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Infant Mortality

Child mortality by income level of country

The child mortality rate measures the share of children that die before reaching the age of 5.

Singapore - Under-five mortality rate

In 2019, child mortality rate for Singapore was 2.5 deaths per 1,000 live births. Child mortality rate of
2.5 Singapore fell gradually from 27.1 deaths per 1,000 live births in 1970 to 2.5 deaths per 1,000 live

births in 2019.
(deaths per 1,000 live births)

in 2019

The description is composed by our digital data assistant.

What is child mortality rate?
Under-five mortality rate is the probability per 1,000 that a newborn baby will die before reaching

age five, if subject to current age-specific mortality rates.
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Paediatric Resuscitation Guidelines

* Changes noted in terms of age definitions by ERC and AHA

* Divergence of International guidelines on paediatric life support

* Ventilation rates post intubation

* Previously both ERC and AHA, post advanced airway placement during paediatric cardiac arrest,
ventilation rate is the same for all ages: 10/min

» 2021 ERC: <1year-25/min, 1-8years:20/min, 9-12years: 15/min, >12years:10/min
* 2020 AHA: 20-30/min for paediatric age group

 Emphasis on early EMS or code activation
* EMS activation “995”
* Dispatch assistance
 Activation of volunteers nearby — more help and getting AED
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DECREASING EVIDENCE — BASED EFFECTIVENESS
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Outcomes

e Return of Spontaneous Circulation  Survival to ICU/Hospital Discharge







Do not neglect PREVENTION AND EARLY
RECOGNITION

* Most effective means
e Multi-dimensional

e Paediatricians should be
community advocates for child
health

* Immunisation
e Education
* Training
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Open verdict in death of baby found
not breathing on mattress, coroner
flags safe sleeping practices




5-year-old drowns while unattended in
Bukit Timah condo pool; mum went
home to cook and use toilet

Girl had only 3 swimming lessons and wasn't proficient enough to keep herself afloat
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FABO

No change from 2016
Call for help “995”

If willing and able, provide CPR with ventilation if
unconscious

While for paediatrics, caregivers are likely nearby
and may be more willing to provide ventilations

v
ﬂ)o not interfere’x

FOREIGN BODY AIRWAY OBSTRUCTION

( Assess severity 1

_Milcj Severe
Partial Airway Total Airway Obstruction

Obstruction (Unable to produce sound,
(Able to produce sound, breathe or cough).
Allow the casualty to Infant Child
clear airway by
coughing. 1
to produce sound, f \
breathe or cough) or / \
Consider calling
Ambulance 995 if

breathe or cough). /\
Continue to check for

until obstruction is
repeated attempts by

Position the infant,
head down and
supported. Deliver
5 back blows, followed
by 5 chest thrusts until
the foreign body is

Continuous abdominal
thrusts until the foreign
body is expelled or
casualty becomes
UNCcOoNSCcIous.

k successful

L Conscious J L Conscious }
deterioration (inability
relieved.
casualty are not

expelled or casualty

becomes unconscious. \ /

"Avoid feeding the casualty
more water/food and do not
shake the casuallty in a
attempt to dislodge the foreign
body.

Unconscious
Place casualty in a supine position on a flat and firm surface.
Call 995 for SCDF and get an AED if visible and nearby.
Start CPR (30:2)




Pre-arrest (In-hospital) : Early recognition

* Paediatric Early Warning System Score

* The Pediatric Early Warning System (PEWS) Score incorporates heart rate, blood
pressure, capillary refill time, respiratory rate, oxygen saturation, and need for
supplemental oxygen: aim to decrease unplanned ICU admission and code blue events

* Before patients collapse

* Medical Emergency Teams

* Medical emergency teams (METs) or rapid response teams (RRTs) were developed for
the urgent assessment of at risk patients. These teams may function as the efferent
response to the critical afferent early warning score signal.

* Reduced in hospital mortality and cardiac arrest outside of the ICU.
e Unplanned ICU admissions may increase following MET implementation..

