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ABSTRACT
Objective  Atrial fibrillation (AF) is the most common 
arrhythmia. Undiagnosed and poorly managed AF 
increases risk of stroke. The Hounslow AF quality 
improvement (QI) initiative was associated with improved 
quality of care for patients with AF through increased 
detection of AF and appropriate anticoagulation. This 
study aimed to evaluate whether there has been a change 
in stroke and bleeding rates in the Hounslow population 
following the QI initiative.
Methods  Using hospital admissions data from January 
2011 to August 2018, interrupted time series analysis was 
performed to investigate the changes in standardised rates 
of admission with stroke and bleeding, following the start 
of the QI initiative in October 2014.
Results  There was a 17% decrease in the rate of 
admission with stroke as primary diagnosis (incidence 
rate ratio (IRR) 0.83; 95% CI 0.712 to 0.963; p<0.014). 
There was an even larger yet not statistically significant 
decrease in admission with stroke as primary diagnosis 
and AF as secondary diagnosis (IRR 0.75; 95% CI 0.550 to 
1.025; p<0.071). No significant changes were observed 
in bleeding admissions. For each outcome, an additional 
regression model including both the level change and 
an interaction term for slope change was created. In all 
cases, the slope change was small and not statistically 
significant.
Conclusion  Reduction in stroke admissions may 
be associated with the AF QI initiative. However, the 
immediate level change and non-significant slope change 
suggests a lack of effect of the intervention over time and 
that the decrease observed may be attributable to other 
events.

INTRODUCTION
The most common cardiac arrhythmia,1 atrial 
fibrillation (AF) is associated with a fivefold 
increase in the risk of ischaemic stroke and 
older populations are particularly vulner-
able.2 In the UK, it is estimated that over 
7000 AF-related strokes per year could be 
prevented with oral anticoagulation (OAC).3

The Borough of Hounslow in London 
had a population of 294 7124 in 2014. The 
observed AF prevalence in Hounslow was 
0.9% in contrast to an expected prevalence 
of 1.6%, suggesting there were around 2000 
residents with undiagnosed AF.5 The admis-
sion rate for stroke in Hounslow (191 per 
100 000) was higher than the national rate 
for England (171.9 per 100 000). Further-
more, only 56.7% of patients who had stroke 
admitted to hospital with pre-existing AF 
were taking anticoagulation.6 The Sentinel 
Stroke National Audit Programme in 2014 
showed that for patients with AF in Houn-
slow not anticoagulated before stroke, after 
discharge there was 47% mortality and 20% 
severe morbidity.7

Key questions

What is already known about this subject?
►► Atrial fibrillation (AF) is a common cardiac arrhyth-
mia and increases the risk of ischaemic stroke. 
Evidence has shown that opportunistic screen-
ing using technological devices is a cost-effective 
measure for early detection of silent or subclinical 
symptomatic AF. Subsequent risk stratification and 
oral anticoagulation after diagnosis of AF can vastly 
reduce AF-related stroke.

What does this study add?
►► With early diagnosis of AF and oral anticoagula-
tion optimisation followed by the implementation 
of quality improvement (QI) initiative in primary 
care, stroke admission to secondary care may be 
reduced without a significant increase in bleeding 
admissions.

How might this impact on clinical practice?
►► In regions where undiagnosed or poorly managed 
AF is evident, similar QI effort may prove beneficial 
in reducing the burden of stroke on both patients 
with AF and the healthcare system.
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Opportunistic screening has been identified as a cost-
effective solution for detecting the population with 
silent or subclinical symptomatic AF.8 With technological 
advancement, many screening methods can be adopted 
in addition to the traditional pulse palpation and 12-lead 
ECG.9 10 AF-related stroke risk can be vastly reduced by 
early diagnosis of AF, risk stratification and preventive 
OAC.11 12 However, common complications of OAC such 
as gastrointestinal bleeding and intracranial haemor-
rhage,11also have significant societal costs.13

In 2014, an initiative was set up to improve AF detec-
tion and management in all Hounslow general practices 
(GP), aiming to translate evidence-based interventions 
into routine practice using quality improvement (QI) 
methodologies.14 This resulted in an increase in the rate 
of new AF diagnoses and an increase in anticoagulation 
prescription.15 This study aims to evaluate whether conse-
quently there has been a change in stroke and bleeding 
rates in the Hounslow population following the initiative.

