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ABSTRACT

Background: The 4S-AF scheme includes stroke risk, symptomes, severity of burden, and substrate
severity domain.

Aim: We aimed to assess the adherence to the 45-AF scheme in patients classified according to
stroke risk in post hoc analysis of the BALKAN-AF dataset.

Methods: A 14-week prospective enrolment of consecutive patients with electrocardiographically
documented atrial fibrillation (AF) was performed in seven Balkan countries from 2014 to 2015.

Results: Low stroke risk (CHA,DS -VASc score, 0 in males or 1 in females) was present in 162 (6.0%)
patients. 2 099 (77.4%) patients had CHA_DS,-VASc score >3 in females or >2 in males (high stroke
risk), and 613 (22.6%) had CHA,DS,-VASc score <3 in females or <2 in males. Seventy-five (46.3%)
patients with low stroke risk and 1555 (74.1%) patients with high stroke risk were prescribed oral
anticoagulants (OAC). Two thousand six hundred and seventy-seven (98.6%) had data on European
Heart Rhythm Association (EHRA) class. Among 2099 patients with high stroke risk, 703 (33.4%) had
EHRA class >3. Two hundred and seven (29.4%) patients with EHRA class >3 and high stroke risk
were offered rhythm control; 620 (55.2%) of individuals with first-diagnosed or paroxysmal AF with
high stroke risk were offered rhythm control. Two or more comorbidities occurred in 1927 (91.8%)
patients with high stroke risk.

Conclusions: OAC overuse was observed in patients with low stroke risk, whilst OAC underuse was
evident in those with high risk of stroke. The percentage of highly symptomatic patients with high
risk of stroke who were offered a rhythm control strategy was low.

Key words: atrial fibrillation, oral anticoagulants, rhythm control, risk of stroke
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WHAT'S NEW?

Data on the use of the 45-AF scheme in clinical practice are scarce. This study, therefore, provides a novel insight into the adher-
ence to the 4S-AF scheme in real-world atrial fibrillation (AF) patients. Unfortunately, treatment decision-making was not based
on the 4S-AF structured scheme in the BALKAN-AF cohort. Using the 4S-AF scheme may facilitate treatment decision-making
associated with the management of patients with AF in clinical practice.

INTRODUCTION

Atrial fibrillation (AF) is a substantial source of morbidity
and mortality, with a major economic burden for countries
worldwide [1]. Moreover, AF is often asymptomatic (but
still confers a poor prognosis) [2], and the complexity of AF
needs a holistic approach with multidisciplinary, integrated
management with active involvement of AF patients [3-5].
This integrated approach to patient evaluation and man-
agement is associated with improved outcomes in AF [6]
and is also increasingly advocated in various other clinical
settings with chronic long-term conditions [7-8].

Currently, the AF guidelines propose a structured char-
acterization of AF including domains with management
and prognostic implications to facilitate the evaluation of
AF patients by healthcare professionals [9]. The 4S-AF struc-
tured scheme includes four domains: Stroke risk, Symp-
toms, Severity of AF burden, and Substrate severity [9].

The Stroke risk domain with stroke risk assessment is
based on the CHA DS, -VASc score (congestive heart failure,
hypertension, age >75 years, diabetes, stroke/transient
ischemic attack [TIA], vascular disease, age 65-74 years, sex
category [female]). The indications for oral anticoagulants
(OAC) use are based on the European Society of Cardiology
guidelines or other international documents [3, 10].

The Symptom severity domain is associated with the
EHRA symptom score and facilitates patient-centered,
symptom-directed AF management [4]. The Severity of the
AF burden domain describes the density of AF episodes in
time and the proportion of time of AF. The Substrate for the
AF domain relates to the complexity of AF pathophysiology
including characteristics such as age, cardiovascular risk
factors, and underlying comorbid conditions, as well as
parameters of the left atrium (enlargement, function, and
fibrosis of its myocardium) [11].

This post hoc analysis aimed to evaluate the adherence
to the 4S-AF scheme in the BALKAN-AF cohort in patients
classified according to their stroke risk.

