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Abstract 
These European Resuscitation Council Guidelines 2025 Paediatric Life Support (PLS) are based on the Consensus on Science with Treatment 

Recommendations (CoSTR) of the International Liaison Committee on Resuscitation (ILCOR) and rapid reviews performed by the ERC Writing 

Group Paediatric Life Support of topics not covered by ILCOR. These Guidelines provide recommendations on the prevention of cardiac arrest, 

basic life support, advanced life support, resuscitation in special circumstances, post-resuscitation care, prognostication, and post-discharge care 

in infants, children and adolescents add brackets (aged 0–18 years), but does not cover resuscitation of the neonate at birth. The recommen-

dations have been formulated for healthcare providers who take care of children and for the general public and includes recommendations on 

how to implement the Guidelines and system factors. Stakeholders from a range of health care settings were involved in the Guidelines devel-

opment process and the views of the community advisors representing families of paediatric cardiac arrest survivors and non-survivors were also 

considered. 
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Introduction 
These European Resuscitation Council (ERC) Resuscitation Guideli-

nes 2025 on Paediatric Life Support (PLS) is based on evidence from 

the International Liaison Committee on Resuscitation (ILCOR) and 

from rapid reviews performedby the ERC Paediatric Life Support Writ-

ing Group (PLS WG). These PLS WG rapid reviews addressed topics 

formulated as questions in PICOST (Population, Intervention, Com-

parison, Outcomes, Study design, Timeframe) format using a step-

wise methodology of identifying and analysing relevant literature 

similar to that used in the Cochrane rapid reviews.1 The full methodol-

ogy of our reviews is available from the authors on request. 

Where there was insufficient evidence on a topic either from 

ILCOR or from our rapid reviews, we reached consensus by iterated 

discussions within the PLS WG. Where no new evidence was avail-

able, we kept our recommendations consistent with previous guide-

lines. We also considered comments from representatives of the 

community mentioned in the list of collaborators for these Guidelines. 

In our evidence to decision process, we considered the formula for 

survival (science, education and implementation). We included infor-

mation on how our recommendations can be implemented in differ-

ent systems, including access-limited, resource-limited and 

context-limited healthcare settings.2 The Guidelines describe gen-

eral principles and recommendations but cannot fully describe the 

detailed care for individual children, especially those with rare or 

complex chronic conditions or special medical needs. In general, 

the recommendations described in these Guidelines are presented 

as the standard of care when there is no reason to further individu-

alise the approach. 

Paediatric patients are defined as persons aged 0–18 years of 

age. In these Guidelines, we use the term ‘children’ to encompass 

all age categories. When distinguishing between age groups, e.g. 

for specific skills or techniques, we use the word ‘infant’ for neonates 

and children up to 1 year, the words ‘child’ for children aged 1– 

12 years and the word ‘adolescents’ for teenagers aged 13– 

18 years. 

The ERC Guidelines 2025 Newborn Life Support (NLS) are pri-

marily intended for newborns at birth (shortly after delivery). The 

transition phase from fetus to neonate at birth involves major physi-

ological changes. The duration of this phase is variable and there is a 

lack of scientific data to define when it ends. This makes it difficult to 

recommend a specific time point at which an infant should be resus-

citated according to the ERC Guidelines 2025 NLS or PLS, and this 

is particularly true for preterm neonates. The PLS and NLS WGs 

agree that all neonates discharged from a maternity or neonatal unit 

to home should be resuscitated using the PLS Guidelines. We also 

recommend that hospitals, maternity and neonatal units, and health 

care teams establish clear protocols specifying which algorithm 

should be applied to which paediatric population. These protocols 

should be incorporated into local resuscitation educational pro-

grams.3 Further details about this topic can be found in the ERC 

Guidelines 2025 Newborn Life Support of transition of infants at 

birth.4 

The ERC also acknowledges that distinguishing adolescents 

from adults can sometimes be challenging. If the rescuer considers 

a person to be an adult, they should use the adult algorithm, other-

wise, they should use the paediatric algorithm. The differences in 
adult and paediatric resuscitation algorithms are primarily based on 

the distinct causes of cardiac arrest. However, if an adult person is 

mistakenly resuscitated using a paediatric algorithm, little or no harm 

will occur as studies of aetiology have shown that the paediatric 

causes of arrest continue into young adulthood.5–7 

Paediatric cardiac arrest is a rare event that can have devastating 

consequences for patients, their families and society. Despite the 

fact that cardiac arrest in children comprises a mere fraction of all 

cardiac arrests, their overall impact on society may be far reaching 

given the long-term consequences.8 These consequences may 

include increased lifelong health care costs and impaired ability to 

deal with daily life, which can limit participation in society during 

adulthood, including work force participation. Despite some improve-

ments in overall survival worldwide, the rate of survival with good 

neurological outcome after paediatric out-of-hospital cardiac arrest 

(OHCA) remains poor with major differences across Europe.9,10 This 

highlights the need for novel approaches to science, prevention, 

resuscitation and training.11–13 A European registry of all paediatric 

cardiac arrests would provide insights, which would be of help in this 

process. Children from lower socioeconomic environments and racial 

or ethnic minorities seem to be disproportionately impacted by car-

diac arrest and specific interventions targeting these populations 

are needed.14 Half of all paediatric OHCAs have a distinguishable 

reversible cause with hypoxia being the most prevalent of these.15,16 

In adolescents, trauma, intoxications and suicide attempts are 

among the leading causes of OHCA.17 Therefore, preventing traffic 

accidents, violence, drug abuse, and improving mental health seem 

to be reasonable society-level strategies to prevent cardiac arrest in 

this age group. Exercise-related paediatric OHCAs are rare but are 

associated with higher survival rates.18 Paediatric in-hospital cardiac 

arrest (IHCA) has better outcomes compared with paediatric OHCA, 

particularly in institutions adhering to guidelines and implementing 

quality-improvement initiatives, in which there has been a steady rise 

in survival in recent decades.15,19–21 The main causes of paediatric 

IHCA are respiratory failure and shock.11 Common causes of peri-

operative paediatric IHCA include hypoxia (e.g. airway management 

problems), bradycardia and haemorrhage.22,23 Paediatric IHCA is 

most common in neonates, infants, and children with complex 

chronic conditions, especially congenital heart disease.20,23,24 

The ERC guidelines address all aspects of resuscitation as out-

lined in the Chain of Survival which can be applied to resuscitation 

of patients of all ages (Fig. 1): prevent cardiac arrest, early CPR 

and defibrillation, advanced life support and post-resuscitation care, 

and survival and recovery. 

In paediatric resuscitation, the initial phase of prevention is most 

important as cardiac arrest in children can be prevented by quick and 

effective treatment of a range of life-threatening illnesses. This 

approach, which is integral and crucial to paediatric resuscitation, 

is outlined in the sections of the prevention of cardiac arrest and 

on special circumstances of these ERC Guidelines 2025 PLS. The 

phases of paediatric basic life support (PBLS) and paediatric 

advanced life-support (PALS) are specifically addressed in separate 

sections and, in line with the chain of survival, this chapter also 

includes more extensive sections on post-resuscitation and post-

discharge care than was included in previous paediatric guidelines.

These ERC recommendations have been formulated for health-

care systems (e.g. hospitals, manufacturers of devices, dispatch 

centres, emergency medical services and emergency departments),
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Fig. 1 – Chain of survival
healthcare professionals and the public. The detailed evidence 

underpinning these pragmatic recommendations is reviewed and dis-

cussed in the evidence supporting the guidelines section. 

The ERC Guidelines 2025 PLS were drafted and agreed by the 

ERC PLS Writing Group members and the ERC Guidelines 2025 

Steering Committee. These Guidelines were posted for public com-

ment between 15 May and 30 May 2025. A total of 53 individuals 
Fig. 2 – Paediatric Life Su
submitted 89 comments, leading to 43 in the final version. Subse-

quently, the feedback was reviewed by the PLS writing group, and 

the Guidelines were thereafter updated where relevant. The ERC 

Guidelines 2025 PLS were presented to and approved by the ERC 

Board and the ERC General Assembly in June 2025. The methodol-

ogy used for guideline development is presented in the Executive 

summary.25 (Fig. 2 and Table 1) 
pport – key messages
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Table 1 – Comparison of ERC Guidelines Paediatric Life Support 2021 and 2025. 

Topic 2021 Guidelines 2025 Guidelines 

Recommendations 

for the public and 

systems 

Not included. Specific recommendations have been added for the 

public, parents/caregivers and community carers 

and for guideline implementation at systems level. 

Atropine could be considered as premedication 

before tracheal intubation. Recommended to 

avoid multiple attempts at tracheal intubation. 

Suggested phenytoin/fosphenytoin, valproic 

acid or levetiracetam as second line medication 

for seizures. Recommended treating 

hypoglycaemia with 0.3 g kg 1 glucose IV bolus. 

Atropine is no longer recommended as 

premedication before intubation. Limit the number 

of tracheal intubations attempts to two. 

Recommends a new algorithm for seizures, with 

levetiracetam as the preferred second line 

medication. Hypoglycaemia is treated with 

0.2 g kg 1 glucose IV bolus. 

Prevention of 

cardiac arrest 

Recommended calling for help before initiation 

of chest compressions and that the two-finger 

technique for infant chest compressions could 

be considered by a single rescuer. 

Call for help and EMS as soon as cardiac arrest is 

suspected. 

The two-thumbs encircling technique for chest 

compressions in infants is recommended for all 

situations. 

Paediatric Basic 

Life Support 

Chest thrusts in infants should be performed using 

the two-thumbs encircling technique. 

Foreign body 

airway obstruction 

Recommended to perform Chest thrusts in 

infants using the two-finger technique. 

Defibrillation The anteroposterior position for defibrillation pads is 

recommended for all infants and children weighing 

less than 25 kg. Use the anteroposterior or the 

anterolateral position in larger children and 

adolescents. Public access defibrillators should 

have a uniform pad size for cardiac arrest patients 

of all ages. 

Recommended using either the anteroposterior 

or anterolateral pad position in children. 

Information on special circumstances was 

distributed throughout the guidelines. In cardiac 

arrest caused by hyperkalaemia use calcium, 

bicarbonate, and insulin with glucose. In 

hypothermic cardiac arrest, do not give 

adrenaline below 30 °C. 

A specific new subchapter on special circumstances 

has been included. In cardiac arrest caused by 

hyperkalaemia use IV insulin with glucose and IV 

short acting beta2-adrenergic agonists or a 

combination of these; calcium and bicarbonate 

should not be used. In hypothermic cardiac arrest, 

give a single dose of adrenaline below 30 °C, unless 
planning immediate extracorporeal life support. 

Special 

circumstances 

Post-resuscitation 

care and 

prognostication 

A short paragraph on post-resuscitation care 

and prognostication was included. 

Recommended targeting the 5th percentile for 

blood pressure for age. 

An extended subchapter on post-resuscitation care, 

including infographics for the pre-hospital and in-

hospital approach to post-resuscitation care and 

prognostication has been included. Maintain the 

blood pressure above the 10th percentile for age 

(MAP and systolic BP). 

Not included.Post-discharge 

care 

A new subchapter on post-discharge care has been 

added including an infographic. 
Concise guidelines for clinical practice 

Prevention of cardiac arrest 

Cardiac arrest in infants, children and adolescents is often secondary 

to progressive respiratory or circulatory failure or to neurological 

emergencies. Therefore, the recognition and proper management 

of critically ill children remains the best way to prevent cardiac arrest. 

Recommendations for caregivers and other untrained rescuers 

All parents and caregivers should be encouraged to learn basic 

recognition of critical illness and trauma and basic first-aid life-

saving procedures. 
Simple recognition using triage tools and basic first-aid life-saving 

procedures should be taught to professional caregivers for chil-

dren, including child minders, schoolteachers, first responders, 

lifeguards and coaches/trainers of children and adolescents. 

Immediately call for medical help or call the emergency medical 

service (EMS) if a child has signs or symptoms that might indicate 

critical illness such as those described in the BBB-tool namely: 

o Behaviour: A child who: 

∎ is not fully conscious or is difficult to rouse, floppy or rigid, 

∎ is having a seizure, 

∎ is confused, agitated, or interacting abnormally with the 

parents/caregivers,
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is crying inconsolably,∎ 
∎ is not able to move one or more limbs, and/or 

∎ has severe pain or is unable to speak or walk, if previously 

able to do so. 

o Breathing: A child who has difficulty breathing, such that they: 

∎ are unable to take a deep breath, 

∎ are working hard to take each breath (breathing fast, grunt-

ing, flaring of the nostrils, and indrawing between or under 

the ribs), 

∎ are making additional noises while breathing, 

∎ are breathing too fast, too slowly or irregularly, stops breath-

ing, and/or 

∎ adopt an abnormal posture to aid breathing. 

o Body colour: 

∎ The child’s skin is cyanosed (blue), mottled, abnormally pale 

or greyish. Look at the hand palms, soles of the feet and 

mucosal membranes especially in children with darker skin 

tones. 

Parents/caregivers of children with specific chronic conditions 

(e.g. children who are dependent on medical equipment, who 

have a tracheostomy, cardiac conditions, malignancy, or who 

were born with a low birth weight) should have an emergency 

plan available for any sudden deterioration and caregivers should 

be familiar with this and trained in initial life-saving procedures. 

Recommendations for healthcare professionals (Fig. 3) 

Identify children with an increased risk of cardiac arrest and for-

mulate a care plan for these children. 

Use a dedicated quick-look tool (e.g. the above-mentioned BBB-

tool or the paediatric assessment triangle) for the early recogni-

tion of a potentially critically ill child. 

Consider your own safety. Use appropriate personal protection 

equipment when indicated. 

Immediately perform an initial ABCDE assessment in 

any child who appears to be critically ill or severely injured 

(Fig. 3). Initiate life-saving interventions as soon as a problem 

is identified. 

Activate additional resources (e.g. personnel, equipment) and 

establish a team with clearly defined individual roles and respon-

sibilities as soon as possible. 

Use cognitive aids such as displayed algorithms and checklists to 

decrease cognitive load. 

Reassess the child after any intervention or when in doubt. 

Ask caregivers for an estimate of the child’s weight or estimate 

this using length-based methods, which should ideally be cor-

rected for body-habitus. 

Use an individualised approach or modify interventions for chil-

dren with chronic medical conditions or specific medical needs. 

Ask a parent/caregiver for relevant information about the condi-

tion if they have this. 

At all times allow parents/caregivers to stay with the child if this 

does not preclude their safety or the safety of the child or 

personnel. 

Include parents and those with parental responsibility in discus-

sions and decision-making. 

Assign a dedicated team member to the care of parents or care-

givers, and ensure they are fully informed at all stages.
Recognition of the critically ill or injured child. 

Airway 

o Check the patency of the airway and the presence of airflow 

using the look-listen-feel method. 

o Consider stridor or snoring to be a sign of partial airway 

obstruction. 

o Allow a conscious child to adopt the most comfortable position, 

do not force them to lie down. 

Breathing 

o Check for signs of respiratory insufficiency (Tables 2 and 3). 

Assess: 

∎ Work of breathing (respiratory rate, recession, grunting, 

nasal flaring, tracheal tug, positioning). 

∎ Effectiveness of breathing (chest expansion, character and 

strength of crying/speaking), auscultation (reduced air entry, 

symmetry, wheeze or crepitations), skin colour (cyanosis), 

arterial oxygen saturation. 

∎ Systemic signs (heart rate, conscious level). 

o Monitor arterial oxygen saturation by pulse oximetry (SpO2) 

continuously. Be aware that a pulse oximeter can be less reli-

able in children with darker skin tones or poor peripheral 

perfusion. 

o Monitor capnography (end-tidal carbon dioxide, (ETCO2)) in all 

patients with an advanced airway (i.e. a tracheal tube or supra-

glottic airway device (SGA)). Consider capnography in patients 

with non-invasive ventilation. 

o Consider point of care ultrasound (POCUS) of the lungs and 

blood gas analysis. 

o Use multiple variables to recognise respiratory failure as no 

single sign in isolation is indicative of this. Trends are more 

important than a single value. 

Circulation 

o Check for signs of cardiovascular insufficiency (Tables 2 

and 3). 

∎ Cardiovascular signs (heart rate, pulse volume (peripheral 

and central), blood pressure, preload (jugular veins, liver 

span, crepitations). 

∎ Organ perfusion (capillary refill time, skin colour and temper-

ature, urinary output, level of consciousness). 

o Attach an ECG-monitor, to assess the rhythm, and a non-

invasive blood pressure (NIBP) monitor/device. 

o Consider serial lactate measurements if signs of shock are 

present. 

o Consider POCUS, which might help to distinguish the cause 

and type of shock. 

o Consider a 12-lead ECG. 

o Use multiple variables to recognise circulatory failure (shock) 

and the type of shock; no single sign in isolation is indicative 

of shock. Trends are more important than a single value. 

Disability 

o Check conscious level using the AVPU (Alert-Verbal-Pain-

Unresponsive) scale, (paediatric) Glasgow Coma Scale 

(GCS) total score, or the GCS motor score, pupil size, symme-

try, and reactivity to light and the presence of posturing or focal 

neurological signs. 

o Recognise seizures as a neurological emergency. 

o Check blood glucose.

move_f0015
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Fig. 3 – Management of critically ill/injured child using the ABCDE approach. 

Abbreviations: FONA – front-of-the-neck airway, CA – cardiac arrest, SpO2 – peripheral oxygen saturation, EtCO2 – end-tidal carbon dioxide, 

FiO2 – fraction of inspired oxygen, ABG – arterial blood gas, POCUS – point-of-care ultrasound, POC – point-of-care, ECMO – extracorporeal 

membrane oxygenation, ECG – electrocardiography, NIBP – non-invasive blood pressure, AVPU – Alert Voice Pain Unresponsive, pGCS – 

paediatric Glasgow coma scale, AMPLE – Allergy Medication Past history Last meal, Exposure/Environment
Consider urgent brain imaging if neurological symptoms persist 

after ABC resuscitation. 

o 

Exposure 

o Check body temperature. 

o Undress the child and look for rashes, injuries and signs of 

physical child abuse and neglect. 
Table 2 – Approximate normal values for respiratory rate,
The values change continuously as the child grows. Use intermediate 

Age 1 month 1 year

Upper limit of normal range for RR 60 50

Lower limit of normal range for RR 25 20

Upper limit of normal range for HR 180 170

Lower limit of normal range for HR 110 100

p50 for systolic BP 75 95

p10 for systolic BP 55 75

p5 for systolic BP 50 70

p50 for MAP 55 70

p10 for MAP 45 55

p5 for MAP 40 50

Abbreviations: RR = respiratory rate, HR = heart rate, BP = blood pressure, MAP =

percentile of child’s height at that age 
Look for signs and symptoms of potentially life-threatening con-

ditions as described further below (e.g. anaphylaxis, sepsis). 

o 

o Try to identify any underlying conditions that might require a speci-

fic approach (e.g. intoxication, underlying chronic conditions). 

o Use AMPLE (Allergy, Medication, Past history, Last meal, 

Eventd) to quickly establish a basic medical history.
 heart rate and blood pressure. 
values for children between the specified ages in the table.26–28 

2 years 5 years 10 years 18 years 

40 30 25 20 

18 17 14 12 

160 140 120 100 

90 70 60 60 

98 100 110 120 

77 80 85 105 

73 75 80 90 

73 75 75 75 

58 60 60 65 

53 55 55 60 

 mean arterial pressure p50/p10/p5 = 50th /10th /5th percentile of BP for the 50th 
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Table 3 – Clinical signs of respiratory and circulatory failure. 
Individual deviations are common especially in children with chronic medical conditions. Be aware that cardiovascular collapse can also 

occur suddenly without any preceding symptoms or signs. Always use multiple variables to diagnose failure. 

Compensated Decompensated 

(risk of cardiac arrest) 

Respiratory failure Tachypnoea 

Increased work of breathing 

Normal, increased or slightly decreased tidal 

volumes 

Wheezing 

Mild to moderate hypoxaemia (e.g. SpO2 90-93% 

breathing air) 

Normocapnia or hypocapnia 

Agitation 

Bradypnoea, irregular breathing 

Decreasing work of breathing 

Grunting 

Diminished chest excursions and/or air entry 

(silent chest) 

Severe hypoxaemia (SpO2 <90% breathing air) 

Hypercapnia 

Decreased level of consciousness 

Tachycardia 

Impaired peripheral perfusion 

Decreased peripheral pulsations 

Normal blood pressure 

Agitation 

Bradycardia 

Diminished central pulsations 

Hypotension 

Decreased level of consciousness 

Circulatory failure 

(shock) 
Bealert toconditions inwhichcardiacarrest is imminentsuchas:airway 

obstruction, flail chest, silent chest, tension pneumothorax, massive 

haemorrhage, cardiac tamponade, intracranial hypertension, hypogly-

caemia with coma, hypothermia, severe trauma and thrombosis. 

Principles of the management of the critically ill or injured child 

Airway 

o Establish airway patency to enable adequate oxygenation and 

ventilation. 

o Open the airway and keep it open. Use adequate positioning of 

the head and body alignment (head tilt and chin lift or jaw 

thrust), remove secretions and other obstructing materials by 

careful suctioning if necessary. 

o Consider a nasopharyngeal or oropharyngeal airway of the appro-

priate size in children with a decreased level of consciousness. 

o Use a supraglottic airway device (laryngeal mask, i-gel), when 

indicated, only if you are competent in its use. 

o Intubate the trachea of a child, when indicated, only if you are 

competent and experienced and have the necessary materials 

and medications immediately available and use a well-defined 

operating procedure. 

∎ Always have a plan for difficulties with the airway (e.g. SGA-

insertion, additional expertise). 

∎ Preoxygenate the child before induction of anaesthesia, 

avoid distending the stomach. 

∎ Use sedative and neuromuscular blocking medication with a 

rapid onset of action, unless the child is deeply comatose. 

∎ Do not use atropine as premedication routinely. 

∎ The oral route for tracheal intubation is preferable during 

emergencies. 

∎ Use direct or video laryngoscopy for tracheal intubation 

depending on local protocols and rescuer experience. 

∎ Provide oxygen during airway management (apnoeic oxy-

genation, high-flow nasal oxygen) to avoid hypoxia during 

the procedure. 

∎ Do not attempt intubation more than twice and limit each 

attempt to 30–60 s. Monitor SpO2, heart rate and blood pres-

sure during intubation and stop the attempt immediately in 
case of bradycardia or oxygen desaturation. Immediately 

recommence bag-mask ventilation or insert an SGA to 

restore oxygenation. 

∎ Use cuffed tracheal tubes for all children. Monitor and limit 

cuff inflation pressure according to the manufacturer’s 

recommendations. 

∎ Provide adequate analgosedation during and after intubation. 

∎ Confirm tube placement clinically and using ETCO2 monitor-

ing (providers with expertise may use POCUS in addition). 

Monitor SpO2 and ETCO2 continuously in all children with 

an advanced airway. Confirm the tube position with X-ray 

as soon as practicable. 

o Use a front-of-neck airway (e.g. cricothyroidotomy) only as a 

last resort option in cannot-ventilate-cannot-oxygenate situa-

tions. This should be performed by an individual trained in inva-

sive airway techniques. 

o In children with tracheostomies, who develop difficulty breath-

ing, suspect an obstruction of the tracheostomy tube. 

∎ Try to relieve the obstruction by suctioning the tracheostomy 

tube. 

∎ If a suction catheter cannot be passed, the tracheostomy 

tube should be removed immediately and replaced. 

∎ If a clean tube is not available, oxygen and ventilation via 

bag and mask should be given until the tube is cleaned 

and replaced. 

∎ If the child’s upper airway is patent it may be possible to pro-

vide oxygen and bag-mask ventilation via the nose and 

mouth whilst the tracheal stoma site is occluded. 

∎ If the upper airway is not patent it may be possible to provide 

oxygen and bag-mask ventilation at the tracheostomy stoma 

site using a small face mask (or the end of an LMA used as a 

mask) over the stoma site. 

∎ In an emergency, tracheal intubation via the tracheostomy or 

upper airway (if patent) with a tracheal tube may be needed. 

Breathing 

o Aim for adequate oxygenation and ventilation. 

o Initially give 100 % oxygen for all children with respiratory, cir-

culatory, or neurological failure.
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Titrate the fraction of inspired oxygen (FiO2) as soon as the 

SpO2 can be monitored and avoid sustained readings of 

100 % (except in special circumstances, e.g. carbon monoxide 

intoxication, methaemoglobinaemia, cyanide poisoning or sev-

ere anaemia). 

o 

o In previously healthy children aim for an SpO2 of 94–98 %. The 

goal is to achieve an SpO2 of at least 94 % with the lowest pos-

sible FiO2. 

o Consider individualised targets for SpO2 and ETCO2 in children 

with specific conditions (e.g. cyanotic congenital heart defects, 

chronic respiratory failure). 

o Consider high-flow nasal oxygenation or non-invasive ventila-

tion in children with hypoxaemia not responding adequately 

to conventional oxygen therapy. 

o Support inadequate spontaneous ventilation, using bag-mask 

ventilation as the first-line method. 

∎ Ensure correct head positioning, mask size and proper seal 

between the mask and the face. 

∎ Use a two-person approach (using both hands to hold the 

mask and to keep the airway open), especially if ventilation 

is difficult or when there is a risk of disease transmission. 

Consider airway adjuncts (e.g. oropharyngeal device). 

∎ Use an appropriately sized bag and sufficiently long inspira-

tory times to make the chest visibly rise (mild chest move-

ments). Avoid hyperinflation and high peak inspiratory 

pressure. 

∎ Aim for a normal respiratory rate for the child’s age (prag-

matically use the following rates per minute: 25 in infants, 

20 in children >1 y, 15 in children >8 y, 10 in children >12 y). 

o Consider the early insertion of an SGA or tracheal tube in 

cases when bag-mask ventilation does not improve oxygena-

tion or ventilation or when prolonged respiratory support is 

anticipated. 

o Check air leak, signs of aspiration, efficacy of ventilation in 

patients with SGA or tracheal tube. 

o In mechanically ventilated children: 

∎ Use tidal volumes of 6–8 ml kg 1 of ideal body weight and a 

respiratory rate at a low-normal range for the child’s age 

(Table 2). 

∎ Start with a positive end expiratory pressure (PEEP) of 5 cm 

H2O and adjust PEEP and FiO2 to improve oxygenation, 

always titrating these to the minimum support needed to 

achieve the desired targets. 

∎ Individualise ventilator settings in specific conditions, seek 

the advice of a paediatric intensivist early if possible. 

∎ Minimise apparatus dead space, especially in infants. 

∎ Avoid both hyperventilation and hypoventilation. Monitor 

ETCO2 and aim for normocapnia. Check partial pressure 

of carbon dioxide in arterial blood (PaCO2) as soon as prac-

ticable to assess its relationship to ETCO2. 

o Use DOPES to help identify the cause of a sudden rapid dete-

rioration in a ventilated child (bag-mask ventilation or mechan-

ical ventilation): 

∎ Displacement (mask, SGA, tracheal tube). 

∎ Obstruction (secretions, tube, circuit, airway, head position). 

∎ Pneumothorax or other pulmonary pathology. 

∎ Equipment (disconnection, oxygen supply, tubing, valves, 

ventilator). 

∎ Stomach/stacking/sedation (abdominal distention, stacked 

breaths or insufficient sedation). 
Circulation 

o Aim for adequate organ perfusion. 

o In the case of circulatory failure (shock), do not spend more 

than 5 min (or two attempts) to establish intravenous (IV) 

access. Competent providers should use POCUS to guide IV 

cannulation. 

o Establish intraosseous (IO) access as a rescue alternative if IV 

access fails or when the chances for a successful IV-

cannulation are considered minimal. 

∎ Use an IO-needle of appropriate size. 

∎ Provide effective analgesia (e.g. intranasal ketamine) unless 

the child is comatose. 

∎ Use manual infusion or a high-pressure bag for fluid infusion. 

∎ Monitor for signs of extravasation and displacement. 

o Give one or more fluid boluses of 10 ml kg 1 in children in 

hypovolaemic, obstructive or distributive shock. 

∎ Use balanced isotonic crystalloids as the first line choice of 

fluids. If unavailable, use normal saline, which may be the 

preferred fluid in diabetic ketoacidosis and severe traumatic 

brain injury. 

∎ Give repeated 10 ml kg 1 boluses, as necessary. A total of 

40–60 ml kg 1 may be needed during the first hour of treat-

ment of hypovolemic or distributive shock. 

∎ Reassess the child after each bolus looking for signs of fluid 

overload or cardiac failure (e.g. lung crepitations, increasing 

liver edge, raised jugular venous pressure). 

∎ If the signs of shock recede, continue maintenance fluids 

and rehydration at a slower pace. 

∎ Consider vasoactive medication and respiratory support if 

repeated fluid boluses are required. 

o Consider the need for fluids in cardiogenic shock on an individ-

ual basis. Fluids might still be needed but should be given more 

cautiously e.g. 5 ml kg 1 fluid bolus. 

o Assess the type of shock; hypovolaemic, cardiogenic, obstruc-

tive, distributive, or dissociative (POCUS may be of value for 

this). 

o Start vasoactive medication (inotropes and/or vasopressors 

depending on the type of shock) early, as a continuous infusion 

via a central or peripheral line, and not later than after three to 

four fluid boluses (30–40 ml kg 1 ): 

∎ Pay attention to the proper composition, dilution, and dosing 

of fluids. 

∎ Use a dedicated line for vasoactive drug infusion whenever 

possible. 

∎ Titrate the infusion rate according to clinical and other signs 

(pulse, capillary refill time, urine output), not solely based on 

blood pressure targets, which may differ according to the 

pathology, age and response. Aim for the 5th percentile as 

a minimum. 

∎ Use noradrenaline as a first line vasopressor and adrenaline 

as a first line inotrope. Use milrinone as first-line inodilator. 

∎ Consider the use of POCUS, echocardiography, lactate and 

mixed venous oxygen saturation (SvO2) to further guide clin-

ical decision-making, if the expertise is available. 

o Treat arrhythmias if present (see below). 

o Initiate other specific treatments according to the type of shock 

(see below). 

o Seek expert advice on extracorporeal support (e.g. ECMO) in 

children with refractory shock or specific conditions (e.g. con-

genital heart disease).
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R E S U S C I T A T I O N 2 1 5 ( 2 0 2 5 ) 1 1 0 7 6 7 9
Disability 

o Aim for neuroprotection (see the section on post-resuscitation 

care). 

o Ensure adequate oxygenation, ventilation, and circulation. 

o Treat clinical and electroencephalographic seizures. Follow a 

time-critical protocol for the management of status epilepticus 

such as that suggested in Fig. 4. 

o Treat hypoglycaemia, orally, if possible, with 0.3 g kg 1 glu-

cose as soon as this is detected. If oral intake is not possible, 

give an IV bolus of 0.2 g kg 1 glucose (2 ml kg 1 10 % glucose) 

and re-check blood glucose after 5–10 min and repeat if 

necessary. 

o When IV glucose is not available, give glucagon as a temporary 

rescue measure: glucagon IM or SC, 0.03 mg kg 1 (or 1 mg if 

>25 kg or 0.5 mg if <25 kg) OR intranasally 3 mg if 4–16 yr. 

o Ensure (preferably continuous) analgosedation in children with 

discomfort or pain. Anticipate and prevent hypotension. 

o Consider the possibility of paediatric stroke or neuroinfection 

and quickly seek expert help. 

Exposure 

o Avoid hypothermia and hyperthermia and start specific mea-

sures if present. 

o Consider antibiotics and/or antiviral medication if a bacterial or 

viral cause of critical illness is likely (e.g. in sepsis, 

encephalomeningitis, severe pneumonia). 

o Protect the best interests of the child according to the local eth-

ical and legal policies in case of a suspicion of inflicted trauma 

(child abuse and neglect). 

Additional recommendations for time-critical interventions. 

In children with severe acute asthma (critical asthma syndrome): 

o Give 100 % oxygen. 

o Give (intermittent or continuous) short acting beta2-adrenergic 

agonists via pressurised metered-dose inhalers with spacer or 

by nebulisation (e.g. salbutamol 100 mg per dose at 4–10 puffs 

every 20 min or by nebulisation with 100 % oxygen 2.5–5 mg in 

sterile 0.9 % sodium chloride in a volume suitable for the type 

of nebuliser, run until empty) 

o Give inhaled ipratropium with beta2-adrenergic agonists as 

required in the following doses: children aged from 1 month 

to 5 years 125–250 mg (max 1 mg day 1 ), from 6 to 11 years 

250 mg (max 1 mg day 1 ) and from 12 to 17 years 500 mg 

(max 2 mg day 1 ). 

o Give prednisolone 1–2 mg kg 1 orally or IV (max. 40 mg) or dex-

amethasone 0.3–0.6 mg kg 1 (max. 16 mg) within the first hour. 

o Consider adding high dose inhaled corticosteroids in a severe crisis. 

o Consider IV magnesium sulphate 40 mg kg 1 (max 2 g) over 

20 min in children who fail to respond to initial treatment. 

o Consider a loading dose of IV short-acting beta2-adrenergic 

agonists (e.g. 5–15 mg  kg  1 salbutamol over 10 min, max. 

doses of 250–750 mg have been used) which may be followed 

by an infusion depending on clinical severity (e.g. salbutamol 

1–2 mg  kg  1 min 1 ). Monitor potassium levels, lactate, blood 

glucose and ECG.

o Consider a trial of non-invasive ventilation provided the child 

still has sufficient respiratory drive. 

o Consider tracheal intubation and invasive ventilation (and 

anticipate potential serious side effects), or extracorporeal 

life-support in near fatal asthma (e.g. exhaustion, severe 

hypoxia despite high flow oxygen and adequate medication). 
m

In children with septic shock: 

o Obtain blood samples for blood culture and PCR if possible and 

start broad-spectrum antibiotics as soon as possible (within 

1 h) after initial ABCDE management. 

o Consider hydrocortisone 1–2 mg kg 1 if the child is not 

responding to fluids and vasoactive support, and in children 

with specific pathologies (e.g. adrenal insufficiency) or who 

are receiving specific medications. 

In children with cardiogenic shock: 

o Seek the advice of a paediatric cardiologist early. Use echocar-

diography to guide treatment. 

o Start inotropic support and consider mechanical ventilation. 

Anticipate possible cardiac arrest during tracheal intubation, 

use medication with minimal cardiovascular side effects (e.g. 

ketamine and avoid propofol). 

o Consider IV furosemide only in children without concomitant 

hypovolaemia. 

o Consider extracorporeal life support in refractory cardiogenic 

shock. 

