Pharmacology—ACLS Drugs
	Class of Recommendation
	Criteria for Class
	Clinical Definition

	Class I – definitely recommended
	Supported by excellent clinical evidence; at least 1 PRCT
	Class I interventions are always acceptable, safe, and effective.  Considered definitive standard of care

	Class IIa – Acceptable and Useful
	Supported by good to very good evidence.  Weight of evidence and expert opinion strongly in favor
	Class IIa interventions are acceptable, safe and useful.  Considered intervention of choice by majority of experts

	Class IIb – Acceptable and Useful
	Supported by fair to good evidence.  Weight of evidence and expert opinion not strongly in favor
	Class IIb interventions are also acceptable, safe and useful.  Considered optional or alternative interventions by majority of experts

	Indeterminate – Promising, Evidence lacking
	Preliminary research stage.  Evidence shows no harm but no benefit.  Evidence is insufficient to support a final class decision
	Indeterminate describes treatments of promise but limited evidence.  AHA-ILCOR accepts some indeterminate but only by expert consensus

	Class III – May be harmful, no benefit documented
	Not acceptable, not useful, may be harmful
	Class III refers to intervention with no evidence of any benefit, often some evidence of harm


ACLS Protocols

Cardiac Arrest

1) VF/VT

2) PEA

3) Asystole

Arrhythmias

1) Bradycardia

2) SVT

3) A-Fib/a-flutter/WPW

4) Stable/unstable tachycardias
ACLS

Primary Survey

1) BCLS (CPR and defib)

2) Assess and manage at each step of survey
Secondary ABCD Survey

1) Rapid assessment and advanced, invasive treatments

2) Assess and manage at each step of survey

3) Algorithms available to manage cardiac arrest and arrhythmias

4) Airway – ET intubation or other advanced airway device

5) Breathing – checking for adequate oxygenation and ventilation

6) Circulation – IV access, determine rhythm, give appropriate medications

7) Differential diagnosis – search for and treat any reversible cause
Ventricular Fibrillation/V-Tach (Pulseless)

1) Primary and secondary ABCD

2) IV infusion of NS (0.9%) to keep vein open (KVO) = 10ml/hr

3) EPI 1mg IV q3-5 min or vasopressin 40 units IVP – 1 dose only (may replace 1st or 2nd dose of EPI)

4) CPR/defib after each drug

5) Anti-arrhythmics

6) Others – buffers (sodium bicarb), dextrose

7) Defibrillation

Epinephrine

Epinephrine 1:10,000 (1mg/10ml) and 1:1000 (1mg/ml) is the 1st drug in this algorithm after unsuccessful defib.  Dose is 1mg IVP q3-5m during resuscitation.  Each dose should be followed with 20ml IV flush (NS).  1mg/ml is preferred for pediatrics and if there is concern of anaphylactic shock.  1mg/10ml is preferred for adults.  30ml vials also available for higher doses or if infusion is needed.  Can be administered via ET tube at a dose of 2-2.5x and diluted in 10ml NS.    


This drug is a sympathomimetic, an adrenergic agonist and binds to all receptors.  It is a positive chronotrope and inotrope.  Increased BP and HR may cause myocardial ischemia, angina, and increased myocardial oxygen demand.    
Vasopressin


Vasopressin comes in 20 units/ml vials.  Dose is 40 units IVP x 1 dose only.  May replace 1st or 2nd dose of EPI in protocol.  It is a peripheral vasoconstrictor.  It binds to vasopressor receptors in smooth muscle in the periphery.  Does not affect other organs as much as EPI.  Not recommended for ET administration.


Can also be used for septic shock.  It is Class IIb in the VF/VT protocol as an alternative to EPI.  Indeterminate for asystole and PEA.
Amiodarone


Amiodarone comes in 50mg/ml vials.  Dose is 300mg in 20-30cc D5W IVP.  Must be diluted in D5W.  May repeat dose of 150mg in 10-15cc D5W IVP.  Infusion is 900mg/500ml administered as 360mg (1mg/min) for 6 hours, followed by 540mg (0.5 mg/min) for 18 hours.  Total cumulative dose is 2.2g IV/24 hours.  Many ADRs, vasodilation, hypotension, negative inotropic effects, prolongs QT interval, IV stability issues, and long half-life.  Has more profound cardiovascular effects than lidocaine.  Do not use in sinus bradycardia or 2nd/3rd degree heart block unless the patient has a pacemaker or in cardiogenic shock.  Must monitor drug levels if given this for infusion.
Lidocaine


Lidocaine 2% comes in 20mg/ml in a 5ml prefilled syringe.  Dose is 1-1.5mg/kg.  May repeat dose of 0.5-1.5mg/kg q3-5m.  Maximum individual dose is 1.5mg/kg.  Maximum total dose is 3mg/kg (exclusive of a lidocaine drip).

