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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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CPR Algorithm for Dogs and Cats \\

Start ALS

2 full minutes, no pauses { € @ ME%t(\iitoring
RECO ? ER (i Chest Compressions ] ETCO; 18+ mmHg

— L 100-120 / minute } O IV Access
] o Reversals

Start BLS

? Ventilation

every 6 seconds

|

Pause & Check

< 10 seconds

i @ Rhythm Dlagnosus Pulse Palpatuon

Shockable Non-Shockable
l @ VF/PulselessVT ROSC | @ Asystole / PEA
' Epinephrine
e @ or Vasopressin

BLS Charge Defib - every other cycle
dose x2 after 1st Suggest

@ Atropine
@ @ Pause & ! once, as early as possible
Shock
| ~ Prolonged CPR>15min |
@ Refractory Shockable | 1 Shackableor |
2 or more shocks @ @ Non-Shockable -

Suggest

(8)

Suggest

| Bicarbonate

| especially if pH < 7.0
Antiarrhythmics S i

Amiodarone in cats
Lidocaine in dogs

Vasopressin or Epinephrine
every other cycle

Esmolol
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Why this drug and why this route?

% Route of drug administraiton
CPR Dosing Chart for Dogs and Cats

1‘ - 216 . i ! i 4( : i

% Intravenous (1V)

Epinephrine

‘g o iy 0.01mgkg | 003 005 01 015 02 025 03 035 04 045 05
Vasopressin
< I I O ,‘ 0.8 Ulkg 0.1 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
o INntraosseous - -
ropine ~0.05mgkg | 0.25 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
(0.4 - 0.54 mgimL)
o Amiodarone
£ itk 5 mglkg 025 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
= £ Lidocaine
£% e 2 mglkg 025 0.5 1 1.5 2 2.5 3 3.5 4 4.5 4
% End heal (ET : B
Q‘Q n Ot re aC e a < el 05mgkg | 013 025 05 0.75 1 1.3 1.5 1.8 2 2.3 25
Naloxone
o 0.04 mgkg | 0.25 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
e | O Tiaci-ol D=2 ) SD: SN RERRTT WSI-SEN B0 F IS TR I B TR S BT B B B
e | 00 i IO S IOITRS 02NN SO 0743 SOLS SN S0/6HS 07N IROLE RN Saiais I
External Defibw | 4-6uxg | 10J 20J) 40J 60J 80J 100J 120) 140J 160J 180J 200J
Internal Defib s, | 0.5-1ukg | 2J 3J 5 g0 0L ST R onk) T 20| ok a5

*Administer esmolol 0.5 mg/kg IV :
or 10 over 35 minutes followed  INELARRGCL

by a CRI at 50 mcg/kg/min

25| 5 | 10| 15| 20 | 25 | 30 | 35 | 40 | 45 | 50

4 2024 American Cologe of Veterina ry Emengency and Criticd Ca e and Veterinary Emergency & Criticel Care Society. All rights rescrved.
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Venous access - IV catheter

|V administration provides rapid and predictable drug delivery
% Achieve higher drug concentration compared to IO or ET route

Place an |V catheter close to the heart
Cephalic vein

Jugular vein

Saphenous vein

N
%

N N N
% % &
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Venous access - 10 catheter

% 10 catheter placement

Courtesy of Dr. Bernie Hansen 8
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|O access using different devices

o Faster to achieve IO access using automated devices

32

30 1

Time T3 (8)

28 | a

26

24 1

22

20 1

18 1

16

' : BT 0O Median
NIO BIG EZ-10 Jamshidi ] 25%-75%

Intraosseous access device 1 Min-Max
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IV vs 10 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 10 site (humerus > Tibia)

ROSC
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95%C IV, Fixed, 95% Cl
Feinstein 2017 -0.405  0.143 3.9% 0.67[0.50, 0.88]
Kawano 2017 -0.5108 0.1043 7.3% 0.60[0.49 0.74] —
Mody 2019 -0.226 00587 244% 0.80[0.71,0.89 -
Zhang 2020 -0.3481 0.0351 64.4% 0.71[0.66, 0.76] I
Total (95% CI) 100.0% 0.72]0.68, 0.76]
Heterogeneity: Chl"':. .93, di=3(F=0.0/),F=57% 91 072 s 1 : : 0
Testfor overall effect: Z=11.79 (P = 0.00001) Favours IV Favours 10

Grandfeldt A et al. 10
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IV vs 10 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 |O compared to IV

11
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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 2
% Lidocaine

Return of spontaneous circulation in
response to allocated treatment

Frequency (%)

Polglase GR et al. R@SUSCltathn 2024 Saline IV-adr Standard dose ET-adr High dose ET-adr

Treatment group
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Endotracheal administration - procedure

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

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

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

13
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Route for drug administration - Summary

% |V access Is considered the gold standard

% O 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 |0 administration
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CPR Algorithm for Dogs and Cats \\

Which drug? Why this drug?