* Training

e Simulation based MET training exercises have been linked to improved team
performance and outcomes.



Once Paediatric Cardiac Arrests Have
Occured........

* Failure of prevention
* NEXT priority

* Return of Sustained Spontaneous
Circulation

* Post-resuscitation care
* Maintain stability
* Minimise further damage

* Target towards neurologically intact
survival
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COMMUNITY / BYSTANDER CPR

e Evidence from observational studies suggests
that survival from cardiac arrest can be
increased from twofold to fourfold with
bystander CPR

 Community CPR rates correlate with survival
and neurological outcomes in paediatric
OHCAs
 Kitamura T et al. Lancet. 2010;375:1347-1354.
 GotoYetal. JAm Heart Assoc. 2014;3:e000499.

e Paediatric bystander CPR rates are lower than
adults
e Qutcomes are poor for infants

* Ventilations with chest compressions improve
outcomes

«+ HOW TO SAVE A LIFE:
CHILD CPR ...
RELIEF OF CHOKING




Increasing Community/Bystander CPR Rates

* Increase in community CPR rates (Seattle,
Northern Holland, Sweden) and appears to
correlate with survival outcomes

 Layperson Basic Life Support Instructions

 Scientific evidence: Outcomes are better if CPR
includes ventilation for paediatric cardiac arrests

* Scientific evidence (against): pulse check
* Includes use of AEDs (if available)




n Loss of consciousness/
sudden collapse/
no response

oGasps or not

breathing
normally

WHAT
SHOULD
| DO?

@) . o; T—

for ambulance
and stay on
the line



2021 Paediatric Basic Life Support CPR + AED
Q Check for Danger

Check for AED Hazards:
] » Wetsurfaces
. » Metallic surfaces
° ° . . ' > Flammable gases nearby
i \J
Paealatric Basic Lite (o
‘ arrives \

v Continue CPR
Shout “Help!” v" Turn on the AED
S Call 995 for SCDF and follow dispatcher’s instruction v Ensure chest is bare and dry

= ORactivate the emergency response system(forin- v" Apply the age-appropriate pads as
l I O r facility/in-hospital cardiac arrest) instructed on the AED pads
- 28 yearsold or = 25kg: standard pads
' - 1to <8 yearsold (10-<25kg): use
energy attenuation systems (pads or

“paediatric” modes) if available. If not
available, use standard pads.

A /J AED: Ifthere is another person around, ask
him/her to get the AED.

¥ Ifalone, DO NOT leave the casualty.
v Airway: Head-Tilt, Chin Life or Jaw Thrust (if
trauma suspected)

- Infants (excluding neonates): manual
defibrillators if available. If not
available, use energy attenuation

Emphasis on ventilation as part of paediatric R
resuscitation 8 L Kmodes).

- Optional for community first responders 4

Che:;k for normal Breathing '
F d . t . . I . k | b v Look/feel for rise and fallpfcpesﬂabdomen (=<10s) Stay clearwhen AED is
or paealatrics, caregivers may maore likely pe e e e ey e peat

Healthcare Providers only: ‘

v Simultaneously check for puise (<10s): brachial
pulse (infants) or caratid pulse (= 1 year-old).

v If no definite pulse = 60 beats per min, start CPR

willing to provide ventilations

Shock

Continue CPR until:
v" Paramedic or in-facility/hospital emergency

Paediatric cardiac arrest are mainly due to non- empamees ) (S [
cardiac causes ke C S}
- Hation | ® (rupnoiieron = S ——]
Outcomes are better with ventilation in B A —
paediatrics « \

v Allow complete chest recoil

:A,b Ig_andzv;tllln?hto el B i R response team takes over from rescuer.
ve reatns i

