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OverviewOverview 

• The hypoxemia, ischemia, and reperfusion 
damage to multiple organ systemsg p g y

(Circulation. 2008;118:2452–2483.)

• Effective care consists of identification and 
treatment of the precipitating causetreatment of the precipitating cause 
combined with organ supportive treatment.



The initial objectivesThe initial objectives

• Optimize cardiopulmonary function and vital 
organ perfusion.g p

• Perform a comprehensive system of care
for both IHCA and OHCAfor both IHCA and OHCA

• Try to identify and treat the precipitating 
causes of the arrest and prevent recurrent 
arrest.arrest.



Subsequent objectives of 
post– cardiac arrest care

C t l b d t t t ti i i l• Control body temperature to optimize survival 
and  neurological recovery
Id tif d t t t d• Identify and treat acute coronary syndrome

• Optimize mechanical ventilation to minimize lung 
i jinjury

• Reduce the risk of multiorgan injury and support 
f tiorgan function

• Objectively assess prognosis for recovery
• Assist survivors with rehabilitation services when 

required



Systems of care for improving 
post–cardiac arrest outcomes

• A comprehensive, structured, 
multidisciplinary system of care should 
be implemented in a consistent manner p
for the treatment of post-cardiac arrest 
patients (Class I LOE B 2010)patients. (Class I, LOE B 2010)



2015 guideline systems of careg y



Programs should include:Programs should include:

( )• Targeted temperature management (TTM)
• Optimization of hemodynamics and gas exchange
• Immediate coronary reperfusion when indicate for 

restoration of coronary blood flowy
• Modifying outcomes glycemic control, steroid, 

hemofiltrationhemofiltration 
• Neurological diagnosis, management, and 

prognosticationprognostication



Overview of post–cardiac arrest care

• Post-cardiac arrest care is a critical 
component of advanced life support.

• Identifying and optimizing practices thatIdentifying and optimizing practices that 
are likely to improve outcomes.

• System-wide plans for proactive treatment 
will benefit because multiple organ p g
systems are affected.





COR



LOELOE



Targeted temperature management (TTM):
Induced hypothermia

• For protection of the brain and other 
organs who remain comatoseorgans who remain comatose

Q ti• Questions :
specific indications and populations
timing and duration of therapy
methods for induction, maintenance, and , ,
subsequent reversal of hypothermia



Targeted temperature managementg p g
Benefit (ERC 2015 guideline)

• Animal and human data neuroprotective and improves 
outcome after a period of global cerebral hypoxia-
ischaemiaischaemia

• Cooling suppresses many of the pathways leading to 
apoptosisapoptosis. 

• ↓ the cerebral metabolic rate for oxygen by about 6% for 
each 1◦C reduction in core temperature ↓ excitatory eac C educt o co e te pe atu e ↓ e c tato y
amino acids and free radicals

• Blocks the intracellular consequences of excitotoxin q
exposure (high calcium and glutamate concentrations) 
and reduces the inflammatory response.



Timing of initiating hypothermiaTiming of initiating hypothermia

• not completely understood
• Animal models: short-duration 

hypothermia (<1 hour) achieved <10 to 20 
minutes after ROSCminutes after ROSC.

• Within 2 hours or at a median of 8 hoursWithin 2 hours or at a median of 8 hours 
after ROSC both demonstrated better 
outcome (prospective clinical trials)outcome. (prospective clinical trials)



Optimal durationOptimal duration

• 2015 updated: 
• It is reasonable that TTM be maintained 

for at least 24 hours after achieving target 
temperature (Class IIa LOE C-EO)temperature (Class IIa, LOE C EO).
• The largest trials and studies of TTM maintained temperatures 

for 24 hours (N Engl J Med. 2002;346:549–556.) or 28 hours (N Engl J Med. 

2013;369:2197–2206.) followed by a gradual (approximately 
0.250C/hour) return to normothermia.



Methods for inducing hypothermiaMethods for inducing hypothermia

F db k t ll d d l th t• Feedback-controlled endovascular catheters 
and surface cooling devices are available. 

If t t t t f 36 C i h f th• If a target temperature of 36◦C is chosen, for the 
many patients who arrive in hospital with a 
temperature less than 36◦C, a practical approach istemperature less than 36 C, a practical approach is 
to let them rewarm spontaneously and to activate a 
TTM-device when they have reached 36◦C.

ERC
guideline

• If a lower target temperature, e.g., 33◦C is chosen, an 
infusion of 30 ml/kg of 4◦C saline or Hartmann’s g
solution will decrease core temperature by 
approximately 1.0–1.5◦C. in one prehospital RCT :                  
↑ pulmonary edema and ↑ rate of re arrest↑ pulmonary edema and ↑ rate of re-arrest







Methods for inducing hypothermia
ERC 2015 id liERC 2015 guideline

As yet there are no data indicating that any specificAs yet, there are no data indicating that any specific 
cooling technique increases survival when com-

pared with any other cooling technique; however, internalpared with any other cooling technique; however, internal 
devices enable more precise temperature 
control compared with external techniques.control compared with external techniques.



