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Abstract

Triage refers to quick assessment of a patient in the Emergency Room with a view
to define urgency of care and priorities in management. Triage evaluation can be
completed in an organized and systematic manner using Pediatric Assessment
Triangle (PAT), which refers to immediate visual and auditory assessment
of appearance, breathing and color. At the end of PAT, patient’s illness is
categorized as either stable or unstable. Unstable conditions are further classified
into life-threatening and non-life-threatening. Patients in the former category
include those in need of immediate resuscitation e.g., cardiac arrest, cardio-
respiratory failure, decompensated shock, deep coma, severe stridor etc. Once a
child is on the way to stabilization, the primary assessment (assessment
pentagon), which takes 1–3 min follows. It involves the detailed physical
examination or assessment of airway (A), breathing (B), circulation (C), neurologic
disabilities (D) and Exposure (E) (head-to-toe examination).  After the primary
assessment, patient’s illness severity is triaged into 5 levels of acuity based on the
physiological abnormalities: those in need of Resuscitation, Emergent care,
Urgent care, Less urgent and Non-urgent care.

Keywords: Pediatric triage; Pediatric assessment triangle; PAT; Pediatric
  assessment pentagon

Introduction

Emergency Room (ER) of a hospital, is an area equipped and staffed for
prompt treatment of acute illness, trauma, or other medical emergencies.
However, in most hospitals, ER after office hours is accessed by both urgent
and non-urgent cases, resulting in overcrowding. Dealing with large volume of
patients of varying acuity of illness is challenging for both doctors and nursing
staff. Prioritising work in an overcrowded emergency therefore becomes
essential. ‘Triage’, which means ‘sorting’ in French is a quick assessment
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which helps sort out the patients based on their severity of illness. The aim is
to define urgency of care and priorities in management. This process also aids
in judicious allocation of limited resources, where demand exceeds availability.
During triage, those patients who are seriously ill get attended to first
irrespective of the sequence of their arrival to ER. This is in contrast to an
outpatient department (OPD), where the patients are seen on a first come
first served basis. Triage systems can be broadly classified into color-
stratified triage systems and alert systems. The color-stratified systems
include Canadian Triage and Acuity Scale (CTAS), Manchester Triage System
(MTS), Emergency Severity Index (ESI), and Australian Triage Scale (ATS).
Alert systems include Pediatric Observation Priority Score (POPS), Pediatric
Early Warning Score (PEWS), and Pediatric Assessment Triangle (PAT). In the
authors’ ER, the Pediatric Assessment Triangle is used and triage assessment
and management are done by a junior (trainee) resident well trained in
Advanced Life Support (ALS), supported and supervised by the on-duty
senior resident (who is also trained in ALS) [1].

Goals of Triage System

As the patients present to the ER, the rule of “Rights” has to be followed: Get
the right patient to the right provider, in the right moment of time, to receive the
right care, to achieve the right outcome.

The goals of triage are to:

1. Rapidly assess and identify patients with life-threatening illness.

2. Determine appropriate cause, initiate first-aid measures and order
immediate investigations and procedures as per the need.

3. Perform ongoing assessments as children may deteriorate rapidly.

4. Provide safe and quality care to patients.

5. Utilize limited resources in an efficient manner.

Structured Assessment of a Sick Child

Examination of a child in acute care setting is compromised due to several
reasons which include a non-cooperative child, anxious parents, and
overworked healthcare providers. Furthermore, vital signs maybe difficult to
interpret owing to age-based variation. Hence, it is imperative that sick
children are assessed in a quick systematic and stepwise manner to determine
the severity of illness and identify the physiological impairment. This
approach ensures timely intervention.
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This stepwise approach in a sick child begins with the first critical look
(auditory and visual assessment) followed by objective hands-on primary and
secondary assessment (Fig. 1). The aim is to identify the physiological
abnormality and its severity and stabilise accordingly [2-9].

Fig. 1. Systematic assessment of a sick child
BMV Bag and mask ventilation; CPAP Continuous positive airway pressure; CPR
Cardiopulmonary resuscitation; ER Emergency room; ET Endotracheal; IV Intravenous; PAT
Pediatric assessment triangle
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Step 1: Critical Look

The first look given to a sick child once they are brought into ER is called the
“critical look”. It is the immediate visual and auditory impression of how sick a
child is. It is judged based on three parameters as shown in Fig. 2, viz , (i)
Appearance (ii) Breathing (iii) Colour. It is also known as the Pediatric
Assessment Triangle (PAT) [10].

Fig. 2. Pediatric assessment triangle

(i) Appearance: The overall appearance of the child gives a clue about the
physiological status and functioning of the brain. The pneumonic
‘TICLS’ helps in remembering the components.

• Tone: The general posture of the child (sniffing/ leaning forward/
tripoding)

• Interactiveness: Responsiveness of the child (normal/ lethargic/
unresponsive)

• Consolability: Unusually crying/ irritable/ inconsolable

• Look/Gaze: Normal looking at caretaker/ vacant stare

• Speech: Appropriate for age/ weak/ hoarseness of voice

An abnormal appearance denotes a seriously ill child due to varied
reasons which include infection, poisoning, hypoxemia, brain injury,
poor cerebral perfusion, hypoglycemia or metabolic.

(ii) Breathing: Respiratory rate (decreased, increased or absent) and work
of breathing if increased (nasal flaring/ lower chest retractions), or
decreased or abnormal breath sounds (wheeze/ grunt/ stridor) point
towards an impaired respiratory physiology.

(iii) Color: Skin color is a surrogate marker for adequacy of circulation.
Abnormal skin color (pale/mottled/cyanosed/bleeding) are pointers
towards circulatory compromise. Pallor and mottling are usually the
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first signs of poor perfusion/shock. A child in respiratory failure can
have cyanosis.

Categorisation: At the end of PAT, child is classified as ‘stable’ or ‘unstable’.
Child falls under unstable category if any one of the three parameters are
affected. Unstable children with life-threatening conditions (respiratory
failure, decompensated shock, coma, severe stridor, cardiorespiratory failure
or cardiac arrest) require immediate resuscitation before proceeding further
to the primary assessment (Table 1).

