
Arrhythmias and conduction Arrhythmias and conduction 

disturbancesdisturbances

SupraventricularSupraventricular

TachyarrhythmiasTachyarrhythmias



Alterations in Normal Rhythm Alterations in Normal Rhythm 

�� BradycardiaBradycardia

�� “conventional”: < 60 beats/min“conventional”: < 60 beats/min

�� More useful: < 50 beats/minMore useful: < 50 beats/min

�� TachycardiaTachycardia

�� “conventional” > 100 beats/min“conventional” > 100 beats/min

�� More useful: > 90 beats/minMore useful: > 90 beats/min



RatesRates

�� BradyarrhythmiasBradyarrhythmias

�� Sinus BradycardiaSinus Bradycardia

�� Sick Sinus SyndromeSick Sinus Syndrome

�� AV Nodal BlockadeAV Nodal Blockade

�� First DegreeFirst Degree

�� Second DegreeSecond Degree

�� Mobitz IMobitz I

�� Mobitz IIMobitz II

�� Third DegreeThird Degree

�� Complete Heart BlockComplete Heart Block



RatesRates

�� TachyarrhythmiasTachyarrhythmias

�� SupraventricularSupraventricular

�� Originate from foci above or within the atrioventricular Originate from foci above or within the atrioventricular 

nodenode

�� All the favoritesAll the favorites

�� AV nodal reentrant tachycardia (SVT)AV nodal reentrant tachycardia (SVT)

�� Atrial flutterAtrial flutter

�� Atrial fibrillationAtrial fibrillation



LocationLocation

�� Supraventricular ArrhythmiasSupraventricular Arrhythmias

�� Originate from foci above or within the atrioventricular Originate from foci above or within the atrioventricular 
nodenode

�� Ventricular ArrhythmiasVentricular Arrhythmias

�� NonNon--sustained ventricular tachycardiasustained ventricular tachycardia

�� Sustained ventricular tachycardiaSustained ventricular tachycardia

�� Stable Stable 

�� UnstableUnstable

�� ACLSACLS

�� Ventricular fibrillationVentricular fibrillation

�� Never a stable rhythmNever a stable rhythm

�� Immediate ACLSImmediate ACLS



Sinus Sinus BradycardiaBradycardia

�� Sinus rhythm with a resting heart rate of 60 Sinus rhythm with a resting heart rate of 60 

beats/minute or less beats/minute or less 

�� Commonly, sinus bradycardia is an incidental Commonly, sinus bradycardia is an incidental 

finding in otherwise healthy individuals, finding in otherwise healthy individuals, 

particularly in young adults or sleeping patients particularly in young adults or sleeping patients 



Sinus Sinus BradycardiaBradycardia
�� Other causes of sinus bradycardia are related to Other causes of sinus bradycardia are related to 

increased vagal tone.increased vagal tone.

�� Physiologic causes include the bradycardia seen in athletes.Physiologic causes include the bradycardia seen in athletes.

�� Pathologic causes include:Pathologic causes include:

�� Inferior wall myocardial infarctionInferior wall myocardial infarction

�� Toxic or environmental exposureToxic or environmental exposure

�� Electrolyte disordersElectrolyte disorders

�� InfectionInfection

�� Sleep apneaSleep apnea

�� Drug effectsDrug effects

�� HypoglycemiaHypoglycemia

�� HypothyroidismHypothyroidism

�� Increased Increased intracranialintracranial pressure. pressure. 



SinusSinus BradycardiaBradycardia
�� History: History: 

�� symptoms may include the following:symptoms may include the following:
�� SyncopeSyncope

�� DizzinessDizziness

�� LightheadednessLightheadedness

�� Chest painChest pain

�� Shortness of breathShortness of breath

�� elements of the history include :elements of the history include :
�� Previous cardiac history (eg, myocardial infarction, Previous cardiac history (eg, myocardial infarction, 

congestive heart failure, valvular failure)congestive heart failure, valvular failure)

�� MedicationsMedications

�� Toxic exposuresToxic exposures

�� Prior illnessesPrior illnesses



SinusSinus BradycardiaBradycardia
�� Physical: Physical: 

�� Cardiac auscultation and palpation of peripheral Cardiac auscultation and palpation of peripheral 

pulses reveal a slow, regular heart rate.pulses reveal a slow, regular heart rate.

�� The physical examination is generally nonspecific, The physical examination is generally nonspecific, 

although it may reveal the following signs:although it may reveal the following signs:

�� Decreased level of consciousnessDecreased level of consciousness

�� CyanosisCyanosis

�� Peripheral edemaPeripheral edema

�� Pulmonary vascular congestionPulmonary vascular congestion

�� DyspneaDyspnea

�� Poor perfusionPoor perfusion

�� SyncopeSyncope



SinusSinus BradycardiaBradycardia
�� Causes:Causes:

�� One of the most common pathologic causes of One of the most common pathologic causes of 
symptomatic sinus bradycardia is the symptomatic sinus bradycardia is the sick sinus sick sinus 
syndromesyndrome..

�� The most common medications responsible include The most common medications responsible include 
therapeutic and supratherapeutic doses of:therapeutic and supratherapeutic doses of:
�� digitalis glycosidesdigitalis glycosides

�� betabeta--blockersblockers

�� calcium channelcalcium channel--blocking agents.blocking agents.

�� Other cardiac drugs less commonly implicated Other cardiac drugs less commonly implicated 
include class I antiarrhythmic agents and include class I antiarrhythmic agents and 
amiodarone.amiodarone.



SinusSinus BradycardiaBradycardia
�� Causes: Causes: 

�� other drugs and toxins other drugs and toxins -- lithiumlithium, , paclitaxelpaclitaxel, , toluenetoluene, , 
dimethyl sulfoxide (DMSO), topical ophthalmic dimethyl sulfoxide (DMSO), topical ophthalmic 
acetylcholine, acetylcholine, fentanylfentanyl, alfentanil, sufentanil, , alfentanil, sufentanil, 
reserpinereserpine, and , and clonidineclonidine..

�� Sinus bradycardia may also be seen in Sinus bradycardia may also be seen in hypothermia, hypothermia, 
hypoglycemia, hypothyroidism and sleep apneahypoglycemia, hypothyroidism and sleep apnea..

�� Less commonly, the sinus node may be affected as a Less commonly, the sinus node may be affected as a 
result of result of diphtheria, rheumatic fever, or viral diphtheria, rheumatic fever, or viral 
myocarditismyocarditis..



SinusSinus BradycardiaBradycardia

�� Lab Studies: Lab Studies: 

�� Reasonable screening studies, especially if the Reasonable screening studies, especially if the 
patient is symptomatic and this is the initial patient is symptomatic and this is the initial 
presentation, include the following:presentation, include the following:

�� ElectrolytesElectrolytes

�� GlucoseGlucose

�� CalciumCalcium

�� MagnesiumMagnesium

�� Thyroid function testsThyroid function tests

�� Toxicologic screenToxicologic screen



SinusSinus BradycardiaBradycardia

�� Imaging Studies:Imaging Studies:

�� Routine imaging studies are rarely of Routine imaging studies are rarely of 
value in the absence of specific value in the absence of specific 
indications.indications.

�� Other Tests: Other Tests: 

�� 1212--lead ECG may be performed to lead ECG may be performed to 
confirm the diagnosis.confirm the diagnosis.



SinusSinus BradycardiaBradycardia
�� TreatmentTreatment

�� AsymptomaticAsymptomatic

�� No treatment requiredNo treatment required

�� SymptomaticSymptomatic

�� Treatment aimed at restoring normal sinus rateTreatment aimed at restoring normal sinus rate

�� Specific to etiology of bradycardiaSpecific to etiology of bradycardia

�� If patient is on rate controlling medicationsIf patient is on rate controlling medications--stop stop 
them.them.

�� If patient is hypokalemicIf patient is hypokalemic--replace it.replace it.

�� If the patient is hypothyroidIf the patient is hypothyroid--replace it (you get replace it (you get 
the idea)the idea)

�� Permanent pacemakerPermanent pacemaker if the patient has continued if the patient has continued 
symptoms with no improvement from intervention or symptoms with no improvement from intervention or 
with no identifiable cause.with no identifiable cause.



AV BlockAV Block

�� Atrioventricular BlockAtrioventricular Block

�� Not truly part of the bradyarrhythmias, but usually Not truly part of the bradyarrhythmias, but usually 

slow.slow.

�� Varying degreesVarying degrees

�� Think of them as burns…the higher the degree, the Think of them as burns…the higher the degree, the 

worse they are.worse they are.



FirstFirst--degree AV blockdegree AV block

�� Definition:Definition:
�� Prolongation of the PR interval on the ECG to more Prolongation of the PR interval on the ECG to more 

than 200 msec.than 200 msec.

�� Pathophysiology: Pathophysiology: 

�� Every atrial impulse is transmitted to the ventricles, Every atrial impulse is transmitted to the ventricles, 
resulting in a regular ventricular rate. resulting in a regular ventricular rate. 

�� Can arise from delays in the conduction system in the Can arise from delays in the conduction system in the 
AV node itself  (most common), the HisAV node itself  (most common), the His--Purkinje Purkinje 
system, or a combination of both. system, or a combination of both. 



FirstFirst--degree AV blockdegree AV block

�� Mortality/Morbidity: Mortality/Morbidity: 
�� In and of itself, firstIn and of itself, first--degree AV block is a benign degree AV block is a benign 

condition, with no associated increase in morbidity or condition, with no associated increase in morbidity or 
mortality. mortality. 

