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A Case of Survival after 
Cardiac Arrest and 3½ 
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 3½ 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 3½ 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)

In general, outcomes after cardiac arrest remain poor, especially in patients with 
risk factors such as unwitnessed arrest, unfavorable initial rhythm, older age, and 
prolonged resuscitation without return of spontaneous circulation (ROSC).1-4 

Guidelines therefore exist for terminating resuscitative efforts in cases of cardiac arrest 
that are deemed futile.5,6 Nonetheless, successful resuscitation and good recovery after 
prolonged arrest have been documented.7-10 As the field of cardiopulmonary resuscita-
tive medicine evolves, new techniques are being implemented to improve outcomes 
in patients who are in cardiac arrest. We present an example of how recent research 
findings in resuscitative medicine improved one patient’s chances of survival.

Case Report

In June 2011, a 40-year-old white man with a history of hypertension, hyperlipidemia, 
obesity (body mass index, 34.9 kg/m2), and chronic tobacco use presented with pre-
syncopal symptoms. Severe pressure-like chest pain had started 24 hours previously 
and had completely resolved spontaneously 12 hours before the current presentation. 
An electrocardiogram (ECG) showed persistent ST-segment elevation in the an-
terior leads. He was hemodynamically well compensated. Initial laboratory reports 
showed cardiac troponin I elevation to a level above 50 ng/mL.
 The patient was not a candidate for primary percutaneous coronary intervention 
(PCI) for STEMI because of his delayed presentation, the complete resolution of his 
chest pain, and the development of anterior Q waves on his ECG. He was admitted to 
the cardiovascular care unit (CCU) and was treated conservatively with antiplatelet, 
anticoagulant, and antiarrhythmic therapy.
 The next morning, a coronary angiogram revealed an occluded proximal left ante-
rior descending coronary artery, an occluded obtuse marginal branch, and a diffusely 
diseased right coronary artery. On hospital day 3, a positron emission tomographic 
viability scan showed only minimal viable myocardium and a large area of scar tissue; 
therefore, the patient was not a candidate for revascularization. He remained hemody-
namically stable in the CCU and was subsequently transferred to the medicine floor.
 At 5:37 AM on hospital day 5, the patient experienced sustained ventricular tachy-
cardia and then lost consciousness. He had no spontaneous respirations, and neither 
the carotid nor femoral pulses could be palpated. His airway was secured, and pos-
itive-pressure ventilation was initiated. Simultaneously, cardiopulmonary resuscita-
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FIELD DECISION-POINTS
Do I Initiate Resuscitation?

How long should I perform 
field efforts?

Which patients without a 
pulse should I transport?

None AllPatients not
meeting Universal 

TOR Criteria
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MAJOR METRO EMS SYSTEMS IN THE UNITED STATES

Source: Correspondence with Eagles Consortium of U.S. Medical Directors, 2017
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Source: The Knife and Gun Club by Eugene Richards







JOIN US FOR THE MOST EXCITING CONFERENCE IN 
EMS!!!!

“ems state of the science:
A BALE OF TURTLES 2000”
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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

@ S c o t t Y o u n g q u i s t
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EARLY IDENTIFICATION OF NON-SURVIVORS IN 6 MIN?

Universal Termination of 
Resuscitation Criteria

1. Not EMS Witnessed
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.



Performance 
of Universal 
TOR in British 
Columbia

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.

N=4,367

Minimum duration of 
efforts by protocol

Point at Which Survival 
Drops <1%
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SHOULD DURATION OF EFFORTS BE BASED ON 
PRESENTING RHYTHM?

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.

Vancouver, BC
N=1,617

48 min Shockable15 min Non-
shockable



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.

