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Abstract 

Background: Clinical complexity is increasingly prevalent among patients with atrial fibrillation (AF). The ‘Atrial fibril-
lation Better Care’ (ABC) pathway approach has been proposed to streamline a more holistic and integrated approach 
to AF care; however, there are limited data on its usefulness among clinically complex patients. We aim to determine 
the impact of ABC pathway in a contemporary cohort of clinically complex AF patients.

Methods: From the ESC-EHRA EORP-AF General Long-Term Registry, we analysed clinically complex AF patients, 
defined as the presence of frailty, multimorbidity and/or polypharmacy. A K-medoids cluster analysis was performed 
to identify different groups of clinical complexity. The impact of an ABC-adherent approach on major outcomes was 
analysed through Cox-regression analyses and delay of event (DoE) analyses.

Results: Among 9966 AF patients included, 8289 (83.1%) were clinically complex. Adherence to the ABC pathway 
in the clinically complex group reduced the risk of all-cause death (adjusted HR [aHR]: 0.72, 95%CI 0.58–0.91), major 
adverse cardiovascular events (MACEs; aHR: 0.68, 95%CI 0.52–0.87) and composite outcome (aHR: 0.70, 95%CI: 
0.58–0.85). Adherence to the ABC pathway was associated with a significant reduction in the risk of death (aHR: 0.74, 
95%CI 0.56–0.98) and composite outcome (aHR: 0.76, 95%CI 0.60–0.96) also in the high-complexity cluster; similar 
trends were observed for MACEs. In DoE analyses, an ABC-adherent approach resulted in significant gains in event-
free survival for all the outcomes investigated in clinically complex patients. Based on absolute risk reduction at 1 year 
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Background
In recent years, increasing awareness of clinical com-
plexity has contributed to significant changes in the 
approach to the care of atrial fibrillation (AF) patients. 
Multimorbidity, polypharmacy and frailty can be seen 
as three different expressions of clinical complexity, 
and although these often coexist and overlap, each 
of these phenomena has a specific role in influenc-
ing prognosis [1]. All of these have been repeatedly 
described in AF patients, and several reports have out-
lined their detrimental effects in terms of quality of 
care and major outcomes [2–6].

Recent guidelines on AF [7, 8] have recommended 
appropriate characterization and evaluation of 
patients [9], followed by a holistic or integrated care 
approach to AF management, based on the ‘Atrial 
fibrillation Better Care’ (ABC) pathway approach to 
streamline a comprehensive and holistic manage-
ment of AF patients [10]. The ABC pathway approach 
has three pillars: ‘A’, Anticoagulation/avoid stroke; ‘B’, 
Better symptom management; and ‘C’, Cardiovascu-
lar risk factors and Comorbidities optimization [10]. 
Adherence to the ABC pathway in patients with AF 
is associated with a lower risk of major outcomes and 
health-related costs in real-world observational stud-
ies [11–15], confirmed by the prospective mAFA-II 
randomized controlled trial [16] and highlighted in a 
systematic review and meta-analysis [17]. The latter 
showed that adherence to an ABC pathway was associ-
ated with lower risk of all major outcomes (including 
all-cause death, stroke, and major bleeding) among AF 
patients.

To date, there are few contemporary data on the 
effectiveness of the ABC pathway in specific high-
risk subgroups of AF patients, particularly in clini-
cally complex subjects. In this analysis from the 
European Society of Cardiology (ESC) EURObserva-
tional Research Programme (EORP) Atrial Fibrillation 
General Long-Term Registry, we explored whether 
adherence to the ABC management strategy would 
be associated with reduced risk of adverse outcomes 
in clinically complex patients, defined as those with 
frailty, multimorbidity and/or polypharmacy.

Methods
For the purpose of this analysis, we used data from the 
ESC-EHRA EURObservational Research Programme 
(EORP) Atrial Fibrillation General Long-Term Registry, 
which is a prospective, observational, multicentre reg-
istry, held by the ESC and endorsed by the EHRA. The 
study enrolled consecutive AF inpatients and outpatients 
in 250 cardiology practices, across 27 countries. Details 
on study design, baseline characteristics, outcomes adju-
dication and follow-up are reported elsewhere [18, 19].