Monitor of temperatureMonitor of temperature
• continuously monitor the core temperature using 

an esophageal hermometer, bladder catheter, or 
pulmonary artery catheter

• axillary and oral temperatures are inadequatey
• true tympanic temperature probes are rarely 

availableavailable
• rectal temperatures may differ from brain or core 

temperaturetemperature



Potential complicationsPotential complications

• Coagulopathy
• ArrhythmiasArrhythmias
• Hyperglycemia
• Pneumonia and sepsis may increase
• Decrease immune function• Decrease immune function
• Ongoing bleeding should be controlled 

before decreasing temperature



Physiological effects and side effects of 
hypothermia (ERC 2015 guideline)

• Shivering ↑ metabolic and heat production, ↓ cooling 
rates,  associated with a good neurological outcome 
MgSO4 a NMDA receptor antagonist ↓ shiveringMgSO4, a  NMDA receptor antagonist, ↓ shivering 
threshold slightly 

• ↑ SVR and causes arrhythmias (usually bradycardia)↑ SVR and causes arrhythmias (usually bradycardia) 
may be beneficial, ↓ diastolic dysfunction, associated 
with good neurological outcome

• Diuresis and electrolyte abnormalities such as hypo-P、
K、Mg、Ca

• ↓ insulin sensitivity and insulin secretion, and causes 
hyperglycaemia



Physiological effects and side effects of 
hypothermia (ERC 2015 guideline)

• Impairs coagulation and may increase bleeding effect 
seems to be negligible and not confirmed in clinical 
studiesstudies

• Impair the immune system and increase infection rates 
increased incidence of pneumoniaincreased incidence of pneumonia

• ↑ serum amylase the significance of this unclear
• The clearance of sedative drugs and neuromuscular• The clearance of sedative drugs and neuromuscular 

blockers is reduced by up to 30% at a core temperature 
of 34◦C.



Contraindications to TTMContraindications to TTM

• ERC 2015 guideline
• Contraindications to TTM at 33◦C butContraindications to TTM at 33 C, but 

which are not applied universally, include: 
severe systemic infection and pre existingsevere systemic infection and pre-existing 
medical coagulopathy (fibrinolytic therapy 
is not a contraindication to mild induced 
hypothermia)yp )



TTM: optimal temperature how deepTTM: optimal temperature, how deep

F ti t ith VF/ VT OHCA RCT t d• For patients with VF/pVT OHCA, RCT reported 
increased survival and increased functional 
recovery with 320C to 340C. (N Engl J Med. 2002;346:549–556.,recovery with 32 C to 34 C. (N Engl J Med. 2002;346:549 556., 

N Engl J Med. 2002;346:557–563.)

• One well-controlled RCT found that neurologic 
outcomes and survival at 6 months after OHCA
were not superior when temperature waswere not superior when temperature was 
controlled at 360C versus 330C. (N Engl J Med. 

2013;369:2197–2206.); )



N Engl J Med 2013;369:2197 2206N Engl J Med. 2013;369:2197–2206.



TTM: optimal temperature how deepTTM: optimal temperature, how deep

Hi h t t i ht b f d f• Higher temperatures might be preferred for
patients with some risk (eg, bleeding) 

• Lower temperatures might be preferred forLower temperatures might be preferred for
patients with worsened clinical features (eg, 
seizures, cerebral edema)

• While it is stated that choosing a temperature 
within the 320C to 360C range is acceptablewithin the 320C to 360C range is acceptable, 
actively or rapidly warming patients is not 
suggested.suggested.



TTM: optimal temperature how deepTTM: optimal temperature, how deep

2015 U d t d• 2015 Updated
• Comatose (ie, lack of meaningful response to 

verbal commands) adult patients with ROSC 
after cardiac arrest have TTM (Class I, LOE B-R 
for VF/pVT OHCA Class I LOE C EO for nonfor VF/pVT OHCA; Class I, LOE C-EO for non-
VF/pVT (ie, “nonshockable”) and IHCA).

• Selecting and maintaining a constant 
temperature between 320C and 360C duringtemperature between 32 C and 36 C during 
TTM (Class I, LOE B-R).





Relative or absolute 
Contra-indication

Benjamin M Scirica Circulation 2013;127:244-250Benjamin M. Scirica, Circulation. 2013;127:244-250.



B j i M S i i Ci l ti 2013 127 244 250Benjamin M. Scirica, Circulation. 2013;127:244-250.



Benjamin M Scirica Circulation 2013;127:244-250Benjamin M. Scirica, Circulation. 2013;127:244-250.









Hypothermia in the prehospital settingHypothermia in the prehospital setting

N i h i l l i• Neither survival nor neurologic recovery 
differed for any of 5 RCTs alone or when 
combined in a meta-analysis. 

