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Benjamin EJ et al., Circulation, 2017 Jan 25  

Atrial Fibrillation is a powerful risk factor for stroke, 
independently increasing risk ≈5-fold throughout all 
ages.  

The percentage of strokes attributable to AF increases 
steeply: 

• 1.5% at 50 to 59 years of age 

• 23.5% at 80 to 89 years of age. 

ATRIAL FIBRILLATION AND STROKE 

 THE UGLY AND THE NASTY 



ACTA MEDICA 
SCANDA, 1948 

“The immobility of 
the auricular walls 
makes them 
defenceless against 
thrombotic 
deposits..” 



“Sir:  
  
In our cerebrovascular studies, we have been 
struck by the number of patients in atrial 
fibrillation who have a severe stroke as the 
first manifestation of embolism. All patients 
with chronic atrial fibrillation should be 
considered for prophylactic anticoagulant 
therapy…to avoid a fate worse than death 
itself.”  

 
C.M. Fisher, M.D.  

The Lancet – 1972  
Letter-to-the-Editor  
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Lip GY et al., Chest 2010; 37:263–272. 

STATE OF THE ART: CHA2DS2-VASc 

UNIVARIATE AND MULTIVARIATE PREDICTIVE 
POWER OF RISK FACTORS FOR 

THROMBOEMBOLIC EVENTS 





• The C-statistic suggests a similar clinical utility of the CHADS2 and 
CHA2DS2-VASc scores in predicting stroke and thromboembolism,  

 
but 

  
• CHA2DS2-VASc has the important advantage of identifying 

extremely low-risk patients with atrial fibrillation, as well as 
classifying a lower proportion of patients as moderate risk. 



Lip et al. Refining clinical risk stratification for predicting stroke and thromboemembolism in atrial fibrillation using a novel 

risk factor-based approach: the euro heart survey on atrial fibrillation. Chest. 2010;137(2):263-72. 



Journal of the American College of Cardiology, Volume 46, Issue 10, 2005, 1913–1920 

The risk of embolism, 

adjusted for known risk 

factors, was 3.1 times 

increased (95% CI 1.1 to 

10.5, p  0.044) in patients 

with device-detected atrial 

fibrillation episodes longer 

than one day during follow-
up 



ASSERT: Time- Dependent Analysis 



CHADS2 SCORE, AF DURATION AND STROKE 

RISK 

568 Pts with MDT AT500 pacemaker continuously 

monitored for 1 year 

No AF at FU (AT/AF < 5 min in 1 day) 

5 min < AT/AF Episodes < 24 h 

AT/AF Episodes > 24 h 

CHADS2  score 

0 1 2 3 

1.7% 25% 0% 0% 

1.8% 0% 1.3% 2.4% 

0% 4.4% 33% 4.4% 

(3 out of 351 Pts) 0.8 %  vs  5 % (11 out of 217 Pts) 

P = 0.035 

Botto GL et al, J Cardiovasc Electrophysiol 2009.  



Cause and effect 

Hume shows that experience 
does not tell us much.  

 

Of two events, A and B, we say 
that A causes B when the two 
always occur together, that 
is, are constantly conjoined. 
Whenever we find A, we also 
find B, and we have a certainty 
that this conjunction will 
continue to happen.  

 

We are not reasonably justified 
in making any inductive 
inference about the world. 
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Healey JS, Connolly SJ, Gold MR, Israel CW, Van Gelder IC, Capucci A, Lau CP, Fain E, Yang S, Bailleul C, Morillo CA, Carlson M, Themeles E, Kaufman ES, 
Hohnloser SH. Subclinical atrial fibrillation and the risk of stroke. N. Engl. J. Med. 2012; 366: 120–9.  

Ischemic Stroke or Systemic Embolism 

RR=2.49 
95%CI 1.28-4.85 
P=0.007 











Anatomic LAA variants 

  a. Chicken wing 

 

  c. Windsock 

  b. Cactus 

 

  d. Broccoli 



? 
La fisiopatologia dello stroke nella FA 
implica la trombosi auricolare come 

causa predominante? 