Briefly, all patients enrolled had AF, documented in 
the 12 months preceding enrolment. All patients were 
aged ≥18 years and provided written informed consent. 
Enrolment was undertaken from October 2013 to Sep-
tember 2016, with planned 1-year and 2-year follow-up. 
Patient data were collected after the signing of a writ-
ten informed consent by each patient, and following the 
approval of the study protocol by an Institutional Review 
Board/Ethic Committee. The study was first approved 
by the National Coordinators’ main institutions (listed 
in the Acknowledgements section) and subsequently 
authorized by each site under the responsibility of the 
lead contact and study team (all listed in the Acknowl-
edgements section), as per the specific national and local 
regulation. Any details regarding approval numbers for 
the study protocol regarding any specific site could be 
obtained from the corresponding authors, upon rea-
sonable request. The study was performed according to 
the European Union Note for Guidance on Good Clini-
cal Practice CPMP/ECH/135/95 and the Declaration of 
Helsinki.

Symptomatic status was defined according to EHRA 
score [8], while thromboembolic and bleeding risk were 
assessed according to  CHA2DS2-VASc and HAS-BLED 
scores, computed according to the original schemes 
[8]. We defined high thromboembolic risk when 
 CHA2DS2-VASc was ≥2 in males and ≥3 in females, and 
high bleeding risk when HAS-BLED was ≥3. Frailty was 
assessed according to a 40-item frailty index (FI) (Addi-
tional file 1: Table S1), built according to the cumulative 
deficits model, as proposed by Rockwood and Mitnitski 
[20, 21]. Calculation of FI was performed as the ratio of 
the total deficits found for each patient over the total 
number of possible deficits examined. According to the 

of follow-up, the number needed to treat for ABC pathway adherence was 24 for all-cause death, 31 for MACEs and 20 
for the composite outcome.

Conclusions: An ABC-adherent approach reduces the risk of major outcomes in clinically complex AF patients. 
Ensuring adherence to the ABC pathway is essential to improve clinical outcomes among clinically complex AF 
patients.
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usual clinical use, a FI ranging from 0.10 to <0.25 defined 
the presence of pre-frailty, while a FI ≥0.25 defined the 
presence of frailty [22]. Multimorbidity was defined as 
the presence of ≥2 comorbidities. Number of drugs 
received at baseline was used to assess polypharmacy, 
which was defined as the concomitant use of ≥5 drugs 
[23].

Adherence to the Atrial fibrillation Better Care (ABC) 
pathway was evaluated at baseline and defined as per pre-
viously published study [14] according to three criteria 
[10]:

– ‘A’ Criterion: Patients were considered ‘adherent’ 
to the ‘A’ criterion if properly prescribed with oral 
anticoagulant (OAC) according to their thrombo-
embolic risk. Specifically, we considered adherent 
males with  CHA2DS2-VASc≥1 and females with 
 CHA2DS2-VASc≥2, treated with either vitamin K 
antagonist (VKA) (with a time in therapeutic range 
≥70%) or a non-vitamin K antagonist oral anticoagu-
lant (NOAC); patients not receiving OAC and with 
low thromboembolic risk (i.e.  CHA2DS2-VASc=0 in 
males or =1 in females) were also considered adher-
ent.

– ‘B’ Criterion: As this criterion refers to the actual 
symptom control, rather than the attempt, we con-
sidered ‘adherent’ those patients with an EHRA score 
of I (no symptoms) or II (mild symptoms) at baseline.

– ‘C’ Criterion: For this criterion, we considered the 
comorbidities most frequently found in AF patients: 
hypertension, coronary artery disease (CAD), 
peripheral artery disease (PAD), heart failure (HF), 
previous stroke/transient ischaemic attack (TIA) 
and diabetes mellitus. Any patient with ≥1 of these 
conditions and treated according to ‘optimal medical 
treatment’ (defined according to the current clinical 
guidelines) was considered adherent to this criteria. 
Optimal treatment was defined as follows: (i) hyper-
tension: if blood pressure at baseline was ≤140/90 
mmHg; (ii) CAD: treatment with angiotensin-con-
verting enzyme (ACE) inhibitors, beta-blockers and 
statins; (iii) PAD: treatment with statins; (iv) previous 
stroke/TIA: treatment with statins; (v) HF: treatment 
with ACE inhibitors or angiotensin receptor block-
ers, and beta-blockers; and (vi) diabetes mellitus: 
treatment with insulin or oral antidiabetics. Patients 
with 2 or more of the above conditions needed to be 
optimally treated for all to be considered adherent to 
the ‘C’ criterion.

