surrounding the clinical service’. A

further four recommendations are level C (‘At least fair sci-

entific evidence suggests that there are benefits provided by

the clinical service, but the balance between benefits and

risks are too close for making general recommendations.

Clinicians need not offer it unless there are individual con-

siderations’), seven are level B (‘At least fair scientific evi-

dence suggests that the benefits of the clinical service

outweighs the potential risks’), and only one, on venous

thromboprophylaxis, is level A (‘Good scientific evidence

suggests that the benefits of the clinical service substantially

outweigh the potential risks’).

Commentary

Both discussions indicate a high risk of bias in study design of

the previous studies, and that before and after studies are

potentially confounded by decreasingmortality in the patient

population, which the stepped wedge cluster design is

intended to mitigate. The original discussion highlights that

the simpler interventions in previous studies were more

readily achieved than the complex EPOCH intervention. The

original discussion also lists studies of theoretical imple-

mentation models, commenting that none of these models

emphasise institutional support, which the EPOCH ethno-

graphic study found to be a key determinant of successful

implementation. The original discussion does not cover the

dearth of grade A evidence underlying the most important

components of the care pathway, despite the efficacy of these

interventions being crucial to the outcomes measured of the

study. This is a key factor to consider when interpreting the

study findingsddid mortality remain unchanged because the

QI intervention did not result in pathway adoption, or

because the pathway was adopted, but this did not reduce

mortality.
Additional (secondary) findings
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series of codes for relevant procedures. We chose to po-

wer the trial to detect a very modest treatment effect

partly to accommodate the possibility that these data

were poorly representative of the EPOCH trial population.

However, the 95% confidence interval for our primary

effect estimate was narrow, with a lower limit which

indicates a maximum potential mortality reduction of

4%. Our findings are unlikely to change with a larger

sample size.’

Editorial - 3
Independent discussion

There were three secondary clinical outcomes. The 180 day

survival rate result was consistent with the 90 day result.

Both results did not demonstrate benefit and the range of

values in the 95% CI predominantly covered values that were

in favour of control. The result was not statistically significant

at the 5% level, but the likelihood of no difference or

increased mortality in the control group were more probable

than benefit for EPOCH. The ‘hazard’ of discharge from hos-

pital was again in favour of control but this time the finding

was statistically significant, although the absolute difference

in time is unlikely to be meaningful to patients as both groups

had a median in-hospital stay of 8 days and their inter-

quartile ranges were similar. There was inconclusive evi-

dence regarding hospital re-admission rates. The point esti-

mate indicated a lower hazard of being readmitted with the

EPOCH programme but the estimate was imprecise, and the

95% CI is consistent with both the conclusion that there is no

difference, and that there is a meaningfully important

reduction in readmission for EPOCH as the HR 95% CI ranged

from 0.73 to 1.04.

The process measures have only been presented by authors

asrawcountsandpercentages.There isa temptationtocompare

these absolute numbers across, but they are not adjusted for

time or clustering effects, so this approach would not be valid.

Interpreting the raw data at face value in Table 22 does suggests

that thedifferencemaybefairlysmall andnotenoughbehaviour

change to improve clinical outcomes for patients. The ethno-

graphic sub-study identified multiple challenges in imple-

mentation of the EPOCH programme. If these challenges were

experienced across all hospitals this would offer an explanation

for not observing any improvement inmortality.
Commentary

Both the original and independent discussions agree on the

interpretation of the secondary outcome measures of 180 day

survival and length of stay. They differ on the interpretation of

hospital readmission; the original discussion states the hazard

of hospital readmission did not change, whereas the inde-

pendent discussion states that this finding was inconclusive.

This was attributable to the smaller-than-expected sample

size resulting in imprecise estimates, that is both conclusions

that there is no difference and a meaningful reduction in

readmissions are possible in the results published.

The original paper also lists the representation of hospitals

at initial and follow-up meetings as a process measure,

showing a large decrease in attendance between the initial

and follow-up meetings. Both discussions mention patient

level process measures but do not test these for statistical

significance as per the original EPOCH analysis plan, and the

risk of bias in this type of before and after measures.