ET administration is 2-4mg/kg diluted with NS to a total volume of 10ml.  Use caution in heart block, WPW, CHF, hypovolemia, severe respiratory depression and shock.  Contraindicated in 3rd degree heart block.  Has more CNS effects than amiodarone.  Only use lidocaine without preservatives clearly labeled for IV use.  Cannot use if patient as allergy to amide class of anesthetics.

Lidocaine infusion is 4mg/ml or 8mg/ml premixed.  Dose is 1-4mg/min (30-50mcg/kg/min).  “7.5ml trick” is performed only if using the 8mg/ml concentration: 1mg/min = 7.5ml/hr; 2mg/min = 15ml/hr; 3mg/min = 22.5ml/hr; 4mg/min = 30ml/hr
Magnesium


Magnesium 50% comes in 500mg/ml vials.  Used in torsades, suspected hypomagnesemia, alcoholic or anorexic patients, and those with suspected digoxin toxicity.  Dose is 1-2g (2-4ml) diluted in 10ml D5W or NS.  Give IVP over 2 minutes.  Can use drip for torsades if not in cardiac arrest.  May cause hypotension with rapid administration, caution in renal failure.
Procainamide


Procainamide is given 20mg-30mg/min to a max of 17mg/kg.  Can be used 1st line for a-fib or WPW.  In urgent situations, may give up to 50mg/min.  Infuse at this rate until arrhythmia is controlled, QRS complex widens by 50%, hypotension occurs, or total dose of 17mg/kg is reached.  Dose reduction necessary in underlying cardiac/renal dysfunction.  It is a proarrhythmic, so use caution with other drugs that prolong QT interval.  
Sodium Bicarbonate


Sodium bicarbonate 7.5% (75mg/ml = 8.92 mEq/ml = 44.6 mEq/50ml) comes in a prefilled syringe.  Dose is 1 mEq/kg (44-88 mEq) IV.  Can repeat at 50% of dose every 10 minutes thereafter.  Monitor ABGs.  Useful with specific indications such as hyperkalemia, acidosis, certain drug overdoses (TCA, aspirin), prolonged resuscitations with effective ventilation and spontaneous circulation after long arrest interval.  Adequate ventilation and CPR are considered the major buffering agent during cardiac arrest.
Pulseless Electrical Activity (PEA)

1) Primary ABCD survey – basic CPR and defib

2) Secondary ABCD survey – intubation, IV access (KVO with NS), identify rhythm, differential diagnosis.

3) Review and treat most frequent causes (Hs and Ts) – hypovolemia, hypoxia, H-ion (acidosis), hyper/hypokalemia, hypothermia, tablets (OD), tamponade, tension pneumothorax, and thrombosis.

4) EPI 1mg IVP q3-5m

5) Atropine 1mg IV (if PEA is slow <60 bpm on strip) q3-5 minutes to a total dose of 0.04mg/kg (3mg dose total)

Atropine


Atropine 0.1mg/ml comes in 5 and 10ml prefilled syringes.  Dose is 1mg IVP q3-5m to a max dose of 0.04mg/kg (3mg total dose for all algorithms).  ET dose is 2-3mg diluted in 10ml NS.  Must be given rapid IV injection; if given too slow, it will cause reflex bradycardia.  1st drug (class I) for symptomatic sinus bradycardia, but second drug (class IIb) after EPI or vasopressin for PEA or asystole.  Use caution in the presence of myocardial ischemia and hypoxia.  Increases myocardial oxygen demand.  Don’t use in 2nd degree Type II and 3rd degree heart block.

After atropine, if there is insufficient improvement in hemodynamic status, options include (depending on clinical situation)

1) High dose EPI (if no changes in rhythm)

2) Sodium bicarbonate – hyperkalemia, acidosis, OD

3) Dextrose (hyperkalemia) – will need insulin too

4) Naloxone – opiate antidote

5) IV fluid

6) Transcutaneous pacing (TCP)

7) Dopamine drip (for hypotension, shock)
Asystole

1) Primary and secondary ABCD survey as previously described for other algorithms.

2) TCP can start immediately if available in monitored asystolic arrests.