Patients who met all three criteria were considered 
adherent to the ABC pathway; otherwise, they were con-
sidered ABC-non adherent.

Major adverse events
For this analysis, we considered the following major 
adverse events: (i) all-cause death; (ii) major adverse car-
diovascular events (MACEs), as the composite of any 
thromboembolic events, any acute coronary syndrome 
and cardiovascular death; and (iii) a composite outcome 
of all-cause death and MACE.

Statistical analysis
Continuous variables were expressed as mean (Standard 
Deviation, SD) or median [interquartile range, IQR]; dif-
ferences across groups were evaluated with appropriate 
parametric and non-parametric tests, respectively. Cat-
egorical variables were expressed as counts and percent-
ages; differences across groups were assessed through 
chi-square test.

Cox regression models were fitted to evaluate the 
impact of ABC pathway (in terms of full adherence, 
number of criteria fulfilled and each additional criteria) 
in clinically complex patients (defined as having at least 
one complexity criteria among frailty, multimorbidity 
and polypharmacy), and separately in those with frailty, 
multimorbidity and polypharmacy, after adjustment for 
age, sex, type of atrial fibrillation and components of 
 CHA2DS2-VASc (previous thromboembolism, coronary 
artery disease, congestive heart failure, hypertension, dia-
betes, peripheral artery disease).

To explore the interplay between the different domains 
of clinical complexity (i.e. frailty, multimorbidity, polyp-
harmacy), the ABC pathway and the risk of outcomes, we 
performed a K-medoids cluster analysis with the use of 
the partition around medoids cluster algorithm. Optimal 
number of clusters was selected according to the average 
silhouette width. We included 4 pre-determined vari-
ables in the cluster-analysis (age, frailty index, number 
of comorbidities and number of drugs taken), to reflect 
the different domains of clinical complexity; each of these 
variables was scaled before clustering. For each cluster, 
we reported baseline characteristics and compared cat-
egorical and continuous variables as already specified. 
We also evaluated the impact of ABC pathway adherence 
in each cluster identified through Kaplan-Meier and Cox-
regression analyses.

To further analyse the impact of adherence to the ABC 
pathway on the risk of outcomes, we performed a quan-
tile regression to estimate the delay of event (DoE) [24–
26] attained in the ABC-adherent group of patients at 6 
months, 1 year and 2 years of follow-up. Finally, for the 
clinical complexity group and the high clinical complexity 
cluster, we calculated the number needed to treat (NNT) 
along with 95% confidence interval (CI) based on abso-
lute risk reduction at 1 year of follow-up. A two-sided p 
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< 0.05 was considered statistically significant. All analy-
ses were performed using R 4.1.2 (R Core Team, Vienna, 
Austria) for Windows.

Results
Among the 11,096 patients enrolled in the ESC-EHRA 
EORP-AF General Long-Term Registry, a total of 9966 
(89.8%) with complete data available on FI, number 
of comorbidities and number of drugs received were 
included in this analysis.

Overall, 8289 (83.1%) patients were defined as clini-
cally complex (presenting with at least one of frailty, 
multimorbidity and/or polypharmacy). Baseline charac-
teristics of the overall cohort and of the clinically com-
plex, frailty (n=2108), multimorbidity (n=7894) and 
polypharmacy (n=5366) subgroups are shown in Addi-
tional file 1: Table S2. Overall, higher age and burden of 
comorbidities were associated with each of the complex-
ity domains explored. Among patients with complete 
data on ABC adherence (n=6091), less than one-third 
clinically complex patients were treated as ABC-pathway 
adherent, with frail individuals showing lowest figures 
for each ABC criterion, across the clinically complexity 
domains explored.