Table 1. Categorisations and interventions [2]

Appearance Breathing Color Classify Interventions

Normal Normal Normal Stable

Normal Abnormal Normal Respiratory Start oxygen using face mask/
distress nasal prongs.

Abnormal Abnormal Normal Respiratory Stabilise airway, start 100%
failure oxygen. If required, provide bag

and mask ventilation or proceed
to  endotracheal intubation.

Normal Normal Abnormal Compensated Start 100% oxygen, connect to
shock cardiac monitor, obtain vascular

or intraosseous access, start
crystalloid (normal saline) bolus
based on type of shock. Check
blood glucose and correct
hypoglycemia.

Abnormal Normal Abnormal Hypotensive Start 100% oxygen, connect to
shock  monitor, obtain vascular or

intraosseous access, start
crystalloid bolus based on type
of shock, correct hypoglycemia.

Abnormal Normal Normal Primary/ Start 100% oxygen, connect to
Secondary brain monitor, obtain vascular access,
dysfunction correct hypoglycemia.

Abnormal Abnormal Abnormal Cardiorespiratory Start CPR if HR <60/min despite
failure/arrest adequate ventilation or if

pulseless arrest.

Adapted from: M Jayashree, K Vijayalakshmi, Sharma AK. Recognition of a sick child: A structural
approach. In: M Jayashree, K Vijayalakshmi, Sharma AK, editors. IAP ALS Handbook., 1st ed. New Delhi:
IAP, National Publication House; 2018. p. 10-27.

While pediatric residents are primarily involved in applying the PAT, nurses
play an increasingly important role in assigning patients to appropriate triage
levels. It is crucial to train not only the residents but also other supporting
staff, especially nurses, in these assessment techniques.
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Step 2: Primary Assessment

The second step is the primary assessment comprising five components and
denoted by a pentagon, ABCDE (Fig. 3).

Fig. 3. Assessment pentagon

(i) Airway: The hollow passage connecting the lungs with the atmosphere
is the airway. It acts as a conduit but does not take part in gas exchange.
Airway obstruction due to changes in muscle tone, secretions, and
foreign body result in turbulent airflow and noisy breathing. Evaluation
of airway consists of looking for presence of airway secretions, chest
rise and stridor.

Categorisation: Airway status is classified as:

• Open: Clear, no noisy breathing, no secretions

• Maintainable: Requires simple interventions like positioning and
suctioning of secretions

• Not maintainable: Requires advanced airway measures like bag and
mask ventilation (BMV), endotracheal (ET) intubation, laryngeal mask
airway (LMA) or tracheostomy tube

(ii) Breathing: Assessment of breathing includes five parameters.

• Respiratory rate: It is an age dependent parameter (Table 2).
Increased respiratory rate (tachypnea) is usually seen in response to
fever, anxiety, sepsis, pneumonia, metabolic or central causes.
Bradypnea or slow breathing can be missed and should be carefully
looked for, especially in children with decreased level of con-
sciousness. Apnea is cessation of breathing for 20 s or longer or
earlier if associated with cyanosis, bradycardia or hypotonia.

• Work of breathing (WOB): Nasal flaring, presence of retractions
(suprasternal, supraclavicular, sternocleidomastoid, subcostal,
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Table 2. Respiratory rate for age (breaths/min) [7]

Triage levels defined by respiratory rate

Age Level I Level II Level III Level IV, V Level III Level II Level I

0-3 mo <10 10-20 20-30 30-60 60-70 70-80 >80

3-6 mo <10 10-20 20-30 30-60 60-70 70-80 >80

6-12 mo <10 10-17 17-25 25-45 45-55 55-60 >60

1-3 y <10 10-15 15-20 20-30 30-35 35-40 >40

6 y <8 8-12 12-16 16-24 24-28 28-32 >32

10 y <8 8-10 10-14 14-20 20-24 24-26 >26

Adapted from: Warren DW, Jarvis A, LeBlanc L, et al. Revisions to the Canadian Triage and Acuity Scale
paediatric guidelines (PaedCTAS). CJEM. 2008;10:224-43.

sternal, intercostal), use of accessory muscles, and presence of head
bobbing denote increased work of breathing.

• Chest rise: Adequacy of chest rise, equal and synchronous move-
ment or any abnormal chest wall movements like see-saw respiration
(chest retracts and abdomen expands during inspiration and reverse
during expiration) should be noted.

• Auscultation: Note should be made of any differential air entry,
presence of any adventitious sounds (wheeze, crackles, grunt).

• Pulse oximetry: Oxygen saturation >94% in room air denotes normal
oxygenation.

Categorisation: Breathing status is classified based on severity and type
of problem.

a)   Severity of problem: Respiratory distress vs. failure (Table 3)

b)  Type of problem: The likely anatomical localisation of the respiratory
  pathology is determined based on clinical parameters (Table 4)

Table 3. Severity of respiratory problem

Tachypnea, increased work of breathing, Respiratory distress
normal sensorium and SpO2 >94% in room air

Tachypnea or bradypnea, increased work of Respiratory failure
breathing, cyanosis, abnormal sensorium and
SpO2 <94% in room air
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(iii) Circulation: The cardiovascular function assessment includes the
following:

• Heart rate and rhythm: Normal heart rate varies with age and
decreases as age advances (Table 5). Presence of tachycardia (heart
rate faster than expected for age) or bradycardia (heart rate slower
than normal) should be noted. Any child with an abnormal heart rate
should be immediately attached to a cardiac monitor or a 3-lead ECG
should be obtained to detect arrhythmias like supraventricular
tachycardia or ventricular tachycardia.