L] . .
No major changes except more emphasis on Coll i
- 21 year-old: Mouth-to-mouth 9.
. . - g gf;nfd and ;vaz\lablet._iu'se appropriate-sized Healthcare workers only:
* Age group to consider for adult BLS is >12 years old e e
>8y |d (old)
( n eW Ve rS U S e a rS O O ¥ Any age: Community first responders and - Infants: 30 breaths/minute
. . ingle-| healthi ider: 30:2 - i
e E3 r|y EMS activation \_«ii’%;ﬁil”ri'péiuéi’f P S fewm ok T et /
(] Act ivat i 0 N Of VOI u ntee rS to a SS i st a N d b ri ng AE DS 1. Ifyou are a single rescuer and feeling tired, you may take a rest of not more than 10 seconds (preferably after 2
i f CPR).
2 an::ucttel;:mmly T)Trsl responders who are unable or unwilling to perform mouth-to-mouth (child) or mouth-to-mouth/nose

¥ Enough to see chest rise perform Rescue Breathing* and check
Adolescents>12 yrs: 30:2 §
° . h o - Infants and Children=12 yrs 15:2
Dispatch assistance
(infants) ventilations, provide continuous high-quality chest compressions till help arrives.

Compression-to-Ventilation ratio: pulse every 2 minutes.till help arrives:
Notes:



BCLS (Singapore)

* Chest compression
depth:

 Relative: 1/3 chest depth

e Absolute:
e Infants: 3to4 cm
e Child:4to5cm

e Older children and adults:
4 to 6cm

Available online at www.sciencedirect.com

Resuscitation Plus @'%iiffﬁiﬁfm

journal homepage: www.journals.elsevier.com/resuscitation-plus

Clinical paper

What is the potential for over-compression L))
using current paediatric chest compression xS
guidelines? — A chest computed tomography study

Gene Yong-Kwang Ong®*, Aloysius Jian Feng Ang®, Amirzeb S O Aurangzeb®,
Elisabeth Sue Shuen Fong®, Jun Yuan Tan®, Zhao Jin Chen®, Yiong Huak Chan°,
Phua Hwee Tang®, Jen Heng Pek®, Ian Maconochie ™9, Kee Chong Ng?,

Vinay Nadkarni”

Abstract

Aim: We explored the potential for over-compression from current paediatric chest compression depth guidelines using chest computed tomography
(CT) images of a large, heterogenous, Asian population.

Methods: A retrospective review of consecutive children, less than 18-years old, with chest CT images performed between from 2005 to 2017 was done.
Demographic data were extracted from the electronic medical records. Measurements for internal and external anterior-posterior diameters (APD) were
taken at lower half of the sternum. Simulated chest compressions were performed to evaluate the proportion of the population with residual intemal
cavity dimensions less than 0 mm (RICD < 0 mm, representing definite over-compression; with chest compression depth exceeding interal APD), and
RICD less than 10 mm (RICD < 10 mm, representing potential over-compression).

Results: 592 paediatric chest CT studies were included for the study. Simulated chest compressions of one-third external APD had the least potential for
over-compression; no infants and 0.3% children had potential over-compression (RICD < 10 mm). 4 cm simulated chest compressions led to 18% (95%
Cl 13%—24%) of infants with potential over-compression, and this increased to 34% (95% C1 27%—41%) at 4.4 cm (upper limit of “approximately” 4 cm; 4
cm + 10%). 5 cm simulated compressions resulted in 8% (95% Cl 4%—12%) of children 1 to 8-years-old with potential over-compression, and this
increased to 22% (95% Cl 16%—28%) at 5.5 cm (upper limit of “approximately” 5 cm, 5 cm + 10%).

Conclusion: In settings whereby chest compression depths can be accurately measured, compressions at the current recommended chest
of ximately 4 cm (in infants) and 5 cm (in children) could result in tial for over g

Keywords: Cardiopulmonary resuscitation, Chest compression, Computed tomography, Pediatrics



