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 35 year old woman

 Found unresponsive by family 

(unwitnessed)

 CPR by paramedics

 Initial rhythm PEA

 ROSC after 2 rounds CPR/epi

 Intubated

A Recent Case



 Initial ABG: pH 6.87 / pCO2 80 / pO2 152 / 

HCO3 14

 GCS 3, pupils dilated and unreactive bilaterally

 Toxicology screen: opiates

 TTM started in ER

A Recent Case



CT brain: 

 loss of grey-white 
differentiation

 “consistent with diffuse 
anoxic brain injury”

MRI brain:

Appearance consistent 
with “global ischemic 
insult”
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The Bad
• Unwitnessed

• No bystander CPR

• Non-shockable initial 

rhythm

• ? Long down-time

• Unreactive pupils, GCS 3

• Anoxic injury on 

neuroimaging

The Good
• Successful ROSC

• Young patient

• CPR by paramedics

Early Outcome Prediction
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• Successful ROSC
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• ? Confounding by opiates
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 213 out of hospital arrests / 100,000 adults

 Overall survival about 8%

Cardiac arrest can be 

a devastating event

Sayre et al. Part 5: Adult Basic Life Support. Circulation 2010;122:S298-

324.

Aufderheide T et al. NEJM 2011;365:798-806



 213 out of hospital arrests / 100,000 adults

 Overall survival about 8%

 Alive at ED: survival about 40 – 50%

 Most survivors have good neurological 

outcomes

Cardiac arrest can be 

a devastating event

Sayre et al. Part 5: Adult Basic Life Support. Circulation 2010;122:S298-

324.

Aufderheide T et al. NEJM 2011;365:798-806



Neurological Outcomes



Neurological Outcomes

“The majority (79%)… had preserved cognitive 

function and were able to return to work.”



A. a decision to withdrawal life support

B. recurrent cardiac arrest

C. brain death

D. sepsis and other ICU complications

The most common event leading to 

death after cardiac arrest:



A. a decision to withdrawal life support
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C. brain death
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The most common event leading to 

death after cardiac arrest:



Avoid 

prematurely 

terminating life 

support in 

patients who will 

survive

Avoid continuing 

life support in 

patients who will 

have poor 

neurological 

outcomes

Competing goals



 Clinicians are generally poor at predicting 

functional outcome and quality of life

 Physicians tend to over-estimate poor outcomes 

and under-estimate good outcomes

 Physicians tend to be more optimistic than 

nurses (and vice versa)

Outcome Prediction in General

Simchen et al. Crit Care Med 2004; 32:1654

Copeland-Fields et al. Am J Crit Care 2001; 10:313

Frick et al. Crit Care Med; 2003, 31:456



• Woke up Day 5

• Extubated – Discharge from ICU at day 8

• Mild memory impairment at time of 

hospital discharge

A Recent Case:

Follow-Up



• Confounding due to sedating/paralyzing 

medications used to induce and maintain 

hypothermia

• May attenuate degree of brain injury

TTM may change accuracy 

of clinical predictors



• 37 cardiac arrest patients treated with hypothermia

• No recovery

– 6/6 absent pupils day 3

– 6/6 absent corneal reflexes day 3

– 8/8 with myoclonus status epilepticus

• Recovery:

– 2/14 with motor responses no better than extension at day 3

• Conclusions: Poor motor exam on day 3 was 

unreliable



Higher false-positive rates 

after TTM

GCS ≤ 2: 24% FP rate

GCS ≤ 2: 10% FP rate



 “A 55-yr-old man presented with cardiac 

arrest… spontaneous perfusion restored, 

and therapeutic hypothermia provided”

 “Death was pronounced and the family 

consented to organ donation.”

Webb and Samuels, CCM 2011.



 “24 hrs after brain 

death, on arrival to the 

operating room for 

organ procurement, the 

patient was found to 

have regained corneal 

reflexes, cough reflex, 

and spontaneous 

respirations.”

Webb and Samuels, CCM 2011.



NDD After Cardiac Arrest



NDD After Cardiac Arrest

“Specific to cardiac arrest: 

Neurological assessments may be unreliable in the acute 

post-resuscitation phase after cardiorespiratory arrest. 

In cases of acute hypoxic–ischemic brain injury, clinical 

evaluation for NDD should be delayed for 24 h, or an 

ancillary test could be performed.”



Predicting Outcome After TTM

Crit Care Med 2014;42:1919

• 20 studies – post TTM 

neuroprognostication

• 1845 patients
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Wait 72 hours after normothermia (later if concerns 

about sedatives)

Reliable findings include:

• Bilateral absent pupillary reflexes

• Bilateral absent corneal reflexes

• Extensor posturing worse (but not as isolated finding)

• Status myoclonus (not any myoclonus)

• Bilaterally absent SSEPs
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CT scans:

• Loss of GWR in patients not receiving TTM

• Variable measurement techniques

MRI scans:

• extensive diffusion restriction at 2 to 6 days (in 

combination with clinical findings)

Serum markers: 

• not recommended



Do we stop too early?



• 2 academic hospitals (Philadelphia)

– 49 consecutive patients receiving hypothermia

– 57% documentation of “grave” prognosis during 

cooling or rewarming

• Of these, 1/4 had life support stopped < 72 hours

• 1/5 went on to have favourable neurological recovery

Do we stop too early?

Crit Care Med 2012;40:719
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Do we stop too early?

• 18 Hospitals

• 905 ICU patients after OHCA

• Exclude patients with WLST for 

non-neurological reasons



Do we stop too early?

AJRCCM 2016; 194(9) , in press

68%

74%

OR 1.79 (95%CI 1.01–3.19)



Do we stop too early?

All Deaths After WLST 

Based on Neurological 

Predictions

Intervention Control OR

(95% CI)

P value

WLST within the first 72 hours
132 (46%) 90 (52%)

0.66 

(0.34 – 1.28)
0.22

WLST between 72h and 7d 

with no poor predictors
17 (5.9%) 13 (7.5%)

0.99 

(0.23 – 4.25)
0.99

AJRCCM 2016; 194(9) , in press
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Future Directions



 No clinical signs accurately predict prognosis prior 

to 72 hours after anoxic brain injury

 Wait at least 72 hours before making neurological 

predictions, but uncertainty often persists

Lack of pupillary reflexes, corneal reflexes, 

SSEP responses, +/- poor motor exam

 Pessimism about outcomes for these patients 

may lead to premature decisions to WLST

Summary
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