Outcomes in clinically complex and subgroups of frail, 
multimorbid and polypharmacy AF patients
Outcomes according to clinical complexity status and 
in subgroups of frail, multimorbid and polypharmacy 
patients during a median follow-up of 730 [IQR: 701–
749] days are reported in Additional file  1: Table  S3. 
Clinically complex AF patients showed increased risk of 
all-cause death (adjusted Hazard Ratio [aHR]: 1.97, 95% 
CI: 1.40–2.76), MACEs (aHR: 1.49, 95% CI: 1.07–2.06) 
and composite outcome (aHR: 1.76, 95% CI: 1.36–2.28), 
after adjustment for age, sex, type of AF, anticoagulation 
and components of  CHA2DS2-VASc score. Among the 
clinical complexity subgroups, the highest increase in 
risk for all outcomes was observed for frail patients (com-
pared to robust ones), with a 3-fold higher risk of death 
and composite outcome, and more than double risk of 
MACEs.

Multivariate Cox regression models are summarized in 
Table  1. Among clinically complex patients, full adher-
ence to the ABC pathway reduced the risk of all-cause 
death (aHR: 0.72, 95% CI: 0.58–0.91), MACE (aHR: 
0.68, 95% CI: 0.52–0.87) and composite outcome (aHR: 
0.70, 95% CI: 0.58–0.85). When compared to patients’ 
adherent to 0 criteria, incremental risk reductions 

Table 1 Risk of adverse clinical events and relationship with ABC pathway in clinically complex, frail, multimorbid and polypharmacy 
patients (n=6091)

Legend: HR [95%CI] adjusted for age, sex, type of AF, hypertension, diabetes, congestive heart failure, coronary artery disease, peripheral artery disease and previous 
thromboembolism

Clinically complex
N=4785

Frailty
N=1175

Multimorbidity
N=4535

Polypharmacy
N=2934

All-cause death
 ABC adherent, vs. non-adherent 0.72 [0.58–0.91] 0.63 [0.38–1.04] 0.71 [0.57–0.89] 0.86 [0.66–1.11]

 1 ABC criteria, vs. 0 0.53 [0.35–0.78] 0.50 [0.32–0.79] 0.51 [0.34–0.76] 0.52 [0.29–0.95]
 2 ABC criteria, vs. 0 0.34 [0.23–0.50] 0.37 [0.23–0.58] 0.32 [0.21–0.47] 0.39 [0.22–0.69]
 3 ABC criteria, vs. 0 0.29 [0.19–0.44] 0.28 [0.15–0.53] 0.27 [0.18–0.42] 0.37 [0.20–0.68]
 For each criteria 0.69 [0.62–0.78] 0.67 [0.56–0.80] 0.68 [0.60–0.76] 0.80 [0.68–0.93]
 2–3 ABC criteria, vs. 0–1 0.56 [0.47–0.68] 0.61 [0.46–0.81] 0.55 [0.45–0.66] 0.68 [0.53–0.88]
MACE
 ABC adherent, vs. non-adherent 0.68 [0.52–0.87] 0.88 [0.54–1.42] 0.69 [0.53–0.88] 0.80 [0.60–1.06]

 1 ABC criteria, vs. 0 0.69 [0.42–1.12] 0.57 [0.33–0.98] 0.64 [0.39–1.06] 0.63 [0.29–1.33]

 2 ABC criteria, vs. 0 0.45 [0.28–0.74] 0.41 [0.23–0.71] 0.44 [0.27–0.71] 0.58 [0.28–1.20]

 3 ABC criteria, vs. 0 0.36 [0.21–0.60] 0.44 [0.22–0.85] 0.35 [0.21–0.58] 0.48 [0.23–1.02]

 For each criteria 0.71 [0.62–0.81] 0.75 [0.61–0.92] 0.71 [0.63–0.82] 0.85 [0.72–1.00]

 2–3 ABC criteria, vs. 0–1 0.59 [0.47–0.73] 0.66 [0.48–0.91] 0.60 [0.48–0.75] 0.83 [0.61–1.12]

Composite outcome
 ABC adherent, vs. non-adherent 0.70 [0.58–0.85] 0.75 [0.50–1.12] 0.70 [0.58–0.85] 0.82 [0.66–1.03]