O t i l f d i i l• One trial found an increase in pulmonary 
edema and rearrest among patients 
t t d ith l f h it l i f itreated with a goal of prehospital infusion 
of 2 L of cold fluids. (JAMA.2014;311:45–52)



Hypothermia in the prehospital settingHypothermia in the prehospital setting

• 2015—New
• We recommend against the routineWe recommend against the routine 

prehospital cooling of patients after ROSC 
with rapid infusion of cold intravenouswith rapid infusion of cold intravenous 
fluids (Class III: No Benefit, LOE A).



Hyperthermiayp
• One of the etiology of fever after cardiac arrest 

b l t d t i fl t t kimay be related to inflammatory cytokines
• After resuscitation, temperature elevation above 

l i i b i d i tnormal may impair brain recovery and associate 
with poor outcome Pyrexia > 37.6°C

• Late hyperthermia (rewarming posthypothermia) 
occur frequently should also be identified andoccur frequently should also be identified and 
treated

• Closely monitor core temperature after ROSCClosely monitor core temperature after ROSC 
and actively intervene to avoid hyperthermia 
(Class I, LOE C 2010).( , )



Avoidance of hyperthermiaAvoidance of hyperthermia

• 2015 —New
• It may be reasonable to actively preventIt may be reasonable to actively prevent 

fever in comatose patients after TTM 
(Class IIb LOE C LD)(Class IIb, LOE C-LD).



Organ-specific evaluation and supportOrgan-specific evaluation and support

• Cardiovascular system
• Pulmonary system 心、肺、腦Pulmonary system
• Central nervous system
• Modifying outcomes: glucose control, 

steroid, hemofiltration, sedation, ,
• Prognostication of neurological outcome
• Organ donation after cardiac arrest



Cardiovascular care
Acute cardiovascular interventions

• Post–cardiac arrest patients with suspected 
cardiovascular cause were taken to coronarycardiovascular cause were taken to coronary 
angiography, a coronary artery lesion amenable to 
emergency treatment was found in 96% ofemergency treatment was found in 96% of 
patients with ST elevation and in 58% of 
patients without ST elevation. (Circ Cardiovasc Interv. 
2010;3:200–207.)



Cardiovascular care
Acute cardiovascular interventions

• A 12-lead ECG should be obtained as soon as 
possible after ROSC to determine whether acute 
ST l ti i t (Cl I LOE B 2010)ST elevation is present. (Class I, LOE B 2010)

• 2015 Updated• 2015– Updated
• Coronary angiography should be performed 

emergently (rather than later in the hospital stayemergently (rather than later in the hospital stay 
or not at all) for OHCA patients with suspected 
cardiac etiology of arrest and ST elevation on 
ECG (Cl I LOE B NR)ECG. (Class I, LOE B-NR)



Cardiovascular care
Acute cardiovascular interventions

• 2015 – Updated
• Emergency coronary angiography is reasonable 

f l t ( l t i ll h d i llfor select (eg, electrically or hemodynamically 
unstable) adult patients who are comatose after 
OHCA of suspected cardiac origin but withoutOHCA of suspected cardiac origin but without 
ST elevation on ECG. (Class IIa, LOE B-NR)

• Coronary angiography is reasonable in post-
cardiac arrest patients for whom coronary 

i h i i di t d dl f h thangiography is indicated regardless of whether 
the patient is comatose or awake. (Class IIa, 
LOE C-LD)LOE C LD)



Vasoactive drugsVasoactive drugs
• improve heart rate (chronotropic effects)improve heart rate (chronotropic effects)
• myocardial contractility (inotropic effects)
• arterial pressure (vasoconstrictive effects)• arterial pressure (vasoconstrictive effects)
• reduce afterload (vasodilator effects)

Adverse effects:
• many adrenergic drugs are not selective
• create a mismatch between myocardial oxygen y yg

demand and delivery
• may also have metabolic effectsy



Vasoactive drugsasoact e d ugs
• Vasoactive drugs must be titrated

A f th t ti d li d d• Aware of the concentrations delivered and 
concurrently administered drugs

• Adrenergic drugs should not be mixed with• Adrenergic drugs should not be mixed with 
sodium bicarbonate or other alkaline solutions in 
the IV line (Crit Care Med. 1995;23:1061–1066. ；Ann Emerg Med. ( ; g
1990;19:1242–1244.)
– adrenergic agents are inactivated in alkaline 

solutionssolutions
• Norepinephrine and other catecholamines may 

produce tissue necrosis if extravasationp
• Infiltrate 5 to 10 mg of phentolamine diluted in 10 

to 15 mL of saline into the site of extravasation as 
iblsoon as possible







Use of vasoactive drugs after cardiac arrestUse of vasoactive drugs after cardiac arrest

Hemodynamic instability is common after 
cardiac arrest:

• Persistently low cardiac index during the first 24 
hourshours

• Vasodilation may occur from loss of sympathetic 
tone and from metabolic acidosistone and from metabolic acidosis