CPR summary for cardiac arrests Adult and Adolescent >12 yrs

D Check for danger Ensure rescue scene is safe.
R Check for responsiveness Tap the casualty” shoulders to get a response. Ta;_) Ei2 C,asualty nsrlezmailins
infant’s feet to get a response.
Call 995, put on speaker phone mode , follow dispatcher’s instructions and/or activate in-facility/in-hospital emergenc
S Shout for help S 5 e & / v/ = e
response system.
Send someone to get an AED if there is one within a 60-second walking distance. If you are the lone rescuer, do not
A Get an AED1 . = 4
leave the casualty.
Look for normal breathing (If not
Look for normal breathing (If not breathing, gasping / agonal breathing) — . i e (
. oo breathing, gasping / agonal
et breathing) — Proceed to step C
Check for Breathing Pulse check performed by Healthcare
B . . - T _ : ) fo S
G G e e Pulse check performed by Healthcare Providers: no definite pulse within 10s Providers: no definite pulse within
Proceed to step C 10s or pulse rate <60/min — Proceed
tostep C

(Adult/Child: Carotid)
(Infant: Brachial)

Lower half of sternum

Compression landmarks Lower half of sternum (1 finger’s breadth immediately
below inter-mammary line)

2 thumb encircling hands

c Compression method Heel of 1 hand with other hand on top (or ring and middle fingers for lay
rescuers)
Compression depth
4to6cm 4to5cm 3 to 4cm
(Push hard with Full recoil)

Compression rate 100-120/min

Compression-ventilationratio (Layperson) 302 (1 or 22 )
3 or 22 rescuers

- Rescuers who are trained, willing and able
to provide MTM? ventilations
- Healthcare Providers (using BVM?3) 30:2 (1 or 2 rescuers) | 30:2 (1 rescuer), 15:2 (>2 rescuers)

1 second per ventilation — observe for chest rise

- Untrained, unable or unwilling to perform ) ) . )
Continuous high-quality chest compressions

ventilations

1 ventilation every 5 seconds 1 ventilation every 3 seconds 1 ventilation per 2 seconds
Rescue Breathing
(12/min) (20/min) (30/min)
e Under 25kg, use child defibrillation pads if | Manual defibrillators preferred but if
Use of AED Use adult defibrillation pads g . >
available unavailable, use child pads

1) AED: Automated External Defibrillator, MTM: Mouth-To-Mouth, BVM: Bag Valve Mask



Paediatric Cardiac Arrest

ALGORITHM FOR PULSELESS ARREST

* BLS algorithm
* Give oxygen during ventilation
*  Attach monitor/defibrillator when available

¥

‘ Check pulse and rhythm: shockable?

Non_ShOCkable ‘ YES —Pulseless VI/VF ‘
'

See Management of

Emphasis on adrenaline as soon as BEE
possible then every 3-5 mins

Look for reversible causes

Ventilation during arrest post
intubation and supraglottic airway

*  Hypovolemia

* Hypoxia

* Hydrogen ion (acidosis)

o Hypo-lyperkalemia
Hypeghycemia,

*  Hypothermia

*  Trauma

*  Toxins

* Tamponade, cardiac

* Tension pneumothorax

» Thrombosis (coronary or pulmonary)

*Reversible contributing factors & Ts):

NO — Asystole or PEA

High Quality CPR (with ventilation)
e Obtain vascular access with minimal delays

Give adrenaline as soon as possible, then q3-5mins
- IV/IO 0.01mg/kg (0.1ml/kg 1:10 000)

Advanced airway placement
_ (Mhact ramnraccinn TNN_1 2N mman

- Ventilation: <lyo:30/min, 1-12y0:20/min, >12yo: 10-12/min
Search and treat reversible causes™

l

placement St
e Same as rescue breathing

Check pulse and rhythm: shockable?

Pulseless- Non-shockable

Pulse present and >60/min - ROSC

Post-resuscitation care

25

v

OR HR<60/min with
haemodynamic compromise




BLS algorithm

Give oxygen (via BVM ventilation),
Attach monitor/defibrillator when available
Provide advanced life support: Obtain advanced airway and

vascular access with minimal interruptions to CPR

y

Check rhythm: shockable?

e SHOCKABLE -

!

