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Why that repolarization?



Loss of atrial contraction

Irregular cycles

Fast ventricular rate

HEART FAILURE

Neurohormonal activation

Atrial stretch & fibrosis

Heterogeneous conduction

Volume + pressure 
overload

Triggered activity

AFib

Altered atrial refractoriness



CARAF (Study on symptoms)

Pts symptomatic 532
Pts asymptomatic 142

Symptoms: Palpitation 50.7%
Chest pain 28.6%
Syncope (or pre) 27.0%

Predictors: young age, high systolic BP, higher HR, 
female gender, no MI history



Arrhythmia-Induced Cardiomyopathy
(AIC)

A condition in which atrial or ventricular tachyarrhythmias or 
frequent ventricular ectopy result in LV dysfunction and dilatation, 

leading to systolic HF. 

Usually REVERSIBLE (if early recognized and treated)

Arrhythmia induced
(pure type): 

the arrhythmia is the sole 
reason for ventricular

dysfunction

Arrhythmia mediated
(impure type): 

the arrhythmia esacerbates
ventricular dysfunction and/or 

worsen HF in a patient with 
concomitant heart disease



Schumacher B, et al. Am J Cardiol 1998; 82(8A)29-36N



AIC - Proposed mechanisms:

Loss of contractile
tissue

Impaired energy
utilization

Abnormal calcium
handling

Functional and 
structural alteration

of mitochondria

Myocardial ischemia 
(stunning) Interstitial fibrosis





• Tachycardiomyopathy is an impairment in LV function secondary to 
chronic tachycardia with high and/or irregular ventricular rate leading 
to HF, which is partially or completely reversible after normalization of 
heart rate and/or rhythm irregularity
 Pure type: completely reversible
 Impure type: partially reversible

• Tachycardiomyopathy is caused by 
any  tachycardia (>110 bpm) persisting
more than 10-15% of the day

• Severity is related to rate and duration of ↑ HR 
• A correct diagnosis can only be made after a normalization or 

improvement of the impairment of LV function after control of the 
tachyarrhythmia.

Atrial Fibrillation and Tachycardia 

Induced Cardiomyopathy



Cardiac MRI: 
• LGE suggesting for underlying scar. 
• Abnormal unipolar voltage area (≥32%) of 

LV endocardium predicts the irreversibility
of CMP

AIC or otherwise explained
cardiomyopathy?

ECHO: smaller LV end-
diastolic diameter and 

mass index in AIC

NT-proBNP at baseline/NT-proBNP
during follow-up (NTproBNP ratio) >2.3 
at 1 week (suggesting rapid decline in 

NT-proBNP) is associated with 
reversible cardiomyopathy.

ECHO-stress:
EF improvement at low doses

of dobutamine predicts
reversibility.



Case Report

D.N., M, 76 years old

CV risk factor: Hypertension

No medical history.

Increasing dyspnea…



• Physical examination: pulmonary rales, ankle
swelling. 120/80 mmHg

• ECG: AFib, 180/min
• Chest X-Ray:

Case Report 





Case Report

Coronary angiography: 
no stenosis

Rate control (beta-blocker, 
digitalis)

Antithrombotic
therapy (Warfarin) 

TEE: Left Atrial
Appendage Thrombus

Cardiac MRI early
stopped (claustrophobia)



Case Report

TEE: no more Left Atrial Appendage
Thrombus

Electrical cardioversion:SR

1 month later…



Sinus rhythm 70/bpm



Case Report 

Discharged with 
Wearable ICD (Life Jacket)

After 2 months of medical therapy, in rhythm
control with amiodarone…



Sinus rhythm



RHYTHM vs. RATE CONTROL





AFFIRM RACE

Normal LVEF 74% pts. Fractional shortening 30±10%
HR target at rest ≤80 b.p.m.; during daily
activity ≤100 b.p.m. HR target at rest <100 b.p.m.



AF-CHF

LVEF ≤ 35% (27±6%)

At rest <80 b.p.m. 
excercise < 110 b.p.m.