�� TreatmentTreatment

�� If underlying condition suspected (drug overdose, If underlying condition suspected (drug overdose, 
acute MI, myocarditis, etc) treat that condition.acute MI, myocarditis, etc) treat that condition.

�� No treatment indicated if asymptomatic.No treatment indicated if asymptomatic.



SecondSecond--degree degree AV BlockAV Block

�� Refers to a disorder of the cardiac conduction system Refers to a disorder of the cardiac conduction system 
in which some atrial impulses are not conducted to in which some atrial impulses are not conducted to 
the ventricles. the ventricles. 

�� Electrocardiographically, some P waves are not Electrocardiographically, some P waves are not 
followed by a QRS complexfollowed by a QRS complex

�� composed of 2 types: Mobitz I or Wenckebach block, composed of 2 types: Mobitz I or Wenckebach block, 
and Mobitz II. and Mobitz II. 



SecondSecond--degree degree AV BlockAV Block

�� MobitzMobitz I secondI second--degree AV blockdegree AV block
�� Characterized by a progressive prolongation of the PR Characterized by a progressive prolongation of the PR 

interval, which results in a progressive shortening of the Rinterval, which results in a progressive shortening of the R--
R interval. R interval. 

�� Ultimately, the atrial impulse fails to conduct, a QRS Ultimately, the atrial impulse fails to conduct, a QRS 
complex is not generated, and there is no ventricular complex is not generated, and there is no ventricular 
contraction. contraction. 



SecondSecond--degree degree AV BlockAV Block

�� MobitzMobitz II secondII second--degree AV block degree AV block 
�� Characterized by an unexpected nonconducted atrial Characterized by an unexpected nonconducted atrial 

impulse. impulse. 

�� Thus, the PR and RThus, the PR and R--R intervals between conducted beats R intervals between conducted beats 
are constant.are constant.



SecondSecond--degree degree AV BlockAV Block

�� Pathophysiology: Pathophysiology: 

�� Mobitz type I blockMobitz type I block

�� Caused by conduction delay in the AV Caused by conduction delay in the AV 
node in 72% of patients and by conduction node in 72% of patients and by conduction 
delay in the Hisdelay in the His--Purkinje system in the Purkinje system in the 
remaining 28%. remaining 28%. 

�� Mobitz type II blockMobitz type II block

�� Conduction delay occurs infranodally. The Conduction delay occurs infranodally. The 
QRS complex is likely to be wide, except QRS complex is likely to be wide, except 
in patients where the delay is localized to in patients where the delay is localized to 
the bundle of His. the bundle of His. 



SecondSecond--degree degree AV BlockAV Block
�� History: History: 

�� Mobitz I (Wenckebach) blockMobitz I (Wenckebach) block
�� Most patients are asymptomatic.Most patients are asymptomatic.

�� Patients may experience lightPatients may experience light--headedness, dizziness, or headedness, dizziness, or 
syncope, but these symptoms are uncommon.syncope, but these symptoms are uncommon.

�� Patients may have chest pain if the heart block is related to Patients may have chest pain if the heart block is related to 
myocarditis or ischemia.myocarditis or ischemia.

�� Patients may have a history of structural heart disease.Patients may have a history of structural heart disease.

�� Mobitz II blockMobitz II block
�� Unlike Mobitz I block, patients with type II block are more Unlike Mobitz I block, patients with type II block are more 

likely to experience lightlikely to experience light--headedness, dizziness, or syncope, headedness, dizziness, or syncope, 
although they may be asymptomatic as well.although they may be asymptomatic as well.

�� Patients may have chest pain if the heart block is related to Patients may have chest pain if the heart block is related to 
myocarditis or ischemia.myocarditis or ischemia.



SecondSecond--degree degree AV BlockAV Block
�� Physical: Physical: 

�� Patients often have a regularly irregular Patients often have a regularly irregular 
heartbeat.heartbeat.

�� Bradycardia may be present.Bradycardia may be present.

�� Symptomatic patients may have signs Symptomatic patients may have signs 
of hypoperfusion, including of hypoperfusion, including 
hypotension.hypotension.



SecondSecond--degree degree AV BlockAV Block
�� Causes: Causes: 

�� Mobitz I block Mobitz I block 
�� individuals with high vagal tone, such as athletes or young individuals with high vagal tone, such as athletes or young 

children.children.

�� infants and young children with structural heart disease (eg, infants and young children with structural heart disease (eg, 
tetralogy of Fallot) tetralogy of Fallot) 

�� individuals of any age following valvular surgery (especially individuals of any age following valvular surgery (especially 
mitral valve).mitral valve).

�� myocardial infarction (especially inferior wall)myocardial infarction (especially inferior wall)

�� drug induced (including betadrug induced (including beta--blockers, calcium channel blockers, calcium channel 
blockers, amiodarone, digoxin, and possibly pentamidine).blockers, amiodarone, digoxin, and possibly pentamidine).

�� Mobitz II block Mobitz II block 
�� acute myocardial infarction (anterior or inferior). acute myocardial infarction (anterior or inferior). 

�� DrugDrug--induced etiologies can also occur.induced etiologies can also occur.



SecondSecond--degree degree AV BlockAV Block

�� Lab Studies: Lab Studies: 
�� Serum electrolytes, calcium, and magnesium Serum electrolytes, calcium, and magnesium 

�� A digoxin level should be obtained for patients on digoxin.A digoxin level should be obtained for patients on digoxin.

�� Cardiac enzymes tests are indicated for any patient with Cardiac enzymes tests are indicated for any patient with 
suspected myocardial ischemia.suspected myocardial ischemia.

�� MyocarditisMyocarditis--related laboratory studies (eg, Lyme titers, related laboratory studies (eg, Lyme titers, 
HIV serologies, enterovirus polymerase chain reaction HIV serologies, enterovirus polymerase chain reaction 
[PCR], adenovirus PCR, Chagas titers), if clinically [PCR], adenovirus PCR, Chagas titers), if clinically 
relevant.relevant.

�� Imaging Studies: Imaging Studies: 
�� Routine imaging studies are not required. Routine imaging studies are not required. 

�� FollowFollow--up ECGs and cardiac monitoring are appropriate.up ECGs and cardiac monitoring are appropriate.



ThirdThird--degree degree AV BlockAV Block

�� Disorder of the cardiac conduction system where there is no Disorder of the cardiac conduction system where there is no 
conduction through the AV node. conduction through the AV node. 

�� Complete disassociation of the atrial and ventricular activity Complete disassociation of the atrial and ventricular activity 
exists. exists. 

�� Ventricular escape mechanism can occur anywhere from the AV Ventricular escape mechanism can occur anywhere from the AV 
node to the bundlenode to the bundle--branch Purkinje system.branch Purkinje system.

�� not all patients with AV dissociation have complete heart block.not all patients with AV dissociation have complete heart block.
�� For example, patients with accelerated junctional rhythms have AFor example, patients with accelerated junctional rhythms have AV V 

dissociation, but not complete heart block, if the escape rate idissociation, but not complete heart block, if the escape rate is faster s faster 
than the intrinsic sinus rate.than the intrinsic sinus rate.

�� ECG ECG -- complete heart block is represented by QRS complexes complete heart block is represented by QRS complexes 
being conducted at their own rate and totally independent of being conducted at their own rate and totally independent of 
the P waves.the P waves.



ThirdThird--degreedegree BlockBlock

�� Mortality/Morbidity: Mortality/Morbidity: 

�� Frequently hemodynamically unstableFrequently hemodynamically unstable

�� The patient may experience syncope, cardiovascular The patient may experience syncope, cardiovascular 
collapse, or death. collapse, or death. 

�� History: History: 

�� Patients occasionally are asymptomatic or have only Patients occasionally are asymptomatic or have only 
minimal symptoms related to hypoperfusion. In these minimal symptoms related to hypoperfusion. In these 
situations, symptoms include:situations, symptoms include:

�� FatigueFatigue

�� DizzinessDizziness

�� Impaired exercise toleranceImpaired exercise tolerance

�� Chest painChest pain



ThirdThird--degreedegree BlockBlock

�� Patients who concurrently experience an MI can have Patients who concurrently experience an MI can have 

associated symptoms from the MI, including chest associated symptoms from the MI, including chest 

pain, dyspnea, nausea or vomiting, and diaphoresis.pain, dyspnea, nausea or vomiting, and diaphoresis.

�� Patients who have a history of cardiac disease may be Patients who have a history of cardiac disease may be 

on medications that affect the conduction system on medications that affect the conduction system 

through the AV node, including the following:through the AV node, including the following:

�� BetaBeta--blockersblockers

�� Calcium channel blockersCalcium channel blockers

�� Digitalis cardioglycosidesDigitalis cardioglycosides



ThirdThird--degreedegree BlockBlock
�� Physical: Physical: 

�� BradycardiaBradycardia..

�� Signs of congestive heart failure as a result of decreased cardiSigns of congestive heart failure as a result of decreased cardiac ac 
output may be present and include the following:output may be present and include the following:

�� Tachypnea or respiratory distressTachypnea or respiratory distress

�� RalesRales

�� Jugular venous distentionJugular venous distention

�� Signs of hypoperfusion, including:Signs of hypoperfusion, including:
�� Altered mental statusAltered mental status

�� HypotensionHypotension

�� LethargyLethargy

�� In patients with concomitant myocardial ischemia or infarction, In patients with concomitant myocardial ischemia or infarction, 
corresponding signs may be evident:corresponding signs may be evident:

�� Signs of anxiety such as agitation or uneaseSigns of anxiety such as agitation or unease

�� DiaphoresisDiaphoresis

�� Pale or pasty complexionPale or pasty complexion

�� TachypneaTachypnea



ThirdThird--degreedegree AV BlockAV Block

�� Causes: Causes: 

�� Can be either congenital or acquired. Can be either congenital or acquired. 