“Given the extent of atherosclerotic disease in some 
AF patients and the presence of a systemic disorder 
of coagulation and platelet function in most high-risk 
AF patients, a local approach that controls only the 
LAA may not be sufficient” 



ROLE OF THE CHADS2 SCORE IN ACUTE 
CORONARY SYNDROMES: RISK OF SUBSEQUENT 

DEATH IN PATIENTS WITHOUT ATRIAL FIBRILLATION 

Poçi D. et al, CHEST 2012; 141(6):1431–1440 



ROLE OF THE CHADS2 SCORE IN ACUTE 
CORONARY SYNDROMES: RISK OF SUBSEQUENT 

STROKE IN PATIENTS WITHOUT ATRIAL FIBRILLATION 

Poçi D. et al, CHEST 2012; 141(6):1431–1440 



Chua SK et al., PLoS One, 2014 Oct 24; 9 (10) 

ADJUSTED HAZARD RATIOS FOR THE COMPOSITE ENDPOINT 

MYOCARDIAL INFARCTION (MI), STROKE, OR DEATH, IN 

RELATION TO CHADS2 OR CHA2DS2-VASc SCORES, IN PATIENTS 

WITH ACUTE CORONARY SYNDROME 



5-YEAR CUMULATIVE PROBABILITY OF SURVIVAL IN STROKE 

PATIENTS WITHOUT ATRIAL FIBRILLATION ACCORDING TO 

CHA2DS2-VASC SCORES 

Ntaios G et al; Neurology 2013; 80: 1009-1017 



All risk factors included in the CHA2DS2-VASc score 
are associated with stroke/ transient ischemic attack 
in patients with recent acute coronary syndrome, and 
retain similar odds ratios to what already seen in atrial 

fibrillation. 

Guerra F. et al., Eur Heart J Acute Cardiovasc Care, 2016 Oct 5.  



The whole cohort included 558,193 patients, of 

which 7,108 (1.3%) had an acute stroke and/or TIA 

during follow-up  

Median follow-up reported was 9 months  



 

 Stroke and/or TIA occurrence was significantly associated with every single CHA2D2-

VASc risk factor studied.  

 Advanced age and previous stroke/TIA resulted as the most important risk factors (OR 2.60; 

95% CI 2.21-3.06 for advanced age and OR 2.74; 95% CI 2.19-3.42 for previous stroke/TIA), in accordance with the two-point 

value that both of them have in the CHA2DS2-VASc score.  

 All other factors were also positively associated with stroke and/or TIA, but with a lower 

ORs (heart failure/left ventricular dysfunction OR 1.29; 95% CI 1.20-1.38; hypertension OR 1.43; 95% CI 1.31-1.57; diabetes 

mellitus OR 1.42; 95% CI 1.32-1.52; female gender OR 1.37; 95% CI 1.31-1.43; peripheral vascular disease OR 1.48; 95% CI 

1.36-1.60). 

 AF turned out to be the third most important risk factor for stroke in patients with ACS, 

with an OR of 2.04. While AF substantially increases the risk of stroke in this population, it does not 

seem to be pivotal, being present in only 11.2% of the total population. 

RESULTS 



PVD: peripheral vascular disease 
1 Friberg L et al., Eur Heart J, 2012; 33: 1500–1510. 

2 Guerra F. et al., Eur Heart J Acute Cardiovasc Care, 2016; Oct 5.  

COMPARISON OF HAZARD RATIOS AND 95% 
CONFIDENCE INTERVALS FOR EACH CHA2D2-VASc 

ITEM AS SEEN IN FRIBERG ET AL.1 (BLUE) AND IN THE 
PRESENT META-ANALYSIS2 (RED) 



Heart failure 

 Heart failure is associated with a hypercoagulable state, 
formation of left ventricular thrombus, and cerebral 
embolism.  

 

 Represents the second cause of cardiogenic stroke after 
atrial fibrillation with about 60,000 strokes per year  

 

 Despite the annual risk of TE in patients with HF ranges 
from 1% to 3%, there is no clear evidence of a benefit in the 
antithrombotic treatment.  

