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HEALTH

When Not To Quit: Man Revived After 96
Minutes

August 22, 2011 - 12:01 AM ET
Heard on Morning Edition

GRETCHEN CUDA-KROEN

Last January, a Minnesota man's heart stopped beating
for an amazing 96 minutes. Emergency room doctors
thought he was dead. But first responders who gave
CPR on the scene decided not to give up, in part because
of technology that allowed them to see their efforts were

working.

It's called capnography, and it measures how much

carbon dioxide is being expelled with each breath. This

information helps doctors and emergency medical



Case
Reports

Derek M. Nusbaum, MD
Scott T. Bassett, MD
Igor D. Gregoric, MD
Biswajit Kar, MD

A Case of Survival after
Cardiac Arrest and 32
Hours of Resuscitation

Although survival rates after cardiac arrest remain low, new techniques are improving
patients’ outcomes. We present the case of a 40-year-old man who survived a cardiac
arrest that lasted approximately 3%z hours. Resuscitation was performed with strict
adherence to American Heart Association/American College of Cardiology Advanced
Cardiac Life Support guidelines until bedside extracorporeal membrane oxygenation could
be placed. A hypothermia protocol was initiated immediately afterwards. The patient
had a full neurologic recovery and was bridged from dual ventricular assist devices to a total
artificial heart. On hospital day 160, he underwent orthotopic heart and cadaveric kidney
transplantation. On day 179, he was discharged from the hospital in ambulatory condition.

To our knowledge, this is the only reported case in which a patient survived with good
neurologic outcomes after a resuscitation that lasted as long as 3% hours. Documented
cases of resuscitation with good recovery after prolonged arrest give hope for improved
overall outcomes in the future. (Tex Heart Inst J 2014;41(2):222-6)




FIELD DECISION-POINTS

Do | Initiate Resuscitation?¢

l

How long should | perform
field efforts?

l

Which patients without @
pulse should | fransporte
|

’ ! 4
None Patients not All
meeting Universal
TOR Ciriteria
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MAJOR METRO EMS SYSTEMS IN THE UNITED STATES

Minimum Duration of Resuscitative Efforts (min)
I

PEA -
VF
Asystole
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PEA
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All
All
All
All '
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Presenting Rhythm
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Source: Correspondence with Eagles Consortium of U.S. Medical Directors, 2017
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Source: The Knife and Gun Club by Eugene Richards



Prehospital Emergency Care

e ¥ 2004 Volume 5, Issue 1, January—March 2001, Pages 79-87
ELSEVIER

Special Contributions

Resuscitation in the out-of-hospital setting: Medical
futility criteria for on-scene pronouncement of
death ¥ %

Presented at the Turtle Creek Conference |l, Dallas, Texas, March 2000.

Paul E. Pepe MD, MPH, Robert A. Swor DO, Joseph P. Ornato MD, Edward M. Racht MD, Donald
M. Blanton MD, John K. Griswell MD, Thomas Blackwell MD, James Dunford MD

Show more



ELOSEVIEK

special Contributions

Resuscitation in the out-of-hospital setting: Me
‘utility criteria for on-scene pronouncement of
Jeath % %%

’resented at the Turtle Creek Conference |l, Dallas, Texas, March 2000.

Paul E. Pepe MD, MPH, Robert A. Swor DO, Joseph P. Ornato MD, Edward M. Re
A. Blanton MD, John K. Griswell MD, Thomas Blackwell MD, James Dunford MD

] Show more
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STATE OF THE LITERATURE

1. Observational

2. Reporting of time to ROSC at which <1%
of patients survive

3. Prone to prognostication bias
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EARLY IDENTIFICATION OF NON-SURVIVORS IN 6 MIN<¢

Universal Termination of
Resuscitation Criteria

1. Not EMS Withessed

2. No Shocks Delivered

3. No ROSC

Morrison LJ, Visentin LM, Kiss A, Theriault R, et al. Validation of a Rule for Termination of
Resuscitation in Out-of-Hospital Cardiac Arrest. NEJM 2006;355:478-87.
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Minimum duration of
efforts by protocol

25 .
N=4,367
2.0 1
Performgnce - Point at Which Survival
TOR in British 2 10
Columbia /N
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o o v...,""’"'-‘.._'_ — \_; ........ Y ""'.“:n"’“‘:“.:“.v\ﬁ -
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Duration of Resuscitation (minutes)

Grunau B, Taylor J, Scheuermeyer FX, Stenstrom R, et al. External Validation of the Universal

Termination of Resuscitation Rule for Out-of-Hospital Cardiac Arrest in British Columbia. Ann Emerg
Med 2017;70:374-381.



SHOULD DURATION OF EFFORTS BE BASED ON
PRESENTING RHYTHM?