 1 ABC criteria, vs. 0 0.65 [0.45–0.95] 0.62 [0.40–0.95] 0.61 [0.42–0.90] 0.58 [0.33–1.00]

 2 ABC criteria, vs. 0 0.43 [0.30–0.63] 0.46 [0.30–0.70] 0.41 [0.28–0.59] 0.46 [0.27–0.78]
 3 ABC criteria, vs. 0 0.35 [0.24–0.52] 0.41 [0.24–0.71] 0.33 [0.22–0.49] 0.41 [0.23–0.71]
 For each criteria 0.72 [0.65–0.79] 0.74 [0.63–0.87] 0.71 [0.64–0.79] 0.81 [0.71–0.92]
 2–3 ABC criteria, vs. 0–1 0.59 [0.50–0.70] 0.66 [0.52–0.85] 0.59 [0.50–0.70] 0.72 [0.57–0.90]
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were observed as the number of ABC-adherent criteria 
increased.

We observed consistent trends in the multimorbidity 
and frailty group, consistent with the primary analysis 
above. In frail patients, adherence to each additional cri-
terion was associated with a significant reduction in all-
cause death (HR: 0.67, 95%CI: 0.56–0.80), MACE (HR: 
0.75, 95%CI 0.61–0.92) and the composite outcome (HR: 
0.74, 95%CI: 0.63–0.87). In the polypharmacy group, we 
did not observe any statistically significant associations 
between complete adherence to ABC pathway and out-
comes; however, patients that were adherent to at least 
2 ABC criteria were at lower risk of all-cause death (HR: 
0.68, 95%CI: 0.53–0.88) and the composite outcome (HR: 
0.72, 95%CI 0.57–0.90), but not MACE (HR 0.83, 95%CI: 
0.61–1.12).

Cluster analysis
Using a k-medoids cluster analysis, we identified 2 as 
the number of optimal clusters, according to the average 
silhouette width method. Baseline characteristics of the 

population according to the cluster grouping are shown 
in Additional file 1: Table S4.

Cluster 1 included patients with ‘high clinical com-
plexity’, with 45% of patients being frail (median FI: 0.24, 
[IQR 0.20–0.29]), while cluster 2 included patients with 
‘moderate clinical complexity’, with 64% being pre-frail 
(median FI: 0.12, IQR [0.09–0.16]). Prevalence of mul-
timorbidity and polypharmacy was higher in cluster 1 
(number of comorbidities: median (IQR), 5 [4–6] vs. 2 
[1–3], p < 0.001; numbers of drugs 6 [5–7] vs. 4 [3–5], p 
< 0.001). Patients in the high clinical complexity cluster 
were older and more likely female, with higher thrombo-
embolic and bleeding risks, and were less ABC adherent 
(23.4% vs. 35.1%, p < 0.001).

Kaplan-Meier curves for all-cause death, MACE 
and the composite outcome according to clusters are 
shown in Figure  1 and Additional File 1: Figure S1 and 
S2, respectively. Patients in the high clinical complexity 
cluster showed higher rates of all the outcomes investi-
gated (p<0.001 for all; Table  2). Compared to the mod-
erate complexity cluster, patients in the high clinical 
complexity cluster showed an increased risk of all-cause 

Fig. 1 Kaplan Meier Curves for the risk of all-cause death according to cluster analysis. Legend: p-value for log-rank test
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death (aHR 1.92, 95%CI 1.59–2.32), MACEs (aHR 1.95, 
95%CI 1.57–2.42) and the composite outcome (aHR 1.87, 
95%CI: 1.59–2.19), after adjustment for age, sex, compo-
nents of  CHA2DS2-VASc score, use of anticoagulant and 
type of AF.

Cox regression analyses (Table  2) showed that in the 
high clinical complexity cluster, adherence to ABC path-
way was associated with reduced risk of all-cause death 
(aHR: 0.74, 95%CI: 0.56–0.98) and the composite out-
come (aHR: 0.76, 95%CI: 0.60–0.96) but not MACE. 
Adherence to an increasing number of ABC criteria was 
associated with risk reductions for all outcomes. Adher-
ence to at least 2 ABC criteria was associated with a lower 
risk of all events when compared to subjects’ adherent to 
0 or 1 criteria.

In the moderate complexity cluster, full ABC pathway 
adherence was associated with a significant reduction 
in the risk of MACE and composite outcome, but not 
all-cause death; however, adherence to at least 2 ABC 

criteria was associated with a significant reduction of the 
risk of all-cause death when compared to patients adher-
ent to 0–1 criteria.