 



Benefit with AT drugs? 

• WASH trial (279 pts) no benefit. Crossover between groups. 

Aspirin   risk of  HF hospitalization.   
 

• HELAS (197 pts) no benefit. 

 
• WATCH (1587 pts) warfarin significantly lowered the risk of 

nonfatal strokes and all strokes (both vs aspirin and 
clopidogrel). Aspirin   risk of HF hospitalization. 

 
• WARCEF (2305 pts) relative reduction in the risk of 

ischemic stroke with warfarin. Increase risk of major bleeding. 
 HF hospitalization in warfarin group. 
 



JAMA, 2015 







• Anticoagulation may potentially be considered in the 

following HF patient groups: HFrEF with previous 

thrombo-embolism (stroke, transient ischaemic 

attack, VTE), newly diagnosed intracardiac 

thrombus, and right heart failure with pulmonary 

hypertension, but evidence is limited and more 

research is needed to ascertain the long-term risk–

benefit ratio. 

Lip GY et al., Eur J Heart Fail, 2012 Jul; 14(7): 681-95 



Atrial Fibrillation and Mechanisms of 
Stroke: Time for a New Model 

Kamel H et al., Stroke, 2016 Mar; 47(3): 895-900 



Goette A. et al., J. Arrhythm., 2016 Aug;32(4): 247-78.  

THE ABNORMAL ATRIAL SUBSTRATE 



• Atrial fibrillation may be seen as an epi-
phenomenon related to an abnormal substrate 

• This updated model may allow a better 
screening for thromboembolic risk in the general 
population independently of known AFib 

• There is a significant gap in current evidence in 
order to postulate a RCT regarding chronic oral 
anticoagulation in patients with high 
thromboembolic risk without AFib 

THE ABNORMAL ATRIAL SUBSTRATE 

Goette A. et al., J. Arrhythm., 2016 Aug;32(4): 247-78.  



• CHA2DS2-VASc BEYOND ATRIAL 
FIBRILLATION 

 

• PHYSICAL ACTIVITY IN HEART 
FAILURE 

 

• FUTURE ROLE OF REMOTE 
MONITORING OF CLINICAL 
PARAMETERS 



ATRIAL FIBRILLATION AND 
HEART FAILURE: TWO 

COMMON COMORBIDITIES 

• Atrial fibrillation (AF) and heart failure often co-exist in a reciprocal 
relationship, the incidence of AF increasing with the severity of heart 
failure 
 
Neuberger HR et al., Eur Heart J., 2007, 28, 2568–2577 
 

• AF is present in up to one-third of patients hospitalized for heart failure, 
and new-onset AF in particular seems to indicate increased mortality risk 
in these patients. 
 
Shotan A et al., Eur Heart J., 2010, 31, 309–317 
 

• It is still uncertain whether AF is an independent contributor to an 
impaired outcome in heart failure or whether it is merely a marker of 
severe disease. 
 
Smit Marcelle D. et al., Eur J Heart Fail. 2012 Sep;14(9):1030-40.  

 
 



EXERCISE TRAINING: 
AN IMPORTANT NON PHARMACOLOGICAL 

TREATMENT OF HEART FAILURE 
Current guidelines recommend exercise training 

as an adjunctive therapy in patients with chronic 
heart failure1 

However, less than 20% of heart failure patients 
are participating in a cardiac rehabilitation 
programme according to a recent European 
survey2 

A universal agreement on exercise prescription 
does not exist; thus an individualized approach 
is often recommended3,4 

1. Ponikowski P, et al., Eur Heart J. 2016;37:2129-2200. 
2. Bjarnason-Wehrens B et al., Eur J Cardiovasc Prev Rehabil 2010;17:410–418 
3. Vanhees L, et al, Eur J Prev Cardiol. 2012;19:1333-1356. 
4. Taylor RS, et al, Cochrane Database Syst Rev. 2014;4:Cd003331 



At present, moderate continuous endurance exercise is the 
best described and established form of training, because 
of its well demonstrated efficacy and safety1 

This advice is mainly based on a large multicenter exercise 
intervention trial (HF-ACTION)2 with heart failure 
patients, which observed a moderate reduction of 
symptoms, improvement of exercise capacity, and a 
reduction of hospital readmissions for heart failure. 