Start BLS Start ALS

2 full minutes, no pauses f 9("\ Monitoring

) ECG
RECO?ER ) Chest Compressions §

\/ | ETCO, 18+ mmHg
< Reversals o oanimne  § © () W Acces
? Ventilation

every 6 seconds j; @ Reversals ]

0:‘ I V fl u i d S Pauisoe !Chdeck
‘ . Rhythm Dnagnoms Pulse Palpatuon
‘:‘ Ot h e rS No Pulse Pu!se No Pulse ]

Shockable Non-Shockable
‘ @ VF / Pulseless VT | s | | @ Asystale / PEA
R Epinephrine
@ PCA Algorithm‘ @ or Vasopressin
BLS Ch arge Defib - every other cycle
dOSE x2 after 1 t Suggest

@ Atropine
) , as earl ibl
@ @ Pause & . once, as early as possible
Shock
- Prolonged CPR > 15 min

| @ Refractory Shockable | @@ Shockableor
2 ormore shocks i Non-Shockable

o Calcium gluconate
< NaHCOS3
% Dextrose

Suggest f Suggest
Vasopressin or Epinephrine Bicarbonate
every other cycle 2 especially if pH < 7.0

Antiarrhythmics S "

Amiodarone in cats
Lidocaine in dogs

Esmolol
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CPR drugs - reversals

16
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CPR drugs - IV fluids

% Coronary perfusion = Aortic pressure during diastole - right atrial pressure
% Decreased coronary perfusion
¢ Hypovolemia (1 Aortic pressure during diastole)

¢ Hypervolemia (Tright atrial pressure)

Postenor

© Elsevier. Drake et al: Gray's Anatomy for Students - www.studentconsult.com
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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%) Veterinary Emergency 2y el
. Jouenalof Vooninay Emeyoncy andCrca Gro 242 2014, 0 20 214
% Hyperglycemia (62%)

- Acid base, electrolyte, glucose, and lactate
N/ o) ’ ’ ’
< Hypoglycemia (21%) values during cardiopulmonary resuscitation

% lonized hypocalcemia (18%) in dogs and cats

Kate Hopper, BVSc, PhD, DACVECC; Angela Borchers, DVM, DACVIM, DACVECC and
Steven E. Epstein, DVM, DACVECC

& Abnormalities associated with outcomes oz N
RETROSPECTIVE STUDY T ‘3'0'?*" WILEY
% PvO2 (ROSC)
N Association of point-of-care blood variables obtained from
%* Standard B E (ROSC) dogs and cats during cardiopulmonary resuscitation and
‘:‘ POtaSSi um (SU rvival to d iSCharge) :thl:czzvrir:\:sreturn of spontaneous circulation with patient

% Chloride concentration (survival to discharge)

Sabrina N.Hoehne Dr med vet, DACVECC,DECVECC*© | Kate Hopper BVSc, PhD,
DACVECC? | StevenE.Epstein DVM, DACVECC?
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CPR drugs - others

Hypocalcemia (venous iCa2+ < 0.8 mmol/L) ",

o Calcium gluconate: 50 mg/kg IV or IO over 2 - 5 minutes

Alcium Gluconate M
eClion, USP

perig aL ¢
2 permi a
®Servative free.

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

Hypoglycemia (confirmed or suspected)
% 50% Dextrose: 0.5 ml/kg IV or 10
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CPR Algorithm for Dogs and Cats \‘
CPR drugs - others
Start BLS | StartALS

2 full minutes, no pauses i ~— Monitoring

[+]) Eca
REcoiER } i Chest Compressions

~—  ETCO,; 18+ mmHg
100-120 / minute

IVAccess
V@) e (B Reversa
< Sodium bicarbonate (if pH < 7.0) | pouses check |

@ Rhythm Diagnosis @Pulse Palpation

% Corrects metabolic acidosis ‘_J | ;;

No Pulse Pulse No Pulse

Shockable ROSC Non-Shockable
VF/ PulselessVT | | ) AsystolelPEA

% Prolonged CPR (longer than 10 - 15 minutes)

< Potential side effects: routine use not recommended
< Hypernatremia @@ @ \. ®o'r’v’§i§fié'sim

) d sexz after 1st Suggest
‘:‘ Hype rosmo I al ity ® @ Pause & b Aogggl:e:"yasmmme’
Shock SRS S —

« Paradoxical intracellular acidosis O - [ potomescons t5mn )
* . Suggestz rmore shocks @@ Non-Shockable
% Increased CO2 production L | suggest ,

Vasopressin or Epinephrine - @ Bicarbonate

every other cycle

<% Reduced tissue oxygen release P

Lidocaine in dogs

especiallyif pH < 7.0 ‘

Esmolol
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CPR Algorithm for Dogs and Cats \‘

Which drug? Why this drug?

