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Guideline-adherent care is associated with better patient outcomes, but 
whether this can be achieved by professional education is unclear. Here 
we conducted a cluster-randomized controlled trial across 70 centers in 
six countries to understand if a program for the education of healthcare 
professionals could improve patient-level adherence to clinical practice 
guidelines on atrial fibrillation (AF). Each center recruited patients with 
AF seen in routine practice (total N = 1,732), after which the centers were 
randomized, accounting for baseline guideline adherence to class I 
and III recommendations from the European Society of Cardiology on 
stroke prevention and rhythm control. Healthcare professionals in the 
intervention centers received a 16-week structured educational program 
with an average of 9 h of online engagement, whereas those at control 
centers received no additional education beyond standard practice. For 
the co-primary stroke prevention outcome, guideline adherence was 
63.4% and 58.6% at baseline and 67.5% and 60.9% at 6–9-months follow-up 
for the intervention and control groups, respectively (adjusted risk ratio 
1.10; 95% confidence interval (CI) 0.97 to 1.24; P = 0.13). For the co-primary 
rhythm control outcome, guideline adherence was 21.4% and 20.4% at 
baseline and 33.9% and 22.9% at follow-up for the intervention and control 
groups, respectively (adjusted risk ratio 1.51; 95% CI 1.04 to 2.18; P = 0.03). 
The secondary outcome of patient-reported integrated AF management 
showed a 5.1% improvement in the intervention group compared with the 
control group (95% CI 1.4% to 8.9%; P = 0.01). Thus, while the education of 
healthcare professionals improved substantial gaps in implementation 
for rhythm control, it had no significant effect on stroke prevention. 
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improve the adherence to cardiovascular guidelines have had limited 
success18. The Stroke prevention and rhythm control Therapy Evalu-
ation of an Educational Program of the European society of cardiol-
ogy in a Cluster Randomized trial in patients with Atrial Fibrillation 
(STEEER-AF) trial was designed to robustly determine real-world adher-
ence to clinical practice guidelines and examine the value of an edu-
cational intervention directed to a range of healthcare professionals 
treating patients with AF19,20. The primary objective was to establish if 
the addition of concise structured learning for healthcare professionals 
could improve patient-level adherence to guidelines for stroke preven-
tion and rhythm control compared with standard practice.

Results
Seventy centers across France, Germany, Italy, Poland, Spain and the 
UK were included, with center characteristics summarized in Extended 
Data Table 1. A total of 1,732 patients with AF were recruited, with aver-
age cluster size of 24.7 patients (coefficient of variation in cluster size 
0.06) (Fig. 1). The mean age of participants was 68.9 years (s.d. 11.7), 
with 647 (37.4%) women and similar baseline characteristics between 
the randomized groups (Table 1). The randomization of centers took 
place only after participant recruitment had closed (between May 2022 
and February 2023), with 35 centers allocated to the intervention and 35 
to the control. The minimization algorithm ensured that randomization 

Considerable effort and resources are expended globally to educate and 
train healthcare professionals to improve outcomes for patients1. The 
effectiveness of these programs is highly variable and dependent on 
technique, interactivity and subject context2,3. Clinical practice guide-
lines are widely used around the world to standardize care and provide 
optimal patient management according to the current evidence base. 
However, implementation of guideline-adherent care is often challeng-
ing, especially in conditions with high patient heterogeneity where deliv-
ery of the optimal treatment pathway is dependent on individual clinical 
factors. One such condition is atrial fibrillation (AF), which is already 
one of the most common cardiovascular conditions and expected to 
double in prevalence in the coming decades4,5. There is a substantial 
risk of morbidity and mortality associated with AF6,7, but this is highly 
variable and requires an individualized approach and often difficult 
decision-making on best-practice management8. Guideline-adherent 
care for anticoagulation therapy in patients with AF9,10 has been associ-
ated with lower rates of stroke, bleeding and death11–13.

The extent of guideline implementation is challenging to ascer-
tain in observational research although typically thought to be poor, 
with numerous barriers implicated such as appropriate education14–16. 
Patient education has the potential to reduce serious adverse events 
and have a positive impact on quality of life in patients with AF17. How-
ever, educational interventions directed at healthcare professionals to 

70 centers (clusters) from six countries 

France, Germany, Italy, Spain, Poland and UK

Total of 1,732 patients recruited

Average cluster size 24.7 

Coe�icient of variation of cluster size 0.06 

Intervention group Control group

35 sites (with 865 patients) 35 sites (with 867 patients)

6–9 months follow-up

100 patients with missing outcome data:
15 patients withdrew consent
45 patients lost to follow-up

 39 patients died prior to follow-up
1 patients had partial completion of follow-up

1,538 of 1,732 (89%) patients included
in the complete case analysis

Average cluster size 22.0
Coe�icient of variation of cluster size 0.13 

765 patients from 35 sites completed 
follow-up and provided data for both

co-primary outcome measures

6–9 months follow-up

94 patients with missing outcome data:
13 patients withdrew consent
47 patients lost to follow-up

 34 patients died prior to follow-up
0 patients had partial completion of follow-up

773 patients from 35 sites completed 
follow-up and provided data for both

co-primary outcome measures

Fig. 1 | STEEER-AF trial flowchart. CONSORT diagram for the centers and 
patients enrolled in the trial. Each center was randomized only after patient 
recruitment had been completed, aiming for a maximum of 25 patients 
per center. A 1:1 randomization to intervention (additional education for 

healthcare professionals) or control (usual approaches to medical education) 
was performed using a minimization algorithm to account for country and 
the cluster-level values for the co-primary outcomes at baseline. All centers 
randomized to the intervention group received the educational program.
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was balanced within each country for baseline guideline adherence 
(Extended Data Table 2).

