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Learning objectives
To understand the evidence-based recommendations for CPR drug use and 
administration routes 

To assess the advantage and limitations of different drug administration routes in 
CPR

To determine the appropriate drug selection for managing shockable and non-
shockable rhythms in CPR
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2. Basic life support 
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3. Advanced life support

4. Monitoring

1. Evidence analysis and consensus process

5. Updated treatment recommendations

RECOVER
 (Reassessment Campaign On Veterinary Resuscitation) 

RECOVER  Journal of Veterinary Emergency and Critical Care, June 2024
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Korean
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Chinese - Simplified

Chinese - Traditional

Japanese

We are translating into some languages

RECOVER  Journal of Veterinary Emergency and Critical Care, June 2024
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Why this drug and why this route?

 Route of drug administraiton

Intravenous (IV)

Intraosseous (IO)

Endotreacheal (ET)
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Venous access - IV catheter
 IV administration provides rapid and predictable drug delivery

Achieve higher drug concentration compared to IO or ET route

 Place an IV catheter close to the heart
Cephalic vein
Jugular vein
Saphenous vein 
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Venous access - IO catheter

Courtesy of Dr. Bernie Hansen
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IO access using different devices
 Faster to achieve IO access using automated devices
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IV vs IO administration?

 ROSC, survival to discharge, and neurological outcome
 IV administration is slightly superior to IO
 Depends on types of drugs (reduced efficacy of certain drugs) 
 Depends on the IO site (humerus > Tibia) 

Grandfeldt A et al. 
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IV vs IO administration?

 Recommend IO if IV access is not obtained within 2 minutes

 If both IV and IO are available, IV administration is preferred

 This may also depend on types of drugs
Certain drugs (e.g., amiodarone, lidocaine) may have reduced efficacy when 
given IO compared to IV
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Endotracheal administration

Used only as a last resort when IV and IO access are not available

Unpredictable absorption
Prolonged time to achieve effective drug concentration
Need drug dose adjustment
Limited drug suitability

NAVEL: 
Naloxone
Atropine
Vasopressin
Epinephrine
Lidocaine 

Polglase GR et al. Resuscitation 2024
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Endotracheal administration - procedure

1.Give at 2 - 3 times the standard IV dose 

2.Dilute the drug in 3 - 10 mL of saline or sterile water

•Improve absorption and spread within the lungs

3.Inject the solution through red rubber tube inserted into trachea

4.Follow with several positive pressure ventilations to disperse the drug into the lungs
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Route for drug administration - Summary

 IV access is considered the gold standard 

 IO administration is recommended alternative

If IV access is not successful within 2 minutes

 Endotracheal (ET) administration is an option 

 Less effective compared to IV and IO administration
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Which drug? Why this drug?

 Reversals

 IV fluids

 Others
 Calcium gluconate
 NaHCO3
 Dextrose
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Naloxone
0.04 mg/kg IV, IO

Flumazenil
0.01 mg/kg IV, IO

Atipamezole
0.1 mg/kg IV, IO

Opioid
Reversal

Benzodiazepine
Reversal

Alpha-2 agonist
Reversal

CPR drugs - reversals

INTRODUCTION DRUGSRECOVER DRUG ROUTE DRUGS FOR
NON-SHOCKABLE

DRUGS FOR
SHOCKABLE



CPR drugs - IV fluids
 Coronary perfusion = Aortic pressure during diastole - right atrial pressure 

Decreased coronary perfusion

Hypovolemia (↓Aortic pressure during diastole)

Hypervolemia (↑right atrial pressure) 
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CPR drugs - IV fluids
Fluid administration to animals with: 

Hypovolemia 
Out-of-hospital CPA

No fluid administration to animals with
Normovolemia/hypervolemia
In-hospital CPA
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CPR drugs - others

 Common abnormalities in blood tests during CPR
Metabolic acidosis (100%)
Hyperkalemia (65%)
Hyperglycemia (62%)
Hypoglycemia (21%)
Ionized hypocalcemia (18%)

 Abnormalities associated with outcomes 
PvO2 (ROSC)
Standard BE (ROSC)
Potassium (survival to discharge)
Chloride concentration (survival to discharge)  
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CPR drugs - others

Hypocalcemia (venous iCa2+ < 0.8 mmol/L)
Calcium gluconate: 50 mg/kg IV or IO over 2 - 5 minutes

Hyperkalemia (confirmed or suspected) (venous K+ > 7.5 mEq/L)
Calcium gluconate: 50 mg/kg IV or IO over 2 - 5 minutes
NaHCO3: 1 mEq/kg IV or IO if (K+ > 7.5 mEq/L and pH < 7.2)

Hypoglycemia (confirmed or suspected)
50% Dextrose: 0.5 ml/kg IV or IO  
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CPR drugs - others

 Prolonged CPR (longer than 10 - 15 minutes)

Sodium bicarbonate (if pH < 7.0)
Corrects metabolic acidosis

Potential side effects: routine use not recommended
Hypernatremia
Hyperosmolality
Paradoxical intracellular acidosis
Increased CO2 production
Reduced tissue oxygen release 
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Which drug? Why this drug?

