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•  This is a lot of information 
•  Many of my individual slides are full 

lectures (if not deserve their own 
courses and textbooks)  

•  I will hit the highlights 
•  When not to worry versus when to do 

something (more relevant with new 
wearable technologies) 

•  I am happy to answer more detailed 
questions at the end 

Disclaimer   



Normal Sinus Rhythm   



Normal Heart Rate?  

•  Conventional answer: 
– 60-100 beats per minute  

•  How to check your heart rate 
– Find your pulse (wrist or neck—wrist 

preferred)  
– Count for a minute, or count for 15 seconds 

and multiply by four  



Normal Heart Rate?  

•  Let’s break down this 60-100 beats per 
minute 
–  Implies lower than 60 (called “bradycardia”) 

is a problem 
–  Implies that faster than 100 (called 

“tachycardia”) is a problem 

•  Cut to the chase: the great majority of 
the time, heart rates <60 or >100 are 
NORMAL 



What determines the heart rate?  



The autonomic nervous system  

[
[

The	  sympathe,c	  
nervous	  system	  	  
	  
AKA:	  
Adrenaline	  
Fight	  or	  Flight	  
	  

[
[

The	  
parasympathe,c	  
nervous	  system	  	  
	  
AKA:	  
Vagal	  tone	  
	  

Exercise	  
Anxiety	  
Excitement	  
	  

Res,ng/	  Sleeping	  
Ea,ng/	  Diges,ng	  	  



Heart Rate Too Fast?  
•  Faster than 100 beats per minute: 

– Normal—HEALTHY/ EXPECTED– if 
exercising or nervous or excited 

•  What number is too fast? 
– Generally if develop symptoms 

•  Feeling faint, fatigued, or out of breath 
– Out of proportion to activity! 

•  Is there a number that is too fast even if 
feeling well? 
– Uncertain, perhaps >120 beats per minute 

24 hours a day for weeks on end  



Heart Rate Too Fast?  
•  Inappropriate sinus tachycardia 

– Cause remains unclear 
– Commonly seen in healthcare workers 
–  In some, may be related to awareness of 

heart rate and “correct” heart rate 
•  Oftentimes, trying to ignore heart rate helps 

–  Ivabradine may help  



Heart Rate Too Slow?  
•  There is no number per se that is “too 

slow” 
– Generally if develop symptoms 

•  Pass out or feeling faint, fatigued, or out of 
breath 



Heart Rate Too Slow?  
•  The most common cause of passing 

out: 
– Vasovagal syncope 
– The diagnosis is made by the history  
– Generally benign 
– Rarely a pacemaker may help 
– Rarely other drugs are needed  



Another cause of a slow heart rate  
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SCAR	  TISSUE	  
(FIBROSIS	  )	  	  



Why does scar tissue form in the 
conduction system?  



Why does scar tissue form in the 
conduction system?  

Kerola	  et	  al.	  American	  Heart	  AssociaKon	  ScienKfic	  Sessions,	  2018	  	  



When do we treat slow or blocked 
rhythms due to scar tissue?  

•  If in the sinus node, we call it: 
– Sick sinus disease, sinus node dysfunction 
– TREAT FOR SYMPTOMS  

•  If in the AV node/ His-Purkinje system 
– Heart block (second degree, third degree, 

complete, high-grade) 
– Generally treat for evidence of sufficiently 

severe scar tissue here even if no 
symptoms (but most are symptomatic)  

– Vasovagal syncope 
– The diagnosis is made by the history  
– Generally benign 
– Rarely a pacemaker may help 
– Rarely other drugs are needed  



How do we treat slow or blocked 
rhythms due to scar tissue? 

•  With a pacemaker 

 



Skipped Beats  

•  Every muscle cell in the heart has the 
capability to beat on its own 

•  Sometimes a cell or group of cells likes 
to get ahead of everyone else  
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Premature Atrial Contractions 

•  Also called PACs 
•  Very common 
•  May or may not cause symptoms 
•  Generally nothing to do or worry about 
•  Spectrum of frequency  





Premature Atrial Contractions 

•  What to do? 
– Most of the timeà nothing (reassurance) 
– Symptoms: medicines or catheter ablation 
– Risk of atrial fibrillation: 

•  Needs more research 
•  Currently evaluating if the particular type of 

PAC may be important  



Premature Ventricular Contractions 

•  Also called PVCs 
•  Very common 
•  May or may not cause symptoms 
•  Generally nothing to do or worry about 
•  Spectrum of frequency  



Premature Ventricular Contractions 

THIS	  beat	  is	  where	  the	  
symptoms	  are	  oTen	  felt	  	  
“Frank-‐Starling”	  mechanism	  	  