Baseline adherence to guidelines
Guideline adherence was evaluated for each individual patient using 
the pre-published decision tree algorithm20. The observed guideline 

adherence at baseline to all relevant class I and III European Society 
of Cardiology (ESC) recommendations for stroke prevention overall 
was 61.0% (intracluster correlation coefficient 0.11). In the interven-
tion group, 548 patients (63.4%) were fully adherent for stroke preven-
tion, with 508 (58.6%) in the control group. For rhythm control, overall 
guideline adherence at baseline was 21.0% (intracluster correlation 
coefficient 0.26); there were 185 patients (21.4%) in the intervention 
group fully adherent and 178 (20.5%) in the control group.

Co-primary outcomes
The median time between randomization and completion of the 
follow-up electronic case report forms (eCRF) was 7.7 months 
(interquartile range (IQR) 5.9–8.8 months). For stroke prevention at 
follow-up, guideline adherence increased to 516 patients (67.5%) in 
the intervention group and 471 (60.9%) for control (Table 2 and Fig. 2). 
The risk ratio for intervention versus control after adjusting for base-
line values, country and clustering by center was 1.10 (95% confidence 
interval (CI) 0.97 to 1.24; P = 0.13). The corresponding adjusted risk 
difference was 6.0% (95% CI −1.5% to 13.4%; P = 0.12). For rhythm control 
at follow-up, guideline adherence increased to 259 patients (33.9%) 
in the intervention group and 177 (22.9%) for control. The adjusted 
risk ratio for intervention versus control was significant at 1.51 (95% 
CI 1.04 to 2.18; P = 0.03), with adjusted risk difference 11.2% (95% CI 
1.6 to 20.7; P = 0.02).

Secondary outcomes
Prescriptions of oral anticoagulation according to class I and class I/IIa 
indications were high (94% and 92% at baseline) and not impacted by the 
intervention (risk ratio 1.02, 95% CI 0.99 to 1.05; P = 0.26 and 1.01, 95% CI 
0.98 to 1.05; P = 0.40, respectively; Table 2 and Fig. 2). The proportions 
of class I and III stroke prevention and rhythm control guidelines with 
adherence were consistent with the co-primary outcomes (adjusted 
mean difference in proportions of 3.2% for stroke prevention, 95% CI 
−0.1% to 6.5%; P = 0.06 and 5.8% for rhythm control, 95% CI 0.4% to 11.3%; 
P = 0.04). The proportion of applicable patients failing at each point in 
the guideline decision tree was variable, with key factors for both stroke 
prevention (Extended Data Table 3) and rhythm control (Extended Data 
Table 4) being appropriate evaluation and patient indication(s) for the 
therapeutic approach. Patients in the intervention group reported a 
significant 5.1% improvement over control in the proportion attaining 
integrated AF management (95% CI 1.4% to 8.9%; P = 0.01). There were 
no differences between groups in patient-reported quality of life.

Process outcomes
Learners spent a median of 9.2 h (IQR 6.4–13.4 h) on the online platform 
(Extended Data Table 5), with a high level of involvement with required 
reading (mean 94.8%, s.d. 9.7) and with their commitment to change 
local practice (97.8% implemented). The expert trainer was engaged 
by 158 of 195 learners (81.0%). The proportion of correct answers to 
multiple-choice questions increased with the intervention, from a 
mean of 65.2% before the education (s.d. 18.3%) to 72.0% after (s.d. 
19.9%) (post-hoc P < 0.001).

Subgroup and sensitivity analyses
Exploratory analyses indicated consistent effects for the co-primary 
outcomes across subgroups for patient age and baseline thrombo-
embolic risk (Fig. 3). Effects were noted to vary by country for stroke 
prevention (P interaction = 0.01; Extended Data Table 6) and sex for 
rhythm control (Pinteraction = 0.01; Extended Data Table 7). The sensitiv-
ity analysis confirmed robust findings for both co-primary outcomes 
(Extended Data Fig. 1).

