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accident due to abnormal electrical function of the heart.
Furthermore, AF perpetuates itself by altering electrical
function of the atria (Figure 2). Unfortunately, all of these
mechanisms form vicious circles and are severely aggra-
vated once AF has manifested. Usually, several of these
factors have to concur before the arrhythmia develops.

Current management of AF patients
Adequate therapy of patients with AF considers stroke
risk, often requiring continuous oral anticoagulation
[4,10-12], AF-related symptoms as, for example, esti-
mated by the European Heart Rhythm Association
(EHRA) score [13], ventricular rate during AF, and the risk
for AF-related complications [4]. In addition, all condi-
tions that can contribute to AF and to AF-related compli-
cations require adequate management [14]. On top of
these therapeutic interventions, rhythm control therapy

should be considered when AF-related symptoms are
severe. The decision for rhythm control is based on indi-
vidual preferences of the patient and often also considers
the perceived risk of AF recurrences [4,5,15-17].

Potential benefits of sinus rhythm
Potentially, sinus rhythm should be able to prevent the
adverse outcomes of AF: In cohort studies, AF associates
with death and stroke in the population [1], and AF asso-
ciates with worse prognosis than sinus rhythm in the set-
ting of an acute myocardial infarction [18] or in patients
with heart failure [19-21]. The recently published ATH-
ENA trial also supports this notion by showing that dron-
edarone, an antiarrhythmic drug with additional rate-
slowing properties, prevents a composite outcome of car-
diovascular hospitalizations and death [22].

Table 1: Consequences of AF in affected individuals.

Death death rates are doubled in AF patients. This effect is independent of known other cardiovascular risk factors or 
concomitant disease. Death rates are also increased in patients with a myocardial infarction or in heart failure patients 
when AF is added to their disease pattern.

Stroke Approximately every 4th stroke is due to AF. The possibility of "silent", undiagnosed AF - which is common in trials using 
systematic ECG monitoring -, may suggest that AF is also a potential cause of "cryptogenic" stroke.

Quality of life is markedly reduced in AF patients, due to their symptoms but possibly also due to an unrecognized effect of AF on 
social functioning, cerebral function, or other factors. It is conceivable that AF-related hospitalizations contribute to 
reduced quality of life in AF patients.

Rhythm AF causes arrhythmia absoluta and impairs rate adaptation of heart beat to demand. Abnormal heart rate can cause 
symptoms ranging from palpitations to acute chest pain or cardiac decompensation, especially when ventricular rate is 
inadequate.

Left ventricular function is impaired by AF, especially in patients with known heart failure or with a tendency to develop heart failure. Restoring 
sinus rhythm and maintaining effective heart rate control can prevent such AF-induced decline of heart failure.

Other relevant outcomes in AF are indicated in [6,13].

Natural time course of atrial fibrillationFigure 1
Natural time course of atrial fibrillation. Shown is a typical chaotic pattern of time in atrial fibrillation (black) and time in 
sinus rhythm (grey) over time (x-axis). Atrial fibrillation progresses from undiagnosed to first diagnosed, paroxysmal, persist-
ent, to permanent. Flashes indicate cardioversions as examples for therapeutic interventions that influence the natural time 
course of the arrhythmia. Reproduced with permission from [13].

Natural progression of atrial fibrillation over time
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Progression from PAF to chronic AF

Patients
n

Follow-up
(y)

PAF —> CAF

n Pts %

Kerr 2005 757 1 
(5)

65/757
(187/757)

8.6
(24.7)