ROC-PRIMED
N=11,368

SHOCKABLE, WITNESSED, BYSTANDER CPR EXTEND THERAPEUTIC 
WINDOW

Reynolds et al

December 20/27, 2016 Circulation. 2016;134:2084–2094. DOI: 10.1161/CIRCULATIONAHA.116.0233092090

necessary to implement E-CPR within the therapeutic 
window. However, the challenges of providing quality 
CPR during transport may reduce survival for those 
who would have achieved ROSC with further on-scene 
resuscitation. Considering the trajectory of the curves 
in Figures 2 through 4, 50% of subjects with an even-
tual mRS score of 0 to 3 at hospital discharge had 
achieved ROSC by ≈8 minutes and 90% of subjects 
by ≈20 minutes. The likelihood of accruing additional 
cases with an eventual mRS score of 0 to 3 beyond 
20 minutes fell to ≈1% to 15%, depending on subject 
phenotype. Taken together, these data suggest that 8 
to 20 minutes of professional resuscitation is a reason-
able window to mobilize toward E-CPR. This time frame 
may shift forward or backward, depending on patient 
phenotype (ie, shockable initial cardiac rhythm, wit-
nessed cardiac arrest, bystander CPR). In those who 
achieve ROSC rapidly with traditional CPR, mobilization 
of novel therapy can be discontinued. Grunau et al34 
found similar results in a regional cohort of 1206 hypo-

thetical E-CPR–eligible subjects: 16 minutes of profes-
sional on-scene resuscitation best balanced the risks 
and benefits of early versus later transport.

Nagao et al12 calculated the minimum duration of 
prehospital resuscitation efforts among bystander-wit-
nessed OHCA to achieve ≥99% sensitivity for favorable 
30-day neurological outcome in a nationwide, population-
based Japanese registry. Depending on the phenotype 
(shockable initial cardiac rhythm and bystander resus-
citation), they concluded that prehospital resuscitation 
efforts should be continued for at least 40 to 45 min-
utes in all adults with bystander-witnessed OHCA. They 
also found a steady decline in the likelihood of favorable 
outcomes with increasing duration of resuscitation (ad-
justed OR, 0.84; 95% CI, 0.83–0.84). Our findings from 
a North American clinical trial data set are remarkably 
consistent despite important differences in study design 
and setting. Whereas Nagao et al included only subjects 
with bystander-witnessed OHCA, we included all subjects 
with attempted professional resuscitation, regardless 

Figure 3. Dynamic probability (black lines) with 95% confidence intervals (gray lines) of survival to hospital 
discharge with modified Rankin Scale (mRS) score of 0 to 3 as a function of cardiopulmonary resuscitation 
(CPR) duration stratified by initial shockable rhythm (A), witnessed cardiac arrest (B), bystander CPR (C), and 
quartile (Q) of elapsed interval from 9-1-1 dispatch to onset of professional resuscitation (D). 
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Author Outcome
Presenting 
Rhythm

Time to 99% with 
ROSC (or 
likelihood)

Drennan IR, et al.* Survival with Good Neuro All 37

Grunau B, et al.┼ Survival to Discharge All 28

Grunau B, et al. ┼
Survival with Good Neuro

All 30

Shockable 48

Non-
Shockable 15

Reynolds JC, et al.* Survival with Good Neuro All 37

Nagao K, et al. Survival with Good Neuro
All (bystander 
witnessed) 40

SUMMARY OF RECENT STUDIES: OHCA

*partially overlapping populations
┼partially overlapping populations
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WHAT IS THE BENEFIT OF EXTENDING FIELD 
EFFORTS?
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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

4 PREHOSPITAL EMERGENCY CARE 2017 EARLY ONLINE

Table 1. Patient characteristics

Full Cohort Shockable, not EMS-wit
Non-Shockable, not

EMS-wit Shockable, EMS-wit
Non-Shockable,
EMS-witnessed

N or median % or IQR N or median % or IQR N or median % or IQR N or median % or IQR N or median % or IQR

number 5674 — 1330 — 3842 — 131 — 371 —
Male 3782 67% 1040 78% 2425 63% 94 72% 223 60%
Age 68 55–80 66 56–76 66 56–76 65 53–74 71 57–82
Byst

Witnessed
2287 40% 970 73% 1317 34% — — — —

Byst CPR 2397 42% 795 60% 1602 42% — — — —
EMS

witnessed
502 8.8% — — — — 131 100% 371 100%

Shockable
Rhythm

1461 26% 1330 100% 0 0% 131 100% 0 0%

Time until
ROSC

15.1 8.4–22.4 13.63 7.6–20.8 17.62 11.6–24.6 3.40 1.8–9.0 10.47 5.7–17.6

Time until TR 27.0 19.0–35.0 36.00 30.0–45.5 25.93 17.0–33.0 42.00 30.0–50.0 33.60 25.0–40.25
Transported

to Hospital
2719 47% 997 75% 1354 35% 118 90% 250 67%

Byst: bystander; EMS: emergency medical services; CPR: cardiopulmonary resuscitation; “Shockable Rhythm” includes those with ventricular fibrillation, pulseless ven-
tricular tachycardia, and unknown rhythms shocked by an automated external defibrillator; ROSC: return of spontaneous circulation; TR: termination of resuscitation.
There were no missing variables as patients with missing data were excluded.