Discussion
STEEER-AF demonstrates that adherence to the ‘must-do’ and ‘must- 
do not’ guideline recommendations in routine practice is poor, in 

Table 1 | Baseline characteristics

Characteristic Intervention 
(N = 865)

Control 
(N = 867)

Total 
(N = 1,732)

Age at enrollment, mean 
(s.d.), years

68.7 (11.6) 69.0 (11.7) 68.9 (11.7)

Women, n (%) 340 (39.3%) 307 (35.4%) 647 (37.4%)

Type of AF

  First diagnosed 147 (17.0%) 135 (15.6%) 282 (16.3%)

  Paroxysmal 340 (39.3%) 316 (36.4%) 656 (37.9%)

  Persistent 228 (26.4%) 256 (29.5%) 484 (27.9%)

  Long-standing persistent 38 (4.4%) 28 (3.2%) 66 (3.8%)

  Permanent 112 (12.9%) 132 (15.2%) 244 (14.1%)

Duration of AF

  ≤1 year 346 (40.0%) 336 (38.8%) 682 (39.4%)

  1–5 years 256 (29.6%) 286 (33.0%) 542 (31.3%)

  >5 years 263 (30.4%) 245 (28.3%) 508 (29.3%)

Rhythm on electrocardiograma

  Sinus rhythm 401 (46.4%) 359 (41.4%) 760 (43.9%)

  AF 407 (47.1%) 436 (50.3%) 843 (48.7%)

Diagnosis of COVID-19 150 (17.3%) 122 (14.1%) 272 (15.7%)

Hypertension requiring 
treatment

588 (68.0%) 619 (71.4%) 1,207 (69.7%)

Diabetes mellitus 181 (20.9%) 205 (23.6%) 386 (22.3%)

History of stroke or TIA 74 (8.6%) 102 (11.8%) 176 (10.2%)

History of myocardial 
infarction

86 (9.9%) 80 (9.2%) 166 (9.6%)

Diagnosis of heart failure 272 (31.4%) 217 (25.0%) 489 (28.2%)

Left-ventricular ejection fraction

  Preserved (≥50%) 645 (74.6%) 643 (74.2%) 1,288 (74.4%)

  Mildly reduced (40–49%) 104 (12.0%) 103 (11.9%) 207 (12.0%)

  Reduced (<40%) 116 (13.4%) 121 (14.0%) 237 (13.7%)

Resting heart rate on ECG, 
beats min−1 (s.d.)b

78.8 (22.9) 79.7 (23.4) 79.2 (23.2)

Systolic blood pressure, 
mmHg (s.d.)b

131.7 (18.7) 132.0 (20.7) 131.8 (19.7)

Diastolic blood pressure, 
mmHg (s.d.)b

77.5 (11.8) 78.2 (13.1) 77.8 (12.5)

Body mass index, kg/m2 
(s.d.)b

28.9 (6.1) 28.3 (5.5) 28.6 (5.8)

Creatinine, μmol/L (s.d.); 
mg dL−1 (s.d.)b

121.7 (285.3);
1.38 (3.23)

124.0 (190.2);
1.40 (2.15)

122.8 (243.4);
1.39 (2.75)

Taking an oral anticoagulant 
at baseline

779 (90.1%) 764 (88.1%) 1543 (89.1%)

Receiving antiarrhythmic 
drugs at baseline

266 (30.8%) 285 (32.9%) 551 (31.8%)

Catheter ablation 
performed before baseline

201 (23.2%) 142 (16.4%) 343 (19.8%)

COVID-19, coronavirus disease 2019; TIA, transient ischemic attack. a129 patients had 
another rhythm or pacing at baseline. bMissing data: 20 patients for ECG heart rate, 52 for 
systolic blood pressure, 53 for diastolic blood pressure, 38 for body mass index and 205 for 
creatinine.
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particular the implementation of rhythm control in patients with 
AF. The educational intervention for healthcare professionals in the 
STEEER-AF trial resulted in a 51% relative increase (11.2% absolute 
increase) in patient-level adherence to recommendations for rhythm 
management. This benefit resulted from a relatively short and targeted 
educational program in addition to, and compared against, existing 
approaches for continued medical education. We saw no significant 
difference for guideline adherence to recommendations on the preven-
tion of stroke and thromboembolism in AF.

Findings for the secondary outcomes were consistent with 
the co-primary results and help explain the divergence in results of 
STEEER-AF across the two components of AF care. The prescription 
of oral anticoagulants, which form the basis of stroke prevention in 
the majority of patients, was high. A key patient-reported secondary 
outcome demonstrated the intervention improved integration of care, 
with education, shared decision-making and the empowerment of 
patients being important facets of delivering optimal and individual-
ized rhythm control.

