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Acronyms

AHA
AR

BP

CFT
CovID 19
CPAP
HBB
ICU
IMCI
IPC
LED
MDG 4
PEEP
PPHN
PPE
RDS
ROP
SCANU
SDG
TTNB
VLBW
WHO

American Heart Association

Acute Respiratory Tract Infections
Blood Pressure

Capillary Filling Time

Corona virus Disease 2019
Continuous positive airway pressure
Helping Babies Breathe

Intensive Care Unit

Integrated Management of Childhood Iliness
Infection Prevention Committee
Light Emitting Diodes

Millennium Development Goal 4
Positive End Expiratory Pressure
Persistent Pulmonary Hypertension of Newborn
Personal Protective Equipment
Respiratory Distress Syndrome
Retinopathy of Prematurity

Special Care Newborn Unit
Sustainable Development Goal
Transient Tachypnea of newborn
Very Low Birth Weight

World Health Organization
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Introduction

1.1. Background

The World has made remarkable progress in child survival in the past three decades. The
global under-five mortality rate declined by 59 per cent, from 93 deaths per 1,000 live
births in 1990 to 38 in 2019. Despite this considerable progress, around 14,000 under-five
deaths occurred every day and most of these deaths are preventable and easily treatable.

Pneumonia is one of the most common global childhood illnesses and one of the leading
causes of mortality in under five children. It contributes to 21% of all deaths in this age
category and it is estimated that of every 1000 children born alive, 12-20 will die from
pneumonia before their fifth birthday

Hypoxemia or insufficient oxygen in blood is a common and potentially lethal complication
of pneumonia and other ARI (Acute Respiratory Tract Infections) such as bronchiolitis,
bronchial asthma in under five children. According to World Health Organization, 13.3%
of the under- five pneumonic children are hypoxemic. Early detection of hypoxemia, and
oxygen therapy can improve the outcome of children with these conditions.

Neonatal death constitutes 47% of all under five deaths worldwide with about one third
dying on the day of birth and close to three quarters dying within the first week of life’.lt
results from three common conditions of newborns such as perinatal asphyxia, neonatal
sepsis and prematurity related complications. These conditions can also lead to hypoxemia
and subsequently deaths especially in developing countries.

Despite its significant importance in virtually all types of acute severe illness, hypoxemia
is often not well recognized or managed in many resource limited countries including
Bangladesh. If oxygen delivery is available, supplies are often unreliable and the benefits
of treatment may be decreased by poor maintenance, untrained staff and inadequate
guidelines.

Bangladesh has experienced a significant reduction of child mortality over the past
decades which helped achieve the Millennium Development Goal 4 (MDG 4) target. But
the mortality among under-5 aged children is still relatively high that is 45 deaths per 1000
live births and neonatal mortality accounts for 67% of all under-5 deaths which requires a
substantial effort to decelerate the current rate of under-5 mortality as well as to achieve
the Sustainable Development Goal (SDG) targets.

Among the comprehensive measures, timely detection of hypoxemia and appropriate
oxygen therapy is one of the key interventions. Health workers should know the clinical
signs for hypoxemia and ways of early detection. They should also know about monitoring
while baby is getting oxygen therapy. Oxygen should be used judiciously like a prescribed
medicine where health professionals will know when to start oxygen at which flow rate,
what things to monitor and when to stop.

Like other developing countries Bangladesh is growing experience in the clinical,
organizational, biomedical technology and training aspects of setting up and sustaining
effective oxygen delivery systems in hospitals. Increasing availability of reliable oxygen
sources and trained manpower in assessing the adequacy of oxygen therapy can reduce
child death from pneumonia and other respiratory diseases by about one third which is
evident from many studies.
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This guideline focuses on clinical aspects as well as rational use of oxygen therapy for
children in health facilities of Bangladesh. We hope that this will improve oxygen delivery
system nationwide by highlighting practical aspects of oxygen therapy for health care
providers, biomedical engineers and administrators.

1.2. Purpose of the guideline

This guideline is focused on improving the quality of care for severely ill children in health
facilities. It describes the importance for detection of hypoxemia, use of pulse oximetry,
oxygen delivery system and monitoring skills and parameters for sick children while on
oxygen therapy.

