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Objectives:

• Define Heart Failure vs Cardiomyopathy

• Discuss Cardiomyopathy Classification Systems

• Specifically discuss Electrophysiologic Dx and treatment implications
• Tachycardia Induced Cardiomyopathy

• RV Pacemaker induced Cardiomyopathy

• PVC induced Cardiomyopathy

• Discuss Sleep Apnea and Cardiomyopathy

• Define Confirmation Bias and a method to overcome its 
predisposition to NOT change our behavior



Definition of Heart Failure 
JACC 2013 Guideline

• HF is a complex clinical syndrome that results from any structural or 
functional impairment of ventricular filling or ejection of blood. The 
cardinal manifestations of HF are dyspnea and fatigue, which may 
limit exercise tolerance, and fluid retention, which may lead to 
pulmonary and/or splanchnic congestion and/or peripheral edema. 

• (93 pages of management guidelines)



Heart Failure vs Cardiomyopathy

• Heart failure is the condition of fluid volume overload, volume 
exceeding capacity

• Cardiomyopathy is the setting of a Low Ejection Fraction 
• Normal 60%

• HFrEF < 40%

• HFpEF > 41%

• EF <36% ICD implant (MADIT criteria)



Cardiomyopathy Classification

• A Few different options

• Primary vs Secondary

• Ischemic vs Non-Ischemic

• Dilated depends on perspective 
• Is HOCM dilated?

• Sarcoid?

• Non compaction?



Too Many Options !

So many possible ways to get 
confused:

So, to confine ourselves to 
what we will 
Realistically encounter.  

Patients post MI, and the 
“others.”  



Two Major Types In our Arena
Ischemic vs Nonischemic (both dilated)
• Ischemic CM (the classic Secondary)

• Post MI,  LAD occlusion  Septal wall akinesis, 

• Probably classic seen in the hospital

• In 2001, they didn’t have as many, Patients died prior to/or in Hospital

• Now we “save” them with a stent to die slow miserable death of CHF 10 years 
later.   

• Non-Ischemic
• Idiopathic (You’re an idiot, I’m pathetic) 

• Secondary (something has occurred)



Non-Ischemic CM

•Viral

•Peripartum

•Sarcoidosis

•Takatsubo

•Hypertensive

Electrophysiologic
Tachycardic
RV pacing
PVC

and
Sleep Apnea
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TIC (tachycardia induced cardiomyopathy)

• Tachycardia induced cardiomyopathy (TIC) is defined as systolic 
and/or diastolic ventricular dysfunction resulting from a prolonged 
elevated heart rate which is reversible upon control of the arrhythmia 
or the heart rate.

• TIC is usually seen in patients with no previous structural heart 
disease, although it may be responsible for ventricular dysfunction 
aggravation in those with underlying heart disease.



TIC Pathophysiology

• Normal HR is 55-95

• High ventricular rates initially result in cardiac dilatation and mitral 
regurgitation, which are typically associated with elevated ventricular 
filling pressures, decreased contractility, right and left ventricular wall 
thinning, and, eventually, heart failure with neurohormonal
activation.

• Cardiac output is usually reduced, and systemic vascular resistances 
are typically elevated

• In experimental models, some of these changes can be seen as early 
as 24-48 hours

Tachycardia-induced cardiomyopathy
An article from the E-Journal of the ESC Council for Cardiology Practice
Vol. 7, N° 16 - 13 Jan 2009
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Take Home

• Not likely someone who complains of a fast HR.  

• But someone with documented  AVNRT and Echo with Low EF, Likely 
related to TIC

• Sustained Rapid HR in the 150 to 220 BPM range. 

• Diagnosis is made when there is recovery after HR is controlled (NIH)



TIC treatment

• Slow the heart down

• Depends on source of the tachycardia

• AFIB/RVR

• AVNRT

• IST (Inappropriate Sinus Tachycardia)

• Add on USUAL Medical Treatment.



Arrhythm Electrophysiol Rev. 2013 Nov; 2(2): 82–90.
doi:  10.15420/aer.2013.2.2.82
PMCID: PMC4711573
PMID: 26835045

What About Tachycardia-induced Cardiomyopathy?
Ethan R Ellis1 and Mark E Josephson2

Great Review of all cardiomyopathies induced by  tachycardia.  A



Pacemaker induced Cardiomyopathy

•Pacemakers 
implanted on the 
Right side (low 
Pressure) side of 
Heart

•Right Atrial position

•Right Ventricular 
Apex.  



Typical RV pacing

Research Gate EKG



Septum Paced

RV moves well

Dysynchrony



Normal Echo



The Downside of Right Ventricular Apical Pacing
Andrew Brenyo, MS, Ilan Goldenberg, MD, and Alon Barsheshet, MD

Indian Pacing Electrophysiol J. 2012 May-Jun; 12(3): 102–113.
Published online 2012 May 20.

A Review of RV pacing in patients with ICD’s with different back up rates.  
VVIR70    vs VVIR 40



Summary

• Right ventricular (RV) apical lead placement rapidly became standard 
practice secondary to the ease of site accessibility and lead stability. 
In most situations, RV apical pacing is effective and well tolerated.