This large RCT showed a modest and non-significant 
reduction in the primary composite outcome of all-cause 
mortality or all-cause hospitalization. No safety concerns 
were raised 

EXERCISE TRAINING: 
AN IMPORTANT NON PHARMACOLOGICAL 

TREATMENT OF HEART FAILURE 

1 Vanhees L, et al: Eur J Prev Cardiol. 2012;19:1333-1356. 
2 O'Connor CM, et al: JAMA. 2009;301:1439-1450. 



Several systematic reviews and meta-analyses of small 
studies have shown that physical conditioning by 
exercise training improves exercise tolerance, health-
related quality of life and HF hospitalization rates in 
patients with HF 

The most recent Cochrane review of exercise training 
included 33 trials with 4.740 patients with HF 
(predominantly HFrEF). There was a trend towards a 
reduction in mortality with exercise in trials with 1 year 
of follow-up. Compared with the control group, exercise 
training reduced the rate of overall and HF-specific 
hospitalization and improved quality of life. 

EXERCISE TRAINING: 
AN IMPORTANT NON PHARMACOLOGICAL 

TREATMENT OF HEART FAILURE 



Comparison 1: All exercise interventions versus usual care, 
Outcome 1: All-cause mortality up to12 months’ follow-up. 

 

Review: Exercise-based rehabilitation for heart failure 

Comparison 1: All exercise interventions versus usual care 

Outcome 1: All-cause mortality up to12 months’ follow-up 

Taylor RS et al., Cochrane Database Syst Rev 2014; 4:CD003331 



Comparison 1 All exercise interventions versus usual care 
Outcome 2 All-cause mortality more than 12 months’ follow-up 
 
Review: Exercise-based rehabilitation for heart failure 
Comparison: 1 All exercise interventions versus usual care 

Outcome: 2 All-cause mortality more than 12 months’ follow-up 

Taylor RS et al., Cochrane Database Syst Rev 2014; 4:CD003331 



Taylor RS et al., Cochrane Database Syst Rev 2014; 4:CD003331 

Comparison 1 All exercise interventions versus usual care 
Outcome 3 Hospital admission up to 12 months’ follow-up 

 
Review: Exercise-based rehabilitation for heart failure 
Comparison: 1 All exercise interventions versus usual care 
Outcome: 3 Hospital admission up to 12 months’ follow-up 



Taylor RS et al., Cochrane Database Syst Rev 2014; 4:CD003331 

Comparison 1 All exercise interventions versus usual care 
Outcome 4 Hospital admission heart failure only 

 
Review: Exercise-based rehabilitation for heart failure 
Comparison: 1 All exercise interventions versus usual care 
Outcome: 4 Hospital admission heart failure only 



Taylor RS et al., Cochrane Database Syst Rev 2014; 4:CD003331 

Comparison 1 All exercise interventions versus usual care 
Outcome 6 Health-related quality of life up to 12 months’ follow-up 

 
Review: Exercise-based rehabilitation for heart failure 
Comparison: 1 All exercise interventions versus usual care 
Outcome: 6 Health-related quality of life - MLWHF up to 12 months’ follow-up 



 Exercise training is recommended for stable 

patients in NYHA class I-III patients. 

 After hospitalization for exacerbation, early 

mobilization through an individualized 

exercise programme may prevent further 

disability and lay good foundations for the 

formal exercise training plan. 

Piepoli MF et al., Eur J Heart Fail 2011; 13: 347–357. 



 When clinical stabilization is achieved, appropriate 
screening for contraindications to exercise is 
necessary, including medical history, clinical 
examination, resting electrocardiogram (ECG), a 
symptom-limited exercise test, and 
echocardiography 

 If the clinical status of a patient is unclear and/or 
previous examinations/tests are inconclusive, 
supplementary investigations such as 24 h Holter 
ECG monitoring, chest X-ray, or stress 
echocardiography should be considered as 
appropriate. 