In children with haemorrhagic shock: 

o Control bleeding using pressure and tourniquets as indicated 

and activate local protocols for massive haemorrhage. 

o Minimise the use of IV crystalloid boluses (max. 20 ml kg 1 ). 

Give blood products or full blood as soon as these are 

available. 

o Use vasoactive medication in fluid-refractory shock, especially 

when there is also a loss of sympathetic drive (e.g. during 

anaesthesia or analgosedation), or in children with concomitant 

traumatic brain injury. Target MAP to above the 50th percentile 

to attain sufficient cerebral perfusion pressure in traumatic 

brain injury. Support cardiac function if this is necessary to 

achieve MAP above the threshold. 

o Use a strategy that focuses on improving coagulation in chil-

dren with severe blood loss. 

o Use tranexamic acid as soon as possible (at least within 3 h) in 

all children requiring transfusion after trauma or with life-

threatening haemorrhage. Give a loading dose of 15– 

20 mg kg 1 (max. 1 g) IV over 10 min, followed by an infusion 

of 2 mg kg 1 h 1 for at least 8 h or until the bleeding stops. 

In children with circulatory failure due to bradycardia: 

o Seek the advice of a paediatric cardiologist early. 

o Improve oxygenation, ventilation, and circulation. 

o In patients with bradycardia and poor perfusion not responding 

to oxygenation and ventilation, start chest compressions. 

o Consider adrenaline as small IV bolus doses (e.g. 1–2 mg  kg  1 ) 

or as a continuous infusion.

o Consider transthoracic pacing only in specific cases of brady-

cardia (e.g. complete heart block, sick sinus syndrome). 

o Consider atropine only in specific cases of bradycardia (e.g. 

induced by increased vagal tone or by a cardiac conduction 

disease); dose IV atropine 20 g  kg  1 (max. 0.5 mg).

In children with circulatory failure due to tachydysrhythmia: 

o Seek the advice of a paediatric cardiologist early. 

o In patients with decompensated circulatory failure regardless of 

the origin of tachycardia (supraventricular or ventricular), per-

form immediate synchronised cardioversion starting with 

1  J  kg  1 , doubling the energy with each subsequent attempt 

up to a maximum of 4 J kg 1 . Have a 12-lead ECG running dur-

ing the cardioversion attempt. If the child is not comatose, 

ensure adequate analgosedation according to local protocols.
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Fig. 4 – Algorithm for the management of generalized seizures in children.
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Reassess signs of life and pulse after each attempt. While wait-

ing for anaesthesia and the defibrillator, chemical cardioversion 

(see below) can be attempted but it should not delay the car-

dioversion attempt. 

o In patients with narrow complex supraventricular tachycardia 

(SVT) who are not in decompensated circulatory failure: 

∎ Consider vagal manoeuvres (e.g. modified Valsalva or ice 

pack to the face). 

∎ Consider IV adenosine as a rapid flush of 0.1–0.2 mg kg 1 

(max. 6 mg) via a large vein. Ensure a 12-lead ECG is run-

ning during the administration of adenosine. If the SVT per-

sists, give a second dose of 0.3 mg kg 1 (max. 12–18 mg) 

after at least 1 min. If the SVT persists after the second 

dose, consider further doses of IV adenosine every 1– 

2 min increasing the dose in steps of 0.05–0.1 mg kg 1 until 

a maximum single dose of 0.5 mg kg 1 has been given. 

∎ Seek the advice of a paediatric cardiologist. Consider car-

dioversion or alternative medications (e.g. amiodarone), espe-

cially in children with sinus node disease, pre-excited atrial 

arrhythmias, a history of heart transplant or severe asthma. 

o In patients with a wide QRS tachycardia who are not in decom-

pensated circulatory failure: 
Fig. 5 – ERC Basic Life
Try vagal manoeuvres which might provide diagnostic 

insight (e.g. into an SVT with abnormal conduction). 

∎ 

∎ Seek the advice of a paediatric cardiologist. Pharmacologi-

cal treatment options include amiodarone, lidocaine, esmo-

lol, magnesium sulphate, and procainamide. 

∎ In torsade-de-pointes VT, give IV magnesium sulphate 

50 mg kg 1 (max. 2 g). 

In children with generalized seizures (Fig. 4): 

o Monitor the time from the start of the seizures closely. Manage 

ABC, monitor vital functions and ECG. Consider possible 

causes for seizures (e.g. infection, intoxication, metabolic dis-

orders, hypoxia, hypoglycaemia, hyperthermia, intracranial 

hypertension, and channelopathies) and treat these appropri-

ately. Anticipation is important when treating seizures as sev-

eral interventions may be necessary. 

o Any seizure lasting 5 min or longer (status epilepticus) requires 

treatment with a benzodiazepine (first-line medication). Use the 

intravenous (IV) route if available. If an IV/IO access has not yet 

been established, use an alternative route (e.g. nasal, buccal or IM). 

o If the seizures continue, give a second dose of a benzodi-

azepine IV or IO after 5–10 min and prepare to administer a 

second-line medication.
Support algorithm.
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If the seizures persist after two doses of the first-line medica-

tion (<15–20 min from the start of the seizures) give levetirac-

etam IV or IO 40–60 mg kg 1 (max. 4.5 g) over 5 min (second-

line medication). If levetiracetam is not available, give pheny-

toin IV 20 mg kg 1 over 20 min or phenobarbital IV 20 mg kg 1 

(max 1 g) by slow injection at a maximum rate of 1 mg kg 1 

min 1 or valproic acid IV 20 mg kg 1 over 4 min as a second 

choice instead. Do not use valproic acid where there is the 

potential for pregnancy. 

o 

o If the seizures continue for 30 min despite the administration 

of a second-line drug (refractory status epilepticus), prepare for 

intubation and refer the child to the paediatric intensive care 

team. If you are not ready for intubation and anaesthesia, then 

giving another, different second line drug is an alternative. 

o Start anaesthesia (e.g. with midazolam, ketamine, phenobarbi-

tal, thiopental, or propofol) within 40 min of the onset of sei-

zures, with intubation and mechanical ventilation. Aim for 

termination of clinical seizures and burst suppression on elec-

troencephalography (EEG). Monitor for respiratory and haemo-

dynamic instability, metabolic disturbances, renal failure, 

rhabdomyolysis, and adverse drug effects. 

o Seek the advice of a paediatric neurologist. 

o Consider continuous EEG monitoring and brain imaging. 

Other important peri-arrest situations are described below in the 

dedicated subchapter on Special Circumstances. 

Paediatric basic life support (PBLS) 

See Fig. 5. 

Recommendations for untrained rescuers and dispatcher-

assisted CPR 

If you encounter a child who appears to be unresponsive and you 

have no training in PBLS, ensure your own safety and that of the 

child and follow the 3 steps to save a life (Fig. 6): 

o Check if the child reacts to a non-painful stimulus. 

o Call the EMS immediately if the child does not react and follow 

the dispatcher’s advice. 
Fig. 6 – Three step
CPR: Start CPR immediately following the instructions of the 

dispatcher. 

o 

Dispatchers should encourage bystanders to perform both venti-

lation and chest compressions in children of all ages. They should 

actively ask about signs confirming that the ventilations are effec-

tive (e.g. whether the chest is moving). 

Dispatchers should use a 30:2 ratio for CPR instructions with 5 

initial rescue breaths for untrained bystanders or bystanders 

trained only in adult BLS. 

If the bystanders are not willing or able to perform rescue breathing, 

dispatchers should encourage compression-only CPR in all children. 

Dispatchers should instruct bystanders to use age-specific tech-

niques for chest compressions and breathing in infants, children 

and adolescents (see below). 

Recommendations for those trained in PBLS (Fig. 5) 

Ensure your own safety and that of the child. 

Use verbal and tactile stimulation to assess responsiveness. Do 

not use painful stimuli. 

Call, or have someone call, the EMS immediately, using the 

speaker function of your mobile phone with video when possible. 

Follow the advice of the dispatcher who can help you to recognise 

if you need to start CPR. If you are trained in PBLS, check the 

breathing as described below, while waiting for the connection 

with the dispatcher. 

Use the head tilt chin lift manoeuvre to open the airway, assess 

breathing and look for signs of life for no longer than 10 s (Figs. 7 

and 8). 
QR code 1. Paediatric Life Support – open airway.
s to save a life.
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Give five initial rescue breaths (Figs. 9 and 10). 
QR code 2. Paediatric Life Support – rescue 

breaths. 
I mmediately proceed with chest compressions (Figs. 11–13). 
QR code 3. Paediatric Life Support – chest 

compressions. 
Continue CPR. Use a compression-to-ventilation ratio of 15:2 if 

you are specifically trained in PBLS to the level of the ERC 

PBLS-course or equivalent, otherwise use a ratio of 30:2. 
Fig. 7 – Opening airway in an infant – neutral position.

Fig. 8 – Opening airway in a child – ‘sniffing position’.
Focus on consistently high-quality compressions and effective 

ventilations. Minimise chest compression pauses. 

If a second rescuer is available, they should call the EMS while 

the first rescuer starts CPR, and then bring and attach an auto-

mated external defibrillator (AED) as soon as possible for children 

of all ages. Once attached, follow the instructions of the AED. 

If there is only a single rescuer, calling the EMS and starting CPR 

should be prioritised over fetching and attaching an AED. 

Do not interrupt CPR unless there are clear signs of life, or you 

are instructed to do so by the AED. 

In an unresponsive child who is clearly breathing effectively, keep 

the airway open by continued head tilt chin lift or positioning the 

child in a recovery position, especially if there is a risk of vomiting, 

but not in trauma. 

Check the breathing continuously or at least every minute if the 

child is placed in a recovery position. If in doubt about the stability 

of the position or the quality of the breathing, turn the child onto 

their back and open the airway with the head tilt chin lift 

manoeuvre. 

Airway and assessment of breathing: 

o Keep the head in the neutral position in infants by slightly tilting 

the head and lifting the chin with two fingers on the chin bone 

without pressing on the soft tissues (head tilt chin lift manoeu-
Fig. 9 – Rescue breathing in an infant – mouth-to-mouth-

and-nose technique.

Fig. 10 – Rescue breathing in a child – mouth-to-mouth 

technique.
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Fig. 12 – Chest compressions in a child – one-hand
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vre) (Fig. 7). In older children, more head tilt will be needed 

(Fig. 8). In adolescents, full extension of the head is needed 

as in adults. 

o Look for chest movement, listen and feel for the flow of air from 

the nose and/or mouth. If the chest is moving but there is no 

airflow, the airway is not open. Immediately try to improve 

the airway opening manoeuvre. 

o If you have any doubt whether breathing is normal, act as if it 

were not normal.

Rescue breaths without equipment: 

o Ensure the airway is open and blow steadily into the child’s 

mouth (or infant’s mouth and nose) for about 1 s, sufficient to 

make the chest visibly rise and then allow the chest to fall back 

passively while you take your next breath (Figs. 9 and 10). 

o If the chest does not rise, the airway may be obstructed: 

∎ Remove any visible obstruction in the mouth if it is easy to do 

so. Do not perform a blind finger sweep. 

∎ Reposition the head or adjust the airway opening method by 

further lifting the chin or tilting the head.

Chest compressions: 

o Perform chest compressions on a firm surface if immediately 

available. Remove clothes only if they hinder chest 

compressions. 

o Perform chest compressions over the lower half of the sternum 

(breastbone) in all age groups. 

o 

QR code 4. Two-thumb encircling technique. 

o 

Use the two-thumb encircling method for chest compressions 

in infants (Fig. 11). 

Use the one-hand or two-hand technique in children older than 

1 year, or when unable to give high-quality chest compressions 

with the two-thumb-encircling technique (Figs. 12 and 13). 
Fig. 11 – Chest compressions in an infant – two-thumb 

encircling technique. 
QR code 5. One-hand or two-hand technique in 

children. 

o Deliver high-quality chest compressions as defined by: 

∎ Rate of 100–120 min 1 .
Fig. 13 – Chest compressions in a child – two-hands 

technique.
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Fig. 14 – Antero-posterior position of the defibrillation 

pads in children up to 25 kg. 

Fig. 15 – Antero-lateral (a) or antero-posterior position 

(b) of the defibrillation pads in children more than 25 kg. 
Depress the chest by at least one third of the antero-

posterior dimension. Use the adult depth recommendation 

of 5–6 cm in adolescents and do not exceed a depth of 

6 cm at any age. 

∎ 

∎ Avoid leaning by releasing all pressure between compres-

sions and allow the chest to rise again completely (chest 

recoil). 

∎ Do not interrupt chest compressions except when giving 

ventilations, or if you are instructed to do so by the AED.

Using an Automated External Defibrillator: 

o Follow the instructions of the AED. 

o Apply the defibrillation pads with minimal interruptions 

in CPR (one person applying the pads, a second performing 

CPR). 

o Activate the paediatric mode, if available, in all infants and chil-

dren weighing less than 25 kg (i.e. approximately 8 years of 

age). In larger children and adolescents, use the AED in stan-

dard adult mode. If the AED does not have instruction for chil-

dren, use it in standard adult mode. 

o Place adult size defibrillation pads as follows (Figs. 14 and 15): 

∎ Use the antero-posterior position in infants and children 

weighing less than 25 kg: the anterior pad is placed mid-

chest immediately left of the sternum and the posterior on 

the back placing the centre of the pad between the scapulae 

(shoulder blades). 

∎ Use either the antero-lateral or antero-posterior position in 

children weighing more than 25 kg and adolescents. In the 

antero-lateral position one pad is placed below the right clav-

icle and the other in the left axilla. If the antero-posterior 

position is used in adolescents, avoid placing the defibrilla-

tion pads over breast tissue. 

o Do not touch the patient while the AED is analysing the 

rhythm. 

o Restart chest compressions immediately after shock 

delivery. 

Additional considerations for PBLS 

If they suspect a cardiac arrest or a critical situation, one person 

should call the resuscitation or emergency medical team, while 

the other person starts CPR as described above, using a 

compression-to-ventilation ratio of 15:2. 

Competent providers should use bag-mask ventilation with 

oxygen. 

If starting ventilations is not immediately possible (e.g. bag-mask 

ventilation is not immediately available and there is a contraindi-

cation to mouth-to-mouth ventilation), start chest compressions 

immediately and add ventilations as soon as possible. 

Competent providers can also use a pocket mask for rescue 

breaths to ventilate larger children when a bag and mask is not 

available. 

Activate the CPR mode on the bed to increase stiffness of the 

mattress (if the bed is equipped with this function). 

Over-the-head chest compressions can be used in certain speci-

fic situations such as limited space or limited personnel. 

The anterolateral pad position can be used by competent provi-

ders in children 25 kg when using paediatric pads provided 

these do not touch each other. 

A single rescuer without a mobile phone, should perform CPR for 

1 min before going to seek help. 
Foreign body airway obstruction (Fig. 22) 

Suspect choking due to a foreign body if the child is unable to 

speak (children and adolescents) or cry aloud (infants or smaller 

children), especially during feeding, eating, or playing 

unsupervised.
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Fig. 17 – Back blows (a) and abdominal thrusts (b) in a
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Fig. 16 – Back blows (a) and chest thrusts (b) in an 

infant. 
Call or have someone call the EMS as soon as possible. 

Encourage an older child or adolescent to cough. 

Give up to 5 back blows if coughing is not possible or becoming 

ineffective: 

o Turn the infant face-downonyour forearmwith your forearmrest-

ing on your leg. Support the head of the infant with your hand. Try 

to hold the headbelow the level of the thorax (usegravity).Give a 

sharp blow between the shoulder blades (Fig. 16a). Repeat up to 

five times or until the obstruction is relieved. 

o Lean children and adolescents forward and give blows 

between the shoulder blades (Fig. 17a). Repeat up to five 

times. 

Give up to five chest/abdominal thrusts if back blows are not 

effective: 

o In infants (Fig. 16b): 

∎ Turn the infant onto their back and lay them on your knees.
child or adolescent.
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Fig. 18 – Paediatric Advanced Life Support algorithm.
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Use the two-thumbs encircling technique to perform chest 

thrusts as advised for chest compressions but compressing 

the sternum more sharply. Repeat up to five times or until the 

obstruction is relieved. 

∎ 

o In children and adolescents (Fig. 17b): 

∎ Stand behind the child and put your arms around the upper 

part of their abdomen. 

∎ Lean them forward. 

∎ Clench your fist and place it between the navel (umbilicus) 

and the end of the breastbone (xiphoid). 

∎ Grasp your fist with the other hand and pull sharply inwards 

and upwards. 

∎ Repeat up to five times or until the obstruction is relieved. 

o If the child is still conscious, repeat the back blows up to five 

times alternating these with up to five chest/abdominal thrusts. 

o Stop back blows or chest/abdominal thrusts immediately if at 

any time there are signs of relief of the obstruction (coughing, 

loud breathing or crying). 
Fig. 19 – Suggested example of a composition of the resus

The composition of the resuscitation team can be dynamic and influenced

available resources. Priorities during resuscitation are also subject to

compressions and ventilations are essential and should be maintained t
Do not use blind sweeps to clear the obstruction from the mouth 

but use a single sweep to remove a clearly visible obstruction. 

Call for help and the EMS as soon as practical (if not already 

done so), at the latest when the child loses consciousness. 

Start CPR immediately with five rescue breaths as soon as the 

child becomes unconscious. 

The ERC is unable to make a recommendation for or against the 

use of suction-based devices advertised and marketed for clear-

ing a foreign body airway obstruction, as no high-certainty scien-

tific evidence exists. 

Paediatric advanced life support (PALS) 

See Fig. 18.

Use a team approach, define clear roles for each team member, 

consider and practice the choreography (i.e. the best way for your 

own team to resuscitate a child including roles and sequences of 

action). A possible team composition is illustrated in Fig. 19. 

Commence or continue with high-quality chest compressions and 

ventilations.
citation team. 

 by various factors such as the type of rhythm, reversible causes, and 

 change as the situation evolves. Consistently, high-quality chest 

hroughout the entire resuscitation process to optimize outcomes.
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2

Recognise cardiac arrest on clinical grounds (e.g. no signs of life) 

or based on monitored vital signs (e.g. ECG, loss of SpO2 and/or 

ETCO , loss of intra-arterial blood pressure trace). 

Importantly, chest compressions should also be started in chil-

dren who become bradycardic (<60 per min) with signs of poor 

perfusion despite adequate respiratory support, even if there is 

still a detectable pulse. 

Apply cardiac monitoring as soon as possible, if not already in 

place, using self-adhesive defibrillator pads as the first choice 

as this allows for a shorter time to defibrillation in children who 

require it. 

Differentiate between shockable and non-shockable cardiac 

rhythms.

Non-shockable rhythms are bradycardia (with poor perfusion), 

pulseless electrical activity (PEA) and asystole. 

o Obtain vascular access and give adrenaline IV/IO (10 mg  kg  1 , 

max 1 mg) as soon as possible followed by a flush to facilitate 

drug delivery. Immediately attempt IO access if IV access is 

likely to be difficult.

o Repeat adrenaline IV/IO every 4 min (i.e. every other 2 min 

cycle) unless being guided by intra-arterial blood pressure 

monitoring and the haemodynamic response. 

o Reassess the cardiac rhythm every 2 min (<5 s). If the rhythm 

has changed to an organised rhythm which could produce car-

diac output, check for signs of life and feel for a central pulse 

(max. 5 s). 

o Change the person doing chest compressions at least every 

2 min. Watch for fatigue and/or suboptimal chest compressions 

and switch rescuers earlier if necessary. 

Shockable rhythms are pulseless ventricular tachycardia (pVT) 

and ventricular fibrillation (VF). 

o As soon as identified, give one defibrillation shock (regardless 

of the ECG amplitude). If in doubt, consider the rhythm to be 

shockable. 

o If using self-adhesive pads, continue chest compressions while 

the defibrillator is charging. 

o Ensure that there is no leakage of oxygen around the chest 

during defibrillation. In small children the self-inflating bag 

may be very close to defibrillation pads; direct the oxygen 

exhaust away from the chest or disconnect the bag, if neces-

sary, before charging the defibrillator. Do not disconnect the 

tracheal tube if a closed circuit is being used e.g. during 

mechanical ventilation. 

o Once charged, pause chest compressions, briefly check that 

the rhythm is still shockable (<5 s) and ensure all persons 

are clear of the child before giving a single shock. 

o Minimise pauses between stopping chest compressions, deliv-

ery of the shock and restarting chest compressions (<5 s). 

o Give one shock (4 J kg 1 , max. 120–200 J) and immediately 

resume CPR for 2 min. 

o Reassess the cardiac rhythm: 

∎ If the rhythm changes to an organised rhythm which could 

produce cardiac output, check signs of life and feel for a cen-

tral pulse (<5 s) 

∎ OR 

∎ If a shockable rhythm persists, give a 2nd shock (4 J kg 1 ) 

and immediately resume CPR for 2 min, then reassess and 

continue to repeat this cycle. 
Give adrenaline (10 mg  kg  1 , max. 1 mg) and amiodarone 

(5 mg kg 1 , max. 300 mg) IV/IO immediately after the third 

shock. Flush after each drug. Lidocaine IV (1 mg kg 1 ) might 

be used as an alternative if amiodarone is not available or a 

local decision has been made to use lidocaine instead of 

amiodaron e.

o 

o Give a second dose of adrenaline (10 mg  kg  1 , max 1 mg) and 

amiodarone (5 mg kg 1 , max 150 mg) IV/IO immediately after 

the fifth shock.

o Unless there are clear signs of life adrenaline IV/IO should be 

repeated every 4 min (i.e., every other 2 min cycle) unless 

being guided by intra-arterial blood pressure monitoring and 

the haemodynamic response. 

o Change the person doing compressions at least every 2 min. 

Watch for fatigue and/or suboptimal compressions and switch 

rescuers earlier if necessary. 

CPR should be continued unless: 

o An organised rhythm is recognised at a rhythm check and is 

accompanied by signs of return of spontaneous circulation 

(ROSC), identified clinically (e.g. eye opening, movement, nor-

mal breathing) and/or by monitoring (e.g. ETCO2, SpO2, blood 

pressure, echocardiogram) and/or presence of a palpable cen-

tral pulse. 

o Perfusion is restored by extracorporeal cardiopulmonary 

resuscitation. 

o Criteria for withdrawing resuscitation are met (see the ERC 

Guidelines 2025 Ethics in Resuscitation).29 

Defibrillation during PALS 

Manual defibrillation is the recommended method for PALS. If this 

is not immediately available an AED can be used. 

Proper planning before each defibrillation will minimise hands-off 

time. 

Defibrillation pads should be positioned either in the antero-lateral 

and antero-posterior position (Figs. 14 and 15). 

o Avoid contact between defibrillation pads as this can cause 

charge arcing. 

o In the anterolateral position, one pad is placed below the right 

clavicle and the other in the left axilla. 

o In the anteroposterior position the anterior pad is placed mid-

chest immediately left of the sternum and the posterior in the 

middle of the back between the scapulae. 

o Use the anteroposterior position in infants and children who 

can easily be turned onto their side for pad placement and in 

whom the anterolateral position is more difficult to achieve with-

out contact between the defibrillation pads. 

o Use the anterolateral position in larger children as this leads to 

less interruption of chest compressions than the anteroposte-

rior position. Avoid breast tissue in adolescents. 

Defibrillation with self-adhesive pads is standard, use it if avail-

able, if not, use paddles with preformed gel pads (this demands 

specific choreography of defibrillation). 

Use 4 J kg 1 as the standard energy dose for the initial shocks. It 

seems reasonable not to use doses above those suggested for 

adults (120–200 J, depending on the type of defibrillator). 

Increase the energy dose – stepwise increasing up to 8 J kg 1 

(max. 360 J) for refractory VF/pVT (i.e. more than five shocks 

are needed).
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Charge the defibrillator with the defibrillation pads or paddles on 

the chest. Continue chest compressions while the defibrillator is 

charging when using defibrillation pads. 

If any period of ROSC is achieved and the child goes back into a 

shockable rhythm, use the defibrillation energy dose that was pre-

viously successful. 
2

Oxygenation and ventilation during PALS 

Effective oxygenation and ventilation combined with high-quality 

chest compressions are essential during CPR to generate suffi-

cient coronary perfusion to restart the heart. 

Oxygenate and ventilate with a bag and mask, using 100 % oxy-

gen. Do not titrate FiO during CPR. 

Intubate the child only if you are experienced and competent and 

have all the necessary equipment. If not, continue to ventilate using 

a bag and mask or insert an SGA. Ensure the chest moves during 

ventilation. If not, adjust the airway or ventilation technique. 

Use a tracheal tube or SGA if CPR is required during transport; 

when prolonged resuscitation is anticipated or when it is impossi-

ble to ventilate with a bag and mask. Call for expert help if this is 

not already present. 

Do not interrupt chest compressions during airway management. 

Use ETCO2 monitoring to ensure correct ventilation when a tra-

cheal tube or SGA is in place. 

Avoid hypo- or hyperventilation. 

Give continuous chest compressions when the airway is secured 

with a tracheal tube or SGA and ventilate without pausing chest 

compressions. Pausing only briefly for each rhythm check. 

Ventilate at the lower limit of the normal rate for age e.g. pragmati-

cally use breaths min 1 : 25 (infants), 20 (>1 y), 15 (>8 y), 10 (>12 y). 

If there is doubt about the effectiveness of ventilation (e.g. high air 

leak, diminished air entry into lungs) during continuous chest com-

pressions return to a chest compression to ventilation ratio of 15:2. 

For children who go into cardiac arrest on a mechanical ventilator, 

either disconnect the ventilator and ventilate with a self-inflating 

bag/anaesthetic bag (depending on expertise) or continue to ven-

tilate with the mechanical ventilator (ensuring the child is ade-

quately ventilated). In the latter case, ensure that the ventilator 

is in a volume-controlled mode, that triggers and limits are dis-

abled, and that the ventilation rate, tidal volume and FiO2 are 

appropriate for CPR. There is no evidence to support any specific 

level of PEEP during CPR. Always consider ventilator dysfunction 

as a possible cause of cardiac arrest. 

Titrate FiO to an SpO of 94–98 % after ROSC.2 2 
Measurable factors during PALS 

Capnography: Use ETCO2 monitoring once a tracheal tube or 

an SGA is in place to assess the quality of chest compressions 

and to help verify ROSC. 

Invasive blood pressure: If an intra-arterial line is in situ during 

CPR, monitor the diastolic blood pressure values in response to 

chest compressions and medication (adrenaline). Aim for an 

intra-arrest diastolic blood pressure of at least 25 mmHg for 

infants and at least 30 mmHg for children and adolescents. 

Point-of-care ultrasound: Use POCUS only if you are compe-

tent in its use during CPR and it does not compromise the quality 

of chest compressions. 
Point-of-care blood analysis: Check at least glucose, potas-

sium, haemoglobin, lactate and blood gas analysis, and treat as 

appropriate. 

Extracorporeal CPR 

Consider extracorporeal CPR (ECPR) as an early intervention for 

selected infants and children with IHCA (e.g. children with cardiac 

conditions in the paediatric intensive care unit, perioperative chil-

dren) and OHCA (e.g. a refractory shockable rhythm) in settings 

where resources allow ECPR. 

Reversible causes of paediatric cardiac arrest 

Seek and identify any reversible cause for cardiac arrest early 

and treat appropriately. 

Use the mnemonic ‘4H4T’ (Table 4)

Cardiac arrest and its prevention in special circumstances 

The recommendations in this section are primarily aimed at health-

care professionals. 

Anaphylaxis 

Identify and treat anaphylaxis as soon as possible to prevent car-

diac arrest – typically an acute onset of cutaneous, respiratory, 

circulatory and/or severe gastrointestinal symptoms. 

Discontinue administration of any potential allergen, if possible. 

Immediately administer 0.01 mg kg 1 =  10  mg  kg  1 (max. 0.5 mg) 

adrenaline (1 mg ml 1 ) intramuscularly (IM) into the anterola teral

mid-thigh.

Pragmatically one can use the following doses of adrenaline 

according to the child’s age: 

o 0.15 mg at 1–5 years, 

o 0.3 mg at 6–12 years and 

o 

An age-appropriate autoinjector can also be used. 

0.5 mg if older than 12 years. 

Repeat this dose of IM adrenaline every 5 min if symptoms 

persist. 

Assess ABCDE and position the child according to the presenting 

features (supine for shock, but the sitting position may optimise 

respiratory effort). Reassess ABCDE frequently. 

Give 100 % oxygen to children with respiratory distress and those 

receiving more than one dose of adrenaline. 

Consider early tracheal intubation in case of respiratory compro-

mise and in anticipation of airway oedema. Airway management 

can be difficult, and the early involvement of a competent practi-

tioner is mandatory. 

Establish vascular access and give crystalloid fluids 10 ml kg 1 

as required to treat shock. 

Give inhaled short-acting beta2-agonists for bronchospasm in 

addition to intramuscular adrenaline. 

After treatment, observe the child for at least 6–12 h. 

Consider second-line medications, such as antihistamines (for 

cutaneous symptoms) and steroids (only if there is concurrent 

asthma), when the initial reaction is under control. 

Seek expert advice (e.g. of a paediatric intensivist) if the child 

requires more than two doses of adrenaline with ongoing 

symptoms. 

Try to identify the allergen and take blood for serum tryptase 

analysis.
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Table 4 – Reversible causes of cardiac arrest. 

Consider Identification Treatment in cardiac arrest 

History/clinical exam/SpO2 and/ 

or PaO2 pre-arrest or intra-

arrest. 

Hypoxia Ventilate with 100% oxygen. 

Insert an advanced airway if bag-mask ventilation is inadequate. 

Ensure adequate movement. 

Check for leaks, air entry, abdominal distention, or stacked 

breaths if an advanced airway is in situ. 

History (sepsis, haemorrhage, 

diarrhoea, anaphylaxis) 

POCUS. 

Hypovolaemia Fluid boluses 10 ml kg 1 isotonic crystalloid or blood products 

for major haemorrhage. 

Hyper-/hypokalaemia 

and other metabolic 

derangements 

Hyperkalaemia 

History (massive haemolysis, 

tumour lysis syndrome, crush 

syndrome, acute or chronic 

renal failure, malignant 

hyperthermia, specific 

intoxications). 

Blood gas analysis with 

electrolytes. 

In cardiac arrest with severe hyperkalaemia (>6.5–7 mmol l 1 ), 

give 0.1 unit kg 1 short acting insulin (max 10 units) with 

5  ml  kg  1 10% glucose (max 250 ml) as an IV bolus and an IV/ 

IO infusion of a short acting beta2-adrenergic agonist (e.g. 

salbutamol 5 mg  kg  1 ). 

Consider extracorporeal potassium removal.

Hypokalaemia 

History (diarrhoea, vomiting, 

diabetes insipidus, specific 

medications, 

hyperaldosteronism). 

Blood gas analysis with 

electrolytes. 

In cardiac arrest associated with severe hypokalaemia 

(<2.5 mmol l 1 ), give 1 mmol kg 1 (max 30 mmol) potassium at 

2 mmol min 1 for 10 min followed by the rest of the dose (if 

necessary) in 5–10 min. Repeat, if necessary, until the serum 

potassium is >2.5 mmol l 1 . Consider magnesium for 

concomitant hypomagnesaemia. 

Hypoglycaemia 

History and blood analysis. Give an IV bolus of 0.2 g kg 1 glucose (e.g. 2 ml kg 1 10% 

glucose) and re-check blood glucose after 5–10 min. 

Repeat if necessary. 

Other metabolic derangements 

History and blood analysis. Correct calcium, magnesium and other metabolic 

derangements. 

Hypo-or hyperthermia Hypothermia 

History/situation and core 

temperature. 

Modify the PALS algorithm: 
<30 °C: give a single dose of adrenaline unless planning 
immediate initiation of extracorporeal life support. Give a 

maximum of three shocks if a shockable rhythm is present; 

if this is ineffective, delay further attempts until core temper-

ature >30 °C. 
30–35 °C: adrenaline IV/IO every 8 min (6–10 min), second 

dose amiodarone IV/IO after 8 min, normal interval of defibril-

lation (every 2 min). 

>35 °C: normal algorithm. 

Consider transport to a centre for extracorporeal life support. 

>32 °C: warm using external rewarming methods (hypother-

mia is unlikely to be the primary cause of cardiac arrest). 

<32 °C: use active external and internal rewarming methods 

including extracorporeal techniques. 

(continued on next page)
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Table 4 (continued)

Consider Identification Treatment in cardiac arrest 

Hyperthermia 

History and core temperature. External cooling. 

If drug mediated, consider antidotes or other treatments. 

History (children with indwelling 

central lines, cardiac 

conditions, cancer, recent 

trauma, recent surgery) and 

POCUS. 

Thromboembolism Consider IV thrombolysis. 

Tension pneumothorax History (trauma, positive 

pressure ventilation, acute 

severe asthma exacerbation) 

Examine for symmetrical air 

entry and POCUS. 

Needle thoracocentesis/thoracostomy (trauma). 

Tamponade History (cardiac surgery, 

penetrating chest trauma, acute 

viral pericarditis) and POCUS. 

Pericardiocentesis/thoracotomy (trauma). 

Toxic agents History. 

Pre-arrest ECG, blood gas 

analysis electrolytes. 

Specific measures (safety, antidotes, decontamination, 

enhanced elimination). Consider ECPR.
Traumatic cardiac arrest 

Identify and treat reversible causes to prevent cardiac arrest. 

Ensure proper team collaboration. 

Additional recommendations for PBLS in traumatic cardiac 

arrest 

o Follow standard CPR, start by opening the airway and ventilate. 

o Competent providers open the upper airway with a jaw thrust 

and minimise spinal movement without hampering CPR. 

o Stop significant external bleeding immediately with manual 

pressure, haemostatic dressing or tourniquet. 

o Use an AED only if there is a high likelihood of a shockable 

rhythm (e.g. following electrocution). 

PALS in trauma 

Professional rescuers should look for and treat reversible causes. 

Use the acronym ‘HOTT’ to identify reversible causes: Hypoten-

sion, Oxygenation (hypoxia), Tension pneumothorax and cardiac 

Tamponade). In cardiac arrest, treating these has priority, or 

should run concurrently with, chest compressions and the admin-

istration of adrenaline IV/IO. 

Use POCUS when available to diagnose reversible causes. 

The optimal sequence of action will depend upon the setting and 

the number of rescuers, but consider: 

o Correct hypoxia. Open the airway using a jaw thrust manoeu-

vre and minimise spinal movement, without hampering CPR. 

Ensure adequate ventilation and intubate the child as soon 

as the expertise and equipment are available. Use an SGA if 

intubation is not possible. 
Correct hypovolaemia with intravascular fluid replacement, 

including early use of blood products in haemorrhagic shock. 

o 

o Relieve a suspected tension pneumothorax with a bilateral fin-

ger thoracostomy prior to chest drain placement. 

o 

by POCUS. 