Ruigómez 2005 418 2 70/418 17

Abe 1997 122 2 14/122 11

Sakamoto 2013 137 1 30/137 22

Kato 2004 171 14 132/171 77.2

De Vos 2010 1219 1 178/1219 15

Kerr et al. AM Heart J 2005;149:489-96.; Rodruigez et al. BMC Cardiovasc Disord. 2005; Abe Y et al. Circulation 1998;98:1045-6.; Sakimoto T et al. Nihon 
Rinsho. 2013;7:15-20.; Kato T et al. Circ J 2004;68:568-72.; J Am Coll Cardiol. 2010;55(8):725-31 



used more frequently in patients with AF progression:
digitalis, angiotensin-converting enzyme inhibitors, and
diuretics. Furthermore, patients experiencing worsening
of their AF used more oral anticoagulation, which likely
is the result of a higher mean CHADS2 score in this
group. Patients with AF progression used angiotensin II
receptor blockers (7% vs. 13%, p ! 0.023) less frequently.
Beta-blockers were prescribed in 56% of patients with
heart failure and in 65% of patients with coronary artery
disease.

During follow-up, in patients with AF progression, either
persistent (46%) or permanent (54%) AF developed
(Table 3). The patients with progression were more often
symptomatic compared with patients without AF progres-
sion. Patients without AF progression had either first
detected AF (10%) or paroxysmal AF (83%), and nearly 7%
of the patients were considered cured by their physician.

Finally, patients who progressed to more sustained forms of
AF underwent more electrical cardioversions, were more
often admitted to the hospital for a cardiovascular problem,
and had more often a stroke or TIA during the 1 year of
follow-up. We found no significant differences in pharma-
cological cardioversions between both groups.

The multivariate logistic regression regarding factors asso-
ciated with AF progression after 1 year of follow-up is
presented in Table 4. A history of heart failure, hypertension,
COPD, and stroke or TIA and age older than 75 years were
the only independent factors associated with AF progression.
No significant interactions were found between these variables.
Using the regression coefficient as a benchmark, we deter-
mined the relative contribution of each factor to the prediction
of AF progression. This resulted in the HATCH score rule:
1 " (hypertension) # 1 " (age $75 years) # 2 " (stroke or
TIA) # 1 " (COPD) # 2 " (heart failure).

Characteristics at 1-Year Follow-upTable 3 Characteristics at 1-Year Follow-up

All Patients No AF Progression AF Progression p Value

n 1,219 1,041 (85%) 178 (15%)

Symptoms 366 (32%) 280 (29%) 86 (52%) %0.001

Death 22 (2%) 16 (2%) 6 (3%) 0.118

Type of AF

First detected 107 (9%) 107 (10%) 0

Paroxysmal 860 (71%) 860 (83%) 0

Persistent 81 (7%) 0 81 (46%)

Permanent 97 (8%) 0 97 (54%)

Considered cured 74 (5%) 74 (7%) 0

Hospital admissions during 1 yr

Cardiovascular admissions 523 (53%) 419 (50%) 104 (71%) %0.001

Pharmacological cardioversion 255 (23%) 217 (22%) 38 (24%) 0.534

Number of pharmacological cardioversions 0.4 & 1.3 0.4 & 1.3 0.5 & 1.0 0.847

Electrical cardioversion 161 (15%) 122 (13%) 39 (26%) %0.001

Number of electrical cardioversions 0.2 & 0.7 0.2 & 0.7 0.4 & 0.8 0.009

Catheter ablation 61 (5%) 57 (6%) 4 (2%) 0.065

Major adverse cardiovascular events

Coronary artery disease 72 (6%) 57 (6%) 15 (8%) 0.168

Myocardial infarction 17 (1%) 12 (1%) 5 (3%) 0.091

Unstable angina 44 (4%) 34 (3%) 10 (6%) 0.130

Ischemic stroke or TIA 31 (3%) 20 (2%) 11 (6%) 0.003

Ischemic stroke 20 (2%) 12 (1%) 8 (5%) 0.005

TIA 11 (1%) 8 (1%) 3 (2%) 0.212

Combined survival/stroke 40 (3%) 27 (3%) 13 (7%) 0.005

Values are presented as n, n (%), or mean & SD.
Abbreviations as in Table 1.