Exercise training in patients with heart 
failure: practical considerations 

Piepoli MF et al., Eur J Heart Fail 2011; 13: 347–357. 



Contraindications to exercise testing  
and training 

Piepoli MF et al., Eur J Heart Fail 2011; 13: 347–357. 

1. Early phase after acute coronary syndrome (up to 2 days) 

2. Untreated life-threatening cardiac arrhythmias 

3. Acute heart failure (during the initial period of haemodynamic 

instability) 

4. Uncontrolled hypertension 

5. Advanced atrioventricular block 

6. Acute myocarditis and pericarditis 

7. Symptomatic aortic stenosis 

8. Severe hypertrophic obstructive cardiomyopathy 

9. Acute systemic illness 

10.  Intracardiac thrombus 



Exercise 
training in 
patients 
with 
acute 
heart 
failure 1/2 

Piepoli MF et al., Eur J Heart Fail 2011; 13: 347–357. 



Exercise 
training in 
patients 
with 
acute 
heart 
failure 2/2 

Piepoli MF et al., Eur J Heart Fail 2011; 13: 347–357. 



Which exercise should we 
recommend? 

High intensity or moderate 
continuous? 

Exercise of high submaximal intensity performed in 

intervals of 1-4 minutes, also termed high intensity 

interval training (HIIT), has been tested in a small 

study of heart failure patients with reduced ejection 

fraction, showing that HIIT was superior to 

moderate continuous training (MCT) in improving 

exercise capacity, quality of life, endothelial 

function as well as left ventricular diameter and 

ejection fraction. 

Wisloff U. et al., Circulation, 2007;115:3086-3094 



The SMARTEX Heart Failure Study: 
rationale 

A randomized controlled clinical trial (RCCT), the 

SMARTEX Heart Failure Study (study of 

myocardial recovery after exercise training in 

heart failure), was designed to test the 

hypothesis that HIIT is superior to MCT with 

regard to improvement of left ventricular 

dimensions and exercise capacity. 

Ellingsen Ø et al., Circulation. 2017 Jan 12. pii: CIRCULATIONAHA.116.022924. doi: 
10.1161/CIRCULATIONAHA.116.022924. [Epub ahead of print] 



The SMARTEX Heart Failure Study: 
results 

• Change in left ventricular end-diastolic diameter from 

baseline to 12 weeks was not different between HIIT and 

MCT, P=0.45 

• There was also no difference between HIIT and MCT in 

peak oxygen uptake, P=0.70, but both were superior to 

recommendation of regular exercise (RRE) 

• Serious adverse events were not statistically different 

during supervised intervention or at follow-up at 52 weeks 

(P=0.16), but the study was not powered to assess safety 

• Training records showed that 51% of patients exercised 

below prescribed target during supervised HIIT and 80% 

above in MCT. 

Ellingsen Ø et al., Circulation. 2017 Jan 12. pii: CIRCULATIONAHA.116.022924. doi: 
10.1161/CIRCULATIONAHA.116.022924. [Epub ahead of print] 



Recommendations for exercise, 
multidisciplinary management, and 

monitoring of patients with heart failure 
It is recommended that regular aerobic 
exercise is encouraged in patients with HF 
to improve functional capacity and 
symptoms 

I A 

It is recommended that regular aerobic 
exercise is encouraged in stable patients 
with HFrEF to reduce the risk of HF 
hospitalization 

I A 

It is recommended that patients with HF 
are enrolled in a multidisciplinary care 
management programme to reduce the 
risk of HF hospitalization and mortality. 