METHODS
Hounslow QI initiative
The QI initiative comprised of education and specialist 
support for general practitioners (GP on diagnosis and 
management of AF). This included a KardiaMobile 
(AliveCor, Mountain View, California, USA) handheld 
ECG device demonstration and distribution to all GP for 
opportunistic AF screening, creation of an AF ‘at-risk’ 
register and patient status alert, a SystmOne AF clinical 
template to help improve compliance with NICE guid-
ance and patient-centred anticoagulation choices, cardi-
ology nurse review of exception-reported patients and 
patients on aspirin, nurse-led face-to-face anticoagulation 
clinics and patient education about AF. Details of the 
multidisciplinary QI team, the interventions and process-
related measures have previously been described.15

Patient and public involvement
Patients were involved in the design and conduct of the 
AF QI initiative through to the authorship of this paper. 
Development of the shared aim, measures for improve-
ment and iterative testing of the changes was informed by 
discussions with a patient representative within the multi-
disciplinary QI team, who had experience of AF. Patients 
were central to dissemination of information about AF 
diagnosis and its management, which helped to increase 
community awareness during and beyond the AF initi-
ative. We intend to disseminate the main results to the 
public and will seek patient and public involvement for 
development of an appropriate dissemination strategy.

Data source and extraction
Clinical Commissioning Groups (CCGs) commission the 
majority of health services for their responsible areas for 
which they are responsible. Aggregated data on hospital 
admissions for patients registered with GPs from Houn-
slow CCG during January 2010 and December 2018 were 
extracted. The data were taken from the National Health 

Service (NHS) Hospital Episode Statistics (HES) database 
containing details of clinical admission and emergency 
attendance at NHS hospitals in England.16 Diagnoses 
were defined in the database according to the codes of 
the WHO International Classification of Diseases—10th 
revision (ICD-10).17 The following codes were used in the 
analyses: (1) AF (I48X); (2) stroke (I61.0 to I61.6, I61.8 
to I61.9; I63.0 to I63.6, I63.8 to I63.9; I64X); (3) bleeding 
(K92.0 to K92.2; R31; R58) and (4) use of OAC (Z92.1).

The total population registered with GPs in Hounslow, 
stratified by month and year, was derived by retrospective 
extraction of pseudonymised data from Hounslow CCG’s 
SystmOne clinical GP database. Data were extracted for 
the period starting January 2011 to August 2018 for the 
following events: registration with a GP practice and 
deduction from practice list. Deduction refers to removal 
from practice list due to death or deregistration for 
example, patients registering with a new GP outside of 
Hounslow borough. These data elements were extracted 
alongside age and gender of the patient. Data validation 
was conducted by a senior GP, who compared a sample of 
extracted data with patient clinical records.

Measures
The primary outcome of our investigation was the rate 
of hospital admissions for stroke, specifically the monthly 
rate of (1) admission with stroke as primary diagnosis and 
(2) 6-monthly rate of admission with stroke as primary 
diagnosis and AF as secondary diagnosis.

To understand whether efforts to increase prescription 
of OAC in patients with an AF diagnosis had inadver-
tently increased bleeding admissions, we measured the 
6-monthly rate of (1) admission with bleeding as primary 
diagnosis and AF in any position of diagnosis and (2) 
admission with bleeding as primary diagnosis and the use 
of OAC as secondary diagnosis.