METHODS
The design of the BALKAN-AF study has been described
previously [12]. This 14-week prospective, multicenter
“snapshot” registry of consecutive patients with electro-
cardiographically documented AF was designed and con-
ducted by the Serbian Atrial Fibrillation Association (SAFA).
Consecutive AF patients were enrolled in the survey from
December 2014 to February 2015 in cooperation with in-
dividual National Cardiology Societies and Associations or

Working Groups in Albania, Bosnia & Herzegovina, Bulgaria,
Croatia, Montenegro, Romania, and Serbia. Universities,
non-university hospitals, and outpatient health centers
(atotal of 49 centers) were sites involved in the BALKAN-AF
study. The respective National Coordinator selected the
sites. The registry was approved by the local/national
institutional review board in participating countries. The
study received ethical approval. A signed patient informed
consent form was obligatory in the enrolment process. The
study protocol was concordant with the Declaration of
Helsinki.

Exclusion criteria included those aged <18 years or
patients with prosthetic mechanical heart valves or signif-
icant valvular disease with indications for surgical repair.

Data on patient presentation, patient characteristics,
healthcare setting, and diagnostic procedures within the
last 12 months and at enrolment and AF management at
enrolment and discharge were collected and stored using
the electronic case report forms (eCRFs). Stroke risk was
evaluated using the CHA DS, -VASc score [10]. Truly low
risk of stroke was defined as a CHA DS,-VASc score of 0 in
males, and 1 in females, whilst the intermediate risk of
stroke included male patients with a CHA,DS,-VASc score
of 1 or females with a CHA_DS,-VASc score of 2. High risk
of stroke was defined as CHA DS_-VASc score >3 in females
or =2 in males.

Bleeding risk was assessed according to the HAS-BLED
score (hypertension, abnormal renal /liver function, stroke,
bleeding history or predisposition, labile International
Normalized Ratio [INR], elderly [>65 years], drugs or al-
cohol concomitantly) [13]. The included cardiovascular
risk factors, risk scores, and diseases were defined using
the individual European Society of Cardiology guidelines,
other international guidelines, scientific statements, and
textbooks as described previously [14].

Regular monitoring of centers and follow-up visits
were not performed due to the relatively short period
of the survey. National coordinators and investigators
were responsible for validation of the consecutiveness of
enrolled patients and correctness and completeness of
entered data.

Available domains of the 4S-AF scheme were identified
and assessed using data from the baseline visit.

Statistical analysis
Categorical variables were presented as absolute frequen-
cies and percentages. Numerical variables were presented
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as mean (standard deviation [SD]) or median with inter-
quartile range (IQR) and compared between groups by
Student’s t-test or Mann-Whitney’s test where appropriate.
Comparative analysis between groups was performed
using Chi? for dichotomous parameters. The descriptive
analysis involved stroke prevention, quality of life, manage-
ment strategies, severity of AF burden, and the Substrate for
AF domain in the BALKAN-AF cohort. A two-sided P-value
of less than 0.05 was considered statistically significant.
All analyses were performed using SAS software version
9.4 (SAS Institute, Inc., Cary, NC, US).

RESULTS

The Stroke risk domain

Patients with high risk of stroke were older, more likely to be
female, and more likely to have concomitant diseases than
those with low or intermediate risk of stroke (all P <0.05),
Table 1. Congestive heart failure, hypertension, and coro-
nary artery disease were the most frequent concomitant
diseases in individuals with high, low, and intermediate
stroke risk. The baseline characteristics of patients are
summarized in Table 1.

Of 2712 enrolled patients, 2712 (100.0%) had data
on CHA,DS_-VASc score. One hundred and sixty-two
(6.0%) individuals had a truly low risk; 2550 (94.0%)
patients had CHA,DS,-VASc score 21 in males or 22 in
females; 2099 (77.4%) patients had high risk of stroke,
and 613 (22.6%) individuals had low or intermediate risk
of stroke, Table 1.

Patients with high risk of stroke had a higher mean
HAS-BLED score than those with intermediate or low risk
of stroke (P <0.001), Table 1.