•  Poorly perfused PVCs may not result in a pulse  
and may present as pseudo-bradycardia 





Premature Ventricular Contractions 

•  What to do? 
– Most of the timeà nothing (reassurance) 
– Bothersome symptoms: medicines or catheter 

ablation 



Premature Ventricular Contractions 

•  What to do? 
–  IF there is evidence the heart is weak AND there 

are a lot of PVCs (10-20% of all beats)à catheter 
ablation 

–  IF symptoms aren’t too bothersome, heart is 
strong and PVCs are very frequent (10-20%)à 
serial echocardiograms (eg, yearly)   



How  do  you  know  if  the  heart  is  
“weak”?

•  An	  echocardiogram	  (ultrasound	  of	  the	  heart)	  is	  
most	  common	  test	  to	  assess	  structure	  and	  
funcKon	  of	  the	  heart	  and	  heart	  valves	  	  
–  “Echo”	  for	  short	  
– Not	  to	  be	  confused	  with	  “electrocardiogram”	  (“EKG”	  or	  
“ECG”	  for	  short).	  	  

• MRI	  is	  becoming	  a	  more	  commonly	  uKlized	  tool	  
–  Especially	  to	  look	  for	  Kssue	  characterisKcs,	  like	  scar	  	  



EP Study and Catheter Ablation 



Catheter  AblaGon  (of  a  PAC  or  
atrial  tachycardia)  



Atrial  Tachycardia

• ≥ 3 of those PACs in a row 
• “Sustained” means ≥ 30 seconds  
• Extremely common to find when on ECG 

monitoring over a long period of time 
• Rarely, patients may experience very 

bothersome atrial tachycardia, usually 
because it is longer in duration  



Ventricular  Tachycardia  
AKA  “VT”

• ≥ 3 of those PVCs in a row 
• “Sustained” means ≥ 30 seconds  
• Can be particularly bothersome if longer 

in duration, but can see runs of 
“nonsustained ventricular tachycardia” 

	  



Ventricular  Tachycardia  
AKA  “VT”

• Can be benign if the heart is structurally 
normal  

• If the heart is weak or a patient has had a 
heart attack, this can be a sign that there 
is a risk of sudden death 

	  



Ventricular  FibrillaGon  
AKA  “VF”

• The ventricles are being activated in an 
extremely fast, disorganized fashion 

• The heart is not able to pump blood 
• VT can degenerate into VF in sick hearts 
• VF can occur due to an inherited 

syndrome (electrical or structural) 
• The only way to treat VF is with a shock 

to the heart 
• Symptoms are loss of consciousness and 

death  
	  



PrevenGon/  Treatment  of  VF  

•  Some drugs can reduce the risk for VF 
– Beta-blockers (metoprolol, carvedilol) 
– Amiodarone  

•  If a patient is felt to be at high enough 
risk for VF and there is no reversible 
cause (like in the setting of a heart 
attack or cocaine use) 
–  Implantable Cardioverter-Defibrillator (ICD)  



Implantable  Cardioverter-‐
Defibrillator  (ICD)



Last  bits  on  VF  
•  Wait- do I have VF? 

– No 
•  Who is at risk? 

– MAYBE if a young family member has died 
suddenly without explanation (“heart 
attack” may have been VF) 

– MAYBE for patients who have had a heart 
attack or a weak heart 

– MAYBE for people who have passed out 
without warning, DURING exertion, or been 
injured due to passing out   



Back  to  SymptomaGc  Arrhythmias:  
Supraventricular  Tachycardia  (SVT)

•  Abrupt rapid heart 
beat, often with: 
– Sense of heart 

beating out of 
chest  

– Shortness of 
breath 

– Feeling exhausted 
– Feeling faint 
– NOT SUBTLE  



Back  to  SymptomaGc  Arrhythmias:  
Supraventricular  Tachycardia  (SVT)

Vagal Manuevers 

•  Carotid sinus massage 

•  “Valsava” (bearing down) 

 



Back  to  SymptomaGc  Arrhythmias:  
Supraventricular  Tachycardia  (SVT)

Drugs  

•  ADENOSINE 
(commonly given by 
EMTs and in ERs) 

•  Beta-blockers- short or 
longterm  

•  Calcium channel 
blocker- short or 
longterm  

 



Catheter  AblaGon  can  cure  a  
“REAL”  SVT  about  95%  of  the  Gme
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Wolff-‐Parkinson-‐White  (WPW)