Overall guideline adherence in the STEEER-AF trial was substan-
tially lower than anticipated from prior observational research, where 
self-reporting can introduce response bias21. Our study suggests the 
need for a reappraisal of strategies to improve the delivery of patient 
care and enhance guideline adoption by guideline writers, professional 
associations, medical educators and policy makers. Prior evidence for 
improving guideline-adherent care is largely restricted to the use of 
oral anticoagulation in patients with AF, including a cluster trial which 
demonstrated higher rates of anticoagulant prescription with educa-
tion compared with usual care (odds ratio 3.28, 95% CI 1.67 to 6.44), and 
lower rates of the secondary outcome of incident stoke in the interven-
tion group (hazard ratio 0.48, 95% CI 0.23 to 0.99)22. Of note, that trial 
was performed in Argentina, Brazil, China, India and Romania, with 68% 

of patients prescribed an oral anticoagulant at baseline. On the basis of 
the findings from STEEER-AF and these other studies, implementing 
approaches to guideline-adherent management is likely to require 
focused education that is tailored not only to a specific delivery gap, but 
also the needs of the individual healthcare professional in the context of 
the local healthcare environment. Although we observed an improve-
ment in rhythm control adherence, additional approaches are clearly 
needed to tailor education for patients and healthcare professionals, 
further improving guideline adherence and patient outcomes. A trial 
of shared decision-making did not identify any benefit for anticoagula-
tion use in AF or related safety endpoints23, although it could be argued 
that shared care is dependent on adequate levels of education for both 
patients and healthcare staff.

This trial was designed to test the value of education specifically 
for healthcare professionals, as prior trials have already demonstrated 
that patient education, with the right approach and format, can yield 
benefits for patients with AF17,24. We accounted for a range of inherent 
biases that are common when assessing the value of an educational 
intervention. Recruitment of participants at each site was completed 
before randomization could take place, and extraction of the clinical 
pathway for each patient was determined objectively rather than from 
the healthcare professional involved. Any imbalance in randomization 
was minimized using the cluster-level adherence of the co-primary out-
comes calculated at baseline, and the algorithm to determine guideline 
adherence was pre-defined but not disclosed. Although we were unable 
to blind healthcare professionals to the randomized allocation at their 
center, all coordinating staff were kept blinded. Care was taken to avoid 
any contamination of trial groups by geographically dispersing sites 
across each country. The enrolled participants were a good reflection 
of patients with AF seen in real-world cohort studies25–27. Despite con-
siderable external events (such as the coronavirus pandemic, which 

Table 2 | Primary and secondary outcomes

Outcome Intervention Control Risk ratio (95% 
CI); P value

Risk or mean 
difference (95% 
CI); P valueBaseline (N = 865) Follow-up (N = 765) Baseline (N = 867) Follow-up (N = 773)

Co-primary outcomes

 � Stroke prevention guideline 
adherence, n (%)

548 (63.4%) 516 (67.5%) 508 (58.6%) 471 (60.9%) 1.10 (0.97 to 
1.24), P = 0.13

6.0% (−1.5% to 
13.4%), P = 0.12

  Rhythm control guideline 
adherence, n (%)

185 (21.4%) 259 (33.9%) 178 (20.5%) 177 (22.9%) 1.51 (1.04 to 
2.18), P = 0.03

11.2% (1.6% to 
20.7%), P = 0.02

Secondary outcomes

 � Anticoagulation class I indication, 
n (%)a

608 (94.4%) 559 (97.2%) 602 (92.8%) 556 (95.7%) 1.02 (0.99 to 
1.05), P = 0.26

1.6% (−1.1% to 
4.3%), P = 0.26

 � Anticoagulation class I and IIa,  
n (%)b

723 (93.1%) 649 (94.5%) 717 (91.2%) 653 (93.3%) 1.01 (0.98 to 
1.05), P = 0.40

1.3% (−1.7% to 
4.3%), P = 0.40

 � Proportion of relevant guidelines 
with adherence for stroke 
prevention, mean (s.d.)

0.86 (0.21) 0.87 (0.20) 0.82 (0.25) 0.83 (0.25) – 3.2% (−0.1% to 
6.5%), P = 0.06

 � Proportion of relevant guidelines 
with adherence for rhythm control, 
mean (s.d.)

0.67 (0.27) 0.72 (0.28) 0.67 (0.25) 0.66 (0.27) – 5.8% (0.4% to 
11.3%), P = 0.04

 � Patient-reported integrated AF 
management, mean (s.d.)

0.70 (0.28) 0.77 (0.26) 0.64 (0.29) 0.71 (0.26) – 5.1% (1.4% to 
8.9%), P = 0.01

  Patient-reported quality of life

    EQ-5D-5L index score, mean (s.d.) 0.84 (0.20) 0.81 (0.28) 0.83 (0.21) 0.80 (0.27) – 0.00 (−0.03% to 
0.03%), P = 0.95

    Visual analog scale, mean (s.d.) 67.3 (19.3) 71.6 (18.5) 68.6 (19.1) 71.6 (16.7) – 0.3 (−1.7% to 
2.2%), P = 0.79

All risk ratios, risk differences and mean differences are for intervention versus control at follow-up, adjusted for baseline values, minimization criteria (country, baseline guideline adherence 
for stroke prevention and rhythm control) and clustering by center. Risk differences and differences in proportions are presented in percentage points. aThe proportion of participants receiving 
anticoagulation according to the class I ESC recommendation (women with CHA2DS2-VASc score ≥3 and men ≥2); intervention N = 644 at baseline and N = 575 at follow-up control and N = 649 at 
baseline and N = 581 at follow-up. bThe proportion of participants receiving anticoagulation according to Class I or IIa ESC recommendations (women with CHA2DS2-VASc score ≥2 and men ≥1) 
intervention; N = 777 at baseline and N = 687 at follow-up and control N = 786 at baseline and N = 700 at follow-up.
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0.5 1.0 1.5 2.0 2.5