• Ischemia/reperfusion of cardiac arrest and 
l t i d fib ill ti b th t i telectric defibrillation both can cause transient 

myocardial stunning and dysfunction



• Echocardiographic evaluation within the first 24 
hours

• Invasive monitoring may be necessary
• Mechanical circulatory support after cardiac• Mechanical circulatory support after cardiac 

arrest is not recommended

• Fluid administration as well as vasoactive, 
inotropic, and inodilator agents should be titratedinotropic, and inodilator agents should be titrated 
as needed to optimize blood pressure, cardiac 
output, and systemic perfusion (Class I ,LOE Boutput, and systemic perfusion (Class I ,LOE B 
2010)



Hemodynamic goalsHemodynamic goals

• 2015 —New
• Avoiding and immediately correctingAvoiding and immediately correcting 

hypotension (SBP less than 90 mm Hg, 
MAP less than 65 mm Hg) during postMAP less than 65 mm Hg) during post-
resuscitation care may be reasonable 
(C O C )(Class IIb, LOE C-LD).



Other neurologic careg
Brain injury

• A common cause of morbidity and mortality after• A common cause of morbidity and mortality after 
cardiac arrest
The cause of death in 68% of OHCA and in 23%• The cause of death in 68% of OHCA and in 23% 
of IHCA
Th h h i l i l l• The pathophysiology involves a complex 
cascade of molecular events.

• Clinical manifestations: coma, seizures, 
myoclonus, various degrees of neurocognitive 
dysfunction and brain death.



Seizure managementSeizure management
• 2015 evidence summary• 2015 evidence summary
• The prevalence of seizures, nonconvulsive status 

epilepticus, and other epileptiform activity among p p , p p y g
patients who are comatose after cardiac arrest is 
estimated to be 12% to 22%.

• Three case series looked at 47 post–cardiac arrest 
patients who were treated for seizures or status 

il ti d f d th t l 1 ti t i depilepticus and found that only 1 patient survived 
with good neurologic function.

• Available evidence does not support prophylactic 
administration of anticonvulsant drugs.



Seizure managementSeizure management
2015 U d t d• 2015—Updated

• An EEG for the diagnosis of seizure should be 
promptly performed and interpreted and thenpromptly performed and interpreted, and then 
should be monitored frequently or continuously 
in comatose patients after ROSC (Class I, LOEin comatose patients after ROSC (Class I, LOE 
C-LD).

• The same anticonvulsant regimens for the 
treatment of status epilepticus caused by other p p y
etiologies may be considered after cardiac 
arrest (Class IIb, LOE C-LD).



Neuroprotective drugsNeuroprotective drugs
• Broad therapeutic window for neuroprotective• Broad therapeutic window for neuroprotective 

drug therapy
N t ti b fit b d• No neuroprotection benefit was observed 
when patients (without hypothermia) were 
t t d ith thi t l l ti idtreated with thiopental, glucocorticoids, 
nimodipine, lidoflazine, diazepam, and 

i lf tmagnesium sulfate
• The routine use of coenzyme Q10 in patients 

treated with hypothermia is uncertain (Class IIb, 
LOE B 2010).



Pulmonary dysfunction after cardiac arrestPulmonary dysfunction after cardiac arrest

Etiologies include:
• Hydrostatic pulmonary edemaHydrostatic pulmonary edema
• Noncardiogenic edema from inflammatory, 

i f ti h i l i j iinfective, or physical injuries
• Severe pulmonary atelectasisSe e e pu o a y ate ectas s
• Aspiration
• Regional mismatch of ventilation and 

perfusionp



Mechanical ventilatory supportMechanical ventilatory support

Based on:
• measured oxyhemoglobin saturationmeasured oxyhemoglobin saturation
• blood gas values
• minute ventilation
• patient-ventilator synchrony• patient-ventilator synchrony



Chest radiograph should verifyChest radiograph should verify...

• correct position of the endotracheal tube
• the distribution of pulmonary infiltration or 

edema
• identify complications from chest 

compressioncompression
• pneumonia



Mechanical ventilatory supportMechanical ventilatory support

Positi e end e pirator press re (PEEP)• Positive end-expiratory pressure (PEEP)
• Lung-protective strategy g p gy
• Titrated FiO2

L “ it t ” d• Lung “recruitment maneuver” procedures
• Level of support may be gradually pp y g y

decreased



Lung protective strategyLung-protective strategy

l l /hi h il i i i• low-volume/high-rate ventilation: maintain 
VT of 6 to 8 mL/kgg

• inspiratory plateau pressure < 30 cm H2O
A idi t PEEP (i t i i PEEP• Avoiding auto-PEEP (intrinsic PEEP or 
gas trapping)



Optimal FiO and SpOOptimal FiO2 and SpO2

• Optimal FiO2 during the immediate period 
after cardiac arrest is still debatedafter cardiac arrest is still debated

• Once the circulation is restored, monitor 
systemic arterial oxyhemoglobin saturation



HyperoxiaHyperoxia
• generating oxygen-derived free radicalsgenerating oxygen-derived free radicals 

during the reperfusion phase
increase brain lipid peroxidation– increase brain lipid peroxidation