I A 

Ponikowski P et al., European Journal of Heart Failure (2016) 18, 891–975 



Mozaffarian D et al., Circulation 2008; 118:800–807 

PHYSICAL ACTIVITY AND INCIDENCE OF 
ATRIAL FIBRILLATION IN OLDER ADULTS 

The Cardiovascular Health Study 



PHYSICAL ACTIVITY AND ATRIAL 
FIBRILLATION 

• Physical activity improves cardiovascular health, 

which translates into a lower risk of AF. Therefore, 

physical activity is a cornerstone of preventing 

AF 

•  Intensive sports practice, especially endurance 

sports, increases the risk of AF later in life, 

probably mediated by altered autonomic tone, 

volume load during exercise, atrial hypertrophy, 

and dilatation. This results in a U-shaped 

relationship of physical activity and AF incidence  

Kirchhof P et al., Europace, 2016 Nov; 18(11): 1609-1678 
Andersen K, et al., Eur Heart J, 2013; 34: 3624–3631. 
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Sleep Apnea Monitoring (SAM algorithm) 

REPLY 200 SR and REPLY 200 DR (Sorin 
group) 

PMK 



• 40 pacemaker (REPLY 200 SR o DR) 
patients are tested by SAM and PSG. 
 

• SAM-RDI is correlated with 
polysomnography (AHI).  
 

• An optimal cutoff of 20 events/h for 
the SAM-RDI value was validated to 
identify severe SA (AHI-PSG > 30) with 
a specifity (85%), sensititivity (89%) 
and PPV (89%). 

 
• SAM offers the added benefit of 

repeated measurements every night, 
which may improve the detection of 
patients at risk  (long time 
monitoring). 
 

SAM algorithm (DREAM study) 

Defaye et al. DREAM study. Heart rhythm. 2014 

Severe SA (SAM-
RDI) 

16 /18 positive 
patients 

identified by 
SAM algorithm 



Apnea SCAN 

• ApneaScan (INCEPTA ICD/CRT-D) uses the 
Respiratory Sensor to monitor breathing patterns. 

• ApneaScan identifies events when breathing 
amplitude is reduced by 26% or more for 10 
seconds or more (includes full breathing pauses). 

• The average number of events per hour over the 
night is reported as the Respiratory Disturbance 
Index (RDI). 

 

INCEPTA ICD / CRT-D (Boston 
scientific) 

ICD 
CRT 



CRT efficacy in SBD treatment 

OSA 

CSA 

CRT significantly reduces AHI in CSA but not OSA 

Cardiac resynchronization 
therapy decreased AHI in 
CSA patients by a mean of   
-13.05 (P < 0.00001), which 
translates into being 
clinically significant. In 
contrast, however, CRT was 
unsuccessful in significantly 
reducing the AHI overall in 
patients with OSA 
(-3.32, P = 0.25). 

Europace 2011 



Multidisciplinary approach to SBD in PM patients  

Screening Diagnosis Optimal Medical Therapy 

Cardiac Department Pneumological Department 

Implanted Patient 

SCREENING 

SAM 

 ApneaScan 

DIAGNOSIS 

(i.e. PSG) 

Optimal medical 
treatment  

(i.e. CPAP, HF 
treatment, CRT) 

Monitor treatment efficacy 



UPSTREAM Registry: Primary Objectives 

Subgroup 1 
Dual Chamber 
pacemaker 
(# 355 pts) 

Subgroup 2 
Single Chamber 
pacemaker 
(# 125 pts) 

Subgroup 3 
CRTP 
(# 30 pts) 

Study size 
 
510 pts [ 2-4 
yrs FU ] 

Primary Clinical objective  
Pilot assessment of Multidisciplinary Approach impact on MACE 
endpoint  

Primary Clinical objective 
Impact of Multidisciplinary Approach on MACE* endpoint (Major 
Adverse Cardiov. Events) 
VS standard paced patient management   
(ANSWER study cohort, n = 320 DC-PM pts) 

* MACE (Major Adverse Cardiovascular Events) clinical endpoint components: 
 - all-cause mortality 
 - CV mortality 
 - HF events 
 - urgent visits for Arrhythmia Cardioversions (A/V), coronary ischemia, or stroke; 
 - recurrence of Atrial Arrhythmias after electrical / pharmacological cardioversion 
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Potential of device-based monitoring solutions 

Automated, ambulatory  
heart failure status indicator 
available remotely or in-clinic 

Automatically evaluate signs 
& symptoms of Heart Failure 

Elevated filling pressure 
Tachypnea 
Dyspnea on exertion 
Dyspnea at rest 
Fluid accumulation and 