Stroke prevention

Rhythm control

Anticoagulation class I only

Anticoagulation class I and IIa

Adjusted risk ratio and 95% CI

–2 0 2 4 6 8 10 12

Proportion: stroke prevention

Proportion: rhythm control

Integrated AF management

Quality of life (EQ-5D-5L)

Adjusted mean di�erence and 95% CI

 Better with control Better with intervention

58.6%

20.5%

93.0%

91.0%

82.0%

67.0%

64.0%

0.69

60.9%

22.9%

96.0%

93.0%

83.0%

66.0%

71.0%

0.72

63.4%

21.4%

94.0%

93.0%

86.0%

67.0%

70.0%

0.67

67.5%

33.9%

97.0%

94.0%

87.0%

72.0%

77.0%

0.72

Baseline Follow-up

Baseline Follow-up

Control

Intervention

–4

Fig. 2 | Co-primary and secondary outcomes. Outcomes are presented as a 
risk ratio or adjusted mean difference for intervention versus control, with 
circles for point estimates and capped lines for the 95% CI adjusted for baseline 

values, country and clustering by center. For each outcome, absolute values 
are indicated at baseline and follow-up for each of the groups. The shaded area 
indicates the co-primary trial outcomes.

France
Germany
Italy
Poland
Spain
UK

<70%
≥70%

<50%
≥50%

Male
Female

<65 years
≥65 years

0–3
≥4 

Country

Subgroup

Cluster mean adherence for stroke prevention

Cluster mean adherence for rhythm control

Participant sex

Participant age at enrollment

Participant CHA2DS2−VASc score 

Stroke prevention

0.50 1.00 2.00

Risk ratio (95% CI) Risk ratio (95% CI)

1.55 
1.35 
0.91 
1.12 

0.80 
1.03 

1.21 
0.99

1.11 
1.08 

1.14 
1.03 

1.05 
1.12 

1.09 
1.11 

(1.04 to 2.31)
(0.96 to 1.90)
(0.75 to 1.11)
(0.99 to 1.27)
(0.66 to 0.98)
(0.74 to 1.44)

(1.00 to 1.46)
(0.89 to 1.10)

(0.97 to 1.27)
(0.89 to 1.31)

(1.00 to 1.30)
(0.89 to 1.20)

(0.92 to 1.20)
(0.98 to 1.29)

(0.96 to 1.24)
(0.95 to 1.30)

Rhythm control

0.25 1.00 4.00

2.63 
1.18
1.12
1.75
1.46
1.74 

1.42
1.66

1.69
1.10

1.69
1.25

1.64
1.45

1.60
1.40

(0.60 to 11.50)
(0.51 to 2.73)
(0.53 to 2.38)
(1.16 to 2.64)
(0.27 to 7.92)
(0.62 to 4.85)

(0.79 to 2.54)
(1.10 to 2.50)

(1.08 to 2.65)
(0.70 to 1.75)

(1.14 to 2.48)
(0.85 to 1.85)

(1.09 to 2.47)
(0.99 to 2.12)

(1.08 to 2.37)
(0.94 to 2.09)

Better with
control

Better with
intervention 

Better with
control

Better with
intervention 

Fig. 3 | Subgroup analyses for co-primary outcomes. Prespecified subgroup analyses are presented for the two co-primary outcomes, with circles for point estimates 
of risk ratios and lines for the 95% CI.
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precluded in-person training of healthcare professionals20), there was 
good engagement with the bespoke online educational platform that 
was specifically developed to achieve sustainable behavioral change, 
supported by national trained experts.

The findings of STEEER-AF on targeted education for healthcare 
professionals, combined with past research on targeted education of 
patients, would suggest an important opportunity to achieve clinical 
and societal benefit through scalable multifactorial interventions. 
These approaches need to be part of broader quality improvement 
efforts that are ongoing in local environments, national policy-making 
and also on the international level (for example, World Health Organiza-
tion Quality of Care in line with the United Nations Sustainable Devel-
opment Goals; the European Commission’s European Education Area 
initiative; and various strategies on education and quality improvement 
by the Association of American Medical Colleges).

There are limitations that warrant consideration. First, the trial 
was established to ascertain the value of additional education; hence 
both intervention and control groups could engage in whatever usual 
approaches were available to meet their educational needs. As a prag-
matic trial embedded within clinical practice, it was not possible to 
determine or account for varying levels of education within or across 
the six countries20. However, all the countries involved are members of 
the ESC and European Heart Rhythm Association (EHRA), which have 
the same core curriculum for cardiology that includes AF28. Second, 
the co-primary outcomes were focused on determining adherence to 
class I and III recommendations (that is, where there is no dispute that 
treatments are either effective or harmful). This leaves out many areas 
of routine practice that are important to patient care. Although the 
ESC guidelines have contribution from the national cardiac societies 
in each country, there can be different applications of best practice 
locally. The STEEER-AF was deployed across 70 centers in six coun-
tries so that regional or national differences in implementation were 
accounted for by design. Third, the trial was conducted in the European 
secondary care setting, and the findings may not apply to primary 
care, lower-income areas or environments with a different approach to 
professional development. Although care was taken to engage a broad 
range of centers within each country, these sites did agree to partici-
pate, which may indicate an existing interest in quality improvement. 
The trial was powered to detect clinically relevant changes in guideline 
adherence within the first year, rather than clinical outcomes, which 
will be explored in future reports. Finally, the sample size assumptions 
deviated from actuality (lower baseline adherence using our objective 
trial assessment than expected from available observational data), and 
so the trial may be underpowered to detect the anticipated differences 
in stroke prevention management.