Table 4. Type of respiratory problem

Signs Site

Ala nasi flaring, suprasternal, Upper airway obstruction
supraclavicular, subcostal retractions,
stridor

Subcostal, sternal and intercostal Lower airway obstruction
retractions, prolonged expiration, wheeze

Intercostal, subcostal, sternal retraction, Lung parenchyma
grunting, crepitations

See-saw or irregular breathing, bradypnea Central disordered control of breathing

Table 5. Heart rate for age (beats/min) [7]

Triage levels defined by heart rate

Age Level I Level II Level III Level IV, V Level III Level II Level I

0-3 mo <40 40-65 65-90 90-180 180-205 205-230 >230

3-6 mo <40 40-63 63-80 80-160 160-180 180-210 >210

6-12 mo <40 40-60 60-80 80-140 140-160 169-180 >180

1-3 y <40 40-58 58-75 75-130 130-145 145-165 >165

6 y <40 40-55 55-70 70-110 110-125 125-140 >140

10 y <30 30-45 45-60 60-90 90-105 105-120 >120

Adapted from: Warren DW, Jarvis A, LeBlanc L, et al. Revisions to the Canadian Triage and Acuity Scale
paediatric guidelines (PaedCTAS). CJEM. 2008;10:224-43

• Quality of pulses: Palpation of central (femoral and axillary for infants,
carotids for older children) and peripheral pulses (radial, temporal,
posterior tibial) is important. In shock, the peripheral pulses are the
first to become weak, followed by fall in blood pressure and then
decrease in central pulses.
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• Capillary refill time (CRT): The normal capillary filling time (CFT) is
2-3 s. It is prolonged in children with cold shock and brisk in warm
septic shock. Remember ambient temperature while interpreting
CFT.

• Blood pressure (BP): It also varies according to age and sex of the
child. An adequate size cuff is required to prevent falsely high and low
readings. A cuff covering 75-80% of the mid arm circumference and
covering at least 50% of the length of arm between acromion and
olecranon process is said to be adequate. Hypotension is defined as
recorded blood pressure less than fifth centile for age (Table 6).

Table 6. Criteria for hypotension according to age [5]

Age Systolic BP (SBP) cut-off for defining
hypotension

Term neonate <60 mm Hg

Upto 1 y <70 mm Hg

1-10 y 70 + [age (years) x 2]

>10 y <90 mm Hg

Adapted from: Kleinman ME, Chameides L, Schexnayder SM, et al. Pediatric Advanced Life Support:
2010 American Heart Association Guidelines for Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care. Circulation. 2010; 2;122:S876-908.

Categorisation: At the end of circulatory assessment, child is classified
based on severity and type of problem.

a)   Severity of shock: Compensated vs. hypotensive shock (Table 7)

b)  Type of shock: The likely etiology for shock is determined based on
  clinical parameters (Table 8)

Table 7. Severity of shock

Tachycardia, prolonged CFT, weak Compensated shock
peripheral pulses, BP >5th centile and
normal central pulses

Tachycardia, prolonged CFT, weak central Hypotensive shock
and peripheral pulses, blood pressure
<5th centile for age

CFT Capillary filling time
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Table 8. Types of shock

Hypovolemic Diarrhea and dehydration

Distributive Septic shock, anaphylactic shock

Cardiogenic Acute myocarditis

Obstructive Tension pneumothorax

Recent protocols increasingly incorporate point-of-care ultrasound (POCUS)
in pediatric emergency care. It aids in rapid assessment of cardiac function,
shock classification, and detection of various acute pathologies, enhancing
diagnostic accuracy and guiding immediate management decisions.

iv) Disability: The neurological status assessment is divided into two
components: cortical and brainstem.

• Cortical functions: Level of consciousness is an important surrogate
of cortical function. It is assessed by AVPU scale (Alert, responsive to
Voice, responsive to Pain, Unresponsive) or Glasgow Coma Scale
(GCS) score.

• Brainstem function: Assessment of pupils (pupil size, symmetry and
reaction to light) is a surrogate of brain stem function. Size of pupils
may be altered in hypoxia, trauma, drugs, toxins. Asymmetry may be
seen in raised intracranial pressure.

• Motor activity: Look for normal or asymmetrical movements of
limbs, posturing, flaccidity, seizures or extrapyramidal movements.

• Blood glucose: Check blood glucose by dextrostix in every child with
decreased consciousness, seizures, persistent vomiting or diarrhea,
history of metabolic disease or poisonings. Hypoglycemia is an
important reversible and easily treatable cause for altered con-
sciousness.

Categorisation: At the end of disability assessment, child is classified
into two categories:

a)   Primary brain dysfunction: Altered consciousness, motor activity or
  pupillary abnormality is due to primary brain etiologies like men-

        ingitis, encephalitis, intracranial bleed etc.

b)   Secondary brain dysfunction: Altered consciousness, motor activity
  or pupillary abnormality is due to hypoxia or shock, which cause
  secondary brain injury.
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v) Exposure: The child is adequately exposed and examined for presence
of any surface findings like bleeds (petechiae, purpura, ecchymosis),
rash, edema, trauma (swelling, deformity). Features of dehydration like
slow skin pinch, and dry mouth are also noted if present. Core
temperature is measured to detect fever or hypothermia.

At the end of PAT and ABCDE assessments, the child is given a final
physiological classification based on the parameters as described below [2-9].

• Stable

• Respiratory distress

• Respiratory failure

• Compensated shock

• Hypotensive shock

• Primary/ Secondary brain dysfunction

• Cardiorespiratory failure

• Cardiorespiratory arrest

Step 3: Triage Classification

Depending on the final physiological classification, the urgency of child’s
condition is assigned to one of the five levels as shown in Fig. 4. (Refer
Appendix 1)

The future efforts should aim at integrating artificial intelligence (AI)
technologies with clinical evaluation in improving the triage system. AI
algorithms excel at handling large ER datasets, often outperforming
traditional clinical scoring systems in prediction tasks. Recent studies have
developed AI-based models to enhance triage processes. A machine learning
model could potentially improve mortality risk assessment compared to
experience-based evaluations.

Key Points

• Triage refers to quick assessment of a patient in an Emergency Room with
a view to define urgency of care and priorities in management.

• Triage evaluation can be completed in an organized and systematic
manner using Pediatric Assessment Triangle (PAT), and primary
assessment pentagon (ABCDE).



12

PGIMER Management Protocols in Emergency Medicine

• Post primary assessment, patient’s illness severity is triaged into 5 levels
of acuity based on the physiological abnormalities: Resuscitation,
Emergent care, Urgent care, Less urgent and Non-urgent care.