�� Congenital formCongenital form

�� Usually occurs at the level of the AV nodeUsually occurs at the level of the AV node

�� Patients are relatively asymptomatic at rest but Patients are relatively asymptomatic at rest but 

later develop symptoms because the fixed heart later develop symptoms because the fixed heart 

rate is not able to adjust for exertion. rate is not able to adjust for exertion. 



ThirdThird--degreedegree AV BlockAV Block
�� Acquired complete heart blockAcquired complete heart block

�� Can develop from isolated, singleCan develop from isolated, single--agent overdose, or often from agent overdose, or often from 
combined or iatrogenic coadministration of AVcombined or iatrogenic coadministration of AV--nodal, betanodal, beta--
adrenergic, and calcium channel blocking agents. adrenergic, and calcium channel blocking agents. 

�� Drugs or toxins associated with heart block include the followinDrugs or toxins associated with heart block include the following: g: 

�� Class Ia antiarrhythmics (eg, quinidine, procainamide, Class Ia antiarrhythmics (eg, quinidine, procainamide, 
disopyramide) disopyramide) 

�� Class Ic antiarrhythmics (eg, flecainide, encainide, Class Ic antiarrhythmics (eg, flecainide, encainide, 
propafenone) propafenone) 

�� Class II antiarrhythmics (betaClass II antiarrhythmics (beta--blockers) blockers) 

�� Class III antiarrhythmics (eg, amiodarone, sotalol, dofetilide, Class III antiarrhythmics (eg, amiodarone, sotalol, dofetilide, 
ibutilide) ibutilide) 

�� Class IV antiarrhythmics (calcium channel blockers) Class IV antiarrhythmics (calcium channel blockers) 

�� Digoxin or other cardiac glycosidesDigoxin or other cardiac glycosides



ThirdThird--degreedegree AV BlockAV Block
�� Acquired complete heart blockAcquired complete heart block

�� Infectious causes include the following: Infectious causes include the following: 

�� Cardiomyopathy, eg, Lyme carditis and acute rheumatic fever Cardiomyopathy, eg, Lyme carditis and acute rheumatic fever 

�� Metabolic disturbances, eg, severe hyperkalemia Metabolic disturbances, eg, severe hyperkalemia 

�� IschemiaIschemia

�� MI MI -- Anterior wall MI can be associated with an infranodal AV Anterior wall MI can be associated with an infranodal AV 
block. block. 

�� Complete heart block develops in slightly less than 10% of Complete heart block develops in slightly less than 10% of 
cases of acute inferior MI and often resolves within hours to a cases of acute inferior MI and often resolves within hours to a 
few days. few days. 



ThirdThird--degreedegree AV BlockAV Block

�� TreatmentTreatment

�� For all symptomatic high degree heart blockFor all symptomatic high degree heart block

�� ACLS as indicatedACLS as indicated

�� Identification of etiology based on clinical presentationIdentification of etiology based on clinical presentation

�� Transcutaneous pacing for unstable patientsTranscutaneous pacing for unstable patients

�� Permanent pacemaker when indicatedPermanent pacemaker when indicated



Indications for Pacing for AV BlockIndications for Pacing for AV Block

Asymptomatic or Asymptomatic or 

symptomaticsymptomatic
FirstFirst

Asymptomatic type Asymptomatic type 

I at supraI at supra--His (AV His (AV 

nodal) blocknodal) block

Asymptomatic Asymptomatic 

type IItype II

Asymptomatic Asymptomatic 

type I at intratype I at intra--His His 

or infraor infra--His levelsHis levels

Symptomatic type ISymptomatic type I

Symptomatic type IISymptomatic type II
SecondSecond

Symptomatic congenital Symptomatic congenital 

complete heart blockcomplete heart block

AquiredAquired symptomatic complete symptomatic complete 

heart blockheart block

Atrial fibrillation with complete Atrial fibrillation with complete 

heart blockheart block

Acquired asymptomatic Acquired asymptomatic 

complete heart blockcomplete heart block

ThirdThird

Pacemaker not Pacemaker not 

necessarynecessary
Pacemaker Pacemaker 

probably probably 

necessarynecessary

Pacemaker necessaryPacemaker necessaryDegreeDegree



Indications for Pacing for Sinus Node Indications for Pacing for Sinus Node 

DysfunctionDysfunction

Symptomatic sinus Symptomatic sinus 

bradycardia due to longbradycardia due to long--

term drug therapy of a term drug therapy of a 

type and dose for which type and dose for which 

there is no accepted there is no accepted 

alternativealternative

Asymptomatic sinus node Asymptomatic sinus node 

dysfunctiondysfunction
Symptomatic patients Symptomatic patients 

with sinus node with sinus node 

dysfunction with dysfunction with 

documented rates of <40 documented rates of <40 

bpmbpm without a clearwithout a clear--cut cut 

association between association between 

significant symptoms and significant symptoms and 

the bradycardiathe bradycardia

Symptomatic bradycardiaSymptomatic bradycardia

Pacemaker not Pacemaker not 

necessarynecessary
Pacemaker probably Pacemaker probably 

necessarynecessary
PacemakerPacemaker



BradycardiaBradycardia

• Assess ABCs

• Secure airway noninvasively

• Ensure monitor/defibrillator is available

Primary ABCD Survey

Secondary ABCD Survey

• Assess secondary ABCs (invasive airway management needed?)

• Oxygen–IV access–monitor–fluids

• Vital signs, pulse oximeter, monitor BP

• Obtain and review 12-lead ECG

• Obtain and review portable chest x-ray

• Problem-focused history

• Problem-focused physical examination

• Consider causes (differential diagnoses)



Intervention sequence

• Atropine 0.5 to 1.0 mg

• Transcutaneous pacing if available

• Dopamine 5 to 20 µg/kg per minute

• Epinephrine 2 to 10 µg/min

• Isoproterenol 2 to 10 µg/min

Serious signs or symptoms?
Due to bradycardia?

Type II second-degree AV block
or

Third-degree AV block?

Observe
• Prepare for transvenous pacer
• If symptoms develop, use transcutaneous 

pacemaker until transvenous pacer placed

No Yes

YesNo



Atropine SulfateAtropine Sulfate

�� Indications Indications (When & Why?)(When & Why?)

�� First drug for symptomaticFirst drug for symptomatic bradycardiabradycardia

�� Increases heart rate by blocking the parasympathetic Increases heart rate by blocking the parasympathetic 

nervous systemnervous system

Bradycardias



Atropine SulfateAtropine Sulfate

�� Dosing Dosing (How?)(How?)

�� 0.5 to 1.0 mg IV every 3 to 5 minutes as needed0.5 to 1.0 mg IV every 3 to 5 minutes as needed

�� May give via ET tube (2 to 2.5 mg) May give via ET tube (2 to 2.5 mg) diluted in 10 diluted in 10 
mLmL of NSof NS

�� Maximum Dose:  0.04 mg/kgMaximum Dose:  0.04 mg/kg

Bradycardias



DopamineDopamine

�� Indications Indications (When & Why?)(When & Why?)

�� Second drug for symptomatic bradycardia (after Second drug for symptomatic bradycardia (after 

atropine)atropine)

�� Use for hypotension (systolic BP 70 to 100 mm Use for hypotension (systolic BP 70 to 100 mm 

Hg) with S/S of shockHg) with S/S of shock

Bradycardias



DopamineDopamine

�� Dosing Dosing (How?)(How?)

�� IV Infusions (Titrate to Effect)IV Infusions (Titrate to Effect)

�� 400 mg / 250 mL of D5W = 1600 mcg/mL400 mg / 250 mL of D5W = 1600 mcg/mL

�� 800 mg/ 250 mL of D5W = 3200 mcg/mL800 mg/ 250 mL of D5W = 3200 mcg/mL

Bradycardias



DopamineDopamine

�� Dosing Dosing (How?)(How?)

�� IV Infusions (Titrate to Effect)IV Infusions (Titrate to Effect)

�� Low Dose Low Dose “Renal“Renal Dose"Dose"

�� 1 to 5 µg/kg per minute1 to 5 µg/kg per minute

�� Moderate Dose Moderate Dose “Cardiac Dose"“Cardiac Dose"

�� 5 to 10 µg/kg per minute 5 to 10 µg/kg per minute 

�� High Dose High Dose “Vasopressor Dose"“Vasopressor Dose"

�� 10 to 20 µg/kg per minute 10 to 20 µg/kg per minute 

Bradycardias



EpinephrineEpinephrine

�� Indications Indications (When & Why?)(When & Why?)

�� Symptomatic bradycardia: After atropine, Symptomatic bradycardia: After atropine, 

dopamine, and transcutaneous pacing (Class IIb)dopamine, and transcutaneous pacing (Class IIb)

Bradycardias



EpinephrineEpinephrine

�� Dosing Dosing (How?)(How?)

�� Profound BradycardiaProfound Bradycardia

�� 2 to 10 µg/min infusion (add 1 mg of 1:1000 to 500 mL 2 to 10 µg/min infusion (add 1 mg of 1:1000 to 500 mL 

normal saline; infuse at 1 to 5 mL/min)normal saline; infuse at 1 to 5 mL/min)

Bradycardias



IsoproterenolIsoproterenol

�� Indications Indications (When & Why?)(When & Why?)