– Increase metabolic dysfunctions
i l i l d ti– increase neurological degeneration

– worsen short-term neurological outcome



Hyperventilation may be detrimentalHyperventilation may be detrimental

• sustained hypocapnia may cause cerebral 
vasoconstriction, reduce CBF and exacerbate 
cerebral ischemic injury

• may compromise systemic blood flow because y p y
of occult or auto-PEEP

• hyperventilation should be avoided• hyperventilation should be avoided, 
especially in hypotensive patients
h i d t i t t• hypercapnia and outcome : no consistent 
association in observational trials 



Respiratory careRespiratory care
V til ti• Ventilation

• 2015—Updated
• Maintaining the PaCO2 within a normal 

physiological range, taking into account any p y g g , g y
temperature correction, may be reasonable 
(Class IIb, LOE B-NR).( )
• Normocarbia (end-tidal CO2 30–40 mm Hg or 

PaCO2 35–45 mm Hg) may be a reasonable goal 
l ti t f t t i di id li dunless patient factors prompt more individualized 

treatment.



Respiratory careRespiratory care
O ti• Oxygenation

• 2015—New and Updated
• To avoid hypoxia in adults with ROSC after cardiac• To avoid hypoxia in adults with ROSC after cardiac 

arrest, it is reasonable to use the highest available 
oxygen concentration until the SaO2 or the PaO2

b d (Cl II LOE C EO)can be measured (Class IIa, LOE C-EO).

• When resources are available to titrate the FiO2 andWhen resources are available to titrate the FiO2 and 
to monitor oxyhemoglobin saturation, it is 
reasonable to decrease the FiO2 when 
oxyhemoglobin saturation is 100% provided theoxyhemoglobin saturation is 100%, provided the 
oxyhemoglobin saturation can be maintained at 94% 
or greater (Class IIa, LOE C-LD).



Treatment of pulmonary embolismTreatment of pulmonary embolism 
after CPR

• In post–cardiac arrest patients with arrest 
due to presumed or known pulmonary 
embolism, fibrinolytics may be considered. , y y
(Class IIb, LOE C 2010) 



Sedation after cardiac arrestSedation after cardiac arrest

P t di t iti d f ti• Post–cardiac arrest cognitive dysfunction may 
display agitation or delirium with 

l t d t i k f lfpurposeless movement and are at risk of self-
injury
O i id i l ti d ti h ti t• Opioids, anxiolytics, sedative-hypnotic agents, α
2 -adrenergic agonists, and butyrophenones can 
be usedbe used

• If agitation is life-threatening, neuromuscular 
blocking agents can be usedblocking agents can be used
– To facilitate induced hypothermia and to control 

shiveringg



Sedation after cardiac arrestSedation after cardiac arrest

• Cautiously with daily interruptions and titrated 
to the desired effect
– Caution for patients at high risk of seizures 

unless continuous EEGunless continuous EEG
• A number of sedation scales and motor 

ti it l d l dactivity scales were developed
• Neuromuscular blocker should be minimized

& monitored with a nerve twitch stimulator.



Sedation after cardiac arrestSedation after cardiac arrest

• It is reasonable to consider the titrated use of 
sedation and analgesia in critically ill patients who 
require mechanical ventilation or shivering 
suppression during induced hypothermia after 

di t (Cl IIb LOE C 2010)cardiac arrest (Class IIb, LOE C 2010).

• Duration of neuromuscular blocking agentsDuration of neuromuscular blocking agents 
should be kept to a minimum or avoided 
altogether.g



Modifying outcomes 
from critical illness

• Cardiac arrest involve multiorgan ischemic 
injury and microcirculatory dysfunctionj y y y

• Implementing a protocol for goal-
di d hdirected therapy
– Glucose, steroids, hemofiltrationGlucose, steroids, hemofiltration 



Glucose control : 2010 RecommendationGlucose control : 2010 Recommendation

Hi h l l l ↑ t lit• Higher glucose levels ↑ mortality or worse 
neurological outcomes

• Strategies to target moderate glycemic control 
(144 to 180 mg/dL) may be considered in adult 
patients with ROSC after cardiac arrest (Class IIbpatients with ROSC after cardiac arrest (Class IIb, 
LOE B).

• A lower range 80 to 110 mg/dL should not be• A lower range 80 to 110 mg/dL should not be 
implemented after cardiac arrest due to the 
increased risk of hypoglycemia (Class III, LOE B).



Glucose control: 
2015 evidence summary

•No new evidence that a specific target range for 
blood glucose management improved relevantblood glucose management improved relevant 
clinical outcomes after cardiac arrest

•No data suggest that the approach to glucose 
management chosen for other critically illmanagement chosen for other critically ill 
patients should be modified for cardiac arrest 
patients.p



Glucose control: 
2015—Updated 

• The benefit of any specific target range of 
glucose management is uncertain in adults withglucose management is uncertain in adults with 
ROSC after cardiac arrest (Class IIb, LOE B-R).