• In an overcrowded set up, such stratification helps in rapid recognition and
management of children with life-threatening illness.

• A structured triage ensures efficient utilisation of limited resources.

Fig. 4.  Triage levels and timing of intervention
GCS Glasgow coma scale



Initial Assessment and Triage in an Emergency Room

13



14

PGIMER Management Protocols in Emergency Medicine

Conflict of Interest None.

REFERENCES

1. Jayashree M, Singhi SC. Initial assessment and triage in ER. Indian J Pediatr.
2011;78:1100-8.

2. Dieckmann RA, Brownstein D, Gausche-Hill M. The pediatric assessment
triangle: A novel approach for the rapid evaluation of children. Pediatr Emerg
Care. 2010;26:312-5.

3. Recognition of a sick child: A structural approach. In: M Jayashree, K
Vijayalakshmi, Sharma AK, editors. IAP ALS Handbook, 1st ed. New Delhi: IAP,
National Publication House; 2018. p. 10-27.

4. Triaging in emergency room. In: M Jayashree, K Vijayalakshmi, Sharma AK,
editors. IAP ALS Handbook, 1st ed. New Delhi: IAP, National Publication House;
2018. p. 157-62.

5. Warren DW, Jarvis A, LeBlanc L, Gravel J; CTAS National Working Group;
Canadian Association of Emergency Physicians; National Emergency Nurses
Affiliation; Association des Médecins d’Urgence du Québec; Canadian Paediatric
Society; Society of Rural Physicians of Canada. Revisions to the Canadian Triage
and Acuity Scale paediatric guidelines (PaedCTAS). CJEM. 2008;10:224-43.

6. Kleinman ME, Chameides L, Schexnayder SM, et al. Part 14: Pediatric advanced
life support: 2010 American Heart Association guidelines for cardiopulmonary
resuscitation and emergency cardiovascular care. Circulation. 2010;122:S876-
908.

7. Simon Junior H, Schvartsman C, Sukys GA, Farhat SCL. Pediatric emergency
triage systems. Rev Paul Pediatr. 2022;41:e2021038.

8. Alshaibi S, AlBassri T, AlQeuflie S, Philip W, Alharthy N. Pediatric triage variations
among nurses, pediatric and emergency residents using the Canadian triage and
acuity scale. BMC Emerg Med. 2021;21:146.

9. Scheier E. Cardiac POCUS in pediatric emergency medicine: A narrative review.
J Clin Med. 2023;12:5666.

10. Heyming TW, Knudsen-Robbins C, Feaster W, Ehwerhemuepha L. Criticality
index conducted in pediatric emergency department triage. Am J Emerg Med.
2021;48:209-17.



Chapter 2

Pediatric Cardiopulmonary Resuscitation and
Stabilization

Uppaluri Naga Pradeep Babu1, Suresh Kumar Angurana2*,
Atul Jindal3, Sunit C. Singhi 4, 5 and M. Jayashree6

1Senior Resident, Division of Pediatric Critical Care, Department of
Pediatrics, APC, PGIMER, Chandigarh, India

2Additional Professor, Division of Pediatric Critical Care, Department of
Pediatrics, APC, PGIMER, Chandigarh, India

3Professor, Pediatric Intensive Care Unit, Department of Pediatrics, AIIMS,
Raipur, Chattisgarh, India

 4Professor Emeritus, Department of Pediatrics, APC, PGIMER, Chandigarh,
India and 5Head, Department of Pediatrics, Amrita Hospital,

Faridabad, Haryana, India
6Professor and Chief, Pediatric Emergency and PICU, APC, PGIMER,

Chandigarh, India
*Email: sureshangurana@gmail.com

Abstract

Cardiopulmonary arrest (CPA) is defined as the cessation of clinically detectable
cardiac activity. The common causes in children include respiratory failure and
progressive shock. Early recognition of predisposing conditions and timely
intervention can prevent progression to CPA. The goal of resuscitation is to
immediately establish perfusion and oxygenation of vital organs by supporting
Airway, Breathing, and Circulation. Airway patency can be restored by position,
suction, removal of foreign body, laryngeal mask airway, endotracheal intubation,
or tracheostomy. Breathing is supported with the provision of supplemental
oxygen in high concentration, and if needed, bag-mask or bag-tube positive
pressure ventilation. In children with absent central pulse, cardiopulmonary
resuscitation (CPR) is started with chest compressions and coordinated rescue
breaths (30:2 for single rescuer and 15:2 for 2 rescuers). If an advanced airway is
in place, continuous chest compressions at a rate of 100-120/min are required
along with 20-30 breaths/min. If the rescuer/bystander is unwilling or unable to
deliver rescue breaths, chest compressions alone should be provided. Cardiac
rhythm must be checked after 2 min of CPR. For all non-shockable rhythms
(asystole or pulseless electrical activity), CPR is continued along with rhythm

15
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check every 2 min and epinephrine bolus every 3-5 min. For shockable rhythm
(pulseless ventricular tachycardia or ventricular fibrillation), defibrillation is
needed. In children with shock or CPA, a venous or an intraosseous access is
urgently required to administer drugs and fluid boluses. No single factor can
reliably predict neurological outcome after CPA. Shorter duration of cardiac
arrest, early initiation of CPR, shockable rhythm, hypothermia as a cause of
arrest, in-hospital cardiac arrest, pupillary reaction at 12-24 h after cardiac arrest,
and lower lactate after 12 h of cardiac arrest are associated with a better
prognosis. Aggressive multidisciplinary postcardiac arrest supportive care is of
paramount importance for better outcomes.

Keywords: Pediatric cardiopulmonary resuscitation; CPR, Cardiac arrest;
  Cardiopulmonary failure; ROSC

Introduction

Cardiac arrest (CPA) is the cessation of cardiac mechanical activity,
presenting with apnea, unresponsiveness, and absent central pulses, most
often resulting from progressive respiratory failure or shock rather than
primary cardiac causes (Fig. 1) [1, 2]. Ventricular fibrillation accounts for 10–
15% of arrests, and survival from in-hospital cardiac arrest has improved from
19% (2000) to 38% (2018) due to early recognition, high-quality cardiopulmo-
nary resuscitation (CPR), and Extracorporeal cardiopulmonary resuscitation
(ECPR) [3–5], while out-of-hospital survival remains low (6.7–10.2%). Early
detection and prompt intervention are crucial to prevent arrest, with CPR
aimed at rapidly restoring oxygenation and perfusion to vital organs [1].