�� Temporary control of bradycardia in heart Temporary control of bradycardia in heart 

transplant patientstransplant patients

�� Class IIb at low doses for symptomatic Class IIb at low doses for symptomatic 

bradycardiabradycardia

�� Heart Transplant Patients!Heart Transplant Patients!

Bradycardias



IsoproterenolIsoproterenol

�� Dosing Dosing (How?)(How?)

�� Infuse at 2 to 10 µg/minInfuse at 2 to 10 µg/min

�� Titrate to adequate heart rateTitrate to adequate heart rate

Bradycardias



TachyarrhythmiasTachyarrhythmias

Ectopic rate nomenclature: 

Fibrillation[350+]

Flutter[250-350]

Paroxysmal tachycardia[150-250]



TachyarrhythmiasTachyarrhythmias
�� Frequency: Frequency: 

�� AVNRT occurs in 60% of patients (with a female predominance) AVNRT occurs in 60% of patients (with a female predominance) 
presenting with paroxysmal SVT. presenting with paroxysmal SVT. 

�� The prevalence of SVT in the general population is likely severaThe prevalence of SVT in the general population is likely several l 
cases per thousand persons. cases per thousand persons. 

�� Mortality/Morbidity: Mortality/Morbidity: 

�� AVNRT is usually well tolerated; it often occurs in patients witAVNRT is usually well tolerated; it often occurs in patients with h 
no structural heart disease. no structural heart disease. 

�� In patients with coronary artery disease, AVNRT may cause In patients with coronary artery disease, AVNRT may cause 
angina or myocardial infarction. angina or myocardial infarction. 

�� Prognosis for patients without heart disease is usually good. Prognosis for patients without heart disease is usually good. 

�� Age: Age: AVNRT may occur in persons of any age. It is common in AVNRT may occur in persons of any age. It is common in 
young adults. young adults. 



TachyarrhythmiasTachyarrhythmias

�� History: History: 

�� AVNRT is characterized by an abrupt onset and AVNRT is characterized by an abrupt onset and 
termination of episodes.termination of episodes.

�� Episodes may last from seconds to minutes to days.Episodes may last from seconds to minutes to days.

�� In the absence of structural heart disease, it is usually In the absence of structural heart disease, it is usually 
well tolerated.well tolerated.

�� Common symptoms include palpitations, nervousness, Common symptoms include palpitations, nervousness, 
anxiety, lightheadedness, neck and chest discomfort, and anxiety, lightheadedness, neck and chest discomfort, and 
dyspnea. Polyuria can occur after termination of the dyspnea. Polyuria can occur after termination of the 
episode (due to the release of atrial natriuretic factor).episode (due to the release of atrial natriuretic factor).



TachyarrhythmiasTachyarrhythmias

�� History: History: 

�� AVNRT may cause or worsen heart failure in patients AVNRT may cause or worsen heart failure in patients 
with poor left ventricular function.with poor left ventricular function.

�� It may cause angina or myocardial infarction in patients It may cause angina or myocardial infarction in patients 
with coronary artery disease.with coronary artery disease.

�� Syncope may occur in patients with a rapid ventricular Syncope may occur in patients with a rapid ventricular 
rate or prolonged tachycardia due to poor ventricular rate or prolonged tachycardia due to poor ventricular 
filling, decreased cardiac output, hypotension, and filling, decreased cardiac output, hypotension, and 
reduced cerebral circulation. Syncope may also occur reduced cerebral circulation. Syncope may also occur 
because of transient asystole when the tachycardia because of transient asystole when the tachycardia 
terminates, owing to tachycardiaterminates, owing to tachycardia--induced depression of induced depression of 
the sinus node.the sinus node.



TachyarrhythmiasTachyarrhythmias
�� Physical: Physical: 

�� The heart rate The heart rate -- ranging from 150ranging from 150--250 beats per 250 beats per 
minute (bpm).minute (bpm).
�� It is usually 180It is usually 180--200 bpm in adults and, in children, 200 bpm in adults and, in children, 

may exceed 250 bpm.may exceed 250 bpm.

�� Hypotension may occur initially or with rapid Hypotension may occur initially or with rapid 
ventricular rates and prolonged episodes.ventricular rates and prolonged episodes.

�� Signs of left heart failure may develop or worsen Signs of left heart failure may develop or worsen 
in patients with poor left ventricular function.in patients with poor left ventricular function.



Mechanisms of ArrhythmiaMechanisms of Arrhythmia

�� Abnormal automaticityAbnormal automaticity

�� automatic impulse generation from unusual site or automatic impulse generation from unusual site or 

overtakes sinus nodeovertakes sinus node

�� Triggered activityTriggered activity

�� secondary depolarization during or after repolarizationsecondary depolarization during or after repolarization

�� Dig toxicity, Torsades de PointesDig toxicity, Torsades de Pointes

�� ReentryReentry

�� 90 % of arrhythmias90 % of arrhythmias



Regular SVT in adultsRegular SVT in adults

�� 90% reentrant 10 % not reentrant90% reentrant 10 % not reentrant

�� 60% AV nodal reentrant tachycardia (AVNRT)60% AV nodal reentrant tachycardia (AVNRT)

�� The most common type of reentrant supraventricular The most common type of reentrant supraventricular 
tachycardia (SVT). tachycardia (SVT). 

�� Because of the abrupt onset and termination of the reentrant Because of the abrupt onset and termination of the reentrant 
SVT, the nonspecific term paroxysmal SVT has been used to SVT, the nonspecific term paroxysmal SVT has been used to 
describe these tachyarrhythmias describe these tachyarrhythmias 

�� 30% orthodromic reciprocating tachycardia (ORT)30% orthodromic reciprocating tachycardia (ORT)

�� 10% Atrial tachycardia10% Atrial tachycardia

�� 2 to 5% involve WPW syndrome2 to 5% involve WPW syndrome



Supraventricular TachycardiasSupraventricular Tachycardias

DiagnosisDiagnosis

�� ECG  is cornerstoneECG  is cornerstone

�� Observe zones of transition for clues as to Observe zones of transition for clues as to 

mechanism:mechanism:

�� onsetonset

�� terminationtermination

�� slowing, AV nodal blockslowing, AV nodal block

�� bundle branch blockbundle branch block



TachyarrhythmiasTachyarrhythmias

�� Imaging Studies: Imaging Studies: 

�� Echocardiogram Echocardiogram -- To evaluate for the presence of To evaluate for the presence of 

structural heart diseasestructural heart disease

�� Electrophysiology study Electrophysiology study -- To induce and map the To induce and map the 

reentrant circuit.reentrant circuit.

�� performed if ablation of the reentrant circuit is plannedperformed if ablation of the reentrant circuit is planned



ECG Distinction of VT from SVT with ECG Distinction of VT from SVT with 

AberrancyAberrancy

Favors VTFavors VT Favors SVTFavors SVT

with Aberrancywith Aberrancy

Duration RBBB: QRS > 0.14 sec. < 0.14 sec.

LBBB: QRS > 0.16 sec. < 0.16 sec.

Axis QRS axis -90° to ±180° Normal



ECG Distinction of VT from SVT with ECG Distinction of VT from SVT with 

AberrancyAberrancy
Favors VTFavors VT Favors SVTFavors SVT

with Aberrancywith Aberrancy

Morphology Precordial concordance

If LBBB: V1 duration > 30 ms
S wave > 70 ms
S wave notched or slurred
V6: qR or QR R wave 

If RBBB: V1: monophasic R wave
qR
If triphasic, R > R1 R < R1

V6: R < S



Differential Differential DxDx of Regular SVTof Regular SVT

�� Short RP tachycardiaShort RP tachycardia

�� AV nodal reentrant AV nodal reentrant 

tachycardiatachycardia

�� ORT( Orthodromic ORT( Orthodromic 

reciprocating reciprocating 

tachycardia)tachycardia)

�� atrial tachycardia when atrial tachycardia when 

associated with slow AV associated with slow AV 

nodal conductionnodal conduction

Short RP interval



AV Nodal Reentrant AV Nodal Reentrant 

TachycardiaTachycardia

�� Responds to vagal Responds to vagal 

maneuvers in 1/3 casesmaneuvers in 1/3 cases

�� Very responsive to AV Very responsive to AV 

nodal blocking agents such nodal blocking agents such 

as beta blockers, Caas beta blockers, Ca--channel channel 

blockers, adenosine.blockers, adenosine.

�� Recurrences are the norm on Recurrences are the norm on 

medical therapymedical therapy

�� Catheter ablation 95% Catheter ablation 95% 

successful with 1% major successful with 1% major 

complication ratecomplication rate



TachyarrhythmiasTachyarrhythmias

�� Medical Care: Medical Care: 
�� Rest, reassurance, and sedation may terminate the attack.Rest, reassurance, and sedation may terminate the attack.

�� vagalvagal maneuvers (eg, carotid sinus massage, exposure of maneuvers (eg, carotid sinus massage, exposure of 
the face to ice water, Valsalva maneuver) before initiating the face to ice water, Valsalva maneuver) before initiating 
drug treatment. drug treatment. 

�� These maneuvers could also be tried after each These maneuvers could also be tried after each 
pharmacological approach. pharmacological approach. 

�� VagalVagal maneuvers are unlikely to work and should not be maneuvers are unlikely to work and should not be 
tried if hypotension is present. Sometimes, putting the tried if hypotension is present. Sometimes, putting the 
patient in the Trendelenburg position facilitates termination patient in the Trendelenburg position facilitates termination 
with a vagal maneuver.with a vagal maneuver.