Start BLS | StartALS
2 full minutes, no pauses i ~— Monitoring

< Non-shockable rhythm RECOVER | o/g) cstcompesion
% Low or high dose of epinephrine YO Q@) meversa
< Epinephrine vs vasopressin T e )
o Atropine |@Rhythm Diagnosis @Pulsepalpatlon o '

& Corticosteroids [ ——

Shockable ROSC Non-Shackable
| VF/ Pulseless vT | ) 1 Asystole / PEA
Epinephrine
% Shockable rhythm? @@ @ O @ -
pressin
‘Q‘ OC a e r y 2 Charge Defib every other cycle
. dose x2 after 1st . Suggest

: ! " { Atropi j'
‘:‘ Epl neph rl ne Or VasopreSSI n ? ® @ Pause & " on'gg:e:rlyasmsslblg ]
Shock T o i dvar s
% Esmolol? f Prolonged PR 15 min
@ Rg?j’;ﬁg!&‘s’d‘ab'e @ Shockable or
4 : e Non-Shockable
‘:‘ LIdOCaIne or amIOdarOne'? Suggest - ‘Suggest
() Vasepressinor Einephrine (&) Bearbonate
Antiarrhythmics R R |

Amiodarone in cats
Lidocaine in dogs

Esmolol
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Simple CPR ECG Algorithm
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No Yes

Perfusing Rhythm
= ROSC

"\_D Consistent, repeating
complexes on ECG?

.

Yes No

Rate > 200/min? @ Is the ECG a flat line?

Yes No No |
Pulseless VT PEA VF Asystole

Shockable Non-Shockable Shockable | Non-Shockable

/ \ J/

23
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Simple CPR ECG Algorithm

11381 1131 12
CPR ECG Algorithm \\ il
p\E o O?ER Jb { @ Palpable pulse? | J: __‘—\J
, N‘ ﬁ ' w ?

bl
!
2 |
SSS3 55554 G000 SRESs Soots Seaas i88se S888
(/\—*u\' Consistent, repeating Perfusing Rhythm | | g : | :
. complexes on ECG? =ROSC : 12081 ; ! ‘ : ' ' ‘ : :
V;_J Lﬁ Rate = 40 /min
Yes | | No \
) - o /A> ine?
| (E ) Rate > 200/min? | (%I Is the ECG a flat line? |
Yes | ;" | No ;'< No | | Yes
Pulseless VT | ? VF Asystole
Shockable | | Non-Shockable 3 Shockable Non-Shockable

24
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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)

o Atropine

% Once
% Reasonable with high vagal tone
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CPR START 2 MIN 4 MIN 6 MIN 3 MIN 10 MIN 12 MIN 14 MIN 16 MIN 18 MIN 20 MIN 22 MIN

Atroplne

Epinéphrin Epinéphrin Epinéphrin Epinei:)hrin Epinéphrin Epinéphrin

Atropine Epinephrine _

0.04 mg/kg IV, 10 0.01 mg/kg IV, 10 0.8 Ukg IV, IO
0.08~0.4 mg/kg IT 0.02~0.1 mg/kg IT 1.6-8 U/kg IT

26
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CPR START 2 MIN 4 MIN 6 MIN 3 MIN 10 MIN 12 MIN 14 MIN 16 MIN 18 MIN 20 MIN 22 MIN

Atroplne

Atropine Epinephrine _

0.04 mg/kg IV, 10O 0.01 mg/kg IV, IO 0.8 U/kg IV, 10
0.08~0.4 mg/kg IT 0.02~0.1 mg/kg IT 1.6 -8 U/kg IT

27
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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 1G et al 2004 + +/-
i

Nakahara S et al. 2013 _|_/_
Sanghavi P et al. 2015 -
PARAMEDIC-2 2018 + + - 28




DRUGS FOR
NON-SHOCKABLE

INTRODUCTION RECOVER DRUG ROUTE DRUGS

DRUGS FOR
SHOCKABLE

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 Vasoconstriction

 May worsen neurological outcome

Phenylephrine I _ _
x Norepinephrine
Vasopressin » Epinephrine (high dose)

* Dopamine (high dose)

The NEW ENGLAND JOURNAL of MEDICINE

* Epinephrine or dopamine (low dose)
» Positive inotropy

ORIGINAL ARTICLE

. L * Dobutamine
A Comparison of High-Dose

and Standard-Dose Epinephrine

in Children with Cardiac Arrest $ Nitroprusside
Maria Beatriz M. Perondi, M.D., Amelia G. Reis, M.D.. Ph.D., +
Edison F. Paiva, M.D., Ph.D., Vinay M. Nadkarni, M.D., and Robert A. Berg, M.D.

Vasodilation 79
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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

800
700

e00

500

400

*

300

200

Contraction (g/g of tissue)
Carotid

Pulmonary
Coraonary s
Pulmonary

[y
o
o

Coronary

o

-100 Epinephrine Vasopressin

Rawat M et al. Children 200

* p<0.01




DRUGS FOR
NON-SHOCKABLE

INTRODUCTION RECOVER DRUG ROUTE DRUGS

DRUGS FOR
SHOCKABLE

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

31
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CPR START 2 MIN 4 MIN 6 MIN 3 MIN 10 MIN 12 MIN 14 MIN 16 MIN 18 MIN 20 MIN 22 MIN

Atroplne

Epinéphrin Epinéphrin Epinéphrin Epinei:)hrin Epinéphrin Epinéphrin

Atropine Epinephrine _

0.04 mg/kg IV, 10 0.01 mg/kg IV, 10 0.8 Ukg IV, IO
0.08~0.4 mg/kg IT 0.02~0.1 mg/kg IT 1.6-8 U/kg IT