Perform a resuscitative thoracotomy, if competent, for a car-

diac tamponade. Otherwise, perform pericardiocentesis via a 

mini-thoracotomy or insert a wide-bore drain, preferably guided 

Attach an AED directly if there is a high likelihood of a shockable 

underlying rhythm such as following electrocution or in cardiac 

contusion. Otherwise, HOTT has priority over the AED. 

Consider a resuscitative thoracotomy (e.g. for penetrating chest 

injuries) provided the expertise, equipment and systems are in 

place. 

High-quality resuscitation is the standard in cardiac arrest due to 

a medical cause coincidental to the trauma or to a non-

hypovolemic, non-obstructive aetiology (e.g. isolated traumatic 

brain injury, cardiac contusion, or asphyxia) or due to 

electrocution. 

Drowning 

Reverse hypoxia and treat respiratory failure early to prevent car-

diac arrest following drowning. 

Manage cardiac arrest following drowning with standard PALS 

with additional attention to reversing hypoxia and hypothermia. 

Remove the child as quickly and safely as possible from the 

water. 

Do not enter the water unless you are trained to rescue a person 

from the water.
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Try to reach the child from the land and provide a flotation device 

such as a lifebuoy or other rescue equipment. 

Start ventilation in the water if you are trained to do so and have a 

floatation device and the child is unconscious and not breathing. 

Start standard PBLS with five rescue breaths as soon as it is safe 

to do so (e.g. on land or on a boat). 

Give 100 % oxygen as soon as it is available. Intubate the child if 

the expertise and equipment are available. 

Attach an AED after drying the chest. Uninterrupted CPR and 

oxygenation take priority over the AED. 

Assess ABCDE and stabilise the child if not in cardiac arrest. Pre-

vent cardiac arrest by identifying and treating respiratory insuffi-

ciency and hypothermia. 

Rewarm a hypothermic child immediately and simultaneously 

with the stabilisation. Treat hypothermia in a child with an intact 

circulation as follows: 

o Monitor the core temperature with a thermometer suitable for 

low temperatures. 

o Handle the child gently in a horizontal position to reduce the 

risk of cardiac arrest (especially VF). 

o Start rewarming if <35 °C and rewarm at a rate of at least 1 °
C  h  1 . Aim for normothermia but stop active rewarming at 

35 °C to avoid overshoot hyperth ermia.

o Use active external rewarming applied to the trunk (chest, 

abdomen, back and axillae – not the extremities) with e.g. a 

hot-air blanket, radiant warmer, warmed blankets or hot packs, 

applied according to the manufacturers’ instructions. 

o Do not place warm devices directly on the skin to prevent 

burns. Avoid rubbing and massaging of the extremities. 

o Do not use a warm shower or warm water immersion for 

rewarming a child with a decreased level of consciousness. 

o Give warmed and humidified 100 % oxygen and warmed IV/IO 

fluids (39–42 °C) to prevent further heat loss and to compen-

sate for the vasodilatation during rewarming but avoid fluid 

overload by careful haemodynamic monitoring. 

Look for and treat a possible underlying cause of drowning (e.g. 

arrhythmia, epilepsy, intoxication, or trauma). 

Check blood glucose and electrolytes. 

Follow the PALS Guidelines modified for hypothermic arrest if 

cardiac arrest occurs (see below). 

Hypothermic cardiac arrest 

Individualise approaches depending on the cause of cardiac 

arrest: accidental hypothermia, or other possible causes such 

as drowning, suffocation, intoxication. 

Start standard CPR in every case of hypothermic cardiac arrest 

as soon as possible (e.g. before full extrication from an avalanche 

or in the water). 

If standard CPR is not possible and the child is deeply hypother-

mic (<28 °C) consider delayed or intermittent CPR. 

Modify the standard PALS-algorithm according to the core tem-

perature. The revised Swiss Staging for Hypothermia can be 

used when the core temperature cannot be measured. 

Start rewarming the child as rapidly as possible while monitoring 

the core-temperature as soon as this is practicable. 
Below 30 °C give a single dose of adrenaline unless planning 
immediate initiation of extracorporeal life support. Do not give 

amiodarone until the temperature is above 30 °C. Prolong the 
administration intervals of resuscitation medication while the core 

temperature remains between 30 °C and 35 °C (i.e. adrenaline 
every 8 min, second dose of amiodarone after 8 min). 

Attempt defibrillation a maximum of three times if a 

shockable rhythm is present under 30 °C. If this is ineffective, 
delay further attempts until the core temperature exceeds 30 °
C. Then use the standard sequence of defibrillation (every two 

minutes). 

Transport a child considered to have a chance of a favourable 

outcome from hypothermic cardiac arrest as soon as possible 

to an appropriate centre for extracorporeal life support. 

Extracorporeal life support is potentially indicated in all children 

with hypothermic cardiac arrest who do not achieve ROSC in 

the field. 

Hypothermic patients with risks factors for imminent cardiac 

arrest (e.g. P or U on the AVPU scale, associated trauma, ventric-

ular arrhythmia, or hypotension) should also be transported to an 

extracorporeal life support centre. 

Stop resuscitation if ROSC is not achieved within 30 min when 

cardiac arrest is due to trauma or asphyxia (i.e. avalanche burial 

for >60 min, core temperature 30 °C and an obstructed airway). 

Hyperthermia/heat stroke 

Identify patients with exertional or environmental hyperthermia or 

heat stroke (core temperature above 40 °C, not due to fever) as 
soon as possible. Look for an elevated body temperature associ-

ated with confusion, agitation or disorientation which can pro-

gress to coma and/or seizures. 

Remove the child from the heat source and/or stop exercise and 

loosen or remove clothing. 

If the temperature is above 40 °C, start cooling aggressively 
preferably using immersion up to the neck in cold/cool water. 

Activate the EMS at the same time as initiating cooling. 

Monitor the core temperature to prevent overcooling. Aim to 

reduce this by about 0.1–0.2 °C min 1 . If the core temperature 

cannot be measured, cool for 15 min or until neurological symp-

toms subside. 

Hydrate orally if possible, or intravenously. Give room-

temperature intravenous fluids as an adjunct to cooling and avoid 

fluid overload. 

Monitor symptoms and vital signs including mental status. 

Start resuscitation if circulatory collapse supervenes (often 

around 41 °C) and follow the standard PALS Guidelines while 

continuing cooling. 

Stop aggressive cooling (e.g. cold-water immersion) when core 

temperature reaches 39 °C. Stop all active cooling at 38 °C but 
continue to monitor core temperature. 

Stabilise the child according to the ABCDE-method. 

All children with heat stroke should be admitted to a paediatric 

intensive care unit for continued monitoring in anticipation of 

sequalae and complications. 

In the case of malignant hyperthermia (MH) stop all potential trig-

gering agents immediately (e.g. anaesthetics), cool the child actively,
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ensure adequate oxygenation and ventilation, correct severe acido-

sis and hyperkalaemia, and administer dantrolene. 
Tension pneumothorax 

Suspect tension pneumothorax especially in trauma, following 

central venous cannulation and during positive pressure 

ventilation. 

Use clinical signs to diagnose a tension pneumothorax. POCUS 

is helpful but is not necessary to make the diagnosis. 

Perform a needle thoracocentesis in the fourth or fifth intercostal 

space in the anterior axillary line or second intercostal space in 

mid clavicular line; followed by chest drain insertion usually in 

the axilla. 

In trauma, perform a finger thoracostomy in the fourth or fifth 

intercostal space in the anterior axillary line, followed by emer-

gency chest drain insertion. 

Perform bilateral thoracostomies in traumatic cardiac arrest with 

or without signs of a tension pneumothorax. 

Cardiac tamponade 

Suspect cardiac tamponade especially after cardiac surgery, in 

penetrating chest trauma and pericarditis. 

Use clinical signs and POCUS to recognise cardiac tamponade 

which is most common post cardiac surgery and in penetrating 

chest trauma and some viral illnesses. 

Perform urgent pericardiocentesis, mini-thoracotomy, resuscita-

tive thoracotomy or re-sternotomy depending on the setting and 

available expertise. 

Pulmonary thromboembolism 

Suspect PE in case of tachycardia, tachypnoea and hypoxia, 

especially in children with central lines, cardiac conditions, can-

cer, unilateral limb swelling, recent trauma/surgery, prior throm-

boembolism, anaemia and/or leucocytosis. 

Consider echocardiography if the expertise (e.g. a paediatric car-

diologist) is available. 

For thrombolytic therapy refer to local protocols and call for expert 

help. Consider systemic or catheter-directed administration of 

thrombolysis which is more effective than systemic 

anticoagulation. 

Consider extracorporeal life support and surgical embolectomy 

when thrombolysis fails, or the child progresses towards cardiac 

arrest. 

In cardiac arrest due to pulmonary thromboembolism, consider 

thrombolysis, e.g. IV alteplase 0.3–0.5 mg kg 1 (max 50 mg) over 

2 min, which may be repeated after 15 min. 

Toxic agents 

Prevention of cardiac arrest 

Provide supportive care based on the ABCDE approach to pre-

vent cardiorespiratory arrest whilst awaiting toxin elimination. 

Look for evidence of non-accidental trauma. 

Provide early advanced airway management if decreased con-

scious level. 

Administer IV boluses of 10 ml kg 1 isotonic crystalloids for 

hypotension. Noradrenaline may be required if hypotension 

persists. 
m

Perform a 12-lead ECG in certain poisonings (e.g. antipsychotics, 

3,4-methylenedioxymethamphetamine (MDMA) and other 

amphetamines) or in children with altered consciousness, abnor-

mal heart rate or blood pressure. Cardiovert life-threatening 

tachyarrhythmias. 

Take blood for electrolytes, blood glucose and blood gas analysis 

and correct any abnormalities. Take blood and urine for toxicolog-

ical analysis. 

Check for and correct hyperthermia (ecstasy, cocaine, salicy-

lates) and hypothermia (ethanol, barbiturates). 

Take a thorough history (families, friends, EMS crew) and per-

form a complete physical examination to identify diagnostic clues 

(e.g. odours, needle puncture marks, pupils, tablet residues). 

Administer antidotes, where available. 

Cardiac arrest 

Consult a regional or national poisons centre for information on 

treatment. 

Suspect toxic agents as an infrequent cause of cardiac arrest 

after more common causes have been excluded. 

Provide standard PBLS and PALS. 

Do not use mouth-to-mouth ventilation in the presence of chem-

icals such as cyanide, hydrogen sulphide, corrosives and 

organophosphates. 

Exclude all reversible causes of cardiac arrest, including elec-

trolyte abnormalities which can be indirectly caused by a toxic 

agent. 

Be prepared to continue resuscitation for a prolonged period 

while the toxin concentration falls. 

Consult regional or national poison centres for information on 

treatment. 

Consider ECPR for selected patients when conventional CPR is 

failing. 

Hyperkalaemia 

Suspect hyperkalaemia in children with massive haemolysis 

(neonates), cellular lysis (tumour lysis syndrome, crush syn-

drome), in acute or chronic renal failure, malignant hyperthermia, 

or specific intoxications. 

Stop all exogenous sources of potassium including fluids contain-

ing potassium when hyperkalaemia is detected. Use normal sal-

ine if fluids are needed. 

If severe hyperkalaemia is confirmed (>6.5 mmol l 1 or 

>7.0 mmol l 1 in neonates younger than 96 h): 

o Treat the underlying cause if possible. 

o Administer rapidly acting insulin 0.1 U kg 1 (max. 10 U) with 

10 % glucose 5 ml kg 1 (max. 250 ml) over 30 min followed 

by a glucose containing infusion. Check potassium and glu-

cose every 15 min for 4 h. 

o Administer short acting beta2-adrenergic agonists preferably as 

inhalation/nebulisation (e.g. salbutamol 2.5–5 mg, repeat up to 

five times). 

o If inhalation is not possible, give short-acting beta2-adrenergic 

agonists IV (e.g. salbutamol 5 mg  kg  1 over 5 min). Repeat if 

insufficient effect is seen within 15 min, up to a maximum total 

dose of 15 g  kg  1.

o In patients with conduction abnormalities on the ECG consider 

10 % calcium gluconate, 0.5 ml kg 1 , max. 20 ml.
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Prepare a potassium removal strategy (e.g. binding agents, fur-

osemide in well-hydrated children with preserved kidney func-

tions, dialysis). 

o 

For cardiac arrest caused by severe hyperkalaemia (usually 

above 6.5–7 mmol l 1 ): 

o Give 0.1 unit kg 1 short acting insulin (max 10 units) with 

5  ml  kg  1 10 % glucose (max 250 ml) as an IV bolus, followed 

by blood potassium and glucose monitoring and a glucose con-

taining infusion as needed. Higher concentrations of glucose 

solutions may be used via a central line (e.g. 2.5 ml kg 1 

20 % glucose or 1 ml kg 1 50 % glucose).

o Do not use calcium in children in cardiac arrest. 

o Continue high-quality PALS and consider ECPR. 

Other metabolic derangements 

Hypokalaemia: give 1 mmol kg 1 (max 30 mmol) potassium at 

2 mmol min 1 for 10 min followed by the rest of the dose (if nec-

essary) in 5–10 min in children with severe hypokalaemia 

(<2.5 mmol l 1 ) with life-threatening symptoms or in cardiac 

arrest. Repeat, if necessary, until the serum potassium is 

>2.5 mmol l 1 . Follow this with an IV infusion (e.g. 0.5 to 

1 mmol kg 1 h 1 , maximum 20 mmol h 1 , depending on the 

potassium level for 1–2 h). Consider magnesium sulphate 30– 

50 mg kg 1 IV for concurrent hypomagnesaemia. 

Hypoglycaemia: Treat hypoglycaemia <3.9 mmol l 1 with symp-

toms, or <3.0 mmol l 1 if asymptomatic. Give an IV bolus of 

0.2 g kg 1 glucose (e.g. 2 ml kg 1 10 % glucose) and re-check 

the glucose after 5–10 min. Repeat as needed. 

In other metabolic derangements (hypocalcaemia, hypercal-

caemia, hypomagnesaemia, hypermagnesaemia): Correct the 

metabolic derangement during cardiac arrest, while continuing 

high-quality CPR. Consider extracorporeal life support. 

Cardiac arrest in children with congenital heart disease 

Follow the standard PALS algorithm with additional considera-

tions for pulmonary hypertension, obstructed cardiac shunt or if 

the child is attached to a defibrillator and has a witnessed shock-

able rhythm. 

Pulmonary hypertension 

Suspect pulmonary hypertension in children with congenital heart 

disease or chronic lung disease but also as a primary disease. 

Anticipate and prevent pulmonary hypertensive crises by avoid-

ing triggers such as pain, anxiety, excessive tracheal tube suc-

tioning, hypoxia, hypercapnia, and metabolic acidosis. 

Treat pulmonary hypertensive crises with a high concentration of 

oxygen, adequate ventilation, analgesia and sedation and with 

muscle relaxation as necessary. 

Search for and treat other possible reversible causes of increased pul-

monary vascular resistance: inadvertent interruption of pulmonary 

hypertensive therapy, arrhythmia, cardiac tamponade, or drug toxicity. 

Consider inotropic and or vasopressor therapy to avoid or treat 

right ventricle ischaemia caused by systemic hypotension. 

Additional therapies, which are indicated if the crisis does not 

rapidly resolve or in the case of cardiac arrest, are inhaled nitric 

oxide (iNO) and/or intravenous prostacyclin. 

Consider extracorporeal life support if medical management is 

ineffective. 
Cardiac arrest due to obstruction of a cardiac shunt 

Suspect acute obstruction due to thrombosis or mechanical kink-

ing of connections between the systemic and pulmonary circula-

tion in children with aortopulmonary shunts or patent ductus 

arteriosus stents as a cause of cardiac arrest. 

Give 100 % oxygen to maximise alveolar oxygenation. 

Consider hypovolaemia and treat this with intravascular fluids if 

necessary. 

Ensure an adequate systemic blood pressure to optimise shunt 

and coronary perfusion pressure with vasoactive agents and 

inotropes. 

Ensure adequate anticoagulation e.g. with a bolus of heparin 50– 

100 U kg 1 followed by a titrated continuous infusion. 

Call for immediate expert help and consider interventional 

catheterisation or surgery. In the direct post-operative period, 

immediate re-sternotomy may improve shunt perfusion. 

Cardiac arrest in an ECG-monitored child attached to a 

defibrillator with a witnessed shockable rhythm 

As soon as a shockable rhythm is detected, give up to three 

quickly successive (stacked) shocks using the standard energy 

doses for the child’s weight. 

Recharge the defibrillator and rapidly check for a rhythm change 

and signs of life after each defibrillation attempt and, if necessary, 

immediately give a further shock. 

Start chest compressions and give amiodarone if the third 

stacked defibrillation attempt is unsuccessful and continue CPR 

for 2 min. 

Give adrenaline after 4 min. 

The subsequent resuscitation follows the standard sequence of 

actions, i.e. giving a single shock every 2 min, adrenaline every 

4 min and a second dose of amiodarone after the fifth shock. 

Cardiac arrest in the operating room 

Clarify roles and procedures during the team briefing before high-

risk cases to enable co-ordinated actions should cardiac arrest 

occur. 

Treat pre-arrest states such as hypoxia and hypotension aggres-

sively. Ventilate with 100 % oxygen and give intravascular fluid 

and vasoactive agents. 

Recognise cardiac arrest early by continuous monitoring and a 

high index of suspicion, particularly during difficult airway man-

agement and massive bleeding. 

Start chest compressions if extreme bradycardia or hypotension 

(<5th percentile for age) occurs suddenly despite interventions, 

or the waveform capnography suddenly decreases. 

Inform the whole OR-team of the cardiac arrest. 

Call for help and for the defibrillator. 

Optimise the child’s position and the height of the operating table 

to facilitate high-quality chest compressions. 

Ensure the airway is secure, review the ETCO2 tracing, and deli-

ver effective ventilation with 100 % oxygen. 

Follow the general PALS algorithm and focus initially on the most 

likely reversible causes: hypovolaemia (haemorrhage, anaphy-

laxis), hypoxia, tension pneumothorax, thrombosis (pulmonary 

embolism) and toxic agents (medication). 

Use POCUS, when the equipment and expertise are available, to 

help identify the cause and guide resuscitation, provided this 

does not compromise the quality of the resuscitation.
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Also consider causes specific to the operating room such as: gas 

embolism, bradycardia from axial nerve blocks, malignant hyper-

thermia, local anaesthetic overdose, and other drug errors. 

For hypotensive and/or bradycardic children in a pre-arrest 

state, give smaller incremental bolus doses of IV adrenaline ini-

tially (e.g. 1–2 mg  kg  1 intravenously). If the child progresses to 

cardiac arrest, give adrenaline according to the standard PALS-

algorithm.

If the facilities and expertise are available and conventional CPR 

is failing, consider early ECPR or open chest cardiac compres-

sions as an alternative if ECPR is unavailable. 

Post-resuscitation care 

Post-resuscitation care starts immediately after return of sponta-

neous circulation (ROSC) is achieved. 

Recommendations for health care providers in the pre-hospital 

setting and limited-resource healthcare (Fig. 20) 

The general ABCDE principles described in the section on the 

prevention of cardiac arrest also apply to post-resuscitation care. 

Ensure adequate oxygenation and ventilation. 
Fig. 20 – Immediate post-resuscitation care. 

FiO2 – fraction of inspired oxygen, MBP – mean blood pressure, SBP –

cardiac arrest.
Intubate the trachea only if you are competent and equipped to do 

so safely. 

Always use analgosedation and muscle relaxants for intubation 

unless the child is deeply comatose (GCS 3). Provide 100 % oxy-

gen during intubation. 

Monitor ETCO2 continuously if an advanced airway is in place. 

Titrate FiO2 to achieve a peripheral oxygen saturation of 94–98 % 

as soon as reliable measurement is available. When ABG-

analysis is available aim for normoxaemia. 

In the absence of ABG-analysis, aim for a normal respiratory fre-

quency for the child’s age and mild chest movements. 

Monitor capnography and aim for normocapnia. When ABG-

analysis is available, confirm normocapnia. 

Use tidal volumes of 6–8 ml kg 1 of ideal body weight, and PEEP 

of 5 cm of H2O for mechanical ventilation in previously healthy 

children. 

Use the minimum airway pressures needed to achieve oxygena-

tion and ventilation goals, adjusting these in special circum-

stances (e.g. chronic lung disease). 

Check for signs of shock and treat it immediately if present. Treat 

shock with fluids, vasoactive medication or inotropes or combina-

tions of these.
 systolic blood pressure, SpO2 – peripheral oxygen saturation, CA -
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Fig. 21 – Prognostication after paediatric cardiac arrest. 

Disclaimer: NO single modality can be used in isolation for prognostication with high accuracy. The overall quality of evidence for individual 

tests is very low for all outcomes primarily due to a very serious risk of bias.
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Aim for a systolic and mean arterial blood pressure above 10th 

percentile for child’s age. 

Treat seizures immediately if they emerge. 

Check blood glucose after cardiac arrest and treat hypoglycaemia. 

Use analgesia and sedation to treat pain and discomfort after car-

diac arrest in children of all ages. Avoid bolus medications that 

can cause sudden drops or rises in blood pressure. 

Always treat hyperthermia or fever with active cooling. 

Try to establish the cause of cardiac arrest and treat it to avoid re-

arrest. 

Enable parental or caregiver presence during the pre-hospital 

care or transport whenever this can be done safely.

Recommendations for health care providers in a hospital 

(Fig. 23) 

Use individualised goals and bundles of care rather than specific 

single targets during post-resuscitation care. Treat underlying dis-

ease(s) as well as post-cardiac arrest syndrome. 

Establish invasive arterial blood pressure monitoring and central 

venous access with SvO2 measurement as a minimum in all 

sedated or comatose children. 

If no individualisation is needed, continue targeting normoxaemia, 

normocapnia, and maintain systolic and mean arterial blood pres-

sure above 10th percentile for at least 24 h after cardiac arrest. 

Use available non-invasive or invasive techniques to diagnose 

the probable cause of cardiac arrest as well as to make individu-

alised decisions in the management of post-cardiac arrest 

syndrome. 

Diagnose, monitor, and treat pain, discomfort and delirium. 

Keep temperature control as an integral part of post-resuscitation care 

for at least 24 h after cardiac arrest. Avoid fever for at least 72 h. 

Prevent, diagnose, and treat acute kidney injury or renal failure. 

Optimise nutrition. 

Start rehabilitation early. 

Allow unrestricted access of primary caregivers to the child as a 

part of family-centred care. Be sensitive to cultural and religious 

issues. 

Communicate clearly and honestly with parents/caregivers while 

also paying attention to their understanding and needs; decision-

making should be shared. Involve concerned stakeholders (e.g. 

extended family, religious support) in the communication. 

Seek the assistance of specialised multidisciplinary teams early 

(e.g. paediatric neurologists, psychologists, paediatric palliative 

care team, social workers and, if necessary, an interpreter) to 

address the needs and concerns of the child, parents, family 

and other caregivers. 

In case of cardiac arrest, whether fatal or not, use a standardised 

diagnostic protocol to identify the cause. If the cardiac arrest 

might have been due to an inherited condition, such as certain 

arrhythmias and cardiomyopathies, ensure appropriate screening 

of family members to prevent cardiac arrest in future patients. 

Prognostication after cardiac arrest 

Avoid both false optimism and false pessimism, and prevent indi-

vidual suffering, increased healthcare costs, impaired daily skills 

and reduced ability to participate in society (education, labour).

Recommendations for health care professionals 

Delay prognostication in children with a decreased level of conscious-

ness or who are sedated for at least 72 h following cardiac arrest. 
Use a multimodal approach to prognostication. Accurate prog-

nostication for both good and poor outcomes involves: 

o Pre-arrest: knowledge of the child’s baseline health and neuro-

logical status 

o The context of the cardiac arrest: e.g. location of the cardiac 

arrest, bystander BLS, first rhythm, cause of cardiac arrest 

and duration of the cardiac arrest. 

o Post-cardiac arrest care: a comprehensive assessment sup-

plemented with repeated evaluations. 

Combinations and timing of investigations and signs predicting 

good outcomes differ from those predicting poor outcomes (see 

Fig. 24). No single modality can be used in isolation for prognos-

tication with high accuracy. 

Use the suggested standardised minimal set of diagnostic modal-

ities for better comparability and research (see Fig. 21). 

Visual aids and presentations might help parents/caregivers to 

understand certain specifics of prognostication enabling them to 

participate better in the decision-making. 

Post-discharge care 

Assess outcomes with standardised measurements using vali-

dated instruments and involve paediatric psychologists, neurolo-

gists, rehabilitation physicians and/or intensivists in post-

discharge care (see Fig. 25). 

Plan and discuss the post-discharge care with caregivers before 

hospital discharge. 

Organise multidisciplinary post-discharge care to minimise the 

number of hospital visits for the child and family. 

Consider a virtual consultation when an on-site visit to an outpa-

tient clinic is challenging due to financial, travel or work 

limitations. 

Screen patients, parents/caregivers, and family members for 

symptoms of post-intensive care syndrome regularly and refer 

to a professional (e.g. psychologist) as soon as any physical or 

mental health issues arise. 

Seek and signpost supportive structures for patients and par-

ents/caregivers, such as parent groups, cardiac arrest survivors’ 

groups and bereavement groups. 

System-level recommendations and recommendations for 

implementation 

Recommendations for general public 

All parents and caregivers should be encouraged to learn the 

basic recognition of signs and symptoms of critical illness and 

trauma in children, basic first-aid life-saving procedures and 

PBLS. 

PBLS, simple recognition triage tools and basic first-aid life-

saving procedures for paediatric emergencies should be part of 

training for professional caregivers of children (e.g. child minders, 

schoolteachers, first responders, lifeguards, and coaches/trainers 

of children and adolescents). Priority should be given to the train-

ing of those who take care of children with an increased risk of an 

acute life-threatening event. 

Facilities should be in place to manage acute life-threatening 

events in children, including trauma, in settings in which there 

is an increased risk of these events, such as sporting events, 

swimming pools and other areas of open water. These facilities 

must include equipment, protocols, systems, and trained 

personnel.
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Children who live near water should be taught to swim before they 

are allowed to play unsupervised. 

In settings where heat stroke might occur, e.g. sports events in a 

warm climate, facilities for the management of hyperthermia, 

including a method for rapid cooling should be available. 

Every child who has had an anaphylactic reaction should carry an 

adrenaline auto-injector of the appropriate dose, which the care-

givers and the child, if old enough, should be able to use. 

Recommendations for all healthcare systems 

All systems caring for children should aim to link all parts of the 

chain of survival (prevention of cardiac arrest, early call for help, 

PBLS, PALS, post-resuscitation care and post-discharge care). 

As well as individual technical and non-technical skills, the safe 

and effective management of an acute life-threatening event or 

cardiac arrest requires an institutional safety culture embedded 

in everyday practice through continuous education, training, and 

multidisciplinary cooperation. 

All systems should promote the use of protocols and bundles of 

care for life-threatening conditions (e.g. for cardiac arrest, sepsis, 

anaphylaxis, status epilepticus) and should evaluate protocol 

adherence aiming for improvements in care. 

All systems caring for children should adopt standardised drug 

calculations and provide cognitive aids (algorithms, tapes, pos-

ters, applications) and standardised drug and equipment labelling 

and handling to avoid medical errors. All personnel should be 

trained accordingly. Cognitive aids used should be easily 

accessible. 

All systems should aim to identify children who may be at 

increased risk of cardiac arrest such as very small and pre-

term infants, children with a sudden unexplained death in fam-

ily, siblings of children who died from sudden infant death 

syndrome (SIDS) and children with specific congenital abnor-

malities, primary arrhythmia syndromes, cardiomyopathies, 

channelopathies and coronary artery abnormalities. Systems 

should ensure that a plan is in place to care for these chil-

dren. 

Recommendations for emergency medical systems and 

dispatch systems 

Dispatch systems should implement instructions for dispatcher-

assisted CPR specific for children. 

Ensure clear and effective communication so that emergency 

personnel are dispatched promptly to a critically ill or injured child 

or a child in cardiac arrest. 

Pre-hospital emergency medical systems should train all profes-

sionals in the recognition and initial management of critically ill 

and injured children to prevent cardiac arrest, including field triage. 

Pre-hospital emergency medical systems should train all profes-

sionals in PBLS. 

Emergency healthcare responders should be available at all 

times and must be trained in PALS and suitably equipped to 

respond to a paediatric cardiac arrest. 

Emergency responders’ PALS skills should include bag-mask 

ventilation, IV/IO access, administration of adrenaline, rhythm 

recognition, use of a defibrillator/AED and knowledge and under-
standing of the PBLS and PALS algorithms including choking. 

Training should also include communication with 

parents/caregivers. 

Emergency medical systems should have set training schemes to 

improve skill retention and teamwork. They should develop clear 

protocols and communication plans to facilitate the transportation 

of children with a cardiac arrest. 

There should be systems, including protocols, to guide communi-

cation between pre-hospital teams and hospital teams to prepare 

them to receive the child. 

There should be systems, including protocols, to guide the trans-

port of parents/caregivers when possible. 

Children sustaining a cardiac arrest should be transported to a 

hospital with a paediatric intensive care unit. 

Certain specific subgroups of patients should be transported 

directly to specialised paediatric intensive care units with facilities 

for extracorporeal life support. 

Consultation with specialists (e.g. via telemedicine) should be 

encouraged when there are uncertainties regarding the manage-

ment or transport of a child. 

Recommendations for hospital departments and resuscitation 

teams 

Emergency departments treating children should implement 

triage systems specific for, or adapted to children and should train 

personnel in their use. They should monitor and evaluate the 

effectiveness of their triage protocols. 

Hospitals should train all healthcare professionals who are 

involved in the care of children (including those who only occa-

sionally treat them) in the recognition and initial management of 

critically ill or injured children. 

All health care professionals involved in the care of children 

should be able to perform PBLS. 

Systems should exist to activate personnel skilled to establish IO 

access in less than 5 min. 

Use paediatric early warning systems as part of an overall in-

hospital response system, not as a stand-alone measure. 

Each hospital caring for children should have a resuscitation team 

(and/or clinical emergency team) trained in PALS. Its members 

should have pre-designated roles. These individual roles should 

cover all the required interventions and competencies to resusci-

tate a child effectively and efficiently. Shared leadership should 

be considered. 

Each hospital should set training requirements for members of 

the resuscitation team to improve skill retention and teamwork. 

Each hospital should have a designated method of summoning 

the resuscitation team, which can be audited. 

Ideally, members of the resuscitation team should meet once or 

twice a day at the beginning of each shift (team huddle) to get 

to know each other, discuss role allocation and any patients of 

concern in the hospital. 

Members of the resuscitation team should be given time to 

debrief after critical events both to support staff and to enhance 

performance. 

Standardise resuscitation trolleys across the hospital and train 

staff in their contents and use of equipment. Trolleys should be 

checked frequently.
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Provide easy bedside access to cardiac arrest algorithms both 

electronically and on paper, and display these on the resuscita-

tion trolley and in all areas where cardiac arrest might occur. Pro-

vide handheld cards and/or electronic tools for staff. 

Every child who has a reduced level of consciousness after car-

diac arrest should be admitted to a paediatric intensive care unit, 

if possible, for post-resuscitation care. 

Hospitals offering extracorporeal life support, should establish 

institution-specific protocols for cardiac arrest in children during 

or after cardiothoracic surgery, and other children with cardiac 

arrest or peri-arrest conditions. 

There should be a clear protocol, based on these Guidelines, for the 

management of perioperative cardiac arrest in every operating room. 

Hospitals, department and paediatric intensive care units should 

investigate and employ ethical, guideline-based and reliable prog-

nostication methods. 

Allow sufficient dedicated time for physicians to talk with parents/-

caregivers about care and prognostication. 

Family-centred care and a shared approach to decision-making 

should be considered the standard of care in the best interest 

for the child. 

Include all cardiac arrest survivors and their families in post-

discharge care. Offer specific care to families of non-survivors, 

including bereavement care and psychological support. 

Aim for well-coordinated family-centred post-discharge care, 

using e.g. family liaison staff to limit the burden for cardiac arrest 

survivors and their families. 

Recommendations for manufacturers of medical devices 

Manufacturers of AEDs and defibrillation pads should standardise 

pictograms for positioning the defibrillation pads for infants and 

children so that they are in line with current resuscitation 

guidelines. 

Manufacturers of public access defibrillators should aim for the 

simplest and quickest possible ways to attenuate energy levels 

in case the AED is used in younger children (preferably a paedi-

atric button with only one size of defibrillation pads). 

Recommendations for low resource settings 

Aim for the highest possible level of care within the specific 

context. 

Prioritise implementation of recommendations according to the 

expected benefit for the overall outcomes (e.g. training many in 

simple procedures rather than buying expensive advanced 

equipment). 

Modify recommendations taking the availability of personnel and 

equipment into account. 

Adjust recommendations to the typical patient-population and 

specific setting. 

Where possible, critically ill and injured children should receive 

specific paediatric care, as recommended in these Guidelines. 

Where this is not possible, arrange for the most appropriate care, 

considering the child’s age, condition and circumstances. 

Evidence informing the PLS guidelines 

For these evidence-informed guidelines, our recommendations are 

grounded in a comprehensive analysis of the available evidence. 

In instances where no modifications were made to the Guidelines 
or no new relevant evidence was identified, no additional commen-

tary has been provided. 

Prevention of cardiac arrest 

Cardiac arrest in infants, children and adolescents is often secondary 

to progressive respiratory, circulatory, or neurological failure caused 

by critical illness or trauma, while a primary cardiac aetiology is less 

common.11,16,23,30,31 Cardiac arrest might therefore be prevented in 

some children by earlier recognition, preventative measures and 

improved management of critical illness and trauma.10,17,19,20,32 

There has been no recent ILCOR CoSTR on cardiac arrest preven-

tion in children, therefore the ERC Writing Group Paediatric Life Sup-

port compiled their own reviews of the evidence. 

Recommendations for caregivers and other untrained rescuers 

The identification of children with critical illness at risk of cardiac 

arrest is not easy, especially for untrained rescuers. The recommen-

dations for caregivers and untrained rescuers are based on quick-

look clinical triage protocols, which need to be reworded for non-

professionals. The ERC recognises that the use of some of these 

protocols might lead to over-triage but consider this to be a reason-

able approach as under-triage at this level probably carries a higher 

risk for children. The suggested signs in these protocols include 

symptoms of respiratory and circulatory failure and neurological 

emergencies. Children with chronic medical conditions, chronic ill-

nesses, and those dependent on medical technology are at 

increased risk of unexpected deterioration.24 The ERC recommends 

that the parents/caregivers of these children should be trained in 

basic life-saving procedures according to the specific needs of their 

child, including PBLS. They should also have an emergency plan for 

a sudden deterioration of their child. 