resuscitation group to 11.1% (627.4/5674). There were
2347 patients who achieved ROSC prior to 30 min-
utes, with 668 of these surviving to hospital discharge
(overall survival 668/5674, 11.8%). Among those who
had TR prior to 30 minutes (n = 1785), if these had
also been treated to the 30-minute juncture an esti-
mated 14.6 additional patients would have survived,
increasing the estimated survival in the 30-minute
resuscitation group to 12.0% (682.5/5674). There were
2566 patients who achieved ROSC prior to 40 min-
utes, with 688 of these surviving to hospital discharge
(overall survival 688/5674, 12.1%). Among those who
had TR prior to 40 minutes (n = 2561), if these had
also been treated to the 40 minutes juncture an esti-
mated 16.9 additional patients would have survived,
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FIGURE 3. Histogram of durations until termination of resuscita-
tion in 3041 patients who did not achieve return of spontaneous
circulation.

increasing the estimated survival in the 40-minute
resuscitation group to 12.4% (704.9/5674). There were
two survivors who achieved ROSC subsequent to 40
minutes of resuscitation (increasing to total estimated
survival to 706.9/5674, 12.5%); however, we did not
estimate the potential survivors with the continuing of
resuscitation beyond this juncture due to low numbers
of actual patients still undergoing treatment.

The additional estimated 16.9 additional survivors
were in the following categories: 13.7 (81%) non-
shockable EMS-unwitnessed, 2.6 (15%) shockable
EMS-unwitnessed, 0.6 (3.6%) non-shockable EMS-
witnessed. The proportion of estimated favorable
neurological outcomes among potential survivors in
the <20 min, 20–<30 minute, and 30–<40 categories
was 5.9/9.4 (63%), 2.9/5.2 (56%), and 1.1/2.3 (48%),
respectively.

Figure 4 illustrates the probability of survival among
patients who remained pulseless at incremental junc-
tures of resuscitation, as well as the accrual of ROSC
among survivors. After incorporating the estimated
additional yield of systematically continuing resuscita-
tion in all patients until 40 minutes, the time at which
the probability of survival with further resuscitation for
those who remained in refractory arrest declined below
1% was 28 minutes (95% CI 24–30 minutes). The dura-
tion of resuscitation at which the proportion of those
who had already achieved ROSC surpassed 99% was
36 minutes (95% CI 34–38 minutes).

DISCUSSION

We examined 5674 consecutive EMS-treated OHCA
patients in a single provincial EMS system.1 We esti-
mated the additional gains in ROSC, survival, and
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What if all these 
patients had been 
resuscitated for at 
least 40 min?
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WHAT IS THE COST OF EXTENDING FIELD 
EFFORTS?





Resuscitation Duration and Outcomes After OHCA

Circulation. 2016;134:2084–2094. DOI: 10.1161/CIRCULATIONAHA.116.023309 December 20/27, 2016

ORIGINAL RESEARCH 
ARTICLE

2089

duration of resuscitation efforts and related this tenden-
cy to survival. Subjects at hospitals with longer resusci-
tation attempts were more likely to achieve ROSC and 
to survive to hospital discharge. It is important to note 
that there was no difference in proportion of good func-
tional outcome at hospital discharge between groups. 
This was compelling evidence that prolonging resuscita-
tion efforts can increase survival without a substantial 
increase in severe neurology injury among survivors. Our 
data identify patient phenotypes in OHCA most likely to 
benefit from this approach.