 Non-shockable rhythm
Low or high dose of epinephrine
Epinephrine vs vasopressin
Atropine
Corticosteroids

 Shockable rhythm?
Epinephrine or vasopressin?
Esmolol?
Lidocaine or amiodarone?

INTRODUCTION DRUGSRECOVER DRUG ROUTE DRUGS FOR
NON-SHOCKABLE

DRUGS FOR
SHOCKABLE



23

Simple CPR ECG Algorithm
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Rate = 40 /min

Simple CPR ECG Algorithm
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Non-shockable rhythm - drugs

 Drugs for non-shockable rhythm 

Epinephrine (or vasopressin)

Low dose (0.01 mg/kg)
Every 3 - 5 min (every other cycle)

Atropine

Once 
Reasonable with high vagal tone
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Epinephrine
0.01 mg/kg IV, IO

0.02～0.1 mg/kg IT

Atropine
0.04 mg/kg IV, IO

0.08～0.4 mg/kg IT

Vasopressin
0.8 U/kg IV, IO
1.6 - 8 U/kg IT

CPR START ２MIN ４MIN ６MIN ８MIN 10 MIN 12 MIN 14 MIN 16 MIN 18 MIN 20 MIN

Atropine

Epinephrin

22 MIN

Epinephrin Epinephrin Epinephrin Epinephrin Epinephrin
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Epinephrine
0.01 mg/kg IV, IO

0.02～0.1 mg/kg IT

Atropine
0.04 mg/kg IV, IO

0.08～0.4 mg/kg IT

Vasopressin
0.8 U/kg IV, IO
1.6 - 8 U/kg IT

CPR START ２MIN ４MIN ６MIN ８MIN 10 MIN 12 MIN 14 MIN 16 MIN 18 MIN 20 MIN

Atropine

22 MIN
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Epinephrine for non-shockable rhythm

 Alpha-1 adrenergic effects 
 Increases aortic diastolic pressure and coronary perfusion pressure

 Beta-1 adrenergic effects
 Increases the risk of recurrent arrhythmias 
 May worsen post-resuscitation myocardial dysfunction

Study Year ROSC Survival to discharge Neurology outcome

Stiell IG et al 2004 + +/-
Ong ME et al. 2007 +/-

Olasveengen TM et al. 2009 + +/-
Jacobs IG et al. 2011 + +/-
Hagihara A te al. 2012 + +/-
Nakahara S et al. 2013 +/-
Sanghavi P et al. 2015 -
PARAMEDIC-2 2018 + + - 
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High vs low dose epinephrine

 High dose epinephrine (beta 1 > alpha 1): Not recommended anymore
 Increases the risk of recurrent arrhythmias 
May worsen post-CPA myocardial dysfunction
May improve initial ROSC
May worsen neurological outcome
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Epinephrine vs vasopressin

 Vasopressin is a vasopressin (V1) receptor agonist that causes non-adrenergic 
vasoconstriction

 Higher ROSC and survival with epinephrine than vasopressin
Vasodilation of coronary artery with epinephrine 

Rawat M et al. Children
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Vasopressors - Summary

 Epinephrine is still the first-line drug for non-shockable rhythms
Low dose (standard dose) of epinephrine
No high dose epinephrine

Vasopressin may be preferable in some cases 
Low pH
Refractory shockable rhythm 
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Epinephrine
0.01 mg/kg IV, IO

0.02～0.1 mg/kg IT

Atropine
0.04 mg/kg IV, IO

0.08～0.4 mg/kg IT

Vasopressin
0.8 U/kg IV, IO
1.6 - 8 U/kg IT

CPR START ２MIN ４MIN ６MIN ８MIN 10 MIN 12 MIN 14 MIN 16 MIN 18 MIN 20 MIN

Atropine

Epinephrin

22 MIN

Epinephrin Epinephrin Epinephrin Epinephrin Epinephrin
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Epinephrine
0.01 mg/kg IV, IO