In summary, the STEEER-AF trial showed that guideline adherence 
in patients with AF is poor. Focused education for healthcare profes-
sionals did not demonstrate positive effects on guideline-adherent 
care for both co-primary outcomes. Improvement was noted in rhythm 
control where guideline implementation was particularly low, but with 
no significant effect on recommendations addressing stroke preven-
tion where anticoagulation use was near-optimal.

Online content
Any methods, additional references, Nature Portfolio reporting sum-
maries, source data, extended data, supplementary information, 
acknowledgments, peer review information; details of author con-
tributions and competing interests; and statements of data and code 
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Methods
Trial design and oversight
STEEER-AF is an international, pragmatic, two parallel group, 
cluster-randomized controlled trial, supported in its design by a patient 
and public involvement team19,20. The full protocol is available in the 
additional files (no changes after trial commencement). A cluster 
design was the most suitable approach for testing the educational pro-
gram for healthcare professionals, as effect contamination could occur 
with individual patient-level randomization. The trial was sponsored by 
the ESC, with contribution from the EHRA and ESC Council on Stroke. 
A trial management group and trial steering committee directed the 
program, with oversight provided by an independent data monitoring 
committee and strategic oversight committee (Extended Data Table 8).

Ethics and inclusion statement
The trial was approved by ethical review committees in each country 
and local research governance authorities for each center. A patient 
and public involvement team aided with the design of the concept and 
drafting of patient-facing material to improve inclusivity. The trial was 
prospectively registered at clinicaltrials.gov (NCT04396418).

Participating centers, investigators and patients
The cluster-level selection criteria were a site that agreed to participa-
tion, enrollment and follow-up of patients and randomization of the 
site to the intervention or control for healthcare practitioners at that 
center. A national coordinator for each country was tasked with engag-
ing a broad range of centers in their country that treat patients with AF 
and were representative of usual care, and selected a local principal 
investigator (PI) for each site. Healthcare professionals were nominated 
by the PI from across different specialties within each center to act as 
investigators, including trainee and experienced doctors, nurses and 
allied health professionals, with no more than a third of investigators 
seeing patients with AF on a daily basis. Each investigator recruited 
patients who were under their routine clinical care, with a maximum 
of 25 patients per center. Participants required a clinical diagnosis of 
AF and the ability to provide written informed consent. Patient-level 
exclusion criteria were age under 18 years, pregnancy or planning to 
be pregnant, breastfeeding at the time of consent, participation in 
another clinical trial of an investigational medicinal product or device 
and life expectancy of less than 2 years. Participants were followed up 
in routine practice by the same investigator at 6–9 months after each 
center was randomized. Where that was not possible (for example, 
the healthcare professional had left that institution), follow-up was 
performed by another investigator from that center.

Randomization and masking
Centers were randomized only after they had finished participant 
recruitment and fully completed baseline eCRF, managed by an inde-
pendent contract research organization (Soladis). To provide objective 
assessment of the clinical care received, the eCRF was completed by 
the PI who was not involved in the care pathway for recruited partici-
pants. The eCRF was completed after the interaction between patient 
and investigator using all available clinical and/or electronic docu-
mentation. The PI received queries for any missing elements on the 
eCRF forms. Algorithms were used to objectively determine guideline 
adherence at the level of each patient. These algorithms were final-
ized and approved before the first randomization and are available 
in an open-access publication (https://doi.org/10.1093/europace/
euae178)20.

The algorithms were applied to the eCRF data for each participant. 
Guideline adherence was not disclosed to the PI or investigators to 
avoid influencing follow-up. Randomization was performed by the 
Birmingham Clinical Trials Unit (University of Birmingham), with a 
1:1 ratio to intervention or control using a minimization algorithm to 
ensure balance by (1) country, (2) cluster-specific mean for class I and 

III guideline adherence to stroke prevention at baseline (<70 and ≥70%) 
and (3) cluster-specific mean for class I and III guideline adherence to 
rhythm control at baseline (<50 and ≥50%). The randomized allocation 
was performed by the trial statistician blinded to the identity of the 
centers. Owing to the nature of the intervention, it was not possible 
to blind investigators to the randomized allocation. The trial steering 
committee were blinded to the randomized allocation of centers dur-
ing the entire trial.