Conversely, clinicians may use resuscitation dura-
tion in the absence of ROSC to justify TOR after some 
elapsed interval. At face value, the probability curves in 
Figure 3 appear to support this in subjects with unfavor-
able case features. One commonly accepted definition 
of medical futility is <1% probability of success.25,26 The 
upper bound of the 95% CI fell below 1% after 12 min-
utes of CPR in the subgroup with nonshockable initial 
cardiac rhythm and after 17 minutes of CPR in the sub-
group with unwitnessed cardiac arrest. However, hypo-
thetical termination at these points would have missed 
53 (23%) and 26 (16%) subsequent subjects with favor-
able outcome, respectively. Drennan et al27 tested the 
combination of CPR duration and absence of ROSC as a 
hypothetical TOR rule. In their cohort, hypothetical TOR 
based solely on absence of ROSC after 20 minutes of 
resuscitation would have missed 10% of all survivors 
and 10% of survivors with favorable functional outcome. 

Taken together, these data argue against using resusci-
tation duration in isolation or with ad hoc case features 
to justify TOR. Instead, we turn attention to validated 
TOR decision rules.28,29

Last, our findings support consideration of novel 
resuscitation strategies in appropriate candidates who 
do not immediately respond to conventional resusci-
tation. The current strategies have been optimized 
for 60 years, but the essence of resuscitation has 
not fundamentally changed. A new paradigm may be 
needed to achieve more than modest improvements in 
patient outcome. One such intervention is extracorpo-
real CPR (E-CPR), the incorporation of extracorporeal 
life support into cardiac arrest resuscitation.30 This 
resource-intensive therapy is associated with improved 
functionally favorable survival in selected candidates 
with favorable case features.31–33 However, the cost 
and resource intensity of E-CPR mandate that it be 
applied in a rational manner with optimal chance to 
benefit patients. Our data demonstrate declining pro-
portions of subjects who have favorable recovery with 
each minute that traditional CPR fails to achieve ROSC. 
Furthermore, traditional resuscitation usually fails, 
making it reasonable to mobilize a novel therapy such 
as E-CPR early after recognition of cardiac arrest with 
a favorable phenotype that can withstand prolonged 
efforts concurrently with traditional CPR. Consider-
ing the time demands of transporting to hospital and 
initiating E-CPR, early mobilization is also logistically 

Figure 2. Distribution of cardio-
pulmonary resuscitation (CPR) 
duration for all patients with at-
tempted resuscitation stratified 
by outcome (P<0.00001).  
Point estimates and 95% confidence 
intervals for percentiles of CPR dura-
tion are provided in the accompanying 
table. The upper bound of the 95% 
confidence interval for the 99th per-
centile of CPR duration could not be 
estimated for modified Rankin Scale 
(mRS) scores of 4 to 5 because it 
exceeded the values of this data set. 
ROSC indicates return of spontaneous 
circulation.

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.

ROC-PRIMED
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DURATION OF RESUSCITATION INVERSELY IS ASSOCIATED WITH 
NEURO OUTCOME



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.

Denmark
N=1,316

DURATION OF RESUSCITATION INVERSELY IS ASSOCIATED WITH 
NEURO OUTCOME S. Rajan et al. / Resuscitation 105 (2016) 45–51 49
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Fig. 4. Thirty-day survivors discharged to own home/without anoxic brain damage
diagnosis according to duration of CPR by EMS (n = 494). The graph shows the rate
of  patients discharged to own home and without anoxic brain damage according
to  duration of cardiopulmonary resuscitation by the emergency medical services.
The  number in parenthesis under the X-axis refers to the total number of patients
in  each interval. EMS  = emergency medical services. OHCA = out-of-hospital cardiac
arrest. ROSC = return of spontaneous circulation.

days post discharge, according to CPR duration by the emergency
medical services.

Of the 30-day survivors, the rates of patients discharged to own
home showed no clear trend according to time intervals: 97.0%
(130/134), 97.1% (166/171), 93.8% (92/98), 91.3% (42/46), 96.1%
(25/26), and 94.7% (18/19) for CPR durations by emergency medi-
cal services of ≤5 min, 6–10 min, 11–15 min, 16–20 min, 21–25 min
and >25 min, respectively (p-value for trend: 0.2). The rates of
patients discharged without any diagnosis of anoxic brain dam-
age showed a decreasing trend for the same time intervals: 96.3%
(129/134), 92.4% (158/171), 87.8% (86/98), 87.0% (40/46), 76.9%
(20/26), and 73.7% (14/19) (p-value for decreasing trend: <0.0001).