32
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CPR START 2 MIN 4 MIN 6 MIN 3 MIN 10 MIN 12 MIN 14 MIN 16 MIN 18 MIN 20 MIN 22 MIN

Atroplne

Atropine Epinephrine _

0.04 mg/kg IV, 10O 0.01 mg/kg IV, IO 0.8 U/kg IV, 10
0.08~0.4 mg/kg IT 0.02~0.1 mg/kg IT 1.6 -8 U/kg IT

33
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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

34
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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

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

DeBehnke DJ et al. Academic Emergency Medicine 1995 35
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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

Original Investigation | CARING FOR THE CRITICALLY ILL PATIENT

Vasopressin, Steroids, and Epinephrine and Neurologically

Favorable Survival After In-Hospital Cardiac Arrest
A Randomized Clinical Trial

Spyros D. Mentzelopculos, MD, PhD. Sotirios Malachias, MD; Christos Chamos, MD; Demetrios Konstantopoulos, MD; Theodora Ntaidou, MD;
Andrcula Papastylianou, MD, PhD; losifinia Kolliantzaki, MD; Maria Theedoridi, MD; Helen Ischaki, MD, PhD; Demosthenes Makris, MD, PhD;
Epaminondas Zakynthinos, MD, PhD; Elias Zintzaras, MD, PhD; Sotirios Sourlas, MD; Stavros Aloizos, MD; Spyros G. Zakynthinos, MD, PhD 3 6
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CPR Algorithm for Dogs and Cats \‘
Why this drug? '-
Start BLS | StartALS

2 full minutes, no pauses i ~— Monitoring

((-]) Ece
ECO R Chest Compressuons
< Non shockable rhythm RECHER | o) e

IVAccess
® ' - i Q) ventiation . O(R) Reversals
% Low or high dose of epinephrine Ok |

‘:‘ Epinephrine VS VaSOpreSSin Pause & Check ‘

< 10 seconds

‘:‘ At ro p i n e | @ Rhythm Diagnosis @Pulse Palpation

o Corticosteroids | :—J l ;;

No Pulse Pulse No Pulse

Shockable ROSC Non-Shockable
| VF/ Pulseless vT | ) Asystole / PEA
Epinephrine

% Shockable rhythm? @@ @ O @ -
pressin
‘Q‘ OC a e r y 2 Charge Defib every other cycle

. dose X2 after 1st Suggest

] ) . Atropi
< Epinephrine or vasopressin? ® @ Ol
Shock
< Esmolol ? )  Prolonged CPR > 15 min
@ Refractory hgrkockable | @ Shockable or
® 4 I i ? 2 ormore shocks Non-Shockable
%® LIdOCaIne or amIOdarOne ‘ Suggest - ‘Suggest
(B) Vesoprssinr Epinephine (@) Hbonte
: especially if pH < 7.
Antlarrhythmlcs y ------------ |

Amiodarone in cats
Lidocaine in dogs

Esmolol
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CPR ECG Algorithm
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DRUG ROUTE DRUGS

DRUGS FOR
NON-SHOCKABLE

DRUGS FOR
SHOCKABLE

Simple CPR ECG Algorithm

l Palpable pulse?

Consistent, repeating Perfusing Rhythm
complexes on ECG? = ROSC

J_)%l

&)

Rate > 200/min?

r—’%

Q D Is the ECG a flat line?

Pulseless VT

@

Shockable

Yes

Non-Shockable

Asystole

7

Shockable Non-Shockable

38
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Simple CPR ECG Algorithm

Spectrum

CPR ECG Algorithm

RECO{?ER | @ Palpable pulse? \
W | \ ,

(/.\ Consistent, repeating Perfusing Rhythm
—4|\-—'\}'~ l
7 complexes on ECG? = ROSC

Yes No

N

/@ ) Rate > 200/min? Q/ ) Is the ECG a flat line?

N/
No | | Yes
Asystole

\) © @

Shockable Non-Shockable Shockable Non-Shockable

Yes

Pulseless VT
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INTRODUCTION RECOVER DRUG ROUTE DRUGS

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 8
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INTRODUCTION RECOVER DRUG ROUTE DRUGS

Initial shockable rhythms

% 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
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INTRODUCTION RECOVER DRUG ROUTE DRUGS

CPR START 2 MIN 4 MIN 6 MIN 3 MIN 10 MIN 12 MIN 14 MIN 16 MIN 18 MIN 20 MIN 22 MIN

TARREARARE
oo s
C reoysmienmm

% Refractory shockable rhythm - one that fails to convert after the first defibrillation attempt
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INTRODUCTION RECOVER DRUG ROUTE DRUGS

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 —
d
";iesc:?;:,sﬁ;r‘ '

i Units L

i erm
‘mg:’ayenou‘sllninsiu
InL Giluted prior to use
?:_(,n,ys‘“sle Dose Vial

Dr.Reddys
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Refractory shockable rhythm

Short-Acting 3-Adrenergic Antagonist Esmolol Given

9

% Esmolol (beta'bIOCke r) at Reperfusion Improves Survival After Prolonged
Ventricular Fibrillation

Cheryl R. Killingsworth, DVM, PhD; Chih-Chang Wei1, PhD; Louis J. Dell'Ttaha, MD;