Fig. 1. Pathways to pediatric cardiac arrest
[Adapted from IAP-ALS Handbook, 1st edition, 2018]
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Rapid Cardiopulmonary Assessment and Physiologic Status

The rapid cardiopulmonary assessment and management of a seriously ill or
injured child is done in a stepwise manner (details of rapid cardiopulmonary
assessment are given in the protocol on ‘Initial Assessment and Triage’). If at
any point during assessment, a life-threatening problem is detected, life-
saving interventions (resuscitation) should be started immediately. Based on
rapid cardiopulmonary assessment, the child is classified as having the
following physiological status:

• Stable

• Respiratory (distress or failure)

• Shock (compensated or hypotensive)

• Cardiorespiratory failure or arrest

Respiratory failure:  It is defined as inadequate oxygenation or ventilation, or
both, leading to decreased PaO2 and/or elevated PaCO2.

Shock:  It is present when there are signs of poor organ perfusion. Hypo-
tensive shock refers to a blood pressure <5th centile for the child’s age.

Cardiopulmonary failure:  It occurs when there are global deficits in
oxygenation, ventilation, and perfusion and clinically manifests as unres-
ponsiveness, gasping or absent respirations, cyanosis, and bradycardia or
absent pulse.

Once the physiologic status is determined, the management specific to
the physiologic status is initiated using the ABC format. Frequent sequential
assessment, interventions, and reassessment should be performed.

Airway Management

Airway obstruction presents with dyspnea, stridor, wheeze, or poor air entry;
manage by positioning, suctioning, foreign-body removal, or advanced airway
techniques. In an unresponsive child, open the airway with a head tilt-chin lift
(or jaw thrust if cervical injury suspected) [6, 7]; give up to two effective rescue
breaths [1, 8]. Provide Bag-valve mask ventilation (BMV) at 1 breath every 2–
3 s (20–30/min) if a pulse is present, and add compressions with coordinated
smaller breaths if pulseless [7–10].

Bag-valve mask ventilation (BMV):  Ensure a tight mask seal and slight neck
extension for effective BMV; if inadequate, reassess setup and use an OG/NG
tube to prevent gastric distension [1].
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Airway foreign body:  In mild foreign body airway obstruction (FBAO), allow
coughing; for severe FBAO, give abdominal thrusts (children) or 5 back blows
and 5 chest compressions (infants) until relieved or unresponsive, then start
CPR, remove visible objects, and avoid blind sweeps [7, 11–13].

Endotracheal intubation:  Intubate unresponsive children with ineffective
BMV or poor oxygenation to optimize ventilation and prevent aspiration; use
cuffed endotracheal tubes (ETTs) (pressure <20–25 cm H2O) for better
control, and apply cricoid pressure only if beneficial, discontinuing if it hinders
ventilation [14–25].

In infants 3.5 kg and <1 y of age, a cuffed ET with an internal diameter
(ID) of 3.0 mm, and in 1-2 y of age, a cuffed ET with an ID of 3.5 mm is
recommended [3]. For children between 2-10 y of age, the ET (mm, ID) can be
calculated by the following formulas [3]:

• Cuffed endotracheal tube size: (Age in years/4) + 3.5

• Uncuffed endotracheal tube size: (Age in years/4) + 4

Atropine (0.02 mg/kg, no minimum dose) may be used before emergency
intubation to prevent bradycardia in high-risk cases such as with
succinylcholine use, septic shock, or hypovolemia. ETT placement should be
confirmed by bilateral chest rise, auscultation, and capnography (if perfusing
rhythm and >2 kg) [4, 7, 8], with reassessment after any movement or
transport.

Breathing: Oxygenation and Ventilation

Respiratory compromise presents with tachypnea, retractions, abnormal
chest movement, or decreased air entry; retractions with stridor, wheeze, or
grunting suggest upper, lower, or parenchymal disease, respectively.
Intervene if SpO <92% on 100% O2, using BMV for inadequate breathing and
15:2 compressions-to-breaths during CPR. Ventilate with 100% O during
resuscitation, titrate after ROSC, and avoid hyperventilation, which reduces
perfusion; target 1 breath every 2–3 s (20–30/min) [2, 7].

Management of Circulation

Cardiovascular assessment includes heart rate, rhythm, pulses, CRT, skin
color, temperature, and BP, with cardiac monitoring to identify dysrhythmias
such as bradycardia, supraventricular tachycardia (SVT), ventricular
tachycardia (VT), Ventricular fibrillation (VF), Pulseless electrical activity (PEA)
and asystole (Fig. 2). Hypoxia, leading to bradycardia or asystole, is the most
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common cause of arrest, and management focuses on timely vascular access,
fluid resuscitation, chest compressions, defibrillation, and rhythm-specific
drug therapy [2].

Chest Compression

Effective chest compressions improve survival by providing blood flow to vital
organs during CPR. The CPR is needed in the following situations:

• If an unresponsive, non-breathing child has no pulse within 10 s, start high-
quality CPR (C–A–B sequence).

• Begin compressions promptly for bradycardia <60/min with poor
perfusion, as it often precedes cardiac arrest.

Compression technique: Place hands on the lower sternum for chest
compressions—2 fingers or thumbs for infants (2-thumb technique if two

Fig. 2. Important cardiac rhythm disturbances
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rescuers) and 1 or 2 hands for children; compress to at least one-third chest
depth, using the heel of one hand if needed.

Compression rate: The chest compressions should be performed at a rate of
100-120/min for infants and children. The chest compression to ventilation
ratio is 30:2 for single rescuers and 15:2 for two rescuers without an advanced
airway in place (Table 1). Some of the Do’s and Don’ts during chest compres-
sion are:

• Allow adequate chest recoil for adequate cardiac filling and venous return.