Supplemental Fig. 3 demonstrates the above-mentioned analy-
ses stratified according to whether bystanders initiated CPR. No
statistical differences between the bystander CPR groups were
found (p > 0.05).

Fig. 5 shows associations between nursing home status and CPR
duration with ≤5 min  as the reference group for 30-day survivors.
Crude and adjusted analyses showed no significant difference in
nursing home status across all time interval groups.

The bottom of Table 1 shows analyses of patients who  received
home-care in the period 2008–2011, stratified according to CPR
duration by emergency medical services. During this four-year
period, 9.1% of the 30-day survivors received home care (36/397).

Discussion

This nationwide study had two major findings: (1) even though
30-day survival decreased as duration of CPR increased, patients
who achieved ROSC after long durations of CPR by the emer-
gency medical services could still achieve 30-day survival rates
above 13%; (2) the majority of patients who achieved 30-day sur-
vival were able to return to their own homes rather than nursing
homes, did not need home care services after discharge, and did not
have a diagnosis of anoxic brain damage even when CPR duration
exceeded 25 min.

Literature on prolonged pre-hospital resuscitation attempts
in OHCA patients and the relation to survival outcome is
limited.6,8 A recent study evaluated the probability of survival and

Fig. 5. Associations between nursing home status and CPR duration time in 30-day
survivors. The graphs demonstrate associations between nursing home status post-
discharge and CPR duration time with ≤5 min  as the reference, in 30-day survivors.
The top graph shows crude results and the bottom graph shows adjusted analyses.
The bottom model was adjusted for: age, shockable heart rhythm, bystander use
of  automated external defibrillator, ambulance response times and year of arrest.
CPR = cardiopulmonary resuscitation.

functional recovery associated to duration of CPR.8 They found
that by 16.1 min, 89.7% of patients with eventual modified Rankin
Scale score of 0–3 had achieved ROSC. The data from the study
was derived from a single site, with varying sophistication of in-
hospital treatment post OHCA. The authors stated that during
the same time period, they treated patients from other emer-
gency medical service systems that displayed good functional
recovery in CPR time periods exceeding 21 min. This current
study has collected data from an emergency medical provider
that treats OHCA nationwide rather than from a single site,
thus allowing an insight into the population disparity across the
country.

Older in-hospital cardiac arrest studies have previously reported
that prolonged resuscitation is associated with poor survival and
functional outcome.16–18 Possibly due to these findings, there
seems to be a general reluctance towards prolonged resuscitation
from healthcare providers if ROSC is not achieved fairly quickly.4

However, a recent in-hospital cardiac arrest study demonstrated
that hospitals in which the median CPR time was 25 min  had higher
likelihood of patients achieving ROSC and subsequently surviving,
compared to those hospitals with shorter CPR times.4 However,
extrapolation of these in-hospital results to OHCA cases is difficult.

In Denmark, only physicians have the authority to terminate
resuscitation – the Danish Cardiac Arrest Register therefore con-
tains many cases with long resuscitation intervals as emergency
medical services are required to continue resuscitation until ROSC
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POTENTIAL 
CONS OF 
INCREASING 
DURATION OF 
FIELD EFFORTS

Increase in number of non-
neurologically intact 
survivors

Increase time out of 
service and man hours
(~96 man-hours/life saved)





Source: The Knife and Gun Club by Eugene Richards
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PROPOSED MINIMUM DURATIONS

Meet Universal TOR? Terminate Resuscitation

Non-shockable Initial Rhythm?
Terminate Resuscitation
If no positive prognostic 

factors

Meet eCLS criteria? Transport

Shockable Initial Rhythm?
Terminate Resuscitation
If no positive prognostic 

factors

Yes

No

No

Positive Factors: PEA with high ETCO2, persistent VF, arrest EMS witnessed, bystander CPR, young/healthy

15

30

45





The Role of EtCO2 in TOR

● 150 consecutive PEA arrest patients
● At 20 minutes, if EtCO2 <10 mmHg, no 

survival
○ 100% positive predictive value
○ 100% negative predictive value
○ 100% specificity
○ 100% sensitivity



Effect of Sodium Bicarbonate on EtCO2



● TOR criteria?
● Use of EtCO2 in TOR?
● Is there an EtCO2 threshold?
● Was NaHCO3 used?

Where Do We Go Next?