< Reduces beta-1 mediated myocardial stress ) Raymond E. Iicker, MD, PAD: Gregory P. Waleott, MD
" " " 18.-‘
% Improves defibrillation success by 16- B Control
attenuating refractory IVF g & [] Esmolol
g 1
. . . . 2 10-
% May improve post-resuscitation myocardial = 8-
" ’-D :
function g ©
Z.  4-
$ i
ESMOLOL 0L B 11
- IMECTE 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34
(10 mo/ml Time (minutes)

i Rx ONLY. i
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INTRODUCTION RECOVER DRUG ROUTE DRUGS

Refractory shockable rhythm
% Lidocaine for dogs with refractory shockable rhythms

% Class 1b antiarrnythmic 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 e ‘ Spectrum
< Only for refractory shockable rhythms '
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Refractory shockable rhythm

% Why should antiarrhythmics not be given before the 801
first defibrillation?

% Potential increase in defibrillation threshold

FIBRILLATION THRESHOLD
(mA)
'S

< Immediate defibrilallation without pre-treatment is 0 20 40 60 80 100
more effective 3.0-

Iy
o
i

LIDOCAINE CONC.

(pg/mi)
Q9

T T T v -
0 20 40 60 80 100
TIME AFTER LIDOCAINE STARTED
(Minutes)

Spear JF et al. Figure 4
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Refractory shockable rhythm

% Amiodarone for cats with refractory shockable rhythms
% Class lll 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

Amiodarone 900 mg .

HCI For Intravenous Use  NDC 430§6-150-10 Code 263451

Added to 5% Dextrose (1.8 mg /mL) Nexterone &

500 mL* Bag (amiodarone HCI) [

*Volume and Concentration Exclude Manufacturer Overfill. Premixed | njection
Store at Room Temperature. Protect from Light. 1 5 a
mg/100 mL

Contains Preservatives. Single-Dose Bag.
Recommend In-Line Filter Durmg Administration. (1.5mg/mL)
Injection Solution for IV Use. -

Each mL Contains: Amiodarone HCl 1.8 mgt Polysorbate 80 3 6 mg .
Benzyl Alcohol 0.73 mg; Dextrose 50 mg. s S

— e e el — i e ol A PR - — B
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Summary

% IV access is the gold standard for drug administration in CPR

% 10O administration allows for rapid drug delivery when IV access is difficult

< ET drug administration is a last resort, requiring 2-3 times the |V 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 8
4
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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

Karlsen et al. Intensive Care Medicine Experimental (2019) 7:65 Intensive Care Medicine
httpsy//doi.org/10.1186/540635-019-0279-5 EXpel’l menta I
RESEARCH Open Access
Esmolol for cardioprotection during Ao

updates

resuscitation with adrenaline in an
iIschaemic porcine cardiac arrest model

Hilde Karlsen'", Harald Arne Bergan?, Per Steinar Halvorsen®*, Kjetil Sunde™*, Eirik Quigstad®,
Geir @ystein Andersen®, Jan Frederik Bugge® and Theresa Mariero Olasveengen®

50




Refractory shockable rhythm

- Amiodarone for cats with refractory shockable rhythms

Received: 29 March 2018 I Revised: 19 Septembder 2018 l Lcceptad: 24 Novemrber 2028
DO 101111/ 12960

e T \WiLEY Amiodarone treatment in cats:
evaluation of indications, adverse

Successful management of ventricular fibrillation Hact d . l t

and ventricular tachycardia using defibrillation erects, ana survivat outcomes

and intravenous amiodarone therapy in a cat
Graham C. Rossi?, Sonja S. Tjostheim'*, Heidi B. Kellihan?,

NoaBerlinDVM! () | DanG.Ohad DVM, PhD, DACVIM, DECVIM? | Rebecca L. Stepien?, Michael Liou?, Cecilia Marshall®* and
Igal Maiorkis DVM? | Efrat Kelmer DVM, MS, DACVECC, DECVECC * (' Kathy N. Wright*

o)
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PROGNOSIS BLS ALS

CPR drugs - IV fluids

POST-CPR CARE

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

Better survival after amiodarone or lidocaine than placebo

ORIGINAL RESEARCH ARTICLE

Antiarrhythmic Drugs for Nonshockable-
Turned-Shockable Out-of-Hospital Cardiac

Arrest
The ALPS Study (Amiodarone, Lidocaine, or Placebo)

3101V

o
.
T
-
m
(7]
Z
o
=

Absolute Survival Difference (95% CI)

Initial Shockable (prior work) (n= 3 026) (unadjusted)

Amiodarone vs Placebo

24 4% 21%
Lidocaine vs Placebo
23.7% 21%

3.2% (-0.4, 7)

2.6% (-1,6.3)

Initial Non-shockable — Shockablé (present study) (n=1,063) (adjusted)

Amiodarone vs Placebo 2.3% (-0.3, 4.8)
4 1% 1.9%
Lidocaine vs Placebo 1.2% (-1.1, 3.6)
3.1% 1.9% S
PEA (n=400)
Amiodarone vs Placebo > 1.5% (-3.6 6.5)
5% 3.4%
Lidocaine vs Placebo & 0.6% (-3.9, 5.2)
4.3% 3.4% =
Asystole (n=587)
Amiodarone vs Placebo N 2.3% (-0.3, 4.9)
3.3% 0.6%
Lidocaine vs Placebo - 1.5% (-0.8, 3.8)