YES/SHOCKABLE -
Pulseless VI/VF

ALGORITHM FOR PULSELESS ARREST - SHOCKABLE

NOT

Asystole or PEA

See Management of
Asystole or PEA

6th shock ’
4J/kg | —p-

% 2nd shock ‘ 3rd shock ’ 4th shock ’ 5th shock ’
4J/kg — 4J/kg — 4J/kg e—g 4J/kg or— 4J/kg —
Resume CPR CPR Resume CPR Resume CPR Resume CPR Resume CPR Resume
immediately. CPR CPR CPR CPR CPR
Canuse AEDif | % immediately. TT immediately. ﬁ immediately. TT immediately. immediately.
> 1 vear old
IV/IO adrenaline Give adrenaline
(0.01mg/kg: max . a (0.01mg/kg; max IV/IO amiodarone
1mg) q3-5 mins or (023"‘3) e o e’ (Smg/kg); max. 3 doses
* CPR 2 mins then check SISk IV/IO lignocaine i every other OR
(Img/kg; max shock IV/IO lignocaine if not
pulse and rhythm — shockable? initial given earlier
e Minimise rime benveen chest m “m; wed b (Img/kg: max 100mg)
compressions and shock infl.l:io: 20.50 Y initial bolus followed
delivery. - SEir by infusion 20-50
o Check rivthmm and shock microgranvkg/min. microgram/kg/min.
immediately after chest
compressions, rather than B
after rescue breaths, if During CPR Pulse present >60/min / return of
possible. ¢ Monitor CPR quality spontaneous circulation
. M:_mmse time benree‘n shock e Assessand manage for
delivery and resumption of bl i ‘
chest compressions. reversible causes — Hs,Ts
e Post-resuscitation care

Perform 2 mins of CPR then check for
pulse and rhythm — shockable?

Give adrenaline every other shock
(every 3-5 mins)

Consider other antiarrhythmics:

-IV/O lignocaine 1mg/kg (max. 100mg)
initial bolus followed by infusion 20~
SOmicrogram/kg/min.

(May repeat bolus can be given after 15
minutes after initiating infusion if delaved
> 15 minutes.)

-IV/I0 amiodarone Smg/kg, up to 3 times
-IVAO magnesium suiphate 50mg/kg
(max2g) for Torsadesde Pointes

Consider increasing energy dose of
shocks ro max 10J/kg for refractory VF

** : Search for and treat possible
contributing factors (Hs & Ts):
Hypovolemia

Hypoxia

Hydrogen ion (acidosis)
Hypoglycemia,

Hypothermia

Trauma

Toxins

Tamponade, cardiac

Tension pneumothorax
Thrombosis (coronary or pulmonary)

® & 8 8 0 s 8 0 8 s e




Paediatric Bradycardia

* No major changes

* Focus on stability

Bradycardia with cardiorespiratory compromise

Support ABCDE
* Give oxygen, support ventilation as necessary
* Obtain vascular access
* Attach cardiac monitor/defibrillator pads
* Search and treat for causes: myocarditis, and other reversible causes

v

Bradycardia still causing

cardiorespiratory compromise?

Y

Ye

o Support ABCs, give

oxygen, if needed
o 12-lead ECG
o Monitor closely

o Expert consultation

Perform CPR if persistently HR<60/min
with cardiorespiratory compromise despite

oxygenation and ventilation

As per pulseless arrest algorithm:
* Give adrenaline:

- IV/TIO 0.01lmg/kg (max 1lmg); repeat
every 3-5 minutes as necessary

Specific considerations:

« If increased vagal tone or primary AV
block, give atropine (0.02mg/kg, max
0.6mg), may repeat once.

* Consider cardiac pacing after expert
consultation
- temporary: transcutaneous

. .




Paediatric tachycardia

Stable Tachycardia (age-specific)

Narrow QRS (<0.08s) ‘

Evaluate QRS duration

v

Evaluate rhythm
with 12-lead ECG

and cardiac monitor

'

Possible sinus tachycardia
-Compatible history
-P waves present/normal
-Variable R-R, constant
P-R
-Infants: rate usually
< 220/min
-Child: rate usually
<180/min
- Frequent assessments

|

Search and treat
reversible causes

}

Possible SVT

-Compatible history

-P waves absent/abnormal

-HR not variable

-History of abrupt changes
-Infants: rate usually > 220/min
-Child: rate usually > 180/min

I
v

Wide QRS (>0.08s)

Possible
ventricular
tachycardia

!