Delay of event analysis and NNT
In clinically complex patients, ABC-adherent manage-
ment resulted in a significant delay of all events investi-
gated: at 1-year follow-up, ABC adherent patients gained 
402 [95%CI: 242–1018] days of survival, 396 [95%CI: 
57–573] days of MACE-free time and 385 [95%CI: 303–
491] days of composite outcome-free time (Table  3). 
Based on absolute risk reduction at 1 year of follow-up, 
the NNTs for ABC pathway adherence was 24 (95%CI: 
18–37) for all-cause death, 31 (95%CI: 22–56) for MACEs 
and 20 (95%CI: 15–31) for the composite outcome. Simi-
lar trends were noted in the different subgroups of frailty, 
multimorbidity and polypharmacy.

When analysing the DoEs, individuals in the high clini-
cal complexity cluster who were adherent to the ABC-
pathway showed gain of event-free survival for all the 
outcomes at most time-points investigated (Figure 2 for 
all-cause mortality and Additional File 1: Figure S3 and 
S4 for MACE and composite outcome, respectively). At 
1 year of follow-up, the ABC-adherent NNT in the high 
clinical complexity cluster was 21 (95%CI: 14–44) for 
all-cause death, 34 (95%CI: 19–250) for MACEs, and 22 
(95%CI: 13–67) for the composite outcome.

Discussion
Our results show that clinically complex AF patients have 
a poor prognosis, encompassed by an increased risk of 
all the outcomes investigated, including death, MACE 
and composite outcome. Our principal findings were as 
follows: (i) adherence to the ABC pathway in the clini-
cally complex group reduced the risk of all-cause death, 
MACE and the composite outcome; (ii) these findings 
were further confirmed by the cluster analysis, and the 
DoE data whereby an ABC-adherent approach resulted 
in significant gains in event-free survival for all the out-
comes investigated; and (iii) the NNTs for ABC pathway 
adherence was 24 for all-cause death, 31 for MACEs 
and 20 for the composite outcome at 1 year of follow-up 
(Fig. 3).

In this study, we provide the first systematic assess-
ment of the efficacy of a comprehensive and integrated 
approach (the ABC pathway) for the management of AF 
patients, in clinically complex patients. Consistent with 
our ‘proof of concept’ post hoc analysis from an (old) 
AFFIRM trial dataset [15], ABC-adherent management 
reduced the risk of all-cause death, MACE and compos-
ite outcome among clinically complex patients, and the 
magnitude of the effect increased with the number of the 
ABC criteria fulfilled. With the use of K-medoids cluster 

Table 2 Risk of adverse clinical events and relationship with ABC 
pathway, according to cluster (n=6091) 

Legend: HR [95%CI] adjusted for age, sex, type of AF, hypertension, diabetes, 
congestive heart failure, coronary artery disease, peripheral artery disease and 
previous thromboembolism

High clinical 
complexity 
cluster
N=2398

Moderate clinical 
complexity cluster
N=3693

All-cause death, n (%) 363 (15.1) 172 (4.6)

 ABC adherent, vs. non-
adherent

0.74 [0.56–0.98] 0.83 [0.59–1.16]

 1 ABC criteria, vs. 0 0.54 [0.34–0.84] 0.42 [0.18–1.01]

 2 ABC criteria, vs. 0 0.36 [0.23–0.56] 0.32 [0.14–0.73]
 3 ABC criteria, vs. 0 0.32 [0.20–0.52] 0.29 [0.12–0.69]
 For each criteria 0.71 [0.62–0.82] 0.79 [0.64–0.96]
 2–3 ABC criteria, vs. 0–1 0.60 [0.48–0.75] 0.67 [0.47–0.96]
MACE, n (%) 375 (15.6) 203 (5.5)

 ABC adherent, vs. non-
adherent

0.80 [0.60–1.08] 0.58 [0.39–0.85]

