


• The immediate phase: the first 0 to 20 min after ROSC
• The early phase: from 20 min up to 6 to 12 hours
• The intermediate phase: 12 to 72 hours
• The recovery phase: approximately 72 hours to day 7

• The rehabilitation phase



TTM: targeted T management

AHA SCIENTIFIC STATEMENT
Pediatric Post–Cardiac Arrest Care



PCAS highlighting the pathophysiology and the need 
for continued multisystem support after ROSC.
It was determined that all resuscitations from CA result 
in predictable sequelae in the days to weeks following 
the arrest now accepted as 4 key components of PCAS:

AHA SCIENTIFIC STATEMENT
Pediatric Post–Cardiac Arrest Care



Post-CA brain injury remains a leading cause of 
morbidity and mortality in adults and children due to 
limited tolerance of ischemia, hyperemia, or edema.

 The first 3 phases of PCAS involve hypoxemic-
hypotensive perfusion with energy deprivation.

 With ROSC, there is a burst of reactive O2
species, and oxidative stress may ensue in 
tissue that is depleted of antioxidants



 As a result, reperfusion is associated with 
excitotoxicity, calcium accumulation, and free 
radical–mediated cell injury or death.  

 Both neuronal cellular necrosis and apoptosis 
result from this cascading injury and can continue 
in the days to weeks after ROSC.

 A variety of post–CA clinical conditions,
including hyperoxia, hypoxemia, and hypotension,
can exacerbate the neuronal injury.



All intubated children require continued assessment to ensure 

proper ETT positioning, including continuous monitoring of 

oxygenation (pulse oximetry), and 

ongoing monitoring of ventilation (continuous EtCO2 monitoring, 

&/or intermittent ABG assessment).

 Insertion of a gastric tube helps to reduce gastric distension and may 

prevent vomiting.

●D: Dislodged or displaced ETT(right mainstem or esophageal location)

●O: Obstructed endotracheal tube (mucous plug, kinked ET)

●P: Pneumothorax

●E: Equipment failure (ventilator malfunction, O2 disconnected or off)



 Once ROSC has been achieved, The lowest possible FiO2 should be 

used to maintain an O2 sat of 94%-99% to avoid hypo or hyperoxemia.

 Small observational studies have failed to show an association 

between arterial oxygenation and mortality in resuscitated children.

Avoid low and high arterial oxygen

 However, in one large, retrospective, multicenter observational pediatric 

study of 1875 infants and children who survived to PICU admission,

analysis showed that:

 hypoxemia (PaO2 <60 mmHg) &

 hyperoxemia (PaO2 ≥300 mmHg) 

independently & significantly increased the ERD by 90 & 25 %, 

respectively. 



 The 2015 international consensus recommendations suggest that 

PaCO2 after ROSC targeted and severe hypocapnia (PaCO2 <30 

mmHg) or hypercapnia (PaCO2 >50 mmHg) should be limited.

 In one study on 223 infants and children ROSC upon IHCA was 

associated with a mortality of 50 & 59 %, respectively, compared with 

33% mortality if PaCO2 was 30-50 mmHg.



 Preclinical studies suggest that hyperventilation 
decreases coronary perfusion and survival after CA. 

 Hyperventilation causes cerebral vasoconstriction 
and can decrease cerebral blood flow (CBF), thereby 
potentially exacerbating cerebral ischemia.

 Hypercapnia causes cerebral vasodilation and 
increases CBF.







• Perfusion is compromised after CA, and patients are often 
hypotensive. Of note, cardiogenic shock occurs frequently 
in survivors of CA. 

• Based on data poor perfusion is associated with increased 
morbidity and mortality. Thus, vasoactive drug therapy is 
recommended, and should be tailored to each patient. 

 After ROSC in a child, circulatory instability may be the result of:

 Ongoing fluid loss, 

 Decreased cardiac function, and/or 

 Harmful alterations in SVR 



 The 2015 international guidelines recommend that 

parenteral fluids and vasoactive medications be used 

to maintain the systolic BP>5th percentile for age.



 If hypovolemia is suspected in a patient with 

cardiogenic shock, the clinician should carefully 

infuse 5 to 10 mL/kg of isotonic fluids (N/S or 

Ringer's lactate) over 10 to 20 minutes followed 

by reevaluation of endpoints. 





 One retrospective study suggested that early 
epinephrine (within 15 min of arrest): 

 decreased the time to ROSC, 
 higher survival rate and 
 better neurologic outcomes in non-shockable OHCA.
 Epinephrine a peripheral vasoconstrictor, improves 

BP, also a potent inotropic and chronotropic
agent. 