Independent Predictors of AF ProgressionResulting From Multivariate Logistic Regression AnalysisTable 4 Independent Predictors of AF Progression
Resulting From Multivariate Logistic Regression Analysis

OR 95% CI Regression Coefficient p Value Score

History of heart failure 2.22 1.54–3.22 0.80 %0.001 2

Hypertension 1.52 1.05–2.20 0.42 0.024 1

Chronic obstructive pulmonary disease 1.51 0.95–2.39 0.41 0.088 1

History of stroke or TIA 2.02 1.24–3.31 0.71 0.007 2

Age $75 yrs 1.57 1.07–2.30 0.45 0.024 1

CI ! confidence interval; OR ! odds ratio; other abbreviations as in Table 1.
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HATCH Score – Progression from PAF to chronic AF

AF. Nearly 15% of the patients with paroxysmal AF
included in this study progressed to persistent or permanent
AF after 1 year of follow-up, despite the fact that more
effort was made to obtain sinus rhythm in this group. In
addition, patients with progression had more adverse car-
diovascular events and were more often admitted in the
hospital. Heart failure, previous stroke or TIA, COPD,
hypertension, and age were independent predictors of AF
progression. Considering the nature of these factors and in
view of the fact that they are associated with future
cardiovascular events, one may conjecture that structural
rather than electrical remodeling of the atria is involved in
AF progression. Underlying diseases might cause chronic
stretch and atrial dilation, which seem to be important
stimuli for chronic atrial structural remodeling (cellular
hypertrophy, fibroblast proliferation, and tissue fibrosis),
which enables maintenance of AF (8). It is likely that
structural atrial remodeling leading to atrial pathology
enables the development of cardiovascular events, which
might explain the relatively high stroke rate among the
patients with AF progression in our survey. In addition,
recent studies showed that patients with a higher AF
burden, which is the case in patients demonstrating AF
progression, are more prone to have a stroke (9).

Based on the predictors of AF progression, we developed
a risk stratification rule to estimate the probability of AF
progression in patients with paroxysmal AF: the HATCH
score. This score enables the detection of patients in whom
more sustained forms of AF are likely to develop in the near
future. Previous studies showed that the presence of under-
lying heart disease is associated with poor outcome of
rhythm control therapy (10). However, these patients are
more likely to have AF progression. In the same way, our
data suggest that the potential preventive effect of antiar-
rhythmic drugs on AF progression was outperformed by the
promoting effect of underlying heart disease and age, as
represented by the HATCH parameters. Therefore, it
seems very important to identify patients that are likely to

progress to persistent AF beforehand to avoid needless
rhythm control therapy. This holds even more because AF
progression may be associated with major events that are
easily enhanced by rhythm control drugs known for their
potential to induce proarrhythmia, heart failure, and atrio-
ventricular block. In our study, relatively low numbers of
beta-blockers were prescribed in patients with heart failure
and coronary artery disease. We hypothesized that this is
probably the result of the use antiarrhythmic drugs in our
patients. Many antiarrhythmic drugs such as amiodarone,
sotalol, and propafenone have beta-blocking properties.
Bradycardia might result when these antiarrhythmic drugs
are prescribed together with a beta-blocker. Our results
suggest that if a high HATCH score is found, clinicians
should focus on rate control and upstream therapy rather
than rhythm control therapy. Several studies investigating
AF progression have been published in the past (5,11–13).
The rate of AF progression described in these studies varied
between 8% (4) and 22% (14) after 1 year of follow-up,
depending on the rhythm-monitoring methods used. Various
factors were associated with AF progression: valvular disease,
alcohol consumption, age, left atrial dimension and amount of
atrial enlargement over time, stroke, and heart failure. How-
ever, correction for possible confounders was not always per-
formed, and the currently available risk stratification parame-
ters resulting from these studies have limited the predictive
value in individual patients. Our findings suggest that combin-
ing several independent predictors of AF progression into a
balanced rule outperforms all the previously known predictors
for the development of sustained AF.
Clinical implications. The HATCH score in daily prac-
tice could guide the physician in the clinical decision-
making process. First, patients with a high HATCH score
should be monitored more frequently because they are prone
to the development of cardiovascular events. In addition,
one could hypothesize that the HATCH score may be used
for early selection of patients for rhythm control therapy in
an effort to prevent disease progression. Conversely, poten-
tially harmful drugs and interventions including cardiover-
sion and ablation may be avoided in patients with a high
HATCH score. Obviously, further studies are needed to
confirm these hypotheses and show the clinical value of the
HATCH score when implemented in clinical practice.
Study limitations. We performed a subgroup analysis of the
EHS. As a result, our data should be interpreted with care.
Follow-up regarding rhythm status was unavailable for approx-
imately 31% of the patients with first detected or paroxysmal
AF at baseline. Patients with unknown rhythm status had
more often underlying heart disease and a higher HATCH
score (1.8 vs. 1.5) compared with patients with a known
rhythm status at follow-up (additional data not shown). This
may have led to an underestimation of the incidence of AF
progression. Conversely, this does not, in our view, reduce the
predictive capacity of the HATCH score.