The main purpose is to:

® Increase awareness for improving the availability of oxygen therapy for children
¢ Increase identification and management of hypoxemia in severely ill children

¢ Increase the availability of oxygen therapy in all health facilities

® Improve monitoring of patients while on oxygen therapy

® Increase practical skills of health care providers for oxygen therapy

e Ensure use of infection prevention measures during oxygen therapy

This guideline will be a useful tool for health care providers involved in care of children and
will definitely help in rational and appropriate use of oxygen.
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Hypoxemia and Hypoxia

2.1: Definition
e Hypoxemia means low level of oxygen in blood (low blood oxygen saturation)

® Hypoxia is inadequate oxygen in tissues for normal cell and organ function and hypoxia
results from hypoxemia.

e Hypoxemia can lead to hypoxia and if left untreated, it leads to organ dysfunction and
death.

Oxygen saturation:

Arterial oxygen saturation is referred to as SaO2 and SpO2

® When arterial haemoglobin oxygen saturation is measured by arterial blood gas analysis
it is called SaOz2.

e When arterial haemoglobin oxygen saturation is measured non-invasively by pulse
oximetry, it is called SPO2 (Haemoglobin oxygen pulsed saturation).

2.2. Common causes of Hypoxemia

* Respiratory distress syndrome * Pneumonia

« Perinatal asphyxia  Bronchiolitis

« Transient Tachypnea of newborn » Asthma

* Pneumonia  Heart failure or cardiac arrest
» Meconium aspiration syndrome and other aspirations * Meningitis

« Congenital heart diseases * Sepsis

» Anaemia + Anaemia

 Any sick neonate having prematurity or sepsis or
seizure are prone to have apnea. Apnea further leads to
hypoxemia and slow the heart rate and reduces oxygen
delivery to tissue.

 Congenital malformations (e.g. congenital
diaphragmatic hernia)

e Hypoxemia is more common in lower than upper respiratory tract infections.

® Pneumonia in children is most commonly due to bacteria (Streptococcus pneumoniae
and Haemophilus influenzae) and viruses (respiratory syncytial virus, influenza virus).
Other pathogens are common in certain high risk groups.

NATIONAL GUIDELINES ON
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Detection of hypoxemia in

children

Hypoxemia can be detected by certain clinical signs, use of pulse oximeter and blood gas
analysis.

3.1. Clinical Signs of hypoxemia

Different clinical signs are indicative of hypoxemia in neonates and children.

It is essential for the health workers to know about these signs for early recognition and
management of sick, hypoxemic patients.

Neonates:

Fast breathing

e Cyanosis

e Grunting

e Apnea in very low birth weight infants and premature babies

(As features are non-specific in neonates, screening by pulse oximetry is the best tool).

Children:

» Central cyanosis (Bluish discoloration of the tongue or gums)

» Fast breathing: It is best measured by observing movement of chest wall for 60 seconds.
Age specific definition for fast breathing is listed below:

m Child has fast breathing if breath count for 1 minute?

Less than 2 months 60 breaths per minute or more
2 months up to 11 months 50 breaths per minute or more
12 months up to 5 years 40 breaths per minute or more

(Ref: Integrated Management of Childhood lliness, 2016)

Head nodding, grunting or nasal flaring

Severe lower chest in-drawing

Inability to drink or feed (when due to respiratory distress)

e Coma, severe lethargy, prostration or prolonged convulsions (lasting for more than a few
minutes) put a child to a significant risk for hypoxemia. These conditions are associated
with depression of the respiratory drive, leading to hypoventilation and hypoxaemia.
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3.2 Use of Pulse Oximeter

e Pulse oximetry is the most accurate, non-invasive method used to measure the
percentage of oxygenated haemoglobin in arterial blood (SpO2).

e Itis useful in detection as well as monitoring of hypoxemia (Annexure I)

SpO, display Sensor connection

o
©
o
©

On and off switch Heart rate display

Figure -1: Pulse oximeter

3.3. Blood Gas Analysis

It is the gold standard for detecting hypoxemia.

It measures the partial pressure of oxygen (PaO2) and carbon dioxide in blood, blood pH
and the concentrations of the main electrolytes.

Blood gas analysers are very expensive, and the chemical reagents represent a high
recurrent cost. The method is invasive and uncomfortable, as it requires taking blood.

Figure-2: Blood gas analyser
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Indication for oxygen therapy

4.1. Neonates

Oxygen therapy in newborn infants, particularly when they are born preterm, should reflect
the fact that in the first hours of life they have lower normal oxygen saturation than older
newborn. It may take an hour or more for oxygen saturation to reach levels above 95%.