Who need rate control?
1. Background treatment in all patients in atrial fibrillation

2. For patients who do not require sinus rhythm (no or minor symptoms; 
>80 years)

3. When rhythm control fails

4. When the risks of restoring sinus rhythm outweigh the benefits



What is the ideal HR target



Definitions of ventricular rate 
control in randomized trials

(Wood MA. Heart Rhythm, 2004)

Study
(Reference)

Resting rate
(beats/min)

Exercise rate
(beats/min)

AFFIRM (3) <80 <110, with 6-min walk
RACE (4) <100 Not specified
PIAF (2) Not specified Not specified
STAF (1) Not specified Not specified
AIRCRAFT (10) <80 <150 at peak exercise
PAF2 70, lower rate limit 130, upper rate limit


		Study (Reference)

		Resting rate (beats/min)

		Exercise rate (beats/min)



		AFFIRM (3)

		<80

		<110, with 6-min walk



		RACE (4)

		<100

		Not specified



		PIAF (2)

		Not specified

		Not specified



		STAF (1)

		Not specified

		Not specified



		AIRCRAFT (10)

		<80

		<150 at peak exercise



		PAF2

		70, lower rate limit

		130, upper rate limit







AHA/ACC/HRS Guidelines AF 2014:
• A heart rate control (resting heart rate <80 

bpm) strategy is reasonable for symptomatic
mangement of AF (class IIaB)

• A lenient rate-control strategy (resting heart 
rate <110 bpm) may be reasonable as long as
patients remain asymptomatic and left
ventricular systolic function is preserved (class
IIbB)

ESC Guidelines AF 2016:
• It is reasonable to initiate treatment with a 

lenient rate control protocol aimed at a 
resting heart rate <110 bpm (class IIaB)

• It is reasonable to adopt a stricter rate control 
strategy when symptoms persist or 
tachycardiomyopathy occurs, despite lenient
rate control: resting heart rate <80 bpm and 
heart rate during moderate exercise <110 
bpm. (class IIaB)

Canadian AF  Guidelines 2014:
• resting heart rate <100 bpm

ESC Guidelines HF 2016:
• a moderately lenient rate control 

approach aiming at a resting heart 
rate of 60-100 bpm.

AHA Guidelines HF 2009:
• target ventricular rate of less than

80-90 bpm at rest and less than
110-130 bpm during moderate
excercise



Post-hoc analysis of AFFIRM study

Cooper, et al. Am J Cardiol 2004;93:1247–1253

Pts. grouped by quartile of achieved HR 
at rest (44-69; 70-78; 79-87; 88-148 bpm) 
and achieved exercise HR following a 6MWT 
(53-82; 83-92; 93-106; 107-220 bpm)



Post-hoc analysis of RACE study

Groenveld, et al. American Heart Journal 2009, 158;9: 785-791

Rest HR ≥ 80 b.pm. (mean 90 
b.p.m.)
vs
<80 b.p.m. (mean 72 

b.p.m.)

No differences in 
cardiovascular mortality
and morbidity and QoL



Analysis of pooled data from 
the RACE and the AFFIRM studies

Event free-survival for the primary
endpoint (mortality, cardiovascular
hospitalization and myocardial infarction) 
did not differ (64% in AFFIRM vs 66% in 
RACE)

Patients with mean heart rates within the AFFIRM 
(≤80) or RACE (<100) criteria had better outcome
than patients with heart rates ≥100 (HR 0.69 and 
0.58 respectively for ≤80 and <100; p 0.004)

BUT in the stringent control group the 
use of pacemaker implantation was
higher (11 vs 1%, p=0.0001)



RACE II

Strict control group: <80 b.p.m at rest, 
<110 b.p.m. during moderate exercise

vs.
Lenient control group: <110 b.p.m.

No differences in primary composite 
endpoint, neither NYHA class or 

hospitalization

1,4% of the pts. in strict control 
group needed PMK implantation



…. but 33% of the patients in the strict rate control group did NOT 
achieved the HR target..also the Linient group hardly went over 90 
beats/min

Groenveld et al. JACC 2013; 61, 741-8

No differences in cardiovascular
outcome between successfull
strict, failed strict and lenient

rate control. QoL was
comparable.



Pooled data from AFFIRM and AF-CHF

Andrade, et al. Heart Rhythm 2016;13:54-61



Pooled data from AFFIRM and AF-CHF(2)

Andrade, et al. Heart Rhythm 2016;13:54-61



• A high resting heart rate in sinus rhythm is significantly and 
independently associated with an increased risk of all-cause 
and cardiovascular mortality.

• A high heart rate in AF is significantly associated with 
increased risk of all cause and cardiovascular hospitalization
but not mortality.

• A higher resting heart rate over time is associated with 
increased all-cause and cardiovascular hospitalization, with 
largest magnitude of effect observed for heart rates in sinus
rhythm.

Association between resting heart rate and adverse cardiovascular outcomes
is modulated by the underlying rhythm.
The association between resting heart rate in AF and cardiovascular outcomes
either was attenuated or altered such that extremes of resting heart rate 
were associated with the greatest risk of hospitalization.



Van Gelder I, et al. Lancet 2016; 388: 818-28



Grazie per l’attenzione
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