0.02～0.1 mg/kg IT

Atropine
0.04 mg/kg IV, IO

0.08～0.4 mg/kg IT

Vasopressin
0.8 U/kg IV, IO
1.6 - 8 U/kg IT

CPR START ２MIN ４MIN ６MIN ８MIN 10 MIN 12 MIN 14 MIN 16 MIN 18 MIN 20 MIN

Atropine

22 MIN
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Atropine

 Parasympatholytic agent (muscarinic receptor antagonist)

Reduce vagal-mediated bradycardia
Increased heart rate 
Enhanced AV node conduction

 Given for animals with asystole and PEA
To treat high vagal tone-induced cardiac arrest
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Atropine

 Lack of evidence of benefit in non-shockable rhythms in human patients
 No ROSC rate difference in dogs with asphyxial canine cardiac arrest model 

 High atropine have been associated with worse outcomes during CPR in dogs

DeBehnke DJ et al. Academic Emergency Medicine 1995

0%

20%

40%

60%

80%

Placebo 0.04 mg/kg 0.1 mg/kg 0.2 mg/kg 0.4 mg/kg

ROSC
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Glucocorticoids in CPR

 Routine administration of glucocorticoids during CPR is NOT recommended

 May be considered in animals with 
Vasopressor-resistant hypotension 
Suspected hypoadrenocorticism

 Vasopressin-Steroids-Epinephrine (VSE) therapy for in-hospital CPR? 
 Improved survival and neurological outcome
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Why this drug?

 Non shockable rhythm
Low or high dose of epinephrine
Epinephrine vs vasopressin
Atropine
Corticosteroids

 Shockable rhythm?
Epinephrine or vasopressin?
Esmolol?
Lidocaine or amiodarone?
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Simple CPR ECG Algorithm
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Simple CPR ECG Algorithm
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Shockable rhythm - defibrillation

 Defibrillate once diagnose shockable rhythm

 Chest compression until ready to defibrillate 

 Resume chest compression after defibrillation

 Full cycle (2 min) of chest compression before ECG check
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 Human patients: 
 61 - 98% of people with shockable arrest rhythms 
convert after the first electrical defibrillation attempt 

 Dogs and cats: 
 We don’t know the conversion rate 

Suarez LV et al. JVECC 2023
 4% - initial shockable rhythm 
 12% - Animals with initial non-shockable rhythm 
developed subsequent shockable rhythms 

Initial shockable rhythms
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CPR START ２MIN ４MIN ６MIN ８MIN 10 MIN 12 MIN 14 MIN 16 MIN 18 MIN 20 MIN 22 MIN

X2 dose

1. Low dose vasopressin (or epinephrien) every other cycle
2. Esmolol (0.5 mg/kg over 3-5 min followed by 50 µ/kg/min)
3. 1-2 doses of lidocaine (2 mg/kg) in dogs or amiodarone (5 mg/kg) in cats 

X1 dose

Refractory shockable rhythm

 Refractory shockable rhythm - one that fails to convert after the first defibrillation attempt
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Refractory shockable rhythm

 Vasopressors for initial shockable rhythm?

 Do not use vasopressors (epinephrine, vasopressin) before the first defibrillation 
attempt in animals with shockable rhythms 

 In animals with refractory shockable rhythm
 Suggested to give vasopressin (0.8 U/kg) as the first-line vasopressor
 Give epinephrine if no vasopressin
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Refractory shockable rhythm

 Esmolol (beta-blocker)

Reduces beta-1 mediated myocardial stress

Improves defibrillation success by 
attenuating refractory IVF

May improve post-resuscitation myocardial 
function

PROGNOSIS ALSRECOVER BLS
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Refractory shockable rhythm

 Lidocaine for dogs with refractory shockable rhythms

 Class 1b antiarrhythmic blocks fast sodium channels 
 Adjunctive therapy for refractory shockable rhythms in dogs - suggestion

 Not recommended for cats due to their increased sensitivity to lidocaine toxicity
 May reduce defibrillation threshold, potentially enhancing the success of 
defibrillation

 Only for refractory shockable rhythms
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Refractory shockable rhythm

 Why should antiarrhythmics not be given before the 
first defibrillation?