• ERC 2015 guideline Based on the available 
data following ROSC maintain the blooddata, following ROSC maintain the blood 
glucose at ≤180 mg/dl and avoid hypoglycaemia.



Steroids : 2010 guidelineSteroids : 2010 guideline

C ti t id h ti l l i• Corticosteroids have an essential role in 
the physiological response to severe 
stress

• Relative adrenal insufficiency in the post–y p
cardiac arrest phase was associated with 
higher rates of mortalityg e ates o o ta ty

• Routine use of corticosteroids for patients 
with ROSC following cardiac arrest iswith ROSC following cardiac arrest is 
uncertain



Hemofiltration : 2010 guidelineHemofiltration : 2010 guideline

• A method to modify the humoral response 
to the ischemic reperf sion inj rto the ischemic-reperfusion injury

• No difference in 6-month survival
• Future investigations are required to 

determine whether hemofiltration willdetermine whether hemofiltration will 
improve outcome



Prognostication of neurologicalPrognostication of neurological 
outcome in comatose survivors

• Neurological Assessmentg
• EEG

E k d P t ti l• Evoked Potentials
• Neuroimagingg g
• Blood and Cerebrospinal Fluid Biomarkers



Prognostication of outcome: timingg g
• 2015—New and Updated
• The earliest time for prognostication using 

clinical examination in patients treated with 
TTM h d ti l i ld bTTM, where sedation or paralysis could be 
a confounder, may be 72 hours after 
return to normothermia (Class IIb LOEreturn to normothermia (Class IIb, LOE 
C-EO).



Prognostication of outcome: timingPrognostication of outcome: timing
• We recommend the earliest time to• We recommend the earliest time to 

prognosticate a poor neurologic outcome using 
clinical examination in patients not treated 

ith TTM i 72 h ft di twith TTM is 72 hours after cardiac arrest
(Class I, LOE B-NR). 
Thi ti til ti ti b• This time until prognostication can be even 
longer than 72 hours after cardiac arrest if the 
residual effect of sedation or paralysis es dua e ect o sedat o o pa a ys s
confounds the clinical examination (Class IIa, 
LOE C-LD).
• Operationally, the timing for prognostication is typically 4.5 to 5 days after ROSC forOperationally, the timing for prognostication is typically 4.5 to 5 days after ROSC for 

patients treated with TTM. This approach minimizes the possibility of obtaining false-
positive results (ie, inaccurately suggesting a poor outcome) because of drug-induced 
depression of neurologic function.



Clinical examination findings
• 2015—New and Updated

I t ti t h t t t d ith• In comatose patients who are not treated with 
TTM, the absence of pupillary reflex to light at 72 
hours or more after cardiac arrest is a reasonablehours or more after cardiac arrest is a reasonable 
exam finding with which to predict poor neurologic 
outcome (FPR, 0%; 95% CI, 0%–8%; Class IIa, ( , ; , ; ,
LOE B-NR).

I t ti t h t t d ith TTM• In comatose patients who are treated with TTM, 
the absence of pupillary reflex to light at 72 hours 
or more after cardiac arrest is useful to predictor more after cardiac arrest is useful to predict 
poor neurologic outcome (FPR, 1%; 95% CI, 0%–
3%; Class I, LOE B-NR).; , )



Clinical examination findingsClinical examination findings

W d th t i th i t bl• We recommend that, given their unacceptable 
FPRs, the findings of either absent motor 
movements or extensor posturing should not bemovements or extensor posturing  should not be 
used alone for predicting a poor neurologic 
outcome (FPR, 10%; 95% CI, 7%–15% to FPR, 
15%; 95% CI 5% 31%; Class III: Harm LOE B15%; 95% CI, 5%–31%; Class III: Harm, LOE B-
NR). 

• The motor examination may be a reasonable 
means to identify the population who need 
further prognostic testing to predict poorfurther prognostic testing to predict poor 
outcome (Class IIb, LOE B-NR).



Clinical examination findingsClinical examination findings

• We recommend that the presence of myoclonus, which 
is distinct from status myoclonus, should not be used to 
predict poor neurologic outcomes because of the highpredict poor neurologic outcomes because of the high 
FPR (FPR, 5%; 95% CI, 3%–8% to FPR, 11%; 95% CI, 
3%–26%; Class III: Harm, LOE B-NR).; , )

• In combination with other diagnostic tests at 72 or more 
hours after cardiac arrest, the presence of status 
myoclonus during the first 72 to 120 hours after cardiac 

t i bl fi di t h l di tarrest is a reasonable finding to help predict poor 
neurologic outcomes (FPR, 0%; 95% CI, 0%–4%; Class 
IIa LOE B-NR)IIa, LOE B-NR).