 1 ABC criteria, vs. 0 0.63 [0.36–1.09] 0.62 [0.24–1.60]

 2 ABC criteria, vs. 0 0.45 [0.26–0.78] 0.41 [0.16–1.03]

 3 ABC criteria, vs. 0 0.41 [0.23–0.74] 0.27 [0.10–0.70]
 For each criteria 0.77 [0.66–0.90] 0.65 [0.53–0.81]
 2–3 ABC criteria, vs. 0–1 0.66 [0.51–0.85] 0.55 [0.38–0.79]
Composite outcome, n (%) 554 (23.1) 320 (8.7)

 ABC adherent, vs. non-
adherent

0.76 [0.60–0.96] 0.70 [0.54–0.92]

 1 ABC criteria, vs. 0 0.62 [0.40–0.94] 0.65 [0.29–1.42]

 2 ABC criteria, vs. 0 0.44 [0.29–0.66] 0.46 [0.21–1.00]

 3 ABC criteria, vs. 0 0.38 [0.25–0.60] 0.36 [0.16–0.80]
 For each criteria 0.75 [0.66–0.85] 0.74 [0.63–0.87]
 2–3 ABC criteria, vs. 0–1 0.64 [0.53–0.78] 0.63 [0.48–0.84]
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Table 3 Delay of event analysis, ABC adherent vs. non adherent (n=6091)

Legend: The estimates are for the delay of event in the ABC adherent subgroup, calculated at each time point and according to survival in the ABC non-adherent 
subgroup (and expressed as days free of the respective outcome). NA not available

Clinically complex
N=4785

Frailty
N=1175

Multimorbidity
N=4535

Polypharmacy
N=2934

High clinical 
complexity 
cluster
N=2398

All-cause death
 6 months 430 [284–613] 350 [142–736] 456 [297–608] 264 [77–427] 302 [117–485]

 1 year 402 [242–1018] NA 405 [232–970] 342 [204–521] 359 [211–531]

 2 years 214 [40–776] NA 214 [36–784] 296 [194–472] 318 [60–529]

MACE
 6 months 330 [180–464] 116 [−120 to 370] 258 [110–424] 151 [−8 to 321] 161 [31–307]

 1 year 396 [57–573] 151 [−181 to 554] 395 [140–586] 317 [143–502] 275 [87–467]

 2 years 197 [−301 to 395] 23 [−94 to 181] 194 [−342 to 432] 200 [55–393] 200 [−46 to 365]

Composite outcome
 6 months 305 [65–544] 141 [−12 to 361] 311 [31–538] 157 [29–289] 189 [70–356]

 1 year 385 [303–491] 275 [−24 to 626] 384 [305–490] 310 [177–422] 324 [159–481]

 2 years 194 [−181 to 426] NA 197 [−147 to 422] 200 [24–379] 189 [36–356]

Fig. 2 Delay of event analysis for all-cause death, ABC adherent vs. non-adherent in high-complexity cluster subgroup. Legend: DoE, delay of event. 
Figures reported are estimates [95% confidence intervals]
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analysis, we were able to show the beneficial impact of 
the ABC adherent approach according to different levels 
of overall complexity, reflecting the real-world scenario of 
patients with interacting frailty, multimorbidity and poly-
pharmacy. Also, using a DoE analysis approach, ABC-
adherent clinically complex AF patients had a meaningful 
gain in event-free survival.

For our primary analysis, we defined clinical complex-
ity according to three domains (i.e. frailty, multimorbid-
ity and/or polypharmacy). Our manuscript is also the 
first to analyse the efficacy of an integrated care approach 
among three domains of clinical complexity, which are 
closely but not interchangeable [1]; these three enti-
ties capture different expressions of clinical complexity, 
which often coexist and act synergistically in real-world 
patients, leading to worse outcomes. The strength of this 
approach is to consider clinical complexity as a whole 
entity, encompassing not only the presence of multiple 
risk factors, but also the accumulation of deficits and the 
complexities arising from polypharmacy, an often-under-
estimated issue in AF patients.

In the real world, the presence of frailty, multimorbid-
ity and/or polypharmacy tend to cluster, and the results 
of our cluster analysis are particularly important given 
that AF patients often present with a multifaceted inter-
play between different complexity criteria, leading to a 
synergistic detrimental effect. Indeed, the high clinical 

complexity cluster identified a group of AF patients (45% 
frail, virtually all burdened by multimorbidity, and the 
vast majority (83%) treated with 5 or more drugs) for 
whom—given the poor prognosis—there is an urgent 
need for effective interventions.