• Minimise interruptions in chest compressions to <10 s for procedures
such as rhythm check, placing an advanced airway, or shock delivery.
Interruptions in chest compressions have been shown to decrease the
rate of ROSC.

• Perform rhythm checks every 2 min, or after five cycles of CPR (Table 1).

Depth of compression: Compress the chest by one-third its depth—about 4
cm in infants, 5 cm in children, and 5–6 cm in adolescents.

Table 1. Compression ventilation ratio

Compression No advanced airway With an advanced airway

ventilation ratio The ratio is 30:2 if one Continuous compressions at
Children (till 18 y rescuer is available, and a rate of 100-120/min with
of age, excluding 15:2 if two rescuers  are breaths provided at a 20-30
neonates) available breaths/min rate

[Adapted from IAP ALS Handbook, 2nd edition. 2020]

High-quality CPR requires compressing one-third chest depth at 100–
120/min, with full recoil, minimal interruptions, and no hyperventilation;
switch rescuers every 2 min within 10 s to limit fatigue (Table 2) [7].

During bystander CPR, infants and children should receive compressions
with rescue breaths, but if breaths aren’t possible, perform chest compres-
sions only.

Vascular Access

During CPR, gain IV access for drugs/fluids; if unsuccessful after 3 attempts or
90 s, establish IO access (preferably proximal tibia), as all drugs can be given via
this route (Table 3). If IO fails, use central access or administer lipophilic drugs
(LEAN-V) via ETT at higher doses.
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Table 2. Components of high-quality CPR

Component 1 -18 y 1 mo- 1 y

Rate of compression 100-120/min

Depth of Minimum one-third depth of Minimum one-third depth of antero-
compression antero-posterior diameter posterior diameter of chest, i.e., 1.5

of chest, i.e., 2 inches or 5 cm inches or 4 cm

Compression’s On the lower half of the Just below the intermammary line
location sternum with 2 hands or with 2 thumbs while hands encircle

1 hand. the chest.
(1-hand can be used if an adequate
depth of compression is not
achieved)

Chest recoil Achieve complete chest recoil after each compression

Interruptions Minimize interruptions in compression to <10s

No Hyperventilation 20-30 breaths/min

[Adapted from IAP ALS Handbook, 2nd edition. 2020]

Table 3. Drugs commonly used during cardiopulmonary resuscitation and their
doses

Drug Dose Comments

Adenosine 0.1 mg/kg IV/IO Rapid bolus using 2
0.2 mg/kg (2nd dose) syringe technique

Amiodarone 5 mg/kg IV over 20 min followed by 5 ml
saline flush
May be repeated upto 2 more times (total
dose of 15 mg/kg) for refractory VF and
pulseless VT

Atropine 0.02 mg/kg/dose No recommended
minimum dose

Calcium gluconate 1 ml/kg (maximum 10 ml) of 10% calcium Use with central
gluconate solution diluted in equal volume venous access
of DW

Epinephrine 0.01 mg/kg/dose (0.1 ml/kg) of
1:10,000 IV/IO
0.1 mg/kg/dose (0.1 ml/kg) of 1:1,000 ET

Epinephrine infusion 0.1-1 ug/kg/min Titrate to the desired
effect

Glucose 25%D 2ml/kg
10%D 5 ml/kg
5%D 10 ml/kg

Lidocaine 1 mg/kg/dose IV Give bolus undiluted
2-3 mg/kg ET over 2-5 min
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Defibrillation

Defibrillation delivers an unsynchronized shock for VF or pulseless VT; start
CPR immediately and give the first shock at 2 J/kg, followed by 4 J/kg if
rhythm persists, not exceeding 10 J/kg or adult maximum (200 J biphasic, 360
J monophasic) [7]. After each shock, resume CPR for 2 min, giving epinephrine
every 3–5 min, and add amiodarone or lidocaine if refractory. For asystole or
PEA, continue CPR with rhythm checks every 2 min and epinephrine every 3–
5 min.

Drugs During CPR (Table 3)

During CPR, do not interrupt compressions for drug delivery; give epinephrine
0.01 mg/kg IV/IO (1:10,000) within 5 min, then every 3–5 min, or via ETT (0.1
mg/kg, 1:1000) if no access [1, 7]. Use amiodarone or lidocaine for refractory
VF/pulseless VT, magnesium for torsades, and glucose only for hypoglycemia;
atropine for vagal bradycardia risk, and calcium, bicarbonate, or vasopressin
only for specific indications [1, 5, 7, 8].

Shock

In pediatric shock, provide oxygen, monitoring, and rapid vascular access, give
20 ml/kg isotonic crystalloid boluses (up to 40–60 ml/kg with close
monitoring), and consider early intubation before respiratory failure develops
[2, 4, 5].

Blood transfusion is required in hemorrhagic shock or if perfusion para-
meters do not normalise after a fluid bolus of 40-60 ml/kg and hemoglobin of
<10 g/dl.

In fluid-refractory septic shock, epinephrine or norepinephrine may be
used as initial vasoactive agents, with subsequent drug choice guided by
clinical and hemodynamic response.

Table 3. Contd.

Lidocaine infusion 20-50 ug/kg/min

Magnesium sulphate 25-50 mg/kg IV maximum 2 gm for
Torsade’s de pointes

Procainamide 5 mg/kg IV over 15-20 min

Sodium bicarbonate 1 mEq/kg/dose diluted in equal volume Use only if ventilation
of DW is established

[Adapted from IAP ALS Handbook, 2nd edition. 2020]
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Stress-dose corticosteroids may be considered in children with fluid-
refractory, catecholamine-resistant septic shock; however, current evidence
is insufficient to recommend their routine use in pediatric septic shock.

In pediatric hypotensive hemorrhagic shock, blood products are
preferred over crystalloids for ongoing volume resuscitation when available
[7].

Titration of superior vena caval oxygen saturation (ScVO2) ³70% may be
beneficial for infants and children with fluid-refractory septic shock.