Limitations
Original discussion
‘Despite the large sample, fewer patients than expected

underwent emergency abdominal surgery, and the 90 day

mortality rate was lower than anticipated. The sample

size calculation was based on Hospital Episodes Statistics

data which do not provide a specific diagnostic code for

emergency abdominal surgery. Instead we identified a
Independent discussion

Large pragmatic trials are primarily interested in determining

the ‘treatment policy strategy’.11 In this trial the intervention

effect estimates pertain to adoption of the EPOCH programme

into NHS hospitals. With no intervention effect observed, the

natural question turns to whether this is attributable to the

EPOCH programme not being implemented and managing to

achieve the required behaviour change as intended. The

ethnographic sub-study and process evaluation identified that

adherence and fidelity may have been lower than expected.

Therefore this offers one reason as to why no benefitmay have

been seen. It was not the aim of the study to estimate the effect

of the EPOCH programme if it was implemented as intended,

but the authors did explore whether the length of time the

programme was in place made a difference. The results did

not reveal any improvements over time, and it remains un-

clear whether the lack of observed effect is attributable to the

lack of implementation or the programme itself not making a

difference.

This particular trial, where the results are more in favour of

control rather than just uncertainty in either direction, pro-

vides an example that raises an interesting question around

the absence of evidence within the null hypothesis testing

framework, and when it can be regarded as evidence of

absence. Controversies in the interpretation of null hypothesis

significance testing have been put forward by Tijmstra.12 In

this discussion, we have placed our focus on the interpretation

of the plausible range of values provided by the 95% CI of the

intervention effect estimate. To resolve this uncertainty future

work would need to ensure the implementation of QI com-

ponents, rather than just the adoption of a policy to attempt

implementation.

Stepped-wedge trials are more complex to operationalise

than cluster RCTs, and can be vulnerable to bias caused by

external factors that cause changes over time. Although these

effects can technically be disentangled though the analysis, if

the design is not implemented as planned and the analysis

assumptions are not met, the result may be bias. The design

was ambitious in the number of time periods and steps used,

requiring 90 hospitals over an 85 week period, in 17 time pe-

riods of 5weeks, where hospitals were grouped into 15 clusters

based on location to reduce contamination bias. Whether

these time steps were achieved with a suitable accuracy

required for the design is not clear. The parametric survival

analysis model appropriately adjusted for secular trend and

varying secular trends across hospitals that would allow for

changes in care delivery not caused by the intervention to vary

over time and by hospital, but the time period was limited to a

definition of before and after treatment rather than more pe-

riodic time points.13 The model included a single term for

intervention allowing only a constant shift in any intervention
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update national professional guidelines.7 As with many

evidence-based treatment guidelines, some recommen-

dations were graded as strong although the available

evidence was weak. The choice of component in-

terventions such as intensive care admission and

consultant-led care was primarily based on expert

opinion; it is unclear how this evidence base could be

improved. Partnership with the National Emergency

Laparotomy Audit allowed an efficient trial design with

no additional data collection for participating staff.’

4 - Editorial
effect which carries the assumption that the intervention ef-

fect would remain constant over the varied 5e80 week inter-

vention period. This assumption was examined to a limited

extend in secondary analysis providing some justification for

this decision.

The primary endpoint had to be modified after the

complication that 90 day mortality data could not be obtained

for patients in Wales. Instead, information up to point of

discharge was used for these patients after which their data

were censored, meaning they had shorter follow-up time. This

approach makes an assumption of uninformative censoring

for these patients and affected 730 (4.8%) patients. This

compromise is unlikely to have made any meaningful impact

on study results or altered study conclusions.

The study was underpowered to detect the 3% difference in

mortality that the investigators had set out to achieve, but a

larger sample size would not have increased the precision

such that survival benefit for EPOCH would have been found.

The unadjusted data such as those in Table 2 and Figures 2 and

32 should not be over-interpreted, and focus should remain on

the appropriately adjusted estimates that take account of time

and clustering effects.
Commentary

The independent discussion highlights the potential limita-

tions on the analysis if the ambitious time steps in imple-

mentation are not conducted as required by the study design;

this is not discussed in the original paper. The independent

discussion also describes that a limitation of the analysis

model, whilst adjusting for secular trend in time and across

hospitals, uses a model treating time as a single term rather

than more periodic time points. This was examined in the

EPOCH paper’s secondary analysis, but not discussed in detail

as a potential limitation.