Recommendations for healthcare professionals 

The sequence of actions in the recognition of a critically ill or injured 

child should include a dedicated quick-look tool for the rapid detec-

tion of a child at risk of cardiac arrest.33 Rescuers should always con-

sider their own safety and use appropriate personal protective 

equipment before approaching a critically ill or injured child. The 

ABCDE system is a widely recognised priority-based method for 

assessing critically ill patients and is designed to identify and man-

age life-threatening conditions quickly and improve quality of care 

by breaking down the response to a complex clinical situation into 

manageable steps.34 Whenever resources allow, a dedicated team 

should be summoned in response to the recognition of a critically 

ill child. Effective teamwork and the use of structured and standard-

ised communication (e.g., SBAR, Situation-Background-Assess 

ment-Recommendation) should establish a shared mental model 

within the team.35 Both leadership and followership are important 

parts of effective teamwork. Two small studies show improved 

patient outcomes (fewer non-ICU cardiac arrests and unplanned 

ICU admissions) after the implementation of a rapid response 

team.36,37 Dedicated cognitive aids appear to improve outcomes 

and decrease cognitive load for healthcare providers in time-critical 

situations and help establish a shared mental model.38,39 

It is important to know the weight of the child when delivering 

care, especially when giving medications, but weighing the child 

can be problematic in an emergency. Ideally, the child’s weight as 

reported by the parents/caregivers is often the most accurate and 

we recommend using this when available. When this is not available, 

other methods can be considered. Generally, a length-based
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method, corrected for body habitus, is more accurate than a formula. 

Due to increasing obesity among children and adolescents world-

wide, age-based formulas tend to underperform in estimations of 

actual body weight, compared with emergency tapes with or without 

correction for body habitus.40–50 Overall performance of the Brose-

low tape remains high, with most studies reporting a PW20 (the per-

centage of all estimates within 20 % of the measured weight) above 

80 % in healthy children aged 0–12 years, in all countries studied. In 

chronically ill, severely underweight, and severely obese children, 

accuracy is below 80 %.41,48 The PAWPER, PAWPER XL and PAW-

PER XL-MAC are length-based methods corrected for body habitus, 

developed and validated in South Africa. They outperformed all other 

length-based methods in children from 1 to 18 years old, with PW20 

ranging from 84 % to 100 %, regardless of body type.48,51–55 

In most resuscitation situations, ideal body weight is the preferred 

weight utilised because volume of distribution is deemed the most 

important pharmacokinetic factor affecting the therapeutic effect of 

a given dose of a drug. Drugs used in resuscitation are largely hydro-

philic (adrenaline, calcium, potassium, salbutamol, magnesium, ade-

nosine) with fewer being lipophilic (amiodarone). A hydrophilic drug 

should be dosed according to ideal (not actual) body weight. Children 

with a high body mass index (BMI) have a similar volume of distribu-

tion for hydrophilic medications as children with a BMI in the normal 

range. These medications are not distributed in the excess tissue, 

which is usually extra fat tissue. Therefore, if hydrophilic drug doses 

are calculated for actual body weight (e.g. using a length-based 

method corrected for body habitus) then there is a chance the dose 

will be too high, exposing the child to potential toxicity. 

Parental/caregiver presence is important for the care of a critically ill 

child. This should be considered standard care unless the safety of the 

child, caregiver or personnel cannot be guaranteed.56–58 

Recognition of critically ill or injured child. Signs of respiratory 

and circulatory failure are long established although the threshold 

values of measured vital signs are still under discussion because 

of increasing amounts of data being gathered from children mea-

sured in different settings.26–28 No new evidence was found to 

change the previous recommendations regarding threshold values 

for children of different ages. We added (rounded) values for the 

10th percentile of blood pressure as we recommend aiming for this 

during post-resuscitation care. These values offer reasonable sensi-

tivity and specificity for use in emergency settings. 

Although the most accurate way to determine normal values is 

through detailed percentile charts, these are impractical in emergen-

cies. Mobile applications and other cognitive aids—such as resusci-

tation tapes displaying estimated values—can be helpful, but they 

have not been validated and may be based on older, less accurate 

data derived from relatively small paediatric samples. 

The most typical signs of respiratory failure in children, as well as 

the most common conditions associated with imminent cardiac 

arrest, can be identified through a thorough ABCDE assessment. It 

is important to emphasise that no single value or sign is sufficiently 

sensitive; assessment must always include multiple signs. Distin-

guishing compensated from decompensated respiratory and circula-

tory failure is not easy as deterioration takes place on a continuum. 

Progression to cardiac arrest can occur very quickly even from the 

compensated phase, especially in infants. 

The ERC recommends monitoring pulse oximetry continuously in 

all critically ill and injured children. Hypoxia is common in critically ill 
children and is strongly associated with death, especially in lower 

resource settings.59,60 Pulse oximetry together with clinical examina-

tion can help detect the most severely ill children and improve out-

comes.61,62 One study found that children with severe hypoxaemia 

(SpO2 < 90 %) and children with mild/moderate hypoxaemia (SpO2 

90–93 %) had an increased risk of death.63 Professionals should 

be aware that SpO2 values might be overestimated in children with 

a darker skin tone.64 

Use ETCO2 to continuously monitor the position of a tracheal 

tube or supraglottic airway; this will enable immediate detection of 

a dislodgement or obstruction and provides some indication of qual-

ity of ventilation. In patients with traumatic brain injury, using ETCO2 

to prevent hyperventilation or hypoventilation decreased mortality.65 

Although the evidence for the use of ETCO2 monitoring in non-

invasive ventilation is limited, it is widely used during periprocedural 

sedation to detect respiratory adverse events in non-intubated 

patients.66–69 Various factors influence the difference between 

PaCO2 and ETCO2 such as ventilation-perfusion mismatch. There-

fore, blood gas analysis (arterial or capillary) should be performed 

to identify the difference.70,71 

Many providers underestimate face mask leaks and miss partial 

or complete airway obstruction resulting in low delivered volumes.72 

Respiratory function monitoring (devices that calculate or display 

mask leak, inspired and expired tidal volume, flow rate, respiratory 

rate, peak inflation pressure etc.) can replace imprecise visual esti-

mation of tidal volumes (i.e. by observing chest movements), how-

ever, there is insufficient data to recommend its use in clinical 

practice.72 Point-of-care lung ultrasound performed by trained indi-

viduals can be useful in distinguishing different causes of respiratory 

failure (e.g. pneumothorax, atelectasis) in the emergency setting and 

guiding therapy.73–76 

The proper assessment of the circulatory status includes recog-

nising shock and determining its type, because time-critical interven-

tions differ according to the type.77 Hypovolaemic (including 

haemorrhagic) and distributive shock are the most common types 

in children, while cardiogenic shock is present in 5–10 %, and 

obstructive and dissociative shock are rare, although the latter can 

be more prevalent in limited resource settings (e.g. malaria).78 

Non-invasive blood pressure (NIBP) monitoring remains important, 

although hypotension is a very late sign of circulatory failure in chil-

dren. Accurate measurement in children requires use of the correct 

cuff size and is most accurately measured in the upper arm.79,80 

Lower accuracy was noted in neonates with a mean arterial pressure 

below 30 mmHg.79 Specific point-of-care tests (lactate, POCUS/ 

echocardiography, troponin I) can help guide time-critical interven-

tions in shock and potentially improve outcomes.81,82 

Recognition of a neurological emergency remains unchanged 

because no new relevant evidence to change our recommendations 

was found. Brain imaging in children with severe neurological symp-

toms has been given more emphasis to reduce delays in the identi-

fication of time-critical emergencies (e.g. meningitis, encephalitis, 

seizures and stroke). 

Examination of the whole body (the “E” of the ABCDE-approach) 

can reveal indications of underlying disorders and specific condi-

tions, which require modifications of the initial approach (e.g. signs 

of sepsis, thrombosis, or intoxication). Child abuse and neglect is 

underdiagnosed in emergency settings and action is needed to 

improve recognition and outcomes.83 Unfortunately, during the 

ABCDE-approach there are few signs or symptoms indicating child
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abuse and clinicians need to be alert to the possibility of child abuse 

to help identify children at risk.84,85 
Management of the critically ill or injured child. 

Airway 

No new evidence was found to change the airway recommenda-

tions. The main goal of airway management is oxygenation and ven-

tilation. Where prolonged ventilation is anticipated, competent 

providers should place a supraglottic airway (SGA) or tracheal tube. 

However, bag-mask ventilation remains the first-line method for ven-

tilation because studies of early placement of an advanced airway in 

the pre-hospital setting have shown either no benefit or harm.86 Pre-

hospital use of SGAs is recommended over tracheal intubation if an 

advanced airway is required, as SGAs have been shown to be at 

least non-inferior to intubation.87 

Tracheal intubation remains the preferred method for the defini-

tive management of the airway in critically ill or injured children.88 

Intubation-related adverse events are more common with multiple 

attempts and are commonest in neonates and infants.89–92 Pro-

longed intubation attempts are common in stressful situations and 

the time spent during attempts is often underestimated.93 In line with 

anaesthesiology guidelines, we recommend having a ‘plan B’ for dif-

ficult airway situations. Use pre-oxygenation, continue oxygen insuf-

flation during intubation, use rapidly acting sedative and 

neuromuscular blocking agents and limit the number and duration 

of attempts.94–96 Most anaesthetic medications are associated with 

vasodilation, which might induce bradycardia and cardiovascular col-

lapse, especially in hypovolaemia or sepsis.97 Recent studies failed 

to show any benefit of atropine premedication before intubation, and 

this is not recommended.98,99 The use of video laryngoscopy by 

trained providers reduces the incidence of failed intubation and com-

plications, especially in infants.100 Cuffed tracheal tubes are safe for 

use in infants and children and reduce leaks. Monitor the cuff pres-

sure to reduce damage to the tracheal mucosa.101,102 The formula 

for the internal diameter of cuffed tubes (age/4 + 3.5 mm) in children 

up to 8 years remains valid.103,104 Broselow tapes should not be 

used in isolation to estimate tracheal tube size in children weighing 

>18 kg.105,106 POCUS seems able to predict the size of the tracheal 

tube reliably but requires expertise and equipment. POCUS will esti-

mate the internal diameter of the trachea, which determines the max-

imum safe external diameter of the tracheal tube, not its internal 

diameter. Malposition of the tracheal tube is common and checking 

the correct position using a combination of techniques is mandatory 

(clinical examination, chest X-ray, POCUS, ETCO2).
107 

The safe emergency management of a difficult airway consists of 

a planned stepwise approach focused on ensuring oxygenation and 

starting with non-invasive techniques.108 Where bag-mask ventila-

tion fails or following unsuccessful intubation, an SGA can often be 

used to secure the airway quickly and simply. 

A cannot-ventilate-cannot-oxygenate situation occurs when bag-

mask ventilation, SGA and intubation are unsuccessful in achieving oxy-

genation. This can quickly cause cardiac arrest. An invasive airway 

technique (front-of-neck airway) may be required. This is difficult in chil-

dren, particularly infants, and the best technique is unknown. Interna-

tional guidelines vary and various techniques have been 

suggested.109,110 A recent narrative review highlighted the extreme dif-

ficulty of needle cricothyroidotomy in young children and concluded that 

the scalpel-bougie tracheostomy should be preferred in children under 

8 years of age and a surgical cricothyroidotomy considered in older chil-
dren.94 In the absence of conclusive evidence, expert providers should 

perform the technique in which they are trained, have the most experi-

ence with, have the appropriate equipment for and feel confident in. 

Tracheostomy emergencies are largely preventable, but if they 

do occur, they must be managed quickly.111,112 

Breathing 

Oxygen saturation targets for critically ill children are not clearly 

defined and may need to be adjusted for specific conditions (e.g. 

chronic lung disease). A recent systematic review compared SpO2 

targets of 80–92 % with 92–94 % in children with respiratory distress. 

The lower targets were equivalent to the higher targets in terms of 

mortality, neurocognitive outcome and readmission or re-

attendance. Using the lower targets admission rates were 40 % 

lower and hospitalisation duration was 10–18 h shorter.113 A large 

randomised controlled trial (Oxy-PICU trial) in children ventilated in 

the paediatric intensive care unit found that conservative oxygen sat-

uration targets (SpO2 88–92 %) led to a slightly better outcome (du-

ration of organ support or death) compared to liberal targets 

(SpO2 > 94 %). However, the study excluded some important groups 

(brain pathology or injury, post cardiac arrest, pulmonary hyperten-

sion, sickle cell disease, uncorrected congenital heart disease and 

on long-term ventilation).114 Whilst these studies are promising, fur-

ther evidence is required to guide SpO2 targets in critically ill children 

in different populations and settings. There is no evidence to guide 

pre-hospital SpO2 targets, where measurement may be unreliable. 

Therefore, the ERC recommends a lower limit SpO2 target of 94 % 

after initial resuscitation, which may be adjusted in specific situations 

(e.g. congenital heart disease). No studies of the optimal FiO2 were 

identified, but to avoid hyperoxia, the lowest possible FiO2 to achieve 

the required SpO2 should be used. 

Non-invasive ventilation can be delivered by bag-mask ventilation 

(preferably using two hands on the mask). High-flow nasal oxygena-

tion, continuous positive airway pressure or non-invasive ventilation 

are reasonable options when conventional oxygen therapy is insuffi-

cient or additional ventilatory support is required.115–118 

Circulation 

Adequate organ perfusion is the main aim of circulatory support. 

Providers should not spend more than 5 min (or two attempts) on 

attempts to establish IV access. POCUS can be used to guide cannu-

lation.119 If the chances of IV access are considered minimal (shock, 

severe hypovolaemia, previously difficult cannulation), use a rescue 

alternative early. Intraosseous (IO) access is underutilised but is appro-

priate for patients of all ages in resuscitation and other critical care sit-

uations.120,121 Providers should be trained in this technique. Signs of 

extravasation should be actively sought, and the cannulation site contin-

uously monitored. Special attention must be given to infants, who expe-

rience more complications, particularly dislodgements.120–122 

The previous ERC recommendation on fluid boluses remains 

unchanged. Further evidence supports frequent re-evaluation of 

the circulatory status to avoid fluid overload as well as the use of bal-

anced solutions.123,124 Cautious fluid administration is needed in car-

diogenic or obstructive shock, although some extra fluid might be 

needed, especially in infants who have had feeding problems or if 

another type of shock is concurrent. Vasoactive and inotropic sup-

port is needed in fluid non-responsive and cardiogenic shock. The 

optimal time to start vasoactive support is not clearly defined, but 

possibly lies after 20–40 ml kg 1 has been given and evidence sup-

ports the use of vasoactive support.125,126 A recent systematic 

review comparing different first-line vasoactive strategies on mortal-
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ity supports this recommendation.127 Combined regimens using 

more than one agent are increasingly used successfully.128 A periph-

eral IV line can be used for short-term administration of vasoactive 

agents or inotropics.129–133 Milrinone remains the most used inodila-

tor with levosimendan as a promising alternative.134–136 Extracorpo-

real life support should always be considered early as a rescue 

strategy for children with shock not responding to initial resuscitation. 

Disability and exposure 

Neuroprotection (as described in post-resuscitation care) is an 

important part of the initial management of neurological emergen-

cies. Attention needs to be given to sedation and pain management, 

as pain management is often poor.137 The ERC emphasises the 

importance of recognising seizures as a neurological emergency 

and acting quickly as delays in treatment are common and earlier 

treatment improves outcomes.138 

Additional recommendations for time-critical interventions. 

Severe acute asthma (critical asthma syndrome) 

Criticalasthmasyndromeisanumbrella term forall formsofasthma 

with a high probability of mortality.139 As asthmastill causes significant 

morbidity and mortality, timely aggressive treatment is needed. 

The PLS WG have based their recommendations on the recent 

overview of Cochrane reviews and the updated Global Initiative for 

Asthma recommendations.140,141 Recognition of severe asthma is 

primarily based on clinical signs, brief history, and oxygen saturation. 

Hypoxaemia is a sign of decompensated respiratory failure, which 

might induce agitation, irritability and decreased consciousness. 

The differential diagnosis includes pneumonia, pneumothorax, car-

diac failure, laryngeal obstruction, pulmonary embolism, foreign body 

aspiration and anaphylaxis. 

High-dose inhaled short-acting beta2-adrenergic agonists (e.g. 

salbutamol) are safe, but can cause side effects (electrolyte disor-

ders, hyperlactatemia, hypotension, arrhythmia, transient hypoxia). 

Ipratropium bromide when given with short-acting beta2-adrenergic 

agonists for moderate-severe exacerbations is associated with fewer 

hospitalisations and greater improvement compared with short-

acting beta2-adrenergic agonists alone. 

Systemic steroids are indicated within the first hour. Oral steroids 

are as effective as intravenous. High dose inhaled steroids may be 

added in a severe crisis. IV magnesium may result in reduced hos-

pital admission in children who fail to respond to initial treatment 

and have persistent hypoxaemia; isotonic magnesium sulphate 

might be used as a nebulised solution. There is no evidence for an 

added benefit of IV short-acting beta2-adrenergic agonists, but in 

children with near fatal asthma, this may be the only way to admin-

ister bronchodilation. Side effects of IV administration include elec-

trolyte disorders, dysrhythmias and cardiovascular failure in pre-

existing cardiac disorders, so expert advice and continuous monitor-

ing are required. A loading dose of 15 mg  kg  1 IV salbutamol can be 

considered, but there is no consensus on the maximum recom-

mended loading which varies from 250 mg to 750 m g.142 Severe 

exhaustion, deteriorating consciousness, poor air entry (silent chest), 

severe hypoxaemia not responding to treatment, and cardiopul-

monary arrest are indications for tracheal intubation. Mechanical 

ventilation of a child with severe asthma is extremely challenging 

and requires expert advice. 

Septic shock 

Early identification and treatment (including antibiotics) of sepsis 

and septic shock are essential parts of care bundles and are associ-

ated with improved outcomes.143 Stress-dose corticosteroids may be 
considered in children with sepsis-associated organ dysfunction and/ 

or septic shock that is unresponsive to fluids and requiring vasoac-

tive support. Children who are at high risk for adrenal insufficiency, 

such as those with chronic or recent treatment with steroids or those 

with congenital or acquired adrenal insufficiency, should receive a 

stress dose of hydrocortisone early.144,145 For more details, we rec-

ommend specific guidelines for management of sepsis that will be 

published in 2025. 

Cardiogenic shock 

Cardiogenic shock is infrequently present in children but can have 

devastating impact. Causes are heterogeneous, ranging from 

myocarditis, systemic inflammatory syndromes to cardiomyopathies, 

arrhythmiasandcongenitalheartdiseases, includingacutedecompen-

sation of the underlying disease. Signs and symptoms can be non-

specificespecially in the infant(difficultywith feeding, irritability,crepita-

tionsandenlarged liveredge)andahigh levelofsuspicion isnecessary. 

Treatment needs expertise and will depend on the underlying 

cause and needs to be individualized, however in critically ill children, 

starting inotropic medication is usually necessary. Furosemide IV 

should only be considered in children with adequate hydration. Fluids 

administration might also be indicated, but this needs to be cautious. 

Mechanical support and extra corporeal life support (e.g. ECMO) 

might be needed in a subgroup of these patients.146 

Haemorrhagic shock 

The PLS WG did not find any evidence to change the recommen-

dation to limit the administration of crystalloid fluids and start the 

transfusion of blood products as early as possible. Vasoactive agents 

play a role in achieving blood pressure targets where fluids or blood 

alone are not sufficient, particularly in severe traumatic brain injuries 

when maintaining the blood pressure above the 50th percentile is rec-

ommended.147 Addressing coagulation is a critical component of 

trauma care and must be started early. The specific strategy depends 

on factors beyond the scope of these Guidelines. We did not find evi-

dence to change our current recommendation regarding tranexamic 

acid, and recent studies confirm its safety.148,149 

Circulatory failure due to bradycardia 

Atropine use across all paediatric ages declined following the 

ERC 2010 guidelines.150 Bradycardia is rare in out-of-hospital car-

diac arrest and adherence to the recommended management is 

poor.151 The ERC recommends that rescuers primarily focus on 

treating respiratory and circulatory failure before treating bradycardia 

directly. Administration of atropine in these situations is likely to be 

ineffective and may be harmful as the temporary increase in heart 

rate may increase oxygen consumption, thereby accelerating the 

depletion of already highly limited oxygen reserves in decompen-

sated cardiac failure. Furthermore, reducing parasympathetic drive 

may exacerbate pathologies involving catecholamine-mediated 

mechanisms (e.g. Takotsubo cardiomyopathy). 

Nonetheless, atropine (20 mg  kg  1 , max. 500 mg) probably has a 

role in managing bradycardia caused by increased vagal tone. In line 

with the updated ILCOR CoSTR, the ERC recommends starting CPR 

in children with bradycardia and poor perfusion who do not respond to 

oxygenationandventilation.152 Theroleofadrenalineandtransthoracic 

pacing was found to be unclear in the ILCOR CoSTR. In the non-

randomised retrospective studies of patients receiving CPR for brady-

cardia with poor perfusion, adrenaline either had no effect on survival 

or was associated with a worse outcome. The ERC recommends con-

sidering adrenaline (10 mg  kg  1 ) in children with bradycardia and poor 

perfusion based on expert opinion. Similarly, the ERC recommends
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considering transthoracic pacing in selected cases where bradycardia 

is caused by complete heart block or sinus node dysfunction. 

Circulatory failure due to tachycardia 

There is limited evidence for the treatment of unstable tachycardia. 

For in-depth information about subtypes, diagnosis and preventive 

treatment option, consult the European Society of Cardiology guide-

lines.153,154 In haemodynamically unstable children with either a nar-

row QRS tachycardia or any persistent wide QRS tachycardia, the 

first choice for treatment is immediate synchronised cardioversion at 

a starting energy of 1–2 J kg 1 body weight and doubling the energy 

with each attempt up to 4 J kg 1 . A systematic review in neonates con-

firmed that doses between 0.25 and 3 J kg 1 are efficient with the high-

est  first  dose  being  1  J  kg  1 and a failure rate of 20.3 %.155 In children 

with haemodynamically stable supraventricular tachycardia, the first-

line treatment is a vagal manoeuvre (success rate 27–53 %) followed 

by IV adenosine (first dose 0.1–0.2 mg kg 1 , maximum 6 mg, followed 

by 0.3 mg kg 1 , maximum 12–18 mg), which had a success rate of 

96 %.156 Most children will require further treatment with a medication 

with a longer half-life either because of failure of the first-line manoeu-

vres or because of recurrence of the arrhythmia.157,158 Repeated 

doses of adenosine may increase catecholamine levels, making termi-

nation more difficult. In such cases, the child may need additional 

antiarrhythmic medication before repeating adenosine administra-

tion.158 Alternative medications include calcium channel blockers, 

beta-blockers, flecainide, procainamide, amiodarone, dexmedeto-

midine, ivabradine and digoxin. Each of these medications has specific 

side effects and contraindications and should only be used as guided 

by a paediatric cardiologist.157–162 

Seizures 

There is no clear evidence of superiority of one benzodiazepine 

over another in the first line treatment of status epilepticus.163 If a 

child already has IV access in place and a seizure is ongoing at 

5 min, an IV benzodiazepine should be given. If the child has no IV 

access, priority is given to stopping the seizures so alternatives 

routes for benzodiazepine administration are advocated rather than 

spending time trying to gain IV access. Intranasal and buccal routes 

are recommended (e.g. intranasal or buccal midazolam).164 

For second-line treatment of benzodiazepine-refractory status 

epilepticus, levetiracetam offers comparable efficacy to phenytoin 

and fosphenytoin, with superior safety outcomes.165–167 Studies sug-

gest that high-dose levetiracetam (e.g. 60 mg kg 1 IV) is more likely 

to stop seizures than standard doses.168 In settings where seizures 

persist beyond 40 min, the use of anaesthetic medications like mida-

zolam, ketamine or propofol is indicated. 

Paediatric basic life support (PBLS) 

Paediatric basic life support (PBLS) differs slightly from adult BLS in 

terms of aetiology, epidemiology and physiology. 

Public recommendations and dispatcher-assisted CPR. The 

ERC considered alterations of the standard PBLS algorithm, which 

might improve the performance of untrained rescuers and how to 

communicate this to the public using the simplest possible mes-

sage.12,169 Recommending three simple steps (Check – Call – 

CPR) for this group, emphasises simplicity while remaining consis-

tent with the recommendations for all age groups. The three steps 

are also the first part of the chain of survival (early recognition, calling 

for help, early CPR). 
Chest compressions with ventilation are considered standard 

CPR and this is associated with improved neurological outcomes 

in children of all ages when compared with compression-only CPR 

and is recommended by ILCOR and the ERC.170–172 ILCOR also 

recognised that bystanders are frequently willing to provide CPR in 

children, often including ventilation, as they are often the child’s pri-

mary caregivers.173 Therefore, the ERC recommends that bystan-

ders perform chest compressions and ventilations in all children. If 

a bystander is not willing or able to provide ventilation, the ERC rec-

ommends that dispatchers encourage bystanders to perform chest-

compression only CPR as this is superior to no CPR.12,172 

Use of dispatcher-assisted CPR for children was strongly recom-

mended by ILCOR, despite limited evidence in children.174 Paedi-

atric specific instructions should be tailored to specific age 

groups.175 The ERC recommends that dispatchers use a simplified 

protocol with a compression to ventilation ratio of 30:2 for rescuers 

not specifically trained in PBLS, starting with five rescue breaths, 

as this decreases the number of switches between compressions 

and ventilations and simplifies the guidance given to bystanders by 

using the same ratio as in adults.176 Untrained bystanders are gen-

erally able to deliver effective ventilations when guided by dispatch-

ers, although ventilation in infants seems more challenging.177 

Checking for the effectiveness of ventilation might improve bystan-

ders’ quality of ventilations during dispatcher-assisted CPR. As 

hypoxia is a frequent cause of cardiac arrest in infants and children, 

efforts to improve ventilation quality seem justified. 

The effect of video assisted CPR for untrained rescuers is not 

clear in paediatric cardiac arrest.178,179 Therefore, the ERC cannot 

make recommendations on this until more paediatric data is 

available. 

Recommendations for those trained in PBLS. This section 

refers to rescuers who are trained in PBLS at least to the level of 

the outcomes of the PBLS-course of the ERC. In line with the ILCOR 

CoSTR on the recognition of cardiac arrest, the ERC recommends 

that pulse check alone is inaccurate for the diagnosis of cardiac 

arrest.180 Therefore, the recognition of cardiac arrest should be 

based on the recognition that the child is unresponsive, not breathing 

normally and shows no other signs of life. 

The ILCOR CoSTR on starting CPR in adults and children found 

no evidence that either the ABC or CAB approach is superior to the 

other in terms of improving clinical outcomes in children.181 The ERC 

recommends starting CPR with five rescue breaths. Manikin studies 

found that only 50–72 % of rescuers with limited experience succeed 

in delivering two correct ventilations out of five.177,182 The recom-

mendation for five attempts aims to increase alveolar ventilation 

before initiation of chest compressions, acknowledges this finding. 

Manikin studies suggest comparable or superior outcomes for 

mouth-to-mouth (or mouth-to-mouth-and-nose in infants) ventilation 

compared to bag-mask ventilation in healthcare professionals and 

first responders.183–185 Consequently, the ERC recommends 

mouth-to-mouth ventilations when bag-mask ventilation is unavail-

able, or rescuers are not competent in its use. 

The ILCOR CoSTR on compression to ventilation ratios 

addressed adult resuscitation and did not make any recommendation 

for children.186 The ERC identified indirect evidence from one manikin 

study, which found no difference in compression depths and rates 

between a ratio of 30:2 or 15:2.187 In the absence of any evidence
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on outcomes, the ERC sees no reason to change the recommended 

compression:ventilation of 15:2 for children for those trained in PBLS. 

Minimisation of chest compressions pauses is recognised as impor-

tant for outcomes.188 Therefore, the ERC recommends not to inter-

rupt CPR unless there are clear signs of life and to minimise 

pauses in chest compressions (<5 s) during resuscitation. 

For single rescuers, the ERC considers CPR to be more impor-

tant than fetching an AED as non-shockable rhythms are more com-

mon in all paediatric age groups and retrieval of the AED would 

further increase no-flow time.189 If more than one rescuer is present, 

one person should start CPR, while a second person calls the EMS 

and fetches and attaches the AED as soon as possible. AEDs are 

rarely used in infants in whom the overall incidence of shockable 

rhythms is low.190 However, survival is greater in cardiac arrest with 

a shockable rhythm when bystanders use an AED.172,191 Based on 

expert opinion and in line with ILCOR, the ERC recommends the 

inclusion of children over 1 year of age into public access defibrilla-

tion programs, both to simplify the recommendations and to increase 

AED use in this age group, especially in systems with first respon-

ders.171,192 When using an AED without energy attenuation in small 

children, the energy delivered will be higher than that recommended 

for manual defibrillation, but we consider the potential benefit of an 

early defibrillation attempt to be greater than the risk of harm through 

defibrillation using a higher energy.193,194 

In case of respiratory arrest with signs of life, the ERC recom-

mends ventilating at a normal respiratory rate for the child’s age to 

avoid hypoventilation and hyperventilation. The recommendation to 

use either continued head tilt chin lift or a recovery position for 

unconscious, spontaneously breathing children is in line with the 

recent ILCOR CoSTR.171,195 When a recovery position is used, the 

breathing should be checked at least every minute to recognise dete-

rioration (e.g. airway obstruction, inadequate or agonal breathing). 

The detection of cardiac arrest and breathing difficulties is more 

quickly achieved in the supine position using continued head tilt chin 

lift.196 A recovery position is not ideal in traumatic injuries to the 

spine, hip or pelvis or if the child’s breathing is not normal.195 

Skills for PBLS. Airway positioning for specific age groups was 

not reviewed by ILCOR but the ERC considered the long-

established standards and continues to recommend the neutral posi-

tion of the head for infants and slight extension for older children with 

optimal angles ranging from 1° to 13° in pre-school children to 16°
in school children (Figs. 7 and 8).197 Adolescents usually need more 

extension, like adults. To achieve the neutral position in infants the 

head usually needs to be tilted back a little because the head adopts 

a natural flexed position in unconscious supine infants. Adding chin 

lift further decreases the possibility of airway obstruction by prevent-

ing occlusion caused by the soft tissues and relaxed muscles in 

unconscious patients. 

Look-listen-feel is an established technique for detecting breath-

ing in all age groups. 

The technique for ventilation in children, as described earlier in 

these Guidelines, was not reviewed by ILCOR and we have not 

changed our recommendation. Ventilation during resuscitation, 

especially in infants, is not an easy skill to master and rescuers often 

use excessive peak pressures.184 Training in ventilation techniques 

improves the ability to deliver the correct volume.177 

In line with the ILCOR CoSTR, the ERC recommends that chest 

compressions be performed on a firm surface when this is practical, 
provided this does not delay starting CPR.198,199 The quality of chest 

compressions depends on the technique, compression point, rate, 

depth, recoil and the duration of pauses. An ILCOR CoSTR on hand 

position during chest compressions only made recommendations for 

adults.200 The optimal compression point (hand, finger or thumb 

position for compressions) is unknown and might differ between indi-

vidual patients. In the absence of data, the ERC continues to recom-

mend the lower half of the sternum as the location for chest 

compressions in children. In line with, a neonatal ILCOR CoSTR 

and other systematic reviews, the ERC recommends the two-

thumb encircling technique for chest compressions in infants 

(Fig. 11).201–204 The two-thumb-encircling technique results in con-

sistently greater chest compression depth, less fatigue and a higher 

proportion of correct hand placement compared to the two-finger 

technique.201–204 A manikin study found a slightly decreased minute 

ventilation when using two-thumbs compared to two-fingers but the 

effect on patient outcome is unclear.205 The two-thumb-encircling 

technique can be used for dispatcher-assisted CPR, including advice 

for untrained single rescuers, as it appears to be easier to explain to 

bystanders than the two-finger technique.206 Modifications of the 

two-thumb technique have not been shown to be superior.207,208 

technique in children 1–8 years of age leads to more efficient com-

pressions and less fatigue that the one-hand technique.209 The 

ERC therefore continues to recommend using either one hand or 

two hands to perform chest compressions in children aged 1– 

8 years. In adolescents, using two hands is necessary and the tech-

nique of chest compressions is the same as for adult patients. 

The 2021 recommendation on compression depth was partially 

based on a scoping review suggesting improved ROSC and survival 

with better chest compressions depth compliance.210 The ERC 

recognises that the ILCOR CoSTR recommended age-related abso-

lute compression depths of 4 cm and 5 cm can only be approxima-

tions, as the anteroposterior diameter of the thorax increases 

continuously during growth. Studies have indicated that at most ages 

these depths exceed the measured one-third of the anteroposterior 

diameter of the thorax and for infants in particular they may exceed 

one half of the anteroposterior diameter.211–213 Also, aiming for one 

third of the diameter in children older than 12 years can generate a 

depth of more than the recommended adult limit of 6 cm.212 Recent 

evidence suggests that targeting “at least one third of the anteropos-

terior diameter” leads to deeper and more adequate chest compres-

sions in manikin studies than targeting absolute values of 5 or 

4 cm.214,215 Chest compression depth is commonly too shallow in 

children.216,217 Therefore, the ERC recommends depressing the 

lower half of the sternum by at least one third of the anteroposterior 

diameter of the chest. In adolescents, the compression depth should 

be the same as for adults, i.e. 5–6 cm. No evidence was found to 

change the recommendation to fully release pressure after each 

compression. The velocity of release was not associated with 

ROSC.218,219 Recent studies support the current advice to keep 

pauses in chest compressions as short as possible (<5 s).220,221 

There is no evidence to change the recommended anatomical 

position of defibrillation electrodes as described in these Guidelines 

(Figs. 14 and 15).222 The use of larger defibrillation pads and the 

anteroposterior position enables more current to flow through the 

chest but the significance of this for outcomes remains unknown.223 

Based on expert opinion and conformity the ERC recommends that 

defibrillation pads be placed in the anteroposterior position when 

the paediatric mode of an AED is activated (i.e. up to 25 kg). In larger
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Fig. 22 – Algorithm for paediatric foreign body airway obstruction
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children, the defibrillation pads can also be used in the anterolateral 

position as in adults provided they can be placed without touching 

each other. Turning larger children for the application of the posterior 

pad is likely to be more difficult, possibly causing a longer pause in 

chest compressions and inaccurate placement of the posterior pad. 