2.1% 0.6%

;5 Worse Survival

o Improved Survival

5
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CPR START 2 MIN 4 MIN 6 MIN 3 MIN 10 MIN 12 MIN 14 MIN 16 MIN 18 MIN 20 MIN 22 MIN

TARREARARE
oo s
C remoysmienmm

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



Frequency of epinephrine administration

» The duration of hemodynamic effect caused
by epinephrine was shorter
p = 0.001
» The BP augmented by epinephrine
decreased as the CPR cycle repeated
» Higher dose of epinephrine? - no
outcome benefit
» More frequent epinephrine? - maybe...

Journal of the American Heart Association

50 4 b

o
W

A CPP (mmHg)

Young-Il Foh @, MD, PAC*. Gye Jin A @, MC?; Jang Fun 22 @, PAD; Woo Jin Jung @, MD;
Sopeang Kime M3, Hyeon Ya

3 Hyean Young m ©; Yijin 22 @, Cebyz InO, Jhye e ©; Sung Oh Faang © MO, 2hD, (:yclc I (:yc'c 2 (‘yclc 3 (‘yc'c 4

Kynuny- Chul Cha @, MDD, PAD

ORIGINAL RESEABCH

Hemodynamic Effect of Repeated
Epinephrine Doses Decreases With 0
Cardiopulmonary Resuscitation Cycle
Progression




Refractory shockable rhythm

* Esmolol
» Reduces beta-1 mediated myocardial stress
» Improves defibrillation success by attenuating refractory IVF
- May improve post-resuscitation myocardial function

16- I Control

Esmolol

Short-Acting [3-Adrenergic Antagonist Esmolol Given
at Reperfusion Improves Survival After Prolonged

6
. oy s . 4-
Ventricular Fibrillation ) L k l' k k ' l
Cheryl R. Kﬂlmgswonh DVM, PhD; Chih-Chang Wei1, PhD; Louis J. Dell'Italia, MD; e l

Jeffrey L. Ardell, PhD; Melody A. Kingsley; William M. Smith, PhD; 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34
Raymond E. Ideker, MD, PhD; Gregory P. Walcott, MD Time (minutes)

Number of Shocks
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Epinephrine vs vasopressin

» Out-of-hospital CPR
* No differences on outcomes
» In-hospital CPR

* No difference on outcomes

Epinephrine Vs Vasopressin (Survival to hospital discharge)

Test for overall effect Z=028 (P=0.79)

Epinephring VAsopressin

Epinephnine  Vasopressin Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Lindner 1997 3 20 8 20 9.2% 0.26 [0.06, 1.21) .
Gtiell 2001 13 96 12 104 13.5%  1.20[0.52, 2.78] ——
Ong 2012 8 353 11 374 141% 0.77 [0.30,1.93] —
Wenzel 2004 58 500 57 578 63.2% 1.20[081,1.77] . o
Total (95% CI) 969 1076 100.0%  1.05[0.77, 1.45] L
Total gvents g2 8¢
Heterogeneity, Chf= 4.16, df= 3 (P = 0.24); F= 28% i t i 1
Epinephrine Vs Vasopressin (Achieving ROSC).
Epinephrine  Vasopressin Odds Ratio Odds Ratio
Stud_y or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Lindner 1897 1 20 16 20 3.5%  0.31(0.07,1.29]
Stiell 2001 13 96 13 104 5.3% 1.10[0.48, 2.50] N
Ong 2012 106 353 19 374 396%  092(0.67,1.26]
Wenzel 2004 167 597 145 589 §1.5% 1.19[0.92,1.54]
Total (95% Cl) 1066 1087 100.0% 1.05[0.86, 1.27] L
Total events 297 293
Heteroganeily: Chi*= 4.54, df=3 (P = 0.21);, = 34% 0 ?01 0=1 1 110 160
Test for overall effect Z=0.46 (P =0.64) ' Eﬁinephrine Vasopressin
Epinephrine Vs Vasopressin (Neurofogic function).
Epinephrine  Vasopressin Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Ong 2012 5 8 ) 11 8.6% 2.00[0.31,12.84)
Stiell 2001 1" 13 10 12 87% 1.10[0.13,9.34]
Lindner 1997 " 20 12 20 29.4% 0.81 (0.23, 2.86] ——
YWenzal 2004 16 46 16 45 633% 1.10 [D 46, 2 62) ——
Total (95% CI) 87 89 100.0% 1.09[0.58, 2.06] -
Tolal events 43 42
Heterogeneily. ChF=0.62 di=3(P=0.89),F=0% - E." 0=1 1 150 160



Intramuscular administration of epinephrine

» First epinephrine given IM compared to 1V/IM

N 201 (2024) 110266

: Resuscitation @v%
* Improved survival rate
Clinical paper
. . Early intramuscular adrenaline administration R)
° NOt d replacement fOr IV/I M ep|nephr|ne is associated with improved survival from =

out-of-hospital cardiac arrest

Helen N. Palatinus®’, M. Austin Johnson®, Henry E. Wang"”, Guillaume L. Hoareau *°,
Scott T. Youngquist™*