Dysrhythmias

Primary dysrhythmias are rare in children, usually secondary to hypoxia or
shock, though supraventricular tachycardia may occur as a primary arrhy-
thmia, especially in infants. The algorithm for managing rhythm disturbances
based on the initial pulse check is presented in Fig. 3.

Supraventricular tachycardia (SVT):  In hemodynamically stable SVT, attempt
vagal stimulation first, followed by adenosine 0.1 mg/kg (max 6 mg) and, if
refractory, 0.2 mg/kg (max 12 mg) using the rapid two-syringe technique; lack
of response often reflects delivery error. If ineffective or the child is unstable,
perform synchronized cardioversion (0.5–1 J/kg, then 2 J/kg)—ensuring the
defibrillator is in synchronized mode—and consider amiodarone or
procainamide if required.

Ventricular tachycardia (wide complex tachycardia): In hemodynamically
unstable wide-complex tachycardia, perform synchronized cardioversion
(0.5–1 J/kg; increase to 2 J/kg if ineffective); stable VT with pulse should be
treated medically—trial adenosine for possible SVT with aberrancy, followed
by amiodarone or lignocaine if unresponsive; in VF/pulseless VT, start CPR
and prepare for defibrillation [7].

Bradycardia (HR <60/min):  In pulseless bradycardia, start CPR. For bradycardia
with pulse and normal perfusion, support ABCs, identify and treat the cause;
if persistent, use epinephrine. Atropine is indicated for vagal-induced or
primary AV block, while isoprenaline, pacing, or cardiology input are reserved
for refractory complete heart block or sinus node dysfunction. If poor
perfusion persists despite pulse, begin CPR and optimize oxygenation and
ventilation; management flowcharts are shown in Fig. 4 & 5.

Family Presence During Resuscitation

Family members should be offered the option to be present during resusci-
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Fig. 3. Pediatric cardiac arrest algorithm
CPR Cardiopulmonary resuscitation; PEA Pulseless electrical activity; pVT pulseless
ventricular teachycardia; VF ventricular fibrillation

[Adapted from IAP ALS Handbook 2nd edition, 2020; Jayashree M, Kulgod V, and Sharma AK]

tation, unless their presence is deemed detrimental, in which case they should
be respectfully asked to leave [7].

Post-Cardiac Arrest Care

Post–cardiac arrest syndrome (PCAS) involves brain injury, myocardial
dysfunction, systemic ischemia–reperfusion, and persistent pathology. Care
focuses on organ protection during the immediate, early, and intermediate
phases, with recovery and rehabilitation later (Fig. 6). Maintain SpO 94–99%,
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Fig. 4a. Management of pediatric tachycardia with stable hemodynamics
[Adapted from IAP ALS Handbook, 2nd edition, 2020; Jayashree M, Kulgod V, and Sharma
AK]

Fig. 4b. Management of pediatric tachycardia with unstable hemodynamics
[Adapted from IAP ALS Handbook 2nd edition, 2020; Jayashree M, Kulgod V, and Sharma
AK]

PaCO 35–45 mmHg, and provide adequate sedation-analgesia. Ensure stable
hemodynamics [normal HR, BP > 5th centile, capillary refill tine (CRT) <2 s]; use
epinephrine for refractory shock, milrinone for myocardial depression, and
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Fig. 5. Management of pediatric bradycardia
[Adapted from IAP ALS 2nd edition Handbook, 2020; Jayashree M, Kulgod V, and Sharma
AK]

continuous mean arterial pressure (MAP) monitoring when possible. Maintain
normothermia, avoid fever, and in comatose patients, use either 5 d normo-
thermia or 2 d hypothermia + 3 d normothermia [7]. Keep normoglycemia [8].
Use continuous EEG to detect and treat seizures, avoid prophylaxis [7].
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Fig. 6. Phases of postcardiac arrest state
[Adapted from 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:e194-233.]

Prevent raised intracranial pressure (ICP) with head elevation, seizure control,
sedation, and hyperosmolar therapy; avoid routine hyperventilation [8]. All
unexplained arrests warrant a complete autopsy and genetic evaluation, and
survivors require cardiology and family screening.

Setting Up a Team

Cardiopulmonary arrest in children can cause anxiety and disorganization;
hence, an ALS-trained five-member team led by the most experienced
clinician should perform resuscitation with clearly assigned roles for airway,
ventilation, compressions, access, medications, monitoring, defibrillation,
documentation, and communication.

Prognosis and Decision to Terminate CPR

Prognosis after cardiac arrest depends on multiple factors—shorter arrest
duration, early CPR, shockable rhythm, hypothermic cause, in-hospital arrest,
reactive pupils, and low lactate indicate better outcomes, but no fixed
duration defines when to stop resuscitation [7, 8].

A comparison of the significant revisions in the ILCOR 2025 recommen-
dations against previous recommendations is provided in Table 4.

Key Messages

• In a child with CPA, start high-quality CPR beginning with chest compres-
sions, maintain airway, and give 2 rescue breaths (each breath over 1 s)
coordinated with chest compressions.
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Table 4. Comparison of older and 2025 Pediatric Life Support Recommendations

Topic Older recommendations 2025 recommendations

PRE-ARREST
Bradycardia with In children with persistent Initiate CPR in children with
hemodynamic bradycardia and compromised bradycardia and circulatory
compromise perfusion despite adequate instability unresponsive to

ventilation and oxygen therapy, adequate oxygenation and
epinephrine administration is ventilation.
recommended.
Atropine is restricted to
bradycardia secondary to
excessive vagal stimulation or
cholinesterase inhibitor toxicity
and not as a standard intervention
in pediatric cardiac arrest.
Emergency transthoracic pacing
may be used for severe
bradycardia resulting from
complete atrioventricular block
or sinoatrial node dysfunction.

INTRA-ARREST
ABC vs CAB: Begin CPR with chest Either ABC (ventilation, then
Ventilation and compressions before providing compressions) or CAB
compressions ventilatory support. (compressions, then ventilation) is
order acceptable.

Paddle/pad size Choose the largest paddles that AED:
and placement fit the chest without touching. Follow device-specific instructions

for AED pad placement.
Manual defibrillation:
In infants and children, apply pads in
the anterior–posterior configuration.