Children at high risk of cardiac arrest (cardiomyopathies, 

myocarditis, channelopathies, congenital heart disease, autonomic 

nervous system dysfunctions) might benefit from AED placement 

in the home whilst awaiting defibrillator implantation where these 

resources are available.224 

Considerations for algorithm deviations. Based on ILCOR evi-

dence, the ERC recommends that if a person is unwilling or unable to 

give rescue breaths immediately (i.e. unwilling to give mouth-to-

mouth and/or no bag and mask is available), they should start chest 

compressions immediately and ventilation should be added as soon 

as practicable. This reduces the delay in starting chest 

compressions.181 

The jaw thrust manoeuvre can be a better method of opening the 

airway than the head tilt chin lift in trained rescuers, especially in 

trauma patients. The jaw thrust also seems to be the most effective 

method of keeping the airway patent during bag-mask ventilation. 

Healthcare providers can use bag-mask ventilation with oxygen 

for PBLS if they are trained. They can also use a pocket mask in 

older children and adolescents. Most rescuers require both hands 

to hold the airway open when using the face mask with jaw thrust.225 

In line with the updated ILCOR CoSTR, the ERC recommends 

activating the CPR mode to increase mattress stiffness if available 

for in-hospital cardiac arrest.199 For healthcare systems that are 

already using backboards routinely during CPR, there is insufficient 

evidence to suggest against their continued use. Conversely, there 

is insufficient evidence, and some concerns about harm, to justify 

their introduction in systems which do not already use them. 

A simulation study suggests that effective chest compressions 

can be given using the two-thumb encircling technique ‘over the 

head’ of the infant, which might be applied by trained professionals 

in a limited space environment.226 Chest compressions in infants 

while walking are not recommended, except in exceptional circum-

stances, as the quality of the compressions is limited.227 

Only a lone rescuer without a readily available phone, should per-

form CPR for one minute before going to seek help. There is no new 

evidence to justify changing this historical recommendation and this 

situation is becoming much less common. 

Foreign body airway obstruction. Foreign body airway obstruc-

tion is a relatively frequent emergency, especially in young children. 

Early removal of the foreign body by bystanders is associated with 

improved survival with good neurological outcome.228,229 Most 

events occur during eating and are often witnessed.228 Simple 

bystander interventions are effective in more than 75 % of cases 

and improve survival when performed prior to the cardiac 

arrest.229,230 Abdominal and chest thrusts or compressions are less 

effective as a first intervention than back blows and are associated 

with both a lower chance of success and more intervention-

associated injuries.229 However, abdominal thrusts might be more 

effective in children than in adults.231 Therefore, the ERC continues 

to recommend starting with back blows and alternating these with 

abdominal thrusts (in older children) or chest thrusts/compressions 

(in infants, Figs. 16 and 22). We recommend using the two-thumb 

encircling technique for chest thrusts in infants rather than the previ-
ously recommended two-finger technique. This recommendation is 

made because the two-thumb-encircling technique leads to deeper 

compressions and generates a higher pressure than the two-finger 

technique, is easier for the dispatcher to explain to bystander, and 

its use simplifies teaching as only one skill is required for both 

CPR and choking.

The ERC reviewed the evidence regarding suction-based 

devices marketed and advertised as airway clearance devices. Until 

more data from industry-independent studies are available, the ERC 

like ILCOR, cannot issue a recommendation for or against the use of 

these devices due to insufficient high-certainty scientific evi-

dence.228,232 The rational for that is discussed in more detail in the 

ERC Guidelines 2025: First Aid.233 
Paediatric Advanced Life Support 

Recognition of cardiac arrest. The public should identify the need 

for resuscitation by the combination of unresponsiveness and absent 

or abnormal breathing. For healthcare professionals’ recognition of 

cardiac arrest should be based on clinical assessment (absence of 

signs of life) or monitored vital signs such as ECG changes, loss 

of SpO2 and/or EtCO2, or a sudden drop in blood pressure. Impor-

tantly, CPR should also be initiated in children who develop severe 

bradycardia with signs of very poor perfusion despite adequate res-

piratory support, as this can quickly deteriorate into cardiac arrest. If 

there is a change to an organised rhythm, which could produce car-

diac output during PALS, healthcare professionals may use signs of 

life with ancillary observations including a pulse check, blood pres-

sure, SpO2, waveform and POCUS during PALS to determine 

ROSC. If a manual pulse-check is used this should be kept as short 

as possible, and certainly not longer than 5 s.220 

The usefulness of a manual pulse check as an indication for start-

ing CPR and to detect cardiac output during pauses in CPR was 

reviewed in the 2025 ERC guideline process. An ILCOR CoSTR con-

cluded that palpation of a pulse is unreliable as the sole determinant 

of cardiac arrest and the need for chest compressions.180 The 

authors recommended that clinicians should begin or continue 

CPR unless they can palpate a pulse within 10 s. An ILCOR CoSTR 

found one case series, which showed good accuracy of POCUS by 

trained providers to detect pulses during paediatric cardiac arrest but 

considered this insufficient evidence for a treatment recommenda-

tion.180 In adults, pulse assessment with POCUS might be superior 

to manual assessment for the prediction of ROSC and during cardiac 

arrest.234,235 However, this does not imply a clinical advantage nor is 

there evidence from paediatric studies. It is conceivable that patients 

with pulses that are only detectable with POCUS have insufficient cir-

culation to justify stopping or not starting resuscitation. In summary, 

the ERC does not recommend changing the status of the pulse 

check in paediatric resuscitation. 

Previous guidelines recommended that bradycardia with signs of 

poor perfusion, even with a palpable pulse, should be treated by 

immediate CPR.68 ILCOR recently carried out a scoping review for 

studies of the treatment of children with bradycardia and poor perfu-

sion.152 In almost all studies, on univariate analysis, survival to hos-

pital discharge rates were higher when cardiac arrest was due to a 

first documented rhythm of bradycardia with poor perfusion (43– 

77 %) compared with PEA or asystole. Patients who receive CPR 

for bradycardia with poor perfusion and maintained that rhythm 

had higher survival rates than those who progressed to pulseless-

ness. ILCOR found no data to support any recommendation for atro-
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pine, adrenaline or transcutaneous pacing. The ERC considers that 

the potential benefits of early CPR outweigh the low risk of harm from 

inadvertent CPR. The ERC recommends starting CPR for children 

with bradycardia and poor perfusion who do not respond to oxygen 

and ventilation. There are currently no studies on the impact of chest 

compressions on survival in children with very low-flow shock states 

without bradycardia (e.g. supraventricular tachycardia). 
Shockable rhythms Data on paediatric defibrillation is limited and

Defibrillation. No new paediatric evidence on the use of defibril-

lation electrodes was identified. We based our recommendation on 

an ILCOR CoSTR on paddle/pad position and size in adults and chil-

dren.222 No new paediatric evidence was found.216 Therefore, all 

recommendations are based on indirect evidence from adults, all 

of which was of low certainty. 

Paddles are still in use in some limited resource settings. Some 

feedback devices for chest compression metrics, an AED and pre-

emptive placement of a defibrillator require the use of defibrillation 

pads. The anteroposterior position and charging of the defibrillator 

during chest compressions are more difficult to achieve with paddles. 

If firmly applied there is little difference in transthoracic impedance 

between paddles and defibrillation pads.223 The ERC therefore rec-

ommends that defibrillation pads be preferred over paddles; paddles 

may be used only if defibrillation pads are unavailable. 

Currently the anteroposterior position is recommended for small 

children and the anterolateral position for older children. It seems 

that the anteroposterior position is at least non-inferior to the antero-

lateral position.236,237 On the other hand, turning the child to apply 

defibrillation pads in the anteroposterior position could be more diffi-

cult with larger children and adolescents particularly if there is a lim-

ited number of rescuers. Although paediatric data are lacking, 

evidence from adults suggests that changing the vector of defibrilla-

tion may improve outcome and defibrillation success in refractory 

VF.238,239 In older children, this would involve replacing the defibrilla-

tion pads (i.e. moving them from the anterolateral to the anteropos-

terior position). 

challenging to interpret240 The ERC recommends 4 J kg 1 for the 

first and subsequent shocks and considering higher energy levels 

for a refractory shockable rhythm (up to 8 J kg 1 after 5 attempts). 

An ILCOR CoSTR and a registry study found greater survival to 

hospital discharge in children with VF who received an initial energy 

dose of 1.7–2.5 J kg 1 , compared with those receiving >2.5 J kg 1 . 
241,242 However, this study was comparing standard practice for their 

setting (i.e. 2 J kg 1 in North America) with non-standard care, which 

might be a confounder. The ERC does not consider that the evidence 

is sufficient to justify a change in the current recommendation of 

4  J  kg  1 as the standard energy dose for shocks. It seems reason-

able not to use doses above those suggested for adults. Consider 

escalating doses, increasing stepwise up to 8 J kg 1 if more than five 

shocks are needed.

No studies were identified which specifically addressed the timing 

of shocks and of rhythm checks in children. One registry study found 

that increasing chest-compression pause duration was associated 

with a lower chance of ROSC and survival.220 This confirms the cur-

rent advice to keep pauses for rhythm checks to a minimum. No new 

evidence was found concerning the effect of CPR before defibrillation. 
Oxygenation and ventilation during PALS 

A recent ILCOR CoSTR did not identify further evidence on oxygen 

titration.201 Therefore, the ERC continues to recommend using 

100 % oxygen. 

The ERC recommends the two-hand technique for bag-mask ven-

tilation to enhance effectiveness. If only two rescuers are available, 

this means that the person responsible for chest compressions also 

assists with ventilations, which might increase chest compression 

pauses. If more rescuers are present, assign the roles of airway man-

agement and chest compressions to separate persons, minimising 

pauses in compressions and ensuring continuous, high-quality CPR. 

ILCOR recently published a CoSTR on advanced airway man-

agement during ALS.243 The ERC follows that recommendation for 

the use of bag-mask ventilation by professionals during paediatric 

OHCA. There is currently a lack of high-quality evidence to recom-

mend or discourage the use of bag-mask ventilation over tracheal 

intubation or supraglottic airway devices (SGA) during paediatric 

IHCA. The ERC emphasises that effective ventilation and oxygena-

tion and high-quality chest compressions are essential in order to 

achieve ROSC. The ERC therefore recommends that healthcare 

providers transition to advanced airway management (SGA or tra-

cheal tube) when the necessary resources and expertise are avail-

able for placement without disrupting chest compressions. 

ILCOR has also reviewed ventilation rates during paediatric car-

diac arrest, without identifying any relevant literature.38,244 Based on 

expert opinion, ventilation rates should be close to age-appropriate 

respiratory rates, and hypoventilation and hyperventilation should 

be avoided, in paediatric resuscitation with an advanced airway. Pos-

itive pressure ventilation with an advanced airway in place can be 

asynchronous (at the age-dependent rate stated in the sequence 

of actions) and chest compressions continuous (pausing only every 

2 min for rhythm check). However, the ERC recommends that res-

cuers should stop continuous chest compressions and return to a 

compression:ventilation ratio of 15:2, when there is doubt about 

the effectiveness of ventilation. 

Medications during PALS 

Vasoactive medication. Evidence remains very weak for the opti-

mal dosing interval of adrenaline during CPR in children.38,201,245 

The ERC continues to recommend adrenaline as soon as possible 

in paediatric cardiac arrest with a non-shockable rhythm, ideally 

within the first three minutes. The dosing interval remains 3 to 

5 min during PALS. In patients already receiving a vasoactive drug 

infusion at the start of CPR, a shorter interval (less than 3 min) 

seems to be associated with higher ROSC and improved survival 

to hospital discharge with favourable neurological outcome.245 Prag-

matically, the ERC recommends adrenaline administration every 

4 min (or every other cycle) – which still falls into the 3–5 min interval 

– and giving the first dose of adrenaline after 4 min in shockable 

rhythms. Other vasoactive medications (vasopressin, terlipressin, 

milrinone, noradrenaline) have been used, but the evidence for their 

use remains very weak and we currently advise using them only in 

controlled research settings.38 

Antiarrhythmic medications. We did not find any new evidence 

that would justify changes in the current recommendations on amio-

darone and lidocaine as described in the sequence of actions.
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Sodium bicarbonate. The ERC considered a meta-analysis and 

a secondary analysis of a prospective non-randomised controlled 

trial when recommending not routinely using sodium bicarbonate in 

cardiac arrest.246,247 Both studies reported decreased survival to 

hospital discharge with the use of sodium bicarbonate during paedi-

atric resuscitation. 

Magnesium. No new high-quality evidence on this topic was 

found other than a single inconclusive registry study.248 The ERC 

recommends not routinely using magnesium during paediatric car-

diac arrest. Magnesium is indicated in documented hypomagne-

saemia or torsade de pointes VT regardless of the cause. 

Calcium. As no new evidence was identified, the ERC continu-

ous to recommend not routinely using calcium for infants and chil-

dren with cardiac arrest in the absence of hypocalcaemia, calcium 

channel blocker overdose or hypermagnesaemia. 

Measurable factors during paediatric PALS 

Blood pressure. Previous ERC guidelines did not recommend for or 

against the use of diastolic blood pressure to guide resuscitation 

efforts in children in cardiac arrest due to lack of evidence.68 A recent 

ILCOR CoSTR on intra-arrest blood pressure found only five obser-

vational trials.249 While intra-arterial blood pressure monitoring is 

generally available only in high-resource settings, children with inva-

sive blood pressure monitoring are at higher risk of suffering cardiac 

arrest, thus making a recommendation valuable.250,251 The ERC rec-

ommends targeting an intra-arrest diastolic blood pressure of 

25 mmHg for infants <1 year and 30 mmHg for children 1– 

18 years with intra-arterial blood pressure monitoring in place at 

the time of cardiac arrest. 

End-tidal CO2 monitoring. Existing paediatric data indicate that 

capnography may enhance the quality of CPR, improve adherence 

to resuscitation guidelines and help to detect ROSC.252–255 How-

ever, no specified values have been established to guide intra-

arrest therapies or to indicate whether to stop or continue CPR.253 

Data from a large multicentre study suggests targeting an intra-

arrest ETCO2 > 20 mmHg is associated with higher blood pressure 

and survival to hospital discharge.253 

Near-infrared spectroscopy. Although an ILCOR evidence 

update and a multicentred study suggest an association between 

higher intra-arrest cerebral oxygenation and improved resuscitation 

outcomes, the evidence was insufficient to make a recommendation 

for or against routine use of cerebral near-infrared spectroscopy dur-

ing paediatric cardiac arrest.201,256 

Point-of-care ultrasound. An ILCOR evidence update identified 

two small studies on point-of-care ultrasound (POCUS) which 

included paediatric cardiac arrests one of which was a small case 

series describing the feasibility of POCUS during cardiac arrest to 

assess ventricular contractility and pericardial effusion.257 The 

ERC recommends that if POCUS (as defined by in the evidence 

update) can be performed by experienced personnel without inter-

rupting CPR, it may be considered as an additional diagnostic tool 

when clinical suspicion for a specific reversible cause is present. 
Point-of-care blood analysis. No new evidence was identified 

on this topic. The ERC recommends not using specific values as indi-

cators of when to initiate or stop resuscitation efforts. When treatable 

metabolic derangements are discovered, these should be corrected. 

Extracorporeal cardiopulmonary resuscitation (ECPR) 

Little new high-quality evidence concerning the use of ECPR in pae-

diatric cardiac arrest was identified in a recent ILCOR CoSTR and a 

systematic review.201,258 The primary outcome in these publications 

was survival to hospital discharge, and neurological outcomes were 

rarely reported. 

ECPR is a resource intensive therapy and success relies on 

hospital-level factors such as experience in extracorporeal life sup-

port implementation and availability of a 24/7 multidisciplinary 

response team. In line with the recent ILCOR CoSTR, the ERC rec-

ommends considering ECPR as an early intervention (e.g. within 5– 

10 min. of the start of CPR) for selected infants and children (e.g. 

those with cardiac conditions) with IHCA refractory to conventional 

CPR in settings where ECPR programmes have been implemented 

and perform well.201 There is insufficient evidence in paediatric 

OHCA to make a treatment recommendation. However, the success-

ful use of ECPR in OHCA in cases of shockable rhythms, drowning 

or severe hypothermia has been reported recently. The ERC 

acknowledges recent developments and agrees that in specific 

cases and when resources are available, ECPR is an option to 

improve survival. 

Cardiac arrest in special circumstances 

Anaphylaxis 

The most common triggers for anaphylaxis in children in Europe are 

food (including cow’s milk, egg, nuts and fish 65 %), insect venom 

(20 %) and medications (5 %). No obvious trigger can be found in up 

to 30 % of cases. 

An ILCOR CoSTR found no new studies relating to the recogni-

tion of anaphylaxis.171 Important symptoms are an acute onset (min-

utes to hours) of breathing difficulties, wheezing or coughing, 

swelling of the face and other body parts, shock, confusion or floppi-

ness in young children, diarrhoea, nausea, vomiting and abdominal 

pain. Anaphylaxis can present in a single organ-system and cuta-

neous signs are absent in 10–20 % of cases.259 First responders 

can be trained to recognise anaphylaxis. 

If anaphylaxis is suspected the EMS should be activated. All chil-

dren who have had an anaphylactic reaction should be evaluated by 

a physician (e.g. a paediatrician or emergency physician). If symp-

toms resolve completely in the pre-hospital setting after a single dose 

of adrenaline, then admission to hospital is not always needed.259 

Elevation of the lower extremities can increase venous return and 

cardiac output, but can also compromise ventilation.260 

The ERC recommends intramuscular adrenaline into the vastus 

lateralis of the quadriceps, which is effective and rapidly absorbed 

and preferred to subcutaneous or intravenous administration.261 

There is little evidence on outcomes using other routes of adrenaline 

administration in children including adrenaline nasal spray.262 

Prompt administration of adrenaline is critical. A second dose of 

adrenaline is required in 7–18 % of cases and should be given after 

5 min if symptoms of severe anaphylaxis persist.263 Delayed admin-

istration of adrenaline is associated with protracted reactions,
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hypotension, and fatal outcomes. Refractory anaphylaxis, requiring 

more than two doses of adrenaline with ongoing symptoms, occurs 

in 1 % of cases and requires specialist in-hospital treatment often 

with an adrenaline infusion. 

The ERC recommends not giving steroids in anaphylaxis except 

when this is associated with asthma, as there is no good evidence 

that they are helpful.261,264,265 Intravenous glucagon may have a role 

when there is an inadequate response to adrenaline, particularly in 

patients on beta-blockers.259 

As half of the patients who have a biphasic reaction will do so 

within 6–12 h, prolonged observation (12–24 h) is advised in children 

with a history of a biphasic or protracted anaphylactic reaction or 

asthma, those who needed more than one dose of IM adrenaline, 

or when adrenaline was first administered more than 60 min after 

the onset of symptoms.68 

Identification of the allergen is important in avoiding future reac-

tions. Appropriately timed serum tryptase analysis can confirm the 

diagnosis of anaphylaxis. The serum concentration peaks at 1–2 h 

after the reaction and often normalises within 6–8 h. All children 

should be referred to an allergist for ongoing management of their 

allergy and be prescribed two adrenaline auto-injectors and 

instructed in their use.259,266–269 

Traumatic cardiac arrest 

Cardiac arrest is rare in paediatric trauma but may be the cause of 

10–40 % of all paediatric OHCAs. Survival is very poor at 2–5 %, 

but good or moderate outcomes have been reported in sur-

vivors.270–274 Chest compressions are less effective in hypovolaemia 

and cardiac tamponade, and their effect on outcome of traumatic 

cardiac arrest is unclear.270,275–280 Therefore, professional rescuers 

should prioritise the detection and treatment of potentially reversible 

causes. Use the acronym HOTT: Hypotension, hypoxia (Oxygena-

tion), Tension pneumothorax and cardiac Tamponade).281 This 

should take priority over or run concurrently with CPR. There is insuf-

ficient evidence to support a trauma-specific resuscitation protocol 

for ambulance personnel.275,282 

Stopping significant external bleeding can be lifesaving and has 

priority over starting chest compressions in an unresponsive child. 

Direct manual pressure, haemostatic or pressure dressings, a pelvic 

binder and tourniquet can all be effective.283,284 In the case of a 

tourniquet, preferably use a manufactured windlass device and apply 

this above the injury, but not over a joint. Tighten the tourniquet until 

the bleeding stops and note the time of its application. Only a trained 

healthcare professional should remove the tourniquet. Manual pres-

sure to the brachial or femoral artery might not be effective.285 

Intravascular fluid replacement to correct haemorrhagic shock 

should include blood products as soon as these are available. 

Minimise spinal movement provided this does not hamper resus-

citation efforts (e.g. by compromising the airway). Cervical collars are 

not advised. Investing time in immobilisation may be detrimental in 

the case of penetrating trauma, particularly if a resuscitative thoraco-

tomy is indicated.285,286 

The place of adrenaline in traumatic cardiac arrest is controver-

sial. A systematic review and meta-analysis of studies, mainly in 

adults, found that adrenaline did not improve ROSC benefit or 

short-term survival.287 Adrenaline might be more beneficial in speci-

fic cases, like vasoplegia from spinal injuries.276 In the absence of 

clear outcome data, the ERC continues to recommend adrenaline 

IV/IO in traumatic cardiac arrest in children but emphasises the pri-
ority of stopping significant bleeding and treatment of reversible 

causes (HOTT) over the administration of adrenaline. 

Shockable rhythms are rare, occurring in 2–7 % of paediatric 

traumatic cardiac arrest and may be associated with a better out-

come.276,279 A shockable rhythm may be secondary to hypoxia or 

hypovolaemia, which needs to be treated first to improve the chance 

of successful defibrillation. Therefore, priority should be given to 

HOTT over attaching an AED except in electrocution or cardiac 

contusion. 

In a traumatic tension pneumothorax, finger thoracostomy seems 

more effective than needle thoracocentesis and has a low risk of 

major complications.288 

A resuscitative thoracotomy is time sensitive and has a better 

outcome in penetrating injuries compared with blunt trauma.289 

Resuscitative thoracotomy requires that specific expertise, equip-

ment and systems are in place but is probably the best option for a 

traumatic cardiac tamponade. If not available, cardiac tamponade 

should be treated by a pericardiocentesis either via a 

subxiphoid mini-thoracotomy or by inserting a wide-bore drain. If 

available, POCUS should be used to guide percutaneous 

pericardiocentesis. 

There is insufficient experience with extracorporeal life support in 

paediatric traumatic cardiac arrest to make recommendations for or 

against indications and techniques. 
Drowning 

Drowning is the process of experiencing respiratory impairment from 

submersion/immersion in a liquid, usually water and is a major cause 

of paediatric morbidity and morbidity worldwide.290 The prevention of 

cardiac arrest is focused on reversing hypoxia, treating respiratory 

failure with potentially non-compliant lungs and dealing with 

hypothermia. The management of cardiac arrest involves reversing 

hypoxia and hypothermia. Attention should be given to a possible 

underlying cause of drowning such as arrhythmia, epilepsy, intoxica-

tion or trauma. 

The following considerations are taken from the recent ILCOR 

CoSTR on drowning.201 

Hypoxia is the primary mechanism leading to cardiac arrest in 

children following drowning and needs to be treated as soon as pos-

sible. Ventilation of the child’s lungs while they are still in the water is 

feasible for those specifically trained in this technique but should not 

delay other interventions.291,292 Drowning in infants mostly occurs in 

the home or in small bodies of water where rescue times are short, 

so rapid removal from the water might be the best option.293 

The ventilation-first strategy (ABC) is the standard in paediatric 

CPR and emphasises the importance of reversing hypoxia. There 

is no evidence that another approach is superior.292,294 Those 

trained should give mouth-to-mouth, pocket mask or bag-mask ven-

tilation. Ventilation via a tracheal tube optimises oxygenation and 

might overcome increased airway resistance and decreased lung 

compliance. Early tracheal intubation by those competent in the tech-

nique is recommended.295 

Starting high-quality CPR to correct hypoxia takes priority over 

attaching an AED. The incidence of a shockable rhythm following 

drowning has been estimated at 2–14 % and it is uncertain whether 

this is associated with a better outcome.281,294–299 

Drowning is often associated with hypothermia, which can be 

defined as a core temperature below 35 °C. Severe hypothermia



R E S U S C I T A T I O N 2 1 5 ( 2 0 2 5 ) 1 1 0 7 6 7 41
(<28 °C) may cause cardiac arrest. There is no recent ILCOR 

CoSTR on accidental hypothermia in children not in cardiac arrest. 

The ERC recommendations are based on previous guidelines and 

expert consensus. 

Remove wet clothing. Active external rewarming is usually suffi-

cient when the core body temperature is above 30 °C. Active internal 
rewarming is indicated when core body temperature is less than 30°
C. During rewarming, vasodilation occurs, with possible hypotension, 

requiring infusion of warmed intravenous fluids but avoiding fluid 

overload. Rapid rewarming with a warm shower or warm-water 

immersion of a child with circulation is potentially harmful because 

of hypotension and core temperature after-drop. There is no evi-

dence for a specific rewarming rate for hypothermic children with cir-

culation, but one study in adults suggests increased mortality (at all 

ages with an initial temperature 30.5 °C) with slower rewarming at 

<1°C  h  1 .300–302 In children with severe hypothermia and intact cir-

culation warm saline lavage of the left pleural space, bladder, stom-

ach or peritoneum has been reported, but no comparative studies 

are available in children. 

There is increasing experience with extracorporeal life support for 

hypothermic cardiac arrest or severe respiratory failure following 

drowning but there are insufficient data to guide recommendations 

on selection criteria or the timing for initiating these techniques.303 

Although lower core temperatures are generally associated with 

longer immersion times and a worse prognosis, hypothermia may 

in rare cases have a neuroprotective effect after drowning, especially 

when hypothermia occurs early and rapidly and precedes hypox-

ia.293,304–306 

Hypothermia 

It is difficult to measure core body temperature correctly in the pre-

hospital environment. Therefore, the simplified revised Swiss Stag-

ing system is recommended to estimate the core body temperature 

in case of accidental hypothermia.307 The risk of cardiac arrest 

increases with decreasing core temperature. Risk factors associated 

with cardiac arrest are decreased level of consciousness (P or U in 

the AVPU scale) and cardiovascular instability (usually defined as 

ventricular arrhythmia or systolic hypotension). A combination of 

passive and active rewarming techniques should be started in the 

pre-hospital environment in all cases of hypothermia.306 

Successful outcomes have been described in children with 

hypothermic cardiac arrest receiving very prolonged CPR with a core 

temperature as low as 10 °C.304,305 Centralisation of the circulation in 
hypothermia may be neuroprotective. Recent guidelines and reviews 

support the use of prolonged resuscitation when necessary.68,308–311 

Consequently, the ERC recommends starting CPR as soon as pos-

sible in all children in hypothermic cardiac arrest and not to use a cut-

off temperature for the decision to start resuscitation. 

There are no observational or randomised studies on defibrilla-

tion or the administration of medications in severe hypothermia in 

children. Therefore, the recommendations of the ERC are based 

on recent guidelines for patients of all ages.309,311 These recom-

mend that only a single dose of adrenaline should be given while 

the core temperature remains below 30 °C, unless planning immi-

nent initiation of extracorporeal life support. Defibrillation may be 

ineffective at low temperatures but shockable rhythms can be defib-

rillated once the core-temperature is above 30 °C.312 The ERC rec-
ommends that a maximum of three attempts should be made while 

the core temperature <30 °C. As in previous ERC guidelines we con-
tinue to recommend that any child who has a chance of a favourable 
outcome in hypothermic cardiac arrest should be quickly transported 

to a specialised centre where rewarming should be performed with 

extracorporeal life support.68,311 At that time, prognostication using 

the Hypothermia Outcome Prediction after Extracorporeal life sup-

port (HOPE) score was only recommended for adults.313 Since then, 

the HOPE-score has also been tested in a subgroup of children but 

the evidence supporting its use in children remains limited.314,315 

A recent rapid review on rewarming young children after 

drowning-associated hypothermic cardiac arrest suggests that extra-

corporeal life support should be used to resuscitate children who do 

not achieve ROSC in the field and to use external rewarming for chil-

dren with ROSC.316 A strategy for extracorporeal life support based 

on slow, prolonged, high-flow rewarming at an experienced centre 

may prevent end-organ failure, preserve heart function and improve 

survival even after prolonged resuscitation. The optimal rate of 

rewarming is unknown.301 Where the facilities and expertise are 

available, ECPR might also be initiated in the pre-hospital setting. 

It has been suggested, based on a case-report analysis that, if 

ALS with rewarming does not result in ROSC, therapy might be with-

drawn when the core temperature has reached 34 °C.301 A recent 
evidence-based guideline suggests stopping resuscitation if ROSC 

is not achieved within 30 min in hypothermic cardiac arrest associ-

ated with trauma or asphyxia (e.g. avalanche burial >60 min, core 

temperature 30 °C and a non-patent airway); thus, in such circum-

stances ECPR is contraindicated. In all other circumstances, and in 

the light of the increasingly successful use of ECPR, the ERC is cur-

rently unable to make a recommendation on criteria for the with-

drawal of resuscitation in hypothermic cardiac arrest in children. 

Cardiac arrest associated with septicaemia 

Sepsis is a common cause of shock in children and may lead to car-

diac arrest which generally has a poor outcome. There is currently no 

evidence to recommend a deviation from the standard PALS algo-

rithm for cardiac arrest caused by sepsis. Early source control and 

antibiotic therapy is important. Cardiac arrest occurring shortly 

before or during cannulation for extracorporeal life support should 

not preclude its initiation. High flows on extracorporeal life support 

(greater than 150 mL kg 1 min 1 ) might improve outcomes in chil-

dren with sepsis. 

Tension pneumothorax 

Tension pneumothorax is less common in children than in adults and 

is mainly seen in ventilated children, in trauma and following central 

venous cannulation.317 A tension pneumothorax should be diag-

nosed clinically and rapidly (respiratory distress, chest pain, unilat-

eral absent lung sounds, tachycardia, and a rapid haemodynamic 

collapse). Point-of-care ultrasound helps diagnosis but should never 

delay treatment.311,318 Needle thoracocentesis remains the first 

choice in non-traumatic tension pneumothorax as a temporary mea-

sure to buy time for chest drain placement. In traumatic tension 

pneumothorax, especially pre-hospital, finger thoracostomy is more 

efficient than needle thoracocentesis, with fewer reinterventions 

and a low complication rate.288,319 Needle thoracocentesis must 

not delay finger thoracostomy.320 In traumatic cardiac arrest, treat-

ment of tension pneumothorax has priority, as untreated it will pre-

vent successful resuscitation. 

Cardiac tamponade 

Cardiac tamponade is uncommon in children but occurs in penetrat-

ing chest trauma, post cardiac surgery and acute pericarditis. Point-
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of-care ultrasound in competent hands is helpful in the diagnosis.257 

Pericardiocentesis is relatively safe and highly effective procedure in 

experienced hands.321 Depending on the cause (e.g. traumatic/non-

traumatic/post-cardiac surgery) and the available expertise, alterna-

tive therapies include mini-thoracotomy, emergency or resuscitative 

thoracotomy or re-sternotomy. 

Pulmonary embolism 

ILCOR recently reviewed the evidence on pulmonary embolism in pae-

diatric cardiac arrest.322 Pulmonary embolism is being increasingly 

reported in children either because there has been a true increase in 

incidence or because of increased awareness following the covid pan-

demic.323–325 The clinical diagnosis is challenging, and the use of 

POCUS/echocardiography during cardiac arrest is of uncertain 

value.326 Pulmonary embolus presents in children with tachycardia, 

tachypnoea, hypoxia, unilateral limb swelling, recent trauma or surgery, 

prior thromboembolism, cancer, anaemia and leucocytosis.327 

Thrombolysis is generally more effective than systemic anticoagula-

tion alone but there is insufficient paediatric evidence to make definitive 

recommendations on indications, medications, timing, dose or strategy 

in children.328,329 Based on a recent narrative review, the ERC suggests 

considering IV alteplase in a child in cardiac arrest due to pulmonary 

embolism.329 Catheter-directed thrombolysis is associated with lower 

mortality and fewer complications in adults and is preferable to systemic 

therapy for those on extracorporeal life support.330,331 Surgical 

embolectomy is an established treatment option in adults.332 Extracor-

poreal life support has been used successfully in children.333 There 

are no comparative trials of surgical embolectomy or extracorporeal life 

support with thrombolysis in children. 
Toxic agents 

Intoxication is an uncommon cause of cardiac arrest in children but 

the incidence of intoxication generally is increasing worldwide.334 

In younger children, intoxication is mostly caused by accidental 

ingestion of substances in the home (cleaning agents, parent’s med-

ication, batteries). In adolescents, self-poisoning with therapeutic or 

recreational drugs is more common (alcohol, amphetamines and 

analgesics, including opioids).335 Carbon monoxide poisoning can 

occur at any age. In healthcare settings, accidental overdosing or 

drug interactions are not infrequent. Life-threatening cardiovascular 

events associated with intoxication are rare but more common in 

adolescents and are associated with metabolic acidosis and a pro-

longed QT-interval. Intoxication with opioids and sympathomimetics 

have the highest mortality.334 

The cornerstone of therapy is supportive using the ABCDE 

approach in a critical care setting, with correction of hypoxia, 

hypotension, and acid/base and electrolyte disorders. Manage sei-

zures promptly with benzodiazepines (avoid phenytoin in intoxica-

tion).336 Early advanced airway management is required when 

there is airway obstruction (e.g. due to depressed consciousness) 

or inadequate breathing, and to prevent aspiration of gastric con-

tents. Drug-induced hypotension usually responds to fluid therapy. 

Occasionally vasopressors (e.g. noradrenaline) or inotropes may 

be required (e.g. in beta-blocker and calcium channel blocker over-

dose). Transcutaneous pacing may be effective for severe bradycar-

dia caused by intoxication. 

There are few specific therapies that are useful immediately, but 

consider the following for specific intoxications: 

Haemodialysis (methanol, ethylene glycol, salicylates, lithium). 
Charcoal haemoperfusion (carbamazepine, phenobarbital, 

phenytoin, theophylline). 

Lipid emulsion, e.g. Intralipid®, (local anaesthetics). 

Naloxone (opioids). 

Alkalinisation to an arterial pH of 7.45–7.55 with sodium bicarbon-

ate (tricyclic antidepressants with ventricular conduction 

abnormalities). 

Acetylcysteine (paracetamol). 

High-dose atropine (organophosphates and nerve gases) 

A thorough history is important to determine the toxic agent(s) 

and how much was ingested. Consider non-accidental trauma partic-

ularly when the history is inconsistent. Consider child neglect if there 

have been repeated accidental ingestions. 

