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What Saves Lives in Resuscitation?

Therapeutic hypothermia

Transcutaneous pacing rPR

Sodium bicarbonate Rx S |
Calcium, Magnesium
Fluids and Pressors

Antiarrhythmic Rx ol IResuscivavion
Epi/Vasopressin
O,/intubation

Shock

CPR
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Stiell IG Chest Compression Depth during Resuscitation Crit Care Med 2012;40:1-7

Idris AH Chest Compression Rates and Outcomes Circulation 2012;125:3004-12




Adenosine Nucleotide Concentrations During VF

n =10 swine (~10 samples/time period)
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Neumar RW. Ann Emerg Med 1991;20:222-9 I



CPR Makes It Easier to Defibrillate Successfully

No Pre-shock CPR
n= 32 swine —01X YF >®<
x 10 3’ Pre-shock CPR

VF at 10 min
(No CPR)

Berg RA. Ann Emerg Med 2002;40:563-70 MF = VF medi
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6'2min\VF + 3'2min
Compressions




JJAM.A. July 9, 1960

CLOSED-CHEST CARDIAC MASSAGE

W. B. Kouwenhoven, Dr. Ing., James R. Jude, M.D.

and

G. Guy Knickerbocker, M.S.E., Baltimore
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Blood pressure produced in an adult by closed-
chest cardiac massage.

Cardiac resuscitation after cardiac arrest
or ventricular fibrillation has been limited by
the need for open thoracotomy and direct
cardiac massage. As a result of exhaustive
animal experimentation a method of external
transthoracic cardiac massage has been de-
veloped. Immediate resuscitative measures
can now be initiated to give not only mouth-
to-nose artificial respiration but also ade-
quate cardiac massage without thoracotomy.
The use of this technique on 20 patients has
given an over-all permanent survival rate of
70%. Anyone, anywhere, can now initiate

cardiac resuscitative Erocedures. All that is

needed are two hands.

Kouwenhoven WB. JAMA 1960;173:1064-7




Thoracic Pump Mechanism of CPR

Pressure-synchronized Cineangiography During

During External Chest Compression Using
James T. Niemann, M.D., JouN P. RossorouGH, Pu.D., Mark HauskNecuT, M.D. . . o
Danier GArNER, M.S., axD J. Micsaer CriLey, M.D. Two-dnmensnonal EChocardlography

Implications Regarding the Mechanism of Blood Flow
Two-dimensional echocardiography during CPR in

. . . . : JerFREY A, WERNER, M.D., H, LeoN Greene, M.D., CaroLYN L. JANKO
man: implications regarding the mechanism of blood 6 Laosikin A Cose, MED.
flow

Mechanisms of Blood Flow
JEFFREY A. WERNER, MD, FACC; H. LEON GREENE, MD, FACC; C L JANKO: . . . .
LEONARD A. COBB, MD, FACC During Cardiopulmonary Resuscitation

MicHael T. Rupikorr, M.D., W. LowerLL MAUGHAN, M.D., Marx ErrroN, M.D |
PauL FrReuND, AND MYrON L. WEISFELDT, M.D,

Compression Relaxation

Niemann JT Circulation 1981;64:985-91 Werner JA. Circulation 1981;64:1417-21; Crit Care Med 1981;9:375-6 Rudikoff MT, Circulation 1980;61:34¢



Compression

Increased intrathoracic pressure
Ejects blood from heart and lungs

“Good” compression Increases
forward output and BP

Decompression (recoil)

Decreased intrathoracic pressure

Refilling of heart and lungs
“Good” recoil — Tvacuum —
Trefilling > Tforward




Why recoil is Important

Compression
(“systole”) Decompression

’\ (“diastole”)
Aorta|

Organ perfusion }
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Heart + organ perfusion
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Criley JM et al. Circulation 1986;74(IV):42-50 (modified).



4 Metrics of High Performance CPR

Meaney PA. Circulation 2013;128:417-35



3098 adults out-of-hospital
cardiac arrest

>5 min electronic chest
compression rate recordings

1029 adults out-of-hospital
cardiac arrest

>5 min electronic chest
compression depth recordings

\Survival to Hospital Discharge
\

.08

.06

Probability of Survival to Discharge
.04

.02

75 100 125 150 175
Average Chest Compression Rate

Idris AH. Circulation 2012;125:3004-12
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Survival to Hospital Discharge

Probability of Survival

Stiell 1G. Crit Care Med 2012;D01:10.1097/C !