Patients with high risk of stroke were less likely to receive
no antithrombotic therapy, warfarin, and dabigatran than
those with low or intermediate risk of stroke (all P <0.05), Ta-
ble 1. Among patients with truly low risk of stroke, 75 (46.3%)
patients were medicated with OAC, Table 1.

The Symptom severity domain

Of 2712 patients, 2 677 (98.6%) had data on the Euro-
pean Heart Rhythm Association (EHRA) symptom score:
(1) 571 (21.0%) patients had EHRA symptom score of 1;
(2) 1254 (46.2%) of individuals had EHRA symptom score
of 2; (3) 712 (26.2%) patients had EHRA symptom score of
3; and (4) 140 (5.2%) patients had EHRA symptom score of
4. Among 2 099 patients with CHA,DS,-VASc score >3 in
females or =2 in males, 703 (33.4%) individuals had EHRA
symptom score of 3 or 4.

Patients with high risk of stroke were more likely to have
shortness of breath, chest pain, dizziness, and fatigue than
those with low or intermediate risk of stroke (all P <0.001),
Table 2.

A rhythm control strategy was implemented in
207 (29.4%) patients with high risk of stroke and EHRA
symptom score of 3 or 4. Notably, 620 (55.2%) of pa-

tients with high risk of stroke and paroxysmal AF or first
diagnosed AF were assigned to rhythm control strategy,
while 646 (57.5%) individuals with high risk of stroke and
paroxysmal AF or first diagnosed AF were medicated with
amiodarone, Table 3. Amiodarone was the most commonly
prescribed drug in individuals with high risk of stroke, and
EHRA symptom score of 3 or 4.

The Severity of AF burden domain

Patients with low or intermediate risk of stroke were more
likely to have first diagnosed AF, paroxysmal AF, or per-
sistent AF than those with high risk of stroke (all P <0.05),
Table 4.

The Substrate for AF domain

Patients with high risk of stroke were more likely to have
a higher median number of comorbid diseases than those
with low or intermediate risk of stroke (P <0.05).

The mean diameter of the left atrium (LA) was higher in
individuals with high risk of stroke than in those with low
or intermediate risk of stroke (P <0.001), Table 5.

DISCUSSION

The main findings of this study were as follows: (1) OAC
overuse was seen in patients with truly low stroke risk,
whilst OAC underuse was evident in patients with high
risk of stroke; (2) the proportion of highly symptomatic
patients (EHRA 3 or 4) with high risk of stroke who were
offered rhythm control strategy was low; (3) the proportion
of patients with first diagnosed AF or paroxysmal AF with
high risk of stroke who received rhythm control was small;
and (4) the majority of AF patients with high risk of stroke
had =2 comorbidities.

Data on the use of the 4S-AF scheme in everyday
clinical practice are scarce. This study, therefore, provides
a novel insight into the adherence to the 4S-AF scheme in
real-world AF patients. The 4S-AF scheme facilitates our
evaluation and characterization of the AF patient during
the clinical consultation. Moreover, this structured charac-
terization of AF patients provides prognostic information,
and this study validates the 4S-AF scheme in the Balkan
region. We found that OAC overuse in patients with low risk
of stroke and OAC underuse in those with high risk of stroke
was common, and seen also in recent European reports
[15-17]. Efforts to improve the prescription of OACs in AF
patients are, therefore, needed [18], and the availability of
NOACs has improved such efforts [19, 20].

The use of NOACs has increased over time in Europe.
This finding has been shown in other studies [19-24].
The risk of stroke is closely linked with bleeding risk, and
thromboembolic factors such as older age, hypertension, or
history of stroke have also been bleeding risk factors [25].
Thus, patients with high risk of stroke have higher bleeding
risk than those with low or intermediate risk of stroke.