Considering the relatively low use of beta-blockers, ACE
inhibitors, and angiotensin-receptor blockers, the patients

Figure 3 Incidence of AF Progression

The 1-year incidence of atrial fibrillation (AF) progression per HATCH score.
The HATCH score is divided into 4 categories that could be clinically relevant.
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Impact of ablation on AF progression

  Pappone C et al. Circ A and E 2011;4:808-14.; Pappone C et al. Heart Rhythm 2008;5:1501-7.; Bertaglia et al. Europace 
2010;12:181-7.; Ouyang et al. Circulation 2010;122:2368-77.; Sawhney et al. Am J Cardiol.2009;104:366-72. 



ATTEST: Study Hypothesis



Study-Design: Primary Endpoint



Study-Design: Secondary Endpoints



Study-Design: Secondary Endpoints



Study-Design: Study overview



Study-Device/Equipment



Inclusion Criteria



Exclusion Criteria



Exclusion Criteria cont.



Study Schedule
BL
D0

M3
D76-
104

M6
D166-
210

M9
D240-
300

Y1
D330-
420

M18
D480-.

600

Y2
D630-
809

M30
D810-
989

Y3
D990-
1170

UNS

Clinic Visit X X X X X X X

Phone follow-up X X X

Patient 
Information and 
Consent

X

Medical history X

HATCH score X X X X X X X

ECG X X X X X X X

TTM X X X X X X X X X X

TEE X

TTE X X X X X X

QoL (EQ-5D, 
AFEQT)

X X X X X X

Health status X X X X X X X

Cardiac 
medication

X X X X X X X X X X

Adverse events X X X X X X X X X

Cardioversion/re-
ablation 
documented

X X X X X X X X X



Time to event monitoring

Patient enrolment 

Test group Day 0 = index ablation Control group Day 0 = Randomization 

Start weekly TTM Day 104 (+/-3M FU) 
1x/week to capture some asymptomatic episodes 

! AF documented ! Daily monitoring for 7 consecutive days 

Start monthly TTM Day 300 (+/-9M FU) 
1x/month to capture some asymptomatic episodes 

! AF documented ! Daily monitoring for 7 consecutive days 

Primary endpoint reached 
AF present for 7 consecutive days or requires termination by cardioversion >48h 

! Stop TTM monitoring, FUP visit at 3Y, continue safety reporting 



Overall Project Status



Overall Project Status – Enrollment by Country



Overall Project Status – Enrollment by Site



Conclusions

•  So far only limited data on AF progression is available

•  The ATTEST trial aims at assesment of AF progression 
comparing ablation vs. drug-based treatment in a 
randomized, prospective, multi-center fashion

•  ~50% of patients are enrolled

•  ! more active centers are required



Thank You!