Both discussions agree that the study was underpowered to

detect a 3% reduction in mortality, as the number of patients

having surgery was lower than expected, and the mortality

rate was lower than expected. Both discussions state this was

not a cause of the null finding. Both also include the limitation

created by the lack of post-discharge survival data fromWales,

but that this compromise is unlikely to have materially

impacted on the results obtained.

The independent discussion also highlights that the data as

presented do not fully answer the question as to whether the

EPOCH programme did not reduce mortality caused by a lack

of implementation or a lack of efficacy in the recommended

pathway components. The original discussion comments on

the lack of evidence behind some of the pathway recom-

mendations, and although they were determined by a robust

Delphi consensus process, the underlying evidence for adop-

tion of some of the recommendations is weak.
Strengths
Main discussion
‘The strengths of this trial include wide generalizability

(large number of consecutive patients enrolled by many

hospitals), robust trial design and the devolved leader-

ship to local clinical QI teams. The EPOCH care pathway

was developed through a Delphi consensus process to
Independent discussion

The EPOCH programme was developed by experts through a

structured process based on existing well-established guide-

lines. It was a large scale randomised trial designed with

attention to minimise contamination bias for workforce

movement within local geographic regions. It includes a

representative range of NHS hospitals and achieved an

extremely low missing data rate with minimal hospital with-

drawal, and all 93 hospitals that started the trial contributed to

the final primary analysis. Its primary outcome of mortality is

objective which is crucial in unblinded trials. The study pro-

tocol and detailed statistical analysis plan have been publicly

available from early on in the conduct of the study via the

study website. These documents demonstrate the consistency

and intent to report a specified primary outcome and three

clinical secondary outcomes, and 10 predefined process mea-

sures, all of which are reported in the publication.

Commentary

Both the original and independent discussions include similar

strengths to the study design and implementation. The orig-

inal discussion also lists the partnership with the National

Emergency Laparotomy Audit as a strength, allowing for a

large trial to be undertaken efficiently, requiring no additional

data collection for participating staff.
Future directions

Original discussion
‘These findings suggest future quality improvement

programmes should implement fewer, more discrete

changes and ensure leadership teams have adequate

time to achieve sustained improvements in patient care.

Undue emphasis on success stories from small early

studies may lead us to under-estimate the requirements

for successful quality improvement interventions.’

Independent discussion

The process evaluation identified difficulties in engaging with

the EPOCH programme which is a complex intervention of

many QI components. Future work to understand whether

implementing QI components rather than just the adoption of

the policy to implement a programme would provide valuable

insight as to whether these offer potential interventions to

help reduce the much-needed reduction in mortality in

emergency abdominal surgery patients.
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Editorial - 5
Commentary

Both discussions agree that future directions should focus on

fewer individual pathway components rather than a complex

pathway. As the aim of the study was to test the QI interven-

tion, future work with similar aims should focus on pathway

components with stronger evidence of patient benefit, so any

lack of impact on patient outcomes could be more clearly

attributed on lack of efficacy of theQI intervention. The original

discussion also indicates that further focus is needed on lead-

ership time and resources in addition to pathway components.

Conclusion
Original discussion
‘In this stepped-wedge cluster randomised trial, we did

not identify any survival benefit from a national quality

improvement programme to implement an enhanced

pathway of care for patients undergoing emergency

abdominal surgery. This is likely attributable to variation

between hospitals in fidelity of implementation, prioriti-

sation of pathway components, and the time required to

achieve effective change. These findings suggest future

quality improvement programmes should implement

fewer, more discrete changes and ensure leadership

teams have adequate time to achieve sustained im-

provements in patient care. Undue emphasis on success

stories from small early studies may lead us to underes-

timate the requirements for successful quality improve-

ment interventions.’
Independent discussion

There is no evidence that adopting the EPOCH programme for

patients undergoing emergency abdominal surgery will pro-

vide survival benefit in an NHS hospital setting.

Commentary

The conclusion from both commentaries is the same. The

original conclusion expands on the reasons behind the find-

ings with the ethnographic data reported in papers currently

under review: fidelity of implementation, prioritisation of

pathway components, and the time required to achieve

effective change.

Inferential reproducibility

There is excellent concordance between the two discussions,

with good inferential reproducibility. The independent discus-

sion lists more limitations of the complex trial design than the

original discussion and commentary on the underlying evi-

dence base for the pathway components, but both agree on the

keyfindings, their interpretation, and futuredirectionsof study.
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