The EHRA symptom score expresses how physicians
weigh the symptoms of AF patients, but in the BALKAN-AF
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Table 1. Stroke prevention in patients according to stroke risk

Variable CHA_DS,-VASc

score of 0 in males

CHA,DS,-VASc score
21in males or 22 in
females
n = 2550 (94.0%)

CHA,DS ,-VASc
score 23 in females
or 22 in males
n =2099 (77.4%)

CHA,DS -VASc
score <3 in females
or <2 in males
n=613(22.6%)

or 1in females
n=162(6.0%)

Age, years, mean (SD) 49.9(11.4) 70.1(9.9) <0.001 72.5(8.6) 56.7 (9.2) <0.001
Female gender, n (%) 41(25.3) 1151 (45.1) <0.001 953 (45.4) 239(39.0) <0.001
BMI, kg/m?, mean (SD) 26.4(3.3) 27.8 (4.4) <0.001 27.8 (4.5 27.7 (4.0) 0.848
Alcohol abuse, =8 units/week, n (%) 7(43) 103 (4.0) 0.860 81(3.9) 29 (4.7) 0.336
First diagnosed AF, n (%) 52(32.1) 580 (22.7) <0.001 455 (21.7) 177 (28.9) <0.001
Paroxysmal AF, n (%) 79 (48.8) 881 (34.5) <0.001 668 (31.8) 292 (47.6) <0.001
Permanent AF, n (%) 17 (10.5) 1071 (42.0) <0.001 973 (46.4) 115(18.8) <0.001
Concomitant diseases, n (%)
Congestive HF 0(0.0) 1336 (52.4) n/a 1240 (59.1) 103 (16.8) <0.001
Hypertension 0(0.0) 2121(83.2) n/a 1800 (85.8) 321(52.4) <0.001
CAD 0(0.0) 819 (32.1) n/a 764 (36.4) 57(9.3) <0.001
Prior MI 0(0.0) 369 (14.5) n/a 359(17.1) 10(1.6) <0.001
PAD 0(0.0) 122 (4.8) n/a 120 (5.7) 2(0.3) <0.001
Diabetes 0(0.0) 668 (26.2) n/a 636 (30.3) 32(5.2) <0.001
Prior stroke 0(0.0) 281(11.0) n/a 280(13.3) 1(0.2) <0.001
Prior TIA 0(0.0) 83(3.3) n/a 83(4.0) 0(0.0) n/a
Anemia 7 (4.3) 366 (14.4) <0.001 337(16.1) 36 (5.9) <0.001
Chronic kidney disease 1(0.6) 410(16.1) <0.001 391(18.6) 20(3.3) <0.001
Previous bleeding event 1(0.6) 132(5.2) <0.001 121 (5.8) 12 (2.0) <0.001
COPD 3(1.9) 339(13.3) <0.001 305 (14.5) 37 (6.0 <0.001
Cancer 2(1.2) 117 (4.6) 0.096 106 (5.1) 13(2.1) 0.004
HAS-BLED score, mean (SD) 0.31(0.6) 21(1.2) <0.001 2.3(1.1) 0.8(0.8) <0.001
No antithrombotic therapy, n (%) 44 (27.2) 221(8.7) <0.001 174 (8.3) 91(14.8) <0.001
Overall OAC, n (%) 75 (46.3) 1890 (74.1) <0.001 1555 (74.1) 410 (66.9) 0.105
OAC alone, n (%) 70 (43.2) 1571 (61.6) <0.001 1265 (60.3) 376 (61.3) 0.633
VKA, n (%) 62 (38.3) 1565 (61.4) <0.001 1301 (62.0) 326 (53.2) 0.012
Warfarin, n (%) 35(21.6) 520 (20.4) 0.128 408 (19.4) 147 (24.0) 0.002
Acenocoumarol, n (%) 27 (16.7) 1044 (40.9) <0.001 892 (42.5) 179 (29.2) <0.001
NOAG, n (%) 13(8.0) 325(12.7) 0.320 254 (12.1) 84(13.7) 0.125
Dabigatran, n (%) 9(5.6) 166 (6.5) 0.917 125 (6.0) 50(8.2) 0.022
Rivaroxaban, n (%) 4(2.5) 111 (4.4) 0.459 89 (4.2) 26 (4.2) 0.797
Apixaban, n (%) 1(0.6) 48(1.9) 0.344 40(1.9) 9(1.5) 0.575
Single antiplatelet therapy alone, n (%) 12(7.4) 309 (12.1) 0.289 257 (12.2) 64 (10.4) 0.430
DAPT alone, n (%) 1(0.6) 119 (4.7) 0.034 107 (5.1) 13(2.1) 0.003
Dual antithrombotic therapy, n (%) 5(3.1) 236 (9.3) 0.031 210(10.0) 31(5.1) 0.001
Triple antithrombotic therapy, n (%) 0(0.0) 83(3.3) 0.035 80 (3.8) 3(0.5) <0.001