Pulmonary edema 
Orthopnea or Paroxysmal 

Nocturnal Dyspnea 
Atrial fibrillation 
Tachycardia 

 

New + existing  
biometric sensors 
in ICD and CRT-D 

• Diagnostics in ICDs and CRT-Ds with associated remote monitoring systems may provide an 

opportunity to better identify worsening status, but technology to date has used single sensors with 

high false-detection rates or required manual review of multiple measures, limiting utility and 

adoption.1 

• New approach seeks to use new device sensors to emulate what physicians do in their clinical 

assessment - evaluate multiple signs and symptoms2 and utilize multiple diagnostics in 

ambulatory evaluation. 

 

1  Conraads VM et al., Eur Heart J, 2011:32(18),2266-73. 
2   Heart Failure Practice Guideline, Journal of Cardiac Failure, 

2010:16(6),e137 
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HF Management Sensor Suite: answers to many 

clinical questions  

The Sensors: What Clinicians ask / do during a physical exam: 

Thoracic Impedance  Listen to lung sounds for signs of pulmonary edema 

Respiratory Rate  “Are you out of breath? Have difficulty breathing?” 

Activity Level  “Have you been feeling tired?” 

Weight  “Have you gained weight?” 

 (check leg or abdominal swelling) 

Blood Pressure  Measure blood pressure 

 (Hypertensive? Hypotensive?) 

Night Heart Rate  Is resting heart rate elevated? 

Sleep Incline  “How many pillows do you sleep on at night?” 

Unique to BSC 



Method: Study Design 

• MultiSENSE study is a multi-center, non-randomized, feasibility study 

to evaluate the ability of multiple sensors to reflect early signs of 

worsening heart failure 

• Up to 990 subjects with existing devices 

• Key inclusion criteria: 

• Age 18 or above 

• Currently implanted with a COGNIS CRT-D system 

• NYHA Class II, III or IV within the last 6 months 

• Key exclusion criteria: 

• Documented as pacemaker dependent 

• A history of appropriate tachycardia therapy within 1 week prior to enrollment 

• Likely to undergo lead or PG revision 

• Subjects that have received a heart or lung transplant 

• Receiving mechanical circulatory transplant 

• A life expectancy of less than 12 months 



Respiration Interval 

Relative 

Tidal 

Volume 

Method: Data Collection 
• Respiratory rate (RR) and relative tidal volume (TV) were measure from 

transthoracic impedance.  

• Minute ventilation (MV) and rapid shallow breathing index (RSBI) were 

calculated as: 

• MV = RRTV 

• RSBI = RR/TV 
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Multisense study 



Patient Demographics 

   ALL (528) 
Patients with HF 

event (73) 
Patients without 

HF event (455) P-value 
Age (years) 66.4 ± 10.8 66.5 ± 11.6 66.3 ± 10.7 0.8022 

Gender (% Male) 72.7 82.2 71.2 0.0648 

NYHA( I/II/III/IV) 