• However, an increasing amount of data has recently raised questions 
about the safety of RV apical pacing (Anderson et, al, 1997)

• These safety concerns arise from the suggestion that RV apical pacing 
may have detrimental effects on cardiac structure and left ventricular 
(LV) function (Liberman et, al, 2006). 

• This is likely the result of the pathologic abnormal electrical and 
directly related abnormal mechanical activation of the ventricles seen 
as a consequence of RV apical pacing.



Treatment. (take the lesson from LBBB)

• Turn down “back up” pacing to lower rate

• Increase AV delay to allow “natural” V pace

• BiV Pacemaker

• Peri-Hisian pacing

• More pacemaker  pictures.  (stack)



Attempted Peri-Hisian pacing.  



Peri Hisian pacing.  

Still with RA lead
Now with RV lead 
near the 
Bundle.  



PVC induced CM?

Everyone gets PVC’s

Can they cause a CM

Is it more than a bigeminy (effective heart rate) issue?



Bigimeny EKG





How many beats in a day?

• Pretty easy 

• 60 bpm x 60 minutes per hour x 24 hours per day

• Around 86,400 beats per day (at rest),  

• Typical number used is 110,000



Rabbit Chase

Does my heart beating fast make me crazy, 
or am I crazy because my heart beats fast?

What is my EF?
BTW  SaO2 80%      HR 110 at rest



Remember MADIT  (1996)
Multicenter Automatic Defibrillator Implantation Trial

• Also, talking about independent PVC’s not triplets

• 3 PVC’s in a row is equal to Vtach

• N Engl J Med. Dec 1996;26;335(26):1933-40.

• So, If Chad’s EF is > 35%, his three beat salvo is not dangerous.  

Leave the rabbit alone and move on.   

http://www.nejm.org/doi/full/10.1056/NEJM199612263352601


2011 Article
May relate to percentage or absolute burden.  



We don’t know why, but likely different than TIC



Numbers to worry about

• Probably 10 to 20,000 PVC’s in a 24 hour period

• Watch for Bigeminy in patients for low effective heart rate and fatigue 
not related to CM.  



Treatment:  

• PVC ablation

• BB vs Calcium antagonist

• Anti-Arrythmic
• Betapace (sotalol)

• PacerOne (amiodarone)

• Tikosyn (dofetilide)

• Tambocor (flecainide)



Treatment (usual therapy)

• BB

• ACE-I/ARB  (now Entresto)

• Spironolactone (eplerenone)

• Hydralzine/Isosorbide

• BiV ICD if LBBB (QRS > 120)





SLEEP



Sleep and all-cause Mortality

HealthyCow Blogspot, 2013

Lower EF
More fatigue
More sleep





Sleep Disordered Breathing

• Obstructive Sleep Apnea
• Upper airway obstruction

• Central Sleep apnea (CSA) or Cheyene-Stokes Breathing (CSB)
• Withdrawl of central drive to respiratory muscles

• Apnea-Hypopnea Index (AHI)
• >5-15 per hour.  

McKelvie et al. Canadian Journal of Cardiology, 2011



Treating the OSA has multiple CV benefits

• Improves BP, Structural changes
• BP improves by  18 mmHg

• Increased EF
• EF improves 5-10%

• Decreases Ectopy  (especially afib)
• 58% reduction in PVC’s during sleep

• Improves quality of life
• Chronic Heart Failure Questionaires.

Kaneko et al. NEJM 2003
Butt et al. Circ Heart Fail, 2012
Sin et al, Circulation, 2000
Ryan et al. Thorax, 2005
Mansfield et al. AJRCC, 2004



What about Central Sleep Apnea?



• ORIGINAL ARTICLE

•Adaptive Servo-Ventilation for Central Sleep Apnea in Systolic 
Heart Failure

• Martin R. Cowie, M.D., Holger Woehrle, M.D., Karl Wegscheider, Ph.D., Christiane Angermann, M.D., 
Marie-Pia d’Ortho, M.D., Ph.D., Erland Erdmann, M.D., Patrick Levy, M.D., Ph.D., Anita K. Simonds, 
M.D., Virend K. Somers, M.D., Ph.D., Faiez Zannad, M.D., Ph.D., and Helmut Teschler, M.D



Methods

Randomly assigned 1325 patients with a left ventricular 
ejection fraction of 45% or less, an (AHI) of 15 or more events 
per hour, and a predominance of central events to receive 
guideline-based medical treatment with adaptive servo-
ventilation or guideline-based medical treatment alone 
(control). The primary end point in the time-to-event analysis 
was the first event of death from any cause, lifesaving 
cardiovascular intervention or unplanned hospitalization for 
worsening heart failure.

Five Hours per day, Seven days per week.  



Conclusion

Adaptive servo-ventilation 
had no significant effect on 
the primary end point in 
patients who had heart 
failure with reduced 
ejection fraction and 
predominantly central 
sleep apnea, but all-cause 
and cardiovascular 
mortality were both 
increased with this 
therapy.



Applicatioin

• For Tachycardia Induced Cardiomyopathy
• Slow the heart rate

• RV Paced CM
• Stop pacing the RV  

• PVC
• Decrease PVC’s

• Sleep apnea
• Treat OSA

• Do not treat CSA



Confirmation Bias





Confirmation Bias..





Connect
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