Abbreviations: AF, atrial fibrillation; BMI, body mass index; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; CHA,DS,-VASc, congestive heart failu-
re, hypertension, age =75 years, diabetes, stroke/transient ischemic attack (TIA), vascular disease, age 65-74 years, sex category (female); DAPT, dual antiplatelet therapy; HF,
heart failure; MI, myocardial infarction; NOAC, non-vitamin K oral antagonist; OAC, oral anticoagulants; PAD, peripheral artery disease; SD, standard deviation; TIA, transient
ischemic attack; VKA, vitamin K antagonists

Single antiplatelet therapy alone was defined as aspirin

Table 2. Quality of life in patients according to stroke risk

Variable CHA,DS,-VASc score 23 in females CHA DS -VASc score <3 in females
or <2 in males

n =613 (22.6%)

or 22 in males
n =2099 (77.4%)

Palpitations, n (%) 904 (43.1) 325(53.0) <0.001
Syncope, n (%) 99 (4.7) 21(3.4) 0.253
Shortness of breath, n (%) 1089 (51.9) 189 (30.8) <0.001
Chest pain, n (%) 452 (25.8) 102 (16.6) <0.001
Dizziness, n (%) 376 (17.9) 59(9.6) <0.001
Fatigue, n (%) 905 (43.1) 169 (27.6) <0.001
General not-well-being, n (%) 499 (23.8) 116 (18.9) 0.051
Fear, anxiety, n (%) 209 (10.0) 58(9.5) 0.994

Abbreviations: see Table 1
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Table 3. Management strategies in patients according to the EHRA symptom score

Variable

or 22 in males with EHRA 3 or 4
n=703

Patients with CHA DS, -VASc score 23 in females

Patients with CHA DS -VASc score 23 in females or
22 in males with first diagnosed or paroxysmal AF
n=1123

Rhythm control, n (%) 207 (29.4)
Amiodarone, n (%) 199 (28.3)
Propafenone, n (%) 40 (5.7)
Flecainide, n (%) 1(0.1)
ECV, n (%) 14(2.0)

AF ablation, n (%) 8(1.1)

620 (55.2)

646 (57.5)

121 (10.8)
1(0.00
7(0.0)
15 (0.0)

Abbreviations: ECV, electric cardioversion, EHRA, European Heart Rhythm Association; see Table 1

Table 4. Severity of AF burden domain

AF pattern

CHA DS _-VASc score 23 in females
or 22 in males
n =2099 (77.4%)

CHA_DS -VASc score <3 in females
or <2 in males
n=613 (22.6%)

First diagnosed, n (%) 455 (21.7)
Paroxysmal, n (%) 668 (31.8)
Persistent, n (%) 219(10.4)
Long-standing persistent, n (%) 49 (2.3)

Permanent, n (%) 973 (46.4)

177 (28.9) <0.001
292 (47.6) <0.001
100 (16.3) <0.001

15(2.4) 0.872
115(18.8) <0.001

Abbreviations: see Table 1

Table 5. The substrate for AF domain in the BALKAN-AF cohort

Variable CHA,DS -VASc

score =3 in females

or =2 in males
n=2099 (77.4%)

Number of comorbid diseases, median 4.7 (3.0-6.0) 2.1(1.0-3.0)
(IQR)

Age =75 years 946 (45.1) 112(18.3)
Obesity 511(24.3) 160 (26.1)
Active smoker 228(10.9) 112(18.3)
Alcohol abuse 81(3.9) 29 (4.7)
LA diameter, mm, mean (SD) 46.5(7.8) 433 (7.4)