Pauses are BAD!
Effect of CPR Fraction on Survival in VF Arrest

ients

Iseless patient

soal >80%) “

10% ACPR fraction -
,]\ORadj survival 1.11
(1.01,1.21)

®@ © 9 &

n of time with| 5 before 1st shock (CPR fraction)*
(ORadj: age, sex, arrest location, bystander witnessed, bystander CPR, EMS response time, EMS site, chest compression rate, chest compression frac
Christenson J. Circulation 2009;120:1241-7 *Interruption=




Actual Quality of CPR During Out-of-
Hospital Cardiac Arrest

“ 1st 5 minutes of CPR  Entire Episode of CPR n=176
120 Vs AHA Guidelines
chest compression
100 100 £ 10/min
~80-90%
80 @ 30:2
60
64
40 i
23
20
0

Chest compressions/min™ CCD

*Average # compressions given per minute vs instantaneous rate at which
compressions, when given, were administered (120 + 20)
Wik L et al JAMA 2005;293:299-304



The Price of CPR Pauses

I—l

Aorta




Pre-Shock Pauses and Cardiac Arrest Survival

118% survival per

15 sec preshock pause”®

OR 0.82 (0.73, 0.93)/15 sec *n =815 VF arrests

40 - 359, * n = 3756 shocks
35 -

30 - 25%
25 - p=0.02

20 129%

15 -

10 -

Survival to hospital discharge (%)

<10 >20
Maximum Pre-Shock Pause in Chest Compressions (secs)

*Adjusted multivariable logistic regression model for age, sex, public location,

Cheskes S etal. Circulation 2011;124:58-66 witness status. bvstander CPR. and time from 9—1-1 dispatch to first vehicle arrival



Compression
Increased intrathoracic pressure
Ejects blood from heart and lungs

“Good” compression Increases
forward output and BP

Organ perfusion

Decompression (recoil)
Decreased intrathoracic pressure

Refilling of heart and lungs
“Good” recoil — Tvacuum —
Trefilling —> Tforward
Coronary perfusion
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Intrathoracic pressure

mmHg
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Recoil (neg. intrathoracic pressure)

() Ventilation | | Compression/Decompression

7

n="108 cardiac arrests
112,569 chest compressions (CC)
CPR-sensing defibrillator

“Leaning” =~ 5 Ibs residual force
Seen In 91% resuscitations
Affected >20% of CC in ~20% pts
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Aufderheide TP. Resuscitation 2005;64:353-62 J E fed DA.-@sc&ation 2011;82:1019-24



Effect of Incomplete Chest Decompression
On Coronary and Cerebral Perfusion Pressures

n=9 instrumented swine — std CPR (100% recoil) x 3’ — CPR (75% recoil) x 1’ — std CPR (100% recoil)

*t

% Chest recoil

1 %

*p<0.05

f .
* t

*(Ao Diastolic-RAP) t(MAP — mean ICP pressure)

Yannopoulos D et al. Resuscitation 2005;64:363-72; Paradis et al JAMA 1990;263:3257-8



CPR Quality starts to decline within 2 mins

Comparison of CPR quality and resc




Is this Overkill?




Quality CPR?




What about Mechanical CPR?




Interruptions

to CPR durin
device

deployment

CPR Ratio Compressions Ratio Compression Rate Compressions/minute
(ftotal time) (ftotal time)
40 60 40 B0 go 100 43p go 190 45g
G0 140 G0 140
20 20 20 20 40 160 40 160
20 180 20 180
a 100 a 100 a 200 0 200
744 7 16:44 = 46 % AT 71644 = 44 % 80/minute 35/minute

Wentilation Rate

20

Ventilations/minute

20



No Flow Time for 1st 5 mins of
resuscitation (Mechanical CPR)
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No Flow Time for 1st 5 mins
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4 Metrics of High Performance CPR

Meaney PA. Circulation 2013;128:417-35
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