 Epinephrine
 0.1-1 μg/kg/min IV/IO inf.
 Low-dose infusions (0.1 μg/kg/min) generally 

produce β-adrenergic action (potent inotropy & 
decreased SVR).

 Higher-dose infusions (0.3 μg/kg/min) cause α-
adrenergic vasoconstriction.

 Because there is great inter-patient variability, 
titrate the drug to the desired effect. 

 Epinephrine may be preferable to dopamine in 
patients (esp. infants) with marked circulatory 
instability & decompensated shock.



o If the etiology of the CA is suspected to be 
arrhythmia, pediatric cardiac consultation is 
strongly recommended then antiarrhythmic agents 
such as lidocaine or amiodarone should be 
considered.

o Remember that antiarrhythmic drugs like 
amiodarone, procainamide, and sotalol are 
contraindicated in patients with long-QT syndrome 
and Brugada syndrome. 

o arrhythmias are commonly observed 
during TTM, particularly bradycardia, 
which usually do not require treatment. 



 Myocardial dysfunction is common after CA.
 SVR & PVR are increased except in some cases of 

septic shock.
 The potential adverse effects of catecholamines 

include:
 local ischemia & ulceration, 
 tachycardia, 
 atrial & ventricular tachyarrhythmias, 
 HTN, & 
 metabolic changes (hyperglycemia, increased 

lactate concentration, & hypokalemia)



 Norepinephrine
 0.1-2 μg/kg/min IV/IO inf.
 A potent inotropic & peripheral vasoconstrictor
 Titrate an infusion to Rx. shock with low SVR (septic, 

anaphylactic, spinal, or vasodilatory) unresponsive to 
fluid.



 Combinations of opioids and benzodiazepines are commonly used 
in adults, although sedative-anesthetic agents such as propofol & 
dexmedetomidine are also options. 

 The use of these drugs must be balanced against the risk of 
complications:

 should be used to ensure comfort and prevent shivering. 

• infection and pneumonia,
• hypotension, and 
• prolonged mechanical ventilation

 The use of NMB masks response during the clinical neurological 
examination and can potentially lead to oversedation, 
undersedation, or masking of worsening neurological 
examination findings. In addition, NMB will mask seizures.



 Sustained hyperglycemia (BS>180 mg/dL) is 

associated with higher mortality in critically ill 

children and should be avoided. 

 Severe hyperglycemia can also be problematic because
it can lead to uncontrolled post CA osmotic diuresis, which can
exacerbate volume depletion and hemodynamic instability. 



 Evidence indicates that BS should be 

maintained below this threshold, but the role of 

"tight control" that uses insulin to achieve a 

specified BS range is of uncertain value in 

children after CA.

 Insufficient evidence to determine the optimal BS

 ideal method of controlling BS
 the ideal duration of any glucose control, and 
 the ideal frequency of glucose monitoring

needed to reduce the risk of hypoglycemia.



o about half of children with post-ROSC 
seizures experience exclusively 
nonconvulsive (subclinical, EEG only) 
seizures, which cannot be identified by 
clinical observation alone.

o Seizures could not be predicted from any 
clinical or resuscitation variables. Seizures 
were associated with unfavorable gross 
neurological outcomes at discharge but not 
with higher mortality.

American Clinical Neurophysiology Society Critical Care
Continuous EEG Guidelines Committee recommends

continuous EEG monitoring for adult and pediatric patients who 
remain encephalopathic after CA to identify electrographic seizures





seizures increase metabolic demand, 
o worsen metabolic dysfunction, 
o increase ICP
o secondary brain injury
For these reasons, many clinicians aim to treat seizures, 
although the approach is generally guided by the child’s overall 
medical condition and other prognostic indicators.

o insufficient evidence to determine whether treatment 
of clinical or electrographic seizures results in 
improved patient outcomes and what the optimal 
methods are to manage seizures after CA.



 Acute, electrographic seizures are treated with 
benzodiazepines, levetiracetam, or phenytoin. 
Some seizures may be refractory to treatment.

 Potential adverse effects of anticonvulsants:
• cardiac arrhythmias, 
• hypotension, and 
• respiratory depression

 It must be taken into into consideration that any 
sedation induced by these medications may 
complicate the neurological examination. 



 TTM to 32°C to 34°C can be divided into 3 phases:
induction, maintenance, and rewarming.

Patient core T should be continuously monitored

 surface-cooling methods 
o positioning servo-controlled cooling blankets under 

or above the patient
o use of ice packs around the body, 
o core-cooling methods (IV catheters circulating cold 

saline) or
o combination approach

 Hypokalemia,
 hypophosphatemia, 
 hypomagnesemia, may precipitate arrhythmias
 Hypocalcemia
 decreases insulin sensitivity

core T should be continuously monitored



o The maintenance phase of TTM requires careful 
monitoring to avoid fluctuations in T.

