Controversies in Chest Compressions
& Airway Management During CPR

Bob Berg
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Presentation Notes
If you have seen the Olympic Skiers, Olympic ice skaters, or gymnasts...moments before they “perform” they briefly rehearse,…simulate, if you will…..the entire routine in their minds right before they take the ice.
Basketball players go through their motions, American football kickers practice kicking field goals on the sidelines right before they are put in……..JUST IN TIME simulation to prepare for the fray. In American Football, the players “huddle” before each play….to reinforce the team is on the same page, and that everyone knows the plan….and can execute it.

On London’s West End…..actors and actresses perform 3 hour plays…..but they meet to rehearse the key toughest spots, or the substituted actors minutes before curtain time…….the orchestra below “warms up” by playing the first few notes of  each performance piece, and briefly individually nervously rehearses their own “toughest passage” before the opening piece.
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Introduction

Chest compressions

— Hands-only CPR
— “Physiologic-directed/patient-centered CPR”

Tracheal Intubation during in-hospital CPR



“Closed-chest massage”
Kouwenhoven, Jude, Knickerbocker, JAMA 1960

 While studying defibrillation in small dogs
— Ao pressure increased with paddles
— Adequate circulation for 20 min of CC-only CPR

e 20 patients: asphyxia in peri-op setting
— 20/20 survived the cardiac arrest
— 14/20 long-term survivors



Arterial Blood Pressure during CPR
Jude, JAMA 1961
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CCC-CP
24-48 Hr
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Why Isn’t Rescue Breathing
necessary initially for VF?

Excellent SaO2 at time of VF

Rescue breathlng IS life-saving for
asphyxia cardiac arrests

Clark AEM 1992 Bang Resus 2003 Bobrow Circ 2008
o Compression-induced ventilation
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Bobrow, Spaite, Berg et al. JAMA 2010



Dissemination of CC-only CPR and
Survival after adult OHCA

I Conventional CPR
[ ] Chest compression-only CPR

816,835 OHCAs
No CPR 57.1%
CC-only CPR 30.6%

Conventional CPR 12.3%

Iwami, Circulation 2015
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Dissemination of CC-only CPR and
Survival after adult OHCA

Prehospital ROSC 15818 (6.3) 7982 (7.9) 24163 (5.2)  <0.001
1-month survival 10685 (4.3) 5717 (5.7) 16636 (3.6) <0.001
CPC1or2 4846 (1.9) 2690 (2.7) 5762 (1.2)  <0.001

Iwami, Circulation 2015
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Presentation Notes
Other studies have focused on survival of conventional versus CC-CPR but this study shows overall increase in survival at a population level
Among 816 385 people experiencing OHCAs before emergency medical services arrival, 249 970 (30.6%) received CCCPR, 100 469 (12.3%) received conventional CPR, and 465 946 (57.1%) received no CPR. The proportion of OHCA patients receiving CCCPR or any CPR (either CCCPR or conventional CPR) by bystanders increased from 17.4% to 39.3% (P for trend <0.001) and from 34.6% to 47.3% (P for trend <0.001), respectively. The incidence of survival with favorable neurological outcome attributed to CCCPR per 10 million population significantly increased from 0.6 to 28.3 (P for trend=0.010), and that by any bystander-initiated CPR significantly increased from 9.0 to 43.6 (P for trend=0.003).
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Dissemination of CC-only CPR and
Survival after adult OHCA
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Figure 3. Trends in the incidence of survival with favorable
neurological outcome per 10 million population, attributed to the
type of bystander-initiated cardiopulmonary resuscitation (CPR).

The trends were tested with Poisson regression models.