Management according to the ABC pathway provided 
approximately 30% reduction of the risk of all outcomes; 
the magnitude of the effect was even greater when com-
paring patients who were adherent to all the ABC crite-
ria with those who were completely non-adherent, with a 
65 to 71% reduction in the risk of death, MACE and com-
posite outcome. Indeed, based on absolute risk reduction 
at 1 year of follow-up, the NNTs for ABC pathway adher-
ence show how implementation of an ABC approach can 
avoid one death or the composite outcome in approxi-
mately every 20 patients who were clinically complex or 
in the high complexity cluster, while slightly higher fig-
ures were found for MACE events. The usefulness of the 
ABC approach is further reinforced by the DoE analysis. 
Indeed, an ABC-adherent approach resulted in more 
than 12 months delay of all outcomes in the clinically 
complex group at 1 year of follow-up, even in the high 
complexity cluster.

Our results are aligned with the findings of the main 
analysis on the effect of the ABC-pathway in the ESC-
EHRA EORP Long Term Registry [14] and reinforce the 
importance of a comprehensive management in the care 

Fig. 3 Central Illustration (Created with Biorender.com)
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of clinically complex AF patients [15]. To date, awareness 
of the effect of frailty [5, 27], multimorbidity [4, 28, 29] 
and polypharmacy [3] in AF patients is increasing, with 
compelling evidence on their detrimental effects on qual-
ity of care, efficacy of treatment and finally adverse out-
comes [2, 4, 29]. However, there is still limited data on 
how to handle complexity in clinical practice. In recent 
years, there has been a shift from the focus on single 
comorbidities (while important in determining the risk of 
outcomes in AF patients [30–32]), to that on multimor-
bidity in influencing clinical management and outcomes 
[4, 6, 29, 33]. In this real-world analysis from a large 
contemporary European AF cohort, we show that the 
main issue is not exclusively the burden of diseases (nor 
the impairment of functionality or the burden of medi-
cations), but the overall higher clinical complexity, irre-
spective of which are the main components, in directly 
influencing the prognosis of AF patients.

Our findings have several important clinical implica-
tions. First, clinical complexity is common among the 
general AF population and needs awareness and spe-
cific strategies to tackle the higher risks associated with 
this state. Second, the proportion of clinically complex 
patients adherent to the ABC pathway was unsatisfac-
tory among all the clinical complexity domains explored, 
especially so in the high complexity cluster. Given the 
beneficial clinical outcomes with ABC pathway adherenc 
e[17], this should lead to proactive strategies to improve 
the adoption of integrated care management in these 
subgroups of patients, as advocated in other complex 
chronic long-term conditions [34, 35]. Third, adherence 
to the ABC pathway was effective in reducing the risk of 
major outcomes, with a clear trend towards greater ben-
efit with increasing ABC criteria attained, resulting in 
longer event-free survival with ABC-adherence. These 
improvements would impact on quality of life and health-
care-associated costs, which are highly relevant given the 
increasing burden of AF on healthcare systems [36].

Limitations
Our analysis has some limitations. The observational 
design and the limited power to evaluate subgroups 
that were not specified in the original study design may 
limit the generalizability of our findings; however, we 
have analysed more than 6000 patients with complete 
data on the ABC pathway, this contributing to the reli-
ability of our estimates. Furthermore, we have provided 
extensive adjustment of our analyses on the evaluation of 
the effect of the ABC pathway on the risk of outcomes. 
While we cannot exclude the contribution of other unac-
counted bias, which may have contributed to the results 
presented, our results are consistent with previous evi-
dence on the effect of ABC pathway in similar scenarios, 

this further reinforcing our results [15, 37]. Finally, our 
cohort was established across European countries and 
may not completely reflect other AF populations; there-
fore, our results may not be immediately applicable to 
other cohorts and require further evaluation in other 
geographical settings.

Conclusions
An ABC-adherent approach reduces the risk of major 
outcomes in AF patients characterized by clinical fea-
tures of complexity (i.e. frailty, multimorbidity and poly-
pharmacy). Ensuring adherence to the ABC pathway is 
essential to improve clinical outcomes among clinically 
complex AF patients.
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