Recommended targeted Saturation (pre-ductal Sp0O2) after birth:

Age after birth Targeted Pre-ductal saturation (Sp0O2)

1 minutes 60 - 65%
2 minutes 65 -70%
3 minutes 70 -75%
4 minutes 75 - 80%
5 minutes 80 -85%
10 minutes 85-95%

*Pre-ductal saturation refers to arterial oxygen saturation in vessels originating from the
aorta before the ductus arteriosus. Pre ductal values are recorded at right hand.

*Pulse oximetry should be used to monitor SpO2 over right hand, which should be
maintained between 90-95% to prevent eye damage.

Oxygen therapy needs to be initiated in following conditions:318-1°

Preterm Newborns Term/Near Term Newborns Irrespective of gestational age

* Respiratory Distress  + Transient Tachypnea of newborn + Pneumonia

Syndrome (RDS) (TTNB) « Sepsis

 Delayed adaptation < Perinatal asphyxia + Apnea

7 biemanim e slElen SIS nes | | Congenital heart disease (except

« Congenital malformations: duct dependent lesions)

Congenital diaphragmatic hernia Meningitis

« Persistent pulmonary
hypertension of newborn
(PPHN)

* Apnea

Special consideration:

Neonatal Resuscitation for asphyxiated newborns:

Perinatal asphyxia is a common neonatal problem which can lead to hypoxaemia.
Approximately 85% of newborn infants born at term have been shown to initiate
spontaneous respiration within 10-30 seconds of birth with additional 10% respond to
drying and stimulation and other 3 % initiate breathing after positive pressure ventilation;
2% need intubation to support respiratory function and 0.1% require chest compression
and/or adrenaline.
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The primary respiratory problem in most cases of perinatal asphyxia is lack of initiation of
ventilation or lack of effective ventilation, so the most important intervention is to assist the
neonate to take breaths more effectively.

Helping Babies Breathe

Prepare for birth*

\
Birth
v
,ﬂ'\
£ =
. )
If meconium, clear airway *S t
Dry thoroughly
Crying? Not crying

l

Clear airway
Stimulate
Breathing?
Keep warm
Check breathing Breathing well Not breathing
Cut cord
Cut cord Breathing Ventilate
Not breathing
Calli for help
Monitor
with mother
Breathing Improve ventilation
Not breathing
Heart rate?

*Prepare for birth
% Gloves b Suction device
) Cloths O‘% Ventilation
bag-mask

Head o N
- 5 (g\QD S — > Normal
( Scissors '(

Timer
,ig, Ties @ (clock, watch) Not Slow
breathing Continue ventilation
Advanced care

© 2016 by American Academy of Pediatrics

Figure-3: Helping Babies Breathe - Flow chart

NATIONAL GUIDELINES ON
USE OF OXYGEN THERAPY FOR MANAGEMENT OF
NEWBORN AND PAEDIATRIC HYPOXAEMIA 13



14

(**When facilities are available, advanced resuscitation measures such as intubation, chest
compression and drugs can be used to save newborn life)

*During resuscitation, whatever the gestational age or birth weight usually oxygen is
not required. If with bag mask ventilation with room air (21% oxygen) and with proper
maintaining of the HBB steps, oxygen saturation of infant does not improve to target
level, then oxygen can be started with lower FiO2.

Latest Oxygen targets in different gestation during resuscitation:

AHA (American Heart Association) 2019

When newborn term or preterm (> 35 weeks’ gestation) infants require positive pressure
ventilation, bag-mask resuscitation with air containing 21% oxygen is effective

For preterm infants (< 35 weeks’ gestation), bag-mask resuscitation with 30% oxygen
should be used.

**In some trials, for resuscitation of preterm infants < 32 weeks gestation, use of FiO2 30% has
been suggested

**Developed countries have blended oxygen facility and during resuscitation, if oxygen is
required, they can use it and can titrate it accordingly such as:

 Child requiring bag mask ventilation use FiO2 of 40%

+ Child requiring chest compression in any stage of resuscitation, use FiO2 of 100%

** Eye damage, called retinopathy of prematurity, can result from exposure of very low birth
weight infants to excessive oxygen. Infants at highest risk are those born at < 32 weeks'
gestation or weighing <1250 g; the smaller the infant, the greater the risk.

Recommended oxygen saturation target for preterm is between 90-95%.

4.2. Children

Indications:
* Any child with a SpO2 < 90% should receive oxygen.