Table 2 - Outcomes of Patients Treated with an Initial Adrenaline Dose Administered through the IV/10 Route

Compared to the IM Route.
Outcome IV/IO Cahort No. (%) IM Cohort No. (%) Absolute Difference Odds Ratio (95% CI) *

(n = 985) (n = 420) (%) Unadjusted Adjusted
Survival to Hospital Admission 311 (31.6) 156 (37.1) 5.6 128 (1.01-1.63) 1.37 (1.06-1.77)
Survival to Hospital Discharge 69 (7.0) 46 (11.0) 4.0 1.63 (1.10-242) 1.73 (1.10-2.71)
Favorable Neurologic Outcome61 (6.2) 41 (9.8) 3.6 1.64 (1.08-2.48) 1.72 (1.07-2.76)

" Multivariate logistic regression model adjusted for age, sex, witnessed arrest, bystander CPR, public location of arrest, initial cardiac rhythm, EMS response
time.
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Frequency of epinephrine administration

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

45%

40% -

359 -

Lo
o
3

Percenlage (95% CI)

Figure 2. Patient outcomes stratified by average epinephrine

Journal of the American Hezart Association

DRIGINAL RESEARCH

Hemodynamic Effect of Repeated

Epinephrine Doses Decreases With

Cardiopulmonary Resuscitation Cycle
Progression

Young-Il Rch ©, MD, FhD" Gyc Jin Ahn @, ML"; Jung Hurn Lee @, FhD: Woo Jin Jung @, ML,

Soyeong Kim, ME, Hyeon Young Im©. Yyjin Lee O, Dahye Im ®, Jihye _im &, Sung Oh Hwang ©, MD, PhD.
<young-Chul Cha@, MD, PhD

CMERGENCY MEDICAT SEFRVICTS/ORIGINAT RESTARCITI

< 3.0

W ROSC
m Survival ro Hospital Nischarge

dosing intervel.

30 <10

Average Epinephrine Dosing Interval Category (minutes]

"T"he Association of the Average Epinephrine Dosing ®
Interval and Survival With Favorable Neurologic -
Status at Hospital Discharge in Out-of-Hospital

Cardiac Arrest

Brizn Grarau, MD. MHS2/; Takehisa Kaware, MR, PhD; Frank X. Scheuarveyer, MD, MHSc;
lan Drennan. BSe, ACF; Christopher B. Fordyce. MD, MSe: Sean var Digpen, MD, MSe;
Joshua Reynolds, MD, MS: Stave Lin, MDCA, MSe: Jim Christenson, MO

Anerespex i Aotivy. E-oadt Brigo Gran=efEveh e T

1.0 <5.0 =50

m Survival to Hospital Admission
m Favorahle Nenrological Outcome

witler: 800G anil.
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|O access in different location?

« Tibia: IV is better than IO

. Intraosseous Intravenous Std. Mean Difference Std. Mean Difference
® H u m e ru S . I O — I V Study or Subgroup Mcan SD Total Mecan SD Total [V, Random, 95% CI Year IV, Random, 95% CI
1.2.1 Tibial 10 v IV- normovolacmia
Burgert et a' 2012- adrenalire 156 13 3 78 69 5 142[-0.06, 2.89] 2012 1
Beaumon: et al 2016- adrenaline 154 63 7 €66 32 7 1.27[0.09, 2.46] 2015 t
Wong et al 2016- adrenaline 154.2 G63.5 7 857 32 7 1.28 [0.08, 2.46] 2015 f
Johnson et al 2016- vasopressin 24 1.2 7 17 07 7 067[-0.42,1.75] 2015 f
Burgert et a 2017- amiocarone 25 63 7 &6 S8 7 1.99 [0.63, 3.36] 2017 i
1.2.2 Tibial 10 v IV- hypovolaemia
Hampton et al 2016- amiodarcne 120 50.3 7 g4 794 7 0.37[-0.88, 1.43] 2018 t
Adams et al 2016- vasopressin 169 79 8 g4 72 8 0.81[0.22,1.85] 2015 t
Fulkerson et al 2016- vasopressin 168 /8.8 / &6 /0 8 091[0.17,2.00] 2015 i
Burgert et a' 2019- adrenalire 223 45 / 184 471 ' 1.400.19, 2,62 2019 i
Yauger et al 2020- adrenaline 180 71 / 112 37 7 1.12-0.03, 2.28] 2020 t
1.2.3 Humeral 10 v IV- normovolaemia
Beaumon: et al 2016- adrenaline 56 21 7 g6 32 T -1.04 [-2.18,0.10] 2015 t
Burgert et a 2017- vasopressin 1114 511 7 11455 55 " -0.06 [-1.00, 0.89] 2017 —
Long at al 2018- adrenaline 56 21.2 7 g6 317 7 -1.04 [-2.18,0.10] 2018 1
1.2.4 Humeral 10 v IV- hypovolaemia
Adams el al 2016- vasopressin 77 42 7 4 72 8 -027[-1.29, 0.75] 2018 t
Holloway el al 2016- amiodarcne 115.7 873 7 943 783 7 024 [-0.81,1.29] 2018 t
Long =t al 2018- adrenaline 150 50.3 7 154 476 7 -008[-1.12,097] 2018 t
Burgert et a 2019- adrenalire 150 48.9 7 154 47.1 7 -0.08 [-1.13, 0.97] 20139 t
Neill et al 2020- adrenaline 107 23.3 7 103 344 7 0.13[-0.92, 1.18] 2020 i
Review " . . .
Drug routes in out-of-hospital cardiac arrest: A ) -4 2 ¢ K 4
cram Favours 10 Favours IV