�� ACLS algorithm if no response to these measures.ACLS algorithm if no response to these measures.



TachyarrhythmiasTachyarrhythmias
�� Preventive therapyPreventive therapy

�� Needed for frequent, prolonged, or highly Needed for frequent, prolonged, or highly 
symptomatic episodes that do not terminate symptomatic episodes that do not terminate 
spontaneously or those that cannot be easily spontaneously or those that cannot be easily 
terminated by the patient. terminated by the patient. 

�� Drugs Drugs 
�� Include longInclude long--acting betaacting beta--blockers, calcium channel blockers, calcium channel 

blockers, and digitalis. blockers, and digitalis. 

�� Radiofrequency catheter ablation Radiofrequency catheter ablation 
�� Should be considered in patients with frequent Should be considered in patients with frequent 

symptomatic episodes who do not want drug therapy, symptomatic episodes who do not want drug therapy, 
who cannot tolerate the drugs, or in whom drug therapy who cannot tolerate the drugs, or in whom drug therapy 
fails.fails.



Atrial TachycardiaAtrial Tachycardia

�� Atrial rate between 150 and 250 bpmAtrial rate between 150 and 250 bpm

�� Does not require AV nodal or Does not require AV nodal or infranodalinfranodal

conductionconduction

�� P wave morphology different than sinusP wave morphology different than sinus

�� PP--R interval R interval >> 120 msec differentiating from 120 msec differentiating from 

junctional tachycardiajunctional tachycardia

�� Origin inferred from P wave morphology.Origin inferred from P wave morphology.



Atrial tachycardiaAtrial tachycardia

�� P wave upright lead V1 and negative in aVL P wave upright lead V1 and negative in aVL 
consistent with left atrial focus.consistent with left atrial focus.

�� P wave negative in V1 and upright in aVL P wave negative in V1 and upright in aVL 
consistent with right atrial focus.consistent with right atrial focus.

�� Adenosine may help with diagnosis if AV block Adenosine may help with diagnosis if AV block 
occurs and continued arrhythmia likely atrial occurs and continued arrhythmia likely atrial 
tachycardiatachycardia

�� 7070--80% will also terminate with adenosine.80% will also terminate with adenosine.



Atrial TachycardiaAtrial Tachycardia

�� Most are due to Most are due to 

abnormal automaticity abnormal automaticity 

and have right atrial and have right atrial 

focusfocus

�� May be reentry May be reentry 

particularly in patients particularly in patients 

with previous atriotomy with previous atriotomy 

scar, such as CABG or scar, such as CABG or 

congenital repair patientscongenital repair patients



Atrial Tachycardia TherapyAtrial Tachycardia Therapy

�� Frequently treated with antiarrhythmicsFrequently treated with antiarrhythmics

�� Class 1 agentsClass 1 agents -- procainamide, quinidine, procainamide, quinidine, 
flecainide  may be used in patients without flecainide  may be used in patients without 
structural heart disease.structural heart disease.

�� Class III agentsClass III agents -- sotalolsotalol, amiodarone, dofetilide, amiodarone, dofetilide
may be used with caution according to specific may be used with caution according to specific 

side effectsside effects

�� AV Nodal blocking agents for rate control. AV Nodal blocking agents for rate control. 

�� Catheter ablation effective in 70Catheter ablation effective in 70--80%80%



Sinus TachycardiaSinus Tachycardia

�� Sinus node is still the pacemaker, but the rate is Sinus node is still the pacemaker, but the rate is 

accelerated for some physiologic reason:accelerated for some physiologic reason:

�� Rhythm is regularRhythm is regular

�� Rate > 100 beats/minuteRate > 100 beats/minute

�� P wave, PR interval, and QRS complex are all normalP wave, PR interval, and QRS complex are all normal

�� Can look like Sinus Node Reentry Can look like Sinus Node Reentry –– paroxysmal paroxysmal 

and less than 160 BPM; incidence of ~10% of all and less than 160 BPM; incidence of ~10% of all 

PSVT’sPSVT’s



Sinus TachycardiaSinus Tachycardia

�� Treatment:Treatment:

�� Alleviate the underlying causeAlleviate the underlying cause--anemia, pheo, anemia, pheo, 

hyperthyroid…hyperthyroid…

�� Could be inappropriate STCould be inappropriate ST-- a type of autonomic a type of autonomic 

dysfunction with HR consistently above 120dysfunction with HR consistently above 120





Atrial flutterAtrial flutter
Relatively common atrial tachyarrhythmia. Relatively common atrial tachyarrhythmia. 

�� Has traditionally been characterized as a macroreentrant Has traditionally been characterized as a macroreentrant 

arrhythmia with atrial rates between 240arrhythmia with atrial rates between 240--400 beats per 400 beats per 

minute. minute. 

�� Defined by the presence of stable, uniform atrial activation Defined by the presence of stable, uniform atrial activation 

(flutter waves). (flutter waves). 

�� Can impede cardiac output and lead to atrial thrombus Can impede cardiac output and lead to atrial thrombus 

formation, with risk of systemic embolization. formation, with risk of systemic embolization. 

�� Commonly includes some form of ACommonly includes some form of A--V block. V block. 

�� Most commonly atrial depolarization is conducted at a Most commonly atrial depolarization is conducted at a 

2:1 ratio, though it can also be conducted at a 4:1 ratio, 2:1 ratio, though it can also be conducted at a 4:1 ratio, 

and less commonly at a 3:1 or 5:1 ratioand less commonly at a 3:1 or 5:1 ratio



Atrial flutterAtrial flutter
�� Pathophysiology: Pathophysiology: 

�� Type I is the most common formType I is the most common form

�� Also referred to as typical, common, or counterAlso referred to as typical, common, or counter--clockwise clockwise 
isthmusisthmus--dependent atrial flutter and involves a redependent atrial flutter and involves a re--entrant circuit entrant circuit 
that encircles the tricuspid annulus of the right atrium.that encircles the tricuspid annulus of the right atrium.

�� Traditionally been distinguished by a rate of 240Traditionally been distinguished by a rate of 240--340 beats, and 340 beats, and 
the ability to be entrained by atrial pacingthe ability to be entrained by atrial pacing

�� Type II atrial flutterType II atrial flutter

�� Also known as atypical aflutter, is still poorly characterized, Also known as atypical aflutter, is still poorly characterized, but but 
may result from an intraatrial reentrant circuit operating at a may result from an intraatrial reentrant circuit operating at a 
faster rate. faster rate. 

�� Type II has a rate greater than 340 beats. Type II has a rate greater than 340 beats. 

�� Atrial flutter is associated in patients with heart failure, valAtrial flutter is associated in patients with heart failure, valvular vular 
disease, COPD, hyperthyroidism, pericarditis, pulmonary disease, COPD, hyperthyroidism, pericarditis, pulmonary 
embolism, and a history of open heart surgery.embolism, and a history of open heart surgery.



Atrial flutterAtrial flutter
�� Mortality/Morbidity: Mortality/Morbidity: 

�� Due to complications of rate (ie, syncope, Due to complications of rate (ie, syncope, 
congestive heart failure [CHF]). The risk of congestive heart failure [CHF]). The risk of 
embolic occurrences approaches that of atrial embolic occurrences approaches that of atrial 
fibrillation. fibrillation. 

�� Sex: Sex: 

�� Men are affected more often than women, with a Men are affected more often than women, with a 
2:1 male2:1 male--toto--female ratio. female ratio. 

�� Age: Age: 

�� The prevalence of atrial flutter increases with age The prevalence of atrial flutter increases with age 
and varies from 1 case out of 200 persons for and varies from 1 case out of 200 persons for 
people younger than 60 years, to almost 9 cases people younger than 60 years, to almost 9 cases 
out of 100 persons for people over 80 years. out of 100 persons for people over 80 years. 



Atrial flutterAtrial flutter

�� History: History: 

�� Symptomatic atrial flutter is typically a manifestation of the Symptomatic atrial flutter is typically a manifestation of the 
rapid ventricular rate that decreases cardiac output. rapid ventricular rate that decreases cardiac output. 

�� PalpitationsPalpitations

�� Fatigue or poor exercise toleranceFatigue or poor exercise tolerance

�� Mild dyspneaMild dyspnea

�� PresyncopePresyncope

�� Less common symptoms include angina, profound Less common symptoms include angina, profound 
dyspnea, or syncope. dyspnea, or syncope. 

�� Symptomatic embolic events are rare, but must be Symptomatic embolic events are rare, but must be 
considered.considered.



Atrial flutterAtrial flutter
�� Physical: Physical: 

�� TachycardiaTachycardia may or may not be present, depending on the degree may or may not be present, depending on the degree 

of AV block associated with the atrial flutter activity.of AV block associated with the atrial flutter activity.

�� Cardiac rate, often approximately 150 beats per minute because Cardiac rate, often approximately 150 beats per minute because 

of a 2:1 AV blockof a 2:1 AV block

�� Regular or slightly irregular heartbeatRegular or slightly irregular heartbeat

�� Hypotension is possible, but normal blood pressure is observed Hypotension is possible, but normal blood pressure is observed 

more commonly.more commonly.

�� Peripheral embolization may occur, if associated with AF.Peripheral embolization may occur, if associated with AF.

�� CHF may be found, usually caused by LV dysfunction.CHF may be found, usually caused by LV dysfunction.