No optimal method or rate of rewarming after TTM. 
In children, warming is generally accomplished at a 
rate 0.25°C/h – 0.5°C/2h to reduce the risk of: 
o cerebral hyperperfusion, 
o vasogenic edema, and
o acute systemic hypotension documented during 

rewarming in traumatic brain injury

o For children who are comatose after OHCA and 
IHCA, TTM to 32°C-34°C for 24 to 48 hours is 
relatively safe.



To treat the child who remains comatose after OHCA, the 
2015 AHA PALS guidelines update recommended that it is 
reasonable either to maintain continuous normothermia (TTM 
to 36°C–37.5°C) for 5 days or 
to maintain 2 days of continuous hypothermia (TTM to 32°C–
34°C) followed by 3 days of continuous normothermia (TTM 
to 36°C–37.5°C). 
Because increased mortality was associated with Ts<32°C, if 
TTM to 32-34°C is used, meticulous care must be provided to 
prevent temperatures <32°C



o Two recent multicenter multinational randomized 
controlled trials

o children comatose within 6 hours of ROSC were 
randomly assigned to TTM to 32°C-34°C or to 
36°C-37.5°C.

o Those on lower T range were cooled to 32°C-34°C 
for 48 hours, rewarmed over 16 to 24 hours, and 
maintained at 36°C-37.5°C until 5 days after the 
initiation of TTM. 

o Children receiving TTM to the higher temperature 
range were actively maintained at 36°C-37.5°C 
for 5 days.

the percentage of survivors with favorable 
neurological outcomes at 1 year did not significantly 

differ between 2 groups.



o During PCAC, fever (≥ 38°C) should be aggressively treated

 Prompt availability and anticipatory use of 

cooling blankets and anti-pyretics should 

be used as a routine practice.



 In 2017, the Therapeutic Hypothermia After 
Pediatric CA trial compared therapeutic 
hypothermia (33°C) with therapeutic normothermia
(36.8°C) after OHCA, and did not show a 
statistically significant difference in 1-year 
neurologic outcomes or mortality. 

One large trial including 950 patients with OHCA 
compared a T target (36°C) to traditional TTM 
(33°C), & found no difference in mortality 
suggesting the importance of the intervention of 
TTM itself.



o However, for children resuscitated from OHCA therapeutic 

hypothermia for 48 hours has not shown improved outcomes. 

o Therapeutic hypothermia to maintain CBT  at 32 - 34°C has 

been evaluated in children based upon evidence for improved 

neurologic outcome in neonates and selected adults. 

o No benefit of therapeutic hypothermia 
compared with therapeutic normothermia in 
329 children resuscitated from IHCA.



o Despite contradicting evidence, current guidelines recommend 

the use of TTM in both OHCA and IHCA, as well as in CA due 

to shockable or non-shockable rhythms.



o Approximately 30% of critically ill children have 
relative adrenal insufficiency, but this has not been 
evaluated in children resuscitated from CA.

o a recent meta-analysis did not demonstrate a 
difference in outcomes between those who did and 
those who did not receive exogenous steroids.

o Based on guidelines for the management of pediatric and 
neonatal sepsis consider steroid administration if the 
patient is at risk for adrenal insufficiency with refractory 
shock. 

o Insufficient evidence to support the routine use of 
corticosteroids after CA. 



 If the child is not being treated in a center with pediatric emergency 

and critical care expertise, should be stabilized and rapidly 

transferred for definitive care at a regional pediatric center. 

 Critically ill or injured children typically benefit from transport by 

a team with pediatric expertise and advanced treatment capability.

 In some cases (expanding epidural hematoma) rapid transport by 

even a non-pediatric team may be advantageous. 

Transfer to a pediatric center

 Prior to transfer, the clinician should speak directly to the clinician 

who will be taking charge of the patient at the receiving hospital. 

 All medical chart, medication record, lab results, copies of ancillary 

studies [radiographs, ECGs]) should be sent.



o An RRT, also known as a medical emergency team (MET), consists of 

personnel from medical, nursing and/or respiratory therapy who have 

critical care training and are available 24 hours /D, seven D/W for 

evaluation and treatment of patients who show signs of clinical 

deterioration and are located in non-critical care settings.