In the event of cardiac arrest, resuscitation may be required over 

a prolonged period, as the toxic agent may be metabolised or 

excreted during extended life support measures. Extracorporeal 

removal (e.g. dialysis) or extracorporeal life support should be con-

sidered in refractory shock and cardiac arrest when conventional 

CPR is failing.337–339 

Hyperthermia/heat stroke 

Hyperthermia can result from exertion in a warm environment (most 

often in older children and adolescents), or from environmental heat 

exposure in children who are unable to escape the hot environment 

or who have a disorder of thermoregulation. This needs to be distin-

guished from fever, which is a physiological response usually to 

infection. Cardiovascular collapse from hyperthermia commonly 

occurs at around 41 °C, so active cooling should be initiated earlier 
to prevent this.285 

No recent paediatric evidence was found for major changes to the 

management of hyperthermia. Recent ERC, ILCOR and American 

Heart Association guidelines recommend immediate cooling by 

removing the child from the heat-source, stopping excessive heat 

generation (e.g. through exercise), loosening or removing clothing, 

external cooling and hydration.171,285,302,340 Standard resuscitation 

should be started where necessary. These measures should be ini-

tiated concurrently with activation of the EMS. Active cooling is asso-

ciated with a lower mortality in severe hyperthermia compared with 

no active cooling.341 Protocols describe the pre-hospital manage-

ment of hyperthermia and the duration of cold-water immer-

sion.342–345 Key is early identification, rapid cooling with standard 

resuscitation when indicated and early transport for more advanced 

support. 

Core temperature monitoring is required to guide cooling and pre-

vent hypothermia. The rectal site is ideal for this in the pre-hospital 

setting. In the hospital, the oesophageal, bladder or intravascular 

temperature can be used depending on the setting. The aim is to 

reduce the core temperature by 0.1–0.2 °C min 1 and the goal is 

38 °C when cooling measures should be stopped and monitoring 

continued. 

Cooling methods were reviewed by ILCOR in 2020.346 Aggres-

sive cooling by immersion in cool/cold water or ice water is the best 

technique for decreasing body temperature and should be initiated 

as soon as possible, ideally within the first 30 min.346–348 Immerse 

the child from the neck down in a tub of cold water (1–26 °C). Ice 
water is ideal, but even lukewarm water is helpful. Immersion is 

uncomfortable and leads to shivering, agitation and combativeness. 

Meticulous care is needed. Benzodiazepines might be used (e.g., 

midazolam 0.05–0.1 mg kg 1 IV) to provide sedation and reduce 

shivering.
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Hypothermia is a real risk when cooling aggressively, especially 

in infants and small children. Gentle handling and careful monitoring 

(which can be challenging) are needed to prevent overcooling.349,350 

In the hospital, once core temperature starts decreasing, evaporative 

cooling may be preferrable to immersive cooling as it facilitates mon-

itoring and reduces the risk of overcooling. Suitable methods are 

misting with water and fanning with cool air, wrapping the child in a 

wet sheet or using ice packs applied to the neck, axillae and groin, 

avoiding direct skin contact. If cold-water immersion is not feasible 

or too risky (e.g. in infants), initiate an alternative cooling method 

such as evaporative cooling. Gentle oscillation in cold water on a tar-

paulin might also be a feasible and effective alternative to immersive 

cooling in the pre-hospital setting or emergency department.351,352 

Rehydration is often necessary. Cool intravascular fluids are not 

superior to cold-water immersion for cooling.353 Transpulmonary 

cooling by cold air inhalation is inferior to ice-water immersion.354 

Antipyretic medication is ineffective in heat stroke. Various other 

cooling methods have been described but there is too little evidence 

to advocate one over the other.355–365 

All children with heat stroke should be admitted to a paediatric 

intensive care unit for continued monitoring. Complications include 

seizures, multiorgan failure with rhabdomyolysis, hyperkalaemia, 

hypocalcaemia, hyperphosphataemia and other electrolyte imbal-

ances, renal and hepatic injury, disseminated intravascular coagula-

tion, cerebral and pulmonary oedema, and cardiogenic shock. 

Malignant hyperthermia is a special case of life-threatening 

hyperthermia associated with anaesthesia. Treatment involves 

immediate cessation of the triggering agent(s), active cooling, ade-

quate oxygenation and ventilation, correction of severe acidosis 

and hyperkalaemia and immediate administration of dantrolene 

according to local protocols. (e.g. an initial dose of 2.5 mg kg 1 ). 

Hyperkalaemia 

Treatment of hyperkalaemia should be directed at prompt recognition 

and appropriate treatment of the underlying cause. An ILCOR 

CoSTR on the treatment of hyperkalaemia found evidence that treat-

ment with IV insulin and glucose or inhaled or IV beta2-adrenergic 

agonists causes an acute reduction in potassium values (in the range 

of 0.7–1.2 mmol l 1 ). 366,367 It was not clear whether this resulted in 

improved clinical outcomes. Only a few studies have compared dif-

ferent treatment strategies. One meta-analysis, in adults, compared 

IV salbutamol to the combination of IV salbutamol and 10 units of 

insulin and found the combination therapy was more effective in low-

ering potassium values.366 This suggests prioritising treatment with 

IV salbutamol either alone or in combination with insulin and glucose. 

The rationale for giving calcium during cardiac arrest caused by 

hyperkalaemia is based on the presumed ability to prevent arrhyth-

mias. Although calcium is widely recognised and used for this indica-

tion, the ILCOR CoSTR did not find any clinical evidence to support 

this. One adult study found a lower unadjusted rate of ROSC with the 

administration of calcium and one paediatric study, which included 

children in cardiac arrest with hyperkalaemia found those treated 

with calcium had worse outcomes.368,369 

The ILCOR CoSTR did not find any evidence for a potassium 

lowering effect of bicarbonate in non-hyperkalaemic cardiac arrest 

but no studies in children were identified. The role of bicarbonate 

for non-toxicological metabolic acidosis is questionable.366,370 
The ERC considers treatment with IV insulin and glucose and 

beta2-adrenergic agonists to be a reasonable approach to lowering 

potassium in children with and without cardiac arrest. In cardiac 

arrest, high-quality resuscitation is mandatory and may be prolonged 

considering the time that may be needed to lower the potassium. 

Extracorporeal life support can be considered. 

Other metabolic derangements 

In severe hypokalaemia (<2.5 mmol l 1 ), or hypokalaemia with 

arrhythmias, an intravenous potassium infusion of 1 mmol kg 1 h 1 

over 1–2 h is safe and effective in young children.371 In cardiac arrest 

with hypokalaemia the ERC recommends rapid administration of IV 

potassium 1 mmol kg 1 at a rate of 2 mmol min 1 for 10 min (maxi-

mum 20 mmol). When required, continue the dose for another 5– 

10 min (maximum total 30 mmol) until the serum potassium value 

is above 2.5 mmol. Repeat if necessary.311,372 Co-existing depletion 

of magnesium is common and it must be replaced to enable the suc-

cessful treatment of hypokalaemia (30–50 mg kg 1 ).373 

Treat hypoglycaemia (blood glucose < 3 mmol l 1 or <3.9 mmol l 1 

with symptoms) immediately via the oral route, if possible, with 

0.3 g kg 1 glucose.374,375 If oral intake is not possible, give an IV bolus 

of 0.2 g kg 1 glucose (e.g. 2 ml kg 1 10 % glucose) and re-check blood 

glucose after 5–10 min (or 15 min in case of oral administration) repeat-

ing the dose if necessary and starting a maintenance infusion containing 

glucose. When IV/IO glucose is not available, and oral administration is 

not possible, providers may administer glucagon intramuscularly, intra-

nasally or subcutaneously.375,376 

The ERC did not review other rarer metabolic derangements but 

recommends correcting those that might potentially cause critical ill-

ness or cardiac arrest (e.g. hypocalcaemia, hypercalcaemia, 

hypermagnesaemia). 

Cardiac arrest in children with congenital heart disease 

Children with congenital heart disease are prone to acute cardiac 

events including an obstructed cardiac shunt, pulmonary hyperten-

sion and a shockable rhythm occurring in a monitored child attached 

to a defibrillator. The latter two situations can also occur in children 

without primary cardiac disease in other settings, and the approach 

to those is similar to that described in these Guidelines. 

The standard PALS Guidelines should be followed in infants and 

children with a single ventricle anatomy with special consideration of 

possible pulmonary hypertension and an obstructed shunt.201 There 

is increasing experience with extracorporeal life support, but no stud-

ies comparing it with standard CPR in children with single ventricle 

physiology. The ERC recommends considering extracorporeal life 

support if resuscitation is failing. In some cases, extracorporeal life 

support may be a bridge to a ventricular assist device and heart 

transplantation. 

Pulmonary hypertension 

The treatment of acute pulmonary hypertension in these Guidelines 

is based on a recent ILCOR CoSTR.377 Pulmonary hypertension 

occurs in congenital heart disease, chronic lung disease and as a pri-

mary disease. These children are at risk of pulmonary hypertensive 

crises, which can rapidly lead to acute right ventricular failure, acute 

left ventricular preload reduction and cardiac arrest. Standard CPR 

may be less effective in pulmonary hypertension as increased pul-
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monary vascular resistance impedes left heart filling and limits coro-

nary perfusion during chest compressions.378 

Cardiac arrest caused by a suspected obstruction of a cardiac 

shunt 

The creation of artificial connections between the systemic and pul-

monary circulation (e.g. aortopulmonary shunts and patent ductus 

arteriosus stents) are important procedures in congenital heart dis-

ease. The management described in these Guidleines of life-

threatening obstruction (due to thrombosis or mechanical kinking) 

of a shunt is based on a recent ILCOR CoSTR.379 

Cardiac arrest in an ECG-monitored child attached to a 

defibrillator with a witnessed shockable rhythm 

Self-adhesive defibrillation pads may be attached to a child in the 

intensive care unit, operating room or catheterisation laboratory or 

elsewhere, such that the child can be defibrillated as soon as a 

shockable rhythm is detected. In this setting it is potentially beneficial 

to attempt defibrillation up to three times immediately, before starting 

CPR (the ‘stacked-shock strategy’). The ERC acknowledges that 

there are no paediatric data on this strategy in this specific situation 

and emphasises that the ‘stacked shock’ strategy in other circum-

stances is no longer recommended. Our recommendation is based 

on expert opinion. However, it is considered unlikely that chest com-

pressions will improve the already very high chance of ROSC, as the 

heart is believed to be more readily defibrillated in the first moments 

of a shockable rhythm. This is supported by the survival rate of 

>95 % of potentially lethal arrhythmias in patients with an implantable 

defibrillator. Using this stacked-shock strategy, IV amiodarone is 

given according to the number of defibrillation attempts (i.e. after 

the third attempt) and IV adrenaline according to the time since the 

arrest (i.e. the first dose after four minutes). 

Cardiac arrest in the operating room 

In case of paediatric cardiac arrest in the operating room, follow the 

standard PALS algorithm, with particular emphasis on the common 

reversible causes in this setting (hypoxia, hypovolaemia from bleed-

ing or anaphylaxis, tension-pneumothorax and thrombosis) as well 

as causes specific to the operating room. 

No recent systematic review specifically addressed perioperative 

paediatric cardiac arrest. The recommendations are therefore based 

on the ERC Guidelines 2025 for adult Advanced Live Support.380 

Cardiac arrest occurs in 3–12 children per 10.000 procedures 

under anaesthesia and is more common in children <1 year and 

those with severe underlying disease and/or undergoing emergency 

surgery.381–385 Respiratory and circulatory problems are the main 

causes e.g. laryngospasm, difficult airway, blood loss and arryth-

mias. Rarer causes are hyperkalaemia from transfusion of stored 

blood and medication- and equipment related issues.381,382,386 Car-

diac arrest directly related to anaesthesia is rare (0.1–3.4 per 10.000 

anaesthetics). Anaesthesia-related cardiac arrest has a lower mor-

tality than other peri-operative cardiac arrests. The limited data on 

neurocognitive outcome in survivors of perioperative cardiac arrest 

suggests an incidence of 24 % for temporary, and 6 % for permanent 

harm.383 

Standard operating room monitoring allows shockable rhythms 

and asystole to be quickly recognised, but it can be difficult to differ-

entiate between severe shock and PEA. Recently it has been sug-

gested to start chest compression in adults if the patient remains 

hypotensive despite intervention.387 Pragmatically, the PLS WG rec-
ommends starting chest compressions in children if the blood pres-

sure or the heart rate remains below the 5th percentile of the 

normal range for age. 

In pre-arrest states in adults, initial incremental boluses of 50– 

100 mg IV adrenaline have been proposed rather than the standard 

1 mg bolus, which in this situation might induce severe hypertension 

or tachyarrhythmias.23 Similarly lower doses of IV adrenaline might 

be tried in children, for example 1–2 mg  kg  1 . If a low-dose adrena-

line bolus fails, the standard doses of intravenous adrenaline should 

be given.388,389 

When the likelihood of cardiac arrest is high, the child should be 

attached to a defibrillator in standby mode using self-adhesive pads 

before induction of anaesthesia. Defibrillation should then be per-

formed immediately if a shockable rhythm occurs, before starting 

CPR, as described above. 

Ensure high-quality PALS. Current data suggests that mechani-

cal ventilation yields a similar PaO2 to manual ventilation with a 

self-inflating bag.390–393 

Chest compressions are optimally performed in the supine posi-

tion, but in case of a cardiac arrest in the prone position with a tra-

cheal tube in place, CPR can be initiated before turning the child if 

immediate supination is not possible.394,395 Consider simultaneous 

left lateral decubitus and Trendelenburg positioning in cases of mas-

sive gas embolism, provided this does not impede adequate chest 

compressions.396–398 Open cardiac compressions should be per-

formed only by those appropriately trained. 

Prioritise the identification and treatment of reversible causes. If 

available, consider the use of ultrasound (transthoracic/transoeso 

phageal) to help determine the cause.399 If arrest is due to significant 

blood loss, chest compressions are effective only if the circulating 

volume is replaced simultaneously, and haemorrhage control (e.g. 

surgery, endoscopy, endovascular techniques) is initiated 

immediately.399 

Stop the surgery unless it addresses a reversible cause of the 

cardiac arrest. It may be necessary to cover the surgical field to facil-

itate access to the patient and adequate resuscitation. 

If cardiac arrest occurs during laparoscopic or robotic surgery, 

release the pneumoperitoneum and deflate the abdomen to enhance 

venous return during CPR, unless the pneumoperitoneum is essen-

tial to the treatment of the surgical cause of the cardiac arrest (e.g. 

bleeding), in which case use the minimum necessary intra-

abdominal pressure. If cardiac arrest occurs during thoracoscopy, 

stop CO2 insufflation and rule out contralateral pneumothorax. In 

both cases, consider gas embolism as a possible cause of the car-

diac arrest. 

Extracorporeal life support should be considered in cases where 

conventional CPR is failing or when prolonged resuscitation is 

required. 

Successful management of intraoperative cardiac arrest requires 

not only individual technical and non-technical skills but also an 

orchestrated team approach, an institutional safety culture embed-

ded in everyday practice through continuous education, training 

and multidisciplinary cooperation.38,39,400,401 Institutional protocols 

for responding to potential cardiac arrest situations (e.g. massive 

transfusion protocols) and checklists will help to optimise the 

response to cardiac arrest in the operating room.38,39 

Post-resuscitation care 

The ERC considered the ILCOR CoSTRs on paediatric post-

resuscitation care and ILCOR recommendations for a paediatric car-
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diac arrest core outcome set as well as recent literature in areas that 

ILCOR did not address.8,38,171,402–407 Possible differences in the 

organisation of healthcare systems were considered as were the 

needs of patients, caregivers and families of survivors and non-

survivors. Comments from representatives of the community advi-

sors were also included.408 
Recommendations for health care providers in the pre-hospital 

setting 

The general recommendations about ABCDE principles in the section 

on cardiac arrest prevention also apply to post-resuscitation care. 

Healthcare providers can consider inserting an advanced airway 

after ROSC if the child’s level of consciousness and respiratory effort 

do not quickly improve. Early tracheal intubation is not always neces-

sary as evidence shows that early tracheal intubation in the field is 

not better than delayed tracheal intubation.409 Tracheal intubation 

should always be performed by a competent healthcare professional 

using a structured approach with proper equipment and monitoring. 

We recommend continuing with a high FiO2 immediately after 

ROSC until the arterial blood oxygen saturation can be monitored 

reliably – the FiO2 can then be adjusted. Hypoxaemia has been con-

sistently associated with worse outcomes post-cardiac arrest in chil-

dren while hyperoxaemia has less of an association with 

outcomes.410,411 However, the ERC recommends avoiding sus-

tained SpO2 values of 100 % (with a few exceptions such as carbon 

monoxide poisoning, severe anaemia and methaemoglobinaemia). 

To limit possible oxidative stress, in the absence of blood gas anal-

ysis, SpO2 should be targeted at 94–98 %. 

If the child’s lungs are ventilated mechanically, to avoid hyperven-

tilation, the ERC recommends initially using a low-normal respiratory 

frequency and aiming for mild chest movements. Once tidal volume 
Fig. 23 – In-hospital post-resuscitation care. 

AKI – acute kidney injury, CVP – central venous pressure, ECG – electroc

– end-tidal carbon dioxide, IBPM – invasive blood pressure monitoring, 

pressure, PaCO2 partial arterial pressure of carbon dioxide, PaO2 – partia

– systolic blood pressure, ScvO2 – central venous oxygen saturation, Sp
can be measured, the ERC recommends a tidal volume of 6– 

8  ml  kg  1 of ideal body weight and PEEP of 5 cm H2O and to avoid 

high airway pressures, and then further adjusting the ventilator set-

tings to optimise ventilation. Seek expert help from a paediatric inten-

sivist in children with complex medical needs.

After an advanced airway has been secured, use capnography to 

continuously monitor for effective ventilation. Measure arterial blood 

gases as soon as practicable – as ETCO2 values do not reliably 

reflect blood CO2 values – and target normocapnia.412 Use individu-

alised PaCO2 targets in specific situations (lung diseases with 

chronic hypercapnia, single ventricle physiology).403 

Healthcare professionals should use multiple clinical signs and 

measurements, not just blood pressure, to evaluate the child’s circu-

latory status, because normotensive shock is frequently present after 

cardiac arrest.405,413 In the pre-hospital setting, the ERC emphasises 

the importance of using the correct blood pressure cuff size and per-

forming frequent measurement of NIBP. Aim for a systolic and mean 

arterial blood pressure above the 10th percentile for the child’s age. 

There is insufficient evidence for recommendations on specific treat-

ments to achieve these targets (fluids, vasoactive medication, ino-

tropes). A blood pressure that is too high may cause or worsen 

myocardial dysfunction.405 

Treat seizures as soon as they arise, as recommended by an 

ILCOR CoSTR.38 Check the blood glucose and treat any hypogly-

caemia because it is associated with unfavourable outcomes in crit-

ically ill children.405 Provide analgesia and sedation to treat pain and 

discomfort. Even short periods of low blood pressure below the 5th 

percentile are associated with worse outcomes after cardiac 

arrest.414 Therefore, the ERC recommends avoiding boluses of med-

ications that might cause sudden changes in blood pressure and to 

use continuous IV administration of analgosedation whenever possi-

ble. A body temperature above 37.7 °C is associated with worse out-
ardiography, ECMO – extracorporeal membrane oxygenation, EtCO2 

LCOS – low cardiac outcome syndrome, MAP – mean arterial blood 

l arterial pressure of oxygen, POCUS – point-of-care ultrasound, SBP 

O2 – peripheral oxygen saturation.
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Fig. 24 – Prognostication modalities associated with good (a) and poor (b) outcomes. 

Disclaimer: NO single modality can be used in isolation for prognostication with high accuracy. The overall quality of evidence for individual tests is very 

low for all outcomes primarily due to a very serious risk of bias. Abbreviations; GPED – generalised periodic epileptiform discharges, GWM – gray-white 

matter, ADC – apparent diffusion coefficient, SSEP – somatosensory evoked potentials, NSE – neuron-specific enolase, MBP – myelin basic protein.
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comes in patients after cardiac arrest and should be always avoided 

after ROSC.415 

The presence of the parents/caregivers during pre-hospital care 

and transportation is legally and ethically justified provided this does 

not jeopardise their safety or that of the child or care team. It is also 

perceived as important by parents or other caregivers and improves 

psychosocial outcomes in family members regardless the outcome 

of the child.408,406 

Recommendations for in-hospital health care providers 

In-hospital, specific paediatric intensive care approaches are used 

during the acute and post-acute post-resuscitation care phases and 

for the treatment of post-cardiac arrest syndrome (Fig. 23). These 

comprise a variety of diagnostic and therapeutic options usually 

organised in care-bundles, where more contextualised and individu-

alised care goals can be used based on the child’s history, the specific 

context and the resources available. Multiple treatment modalities 

might be necessary to treat underlying disease and/or post-cardiac 

arrest syndrome including airway management, ventilatory support 

and circulatory support with fluids, blood products, vasoactive medi-

cation and inotropes, and extracorporeal life support.405

Target normoxaemia and normocapnia.68,410,411,413,415–418 

Patients with hypoxaemia (<8 kPa, 60 mmHg) are less likely to sur-
Fig. 25 – Post-discharge care. 

Abbreviations: PICS-F – post-intensive care syndrome family, PICS-p – 
vive to hospital discharge while hyperoxaemia has no effect on out-

comes.410,411 Compared with hypercapnia, patients with 

normocapnia are more likely to survive to hospital discharge whereas 

hypocapnia does not affect outcome.411 No evidence for targets in 

specific patients (e.g. congenital heart disease, chronic lung disease 

with chronic hypercapnia) although individualisation of care is recom-

mended by ILCOR.403 There is insufficient evidence for a firm recom-

mendation for how long oxygenation and ventilation targets should be 

maintained post-ROSC, but at least 24 h seems reasonable.405 

Monitor blood pressure (BP) continuously via an arterial catheter 

in all patients who remain comatose after ROSC. Post cardiac arrest 

hypotension occurs in more than 50 % of patients and contributes to 

secondary brain injury through cerebral hypoperfusion.405 Causes of 

low blood pressure include myocardial dysfunction, inflammatory 

response, and vasoplegia.413,416 Hypotension in the first 24 h after 

ROSC is associated with poor outcomes.68 The optimal BP target 

(systolic, diastolic or mean pressure) is unknown, but there is evi-

dence that even short periods of a BP slightly below the 5th per-

centile are associated with unfavourable outcomes.414 One 

observational study suggests that systolic BP above the 10th per-

centile is associated with favourable outcomes. Conversely, a blood 

pressure that is too high is detrimental because it can cause myocar-

dial dysfunction and increase cerebral blood flow.419 Until further evi-
post-intensive care syndrome paediatrics.
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dence is available, ILCOR recommends maintaining a systolic BP 

above the 10th percentile.38,404 Newer studies have focused on 

mean arterial blood pressure targets and cerebral blood 

flow.414,420,421 Pragmatically, the ERC recommends targeting mean 

arterial blood pressure to above the 10th percentile. There is insuffi-

cient evidence for an ERC recommendation on the optimal strategy 

to achieve this blood pressure target (fluids, vasoactive medication, 

inotropes, mechanical support). Higher blood pressure targets, 

(above the 50th or 80th percentile), are justifiable in certain cases, 

especially following cardiac arrest associated with severe traumatic 

brain injury.147 

A 2019 ILCOR CoSTR acknowledged the benefits of temperature 

control as a neuroprotective strategy following paediatric cardiac 

arrest but was unable to recommend a specific target as the evi-

dence was neither in favour or against hypothermic (32–34 °C) vs. 
normothermic (36–37.5 °C) temperature control.171,402 Hyperthermia 

(>37.5 °C) has been consistently associated with worse neurological 
outcomes.422,423 Maintaining normothermia reduces metabolic 

stress on the injured brain. Hypothermic temperature control has 

been associated with improved long-term health-related quality of life 

in paediatric cardiac arrest survivors, further supporting its role in 

post-cardiac arrest care, even in the absence of a clear survival ben-

efit.424,425 Hypothermic temperature control requires specialised 

paediatric neurocritical care to ensure safety, proper sedation, treat-

ment of possible side effects (coagulopathy, bradycardia, metabolic 

disturbances, infection), and safe rewarming strategies.405 In set-

tings without such resources, strict normothermia and fever preven-

tion remain the standard of care. 

There is no evidence on which to base recommendations about 

the duration of temperature control. In line with a recent ILCOR evi-

dence update on temperature control, the ERC recommends main-

taining normothermic or hypothermic temperature control for at 

least 24 h, and avoiding fever for at least 72 h, after ROSC.171,415 

Clinical and electroencephalographic seizures are common man-

ifestations of post–cardiac arrest brain injury in children, with an inci-

dence of approximately 10–40 %, and are associated with poor 

neurological outcome.426,427 The ERC and ILCOR currently recom-

mend prompt treatment of seizures following ROSC, but not the pro-

phylactic use of antiseizure medication. This recommendation is 

based on indirect evidence from adults, children with traumatic brain 

injury and neonatal hypoxic-ischemic encephalopathy.38 

The ERC emphasises the importance of high-quality intensive 

care management of children after cardiac arrest (see Fig. 23). This 

includes multimodal monitoring; non-invasive or invasive techniques 

to diagnose and treat underlying conditions as well as post cardiac 

arrest syndrome, pain, discomfort and delirium, and acute kidney 

injury, as well as early optimal nutrition, and rehabilitation. 

The ERC recommends family-centred care with unrestricted 

access of parents/caregivers to the child, honest and clear commu-

nication, and the early involvement of the specialised assistance of 

multidisciplinary teams (e.g. paediatric neurologists, paediatric psy-

chologists, paediatric palliative care team, social workers, child-life 

specialists and, if necessary, an interpreter) to address additional 

needs of the child and family.408 

Prognostication after cardiac arrest 

The accurate prediction of good outcome is important to patients, 

parents/caregivers and healthcare providers. A predicted good out-
come would justify continued intensive care treatment. Accurate pre-

diction of poor neurological outcome is crucial to avoid false 

pessimism as well as to justify withdrawal of life sustaining therapy. 

The usefulness of blood biomarkers, clinical examination, electro-

physiology and neuroimaging for the prediction of neurological out-

comes after ROSC has been reviewed in two ILCOR CoSTRs and a 

systematic review.201,428,429 The ERC recommends that future out-

come studies should ideally be assessed using the Pediatric Core Out-

come Set in Cardiac Arrest and should include long-term outcomes in 

terms of morbidity, functional health and quality of life, and the impact 

on the family.406 Visual aids and presentations can help families to bet-

ter understand the prognostication terminology and enable them to be 

better involved in the decision-making process.430 

The ERC advises healthcare providers to use multiple pre-, intra-, 

and post-cardiac arrest variables for prognostication in the post-

cardiac arrest phase and to delay prognostication in children with a 

depressed level of consciousness for at least 72 h. Single variables 

should never be used for prediction of good or poor outcomes.201,428 

These variables include pre-arrest factors (child’s baseline health 

and neurological status), the context of the cardiac arrest (location, 

PBLS initiation, first rhythm, cause, duration), and post-cardiac arrest 

care (comprehensive assessment with repeated evaluations). 

The ERC recommends including a set of diagnostic modalities 

in the post-resuscitation care work-up in paediatric intensive care 

units that can be also used for prediction, and which enable stan-

dardisation and better comparability of future research. The minimal 

set would include pupil reactivity to light at days 1–6, Glasgow 

Coma Score or its motor score component on days 1–6 and basic 

available blood biomarkers on day 1 (pH, lactate). Extended inves-

tigations should also include additional blood biomarkers of neuro-

logical damage such as S100B (a calcium binding protein primarily 

found in astrocytes), NSE (neuron-specific enolase), MBP (myelin 

basic protein) on day 1, electrophysiological studies (EEG, 

somatosensory evoked potentials, SSEP) on day 1 and 2, and 

brain imaging by magnetic resonance between day 3 and 5. The 

modalities and timings were chosen so that they allow for both mul-

timodal prognostication for good as well as for poor outcome. Sug-

gested results of these investigations that can be used as 

components of multimodal approach to prognostication are shown 

in Fig. 24.428 The overall certainty of evidence for individual tests 

is very low for all outcomes.

Post-discharge care 

The occurrence and severity of sequelae in paediatric cardiac arrest 

survivors, both short-term and long-term, are major concerns for 

patients, families, and healthcare providers worldwide. Little is 

known about the long-term outcomes of cardiac arrest survivors. 

Long-term follow-up is crucial to identify problems and to counsel 

children and parents/caregivers. The goal is to improve long-term 

outcome in cardiac arrest survivors by early therapeutic interventions 

and reduce the societal impact (e.g. health care costs, 

unemployment).

The sequelae of cardiac arrest can have a major impact on all 

family members. Parents/caregivers and extended family members 

may suffer from psychosocial sequelae both before and after hospital 

discharge of the child. They will have to cope with grief and trauma 

caused by the child’s hospital admission, the cardiac arrest event 

itself and its sequelae. Family dynamics may change, and parents/-
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caregivers may not be able to return to their jobs, with all the financial 

consequences that this entails. 

Considering the greater life expectancy for children, the relative costs 

for society in terms of loss of potential productivity, associated health 

care costs, and the emotional burden for the family are significant.8 

No scientific evidence has been found on post-discharge care in 

children, except a systematic review on the family needs of cardiac 

arrest survivors.408 

The ERC together with community advisors agreed that post-

discharge care should ideally be organised for all cardiac arrest sur-

vivors and their families as part of standard patient care. Specific 

care should also be organised for families of non-survivors (i.e. 

bereavement support, psychology). 

Standardisation of care will also increase the quality of outcome 

data and minimise selection bias in future research, and the develop-

ment of evidence-based post-discharge guidelines has been sug-

gested.431 Several barriers to this exist, including low cardiac 

arrest survival rates for paediatric OHCA, small homogeneous cohort 

sizes, and few national or international cardiac arrest registries that 

collect data on long-term outcomes in different domains (e.g. physi-

cal, neuropsychological, functional health and health related quality 

of life). International research collaborations are necessary to 

improve post-discharge care. 

The ERC recommends a specific set of actions to improve care 

after discharge, which are based on expert consensus and the 

advice of community advisors representing families of both survivors 

and non-survivors. The ERC recognises that this type of care is dif-

ficult to organise because it requires personnel and financial 

resources and dedicated teams to provide multidisciplinary follow-

up programmes. Planning of post-discharge care should start before 

discharge of the child. Well-coordinated on-site family-centred care 

is preferred, using case managers such as family liaison teams to 

improve adherence to post-discharge care and lower the burden 

on families. Virtual consultation should be considered when hospital 

visits are difficult to organise. Patients and families should be 

screened for symptoms of post-intensive care syndrome and 

referred for professional help as soon as physical or mental health 

issues are detected. Signposting supportive structures for families 

of survivors and non-survivors is also important. 

System-level recommendations and recommendations for 

implementation 

Recommendations for the public 

The most common witness in paediatric resuscitation is a parent or 

caregiver and the most common location is at home.172 Less com-

monly, cardiac arrests also occur during physical exercise and at 

school.17 In adolescents, violence, drug misuse, mental health and traf-

fic accidents are prevalent but potentially preventable causes.17 A 

community-based approach to cardiac arrest prevention is justified 

and should be aimed mostly at caregivers of children and primary health 

care providers.10 Specific preventative interventions targeted at lower 

socioeconomic populations and ethnic minorities might be especially 

effective as there is increased probability of arrest in these groups com-

pared with the general population.14,432 Communities should be 

involved in training in the recognition and management of cardiac arrest 

and  in  first  aid  interventions.433 Every child who has had an anaphylac-

tic reaction should have two auto-injectable adrenaline devices pre-
scribed and receive instructions on how to use it (child and 

caregivers). There is no specific age  at  which  children  can  be  expected  

to use the adrenaline auto-injector themselves but children of secondary 

school age are generally mature enough to do this.171,259,266–269 

The ERC recommends systematic training in PBLS for all persons 

caring for children, from parents and caregivers to teachers, child min-

ders, lifeguards, first responders and coaches/trainers. Paediatric car-

diac arrest is a low frequency high-stakes event. Mistakes and 

substandard performance are common in simulations of paediatric 

resuscitation and training remains the cornerstone of potential improve-

ments in outcomes.434–437 CPR training is widely recognised to improve 

CPR skills and improve survival.438 Training of the general population 

has been associated with improved overall bystander CPR rates and 

survival outcomes.439 The best timing for training of parents might be 

during antenatal classes, as almost a half of all paediatric cardiac 

arrests happen at home during the first year of life.172,432 Swimming les-

sons can reduce the incidence of drowning.440–443 

Recommendations for all health care systems 

The best outcomes are achieved when all the links in the chain of 

survival are working effectively together and are coordinated over 

space and time.444 Healthcare systems should use regular system 

audit and improvement strategies focussed on the chain of survival 

to continually improve patient care and outcomes.444 The ERC rec-

ommends systematic training in the recognition of critically ill or 

injured children and in PBLS at all levels of care, including training 

those who only occasionally care for children. Training healthcare 

professionals may improve outcomes and low-dose high-frequency 

training seems to be an efficient way to improve skills.401,438,445 

Improvement in outcomes and competence after publication of 

guidelines and standardisation of training are well documented.446 

The ERC recommends systematic training in PALS at all levels 

from EMS systems and pre-hospital care to hospital staff, particularly 

focusing on those who treat critically ill children. The ILCOR CoSTR 

on team competencies in resuscitation education concluding that 

teaching these skills can improve resuscitation performance in the 

areas of leadership, communication, decision-making, task manage-

ment and CPR quality.400 Further evidence demonstrates that train-

ing in teamwork with an emphasis on leadership skills, planning, and 

structured, uniform communication is associated with shorter chest 

compression pauses.220,447–449 

A well-structured resuscitation team and an easily accessible 

activation system are essential for ensuring a seamless transition 

from PBLS to PALS.450,451 Team members should ideally have pre-

designated roles and shared leadership can be considered in some 

teams e.g. when using a CPR coach (a team member with respon-

sibility for ensuring the team maintain high-quality CPR). 401,452 

To strengthen the link between PBLS and PALS, institutions 

should view these as phases in a continuum and establish clear pro-

tocols for transitioning from one to the other. The necessary team-

work for this should be incorporated into training programs.453 

Ensuring that professional PBLS providers understand the PALS 

algorithms, including indications for advanced airway management, 

vascular access and medication administration, supports a more 

coordinated approach to paediatric resuscitation. Clear communica-

tion is also necessary and training in structured handover of informa-

tion is invaluable.454
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Several conditions are recognised as risk factors for cardiac 

arrest and identifying them might prevent this. These include preterm 

and very small babies, children with a family history of sudden unex-

plained death, siblings of children who died of sudden infant distress 

syndrome (SIDS), congenital abnormalities, primary arrhythmia syn-

dromes, cardiomyopathies, channelopathies, and coronary artery 

abnormalities.455–459 Integrating genetic testing and advanced elec-

trophysiological evaluation might identify children at high risk for car-

diac arrest.460 Exercise-related cardiac arrest is rare and pre-

participation screening does not seem to be cost-effective. If imple-

mented, then targeting adolescents rather than younger children 

seems reasonable.461 

Recommendations for emergency medical systems and 

dispatch systems 

Field triage is important for all pre-hospital systems to identify criti-

cally ill or injured children and to transport them to the most appropri-

ate facilities.462 Transportation to lower-than-required level 

paediatric or adult trauma centres is associated with increased mor-

tality and morbidity.463 However, current protocols do not accurately 

discriminate between patients at low and high risk, so specific paedi-

atric triage tools are needed to ensure that the right child is trans-

ported to the right hospital.463,464 

Recommendations for transportation 

No studies were found specifically addressing the topic of transporta-

tion of children to cardiac arrest centres after cardiac arrest.38 The 

ERC recommends, based on expert opinion, that children sustaining 

cardiac arrest should be preferably transported to hospitals with a 

paediatric intensive care unit where a multimodal approach to post-

resuscitation care is available. 