CHA DS -VASc score
<3 in females or
<2 in males
n =613 (22.6%)

CHA_DS,-VASc
score of 0 in males

CHA_DS,-VASc score
=>1in malesor =2 in

or 1in females females

n =162 (6.0%) n =2550 (94.0%)
<0.001 0.9 (0.0-1.0) 4.3 (2.0-6.0) <0.001
<0.001 0(0.0) 947 (37.1) NA
0.256 38(23.5) 633 (24.8) 0.536
<0.001 32(19.8) 308 (12.1) <0.001
0.336 7(4.3) 103 (4.0) 0.860
<0.001 40.4 (7.5) 46.0 (7.8) <0.001

Abbreviations: LA, left atrium, IQR, interquartile range, SD, standard deviation; other — see Table 1

cohort, only one-third of patients with EHRA symptom
score of 3 or 4 and high risk of stroke received a rhythm
control strategy. Half of the patients with first diagnosed
AF or paroxysmal AF were offered the strategy. Underuse of
the rhythm control strategy in highly symptomatic patients
was also been reported previously [26]. However, the EHRA
symptom score may not adequately differentiate between
AF-related and concomitant chronic conditions-related
symptoms. Thus, the assessment of quality of life could
be useful in the assessment of the symptom severity
domain [9].

Our study used the temporal-pattern based classifica-
tion of AF based on guideline recommendations. Notably,
the above-mentioned classification may be imprecise in
distinguishing between paroxysmal and persistent AF.
Nonetheless, the utility of the 4S-AF scheme in selecting
the AF patients who would be managed by rhythm or rate
control strategy has been proposed [27].

Multimorbidity is common in AF, and the majority of
the patients from the BALKAN-AF registry with high risk

www.journals.viamedica.pl/kardiologia_polska

of stroke had >2 comorbidities. Approximately half of the
individuals with high risk of stroke were =75 years old.
Cardiovascular risk factors, patient age, and concomitant
chronic conditions all play a role in the development and
progression of AF [11]. In the Substrate for AF domain,
identification and management of cardiovascular risk
factors and multimorbidity should be emphasized in the
AF-related treatment decisions process, as part of the ho-
listic approach to AF care (based on the Atrial fibrillation
Better Care [ABC] pathway) given that this has been associ-
ated with improved clinical outcomes [28]. Unfortunately,
treatment decision-making in the BALKAN-AF cohort was
not based on the 4S-AF scheme, and the introduction of
the 4S-AF scheme may help facilitate AF management.
From a Polish perspective, AF management strategies
in Poland may differ from those applied in other European
countries [29]. The rhythm control strategy in individuals
with AF with the use of ablation in cardiology wards seems
more frequent in Poland than in other European coun-
tries. The limited use of AF ablation in the Balkans may be
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associated with limited access to this management option
in this region [30]. Similar to patients from the BALKAN-AF
registry, undertreatment was observed in a significant pro-
portion of Polish patients at high risk of stroke, while many
low-risk patients are overtreated [29-31]. The BALKAN-AF
study indicates a high prevalence of co-morbidities among
patients with AF, which was also reflected in another Polish
registry (RecordAF) [32].

Limitations

Our study has a limitation that should be noted. Since no
follow-up was planned, there was no assessment of patient
outcomes. Some descriptors, risk stratification scores, and
imaging tools were not available in the BALKAN-AF cohort.
The 4S-AF system does not include data about bleeding
risk, repeated cardioversions or AF ablations, prior and cur-
rent antiarrhythmic drug therapy, etc. so the above-men-
tioned data were not incorporated. Data on duration of
AF, density of episodes, LA dysfunction/enlargement, LA
fibrosis, and data on spontaneous termination of AF were
not available.

CONCLUSION

Overall, decision-making was not based on the 4S-AF
scheme. OAC overuse was seen in patients with truly low
stroke risk, whist OAC underuse was evident in those with
high risk of stroke. The proportion of highly symptomatic
patients with high risk of stroke who were offered the
rhythm control strategy was low. A more widespread
introduction of the 4S-AF scheme may help facilitate
AF management.
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