Pulse check Start CPR in pediatric patients CPR should be initiated in
accuracy without signs of life when no unresponsive children who have

pulse is felt within 10 s. abnormal or absent breathing and
show no evidence of life.

Pharmacological None In hyperkalemic cardiac arrest, data
interventions for do not support or refute calcium or
the treatment of bicarbonate; potassium-lowering
hyperkalemia in therapy with IV salbutamol and/or
children with insulin–glucose may be administered
cardiac arrest alongside effective CPR.

Blood pressure None During CPR with invasive monitoring,
monitoring and aim for a diastolic BP 25 mmHg in
targets for in- infants and 30 mmHg in children
hospital cardiac aged 1–18 y.
arrest
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Echocardiography None May be used to detect reversible
(POCUS) auses when skilled personnel are

available, and chest compressions
are not interrupted.

End-tidal carbon None ETCO may be used to guide CPR
dioxide (ETCO) quality, but no definitive target
monitoring. values are established.

Near-Infrared None Non-invasive cerebral oxygenation
Spectroscopy monitoring is helpful, but no

validated cut-off informs CPR
decisions in in-hospital cardiac arrest.

ECPR None CPR may be an option for selected
pediatric patients with in-hospital
cardiac arrest unresponsive to
conventional CPR in systems with
established ECPR capability. In
contrast, evidence remains
inadequate to guide its use in out-
of-hospital arrest.

POSTRESUSCITATION
Blood biomarkers None Avoid using any lone blood biomarker.
for the prediction Use a combination of tests for clinical
of poor decision-making.
neurological Lactate levels and blood pH should
outcome not be used at any post-ROSC time

point for decision-making.
Evidence is inadequate to support or
oppose the use of other blood
biomarkers (e.g., S100, Neuron-
specific-enolase, neurofilament light
chain) at any time point.

Clinical Rely on multiple factors for No individual clinical examination
examination for prognostication. finding should be used alone to
the prediction predict poor neurological outcome.
of poor Predicting poor neurological
neurological outcomes should rely on a
outcome combination of tests.

Absent pupillary reactivity at 48–72 h
post-ROSC can be included in
multimodal neuroprognostication.
Do not rely on pupillary nonreactivity
in the first 24 h post-ROSC for
adverse neurological
prognostication.

Table 4. Contd.



30

PGIMER Management Protocols in Emergency Medicine

Table 4. Contd.

Avoid using GCS scores obtained
<24 h post-ROSC for adverse
neurological prognostication.
There is insufficient evidence to
guide the use of additional brainstem
or motor responses for adverse
neurological prognostication.

Electrophysiology Early EEG (7 d post-arrest) Avoid relying on a single
testing for the can contribute to outcome electrophysiology modality alone.
prediction of poor prediction. Use a multimodal testing approach.
neurological EEG 24–72 h post-ROSC (SE, burst
outcome suppression/attenuation, GPEDs):

moderate reliability; consider in
multimodal testing.
EEG features not recommended for
poor outcome prediction (any time):
seizures, absent sleep spindles/
stage II, normal/continuous
background, reactivity, variability.

Brain imaging for None Neuroimaging alone is insufficient
the prediction of for outcome prediction after cardiac
poor neurological arrest; multimodal assessment is
outcome after required. MRI with high ischemic
ROSC following burden at 72 h or early CT showing
pediatric cardiac gray–white matter blurring may be
arrest included as part of the combined

prognostication.

EDUCATION AND SYSTEMS
Debriefing None Post-arrest debriefing in all settings.

CPR coaching None Where staffing permits, consider
during cardiac assigning a CPR coach during
arrest resuscitation.

CPR feedback None Use CPR feedback tools during
device training of healthcare and lay

providers.

ABC Airway, breathing, circulation; AED Automated  external defibrillator; BP Blood pressure; CAB Circulation,
airway, breathing; CPR Cardiopulmonary resuscitation; CT Computed tomography; ECPR Extracorporeal
pulmonary resuscitation; EEG Electroencephalogram; GCS Glasgow coma scale; GPEDs Generalized periodic
epileptiform discharges; IV Intravenous; MRI Magnetic resonance imaging; POCUS Point-of-care-ultrasound;
ROSC Return of spontaneous circulation; SE Status epilepticus
Pediatric Life Support: 2025 International Liaison Committee on Resuscitation Consensus on Science with
Treatment Recommendations | Circulation [Internet]. Available at: https://www.ahajournals.org/doi/full/
10.1161/CIR.0000000000001362. Accessed 22 Dec 2025.
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• High-quality cardiopulmonary resuscitation (CPR) is the foundation of
resuscitation. High-quality CPR includes push hard, push fast, adequate
chest recoil, minimal interruptions, and no hyperventilation.

• Continue with a compression ventilation ratio 30:2 (one rescuer), 15:2 (2
rescuers).

• If an advanced airway is in place, chest compressions should be provided
continuously at a rate of 100-120/min and rescue breaths at a rate of
20-30 breaths/min (1 breath every 2-3 s) without interrupting chest
compressions.

• Perform endotracheal intubation if BMV is unsuccessful. Cuffed tubes are
preferred when available.

• Bundled approach to management of pediatric septic shock is important.

• Rhythm check is done after every 2 min, and IV epinephrine should be
given every 3-5 min, if rhythm continues to be non-shockable (asystole
and pulseless electrical activity). The earlier epinephrine is administered
after CPR initiation, the more likely the patient is to survive.

• Defibrillate during pulseless arrest if rhythm is shockable (VF/pVT). Start
with a shock dose of 2 J/kg followed by immediate resumption of CPR.
Rhythm check after five cycles or 2 min. If rhythm is still shockable, give
defibrillation at a dose of 4 J/kg. Give epinephrine every 3-5 min.
Amiodarone or lignocaine is preferred for refractory VF/pVT.

• After ROSC, post-resuscitation care should be provided preferably in the
PICU to maintain physiological homeostasis and prevent secondary organ
injuries.

• After discharge from the hospital, cardiac arrest survivors can have
physical, cognitive, and emotional challenges and may need ongoing
therapies and interventions.

Conflict of Interest None.
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