Trial of vagal manoeuvres

- Infants and toddlers:
*Ice-pack/ice-water application to
face 30s

* Gag reflex

-Older children:

*Unilateral carotid massage
*Modified Valsalva

May attempt adenosine (SVT
with aberrancy - regular and
QRS is monomorphic):

- IV adenosine 0.lmg/kg rapid
bolus (maximum first dose
6mg), may double first dose
and give once (maximum
second dose 12mg)

- Frequent assessmenti of biood
pressure and perfusion

- If unstable, refer to Fig 8.

4

Unstable Tachycardia

With pulse and poor perfusion

Narrow QRS (<0.08s)

A

Evaluate QRS duration

v

Evaluate rhythm
with 12-lead ECG

or monitor

!

|

If unsuccessful, obtain IV access :
- give IV adenosine 0.lmg/kg
rapid bolus (maximum first dose

6mg), may double first dose and —

give once (maximum second dose
12mg)

- Frequent assessment of blood
pressure and perfusion

- If unstable, see Fig 8.

Unsuccessful but remains stable
with frequent assessment.

(if unstable, see Fig. 8)

Expert consult advised:

- look for reversible causes if
appropriate

- Other agents as advised by
paediatric cardiologists

e.g. calcium channel blockers,
propranolol, amiodarone.
Caution with use of multiple
agents (heart block, hypotension)
- Synchronised cardioversion
with sedation can be considered
in refractory cases after
discussion with paediatric
cardiologists

Initial dose: 0.5-1J/kg, step up to
2J/kg if necessary.

Possible sinus tachycardia
-Compatible history
-P waves present/normal
-Variable R-R, constant
P-R
-Infants: rate usually
< 220/min
-Child: rate usually
<i80/min
- Support blood pressure
as appropriate with
frequent assessments
(fluids / vasoactive

Possible SVT
-Compatible history

-P waves absent/abnormal
-HR not variable

-History of abrupt changes

-Child: rate usually > 180/min

Wide QRS (>0.08s)

| I

Possible
ventricular
tachycardia

-Infants: rate usually > 220/min

Consider
vagal —-
manoeuvres
(No delay)

agents)

Search and treat
reversible causes

\ 4

With cardiopulmonary
compromise, immediate
synchronised cardioversion:
1J/kg. if not effective, increase
to 2J/kg

Sedate if possible but do not
delay synchronised
cardioversion.

May attempt adenosine if it
does not delay synchronised
cardioversion.

{

If IV access is readily available:

- give [V adenosine 0.1mg/kg rapid
bolus (maximum first dose 6mg),
may double first dose and give once
(maximum second dose 12mg)

If hemodynamically unstable, IV/IO
is not available, or adenosine is
ineffective:

- Synchronised cardioversion:

0.5-17/kg, if not effective, increase to

2J/kg as necessary
Sedate if possible but do not delay
synchronised cardioversion.

Expert consult advised before
further therapy:

- Other agents as advised by
paediatric cardiologists

e.g. calcium channel blockers,
propranolol, amiodarone

- Caution with use of multiple
agents (heart block, hypotension)
- look for reversible causes and
manage these accordingly




Post Arrest Care (post-arrest syndrome)

*Goldilocks

* Normoglycaemia
* Normo-oxia
* Normocapnia

* Normotension

* Target normothermia
(active, not passive)




Bottomline: (Don’t) Take My Breath Away!
- Ventilation is important in paediatric cardiac arrest,
especially for infants




in paediatrics
thcare setting

mmunity use




* | would like to thank everyone who have contributed in the
community and healthcare settings in preventing, resuscitating and
improving outcomes for paediatric cardiac arrest!




Questions — to be discussed in the Q&A

Contact: geneong@yahoo.com