Statistical analysis
Descriptive statistics are presented as numbers (percent-
ages) or mean (SD) for categorical and continuous variables, 
respectively. For each year from 2011 to 2018, we analysed 
the (1) average monthly expected AF prevalent population; 
and for each of the four measures, the average monthly: 
(2) incidence; (3) incidence stratified by sex; (4) incidence 
stratified by three age-groups (0–17, 18–64 and above 65) 
and the (5) age-standardised and sex-standardised rates per 
100 000 patients with expected AF.

Interrupted time series (ITS) analysis, a quasiexperi-
mental design, was used to evaluate changes in patient 
outcomes after the implementation of interventions in the 
Hounslow AF QI initiative. ITS makes use of observational 
data collected at multiple time points to form a preinter-
vention and postintervention trend, with an ‘interrup-
tion’ by the intervention between the two trends.18–22 This 
allows the population to act as the control group for itself 
in this ‘natural experiment’, reducing selection bias and 
confounding due to group differences.20–22



3Wong KY, et al. Open Heart 2021;8:e001558. doi:10.1136/openhrt-2020-001558

Basic and translational research

The chosen preintervention period was from 1 January 
2011 to 31 September 2014 and the postintervention 
period, marked by the start of the implementation of 
interventions in the Hounslow AF QI initiative, was from 
1 October 2014 to 31 August 2018. As the outcomes of 
interest are counts, Poisson regression models were fitted. 
The intervention time point was chosen to be closest time 
point to the intervention start; hence, October 2014 was 
chosen for the monthly regression model and January 
2015 for the 6-monthly regression models. An age-
standardised and sex-standardised expected AF popu-
lation was included as an offset variable to convert the 
outcomes into rates and adjust for any potential changes 
in the population over time. Estimates of the expected AF 
prevalent population in Hounslow were derived based on 
applying known age and sex distributions of diagnosed 
AF in a Swedish study23 to the Hounslow population, as 
has been previously adopted by Public Health England.5 
Change in the level of the trend was assumed and thus 
an impact model with a level change was proposed 
(figure 1).20 22

This assumption was based on existing evidence that 
OAC reduces risk of stroke in patients with an AF diag-
nosis.24 The equation for the segmented regression 
model used was:

	﻿‍ Yt = β0 + β1Tt + β2Xt‍�
To ensure robustness of the results, we conducted two 

sensitivity analyses. First, an additional regression model 
was created for each of the measures20 22 including both 
the level change and an interaction term (XtTt) for the 
slope change. The equation for this segmented regres-
sion model used was:

	﻿‍ Yt = β0 + β1Tt + β2Xt + β3XtTt‍�
The second sensitivity analysis comprised adjusting for 

seasonality in each regression model.
Results are presented as incidence rate ratios (IRR) 

and 95% CI. Values of p<0.05 were considered to be 
statistically significant. Models were checked for the 
goodness of fit and autocorrelation. All the data aggre-
gation and analysis were conducted using STATA 15.1 
(Stata, College Station, TX, USA). The Standards for 
Quality Improvement Reporting Excellence 2.0 guide-
lines were used as a framework for reporting findings 
from this QI initiative.25

RESULTS
Descriptive statistics are shown in table 1. Between 2011 
and 2018, the expected AF prevalent population increased 
year on year. The average monthly incidence of admission 
with stroke as primary diagnosis ranged from 32.3 (4.67) 
in 2012 to 42.0 (5.6) in 2017; admission with stroke as 
primary diagnosis and AF as secondary diagnosis ranged 
from 9.3 (0.6) in 2013 to 6.4 (0.8) in 2016, admission with 
bleeding as primary diagnosis and AF in any position of 
diagnosis ranged from 2.7 (0.9) in 2012 to 6.3 (0.9) in 
2017 and admission with bleeding as primary diagnosis 
and use of OAC as secondary diagnosis ranged from 1.0 
(0.2) in 2012 to 5.3 (0.4) in 2017. Age-standardised and 
sex-standardised monthly rates per 100 000 population 
followed similar patterns. For the most part, admissions 
were slightly higher for men than in women for all the 
measures except for the admission with stroke as primary 
diagnosis and AF as secondary diagnosis measure. For all 

Figure 1  Proposed impact model with a level change for the ITS analysis. Red solid line=preintervention trend; red dashed 
line=counterfactual; blue line=postintervention trend; β0=intercept representing starting level of outcome variable; β1=slope 
prior to intervention; β2=change in level after intervention; T=time since start of the study; X=intervention. ITS, interrupted time 
series.
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measures, a higher proportion of the admissions were 
patients aged 65 and above.