EEG findingsEEG findings
2015 U d t d• 2015—Updated

• In comatose post–cardiac arrest patients who are 
treated with TTM it may be reasonable totreated with TTM, it may be reasonable to 
consider persistent absence of EEG reactivity to 
external stimuli at 72 hours after cardiac arrest, 

d i t t b t i EEG ftand persistent burst suppression on EEG after 
rewarming, to predict a poor outcome (FPR, 0%; 
95% CI, 0%–3%; Class IIb, LOE B-NR).95% C , 0% 3%; C ass b, O )

• Intractable and persistent (more than 72 hours) 
status epilepticus in the absence of EEG reactivitystatus epilepticus in the absence of EEG reactivity 
to external stimuli may be reasonable to predict 
poor outcome (Class IIb, LOE B-NR).



EEG findingsEEG findings

• In comatose post–cardiac arrest patients 
who are not treated with TTM, it may be , y
reasonable to consider the presence of 
burst suppression on EEG at 72 hours orburst suppression on EEG at 72 hours or 
more after cardiac arrest, in combination 
with other predictors to predict a poorwith other predictors, to predict a poor 
neurologic outcome (FPR, 0%; 95% CI, 
0%–11%; Class IIb, LOE B-NR).



Evoked potentialsEvoked potentials

• 2015—Updated
• In patients who are comatose afterIn patients who are comatose after 

resuscitation from cardiac arrest 
regardless of treatment with TTM it isregardless of treatment with TTM, it is 
reasonable to consider bilateral absence 
f 20 SS 2 2of the N20 SSEP wave 24 to 72 hours 

after cardiac arrest or after rewarming a g
predictor of poor outcome (FPR, 1%; 95% 
CI, 0%–3%; Class IIa, LOE B-NR).CI, 0% 3%; Class IIa, LOE B NR).



Imaging testsImaging tests
2015 N• 2015—New

• In patients who are comatose after resuscitation 
from cardiac arrest and not treated with TTM itfrom cardiac arrest and not treated with TTM, it 
may be reasonable to use the presence of a 
marked reduction of the GWR on brain CT 
bt i d ithi 2 h ft di t tobtained within 2 hours after cardiac arrest to 

predict poor outcome (Class IIb, LOE B-NR).

• It may be reasonable to consider extensive 
restriction of diffusion on brain MRI at 2 to 6 days 
after cardiac arrest in combination with otherafter cardiac arrest in combination with other 
established predictors to predict a poor neurologic 
outcome (Class IIb, LOE B-NR).





Blood markersBlood markers
• 2015 Updated• 2015—Updated
• Given the possibility of high FPRs, blood levels of 

NSE and S-100B should not be used alone to 
di t l i t (Cl III Hpredict a poor neurologic outcome (Class III: Harm, 

LOE C-LD).
Wh f d ith th ti t t t 72• When performed with other prognostic tests at 72 
hours or more after cardiac arrest, it may be 
reasonable to consider high serum values of NSE 
t 48 t 72 h ft di t t t

g
at 48 to 72 hours after cardiac arrest to support 
the prognosis of a poor neurologic outcome (Class 
IIb, LOE B-NR), especially if repeated sampling 

l i l hi h l (Cl IIb LOE C
, ), p y p p g

reveals persistently high values (Class IIb, LOE C-
LD).



2015 ERC
Guideline 
J.P. Nolan et al. / 

Resuscitation 95 (2015) 
202 222202–222



Organ donationOrgan donation
2015 U d t d d N• 2015—Updated and New

• We recommend that all patients who are 
resuscitated from cardiac arrest but whoresuscitated from cardiac arrest but who 
subsequently progress to death or brain death be 
evaluated for organ donation (Class I, LOE B-NR).

• Patients who do not have ROSC after 
resuscitation efforts and who would otherwiseresuscitation efforts and who would otherwise 
have termination of efforts may be considered 
candidates for kidney or liver donation in settings 
where programs exist (Class IIb LOE B NR)where programs exist (Class IIb, LOE B-NR). 



lti l t hSummary of multiple system approach 
to post–cardiac arrest carep

• Ventilation
• Hemodynamics
• CardiovascularCardiovascular 
• Neurological
• Metabolic







Ventilation: CapnographyVentilation: Capnography

R i l C fi i d• Rationale: Confirm secure airway and 
titrate ventilation

• Endotracheal tube when possible for 
comatose patientscomatose patients

• PETCO2  : 30 - 40 mm Hg
• PaCO2 : 35 - 45 mm Hg



Ventilation: Chest X-ray

• Confirm secure airway
• Detect causes or complications of arrest: 

pneumonitis pneumonia pulmonarypneumonitis, pneumonia, pulmonary 
edema



Ventilation: Pulse oximetry/ABGVentilation: Pulse oximetry/ABG

Rationale Maintain adeq ate o genation• Rationale: Maintain adequate oxygenation 
and minimize FiO2

• After ROSC, use the highest available 
oxygen concentration until PaO2 or SaO2oxygen concentration until PaO2 or SaO2
available 
R d FiO t l t d t k S O• Reduce FiO2 as tolerated to keep SpO2 >
94%