 Potential increase in defibrillation threshold 

 Immediate defibrilallation without pre-treatment is 
more effective
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Refractory shockable rhythm

 Amiodarone for cats with refractory shockable rhythms
 Class III antiarrhythmic drug - Block K, Na, Ca channels

 Used for patients with refractory ventricular tachycardia
 No to limited evidence in cats with refractory shockable rhythm
 Has vasodilatory effects - may need to administer with epinephrine/vasopressin
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Summary
 IV access is the gold standard for drug administration in CPR
 IO administration allows for rapid drug delivery when IV access is difficult
 ET drug administration is a last resort, requiring 2-3 times the IV dose
 Low dose epinephrine remains the first-line vasopressor for non-shockable rhythms
 Vasopressin may be an alternative to epinephrine 
 Atropine is suggested for suspected high vagal tone-induced cardiac arrest, but its routine 

use in non-shockable rhythms has limited evidence of benefit
 Defibrillation is the first-line treatment for shockable rhythms 
 Vasopressors and antiarrhythmics are reserved for refractory shockable rhythms
 Lidocaine is suggested for dogs with refractory shockable rhythms, while amiodarone is 

suggested for cats
 Sodium bicarbonate is only suggested in prolonged CPR with severe metabolic acidoiss
 Fluid administration should be individualized- should be avoided in normovolemic patients  
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Questions? 
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Refractory shockable rhythm

• Esmolol (beta-blocker)

• Reduces beta-1 mediated myocardial stress
• Improves defibrillation success by attenuating refractory IVF
• May improve post-resuscitation myocardial function
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Refractory shockable rhythm

• Amiodarone for cats with refractory shockable rhythms
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CPR drugs - IV fluids

• Antiarrhythmic drugs for nonshockable-turned-shockable out of hospital cardiac arrest

• Better survival after amiodarone or lidocaine than placebo

RECOVER ALS POST-CPR CAREPROGNOSIS BLS



CPR START ２MIN ４MIN ６MIN ８MIN 10 MIN 12 MIN 14 MIN 16 MIN 18 MIN 20 MIN 22 MIN

X2 dose

1. Low dose vasopressin (or epinephrien) every other cycle
2. Esmolol (0.5 mg/kg over 3-5 min followed by 50 µ/kg/min)

3. 1-2 doses of lidocaine (2 mg/kg) in dogs or amiodarone (5 mg/kg) in cats 

PROGNOSIS ALSRECOVER BLS

X1 dose

Refractory shockable rhythm

• Refractory shockable rhythm - one that fails to convert after the first defibrillation attempt
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Frequency of epinephrine administration

• The duration of hemodynamic effect caused 
by epinephrine was shorter

• The BP augmented by epinephrine 
decreased as the CPR cycle repeated
• Higher dose of epinephrine? - no 

outcome benefit
• More frequent epinephrine? - maybe… 
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Refractory shockable rhythm

• Esmolol
• Reduces beta-1 mediated myocardial stress
• Improves defibrillation success by attenuating refractory IVF
• May improve post-resuscitation myocardial function
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Epinephrine vs vasopressin

• Out-of-hospital CPR

• No differences on outcomes

• In-hospital CPR

• No difference on outcomes
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Intramuscular administration of epinephrine

• First epinephrine given IM compared to IV/IM

• Improved survival rate

• Not a replacement for IV/IM epinephrine
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Frequency of epinephrine administration

• OHCA - a shorter average epinephrine dosing interval was associated with 
improved survival with favorable neurological outcome 

•

PROGNOSIS ALSRECOVER BLS



59

Epinephrine CRI?
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IO access in different location?

• Tibia: IV is better than IO

• Humerus: IO = IV
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IO administration

• May also depend on types of drugs

• Certain drugs (e.g., amiodarone) may have reduced efficacy when given IO 
compared to IV
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IO access in different location?

• Both tibial and sternal IO routes are an effective means of delivering drugs 
• Sternal IO routes - faster and greater dose delivered than tibial IO routes

• Humerus is better than ear vein in pig CPR models
• Humerus is better than tibial IO routes in dogs and cats?
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Prognosis of CPR in Veterinary Medicine

32%
58%

10%
5%

Return of spontaneous circulation (ROSC)

ROSC＞20 min

ROSC > 24h
Discharge

Dog: 58％
Cat: 57％

Dog: 35％
Cat: 23％

Dog: 10％
Cat: 10％

Dog: 6％
Cat: 3％
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Route for drug administration - Summary

• IV access is considered the gold standard 

• IO administration is recommended alternative

• If IV access is not successful within 2 minutes

• Endotracheal (ET) administration is an option 

• Less effective compared to IV and IO administration
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High vs low dose epinephrine

• High dose epinephrine

• Potentially improving initial ROSC
• No survival benefit
• Worse neurological outcomes
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