Atrial flutterAtrial flutter
�� Causes: Causes: 

�� Patients at highest risk include those with longPatients at highest risk include those with long--standing standing 
hypertension, valvular heart disease (rheumatic), left hypertension, valvular heart disease (rheumatic), left 
ventricular hypertrophy, coronary artery disease with or ventricular hypertrophy, coronary artery disease with or 
without depressed left ventricular function, pericarditis, without depressed left ventricular function, pericarditis, 
pulmonary embolism, hyperthyroidism, and diabetes. pulmonary embolism, hyperthyroidism, and diabetes. 

�� Additionally, CHF for any reason is a noted contributor to Additionally, CHF for any reason is a noted contributor to 
this disorder.this disorder.

�� Additional causes include the following:Additional causes include the following:

�� Postoperative revascularizationPostoperative revascularization

�� Digitalis toxicityDigitalis toxicity

�� Rare causes Rare causes 

�� Myotonic dystrophy in childhood (case report by Myotonic dystrophy in childhood (case report by 
Suda K, Matsumura M, Hayashi Y)Suda K, Matsumura M, Hayashi Y)



Atrial flutterAtrial flutter
�� Imaging Studies: Imaging Studies: 

�� Chest radiographic findings are usually normal. Chest radiographic findings are usually normal. 

�� Look for radiographic evidence of pulmonary edema in Look for radiographic evidence of pulmonary edema in 
subacute cases.subacute cases.

�� thyroid function studies.thyroid function studies.

�� serum electrolyte and digoxin levels if appropriate.serum electrolyte and digoxin levels if appropriate.

�� CBCsCBCs if anemia is suspected or a history of recent or current if anemia is suspected or a history of recent or current 
blood loss is associated with presenting symptoms.blood loss is associated with presenting symptoms.

�� blood gases in patients with hypoxia, or carbon monoxide blood gases in patients with hypoxia, or carbon monoxide 
intoxication. intoxication. 

�� Seek a history of stimulant drug usage (eg, ginseng, cocaine, Seek a history of stimulant drug usage (eg, ginseng, cocaine, 
ephedra, methamphetamine).ephedra, methamphetamine).



Atrial flutterAtrial flutter
�� Electrocardiography (ECG)Electrocardiography (ECG)

�� Transthoracic echocardiogram Transthoracic echocardiogram 
�� Can be performed to evaluate right and left atrial size, as Can be performed to evaluate right and left atrial size, as 

well as the size and function of the right and left ventricles, well as the size and function of the right and left ventricles, 
which assists in diagnosing valvular heart disease, LVH, which assists in diagnosing valvular heart disease, LVH, 
and pericardial disease. and pericardial disease. 

�� Has low sensitivity for intraHas low sensitivity for intra--atrial thrombi, and is the atrial thrombi, and is the 
preferred modality for testing atrial flutter.preferred modality for testing atrial flutter.

�� Exercise TestingExercise Testing

�� Can be utilized to identify exerciseCan be utilized to identify exercise--induced atrial induced atrial 
fibrillation and to evaluate ischemic heart disease.fibrillation and to evaluate ischemic heart disease.

�� Holter MonitoringHolter Monitoring

�� Can be used to help identify arrhythmias in patients with Can be used to help identify arrhythmias in patients with 
nonnon--specific symptoms, identify triggers, and detect specific symptoms, identify triggers, and detect 
associated atrial arrhythmias.associated atrial arrhythmias.



Atrial flutterAtrial flutter

�� Treatment:Treatment:

�� Hemodynamically unstable Hemodynamically unstable –– appropriate ACLSappropriate ACLS

�� Synchronous directSynchronous direct--current (DC) cardioversion is current (DC) cardioversion is 

commonly the initial treatment of choice.commonly the initial treatment of choice.

�� Cardioversion often requires low energies (<50 J).Cardioversion often requires low energies (<50 J).

�� If the electrical shock results in AF, a second shock at a If the electrical shock results in AF, a second shock at a 

higher energy level is used to restore normal sinus higher energy level is used to restore normal sinus 

rhythm (NSR). rhythm (NSR). 



Atrial flutterAtrial flutter

�� Treatment:Treatment:

�� Hemodynamically StableHemodynamically Stable

�� Slowing the ventricular response with Slowing the ventricular response with verapamil or verapamil or 

diltiazemdiltiazem may be the appropriate initial treatment. may be the appropriate initial treatment. 

�� Adenosine produces transient AV block and can be used Adenosine produces transient AV block and can be used 

to reveal flutter waves.to reveal flutter waves.

�� These drugs generally do not convert atrial flutter to These drugs generally do not convert atrial flutter to 

NSR. NSR. 



Atrial flutterAtrial flutter

�� TreatmentTreatment

�� If the flutter cannot be cardioverted, terminated by If the flutter cannot be cardioverted, terminated by 

pacing, or slowed by the drugs mentioned above, pacing, or slowed by the drugs mentioned above, 

digoxindigoxin can be administered alone or with either a can be administered alone or with either a 

calcium antagonist or betacalcium antagonist or beta--blockerblocker. . 

�� IV amiodaroneIV amiodarone has been shown to slow the has been shown to slow the 

ventricular rate and is considered as effective as ventricular rate and is considered as effective as 

digoxin. digoxin. 



Atrial flutterAtrial flutter
�� TreatmentTreatment

�� Rate control is the goal of medication in atrial flutter Rate control is the goal of medication in atrial flutter 
or AF.or AF.

�� BetaBeta--adrenergic blockers are effective in the presence adrenergic blockers are effective in the presence 
of thyrotoxicosis and increased sympathetic tone.of thyrotoxicosis and increased sympathetic tone.

�� Antiarrhythmic drugs alone control atrial flutter in Antiarrhythmic drugs alone control atrial flutter in 
only 50only 50--60% of patients. 60% of patients. 

�� Radiofrequency catheter ablation has been used to Radiofrequency catheter ablation has been used to 
interrupt the reinterrupt the re--entrant circuit in the right atrium and entrant circuit in the right atrium and 
prevent recurrences of atrial flutter. prevent recurrences of atrial flutter. 

�� is immediately successful in more than 90% of cases and is immediately successful in more than 90% of cases and 
avoids the longavoids the long--term toxicity observed with term toxicity observed with 
antiarrhythmic drugs. antiarrhythmic drugs. 

�� "electrical cardioversion is the preferred modality in "electrical cardioversion is the preferred modality in 
the patient whose condition is unstable."the patient whose condition is unstable."



Atrial FibrillationAtrial Fibrillation

�� Most commonly encountered arrhythmia in Most commonly encountered arrhythmia in 
clinical practice.clinical practice.

�� Defined by the absence of coordinated atrial Defined by the absence of coordinated atrial 
systole. systole. 

�� Results from multiple reentrant electrical Results from multiple reentrant electrical 
wavelets that move randomly around the atria. wavelets that move randomly around the atria. 

�� P waves are replaced by irregular, chaotic P waves are replaced by irregular, chaotic 
fibrillatory waves, often with a concomitant fibrillatory waves, often with a concomitant 
irregular ventricular response.irregular ventricular response.



Atrial FibrillationAtrial Fibrillation

�� When ventricular rate increases to tachycardic When ventricular rate increases to tachycardic 

levels, a situation of atrial fibrillation with levels, a situation of atrial fibrillation with 

rapid ventricular response (AF with RVR) rapid ventricular response (AF with RVR) 

ensues. ensues. 

�� The incidence of atrial fibrillation increases The incidence of atrial fibrillation increases 

significantly with advancing age. significantly with advancing age. 

�� AF may increase mortality up to 2AF may increase mortality up to 2--fold, fold, 

primarily due to embolic stroke.primarily due to embolic stroke.



Atrial FibrillationAtrial Fibrillation

�� Occurs in 3 distinct clinical circumstances: Occurs in 3 distinct clinical circumstances: 

�� As a primary arrhythmia in the absence of As a primary arrhythmia in the absence of 

identifiable structural heart disease identifiable structural heart disease 

�� As a secondary arrhythmia in the presence of a As a secondary arrhythmia in the presence of a 

systemic abnormality that predisposes the systemic abnormality that predisposes the 

individual to the arrhythmia individual to the arrhythmia 

�� As a secondary arrhythmia associated with cardiac As a secondary arrhythmia associated with cardiac 

disease that affects the atriadisease that affects the atria



Conditions predisposing to, or Conditions predisposing to, or 
encouraging progression of AFencouraging progression of AF



Types of Types of AtrialAtrial FibrillationFibrillation



Atrial FibrillationAtrial Fibrillation

�� The 3 primary ways AF affects hemodynamic The 3 primary ways AF affects hemodynamic 

function include the following: function include the following: 

�� Loss of atrial kick (synchronized atrial mechanical Loss of atrial kick (synchronized atrial mechanical 

activity) activity) 

�� Irregularity of ventricular response Irregularity of ventricular response 

�� Inappropriately rapid heart rate Inappropriately rapid heart rate 



AtrialAtrial FibrillationFibrillation

�� History:History:

�� PalpitationsPalpitations

�� Fatigue or poor exercise toleranceFatigue or poor exercise tolerance

�� DyspneaDyspnea

�� Chest pain (true angina)Chest pain (true angina)

�� Presyncope or syncopePresyncope or syncope

�� Generalized weaknessGeneralized weakness



AtrialAtrial FibrillationFibrillation

�� NoncardiovascularNoncardiovascular causes of atrial fibrillation:causes of atrial fibrillation:

�� HyperthyroidismHyperthyroidism

�� Low levels of potassium, magnesium, or calciumLow levels of potassium, magnesium, or calcium

�� PheochromocytomaPheochromocytoma

�� Sympathomimetic drugs, alcohol, electrocutionSympathomimetic drugs, alcohol, electrocution

�� Respiratory causes include:Respiratory causes include:

�� Pulmonary embolismPulmonary embolism

�� PneumoniaPneumonia

�� Lung cancerLung cancer

�� Idiopathic: Lone AF is idiopathic and defined as the absence of Idiopathic: Lone AF is idiopathic and defined as the absence of 
any known etiologic factors plus normal ventricular function by any known etiologic factors plus normal ventricular function by 
echocardiography. Most patients with lone AF are younger than echocardiography. Most patients with lone AF are younger than 
65 years, although age is not used to define lone AF.65 years, although age is not used to define lone AF.