summary of current evidence
Fig. 2 - Time to maximum concentration (TMAX)- peripheral IV v 10: animal studies Figure footer: Data presented as

Amy Hooper®, Jerry P Nolan”*, Nigel Rees®*, Alison Walker"?, Gavin D Perkins®", seconds, except®® which reports as minutes. Where needed, data were extracted from figures using computer
Keith Couper ™" software. For some studies, the standard error was converted to standard deviation to facilitate plotting of the data.



|O administration

- May also depend on types of drugs

- Certain drugs (e.g., amiodarone) may have reduced efficacy when given 10
compared to |V

Amiodarone Lidocaine Epinephrine
—ae— Py

ROSC at hospital arrival v ]- p=0.15 ]» p=0.85 _— l— p=0.90

10 b . 4 ’ < { g |

ey —l6— ——

Survival to hospital discharge IV I» 520.22 I_ £=0.48 } 5=0.18
or 30 days 10 » . ‘ _— e ' . 4
Survival with favorable v o 'I_ 52031 ' e : I. p=0.48 I. p=0.14
neurological outcome o et e —— = e— St R

0.75 1 1.5 0.75 1 T R T v
Risk ratio (C195%) Risk ratio (C1 95%) Odds ratio (C1 95%) 41



|O access in different location?

» Both tibial and sternal IO routes are an effective means of delivering drugs
» Sternal 1O 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 10 routes in dogs and cats?

o
(= ]
] =
. — W
=
2
& >
8 < 3 Resuscitation 83 (2012) 107-112
g A—— 2 ,
B > 3 ) 5 g e R Contents lists available at SciVerse ScienceDirect
g D ke SRS EY
Bl g /3 ¥ RECEF D Resuscitation
B3 ] 5 g o £ sk
‘*:::\ & FI SFVIFER journa | homepage :www.elsevier.com/locate/resuscitation
§ B, ‘\\\se- 8
\E‘ ——— Experimental paper
'a) 8 . . . . .
o - e 5 Pharmacokinetics of intraosseous and central venous drug delivery during
' ' cardiopulmonary resuscitation™**
I 100 150 201

Stephen L. Hoskins?, Paulo do Nascimento Jr.#:?, Rodrigo M. Lima?:?, Jonathan M. Espana-Tenorio?,
Seconds George C. Kramer®* )
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\ e ennary Emergency

o Critical Care

Original Study

Journal of veterinary Emergency and Uritical Care 2435) 2014, po 633704
doi: 10.11 1 1/vec 12250

Prognosis of CPR in Veterinary Medicine

Assessment of cardiopulmonary resuscitation
in 121 dogs and 30 cats at a university
teaching hospital (2009-2012)

_ _ Robin L. Mclntyre, DVM, DACVECC; Kate Hopper, BVSc, PhD, DACVECC and
Return of spontaneous circulation (ROSC) S ~

Steven E. Epstein, DVM, DACVECC

80/0 ROSC >20 min

ROSC > 24h
32‘%) Discharge

10%
9%

A P

Dog: 58% Dog: 35% Dog: 10% Dog: 6%
Cat: 57% Cat: 23% Cat: 10% Cat: 3%

63



Route for drug administration - Summary

» |V access is considered the gold standard
» |O administration is recommended alternative

» |f IV access is not successful within 2 minutes
- Endotracheal (ET) administration is an option

 Less effective compared to |V and 10 administration




High vs low dose epinephrine

) High dOse epinephrine The NEW ENGLAND JOURNAL of MEDICINE

| ORIGINAL ARTICLE

¢ POtentia”y imprOVing initial ROSC A Comparison of High-Dose

and Standard-Dose Epinephrine

* No survival benefit in Children with Cardiac Arrest
O WO rse neu rOlog ical OUtCOmeS Mar a Beatriz M. Perondi, M.D., Amelia G. Reis, M.D.. Ph.D.,

Edison F. Paiva, M.D., Ph.D., Vinay M. Nadkarni, M.D., and Rcbert A. Berg, M.D.

Irish Journal of Medical Sciance (1971 - (2024) 193:2713-2721
hupsz7doi.og/10.1007/511345-024-C3797-0

ORIGINAL ARTICLE m)

Optimal weight-based epinephrine dosing for patients with a low
likelihood of survival following out-of-hospital cardiac arrest

Michael W. Hubble' - Stephen Taylor? ™ - Melisa Martin® - Sara Houston* ™ - Ginny R. Kaplan®©