Intervention and control
The educational intervention for healthcare professionals was targeted 
toward stroke prevention, rhythm control and integrated care in AF, 
with learning modules translated to the language for each participating 
country. Investigators from centers randomized to the intervention 
group were enrolled in an additional educational program lasting 
16 weeks, primarily consisting of online resources. The intervention 
was designed by the ESC and EHRA, taking advantage of decades of 
work in methods applied to better educate healthcare professionals1, 
and utilizing educational theory and learning frameworks to achieve 
sustainable behavioral change29. The educational intervention was 
developed with the assistance of an independent medical education 
agency (Liberum IME), with further details published previously20.

The web-based platform included course materials, interaction 
with peers, case-based learning, videos and additional reading (provid-
ing direct educational benefit). Learners were supported by an expert 
trainer from that country that assisted with case-based examples of 
appropriate guideline-adherent care, and helped them to generate 
a ‘commitment to change’ plan that could be implemented locally to 
improve the management of patients with AF (indirect benefits from 
the educational program).

Centers randomized to the control group did not receive the addi-
tional educational intervention, but investigators were able to continue 
any existing healthcare professional development.

Outcomes
Full details on the outcomes are presented in the protocol. The 
co-primary outcomes were guideline adherence for stroke prevention 
and rhythm control on the basis of class I and III ESC recommendations 
from the 2016 and 2020 guidelines on the management of AF9,10. The 
prespecified secondary outcomes were the proportion of guidelines 
with adherence for stroke prevention and rhythm control, and the 
proportion of participants receiving anticoagulation according to 
class I and class I/IIa indications. The key patient-reported outcome 
was a score evaluating eight domains of integrated AF management, 
completed by the patient after their consultation with the investiga-
tor. Patient-reported quality of life was determined using the EuroQol 
EQ-5D-5L questionnaire (index values and visual analog scale). Process 
outcomes in the intervention group addressed the fidelity of the edu-
cational program. Ongoing follow-up is in process to collect future 
clinical outcomes.

Sample size
Sample size calculations for the stroke prevention co-primary out-
come assumed that 80% of control patients expected to receive 
guideline-adherent care based on available observational studies30,31. 
A relative increase of 10% was considered clinically relevant (abso-
lute increase from 80% to 88%). For this co-primary outcome, power 
was 85% based on an intracluster correlation coefficient of 0.04  
(refs. 22,32), two-sided alpha 0.05, cluster size of 25 patients, coefficient 
of variation in cluster size 0.20, 70 clusters and 10% loss of patients to 
follow-up. For the rhythm control co-primary outcome, estimates of 
guideline-adherent care for rhythm control in the control group were 
50% (refs. 30,33). Using the same assumptions as the stroke prevention 
co-primary outcome, the power to detect an absolute increase from 
50% to 61% was 85%.
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Statistical analysis
A statistical analysis plan was finalized and approved before unlock-
ing the trial database (see additional file). All analyses were per-
formed according to the intention-to-treat principle (according to 
the randomized allocation). The primary comparison was between 
the centers (clusters) randomized to the intervention group and those 
randomized to the control group. All model-based analyses were 
adjusted for minimization criteria (country and baseline guideline 
adherence for stroke prevention and rhythm control), the baseline 
of that variable (where appropriate) and clustering for center. All 
analyses were performed on patient-level data and used patient-level 
covariate adjustments. For each of the co-primary outcomes, we fitted 
a generalized linear mixed model using the binomial distribution and 
logit link (with robust standard error), followed by marginal stand-
ardization to estimate the risk ratio and risk difference. Type I error 
control is not required for co-primary endpoints34. Statistical analyses 
for the co-primary outcomes were double-coded by an independent 
statistician in a separate statistical package (Stata; StataCorp) to the 
analyses conducted by the senior statistician (SAS; SAS Institute). 
Prespecified subgroup analyses for the co-primary outcomes were 
the minimization variables and participant age, sex and CHA2DS2-VASc 
score at baseline (with 2 points for age ≥75 years and prior stroke, tran-
sient ischemic attack or systematic embolus, and 1 point for chronic 
heart failure, hypertension, diabetes mellitus, vascular disease, age 
≥65 years or female sex). An additional planned subgroup analysis 
according to the modified EHRA symptom classification score was 
not pursued owing to missing data for this variable. Effects within 
these subgroups were examined by including the relevant subgroup 
by intervention interaction term. To examine the possible impact 
of any missing data on the co-primary outcome results, a prespeci-
fied sensitivity analysis explored whether missing outcomes were 
‘missing not at random’ using a tipping point approach. Secondary 
outcomes with binary data were analyzed using the same methods as 
described for the co-primary outcomes, and differences in propor-
tions were analyzed using a fractional regression model with logit 
link and cluster-robust standard errors. Secondary outcomes with 
continuous data were analyzed using mixed effects linear regression 
to estimate the adjusted mean difference.

Role of the funding source
The ESC and EHRA (not-for-profit professional organizations) con-
tributed to the study design and data collection. The external funders 
provided educational grants to the ESC and had no role in study 
design, data collection, data analysis, data interpretation or writing of  
the report.