Iwami, Circulation 2015
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Dispatcher-assisted CPR RCTs

Meta Analysis

Study name Statistics for each study Risk ratio and 95% CI

Risk Lower Upper
ratio  limit limit Z-Value p-Value

Svensson et al., NEJM 2010 1.293 0.899 1.859 1.385 0.166
Hallstrom et al., NEJM 2000 1.398 0.882___ 2218 1,425 0154

< 1215 1009 1464 2056 0.040

Rea et al. NEJM 2010 1.136 0.889 1.451 1.018  0.309 i

_Pb
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Favours chest

Favours standard BLS compression-only

Hupfl, Lancet 2010
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Cardiopulmonary Resuscitation Quality: Improving Cardiac Resuscitation Outcomes
Both Inside and Outside the Hospital: A Consensus Statement From the American Heart
Association
Peter A. Meaney, Bentley J. Bobrow, Mary E. Mancini, Jim Christenson, Allan R. de Caen,
Farhan Bhanji, Benjamin S. Abella, Monica E. Kleinman, Dana P. Edelson, Robert A. Berg,

Tom P. Aufderheide, Venu Menon and Marion Leary November 2013

“High quality CPR is the primary component
influencing survival”

“Monitor CPR,” but what targets?



Measure CC Rate, Depth, and Leaning

Chest Compression Sensor




CPR QUALITY MAKES A DIFFERENCE
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Do we have the right CPR
targets to monitor?

Rescuer-centric goals (2 inches/5 cm)
Versus

Patient-centric hemodynamic goals
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Presentation Notes
Why: 
Blood flow is critical to keeping vital organs alive.
Better chest compressions produce more blood flow.  
During chest recoil blood refills the heart. If the heart is not filled adequately before each compression blood flow is reduce.    
Half of chest compressions performed by professional rescuers are too shallow and frequently interrupted. 




Coronary Perfusion Pressure

Sanders, CCM 1984
Michael, Circ 1984
Kern, Resus 1988

“Coror!ary Crile, Expt Med 1906
Perfusion

A (4

During
CPR

CoPP >20 mmHg; AoD >30 mmHg



Coronary Perfusion Pressure during CPR

Adult OHCA
100°
3 79%,
S B0%
E B0° 46,
-E 20%
*'? 20%
- 0% i . .
<15 15-25 ~25
CPP {mim Hyg)

Paradis, JAMA 1990




Blood Pressure Guided CPR Improve Outcomes
In Swine Cardiac Arrest Model

BP-Guided Care

a0 CC depth titrated to SBP > 100 mmHg
If CPP < 20 mmHg, Epi 0.02 mg/kg gmin prn x 2, then
vasopressin 0.4 U/kg. Repeat sequence after 2 min prn

5/8 (63%) favorable neurologic outcome

35

\" | |
U
‘l'i Standard Guideline Care (provider-centric)
¢ Standard CC depth

Mean Coronary Perfusion Pressure (mmHg)

Epi 0.02 mg/kg every 4 minute

: 1 2 3 4 5 6 7 8 9 .
7 min 0/8 (0%) favorable neurologic outcome
untreated VF Protocol Resuscitation Period (minutes)

Defibrillation Attempt

Sutton AJRCCM 2014, Sutton Resus 2013; Friess CCM 2013; Naim CCM 2016; Morgan Resus 2017




PICQCPR

NICHD

Collaborative Pediatric Critical
Care Research Network

(PCC RN

Relationship of Arterial DBP (from start of CPR
until up to 10 minutes) with Survival Outcomes

Berg, Sutton, Nadkarni & CPCCRN investigators
PAS Abstract 2017



http://www.cpccrn.org/index.html

Index CPR Events 2 1 min
N =164

ROSC > 20 min 112 (68%)

Survival to discharge 77 (47%)

Favorable neuro outcome 70 (43%)

Mean DBP 2= 25 mmHg (infants) Mean DBP < 25mmHg (infants)
or 2 30 mmHg Children <30 mmHg (children)
N = 101 (62%) N = 63 (39%)

ROSC > 20 min 75 (74%) ROSC > 20 min 37 (59%)
Survival to discharge 55 (54%) Survival to discharge 22 (35%)
Favorable neuro outcome 49 (49%) Favorable neuro outcome 21 (33%)




Association of mean DBP 225/30mmHg
with Outcomes (N=163)