The ERC recommends that EMS systems should establish com-

munication strategies and plans to aid seamless transportation and 

hand-over of children in or after cardiac arrest. Standardisation of 

hand-over protocols improves outcomes on all levels – patients, pro-

viders and organisations.465 

The ERC recommends that multiple transfers between hospitals 

be avoided, as this is associated with lower long-term survival in crit-

ically ill children.466 The ERC also acknowledges that in certain situ-

ations it may be preferable to transport the child to the closest 

hospital for stabilisation before transfer to a paediatric intensive care 

centre. All transfers of critically ill children should be carefully 

planned to ensure safety. Children with complex medical conditions 

need more specialised care, which is usually only available in a ter-

tiary centre.432 Centres with facilities for extracorporeal life support 

or other specialised paediatric care (cardiac, cardiothoracic surgery, 

trauma) are preferable for certain children (hypothermia, poisoning, 

trauma, refractory cardiac arrest). 
Recommendations for hospitals, departments and teams 

The use of paediatric early warning systems was recommended in an 

ILCOR CoSTR as these can reduce adverse events, although false 

alarms are frequent.451,467,468 The ERC recommends implementing 

paediatric early warning systems, not as a stand-alone measure, but 

as part of a broader clinical response system which might be modified 

for use in different settings or added to existing triage systems.469 

The ERC recommends that hospitals train healthcare providers in 

the recognition and management of critically ill/injured children, 
PBLS and PALS. Bag-mask ventilation is the most time-critical inter-

vention and every healthcare professional involved in the care of 

seriously ill children should be competent in this technique. The 

ERC recommends that systems enable IO access within 5–10 min 

in children who require this, as IV access can be challenging.143 

ILCOR has identified ten key steps to improve IHCA outcomes, 

emphasising the importance of structured resuscitation systems.401 

The ERC recommends the implementation of those, which include 

dedicated resuscitation teams whose members have predefined 

roles, comprehensive training programs, standardised equipment 

and protocols, efficient alarm systems and regular team briefings. 

The ERC recommends standard operating procedures for post-

resuscitation care in hospitals, departments and paediatric intensive 

care units. Standardisation improves patient outcomes by reducing 

unnecessary variability and enhancing efficiency and quality of 

care.470 However, successful implementation requires the flexibility 

to adapt to individual patient needs.471 

An ILCOR CoSTR recommended that extracorporeal life support, 

when considered, should be accompanied by institution-specific 

algorithms which ensure that healthcare teams can rapidly identify 

suitable candidates, streamline the initiation process and optimise 

resource allocation, in order to enhance outcomes.258 

Recommendations for manufacturers of medical devices 

In line with ILCOR, the ERC recommends inclusion of children in 

public access defibrillator programs and standardisation of AED 

pad size for infants, children and adults.192,222 The paediatric mode 

of an AED should be simple to activate (e.g. by pushing a button 

rather than by using a key or switching the electrode pads), as res-

cuers find this easier.472,473 In line with an ILCOR CoSTR, the 

ERC recommends that manufacturers standardise pictograms for 

pad position in line with the ERC recommendations. The ERC rec-

ommends that manufacturers of publicly available AEDs use one uni-

versal size of the pad for cardiac arrest patients of all ages and a 

simple method of attenuating the energy level for infants and children 

weighing less than 25 kg. 

Recommendations for low resource setting 

These Guidelines indicate where access to paediatric specialty care 

should be provided e.g. paediatric cardiologist, paediatric neurolo-

gist. The ERC recommends that systems strive for the highest pos-

sible level of care but recognise that different modifications and 

prioritisation may be needed depending on available resources. 

For example, access to a paediatric specialist is important but where 

this is not available another competent doctor may be consulted, or 

remote advice and telemedicine may also be useful. For a detailed 

definition on resuscitation in low resource settings, we refer to the 

ERC Guidelines 2025 Systems Saving Lives.474 

System-level considerations 

Dispatch-assisted CPR may be incorporated into any EMS in any 

setting although this requires training of personnel. AED deployment 

in communities is cost-effective for adult OHCA and may be 

extended to paediatric OHCA.475 Life support training is considered 

a cost-effective method to enable providers to deliver the highest 

possible level of care and improve survival outcomes.201,438 Life sup-

port training can be conducted using low fidelity manikins.476 Resus-

citation education should be conducted in a low-dose, high-

frequency manner enabling training activities during clinical working
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hours.401,445,477,478 Where there are limited training opportunities, 

training of specific caregivers and healthcare professionals (e.g. 

resuscitation teams or others with a high likelihood of encountering 

cardiac arrest) may be prioritised. Targeted life support training of 

lay persons in areas with a lower socioeconomic status might be con-

sidered as these areas have a higher incidence of cardiac arrest with 

poorer outcomes.479,480 Training of lay people is most effective when 

there is an effective chain of care following the resuscitation. In any 

setting, consider allocating designated staff who can respond to 

emergencies and cardiac arrest. 

Prevention of cardiac arrest 

In limited resource settings, the most cost-effective ways to detect 

clinical deterioration and establish appropriate responses should 

be considered. These may include the use of low-cost equipment 

to detect vital sign changes and educating families to react appropri-

ately to certain signs (e.g. high fever, abnormal breathing and 

decreased consciousness).433 

The use of pulse oximetry and oxygen is considered a highly cost-

effective strategy to prevent deterioration among children.113,481,482 Iso-

tonic saline may be used as an alternative to balanced crystalloids for 

fluid treatment when these are unavailable for financial or logistic rea-

sons.483 In the absence of a clinical emergency team, consider estab-

lishing a small team or alternate track-and-trigger response.401 

Paediatric Life Support 

For foreign body airway obstruction, we recommend prioritising 

basic manoeuvres first in all settings. When starting CPR, prioritise 

bag-mask ventilation, intubation is not associated with improved 

survival outcomes.484 Prioritise the availability of oxygen and a 

bag and mask. Tracheal intubation with a regular direct laryngo-

scope is an acceptable alternative when video laryngoscopes 

are not available. 

Self-adhesive pads are recommended for defibrillation, paddles 

may be used where such defibrillation pads are unavailable.222 

Adult defibrillation pads may be used on a child with the defibrilla-

tion pads in an anteroposterior position when paediatric pads are 

unavailable. 

Following cardiac arrest, children should ideally be transferred to 

a centre with facilities for paediatric intensive care. If this is not pos-

sible, children should be treated in a setting capable of intensive care 

monitoring for 24–72 h. Prioritise careful management of oxygena-

tion, ventilation, circulation and temperature because these are the 

basic tenets of post cardiac arrest care.68,405 Where expertise is 

not available on-site, consider telemedical consultation with an 

expert(s) (e.g. paediatric intensivist).485 
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330. Pietrasik A, Gaôsecka A, Szarpak Ł, et al. Catheter-based 

therapies decrease mortality in patients with intermediate and high-

risk pulmonary embolism: evidence from meta-analysis of 65,589 

patients. Switzerland. 2022. 
331. Boey J, Dhundi U, Ling R, et al. Extracorporeal membrane 

oxygenation for pulmonary embolism: a systematic review and 

meta-analysis. J Clin Med 2023;13(1). https://doi.org/10.3390/ 

jcm13010064 [in English]. 

332. Goldberg J, Giri J, Kobayashi T, et al. Surgical management and 

mechanical circulatory support in high-risk pulmonary embolisms: 

historical context, current status, and future directions: a scientific 

statement from the American Heart Association. Circulation 

2023;147:e628–47. https://doi.org/10.1161/ 

CIR.0000000000001117 [in English]. 

333. Kim J, Barrett C, Hyslop R, Buckvold S, Gist K. Survival of children 

with pulmonary embolism supported by extracorporeal membrane 

oxygenation. Front Pediatr 2022;10:877637. https://doi.org/ 

10.3389/fped.2022.877637. 

334. Carreiro S, Miller S, Wang B, Wax P, Campleman S, Manini AF. 

Clinical predictors of adverse cardiovascular events 

for acute pediatric drug exposures. Clin Toxicol (Phila) 2020;58 

(3):183–9. https://doi.org/10.1080/15563650.2019. 

1634272. 

335. Safranek DJ, Eisenberg MS, Larsen MP. The epidemiology of 

cardiac arrest in young adults. Ann Emerg Med 1992;21(9):1102–6. 

https://doi.org/10.1016/s0196-0644(05)80651-1. 

336. Thompson TM, Theobald J, Lu J, Erickson TB. The general 

approach to the poisoned patient. Dis Mon 2014;60(11):509–24. 

https://doi.org/10.1016/j.disamonth.2014.10.002. 

337. Sun X, Chen X, Lu J, Tao Y, Zhang L, Dong L. Extracorporeal 

treatment in children with acute severe poisoning. Medicine 

(Baltimore) 2019;98(47)e18086. https://doi.org/10.1097/ 

MD.0000000000018086. 

338. Di Nardo M, Alunni Fegatelli D, Marano M, Danoff J, Kim HK. Use of 

extracorporeal membrane oxygenation in acutely poisoned 

pediatric patients in United States: a retrospective analysis of the 

extracorporeal life support registry from 2003 to 2019. Crit Care 

Med 2022;50(4):655–64. https://doi.org/10.1097/ 

CCM.0000000000005436 [in English]. 

339. Sorabella RA, Gray WH, Dabal RJ, et al. Central extracorporeal 

membrane oxygenation support following calcium channel blocker 

overdose in children. ASAIO J 2024;70(7):e92–6. https://doi.org/ 

10.1097/MAT.0000000000002102 [in English]. 

340. Zideman DA, Singletary EM, Borra V, et al. European Resuscitation 

Council Guidelines 2021: first aid. Resuscitation 2021;161:270–90. 

https://doi.org/10.1016/j.resuscitation.2021.02.013. 

341. Kanda J, Nakahara S, Nakamura S, et al. Association between 

active cooling and lower mortality among patients with heat stroke 

and heat exhaustion. PLoS One 2021;16(11)e0259441. https://doi. 

org/10.1371/journal.pone.0259441. 

342. Adams WM, Hosokawa Y, Casa DJ. The timing of 

exertional heat stroke survival starts prior to collapse. Curr Sports 

Med Rep 2015;14(4):273–4. https://doi.org/10.1249/ 

JSR.0000000000000166. 

343 Rublee C, Dresser C, Giudice C, Lemery J, Sorensen C. Evidence-

based heatstroke management in the emergency department. West 

J Emerg Med 2021;22(2):186–95. https://doi.org/10.5811/ 

westjem.2020.11.49007. 

344. Flouris AD, Notley SR, Stearns RL, Casa DJ, Kenny GP. 

Recommended water immersion duration for the field treatment of 

exertional heat stroke when rectal temperature is unavailable. Eur J 

Appl Physiol 2024;124(2):479–90. https://doi.org/10.1007/s00421-

023-05290-5. 

345. Hosokawa Y, Nagata T, Hasegawa M. Inconsistency in the 

standard of care-toward evidence-based management of exertional 

heat stroke. Front Physiol 2019;10:108. https://doi.org/10.3389/ 

fphys.2019.00108. 

346. Mea D. First aid cooling techniques for heat stroke and exertional 

hyperthermia: a systematic review and meta-analysis. 

Resuscitation 2020;148:173. 

347. Moore E, Fuller JT, Bellenger CR, et al. Effects of cold-water 

immersion compared with other recovery modalities on athletic

https://doi.org/10.3390/ijerph182211896
https://doi.org/10.3390/ijerph182211896
https://doi.org/10.1097/PCC.0000000000003411
https://doi.org/10.1097/PCC.0000000000003411
https://doi.org/10.1016/j.ccm.2021.08.007
https://doi.org/10.1016/j.ccm.2021.08.007
https://doi.org/10.1186/s13089-020-00183-6
https://doi.org/10.1186/s13089-020-00183-6
https://doi.org/10.1007/s00068-022-02049-z
https://doi.org/10.1111/1742-6723.13392
https://doi.org/10.1017/S104795112100278X
http://refhub.elsevier.com/S0300-9572(25)00279-5/h1610
http://refhub.elsevier.com/S0300-9572(25)00279-5/h1610
http://refhub.elsevier.com/S0300-9572(25)00279-5/h1610
http://refhub.elsevier.com/S0300-9572(25)00279-5/h1610
https://doi.org/10.1542/peds.2021-054649
https://doi.org/10.1542/hpeds.2021-005866
https://doi.org/10.1093/eurheartj/ehz236
https://doi.org/10.1093/eurheartj/ehz236
https://doi.org/10.1016/j.resuscitation.2022.01.006
https://doi.org/10.1016/j.resuscitation.2022.01.006
https://doi.org/10.1002/rth2.12265
https://doi.org/10.1016/j.chest.2021.09.019
https://doi.org/10.1016/j.chest.2021.09.019
https://doi.org/10.3390/jcm13010064
https://doi.org/10.3390/jcm13010064
https://doi.org/10.1161/CIR.0000000000001117
https://doi.org/10.1161/CIR.0000000000001117
https://doi.org/10.3389/fped.2022.877637
https://doi.org/10.3389/fped.2022.877637
https://doi.org/10.1080/15563650.2019.1634272
https://doi.org/10.1080/15563650.2019.1634272
https://doi.org/10.1016/s0196-0644(05)80651-1
https://doi.org/10.1016/j.disamonth.2014.10.002
https://doi.org/10.1097/MD.0000000000018086
https://doi.org/10.1097/MD.0000000000018086
https://doi.org/10.1097/CCM.0000000000005436
https://doi.org/10.1097/CCM.0000000000005436
https://doi.org/10.1097/MAT.0000000000002102
https://doi.org/10.1097/MAT.0000000000002102
https://doi.org/10.1016/j.resuscitation.2021.02.013
https://doi.org/10.1371/journal.pone.0259441
https://doi.org/10.1371/journal.pone.0259441
https://doi.org/10.1249/JSR.0000000000000166
https://doi.org/10.1249/JSR.0000000000000166
https://doi.org/10.5811/westjem.2020.11.49007
https://doi.org/10.5811/westjem.2020.11.49007
https://doi.org/10.1007/s00421-023-05290-5
https://doi.org/10.1007/s00421-023-05290-5
https://doi.org/10.3389/fphys.2019.00108
https://doi.org/10.3389/fphys.2019.00108
http://refhub.elsevier.com/S0300-9572(25)00279-5/h1730
http://refhub.elsevier.com/S0300-9572(25)00279-5/h1730
http://refhub.elsevier.com/S0300-9572(25)00279-5/h1730


R E S U S C I T A T I O N 2 1 5 ( 2 0 2 5 ) 1 1 0 7 6 7 63
performance following acute strenuous exercise in physically active 

participants: a systematic review, meta-analysis, and meta-

regression. Sports Med 2023;53(3):687–705. https://doi.org/ 

10.1007/s40279-022-01800-1. 

348. Wood F, Roiz-de-Sa D, Pynn H, Smith JE, Bishop J, Hemingway R. 

Outcomes of UK military personnel treated with ice cold water 

immersion for exertional heat stroke. BMJ Mil Health 2024;170 

(3):216–22. https://doi.org/10.1136/military-2022-002133. 

349. Stone GL, Sanchez LD. Hypothermia following cold-water 

immersion treatment for exertional heat illness. Res Sports Med 

2023;31(3):255–9. https://doi.org/10.1080/ 

15438627.2021.1966007. 

350. Laitano O, Leon LR, Roberts WO, Sawka MN. Controversies in 

exertional heat stroke diagnosis, prevention, and treatment. J Appl 

Physiol (1985) 2019;127(5):1338–48. https://doi.org/ 

10.1152/japplphysiol.00452.2019 [in English]. 

351. Pryor RR, Haboian K, Fitts T, Stooks JJ. Tarp-assisted cooling for 

exertional heat stroke treatment in wildland firefighting. Wilderness 

Environ Med 2023;34(4):490–7. https://doi.org/10.1016/j. 

wem.2023.08.002. 

352. Tucker L, Evans E. Heatstroke on the rise: a guide to implementing 

tarp-assisted cooling with oscillation (TACO) in the emergency 

department. Adv Emerg Nurs J 2023;45(3):210–6. https://doi.org/ 

10.1097/TME.0000000000000470. 

353. McDermott BP, Atkins WC. Whole-body cooling effectiveness of 

cold intravenous saline following exercise hyperthermia: a 

randomized trial. Am J Emerg Med 2023;72:188–92. https://doi.org/ 

10.1016/j.ajem.2023.07.053. 

354. Adams WM, Butke EE, Lee J, Zaplatosch ME. Cooling capacity of 

transpulmonary cooling and cold-water immersion after exercise-

induced hyperthermia. J Athl Train 2021;56(4):383–8. https://doi. 

org/10.4085/1062-6050-0146.20. 

355. Miller KC, Amaria NY. Excellent rectal temperature 

cooling rates in the polar life pod consistent with stationary tubs. J 

Athl Train 2023;58(3):244–51. https://doi.org/10.4085/1062-6050-

0732.21. 

356. Miller KC, Amaria NY, Casa DJ, et al. Exertional heatstroke 

survivors’ knowledge and beliefs about exertional heatstroke 

diagnosis, treatment, and return to play. J Athl Train 2024;59 

(11):1063–9. https://doi.org/10.4085/1062-6050-0677.23. 

357. DeGroot DW, O’Connor FG, Roberts WO. Exertional heat stroke: 

an evidence based approach to clinical assessment and 

management. Exp Physiol 2022;107(10):1172–83. https://doi.org/ 

10.1113/EP090488. 

358. Caldwell AR, Saillant MM, Pitsas D, Johnson A, Bradbury KE, 

Charkoudian N. The effectiveness of a standardized ice-sheet 

cooling method following exertional hyperthermia. Mil Med 

2022;187(9–10):e1017–23. https://doi.org/10.1093/milmed/ 

usac047 [in English]. 

359. Zhang Y, Liu Y. Design and application of a cooling device based on 

the phase-change material for heat stroke. Zhonghua Wei Zhong 

Bing Ji Jiu Yi Xue 2022;34(2):191–3. https://doi.org/10.3760/cma.j. 

cn121430-20210330-00461. 

360. Wang J, Zhang Y. Experience of treating batches of exertional heat 

stroke patients in military training. Zhonghua Wei Zhong Bing Ji Jiu 

Yi Xue 2020;32(12):1522–5. https://doi.org/10.3760/cma.j. 

cn121430-20200303-00236. 

361. Klous L, van Diemen F, Ruijs S, et al. Efficiency of three cooling 

methods for hyperthermic military personnel linked to water 

availability. Appl Ergon 2022;102:103700. https://doi.org/10.1016/j. 

apergo.2022.103700. 

362. Naito T, Saito T, Ohhashi M, Hayashi S. Recovery with a fan-

cooling jacket after exposure to high solar radiation during exercise 

in hot outdoor environments. Front Sports Act Living 

2023;5:1106882. https://doi.org/10.3389/fspor.2023.1106882. 
363. Brew A, O’Beirne S, Johnson MJ, et al. Airflow rates and 

breathlessness recovery from submaximal exercise in healthy 

adults: prospective, randomised, cross-over study. BMJ Support 

Palliat Care 2024;14(4):442–8. https://doi.org/10.1136/spcare-

2023-004309. 

364. Hosokawa Y, Belval LN, Adams WM, Vandermark LW, Casa DJ. 

Chemically activated cooling vest’s effect on cooling rate following 

exercise-induced hyperthermia: a randomized counter-balanced 

crossover study. Medicina (Kaunas) 2020;56(10). https://doi.org/ 

10.3390/medicina56100539. 

365. Fisher JD, Shah AP, Norozian F. Clinical spectrum of pediatric heat 

illness and heatstroke in a North American desert climate. Pediatr 

Emerg Care 2022;38(2):e891–3. https://doi.org/10.1097/ 

PEC.0000000000002438. 

366. Djakow J, Ng K, Raymond T, et al. Pharmacological interventions 

for the treatment of hyperkalaemia in paediatric patients with 

cardiac arrest – paediatric consensus on science and treatment 

recommendations. Internationa Liaison Committee on 

Resuscitation Consensus on Science and Treatment 

Recommendations. Internationa Liaison Committee on 

Resuscitation; 2024. Available from: https://ilcor.org. 

367. Jessen MK, Andersen LW, Djakow J, et al. Pharmacological 

interventions for the acute treatment of hyperkalaemia: a systematic 

review and meta-analysis. Resuscitation 2025;208:110489. https:// 

doi.org/10.1016/j.resuscitation.2025.110489 [in English]. 

368. Piktel JS, Wan X, Kouk S, Laurita KR, Wilson LD. Beneficial effect 

of calcium treatment for hyperkalemia is not due to “membrane 

stabilization”. Crit Care Med 2024;52(10):1499–508. https://doi.org/ 

10.1097/CCM.0000000000006376 [in English]. 

369. Celebi Yamanoglu NG, Yamanoglu A. The effect of calcium 

gluconate in the treatment of hyperkalemia. Turk J Emerg Med 

2022;22(2):75–82. https://doi.org/10.4103/2452-2473.342812 [in 

English]. 

370. Wardi G, Holgren S, Gupta A, et al. A Review of Bicarbonate Use in 

Common Clinical Scenarios. J Emerg Med 2023;65(2):e71–80. 

https://doi.org/10.1016/j.jemermed.2023.04.012 [in English]. 

371. Piner A, Spangler R. Disorders of potassium. Emerg Med Clin North 

Am 2023;41(4):711–28. https://doi.org/10.1016/j.emc.2023.07.005 

[in English]. 

372. Lloyd C, Mohar C, Priano J. Hypokalemic cardiac arrest: narrative 

review of case reports and current state of science. J Emerg Nurs 

2022;48(3):310–6. https://doi.org/10.1016/j.jen.2021.12.008 [in 

English]. 

373. Bamgbola OF. Review of the pathophysiologic and clinical aspects 

of hypokalemia in children and young adults: an update. Curr Treat 

Options Pediatr 2022;8(3):96–114. https://doi.org/10.1007/s40746-

022-00240-3 [in English]. 

374. American Diabetes Association Professional Practice C. 6. 

Glycemic goals and hypoglycemia: standards of care in diabetes-

2024. Diabetes Care 2024;47(Suppl 1):S111–25. https://doi.org/ 

10.2337/dc24-S006. 

375. Abraham MB, Karges B, Dovc K, et al. ISPAD clinical practice 

consensus guidelines 2022: assessment and management of 

hypoglycemia in children and adolescents with diabetes. Pediatr 

Diabetes 2022;23(8):1322–40. https://doi.org/10.1111/pedi.13443. 

376. Goodhart AL. Dasiglucagon: a novel ready-to-use treatment for 

severe hypoglycemia. Ann Pharmacother 2023;57(3):300–5. 

https://doi.org/10.1177/10600280221108425. 

377. Ng KC. Management of pulmonary hypertension with cardiac arrest 

in infants and children in the hospital setting: PLS ScR. ILCOR. 

378. Morgan RW, Topjian AA, Wang Y, et al. Prevalence and outcomes 

of pediatric in-hospital cardiac arrest associated with pulmonary 

hypertension. Pediatr Crit Care Med 2020;21(4):305–13. https://doi. 

org/10.1097/PCC.0000000000002187. 

379. Raymond T, Guerguerian A, Acworth J, Scholefield B, Atkins L, 

Force obotILCoRPLST. IHCA due to suspected cardiac shunt/stent

https://doi.org/10.1007/s40279-022-01800-1
https://doi.org/10.1007/s40279-022-01800-1
https://doi.org/10.1136/military-2022-002133
https://doi.org/10.1080/15438627.2021.1966007
https://doi.org/10.1080/15438627.2021.1966007
https://doi.org/10.1152/japplphysiol.00452.2019
https://doi.org/10.1152/japplphysiol.00452.2019
https://doi.org/10.1016/j.wem.2023.08.002
https://doi.org/10.1016/j.wem.2023.08.002
https://doi.org/10.1097/TME.0000000000000470
https://doi.org/10.1097/TME.0000000000000470
https://doi.org/10.1016/j.ajem.2023.07.053
https://doi.org/10.1016/j.ajem.2023.07.053
https://doi.org/10.4085/1062-6050-0146.20
https://doi.org/10.4085/1062-6050-0146.20
https://doi.org/10.4085/1062-6050-0732.21
https://doi.org/10.4085/1062-6050-0732.21
https://doi.org/10.4085/1062-6050-0677.23
https://doi.org/10.1113/EP090488
https://doi.org/10.1113/EP090488
https://doi.org/10.1093/milmed/usac047
https://doi.org/10.1093/milmed/usac047
https://doi.org/10.3760/cma.j.cn121430-20210330-00461
https://doi.org/10.3760/cma.j.cn121430-20210330-00461
https://doi.org/10.3760/cma.j.cn121430-20200303-00236
https://doi.org/10.3760/cma.j.cn121430-20200303-00236
https://doi.org/10.1016/j.apergo.2022.103700
https://doi.org/10.1016/j.apergo.2022.103700
https://doi.org/10.3389/fspor.2023.1106882
https://doi.org/10.1136/spcare-2023-004309
https://doi.org/10.1136/spcare-2023-004309
https://doi.org/10.3390/medicina56100539
https://doi.org/10.3390/medicina56100539
https://doi.org/10.1097/PEC.0000000000002438
https://doi.org/10.1097/PEC.0000000000002438
https://ilcor.org
https://doi.org/10.1016/j.resuscitation.2025.110489
https://doi.org/10.1016/j.resuscitation.2025.110489
https://doi.org/10.1097/CCM.0000000000006376
https://doi.org/10.1097/CCM.0000000000006376
https://doi.org/10.4103/2452-2473.342812
https://doi.org/10.1016/j.jemermed.2023.04.012
https://doi.org/10.1016/j.emc.2023.07.005
https://doi.org/10.1016/j.jen.2021.12.008
https://doi.org/10.1007/s40746-022-00240-3
https://doi.org/10.1007/s40746-022-00240-3
https://doi.org/10.2337/dc24-S006
https://doi.org/10.2337/dc24-S006
https://doi.org/10.1111/pedi.13443
https://doi.org/10.1177/10600280221108425
https://doi.org/10.1097/PCC.0000000000002187
https://doi.org/10.1097/PCC.0000000000002187


64 R E S U S C I T A T I O N 2 1 5 ( 2 0 2 5 ) 1 1 0 7 6 7
obstruction consensus on science with treatment 

recommendations. International Liaison Committee on 

Resuscitation (ILCOR) Pediatric Life Support Task Force; 2024. 

Available from: http://ilcor.org. 

380. Lott V, Abelairaz-Gomez C, Aird, R, et al. European Resuscitation 

Council Guidelines 2025: special circumstances in resuscitation. 

2025. 

381. Disma N, Veyckemans F, Virag K, et al. Morbidity and mortality 

after anaesthesia in early life: results of the European prospective 

multicentre observational study, neonate and children audit of 

anaesthesia practice in Europe (NECTARINE). Br J Anaesth 

2021;126(6):1157–72. https://doi.org/10.1016/j.bja.2021.02.016. 

382. HabreW,DismaN,ViragK, et al. Incidenceof severe critical events in 

paediatric anaesthesia (APRICOT): a prospective multicentre 

observational study in 261 hospitals in Europe. Lancet Respir Med 

2017;5(5):412–25.https://doi.org/10.1016/S2213-2600(17)30116-9. 

383. Christensen RE, Lee AC, Gowen MS, Rettiganti MR, Deshpande 

JK, Morray JP. Pediatric perioperative cardiac arrest, death in the 

off hours: a report from wake up safe, the pediatric quality 

improvement initiative. Anesth Analg 2018;127(2):472–7. https:// 

doi.org/10.1213/ANE.0000000000003398. 

384. Bhananker SM, Ramamoorthy C, Geiduschek JM, et al. 

Anesthesia-related cardiac arrest in children: update from the 

pediatric perioperative cardiac arrest registry. Anesth Analg 

2007;105(2):344–50. https://doi.org/10.1213/01. 

ane.0000268712.00756.dd. 

385. Gonzalez LP, Pignaton W, Kusano PS, Modolo NS, Braz JR, Braz 

LG. Anesthesia-related mortality in pediatric patients: a systematic 

review. Clinics (Sao Paulo) 2012;67(4):381–7. https://doi.org/ 

10.6061/clinics/2012(04)12. 

386. Lee JH, Kim EK, Song IK, et al. Critical incidents, including cardiac 

arrest, associated with pediatric anesthesia at a tertiary teaching 

children’s hospital. Paediatr Anaesth 2016;26(4):409–17. https:// 

doi.org/10.1111/pan.12862. 

387. Harper NJN, Nolan JP, Soar J, Cook TM. Why chest compressions 

should start when systolic arterial blood pressure is below 50 mm 

Hg in the anaesthetised patient. Br J Anaesth 2020;124(3):234–8. 

https://doi.org/10.1016/j.bja.2019.11.005. 

388. Nolan J, Armstrong R, Kane A, Kursumovic E, Davies M, Moppett I. 

Advanced life support interventions during intra-operative cardiac 

arrest among adults as reported to the 7th National Audit Project of 

the Royal College of Anaesthetists. Anaesthesia 2024;79:914–23. 

389. Soar J. Epinephrine for cardiac arrest: knowns, unknowns and 

controversies. Curr Opin Crit Car 2020;26:590–5. 

390. Hernandez-Tejedor A, Gonzalez Puebla V, Corral Torres E, Benito 

Sanchez A, Pinilla Lopez R, Galan Calategui MD. Ventilatory 

improvement with mechanical ventilator versus bag in non-

traumatic out-of-hospital cardiac arrest: SYMEVECA study, phase 

1. Resuscitation 2023;192:109965. https://doi.org/10.1016/j. 

resuscitation.2023.109965. 

391. Malinverni S, Wilmin S, de Longueville D, et al. A retrospective 

comparison of mechanical cardio-pulmonary ventilation and manual 

bag valve ventilation in non-traumatic out-of-hospital cardiac 

arrests: a study from the Belgian cardiac arrest registry. 

Resuscitation 2024;199:110203. https://doi.org/10.1016/j. 

resuscitation.2024.110203. 

392. Orso D, Vetrugno L, Federici N, et al. Mechanical ventilation 

management during mechanical chest compressions. Respir Care 

2021;66(2):334–46. https://doi.org/10.4187/respcare.07775. 

393. Tangpaisarn T, Tosibphanom J, Sata R, Kotruchin P, Drumheller B, 

Phungoen P. The effects of mechanical versus bag-valve 

ventilation on gas exchange during cardiopulmonary resuscitation 

in emergency department patients: a randomized controlled trial 

(CPR-VENT). Resuscitation 2023;193:109966. https://doi.org/ 

10.1016/j.resuscitation.2023.109966. 

394. Anez C, Becerra-Bolanos A, Vives-Lopez A, Rodriguez-Perez A. 

Cardiopulmonary resuscitation in the prone position in the operating 

room or in the intensive care unit: a systematic review. Anesth 
Analg 2021;132(2):285–92. https://doi.org/10.1213/ 

ANE.0000000000005289. 

395. Berg KC, Pawar J, Cellini R, et al. Cardiopulmonary resuscitation 

and defibrillation for cardiac arrest when patients are in the prone 

position consensus on science with treatment 

recommendations. International Liaison Committee on 

Resuscitation (ILCOR) Advanced Life Support and Basic Life Task 

Forces; 2021. 

396. Malik N, Claus PL, Illman JE, et al. Air embolism: diagnosis and 

management. Future Cardiol 2017;13(4):365–78. https://doi.org/ 

10.2217/fca-2017-0015. 

397. Marsh PL, Moore EE, Moore HB, et al. Iatrogenic air embolism: 

pathoanatomy, thromboinflammation, endotheliopathy, and 

therapies. Front Immunol 2023;14:1230049. https://doi.org/ 

10.3389/fimmu.2023.1230049. 

398. Rahman ZU, Murtaza G, Pourmorteza M, et al. Cardiac arrest as a 

consequence of air embolism: a case report and literature review. 

Case Rep Med 2016;2016:8236845. https://doi.org/10.1155/2016/ 

8236845. 

399. Hinkelbein J, Andres J, Bottiger BW, et al. Cardiac arrest in the 

perioperative period: a consensus guideline for identification, 

treatment, and prevention from the European Society of 

Anaesthesiology and Intensive Care and the European Society for 

Trauma and Emergency Surgery. Eur J Trauma Emerg Surg 

2023;49(5):2031–46. https://doi.org/10.1007/s00068-023-02271-3. 

400. Farquharson B, Cortegiani A, Lauridsen KG, et al. Teaching team 

competencies within resuscitation training: a systematic review. 

Resusc Plus 2024;19:100687. https://doi.org/10.1016/j. 

resplu.2024.100687. 

401. Chan PS, Greif R, Anderson T, et al. Ten steps toward improving in-

hospital cardiac arrest quality of care and outcomes. Resuscitation 

2023;193:109996. https://doi.org/10.1016/j. 

resuscitation.2023.109996 [in English]. 

402. Aickin R, de Caen AR, Atkins DL, et al. Pediatric targeted 

temperature management post cardiac arrest. International Liaison 

Committee on Resuscitation (ILCOR) Pediatric Life Support Task 

Force; 2019. Available from: https://ilcor.org. 

403. Berg K, Holmberg M, Nicholson T, et al. Oxygenation and 

ventilation targets in adults and children with return of spontaneous 

circulation after cardiac arrest. International Liaison Committee on 

Resuscitation (ILCOR); 2020. Available from: https://ilcor.org. 