Outcome measures
Stroke admissions
In the postintervention period, there was a 17% decrease 
in admission with stroke as primary diagnosis (IRR 0.83; 
95% CI 0.731 to 0.958; p<0.010) (table 2). After adjust-
ment for seasonality, the result remained statistically 
significant (IRR 0.83; 95% CI 0.712 to 0.963; p<0.014) 
(table 2 and figure 2).

For admission with stroke as primary diagnosis and AF 
as secondary diagnosis, there was a 26% decrease in the 
postintervention period (IRR 0.74; 95% CI 0.555 to 0.993; 
p<0.045) (table 2). However, after adjusting for season-
ality, this decrease did not remain statistically significant 
(IRR 0.75; 95% CI 0.550 to 1.025; p<0.071) (table 2 and 
figure 3).

Bleeding admissions
In the postintervention period, there was a non-statistically 
significant 6% decrease in admission with bleeding as 
primary diagnosis and AF in any position of diagnosis 
(IRR 0.94; 95% CI 0.618 to 1.417; p<0.755) (table 2). On 
adjusting for seasonality, a similar non-statistically signifi-
cant result was observed (IRR 0.93; 95% CI 0.597 to 1.449; 
p<0.749) (table 2 and figure 4).

There was a non-statistically significant decrease in 
admission with bleeding as primary diagnosis and use of 
OAC as secondary diagnosis (IRR 0.93; 95% CI 0.569 to 
1.502; p<0.751) (table 2). Adjusting for seasonality, indi-
cated similar non-statistically significant 8% decrease 
(IRR 0.92; 95% CI 0.520 to 1.621; p<0.769) (table 2 and 
figure 5).

For all measures, the slope change was small and not 
statistically significant, with the prevailing upward trend 
continuing after the step down at the intervention point. 
The former model was a better fit (lower Akaike Infor-
mation Criterion) for the data and as a result, the level 
change model, the parsimonious model, was chosen as 
the final model.

DISCUSSION
Principal findings
The main finding of this study is that a 17% decrease in 
hospital stroke admissions was observed in Hounslow 
following the implementation of interventions in the AF 
QI initiative. There were no significant changes in rates 
of admission for bleeding.

Stroke admissions
Reduction in stroke admissions may have been influ-
enced by interventions deployed in the QI initiative such 
as the AF clinical template, which included a stroke risk 
assessment tool to guide appropriate anticoagulation. In 
addition, education of healthcare professionals (HCP), 
nurse review of exception-reported and aspirin treated 
patients, anticoagulation clinics and raising awareness 
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of AF among patients and in the community, are likely 
to have enhanced evidence-based clinical practice and 
contributed to the increased OAC prescription, which in 
turn mitigates stroke risk.

Although the decrease in seasonally adjusted rate 
of admission with stroke as primary diagnosis and AF 

as secondary diagnosis was not statistically significant, 
the effect size was the largest compared with the other 
outcomes, and the 95% CI only just overlaps 1. The small 
numbers of such admissions also impact on this result, and 
it remains plausible that the intervention had an effect on 
this measure that was not detectable in this study.