3) EPI 1mg IVP q3-5m OR vasopressin 40 units IVP 1 dose only (may replace 1st or 2nd dose of EPI).  Vasopressin use for asystole varies between institutions and EMS protocols

4) Atropine 1mg IVP q3-5m up to a total dose of 0.04mg/kg (3mg total)

5) Remember the differential diagnosis (Hs and Ts)

After atropine, following options available (depending on clinical situation):

1) High dose EPI  IV

2) Continued TCP

3) Sodium bicarbonate IV

4) Continued defib

5) Dextrose IV

6) Naloxone IV
Bradycardia Algorithm 

1) Primary ABCD and secondary ABCD

2) Are there signs and symptoms of bradycardia?

a) YES – treatment sequence is Atropine, TCP, Dopamine, EPI, and Isoproterenol.  If 2nd degree type II or 3rd degree AV block, use transvenous pacemaker

b) NO – if 2nd degree type II or 3rd degree AV block, use transvenous pacemaker.  If symptoms develop, use TCP until transvenous pacer is placed.  If no AV block, observe the patient

Symptomatic Bradycardia

1) Atropine – dose is 0.5-1mg IVP q3-5m up to a total dose of 0.04mg/kg (3mg total).  Begin TCP if available

2) Dopamine infusion – Used as second drug after atropine for symptomatic bradycardia or in hypotension with signs and symptoms of shock.  Prepare either a 400mg/250ml or 800mg/250ml infusion bag (1.6mg/ml or 3.2mg/ml).  Start at 5mcg/kg/min and titrate slowly to response up to a maximum dose of 20mcg/kg/min.  SEE DIFFERENT HANDOUT FOR THE REST
3) EPI infusion – prepare infusion by adding 1mg of EPI (1:1000 solution) to 250ml of IV fluid (final concentration is 4mcg/ml).  Dose is 1-10mcg/min.  “15ml trick” is only used if using the 4mcg/ml concentration: 1mcg/min = 15ml/hr; 2mcg/min = 30ml/hr; 3mcg/min = 45ml/hr.

4) Isoproterenol infusion – not standard treatment.  Dose is 2-10mcg/min.  Titrate to adequate heart rate.  Use cautiously as temporary measure if an external pacer is not available.  Also used for torsades refractory to magnesium, temporary control of bradycardia in heart transplant patients, and for BB poisonings.  Do not use for cardiac arrest.  Do not give with EPI because it can cause VF/VT.  Higher doses are considered harmful (class III) except in cases of BB poisonings.  
SVT

Unstable

1) Synchronized cardioversion

Stable

1) Vagal stimulation

2) Adenosine 6mg IVP RAPIDLY!!!!

3) Observe EKG for evidence of cardioversion – if none, give adenosine 12mg IVP rapidly (may repeat if no cardioversion on EKG)

4) Administer anti-arrhythmic depending on type of tachycardia

5) “DC” cardioversion if PSVT episode after max doses of adenosine given

Adenosine


Adenosine is 3mg/ml and comes in 2ml or 4ml vials.  First drug for most forms of narrow-complex SVT.  Administration technique is as follows:

1) Mild reverse Trendelenburg position

2) IV rapid push over 1-3 seconds into the IV port closes to the trunk of the patient (antecubital), followed by NS flush

3) Elevate the extremity after administration 


Has transient self-limiting ADRs, which include flushing, chest pain, brief asystole, or bradycardia.  DO NOT use in poisonings or drug-induced tachycardia
Ventricular Tachycardias
1)  Anti-arrhythmic treatment varies depending on specific type of tachycardia

2)  Complex algorithms

3)  Treatment options include cardioversion, amiodarone, lidocaine, procainamide,        
BBs, Sotalol, magnesium, or phenytoin
Atrial Fibrillation/A-Flutter/WPW

1) Anti-arrhythmic treatment varies depending on specific type of tachycardia

2) Complex algorithms

3) Treatment options include – diltiazem, Metoprolol, digoxin, amiodarone, cardioversion, Flecainide, Propafenone, procainamide, Ibutilide, sotalol, and anticoagulation.
Treatment of Hyperkalemia

1) Calcium chloride 10% solution 500mg – 1000mg IV bolus

2) Sodium bicarbonate 44 mEq-88 mEq IV bolus, repeat every 10 minutes

3) Insulin 10 units IV for every 25gm of dextrose

4) Glucose (Dextrose) 50% solution (25g/50ml) IV bolus

5) Kayexelate 15-60g PO or PR 
Transcutaneous Pacing (TCP) 

1) Class I for hemodynamically unstable bradycardia

2) Class I for pacing readiness in setting of AMI with certain criteria

3) Class IIa for bradycardia with symptomatic ventricular escape rhythms

4) Class IIa for overdrive pacing of tachycardia refractory to drug therapy or electrical cardioversion

5) Class IIb for bradyasystolic cardiac arrest.  Not routinely recommended.  