Reporting frameworks
The study is reported according to the cluster randomized trial exten-
sion of the CONSORT checklist (see additional file).

Reporting summary
Further information on research design is available in the Nature 
Portfolio Reporting Summary linked to this article.

Data availability
Anonymized summary data will be made available for noncommer-
cial purposes on request to the corresponding author, after comple-
tion and publication of clinical follow-up and secondary paper (D.K.; 
d.kotecha@bham.ac.uk; 90-day response time for decisions following 
review by the STEEER-AF trial management group).
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Extended Data Fig. 1 | Tipping Point Sensitivity Analyses. Graphs show the 
tipping point at which results will favor the control arm if participants with 
missing data at follow-up are imputed as being non-adherent to guidelines in 
the intervention arm and adherent in the control arm. Panel A for the stroke 
prevention co-primary outcome demonstrates that the tipping point only occurs 

after 95% of the missing data is imputed as non-adherent, and all of the missing 
data in the control arm are imputed as adherent. Panel B for the rhythm control 
co-primary outcome demonstrates that even if all missing data is imputed as non-
adherent in the intervention arm and adherent in the control arm, this will still 
not provide a result that statistically favors the control group.
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Extended Data Table 1 | Characteristics of Included Centers

1Not mutually exclusive; multiple possible for each center. 2Multidisciplinary complex case review by cardiologists, electrophysiologists, AF surgeons or other relevant specialists. AF = atrial 
fibrillation.
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Extended Data Table 2 | Randomization of Centers
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Extended Data Table 3 | Guideline Non-Adherence For Stroke Prevention

Table presents data for failure points with any number of applicable patients, as determined using the pre-published guideline decision tree algorithm [https://doi.org/10.1093/europace/
euae178]20. 1From the European Society of Cardiology guidelines for the management of atrial fibrillation [https://doi.org/10.1093/eurheartj/ehw210 and https://doi.org/10.1093/eurheartj/
ehaa612]9,10. AF = atrial fibrillation; CHA2DS2-VASc = stroke/thromboembolism risk score [Congestive heart failure, Hypertension, Age ≥75 years (2 points), Diabetes mellitus, Stroke or previous 
thromboembolism (2 points), Vascular disease, Age 65–74 years, Sex category (female)]; INR = International normalized ratio; LMWH = low molecular weight heparin; DOAC = direct oral 
anticoagulant; OAC = oral anticoagulation; PCI = percutaneous coronary intervention; TIA = transient ischemic attack; TTR = time in therapeutic range; UFH = unfractionated heparin; VKA = 
vitamin K antagonist oral anticoagulant.
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Extended Data Table 4 | Guideline Non-Adherence for Rhythm Control

Table presents data for failure points with any number of applicable patients, as determined using the pre-published guideline decision tree algorithm [https://doi.org/10.1093/europace/
euae178]20. 1From the European Society of Cardiology guidelines for the management of atrial fibrillation [https://doi.org/10.1093/eurheartj/ehw210 and https://doi.org/10.1093/eurheartj/
ehaa612]9,10. AF = atrial fibrillation; CHA2DS2-VASc = stroke/thromboembolism risk score [Congestive heart failure, Hypertension, Age ≥75 years (2 points), Diabetes mellitus, Stroke or previous 
thromboembolism (2 points), Vascular disease, Age 65–74 years, Sex category (female)]; INR = International normalized ratio; LMWH = low molecular weight heparin; DOAC = direct oral 
anticoagulant; OAC = oral anticoagulation; PCI = percutaneous coronary intervention; TIA = transient ischemic attack; TTR = time in therapeutic range; UFH = unfractionated heparin; VKA = 
vitamin K antagonist oral anticoagulant.
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Extended Data Table 5 | Process Outcomes in the Intervention Group

156 learners were excluded from this analysis as they did not commit to at least two items, or there were missing data at baseline or follow-up. If all the excluded learners are assumed to have 
failed their commitment to change, then successful implementation is 69.7%. 2post-hoc comparison against pre-education test, p < 0.0001 (2-sided paired t-test not adjusted for multiple 
comparisons).
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Extended Data Table 6 | Subgroup Analyses on Stroke Prevention

CHA2DS2-VASc = stroke/thromboembolism risk score [Congestive heart failure, Hypertension, Age ≥75 years (2 points), Diabetes mellitus, Stroke or previous thromboembolism (2 points), 
Vascular disease, Age 65–74 years, Sex category (female)].
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Extended Data Table 7 | Subgroup Analyses on Rhythm Control

CHA2DS2-VASc = stroke/thromboembolism risk score [Congestive heart failure, Hypertension, Age ≥75 years (2 points), Diabetes mellitus, Stroke or previous thromboembolism (2 points), 
Vascular disease, Age 65–74 years, Sex category (female)].
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Extended Data Table 8 | STEEER-AF Central Teams

EORP = EURObservational Research Programme; EHRA = European Heart Rhythm Association; ESC = European Society of Cardiology.
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Extended Data Table 9 | STEEER-AF Local Teams
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