Table 2  Estimated effects (IRR) of the intervention variable in the unadjusted and seasonality adjusted ITS level change 
models

Intervention (level change)

Unadjusted Seasonality adjusted

IRR 95% CI P value IRR 95% CI P value

Measure 1 0.83 0.731 to 0.958 <0.010** 0.83 0.712 to 0.963 <0.014*

Measure 2 0.74 0.555 to 0.993 <0.045* 0.75 0.550 to 1.025 <0.071

Measure 3 0.94 0.618 to 1.417 <0.755 0.93 0.597 to 1.449 <0.749

Measure 4 0.93 0.569 to 1.502 <0.751 0.92 0.520 to 1.621 <0.769

Measure 1: admission with stroke as primary diagnosis
Measure 2: admission with stroke as primary diagnosis and AF as secondary diagnosis
Measure 3: admission with bleeding as primary diagnosis and AF in any position of diagnosis.
Measure 4: admission with bleeding as primary diagnosis and use of OAC as secondary diagnosis
*P<0.05, **p<0.01
AF, atrial fibrillation; IRR, incidence rate ratio; ITS, interrupted time series; OAC, oral anticoagulation.

Figure 2  Seasonality adjusted ITS regression showing age-sex-standardised rate of admission with stroke as primary 
diagnosis in Hounslow CCG from January 2011 to August 2018. Grey vertical line: Intervention time point. Level change in 
relation to intervention variable: IRR 0.83; 95% CI 0.721 to 0.963; p<0.014. AF, atrial fibrillation; CCG, Clinical Commissioning 
Group; IRR, incidence rate ratio; ITS, interrupted time series.
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Bleeding admissions
This study did not find any evidence that the previously 
observed increase in prescription of OAC in patients 
with an AF diagnosis inadvertently increased bleeding 
admissions, consistent with good anticoagulation prac-
tices. Use of bleeding risk assessment tools in the clinical 
template may have supported GPs’ decision making on 
OAC prescription to patients with newly diagnosed and 
existing AF with different risk scores and helped iden-
tify those at high risk of bleeding who needed to have 
underlying modifiable factors addressed. It is important 
to note, however, that with smaller numbers of observed 
admissions for bleeding than for stroke, this study may not 
have been powered to detect a change in this secondary 
outcome.

Comparison with other literature/studies
An observational study by Cowan et al investigated the 
temporal trend of OAC uptake and its impact on stroke 
rates in England and concluded that a 1% increase of 
OAC use among patients with AF with high stroke risk is 
associated with a decline of 0.8% in weekly hospitalised 
AF-related strokes.26 The increase of OAC uptake across 
England was attributed to a series of national efforts, 

for example, guideline updates, QI initiatives, NOAC 
licensing27 and QOF incentivisation. Although not statis-
tically significant, our study corresponds with these find-
ings of a decline in hospitalised AF-related strokes but 
was focused on the effect of implementation of a local 
QI initiative and did not adjust for comorbidity. Another 
study by Maggioni et al followed similar patterns.28

A number of studies27 29 30 have reported trends in AF 
prevalence and OAC uptake over time, mostly in primary 
care settings, but this study goes further by investigating 
the AF-related outcomes in secondary care such as stroke 
and bleeding admissions.

Strengths and limitations
To our knowledge, this is the first study to evaluate the 
changes in AF-related outcomes in a local setting using 
ITS analysis. Although this study cannot be used to infer 
a causal relationship between the interventions imple-
mented in the Hounslow AF QI initiative and the AF-re-
lated outcomes, it adds to the limited existing evidence 
on stroke and bleeding admissions among patients diag-
nosed with AF over time. It shows that a QI initiative 
can potentially contribute towards narrowing the trans-
lation gap from evidence to real-world practice, leading 