B 12 MIANONT 48 min Shockable

35% .
30% ™

25% RN

Vancouver, BC
N=1,617

20% - e\
15% - '~

10%

Proportion with CPC 1-2 (%)

5% -

0% - . . —
0 5 10 15 20 25 30 35 40 45 50 55
= - =Initial Shockable == e[nitial Non-Shockable e Full Cohort

Duration Since Commencement of Professional Resuscitation (minutes)

Grunau B, Reynolds JC, Scheurmeyer FX, Stenstrom R, et al. Comparing the progonosis of those with initial shockable and non-
shockable rhythms with increasing durations of CPR: Informing minimum durations of Resuscitation. Resuscitation 2016;101:50-56.

? HEALTH
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SHOCKABLE, WITNESSED, BYSTANDER CPR EXTEND THERAPEUTIC

WINDOW

ROC-PRIMED

A
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Probaility of mRS0-3

Shockable (n)

Non-shockable(n) 8,846
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CPR Duration (minutes)

30% -

25% -

Probaility of mRS0-3

Witnessed (n)

Unwitnessed(n) 6,051
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0 10 20 30 40 50 20 50
CPR Duration (minutes) CPR Duration (minutes)
Bystander CPR(n) 4342 3,495 2,046 719 127 Qi(n) 2,844 2,300 1,409 505 111
No bystander CPR(n) 7,026 5,700 3,665 1,355 316 Q2(n) 2,862 2,376 1,455 548 113
Q3(n) 2,820 2,311 1,378 539 117
Qa(n) 2,842 2,208 1,269 482 102

Reynolds JC, Grunau B, Rittenberger JC, Sawyer KN, et al. Association between duration of
resuscitation and favorable outcome after out-of-hospital cardiac arrest: implications for
prolonging or terminating resuscitation. Circulation 2016;134:2084-2094.



SUMMARY OF RECENT STUDIES: OHCA

ime to 99% with
Presenting ROSC (or
Author Outcome Rhythm likelihood

Drennan IR, et al.*  Survival with Good Neuro

Grunau B, et al.t Survival to Discharge All 28
All 30
Grunau B, et al. t

Survival with Good Neuro Shockable 48
Non-
Shockable 15
Reynolds JC, et al.* Survival with Good Neuro Al 37
All (bystander
Nagao K, et al. Survival with Good Neuro  withessed) 40

*partially overlapping populations
tpartially overlapping populations

UUUUUUUUUUUUUUUU ©OUNIVERSITY OF UTAH HEALTH, 2017



WHAT IS THE BENEFIT OF EXTENDING FIELD
EFFORTS®
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120 : Median = 27.0 minutes

il What if all these
British N Al patients had been
Columbia resuscitated for at
N=5 674 " o0+ . i least 40 min¢

2007-2011 ol ma

Frequenc

20

O
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

Minutes

FIGURE 3. Histogram of durations until termination of resuscita-
tion in 3041 patients who did not achieve return of spontaneous
circulation.

Grunau B, Puyat J, Wong H, Scheurmeyer FX, et al. Gains of Continuing Resuscitation in Refractory Out-of-Hospital
Cardiac Arrest: A Model-Based Analysis to Identify Deaths Due to Intra-Arrest Prognostication. Prehospital

HEALTH Emergency Care 2017;Early Online 1-10
é UNIVERSITY OF UTAH ©UNIVERSITY OF UTAH HEALTH, 2017



Estimated Gain in Survivors from Extending Resuscitation to 40 min

British

Columbia

N=5,674

20072011 NNT of 500 for

Survivors oo
one additional
survivor
0 100 200 300 400 500 600 700 800

m Actual m Additional

Grunau B, Puyat J, Wong H, Scheurmeyer FX, et al. Gains of Continuing Resuscitation in Refractory Out-of-Hospital
Cardiac Arrest: A Model-Based Analysis to Identify Deaths Due to Intra-Arrest Prognostication. Prehospital
Emergency Care 2017;Early Online 1-10
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DURATION OF RESUSCITATION INVERSELY IS ASSOCIATED WITH
NEURO OUTCOME

ROC-PRIMED
N=11,368

0.75+

0.5+

0.25

Cumulative Proportion Achieving ROSC

0 = %
T T T T
0 20 40 60
CPR Duration (minutes)
MRS0-3 ——==—=— mMRS4-5 -eerereees mRS 6 + No ROSC
Percentile CPR duration (minutes) 95% confidence interval
50% Percentile 75% Percentile 90% Percentile 99% Percentile

mRS 0-3 (n=905) 7.7 (7.0, 8.3) min 127 (11.8,140) min  19.8 (18.4,21.3) min  37.0 (34.9,40.9) min
mRBS 4-5 (n=327) 10.0 (9.2,11.0) min  15.3 (14.4,16.5) min  22.0 (20.0,25.0) min  37.5 (34.6,--) min
mRBS 6 (n=2,791) 15.7 (15.2,16.0) min  21.7 (21.1,22.0) min  28.0 (27.1,28.5) min  42.0 (40.5, 45.0) min