When a child presents with cough or difficult breathing, will be classified according to
IMCI and if oxygen saturation by using pulse oximeter is found < 90%, oxygen therapy is
required especially in children aged 2 month up to 5 years. (Annexure Il)

IMCI Classification of a child with cough or difficult breathing:

a. Sick child aged 2 months up to 5 years
b. Sick young infants aged 0 month up to 2 months
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(a) Sick Child (2 months up to 5 years):

If a child is classified with SEVERE PNEUMONIA OR VERY SEVERE DISEASE, he is very
sick. He needs to be sent to hospital URGENTLY so that he receives oxygen, bronchodilator
or antibiotic. Give him the first dose of intramuscular Gentamicin and oral Amoxicillin.

(b) Sick young infants (0-2 months):

Possible Serious Bacterial Infection or Very Severe Disease- Fast Breathing Pneumonia
(0-6 days):

Young infants with this classification having fast breathing 60 breath/ minute or more for
age 0-6 days. Treat the infants presenting with isolated fast breathing with Oral Amoxicillin
for 7 days.

In case of referral compliance: The infant will be administered 1st dose of oral Amoxicillin
and referred URGENTLY to hospital with referral slip containing referral note. Mother and
family members must be taught and advised on frequent breast feeding on way to prevent
low blood sugar. They must also be advised on keeping the baby warm.

Fast Breathing Pneumonia (7-59 days):

Young infants with this classification have fast breathing (60 breaths/ minute or more for
age 7-59 days). Give the first dose of oral Amoxicillin dispersible tablet twice daily for 7
days and ask the family to continue this oral antibiotic treatment for 7 days twice daily. The
mother and the family member must be taught and advised on frequent breastfeeding to
prevent low blood sugar.

(Module on Integrated Management of Childhood lliness, 2016).

NATIONAL GUIDELINES ON
USE OF OXYGEN THERAPY FOR MANAGEMENT OF
NEWBORN AND PAEDIATRIC HYPOXAEMIA
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Oxygen delivery system

A complete oxygen delivery system comprises of its source, distribution, regulation and
conditioning, delivery and maintenance of the system. However, not all of these components
are always necessary or appropriate in different context.

5.1. Sources of oxygen

The sources of oxygen and its delivery method usually depend on the facility and the
availability of resources. The most common sources of oxygen will be used are cylinders
and concentrators (Annexure Ill).

Oxygen Cylinders Oxygen plant Bulk liquid oxygen

- Oxygen produced
in manufacturing
plants by cooling air
until it liquefies >
distilling the liquid
to separate pure
oxygen> passed
through a liquid
oxygen pump into
cylinders.

- Can be used

for any O2 need/
high pressure/
ambulatory/back up
for other support)

- Energy consuming
process

- Regular filling is
required

Can be used at
primary/2ndary and
possibly tertiary level
hospital

- It draws in air from the
environment, (21% O2
78% N2 and 1% other
gases)> extract the
nitrogen to leave almost

pure oxygen

-Supply oxygen at a
concentration of 90-96%
with a maximum flow rate
between 5-10 L/min?

- Deliver O2 bedside or
close proximity to patient
areas (up to 4 patients

at same time when used
with flow splitters or flow
meters)

- Portable

- Requires continuous
and reliable power

- Need cylinders for
back up

Can be used at
primary/2ndary and
possibly tertiary level
hospital

- Itis a large,
onsite, central
source of
oxygen that is
piped directly to
terminal units
within patient
areas.

- Can be used
for all O2 needs
including high
pressure supply

- Plants can
generate oxygen
and it requires a
reliable source
of power.

Secondary and
tertiary level

- Bulk liquid oxygen is
generated off site and
stored in a large tank and
supplied throughout a
health facility via a central
pipeline system.

- It can be used for all
oxygen needs, including
high pressure supply and
in facilities where power
supply is intermittent or
un-reliable.

Secondary and tertiary
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5.2. Distribution

To supply the oxygen as clean, highly pure and under stable pressure it is distributed via
central pipe system or within tube.

5.3. Regulation and conditioning

There are several devices which play different roles in regulation and conditioning of
oxygen gas for the delivery of O2 therapy to patients.