Figure 3  Seasonality adjusted ITS regression showing age-sex-standardised rate of admission with stroke as primary 
diagnosis and AF as secondary diagnosis in Hounslow CCG from January 2011 to August 2018. Grey vertical line: Intervention 
time point. Level change in relation to intervention variable: IRR 0.75; 95% CI 0.550 to 1.025; p<0.071. AF, atrial fibrillation; 
CCG, Clinical Commissioning Group; IRR, incidence rate ratio; ITS, interrupted time series.
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to a change in AF-related outcomes, particularly stroke 
admissions. However, without a control group in this 
study, it is also possible that the decrease in the rate of 
stroke admissions was attributable to other secular trends 
such as the update of NICE guidelines on AF diagnosis 
and management in June 2014, which recommended 
OAC prescription for stroke prevention and called for 
decreased use of antiplatelet drugs.31 This study used 
routine data with standardised ICD-10 coding from the 
HES database, which helped to maintain objectivity and 
reduced selection bias. ITS regression is among the more 
robust non-experimental methods for evaluating change 
over time, and the model was subjected to a series of 
model-checking techniques to enhance the robustness of 
the analysis.

Several limitations exist in this study. First, the use of 
aggregated HES data without linkage to primary care 
data meant that possible confounders could not be 
accounted for and outcomes could not be assessed on 
an individual patient level, for instance, assessing differ-
ences in outcomes for patients diagnosed with AF who 
had received OAC versus those that had not. HES data 
do not include people who are treated in the community 

or died before admissions, who may have had a stroke. 
Monthly data on the Hounslow AF prevalent population 
stratified by age and sex were unavailable for standardi-
sation from Quality and Outcomes Framework data and 
had to be modelled based on data from a Swedish study.23 
The demographic composition of the reference popula-
tion in Sweden is likely to have a higher proportion of 
Caucasians than the more culturally diverse population in 
Hounslow32 and as Caucasians are known to have a higher 
prevalence of AF,1 the modelled expected AF prevalent 
population may have been overestimated. Demographic 
characteristics and practice variations in Hounslow limit 
the generalisability of the study findings. Additionally, 
in this study, we did not know when patients were diag-
nosed with AF and there is no clearly defined lag period 
for stroke occurrence; hence, a longer follow-up period 
may have provided a more detailed evaluation. This may 
be important in cases where we were able to show a trend 
but no demonstrate statistical significance.

Implications for future research
Further research could compare AF-related outcomes 
observed in this study with other regions with similar 

Figure 4  Seasonality adjusted ITS regression showing age-sex-standardised rate of admission with bleeding as primary 
diagnosis and AF in any position of diagnosis in Hounslow CCG from January 2011 to August 2018. Grey vertical line: 
Intervention time point. Level change in relation to intervention variable: IRR 0.93; 95% CI 0.597 to 1.449; p<0.749. AF, atrial 
fibrillation; CCG, Clinical Commissioning Group; IRR, incidence rate ratio; ITS, interrupted time series.
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demographics and that are yet to embark on initiatives 
aimed at improving AF care. This would allow the other 
healthcare areas to serve as control groups for more robust 
statistical analysis. However, with heightened awareness 
among HCPs and the pressure to tackle this issue, even 
at a national level, there is potential for further compar-
ative work to yield null results due to changed clinical 
practices.33 Furthermore, a cohort study which follows 
the long-term AF-related outcomes of individual patients 
with AF would help better understanding of the impact 
of the QI interventions at the patient level. This could 
potentially be done by linking patient’s primary care and 
secondary care data. Larger studies could better inform 
an understanding of the rarer outcomes of this study, 
including admission for bleeding.

CONCLUSION
This study reveals that the AF QI initiative in Hounslow was 
associated with a significant decline in the rate of admission 
with stroke as primary diagnosis without any significant 
increases in bleeding admissions. Although not statistically 
significant, a larger decrease was also observed in admis-
sion with stroke as primary diagnosis and AF as secondary 

diagnosis, the more compelling metric. This study cannot 
rule out the effect of other factors such as national interven-
tions and wider secular trends but does offer insights into 
changes in local admission patterns subsequent to this QI 
initiative. In regions where undiagnosed or poorly managed 
AF is evident, similar QI interventions may prove beneficial 
in reducing the burden of stroke on people living with AF 
and on the healthcare system.
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