No ROSC (n=7,345)

Reynolds JC, Grunau B,
Rittenberger JC, Sawyer
KN, et al. Association
between duration of
resuscitation and
favorable outcome after
out-of-hospital cardiac
arrest: implications for
prolonging or terminating
resuscitation. Circulation
2016;134:2084-2094.



DURATION OF RESUSCITATION INVERSELY IS ASSOCIATED WITH
NEURO OUTCOME

Discharged to own homes_4A

Rajan S, Folke F, Kragholm K,
Malta Hansen C, et al.
Prolonged cardiopulmonary
resuscitation and outcomes
after out-of-hospital cardiac
arrest. Resuscitation
2016;105:45-51.

100 A

Denmark
N=1,316

80 1

Percentage

Discharged without diagnosis of
anoxic brain damage ¢

60 1

05 610 11-15 1620 21-25  >25
(134)  (171)  (98)  (46)  (26)  (19)

CPR duration by EMS — minutes
(N for each interval)



Increase in number of non-
neurologically intact

POTENTIAL Survivors
CONS OF

INCREASING .
DURATION OF Increase time out of

FIELD EFFORTS service and man hours

(~96 man-hours/life saved)
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Source: The Knife and Gun Club by Eugene Richards



PROPOSED MINIMUM DURATIONS

Yes
Meet Universal TOR? » Terminate Resuscitation
Meet eCLS criteria? » Transport
NoO l : T
— Terminate Resuscitation
Non-shockable Initial Rhy’rhm9 > If no posiﬂ\/e prognosﬂc
\ factors
No
— Terminate Resuscitation
Shockable Initial RhYThme > If no posiﬂ\/e prognosﬂc
factors

Positive Factors: PEA with high ETCO2, persistent VF, arrest EMS witnessed, bystander CPR, young/healthy
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The Role of EtCO2 in TOR

END-TIDAL CARBON DIOXIDE AND OUTCOME OF OUT-OF-HOSPITAL
CARDIAC ARREST

RoeerT L. Leving, M.D., Marvin A. Wayne, M.D., anD CrarLes C. MiLLEr, PH.D.

e 150 consecutive PEA arrest patients
e At 20 minutes, if EECO2 <10 mmHg, no
survival
o 100% positive predictive value
o 100% negative predictive value
o 100% specificity

Conclosiod@0%rsensitivity-arbon dioxide level of
10 mm Hg or less measured 20 minutes after the ini-
tiation of advanced cardiac life support accurately
predicts death in patients with cardiac arrest associ-
ated with electrical activity but no pulse. Cardiopul-
monary resuscitation may reasonably be terminated
in such patients. (N Engl J Med 1997;337:301-6.)
©1997, Massachusatts Medical Society.

70 - .
60 4
50 -
2
8 401
=
o
e
=3 —
s 307
=
20 4
10 4 ‘ H \
l0 5 10 'IJ? 20 25 30 35 40 45 50 55 60l
Died outside Survived to Hospital Admission
Hospital
End-Tidal Carbon Dioxide Level (mm Hg)
Levine RL, Wayne MA, Miller CC. End-tidal carbon dioxide and outcome

of out-of-hospital cardiac arrest. N Engl J Med. 1997 Jul 31.337(5):301-6



Effect of Sodium Bicarbonate on EtCO2

Figure 2. EtCO, in TOR cases with and without NaHCO; (2013-2016)
(50 highest EtCO, readings)

100 .o
* EtCO, with NaHCO;
80 Mean = 39.9 mm Hg
)
T
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£
o T - EtCO, without
L o e ;
w N«]H(():

Mean = 27.7 mm Hg

....

.....
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. p =0.0018
Patient-Cases (‘arbitréry units)
* Retrospective observational study
- - Morshedi B, Joseph A, Fowler R. Effect of Sodium Bicarbonate
* 93 received NaHCO3 (EtC02 X=26) A:iirrw‘:vz-.i l’air::n Du 'ul‘lg Out-of-Hospital Cardiac A L‘ on Eriuii—ija\ cOo2
Readings in Considering Termination of Resuscitation (abstract)

¢ 89 dld not received NaHC03 (Etcoz X_=19 Prehospital Emergency Care. 2018 Jan 2:22(1
« EtCO2 significant difference (p=0.026)