�� HypothermiaHypothermia



Natural time course of AFNatural time course of AF

AF = atrial fibrillation



Management of Atrial Management of Atrial 

FibrillationFibrillation

�� Aimed at symptom relief by rate and rhythm Aimed at symptom relief by rate and rhythm 

controlcontrol

�� Aimed at reducing risk of thromboembolism  Aimed at reducing risk of thromboembolism  

by anticoagulationby anticoagulation

�� Preventing tachycardia mediated Preventing tachycardia mediated 

cardiomyopathy (a progressive, reversible ratecardiomyopathy (a progressive, reversible rate--

induced form of LV dysfunction)induced form of LV dysfunction)



The management cascade for patients with AFThe management cascade for patients with AF

ACEI = angiotensin-converting enzyme inhibitor; AF = atrial fibrillation; ARB = angiotensin receptor blocker;

PUFA = polyunsaturated fatty acid; TE = thrombo-embolism.



Risk factors for stroke andRisk factors for stroke and
thrombothrombo--embolism in nonembolism in non--valvularvalvular AFAF

AF= atrial fibrillation; EF = ejection fraction (as documented by echocardiography, radionuclide ventriculography, cardiac

catheterization, cardiac magnetic resonance imaging, etc.); LV = left ventricular; TIA = transient ischaemic attack.



Risk factorRisk factor--based pointbased point--based scoring based scoring 
system system -- CHACHA22DSDS22--VASc VASc 

*Prior myocardial infarction, peripheral artery disease, aortic plaque. Actual rates of stroke in contemporary

cohorts may vary from these estimates.



Use of oral anticoagulation forUse of oral anticoagulation for
stroke prevention in AF stroke prevention in AF 

AF = atrial fibrillation; OAC = oral anticoagulant; TIA = transient ischaemic attack.



Approach to Approach to thromboprophylaxisthromboprophylaxis in AFin AF

AF = atrial fibrillation; CHA2DS2-VASc = cardiac failure, hypertension, age ≥ 75 (doubled), diabetes, stroke (doubled)-

vascular disease, age 65–74 and sex category (female); INR = international normalized ratio; OAC = oral anticoagulation, 

such as a vitamin K antagonist (VKA) adjusted to an intensity range of INR 2.0–3.0 (target 2.5).



The HASThe HAS--BLED bleeding risk scoreBLED bleeding risk score

*Hypertension is defined as systolic blood pressure  > 160 mmHg.

INR = international normalized ratio.



CardioversionCardioversion, TOE and anticoagulation, TOE and anticoagulation

AF = atrial fibrillation; DCC = direct current cardioversion; LA = left atrium; LAA = left atrial appendage; OAC = oral anticoagulant;
SR= sinus rhythm; TOE= transoesophageal echocardiography.

AF = atrial fibrillation; DCC = direct current cardioversion; LA = left atrium; LAA = left atrial appendage; OAC = oral anticoagulant;
SR= sinus rhythm; TOE= transoesophageal echocardiography.



Drugs and doses for pharmacologicalDrugs and doses for pharmacological
conversion of (recentconversion of (recent--onset) AFonset) AF

ACS = acute coronary syndrome; AF = atrial fibrillation; DCC = direct current cardioversion; i.v. = intravenous;

N/A = not applicable; NYHA, New York Heart Association; p.o. = per os; QRS = QRS duration; QT = QT interval;

T-U = abnormal repolarization (T-U) waves.



DCC and pharmacological conversion DCC and pharmacological conversion 
recentrecent--onset AFonset AF

AF = atrial fibrillation; i.v. = intravenous.



Choice of rate and rhythm control strategiesChoice of rate and rhythm control strategies



Optimal level of heart rate controlOptimal level of heart rate control



Rate control of Rate control of atrialatrial fibrillationfibrillation

The choice of drugs depends on life style and underlying disease



Drugs for Drugs for 
rate controlrate control

ER = extended release formulations; N/A 

= not applicable. ‡Only in patients with 

non-permanent atrial fibrillation.



AV node ablation in AF patientsAV node ablation in AF patients

aClass of recommendation. bLevel of evidence.

AF = atrial fibrillation; AV = atrioventricular; CRT = cardiac resynchronization therapy; LV = left ventricular;

LVEF = left ventricular ejection fraction; NYHA = New York Heart Association.



AV node ablation in AF patientsAV node ablation in AF patients

aClass of recommendation. bLevel of evidence. AF = atrial fibrillation; AV = atrioventricular; CRT = cardiac resynchronization

therapy; LV = left ventricular; LVEF = left ventricular ejection fraction; NYHA = New York Heart Association.



Suggested doses and main caveats forSuggested doses and main caveats for
commonly used commonly used antiarrhythmicantiarrhythmic drugsdrugs

AF = atrial fibrillation; AV = atrioventricular; bpm = beats per minute; CYP = cytochrome P; ECG = electrocardiogram;

LV = left ventricular; NYHA = New York Heart Association.



Suggested doses and main caveats for Suggested doses and main caveats for 
commonly used commonly used antiarrhythmicantiarrhythmic drugs (drugs (ContdContd))

AF = atrial fibrillation; AV = atrioventricular; bpm = beats per minute; CYP = cytochrome P; ECG = electrocardiogram;

LV = left ventricular; NYHA = New York Heart Association.



Suggested doses and main caveats for Suggested doses and main caveats for 
commonly used commonly used antiarrhythmicantiarrhythmic drugs (drugs (ContdContd))

AF = atrial fibrillation; AV = atrioventricular; bpm = beats per minute; CYP = cytochrome P; ECG = electrocardiogram;

LV = left ventricular; NYHA = New York Heart Association.



Choice of Choice of antiarrhythmicantiarrhythmic for the patientfor the patient
with no or minimal structural heart diseasewith no or minimal structural heart disease



Choice of Choice of antiarrhythmicantiarrhythmic drugdrug
according to underlying pathologyaccording to underlying pathology

ACEI = angiotensin-converting enzyme inhibitor; ARB = angiotensin receptor blocker; CAD = coronary artery disease; CHF = congestive heart failure;
HT = hypertension; LVH = left ventricular hypertrophy; NYHA = New York Heart Association; unstable = cardiac decompensation within the prior
4 weeks. Antiarrhythmic agents are listed in alphabetical order within each treatment box. ? = evidence for ‘upstream’ therapy for prevention of atrial
remodelling still remains controversial.



Choice between ablation and antiarrhythmic drug therapy

for patients with and without structural heart disease

†More extensive LA ablation may be needed; *usually PVI is appropriate. 
AF = atrial fibrillation; CAD = coronary artery disease; CHF = congestive heart failure; HT = hypertension; LVH = left ventricular hypertrophy;
NYHA = New York Heart Association; PVI = pulmonary vein isolation. Antiarrhythmic agents are listed in alphabetical order within each treatment box.

The restriction of the use of dronedarone has been recommended by the 
European Medicines Agency (EMA).



Surgical ablation of AFSurgical ablation of AF

aClass of recommendation.
bLevel of evidence.

AF = atrial fibrillation.



NonpharmacologicNonpharmacologic Treatment of Treatment of 

Atrial FibrillationAtrial Fibrillation
�� Maze ProcedureMaze Procedure

�� 90% freedom from atrial 90% freedom from atrial 
fibrillationfibrillation

�� 2% mortality required 2% mortality required 
thoracotomythoracotomy

�� Catheter ablation procedureCatheter ablation procedure

�� only moderate success only moderate success 

�� long procedures, difficultlong procedures, difficult

�� selecting populationselecting population

�� 60% to 80% effective60% to 80% effective

�� Pulmonary vein Pulmonary vein 
stenosisstenosis,cava,perforation,,cava,perforation,

�� esophageal fistulaesophageal fistula



NonpharmacologicNonpharmacologic Treatment of Treatment of 

Atrial FibrillationAtrial Fibrillation

�� AV node ablation with pacemaker implantAV node ablation with pacemaker implant

�� recently shown to have no effect on mortalityrecently shown to have no effect on mortality

�� effective at reducing symptomseffective at reducing symptoms

�� Does not alter need for anticoagulationDoes not alter need for anticoagulation

�� Pace at 90 BPM  1 month after procedure to avoid Pace at 90 BPM  1 month after procedure to avoid 

Torsades des PointesTorsades des Pointes



Drugs for Stable Drugs for Stable 

TachycardiasTachycardias



DiltiazemDiltiazem

�� Indications Indications (When & Why?)(When & Why?)

�� To control ventricular rate in atrial fibrillation and To control ventricular rate in atrial fibrillation and 

atrial flutteratrial flutter

�� Use after adenosine to treat refractory PSVT in Use after adenosine to treat refractory PSVT in 

patients with narrow QRS complex and adequate patients with narrow QRS complex and adequate 

blood pressureblood pressure

�� As an alternative, use verapamilAs an alternative, use verapamil

Stable Tachycardias



DiltiazemDiltiazem

�� Dosing Dosing (How?)(How?)