 A meta-analysis with a total of 347,618 patient admissions found that 

implementation of a RRT was associated with a significant reduction in 

deaths from CA when compared to historical control periods. However, 

decreased mortality after implementation of a RRT was not found in all studies.



o A cohort study of 29,294 patient admissions (7257 admissions after 

institution of a RRT) compared hospital-wide mortality rates and rates of 

respiratory and CPAs outside of the ICU before and after implementation 

of an RRT in a children hospital. Major findings included:

o The mean monthly mortality rate decreased from 1.0 to 0.8 deaths/100 

discharges 

o The mean monthly code rate decreased from 2.5 to 0.7 codes/1000 

patient admissions.

The benefit of an RRT is not consistent 
across all settings.



 Observational studies indicate that caretakers should be given the 
option of being present during the in-hospital CPR of their child.

Key findings include:

 Most parents believe it is their right, and reported that their 
presence was beneficial to the patient evenif he 

or she was a family member.

 2/3 of caretakers reported that their presence helped with their 
adjustment to the death and the grieving process.

 The presence of a family member, in most instances, was not 
stressful to staff and did not negatively impact staff performance, 
otherwise they should be respectfully asked to leave.



Overall survival rates from 2005 to 2013 data 
collection range from only 6.4% to 10.2%.

 survival to hospital discharge after OHCA has not 
significantly changed over the past 10 years. 

 Factors for all ages with a better prognosis:
• short duration of arrest, 
• early initiation of CPR, 
• hypothermia as the cause, and 
• IHCA    



 Factors associated with unfavorable neurologic 
outcomes from OHCA:

• decreased age, 
• sudden infant death syndrome, and 
• Blunt trauma

 Factors associated with decreased survival after 
IHCA:

• older age, 
• pre-existing conditions, 
• Interventions (ETT, mechanical ventilation), 
• use of vasopressors at the time of arrest, &
• arrests occurring during night and weekend shifts.



 For both OHCA and IHCA: 
• pre-arrest rhythms of bradycardia and VF/VT were associated 

with the highest survival, and
• PEA was associated with higher survival than asystole.

 Post–cardiac arrest brain injury and myocardial dysfunction 
are the leading causes of morbidity and mortality in 
children.

 Myocardial dysfunction develops in ~2/3 of patients after 
ROSC, & may subsequently improve. 





 Survivors of cardiac arrest can have significant 
dysfunction, and parents of child survivors often 
report limitations in their daily activities. 

 Children who survive cardiac arrest are often left 
with anoxic brain damage, and face numerous 
problems with daily living, so all outcomes should 
be explained in detail to family.



 Donation after circulatory determination of 
death are commonly encountered in 
emergency departments and include cases of 
SIDS, sepsis, abusive, or accidental trauma. 

 It is preferred to defer any discussion 
involving the potential for organ donation to 
your local organ procurement organization. 











 Dopamine
 2-20 μg/kg/min IV/IO inf.
 Titrate to Rx. shock that is unresponsive to fluid & 

when SVR is low.
 At higher doses (> 5 μg/kg/min), dopamine 

stimulates cardiac β-drenergic receptors, but this 
effect may be reduced in infants & in chronic CHF.

 Infusion rates > 20 μg/kg/min may result in 
excessive vasoconstriction.



 Dobutamine Hydrochloride
 2-20 μg/kg/min IV/IO inf.
 A selective effect on β1- & β2-adrenergic receptors
 Increases myocardial contractility & usually 

decreases PVR. 



 1-8 μg/kg/min IV/IO inf
 Increases CO by decreasing vascular resistance 

(afterload)
 If hypotension is related to poor myocardial 

function, consider using a combination of sodium 
nitroprusside to reduce afterload & an inotrope to 
improve contractility.

 Prepare only in 5%DW.

Sodium Nitroprusside



 Inodilators
o Inamrinone: 0.75–1 mg/kg IV/IO over 5 min; may 

repeat x 2; then: 2–20 μg/kg/min
o Milrinone: 50–75 μg/kg IV/IO over 10–60 min; then 

0.5–0.75 μg/kg/min

o Augment CO with little effect on myocardial O2 
demand

o For Rx. of myocardial dysfunction with increased 
systemic or pulmonary vascular resistance

o Administration of fluids may be required because of 
the vasodilatory effects.

o A long half-life with a long delay in reaching a new 
steady-state hemodynamic effect after changing the 
infusion rate (18 h with inamrinone & 4.5 h with 
milrinone). 

o In case of toxicity, if you stop the infusion the 
adverse effects may persist for several hours.



 Clinical manifestations of brain injury after arrest 
include coma, cerebral edema, seizures, myoclonus, 
sympathetic hyperarousal, and long-term 
neurobehavioral deficits. 