5.4/65.6/27.8/

0.2 5.5/49.3/43.8/0 5.4/68.2/25.2/0.2 0.0208 

LVEF 29.3 ± 11.5 25.6 ± 10.7 29.9 ± 11.6 0.0022 

Asthma (%) 9.1 13.7 8.4 0.1402 

COPD (%) 15.5 15.1 15.6 0.9066 

Diabetes (%) 43.2 53.4 41.5 0.0570 

Hypertension (%) 76.5 82.2 75.6 0.2178 

Ischemic (%) 52.1 61.6 50.6 0.1004 

Renal insufficiency (%) 26.5 49.3 22.9 <.0001 

Sleep disordered breathing (%) 18 32.9 15.6 0.0004 

ACE (%) 59.5 46.6 61.6 0.0156 

ANT (%) 21.4 38.4 18.7 0.0001 

Beta blocker (%) 93.3 89.0 94.0 0.1158 

Diuretics (%) 75.5 89.0 73.3 0.0038 

VAS (%) 22.7 45.2 19.1 <.0001 

BUN 25.0 ± 13.7 31.2 ± 20.0 24.0 ± 12.1 <.0001 

Creatinine 1.36 ± 0.94 1.63 ± 1.03 1.31 ± 0.92 <.0001 

NT-proBNP 2132 ± 5269 3814 ± 4658 1852 ± 5318 <.0001 



Case Example 
Patient 52 male Caucasian, BMI = 39,  

Class II, LVEF 35%,  

ischemic, DCM, prior MI and CABG, 

diabetes, SDB, AF, hypertension, 

hyperlipidemia, and CKD,   

NT-proBNP 4504 pg/ml,  

BUN 122 mg/dL, Cr 3.7 mg/dL 

Mar 2 Patient presented to ER with SOB 

 admitted for HF 

3/2/11 O2 2L nasal cannula Lasix 

40 mg IVP  

3/4/11 Lasix IV drip started 

3/5/11 Lasix IV drip stopped  

3/5/11 Lasix oral therapy started 

3/8/11 Subject discharged 

Resp Rate,  Tidal Volume,  

 Minute Ventilation and  Rapid 

Shallow Breathing Index the month 

prior to HFE 



Results 
• Fifty-two of the 528 patients enrolled (age 66.4±10.8, 72.7% male, ejection 

fraction 29.3±11.5%) experienced 69 HFEs.  

• Daily mean RR was elevated significantly prior to HFEs (2.2%, p=0.03) 

while daily mean TV and MV did not change significantly (-1.5% and 0.6% 

respectively).  

• Daily RSBI showed the largest change among all respiratory parameters, 

and increased by 6.0% (p=0.01).  
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MultiSENSE Primary Endpoint 

At threshold of 16 both 

endpoints met: 
• Sensitivity 70% [55.4-82.1%] 

• Unexplained Alert Rate 

1.47 [1.32-1.65] 

Median time from alert to 

Heart Failure Event was 34 

days. 

 

Endpoints also met at 

thresholds 14, 18, 20, 22 

1Boehmer J et al. Presented at American Heart Association 2016: 

http://www.abstractsonline.com/pp8/#!/4096/presentation/60291  

Performance of HeartLogic Index at Multiple Thresholds 



The Multi-Sense Cardiopatch 

 The multisense cardiopath is a wearable 

multi-sensor patch designed for remote heart 

monitoring 

 The system integrates multiple sensors in a 

single patch for detection of both electrical 

(ECG) and mechanical cardiac activity (heart 

sounds), in addition to physical activity. 

 This device expands the sensing capabilities 

of wearable systems for heart monitoring 

Marcelli E et al., ASAIO J. 2017 Jan/Feb;63(1):73-79 



The Multi-Sense Cardiopatch 

Marcelli E et al., ASAIO J. 2017 Jan/Feb;63(1):73-79 



 This device provides indexes of electrical 
cardiac activity (heart rate, QT interval), 
mechanical cardiac activity (amplitude and 
duration of the heart sounds) and cardiac time 
intervals related to electro-mechanical cardiac 
activity. 

 An interesting index is the QS1, the time 
interval from the onset of the QRS complex to 
the beginning of S1. QS1 is a major component 
of the pre-ejection period, a commonly used 
index of myocardial contractility1,2 

The Multi-Sense Cardiopatch 

1. Weissler AM et al., Circulation, 1968 Feb;37(2):149-59 
2. De Oliveira NR et al., Internet J Cardiol, 2008, 5: 2 



The Multi-Sense Cardiopatch 

The simultaneous recordings of electrical 

and mechanical activity of the heart 

might be beneficial for a more 

comprehensive evaluation of cardiac 

function recovery in patients undergoing 

cardiac rehabilitation programs 

Marcelli E et al., ASAIO J. 2017 Jan/Feb;63(1):73-79 



A LONG WAY TO GO... 
 Exercise is a fundamental though underused non-

pharmacologic therapy for our patients, but many issues 

are still unresolved 

 How can we persuade people to exercise? 

 What form of exercise? Light and regular or heavier and 

seldom? 

 Which will be in the near future the role of remote 

monitoring of clinical parameters in patients undergoing 

cardiac rehabilitation or to forsee HF recurrences? 
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Thank you for your attention 