�� Acute Rate ControlAcute Rate Control

�� 15 to 20 mg (0.25 mg/kg) IV over 2 minutes15 to 20 mg (0.25 mg/kg) IV over 2 minutes

�� May repeat in 15 minutes at 20 to 25 mgMay repeat in 15 minutes at 20 to 25 mg (0.35 mg/kg) (0.35 mg/kg) 

over 2 minutesover 2 minutes

�� Maintenance InfusionMaintenance Infusion

�� 5 to 15 mg/hour, titrated to heart rate5 to 15 mg/hour, titrated to heart rate

Stable Tachycardias



DiltiazemDiltiazem

�� Precautions Precautions (Watch Out!)(Watch Out!)

�� Do not use calcium channel blockers for tachycardias of Do not use calcium channel blockers for tachycardias of 

uncertain originuncertain origin

�� Avoid calcium channel blockers in patients with WolffAvoid calcium channel blockers in patients with Wolff--

ParkinsonParkinson--White syndrome, in patients with sick sinus White syndrome, in patients with sick sinus 

syndrome, or in patients with AV block without a syndrome, or in patients with AV block without a 

pacemakerpacemaker

�� Expect blood pressure drop resulting from peripheral Expect blood pressure drop resulting from peripheral 

vasodilationvasodilation

�� Concurrent IV administration with IV ßConcurrent IV administration with IV ß--blockers can cause blockers can cause 

severe hypotensionsevere hypotension

Stable Tachycardias



VerapamilVerapamil

�� Indications Indications (When & Why?)(When & Why?)

�� Used as an alternative to diltiazem for ventricular Used as an alternative to diltiazem for ventricular 

rate control in atrial fibrillation and atrial flutterrate control in atrial fibrillation and atrial flutter

�� Drug of second choice (after adenosine) to Drug of second choice (after adenosine) to 

terminate PSVT with narrow QRS complex and terminate PSVT with narrow QRS complex and 

adequate blood pressureadequate blood pressure

Stable Tachycardias



VerapamilVerapamil

�� Dosing Dosing (How?)(How?)

�� 2.5 to 5.0 mg IV bolus over 1to 2 minutes2.5 to 5.0 mg IV bolus over 1to 2 minutes

�� Second dose: 5 to 10 mg, if needed, in 15 to 30 Second dose: 5 to 10 mg, if needed, in 15 to 30 

minutes. Maximum dose: 30 mgminutes. Maximum dose: 30 mg

�� Older patients: Administer over 3 minutesOlder patients: Administer over 3 minutes

Stable Tachycardias



VerapamilVerapamil

�� Precautions Precautions (Watch Out!)(Watch Out!)

�� Do not use calcium channel blockers for wideDo not use calcium channel blockers for wide--

QRS tachycardias of uncertain originQRS tachycardias of uncertain origin

�� Avoid calcium channel blockers in patients with Avoid calcium channel blockers in patients with 

WolffWolff--ParkinsonParkinson--White syndrome and atrial White syndrome and atrial 

fibrillation, sick sinus syndrome, or secondfibrillation, sick sinus syndrome, or second-- or or 

thirdthird--degree AV block without pacemakerdegree AV block without pacemaker

Stable Tachycardias



VerapamilVerapamil

�� Precautions Precautions (Watch Out!)(Watch Out!)

�� Expect blood pressure drop caused by peripheral Expect blood pressure drop caused by peripheral 

vasodilationvasodilation

�� IV calcium can restore blood pressure, and some IV calcium can restore blood pressure, and some 

experts recommend prophylactic calcium before experts recommend prophylactic calcium before 

givinggiving calcium channel blockerscalcium channel blockers

�� Concurrent IV administration with IV ßConcurrent IV administration with IV ß--blockers blockers 

may produce severe hypotensionmay produce severe hypotension

Stable Tachycardias



AdenosineAdenosine

�� Indications Indications (When & Why?)(When & Why?)

�� First drug for narrowFirst drug for narrow--complex PSVTcomplex PSVT

�� May be used diagnostically (after lidocaine) in May be used diagnostically (after lidocaine) in 

widewide--complexcomplex tachycardias of uncertain typetachycardias of uncertain type

Stable Tachycardias



AdenosineAdenosine

�� Dose Dose (How?)(How?)

�� IV Rapid PushIV Rapid Push

�� Initial bolus of 6 mg given rapidlyInitial bolus of 6 mg given rapidly over 1 to 3 over 1 to 3 

seconds followed byseconds followed by normal saline bolus of 20 normal saline bolus of 20 

mL;mL; then elevatethen elevate the extremitythe extremity

�� Repeat dose of 12 mg in 1 to 2Repeat dose of 12 mg in 1 to 2 minutes if neededminutes if needed

�� A third dose of 12 mg may be given in 1 to 2 A third dose of 12 mg may be given in 1 to 2 

minutes if neededminutes if needed

Stable Tachycardias



AdenosineAdenosine

�� Precautions Precautions (Watch Out!)(Watch Out!)

�� Transient side effects include:Transient side effects include:

�� Facial FlushingFacial Flushing

�� Chest painChest pain

�� Brief periods of asystole or bradycardiaBrief periods of asystole or bradycardia

�� Less effective in patients taking theophyllinesLess effective in patients taking theophyllines

Stable Tachycardias



Beta BlockersBeta Blockers

�� Indications Indications (When & Why?)(When & Why?)

�� To convert to normal sinus rhythm or to slow To convert to normal sinus rhythm or to slow 

ventricular response (or both) in supraventricular ventricular response (or both) in supraventricular 

tachyarrhythmias (PSVT, atrial fibrillation, or tachyarrhythmias (PSVT, atrial fibrillation, or 

atrial flutter)atrial flutter)

�� ßß--Blockers are secondBlockers are second--line agents after adenosine, line agents after adenosine, 

diltiazem, or digoxindiltiazem, or digoxin

Stable Tachycardias



Beta BlockersBeta Blockers

�� Dosing Dosing (How?)(How?)

�� EsmololEsmolol

�� 0.5 mg/kg over 1 minute, followed by continuous 0.5 mg/kg over 1 minute, followed by continuous 
infusion at 0.05 mg/kg/mininfusion at 0.05 mg/kg/min

�� Titrate to effect, Esmolol has a short halfTitrate to effect, Esmolol has a short half--life (<10 life (<10 
minutes)minutes)

�� LabetalolLabetalol

�� 10 mg labetalol IV push over 1 to 2 minutes10 mg labetalol IV push over 1 to 2 minutes

�� May repeat or double labetalol every 10 minutes to a May repeat or double labetalol every 10 minutes to a 
maximum dose of 150 mg, or give initial dose as a maximum dose of 150 mg, or give initial dose as a 
bolus, then start labetalol infusion 2 to 8 µg/minbolus, then start labetalol infusion 2 to 8 µg/min

Stable Tachycardias



Beta BlockersBeta Blockers

�� Dosing Dosing (How?)(How?)

�� MetoprololMetoprolol

�� 5 mg slow IV at 55 mg slow IV at 5--minute intervals to a total of 15 mgminute intervals to a total of 15 mg

�� PropranololPropranolol

�� 1 to 3 mg slow IV. Do not exceed 1 mg/min1 to 3 mg slow IV. Do not exceed 1 mg/min

�� Repeat after 2 minutes if necessaryRepeat after 2 minutes if necessary

Stable Tachycardias



Beta BlockersBeta Blockers

�� Precautions Precautions (Watch Out!)(Watch Out!)

�� Concurrent IV administration with IV calcium Concurrent IV administration with IV calcium 

channel blocking agents like verapamil or channel blocking agents like verapamil or 

diltiazem can cause severe hypotensiondiltiazem can cause severe hypotension

�� Avoid in bronchospastic diseases, cardiac failure, Avoid in bronchospastic diseases, cardiac failure, 

or severe abnormalities in cardiac conductionor severe abnormalities in cardiac conduction

�� Monitor cardiac and pulmonary status during Monitor cardiac and pulmonary status during 

administrationadministration

�� May cause myocardial depressionMay cause myocardial depression

Stable Tachycardias



DigoxinDigoxin

�� Indications Indications (When & Why?)(When & Why?)

�� To slow ventricular response in atrial fibrillation or To slow ventricular response in atrial fibrillation or 

atrial flutteratrial flutter

�� ThirdThird--line choice for PSVTline choice for PSVT

Stable Tachycardias



DigoxinDigoxin

�� Dosing Dosing (How?)(How?)

�� IV InfusionIV Infusion

�� Loading doses of 10 to 15 µg/kg provide therapeutic Loading doses of 10 to 15 µg/kg provide therapeutic 

effect with minimum risk of toxic effectseffect with minimum risk of toxic effects

�� Maintenance dose is affected by body size and renal Maintenance dose is affected by body size and renal 

functionfunction

Stable Tachycardias



DigoxinDigoxin

�� Precautions Precautions (Watch Out!)(Watch Out!)

�� Toxic effects are common and are frequently Toxic effects are common and are frequently 

associated with serious arrhythmiasassociated with serious arrhythmias

�� Avoid electrical cardioversion unless condition is Avoid electrical cardioversion unless condition is 

life threateninglife threatening

�� Use lower current settings (10 to 20 Joules)Use lower current settings (10 to 20 Joules)

Stable Tachycardias