ROSC 1.2 (1.0, 1.6) 0.07

Survtod/c  1.7(1.2,2.6) 0.003

Survive with 1.6 (1.1, 2.5) 0.01
Favorable Neuro



Waveform Capnography During CPR
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Capnography to monitor effectiveness of resuscitation efforts. This second capnography tracing displays the Perco, in mm Hg on the
vertical axis over time. This patient is intubated and receiving CPR. Note that the ventilation rate is approximately 8 to 10 breaths per minute.
Chest compressions are given continuously at a rate of slightly faster than 100/min but are not visible with this tracing. The initial Perco,

is less than 12.5 mm Hg during the first minute, indicating very low blood flow. The Perco, increases to between 12.5 and 25 mm Hg during
the second and third minutes, consistent with the increase in blood flow with ongoing resuscitation. Return of spontaneocus circulation (ROSC)
occurs during the fourth minute. ROSC is recognized by the abrupt increase in the Petco, (visible just after the fourth vertical line) to over

40 mm Hg, which is consistent with a substantial improvement in blood flow.

© 2010 American Heart Association. All
Neumar 1/21/17 rights reserved.



End-Tidal CO, is Proportional to
Cardiac Output During Swine CPR

w s zm 2w ldris, Ann Emerg Med 1994

Cl {mL/min/m2)

. ) o
Neumar 1/21/17 Normal Cardiac Index 2.6-4.2 ml/min/m



ETCO2 in adult OHCA

Sanders, JAMA 1989
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End-Tidal CO, Prognostication during CPR
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Goal-Directed CPR?

Adult Cardiac Arrest

ACLS 2015 Focused Update
Although no clinical study has examined whether

Shout for Help/Activate Emergency Response

* Attach monitor/defibrillatol

[.Gim?y?e?""“ ] titrating resuscitative efforts to physiologic

Return of Spontaneous
Circulation (ROSC)

parameters during CPR improves outcome,

2 minutes

Post-Cardiac

it may be reasonable to use physiologic parameters
(quantitative waveform capnography, arterial

Drug Therapy
IV/I0 access

Epinephrine every 3-5 minutes
Amicdarone for refractory VF/VT

diastolic pressure) when feasible to monitor and

optimize CPR quality, guide vasopressor therapy, and
detect ROSC. (Class llb, LOE C-EQ)

Consider Advanced Airway
Quantitative waveform capnography

Neumar 1/2 1/17 & 2010 American Heart Association


https://eccguidelines.heart.org/index.php/evidence_table/aha-levels-of-evidence-tables-2015/

Potential CPR Physiologic Goals

Coronary Perfusion Pressure <15 mmHg >25 mmHg Paradis 1990
Kern 1988

Arterial Relaxation Pressure <20 mmHg >30 mmHg Paradis 1990
Berg abstr 2017

End-Tidal CO, (PetCO,) <10 mmHg >20 mmHg Levine 1998

Modified from Neumar 1/21/17



Tracheal Intubation during Pediatric CPR

Hypothesis: “Tracheal intubation during cardiac arrest would
be associated with improved outcome”
2294 time-dependent propensity matched IHCAs

Survival to Hospital Discharge

36% Tl vs 41% not Tl during CPR
aRR 0.89 (95%Cl 0.81-0.99), P=0.03

Mechanism: ?interruptions, CPR quality, bag-mask often adequate?

Message: Tl during CPR is high risk
Andersen, JAMA 2016



Tracheal Intubation during Adult CPR
86,628 time-dependent propensity matched IHCAs

Survival to Hospital Discharge

16.3% Tlvs 19.4% not Tl
aRR 0.84 (95%Cl 0.81-0.87), P<0.001

Favorable Neuro (CPC 1 or 2): aRR 0.97 (95%Cl 0.75'0;81)

Although the study design does not eliminate potential for confounding, these
findings do not support early tracheal intubation for in-hospital cardiac arrest

Andersen, JAMA 2016



Conclusion

Chest compressions

— Hands-only CPR can be life-saving
— “Physiologic-directed/patient-centered CPR”
is the way of the future

Tracheal Intubation during CPR is
a high risk intervention
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