404. Nuthall G, Christoff A, Morrison L, Scholefield B, Force obotPLST. 

Blood pressure targets following return of circulation after cardiac 

arrest: consensus on science with treatment 

recommendations. International Liaison Committee on 

Resuscitation (ILCOR) Paediatric Life Support Task Force; 2024. 

Available from: https://ilcor.org. 

405. Topjian AA, de Caen A, Wainwright MS, et al. Pediatric post-cardiac 

arrest care: a scientific statement from the American Heart 

Association. Circulation 2019;140(6):e194–233. https://doi.org/ 

10.1161/CIR.0000000000000697 [in English]. 

406 Topjian AA, Scholefield BR, Pinto NP, et al. P-COSCA (Pediatric 

Core Outcome Set for Cardiac Arrest) in children: an advisory 

statement from the International Liaison Committee on 

Resuscitation. Resuscitation 2021;162:351–64. https://doi.org/ 

10.1016/j.resuscitation.2021.01.023 [in English]. 

407. Fowler JC, Morgan RW, O’Halloran A, et al. The impact of pediatric 

post-cardiac arrest care on survival: a multicenter review from the 

AHA get with the Guidelines(R)-resuscitation post-cardiac arrest 

care registry. Resuscitation 2024;202:110301. https://doi.org/ 

10.1016/j.resuscitation.2024.110301 [in English]. 

408. Douma MJ, Myhre C, Ali S, et al. What are the care needs of 

families experiencing sudden cardiac arrest? A survivor- and family-

performed systematic review, qualitative meta-synthesis, and 

clinical practice recommendations. J Emerg Nurs 2023;49 

(6):912–50. https://doi.org/10.1016/j.jen.2023.07.001 [in English]. 

409. Weihing VK, Crowe EH, Wang HE, Ugalde IT. Prehospital airway 

management in the pediatric patient: a systematic review. Acad

http://ilcor.org
https://doi.org/10.1016/j.bja.2021.02.016
https://doi.org/10.1016/S2213-2600(17)30116-9
https://doi.org/10.1213/ANE.0000000000003398
https://doi.org/10.1213/ANE.0000000000003398
https://doi.org/10.1213/01.ane.0000268712.00756.dd
https://doi.org/10.1213/01.ane.0000268712.00756.dd
https://doi.org/10.6061/clinics/2012(04)12
https://doi.org/10.6061/clinics/2012(04)12
https://doi.org/10.1111/pan.12862
https://doi.org/10.1111/pan.12862
https://doi.org/10.1016/j.bja.2019.11.005
http://refhub.elsevier.com/S0300-9572(25)00279-5/h1940
http://refhub.elsevier.com/S0300-9572(25)00279-5/h1940
http://refhub.elsevier.com/S0300-9572(25)00279-5/h1940
http://refhub.elsevier.com/S0300-9572(25)00279-5/h1940
http://refhub.elsevier.com/S0300-9572(25)00279-5/h1945
http://refhub.elsevier.com/S0300-9572(25)00279-5/h1945
https://doi.org/10.1016/j.resuscitation.2023.109965
https://doi.org/10.1016/j.resuscitation.2023.109965
https://doi.org/10.1016/j.resuscitation.2024.110203
https://doi.org/10.1016/j.resuscitation.2024.110203
https://doi.org/10.4187/respcare.07775
https://doi.org/10.1016/j.resuscitation.2023.109966
https://doi.org/10.1016/j.resuscitation.2023.109966
https://doi.org/10.1213/ANE.0000000000005289
https://doi.org/10.1213/ANE.0000000000005289
http://refhub.elsevier.com/S0300-9572(25)00279-5/h1975
http://refhub.elsevier.com/S0300-9572(25)00279-5/h1975
http://refhub.elsevier.com/S0300-9572(25)00279-5/h1975
http://refhub.elsevier.com/S0300-9572(25)00279-5/h1975
http://refhub.elsevier.com/S0300-9572(25)00279-5/h1975
http://refhub.elsevier.com/S0300-9572(25)00279-5/h1975
https://doi.org/10.2217/fca-2017-0015
https://doi.org/10.2217/fca-2017-0015
https://doi.org/10.3389/fimmu.2023.1230049
https://doi.org/10.3389/fimmu.2023.1230049
https://doi.org/10.1155/2016/8236845
https://doi.org/10.1155/2016/8236845
https://doi.org/10.1007/s00068-023-02271-3
https://doi.org/10.1016/j.resplu.2024.100687
https://doi.org/10.1016/j.resplu.2024.100687
https://doi.org/10.1016/j.resuscitation.2023.109996
https://doi.org/10.1016/j.resuscitation.2023.109996
https://ilcor.org
https://ilcor.org
https://ilcor.org
https://doi.org/10.1161/CIR.0000000000000697
https://doi.org/10.1161/CIR.0000000000000697
https://doi.org/10.1016/j.resuscitation.2021.01.023
https://doi.org/10.1016/j.resuscitation.2021.01.023
https://doi.org/10.1016/j.resuscitation.2024.110301
https://doi.org/10.1016/j.resuscitation.2024.110301
https://doi.org/10.1016/j.jen.2023.07.001


R E S U S C I T A T I O N 2 1 5 ( 2 0 2 5 ) 1 1 0 7 6 7 65
Emerg Med 2022;29(6):765–71. https://doi.org/10.1111/ 

acem.14410 [in English]. 

410. Barreto JA, Weiss NS, Nielsen KR, Farris R, Roberts JS. Hyperoxia 

after pediatric cardiac arrest: association with survival and 

neurological outcomes. Resuscitation 2022;171:8–14. https://doi. 

org/10.1016/j.resuscitation.2021.12.003 [in English]. 

411. Frazier AH, Topjian AA, Reeder RW, et al. Association of pediatric 

postcardiac arrest ventilation and oxygenation with survival 

outcomes. Ann Am Thorac Soc 2024;21(6):895–906. https://doi. 

org/10.1513/AnnalsATS.202311-948OC [in English]. 

412. Yang JT, Erickson SL, Killien EY, Mills B, Lele AV, Vavilala MS. 

Agreement between arterial carbon dioxide levels with end-tidal 

carbon dioxide levels and associated factors in children hospitalized 

with traumatic brain injury. JAMA Netw Open 2019;2(8)e199448. 

https://doi.org/10.1001/jamanetworkopen.2019.9448 [in English]. 

413. Mick NW, Williams RJ. Pediatric cardiac arrest resuscitation. Emerg 

Med Clin North Am 2020;38(4):819–39. https://doi.org/10.1016/j. 

emc.2020.06.007 [in English]. 

414. Liu R, Majumdar T, Gardner MM, et al. Association of postarrest 

hypotension burden with unfavorable neurologic outcome after 

pediatric cardiac arrest. Crit Care Med 2024;52(9):1402–13. https:// 

doi.org/10.1097/CCM.0000000000006339 [in English]. 

415. Wyckoff MH, Singletary EM, Soar J, et al. 2021 international 

consensus on cardiopulmonary resuscitation and emergency 

cardiovascular care science with treatment recommendations: 

summary from the Basic Life Support; Advanced Life Support; 

Neonatal Life Support; Education, Implementation, and Teams; 

First Aid Task Forces; and the COVID-19 Working Group. 

Resuscitation 2021;169:229–311. https://doi.org/10.1016/j. 

resuscitation.2021.10.040 [in English]. 

416. Morgan RW, Kirschen MP, Kilbaugh TJ, Sutton RM, Topjian AA. 

Pediatric in-hospital cardiac arrest and cardiopulmonary 

resuscitation in the United States: a review. JAMA Pediatr 2021;175 

(3):293–302. https://doi.org/10.1001/jamapediatrics.2020.5039 [in 

English]. 

417. Holmberg MJ, Nicholson T, Nolan JP, et al. Oxygenation and 

ventilation targets after cardiac arrest: a systematic review and 

meta-analysis. Resuscitation 2020;152:107–15. https://doi.org/ 

10.1016/j.resuscitation.2020.04.031 [in English]. 

418. Albrecht M, de Jonge RCJ, Del Castillo J, et al. Association of 

cumulative oxygen and carbon dioxide levels with neurologic 

outcome after pediatric cardiac arrest resuscitation: a multicenter 

cohort study. Resusc Plus 2024;20:100804. https://doi.org/10.1016/ 

j.resplu.2024.100804. 

419. Gardner MM, Hehir DA, Reeder RW, et al. Identification of post-

cardiac arrest blood pressure thresholds associated with outcomes 

in children: an ICU-Resuscitation study. Crit Care 2023;27(1):388. 

https://doi.org/10.1186/s13054-023-04662-9 [in English]. 

420. Kirschen MP, Majmudar T, Beaulieu F, et al. Deviations from NIRS-

derived optimal blood pressure are associated with worse 

outcomes after pediatric cardiac arrest. Resuscitation 

2021;168:110–8. https://doi.org/10.1016/j. 

resuscitation.2021.09.023 [in English]. 

421. Chun MK, Park JS, Han J, Jhang WK, Kim DH. The association 

between initial post-resuscitation diastolic blood pressure and 

survival after pediatric cardiac arrest: a retrospective study. BMC 

Pediatr 2024;24(1):563. https://doi.org/10.1186/s12887-024-05037-

x [in English]. 

422. Hickey RW, Kochanek PM, Ferimer H, Graham SH, Safar P. 

Hypothermia and hyperthermia in children after resuscitation from 

cardiac arrest. Pediatrics 2000;106(1 Pt 1):118–22. https://doi.org/ 

10.1542/peds.106.1.118 [in English]. 

423. Bembea MM, Nadkarni VM, Diener-West M, et al. 

Temperature patterns in the early postresuscitation period after 

pediatric inhospital cardiac arrest. Pediatr Crit Care Med 2010;11 

(6):723–30. https://doi.org/10.1097/PCC.0b013e3181dde659 [in 

English]. 
424. Magee A, Deschamps R, Delzoppo C, et al. Temperature 

management and health-related quality of life in children 3 years 

after cardiac arrest. Pediatr Crit Care Med 2022;23(1):13–21. 

https://doi.org/10.1097/PCC.0000000000002821 [in English]. 

425. Harhay MO, Blette BS, Granholm A, et al. A bayesian interpretation 

of a pediatric cardiac arrest trial (THAPCA-OH). NEJM Evid 2023;2 

(1)EVIDoa2200196. https://doi.org/10.1056/EVIDoa2200196. 

426. Smith AE, Friess SH. Neurological prognostication in children after 

cardiac arrest. Pediatr Neurol 2020;108:13–22. https://doi.org/ 

10.1016/j.pediatrneurol.2020.03.010. 

427. Topjian AA, Sanchez SM, Shults J, Berg RA, Dlugos DJ, Abend NS. 

Early electroencephalographic background features predict 

outcomes in children resuscitated from cardiac arrest. Pediatr Crit 

Care Med 2016;17(6):547–57. https://doi.org/10.1097/ 

PCC.0000000000000740. 

428. Scholefield BR, Tijssen J, Ganesan SL, et al. Prediction of good 

neurological outcome after return of circulation following paediatric 

cardiac arrest: a systematic review and meta-analysis. 

Resuscitation 2024110483. https://doi.org/10.1016/j. 

resuscitation.2024.110483 [in English]. 

429. Scholefield J, Ganesan SL, Kool M, et al. Biomarkers for the 

prediction of survival with good neurological outcome after return of 

circulation following pediatric cardiac arrest consensus on science 

with treatment recommendations. International Liaison Committee 

on Resuscitation (ILCOR) Pediatric Life Support Task Force; 2024. 

Available from: http://ilcor.org. 

430. Abukmail E, Bakhit M, Del Mar C, Hoffmann T. Effect of different 

visual presentations on the comprehension of prognostic 

information: a systematic review. BMC Med Inform Decis Mak 

2021;21(1):249. https://doi.org/10.1186/s12911-021-01612-9 [in 

English]. 

431. Hunfeld M, Dulfer K, Del Castillo J, Vazquez M, Buysse CMP. Long-

term multidisciplinary follow-up programs in pediatric cardiac arrest 

survivors. Resusc Plus 2024;17:100563. https://doi.org/10.1016/j. 

resplu.2024.100563 [in English]. 

432. Tijssen JA, McClean M, Lam M, Le B, To T. Epidemiology of 

paediatric out-of-hospital cardiac arrest in Ontario, Canada. Resusc 

Plus 2023;15:100442. https://doi.org/10.1016/j.resplu.2023.100442 

[in English]. 

433. Mackintosh NJ, Davis RE, Easter A, et al. 

Interventions to increase patient and family involvement in 

escalation of care for acute life-threatening illness in community 

health and hospital settings. Cochrane Database Syst Rev 2020;12 

(12)CD012829. https://doi.org/10.1002/14651858.CD012829.pub2 

[in English]. 

434. Sutton RM, Niles D, French B, et al. First quantitative analysis of 

cardiopulmonary resuscitation quality during in-hospital cardiac 

arrests of young children. Resuscitation 2014;85(1):70–4. https:// 

doi.org/10.1016/j.resuscitation.2013.08.014 [in English]. 

435. Hansen M, Walker-Stevenson G, Bahr N, et al. 

Comparison of resuscitation quality in simulated pediatric and adult 

out-of-hospital cardiac arrest. JAMA Netw Open 2023;6(5) 

e2313969. https://doi.org/10.1001/jamanetworkopen.2023.13969 

[in English]. 

436. O’Halloran A, Nishisaki A. Understanding challenges to high-quality 

pediatric out-of-hospital cardiac arrest resuscitation performance. 

JAMA Netw Open 2023;6(5)e2313931. https://doi.org/ 

10.1001/jamanetworkopen.2023.13931 [in English]. 

437. Niles DE, Duval-Arnould J, Skellett S, et al. Characterization of 

pediatric in-hospital cardiopulmonary resuscitation quality metrics 

across an international resuscitation collaborative. Pediatr Crit Care 

Med 2018;19(5):421–32. https://doi.org/10.1097/ 

PCC.0000000000001520 [in English]. 

438. Patocka C, Lockey A, Lauridsen KG, Greif R. Impact of accredited 

advanced life support course participation on in-hospital cardiac 

arrest patient outcomes: a systematic review. Resusc Plus 

2023;14:100389. https://doi.org/10.1016/j.resplu.2023.100389 [in 

English].

https://doi.org/10.1111/acem.14410
https://doi.org/10.1111/acem.14410
https://doi.org/10.1016/j.resuscitation.2021.12.003
https://doi.org/10.1016/j.resuscitation.2021.12.003
https://doi.org/10.1513/AnnalsATS.202311-948OC
https://doi.org/10.1513/AnnalsATS.202311-948OC
https://doi.org/10.1001/jamanetworkopen.2019.9448
https://doi.org/10.1016/j.emc.2020.06.007
https://doi.org/10.1016/j.emc.2020.06.007
https://doi.org/10.1097/CCM.0000000000006339
https://doi.org/10.1097/CCM.0000000000006339
https://doi.org/10.1016/j.resuscitation.2021.10.040
https://doi.org/10.1016/j.resuscitation.2021.10.040
https://doi.org/10.1001/jamapediatrics.2020.5039
https://doi.org/10.1016/j.resuscitation.2020.04.031
https://doi.org/10.1016/j.resuscitation.2020.04.031
https://doi.org/10.1016/j.resplu.2024.100804
https://doi.org/10.1016/j.resplu.2024.100804
https://doi.org/10.1186/s13054-023-04662-9
https://doi.org/10.1016/j.resuscitation.2021.09.023
https://doi.org/10.1016/j.resuscitation.2021.09.023
https://doi.org/10.1186/s12887-024-05037-x
https://doi.org/10.1186/s12887-024-05037-x
https://doi.org/10.1542/peds.106.1.118
https://doi.org/10.1542/peds.106.1.118
https://doi.org/10.1097/PCC.0b013e3181dde659
https://doi.org/10.1097/PCC.0000000000002821
https://doi.org/10.1056/EVIDoa2200196
https://doi.org/10.1016/j.pediatrneurol.2020.03.010
https://doi.org/10.1016/j.pediatrneurol.2020.03.010
https://doi.org/10.1097/PCC.0000000000000740
https://doi.org/10.1097/PCC.0000000000000740
https://doi.org/10.1016/j.resuscitation.2024.110483
https://doi.org/10.1016/j.resuscitation.2024.110483
http://ilcor.org
https://doi.org/10.1186/s12911-021-01612-9
https://doi.org/10.1016/j.resplu.2024.100563
https://doi.org/10.1016/j.resplu.2024.100563
https://doi.org/10.1016/j.resplu.2023.100442
https://doi.org/10.1002/14651858.CD012829.pub2
https://doi.org/10.1016/j.resuscitation.2013.08.014
https://doi.org/10.1016/j.resuscitation.2013.08.014
https://doi.org/10.1001/jamanetworkopen.2023.13969
https://doi.org/10.1001/jamanetworkopen.2023.13931
https://doi.org/10.1001/jamanetworkopen.2023.13931
https://doi.org/10.1097/PCC.0000000000001520
https://doi.org/10.1097/PCC.0000000000001520
https://doi.org/10.1016/j.resplu.2023.100389


66 R E S U S C I T A T I O N 2 1 5 ( 2 0 2 5 ) 1 1 0 7 6 7
439. Wissenberg M, Lippert FK, Folke F, et al. Association of national 

initiatives to improve cardiac arrest management with rates of 

bystander intervention and patient survival after out-of-hospital 

cardiac arrest. JAMA 2013;310(13):1377–84. https://doi.org/ 

10.1001/jama.2013.278483 [in English]. 

440. Brenner RA, Taneja GS, Haynie DL, et al. Association between 

swimming lessons and drowning in childhood: a case-control study. 

Arch Pediatr Adolesc Med 2009;163(3):203–10. https://doi.org/ 

10.1001/archpediatrics.2008.563. 

441. Denny SA, Quan L, Gilchrist J, et al. Prevention of drowning. 

Pediatrics 2019;143:5. https://doi.org/10.1542/peds.2019-0850. 

442. Yang L, Nong QQ, Li CL, Feng QM, Lo SK. Risk factors for 

childhood drowning in rural regions of a developing country: a case-

control study. Inj Prev 2007;13(3):178–82. https://doi.org/10.1136/ 

ip.2006.013409. 

443. Petrass LA, Blitvich JD. Preventing adolescent drowning: 

understanding water safety knowledge, attitudes and swimming 

ability. The effect of a short water safety intervention. Accid Anal 

Prev 2014;70:188–94. https://doi.org/10.1016/j.aap.2014.04.006. 

444. Semeraro F, Greif R, Bottiger BW, et al. European Resuscitation 

Council Guidelines 2021: systems saving lives. Resuscitation 

2021;161:80–97. https://doi.org/10.1016/j. 

resuscitation.2021.02.008 [in English]. 

445. Lauridsen KG, Lofgren B, Brogaard L, Paltved C, Hvidman L, Krogh 

K. Cardiopulmonary resuscitation training for healthcare 

professionals: a scoping review. Simul Healthc 2022;17(3):170–82. 

https://doi.org/10.1097/SIH.0000000000000608 [in English]. 

446. Holmberg MJ, Wiberg S, Ross CE, et al. Trends in survival after 

pediatric in-hospital cardiac arrest in the United States. Circulation 

2019;140(17):1398–408. https://doi.org/10.1161/ 

CIRCULATIONAHA.119.041667 [in English]. 

447. Kessler DO, Peterson DT, Bragg A, et al. Causes for pauses during 

simulated pediatric cardiac arrest. Pediatr Crit Care Med 2017;18 

(8):e311–7. https://doi.org/10.1097/PCC.0000000000001218. 

448. Bro-Jeppesen J, Kjaergaard J, Wanscher M, et al. The 

inflammatory response after out-of-hospital cardiac arrest is not 

modified by targeted temperature management at 33 °C  or  36 °C. 
Resuscitation 2014;85(11):1480–7. https://doi.org/10.1016/j. 

resuscitation.2014.08.007. 

449. Yeung JH, Ong GJ, Davies RP, Gao F, Perkins GD. Factors 

affecting team leadership skills and their relationship with quality of 

cardiopulmonary resuscitation. Crit Care Med 2012;40(9):2617–21. 

https://doi.org/10.1097/CCM.0b013e3182591fda. 

450. Allan K, Yeung J, Flaim B, et al. Medical emergency systems/rapid 

response teams for adult in-hospital patients. Consensus on 

science with treatment recommendations. International Liaison 

Committee on Resuscitation (ILCOR); 2024. Available from: https:// 

ilcor.org. 

451. Ong G, Acworth J, Ng KC, et al. Pediatric Early Warning Systems 

(PEWS) with or without rapid response teams: consensus on 

science with treatment recommendations. 

452. Lauridsen KG, Burgstein E, Nabecker S, et al. Cardiopulmonary 

resuscitation coaching for resuscitation teams: a systematic review. 

Resusc Plus 2025;21:100868. https://doi.org/10.1016/j. 

resplu.2025.100868. 

453. Soar J, Bottiger BW, Carli P, et al. European Resuscitation Council 

Guidelines 2021: adult advanced life support. Resuscitation 

2021;161:115–51. https://doi.org/10.1016/j. 

resuscitation.2021.02.010 [in English]. 

454. Lauridsen KG, Krogh K, Muller SD, et al. Barriers and facilitators for 

in-hospital resuscitation: a prospective clinical study. Resuscitation 

2021;164:70–8. https://doi.org/10.1016/j.resuscitation.2021.05.007. 

455. Stiles MK, Wilde AAM, Abrams DJ, et al. 2020 APHRS/HRS expert 

consensus statement on the investigation of decedents with sudden 

unexplained death and patients with sudden cardiac arrest, and of 

their families. Heart Rhythm 2021;18(1):e1–e50. https://doi.org/ 

10.1016/j.hrthm.2020.10.010 [in English]. 
456. Dalal A, Czosek RJ, Kovach J, et al. Clinical presentation of 

pediatric patients at risk for sudden cardiac arrest. J Pediatr 

2016;177:191–6. https://doi.org/10.1016/j.jpeds.2016.06.088 [in 

English]. 

457. Waaler Loland V, Agesen FN, Lynge TH, et al. Low birth weight 

increases the risk of sudden cardiac death in the young: a 

nationwide study of 2.2 million people. J Am Heart Assoc 2021;10 

(7)e018314. https://doi.org/10.1161/JAHA.120.018314 [in English]. 

458. Meyer L, Stubbs B, Fahrenbruch C, et al. Incidence, causes, and 

survival trends from cardiovascular-related sudden cardiac arrest in 

children and young adults 0 to 35 years of age: a 30-year review. 

Circulation 2012;126(11):1363–72. https://doi.org/10.1161/ 

CIRCULATIONAHA.111.076810 [in English]. 

459. Glinge C, Rossetti S, Oestergaard LB, et al. Risk of sudden infant 

death syndrome among siblings of children who died of sudden 

infant death syndrome in Denmark. JAMA Netw Open 2023;6(1) 

e2252724. https://doi.org/10.1001/jamanetworkopen.2022.52724 

[in English]. 

460. Pupaza A, Cinteza E, Vasile CM, Nicolescu A, Vatasescu R. 

Assessment of sudden cardiac death risk in pediatric primary 

electrical disorders: a comprehensive overview. Diagnostics (Basel) 

2023;13(23). https://doi.org/10.3390/diagnostics13233551 [in 

English]. 

461. Graziano F, Schiavon M, Cipriani A, et al. Causes of sudden 

cardiac arrest and death and the diagnostic yield of sport 

preparticipation screening in children. Br J Sports Med 2024;58 

(5):255–60. https://doi.org/10.1136/bjsports-2023-107357 [in 

English]. 

462. van der Sluijs R, van Rein EAJ, Wijnand JGJ, Leenen LPH, van 

Heijl M. Accuracy of pediatric trauma field triage: a systematic 

review. JAMA Surg 2018;153(7):671–6. https://doi.org/ 

10.1001/jamasurg.2018.1050 [in English]. 

463. van der Sluijs R, Lokerman RD, Waalwijk JF, et al. Accuracy of pre-

hospital trauma triage and field triage decision rules in children (P2-

T2 study): an observational study. Lancet Child Adolesc Health 

2020;4(4):290–8. https://doi.org/10.1016/S2352-4642(19)30431-6 

[in English]. 

464. Lupton JR, Davis-O’Reilly C, Jungbauer RM, et al. Under-triage and 

over-triage using the field triage guidelines for injured patients: a 

systematic review. Prehosp Emerg Care 2023;27(1):38–45. https:// 

doi.org/10.1080/10903127.2022.2043963 [in English]. 

465. Keebler JR, Lazzara EH, Patzer BS, et al. Meta-analyses of the 

effects of standardized handoff protocols on patient, provider, and 

organizational outcomes. Hum Factors 2016;58(8):1187–205. 

https://doi.org/10.1177/0018720816672309 [in English]. 

466. Hannegard Hamrin T, Radell PJ, Flaring U, Berner J, Eksborg S. 

Short- and long-term outcome in critically ill children after acute 

interhospital transport to a PICU in Sweden. Pediatr Crit Care Med 

2020;21(7):e414–25. https://doi.org/10.1097/ 

PCC.0000000000002319 [in English]. 

467. Chong SL, Goh MSL, Ong GY, et al. Do paediatric early warning 

systems reduce mortality and critical deterioration events among 

children? A systematic review and meta-analysis. Resusc Plus 

2022;11:100262. https://doi.org/10.1016/j.resplu.2022.100262. 

468. Allen D, Lloyd A, Edwards D, et al. Development, implementation 

and evaluation of an evidence-based paediatric early warning 

system improvement programme: the PUMA mixed methods study. 

BMC Health Serv Res 2022;22(1):9. https://doi.org/10.1186/ 

s12913-021-07314-2 [in English]. 

469. Zachariasse JM, Espina PR, Borensztajn DM, et al. Improving 

triage for children with comorbidity using the ED-PEWS: an 

observational study. Arch Dis Child 2022;107(3):229–33. https:// 

doi.org/10.1136/archdischild-2021-322068 [in English]. 

470. Wessler JD, Stant J, Duru S, Rabbani L, Kirtane AJ. Updates to the 

ACCF/AHA and ESC STEMI and NSTEMI guidelines: putting 

guidelines into clinical practice. Am J Cardiol 2015;115(5 

Suppl):23A–A28. https://doi.org/10.1016/j.amjcard.2015.01.004 [in 

English].

https://doi.org/10.1001/jama.2013.278483
https://doi.org/10.1001/jama.2013.278483
https://doi.org/10.1001/archpediatrics.2008.563
https://doi.org/10.1001/archpediatrics.2008.563
https://doi.org/10.1542/peds.2019-0850
https://doi.org/10.1136/ip.2006.013409
https://doi.org/10.1136/ip.2006.013409
https://doi.org/10.1016/j.aap.2014.04.006
https://doi.org/10.1016/j.resuscitation.2021.02.008
https://doi.org/10.1016/j.resuscitation.2021.02.008
https://doi.org/10.1097/SIH.0000000000000608
https://doi.org/10.1161/CIRCULATIONAHA.119.041667
https://doi.org/10.1161/CIRCULATIONAHA.119.041667
https://doi.org/10.1097/PCC.0000000000001218
https://doi.org/10.1016/j.resuscitation.2014.08.007
https://doi.org/10.1016/j.resuscitation.2014.08.007
https://doi.org/10.1097/CCM.0b013e3182591fda
https://ilcor.org
https://ilcor.org
https://doi.org/10.1016/j.resplu.2025.100868
https://doi.org/10.1016/j.resplu.2025.100868
https://doi.org/10.1016/j.resuscitation.2021.02.010
https://doi.org/10.1016/j.resuscitation.2021.02.010
https://doi.org/10.1016/j.resuscitation.2021.05.007
https://doi.org/10.1016/j.hrthm.2020.10.010
https://doi.org/10.1016/j.hrthm.2020.10.010
https://doi.org/10.1016/j.jpeds.2016.06.088
https://doi.org/10.1161/JAHA.120.018314
https://doi.org/10.1161/CIRCULATIONAHA.111.076810
https://doi.org/10.1161/CIRCULATIONAHA.111.076810
https://doi.org/10.1001/jamanetworkopen.2022.52724
https://doi.org/10.3390/diagnostics13233551
https://doi.org/10.1136/bjsports-2023-107357
https://doi.org/10.1001/jamasurg.2018.1050
https://doi.org/10.1001/jamasurg.2018.1050
https://doi.org/10.1016/S2352-4642(19)30431-6
https://doi.org/10.1080/10903127.2022.2043963
https://doi.org/10.1080/10903127.2022.2043963
https://doi.org/10.1177/0018720816672309
https://doi.org/10.1097/PCC.0000000000002319
https://doi.org/10.1097/PCC.0000000000002319
https://doi.org/10.1016/j.resplu.2022.100262
https://doi.org/10.1186/s12913-021-07314-2
https://doi.org/10.1186/s12913-021-07314-2
https://doi.org/10.1136/archdischild-2021-322068
https://doi.org/10.1136/archdischild-2021-322068
https://doi.org/10.1016/j.amjcard.2015.01.004


R E S U S C I T A T I O N 2 1 5 ( 2 0 2 5 ) 1 1 0 7 6 7 67
Cortes-Puch I, Applefeld WN, Wang J, Danner RL, Eichacker PQ, 

Natanson C. Individualized care is superior to standardized care for 

the majority of critically ill patients. Crit Care Med 2020;48 

(12):1845–7. https://doi.org/10.1097/CCM.0000000000004373 [in 

English]. 

471. 

472. Hansen MV, Lofgren B, Nadkarni VM, Lauridsen KG. Impact of 

different methods to activate the pediatric mode in automated 

external defibrillators by laypersons – a randomized controlled 

simulation study. Resusc Plus 2022;10:100223. https://doi.org/ 

10.1016/j.resplu.2022.100223. 

473. Foster AG, Deakin CD. Accuracy of instructional diagrams for 

automated external defibrillator pad positioning. Resuscitation 

2019;139:282–8. https://doi.org/10.1016/j. 

resuscitation.2019.04.034 [in English]. 

474. Semeraro S, Olasveengen TM, Bignami EG, et al. European 

Resuscitation Council Guidelines 2025: systems saving lives. 2025. 

475. Andersen LW, Holmberg MJ, Granfeldt A, James LP, Caulley L. 

Cost-effectiveness of public automated external defibrillators. 

Resuscitation 2019;138:250–8. https://doi.org/10.1016/j. 

resuscitation.2019.03.029 [in English]. 

476. Greif R, Bhanji F, Bigham BL, et al. Education, implementation, and 

teams: 2020 international consensus on cardiopulmonary 

resuscitation and emergency cardiovascular care science with 

treatment recommendations. Resuscitation 2020;156:A188–239. 

https://doi.org/10.1016/j.resuscitation.2020.09.014 [in English]. 

477. Yeung J, Djarv T, Hsieh MJ, et al. Spaced learning versus massed 

learning in resuscitation – a systematic review. Resuscitation 

2020;156:61–71. https://doi.org/10.1016/j. 

resuscitation.2020.08.132 [in English]. 

478. Niles D, Sutton RM, Donoghue A, et al. “Rolling refreshers”: a novel 

approach to maintain CPR psychomotor skill competence. 
Resuscitation 2009;80(8):909–12. https://doi.org/10.1016/j. 

resuscitation.2009.04.021. 

479. Ko YC, Hsieh MJ, Schnaubelt S, Matsuyama T, Cheng A, Greif R. 

Disparities in layperson resuscitation education: a scoping review. 

Am J Emerg Med 2023;72:137–46. https://doi.org/10.1016/j. 

ajem.2023.07.033 [in English]. 

480. Schnaubelt S, Veigl C, Snijders E, et al. Tailored basic life support 

training for specific layperson populations – a scoping review. J Clin 

Med 2024;13(14). https://doi.org/10.3390/jcm13144032 [in English]. 

481. Lam F, Stegmuller A, Chou VB, Graham HR. Oxygen systems 

strengthening as an intervention to prevent childhood deaths due to 

pneumonia in low-resource settings: systematic review, meta-

analysis and cost-effectiveness. BMJ Glob Health 2021;6(12). 

https://doi.org/10.1136/bmjgh-2021-007468 [in English]. 

482. Tesfaye SH, Loha E, Johansson KA, Lindtjorn B. Cost-

effectiveness of pulse oximetry and integrated management of 

childhood illness for diagnosing severe pneumonia. PLOS Glob 

Public Health 2022;2(7)e0000757. https://doi.org/10.1371/journal. 

pgph.0000757 [in English]. 

483. Florez ID, Sierra J, Perez-Gaxiola G. Balanced crystalloid solutions 

versus 0.9% saline for treating acute diarrhoea and severe dehydration 

in children. Cochrane Database Syst Rev 2023;5(5)CD013640. https:// 

doi.org/10.1002/14651858.CD013640.pub2 [in English]. 

484. Andersen LW, Raymond TT, Berg RA, et al. Association between 

tracheal intubation during pediatric in-hospital cardiac arrest and 

survival. JAMA 2016;316(17):1786–97. https://doi.org/ 

10.1001/jama.2016.14486 [in English]. 

485. Umoren RA, Birnie K. Pediatric telemedicine consults to improve access 

to intensive care in rural environments. Pediatr Clin North Am 2025;72 

(1):123–32. https://doi.org/10.1016/j.pcl.2024.07.028 [in English].

https://doi.org/10.1097/CCM.0000000000004373
https://doi.org/10.1016/j.resplu.2022.100223
https://doi.org/10.1016/j.resplu.2022.100223
https://doi.org/10.1016/j.resuscitation.2019.04.034
https://doi.org/10.1016/j.resuscitation.2019.04.034
https://doi.org/10.1016/j.resuscitation.2019.03.029
https://doi.org/10.1016/j.resuscitation.2019.03.029
https://doi.org/10.1016/j.resuscitation.2020.09.014
https://doi.org/10.1016/j.resuscitation.2020.08.132
https://doi.org/10.1016/j.resuscitation.2020.08.132
https://doi.org/10.1016/j.resuscitation.2009.04.021
https://doi.org/10.1016/j.resuscitation.2009.04.021
https://doi.org/10.1016/j.ajem.2023.07.033
https://doi.org/10.1016/j.ajem.2023.07.033
https://doi.org/10.3390/jcm13144032
https://doi.org/10.1136/bmjgh-2021-007468
https://doi.org/10.1371/journal.pgph.0000757
https://doi.org/10.1371/journal.pgph.0000757
https://doi.org/10.1002/14651858.CD013640.pub2
https://doi.org/10.1002/14651858.CD013640.pub2
https://doi.org/10.1001/jama.2016.14486
https://doi.org/10.1001/jama.2016.14486
https://doi.org/10.1016/j.pcl.2024.07.028

	European Resuscitation Council Guidelines 2025 Paediatric Life Support