• PaO2/FiO2 ratio to follow acute lung injury



Mechanical ventilationMechanical ventilation

• Rationale: Minimize acute lung injury, 
potential oxygen toxicityp yg y

• Tidal Volume: 6 - 8 mL/kg
• Titrate minute ventilation to PETCO2:30-40 

mm Hg, PaCO2: 35-45 mm Hgg 2 g
• Reduce FiO2 as tolerated to keep SaO2 >

94%94%



Hemodynamics: Blood pressureHemodynamics: Blood pressure
monitoring/Arterial-lineg

• Rationale: maintain perfusion and prevent p p
recurrent hypotension

• Mean arterial pressure > 65 mm Hg or• Mean arterial pressure > 65 mm Hg or 
systolic blood pressure > 90 mm Hg



Hemodynamics: Treat hypotension

• Rationale: Maintain perfusion
• Fluid bolus if tolerated
• Dopamine 5–10 mcg/kg per minDopamine 5 10 mcg/kg per min
• Norepinephrine 0.1–0.5 mcg/kg per min
• Epinephrine 0.1–0.5 mcg/kg per min



Cardiovascular: Continuous cardiac monitoringCardiovascular: Continuous cardiac monitoring

Rationale Detect rec rrent arrh thmia• Rationale: Detect recurrent arrhythmia
• No prophylactic antiarrhythmicsp p y y
• Treat arrhythmias as required

R ibl• Remove reversible causes
• 12-lead ECG/Troponin: Detect acute p

coronary syndrome/ST elevation 
myocardial Infarction; assess QT intervalmyocardial Infarction; assess QT interval



Cardiovascular: ACS

• Aspirin/heparin
• Transfer to acute coronary treatment 

centercenter
• Consider emergent PCI or fibrinolysis



Cardiovascular: Treat myocardial 
stunning

• Echocardiogram: Detect global stunning• Echocardiogram: Detect global stunning, 
wall-motion abnormalities, structural 

bl di thproblems or cardiomyopathy
• Fluids to optimize volume status (requires p ( q

clinical judgment)
Dobutamine 5 10 mcg/kg per min• Dobutamine 5–10 mcg/kg per min

• Mechanical augmentation (IABP)g ( )



Neurological: Serial neurological examNeurological: Serial neurological exam.

Rationale Serial e aminations define• Rationale: Serial examinations define 
coma, brain injury, and prognosis

• Response to verbal commands or physical 
stimulationstimulation

• Pupillary light and corneal reflex, 
t tspontaneous eye movement

• Gag, cough, spontaneous breathsGag, cough, spontaneous breaths



Neurological: EEG monitoring if comatose

• Rationale: Exclude seizures
• Anticonvulsants if seizing



Core temperature measurementCore temperature measurement

R ti l i i i b i i j d i• Rationale: minimize brain injury and improve 
outcome
P t h i• Prevent hyperpyrexia 

• Targeted temperature management if no 
i di icontraindications

• Surface or endovascular cooling 32°C–36°C for 
2at least 24 hours

• After 24 hours, slow rewarming 0.25°C/hr



NeurologicalNeurological
Consider non enhanced CT scan e cl de• Consider non-enhanced CT scan: exclude 
primary intracranial process

• Sedation/muscle relaxation: to control 
shivering agitation or ventilatorshivering, agitation, or ventilator 
desynchrony as needed



MetabolicMetabolic
• Serial lactate: confirm adequate perfusion• Serial lactate: confirm adequate perfusion
• Serum potassium: avoid hypo- or hyper-

kalemia which promotes arrhythmias
• Urine output serum creatinine: detectUrine output, serum creatinine: detect 

acute kidney injury & renal replacement 
therapy if indicatedtherapy if indicated



MetabolicMetabolic

• Serum Glucose: 
Treat hypoglycemia (<80 mg/dL)yp g y ( g )
Target range of glucose management is 
uncertain in adults with ROSC after cardiacuncertain in adults with ROSC after cardiac 
arrest

• Avoid hypotonic fluids: may increase 
edema, including cerebral edema



SummarySummary

The goal of immediate post - cardiac arrest care:
• Optimize tissue perfusionOptimize tissue perfusion
• Restore metabolic homeostasis
• Support organ system function
• Increase the likelihood of intact• Increase the likelihood of intact 

neurological survival

Multiple system approach 



Summary of key issues 
and major changes

• Emergency coronary angiography for STEMI 
and for non STEMI WITH hemodynamically or 
electrically unstable

• TTM a range of temperatures may be g y
acceptable to target in the post–cardiac arrest 
period.

• After TTM the prevention of fever is 
considered benign and therefore is reasonable 
to pursue



Summary of key issues 
and major changes

• Identification and correction of hypotension in 
the immediate post–cardiac arrest period.

• Prognostication timing after the completion of 
TTM; for those who do not have TTM 72 hoursTTM; for those who do not have TTM, 72 hours 
later after ROSC

• All patients who progress to brain death or 
circulatory death should be consideredcirculatory death should be considered 
potential organ donors



Thanks for your attention !!