Atrial  FibrillaGon  



Risk  Factors  for  Atrial  FibrillaGon  
•  Increasing age 
• Male 
• Caucasian Race 
• Hypertension 
• Heart failure 
• Diabetes 
• Coronary artery disease 
•  Alcohol 
•  Increased BMI 
• Obstructive sleep apnea and sleep disruption   
• Hyperthyroidism 
	  



Symptoms  of  Atrial  FibrillaGon  

• Note: can come and go (“paroxysmal”) or be 
there all the time (“persistent”) 

• Fatigue 
• Shortness of breath 
• Feeling faint 
• Other feeling of being “off” 
• Many others 
• CAN BE ASYMPTOMATIC  
	  



Atrial  FibrillaGon  and  Stroke  



1. Prevent 
 thromboembolism   

2. Avoid 
prolonged fast 

ventricular rates  

3. Improve 
quality of 

life  

CARDIOVERSION 
Drugs: Flecanide 

Propafenone 
Sotalol 

Dofetilide 
Dronaderone 
Amiodarone 

Goals of Treating Atrial Fibrillation  



PrevenGon  of  Thromboembolism  



PrevenGon  of  Thromboembolism  

• Warfarin	  =	  Coumadin	  
Novel	  Oral	  AnKcoagulants	  (NOACs)	  
Or	  Direct	  Oral	  AnKcoagulants	  (DOACs)	  
• Dabigatran	  =	  Pradaxa	  
• Rivaroxaban	  =	  Xarelto	  
• Apixiban	  =	  Eliquis	  
• Edoxaban	  =	  Savaysa	  	  
	  



What  about  those  scary  adds  on  TV  related  
to  liGgaGon?  

• There	  is	  a	  risk	  of	  bleeding	  with	  these	  
• When	  indicated,	  the	  risk	  of	  NOT	  taking	  them	  
far	  exceeds	  the	  risk	  of	  taking	  them	  

• No	  one	  alerts	  the	  presses	  when	  a	  paKent	  
comes	  to	  the	  ED	  bleeding	  because	  of	  warfarin	  

• PaKents	  don’t	  call	  in	  the	  middle	  of	  the	  night	  to	  
thank	  you	  because	  they	  didn’t	  have	  a	  stroke	  





Ablation of Atrial Fibrillation   

• Generally for symptoms 
• The most effective way to suppress atrial 

fibrillation, but less effective than other 
ablation procedures  



Ablation of Atrial Fibrillation   



Atrial Flutter  



Making a Diagnosis: Generally 
need to see the arrhythmia at the 

time it is happening   





Injectable  Loop  Recorder  



AliveCor	  Kardia	  and	  	  AliveCor	  Kardia	  Band	  	  	  	  Apple	  Watch	  	  



•  In-person validation 
(n=51): c-statistic=0.97 
(95% CI 0.94-1). 

•  Ambulatory validation 
(n=617): c-
statistic=0.72 (95% CI 
0.64-0.78) %) 



Conclusions  
•  Generally	  no	  need	  to	  worry	  about	  an	  abnormal	  heart	  

rate	  
–  We do something when patients do not feel well  
–  It’s good to exercise and intentionally raise your 

heart rate! 
•  Extra	  heart	  beats	  are	  common	  	  

–  Physicians generally treat for symptoms 
–  Very frequent PVCs may warrant more follow-up 

•  Pacemakers	  work	  well	  for	  slow	  heart	  rates	  that	  clearly	  
cause	  symptoms	  (GENERALLY	  NOT	  DUE	  TO	  ANY	  
NUMBER	  PER	  SE)	  

•  ICDs	  work	  well	  to	  save	  lives	  in	  those	  prone	  to	  
ventricular	  fibrillaKon	  

•  SVT,	  which	  results	  in	  severe	  symptoms,	  can	  be	  treated	  
with	  medicines	  or	  cured	  with	  ablaKon 



Conclusions  
•  Atrial	  fibrillaKon	  carries	  a	  risk	  for	  stroke	  and	  other	  
“thromboembolic”	  complicaKons	  that	  can	  be	  
prevented	  by	  blood	  thinners	  

•  Medicines	  and	  ablaKon	  can	  help	  improve	  quality	  
of	  life	  in	  atrial	  fibrillaKon	  

•  The	  diagnosis	  of	  an	  arrhythmia	  generally	  requires	  
we	  catch	  it	  as	  it	  happens	  

•  New	  wearable	  technologies	  will	  become	  more	  and	  
more	  useful	  in	  helping	  to	  diagnose	  arrhythmias	  	  	  	   

–  Therefore, important to understand when not to 
worry and when to do something	  

 



Thank You 