Thorpe tube flow meters are calibrated to a specific medical gas (oxygen or air) and
come in dedicated flow rate ranges appropriate for different patient groups (e.g.
neonate, infant, child, adult). (Annexure-1V)

Pressure regulator Devices for O2 regulation and
conditioning:

Regulator

Flow meter (Thorpe tube)

Flow splitter (flow meter stand)
Humidifier (heated and non-heated)
Blender

CPAP

Ventilator

(L]
0

seoes ||||ale

CECENICTIG

Figure-5: Humidifier bottle Figure-6: Flow splitting device (dual flow meter from a

single wall source for use in two patients)
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5.4. Oxygen delivery devices

There are devices those connect oxygen source with the patient for delivery of oxygen. The
selection of devices depends on clinical needs of patient and device capability. Among the
non-invasive devices, use of head box, face mask are discouraged now a days due to risk
of carbon dioxide accumulation (hypercapnia) which is harmful for children.

Description and comparison of different oxygen delivery devices: (Annexure V)

Nasal cannula or Nasal catheter Head box/Face mask
prongs

Type Semi invasive Semi invasive Non-invasive

Description Plastic tubes that Thin, flexible tube These are simple, partial

end in two short that is passed into rebreathing and non- rebreathing
tapered prongs that the nose and ends  type

are placed in the with its tip in the

nostrils. nasal cavity.

Clinical Low-flow oxygen Low-flow oxygen Higher flows are required to
application therapy therapy achieve adequate concentration
and/or use of oxygen and prevent carbon
case dioxide accumulation. (FiO2
needs to be tightly controlled)

Achievable Depends on the patient, but up to 50-55% Depending on the device, can be
FiO2 can be achieved varied from 21-100%.
Causes less -Lower cost -Non-invasive
:cntecjrferer:icg \l/(\{lth aItern:latlve tonasal _\ . increased risk of airway
ee "?_g’ rinking, cannulae obstruction by mucus or of
speaking -Less likely to be gastric distention.
dislodged.
Drawbacks -More costly than -More invasive than  -Can interfere with feeding,
nasal catheters. nasal cannulae drinking, speaking
-Risk of -Insertion requires  -Wasteful of oxygen.
dislodgement. skilled trained “Hypercapnia
nurse.

-Poor quality tape

can cause skin -Can become

trauma blocked with
mucus
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Description of different face masks for older children:

Simple face mask

Exhalation pavts\%
3
|

% 3

Oxygen inlet -+ )

Partial re-breathing
masks

Non-re breathing masks

Valves

Reservoir bag

Venture masks

==
' e N\

Minimum flow rate 5 L/min 02 flow
and maximum flow rate 10 L/ 56

min
Needs to be removed while /-8
eating and sleeping 9-10
Difficult to get a proper seal

Possibility of dryness of eyes
and accidental injury to eyes

No valve present at mask and in
between reservoir and mask

Minimum flow rate 8 L/min

Some amount of re-breathing is
allowed

Especially helpful in situation
where oxygen supply is less

Malfunction can lead to CO2
retention and suffocation

Valve present between reservoir
and mask

Minimum flow rate 12 L/min

Prolonged use is not
recommended and is also
uncomfortable

It is a high flow device Valve

Advantage of delivering exact
FiO2 Green
Red
Yellow
Orange

White

Blue

Source: Management Guideline for Paediatric COVID-19, 2nd edition, 2020

Resultant FiO2

24
28
32

Flow
Rate

15
10

FiO2

0.60
0.40
0.35
0.31
0.28

0.24
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Continuous Positive Airway

Pressure (CPAP)

Continuous positive airway pressure (CPAP) is a simple, inexpensive and gentle mode of
respiratory support for infants and children. It is thought to be a bridge or missing link
between oxygen therapy and mechanical ventilation in the respiratory management.

6.1. Definition

CPAP is a form of non- invasive ventilation where a positive pressure is applied in the airway
of a spontaneously breathing infant throughout the respiratory cycle and thus prevents
collapse of alveoli and terminal airway during expiration.

6.2. Background

In the early 1970s, Gregory et al. first described the clinical use of CPAP in preterm infants
with respiratory distress syndrome (RDS). After that CPAP was widely used in many centers
and till now it has proven its beneficial role regarding respiratory management of infants
and children worldwide.

6.3. Beneficial role of CPAP

e Prevents alveolar atelectasis by improving and maintaining functional
residual capacity (FRC)

e Corrects ventilation-perfusion abnormalities secondary to an
improvement in FRC

e Reduces intrapulmonary shunting
e Decreases total airway resistance
e Regularizes breathing pattern

e Reduces work of breathing

® |Improves oxygenation

e Reduces apnea

CPAP requires a source of continuous airflow (often an air compressor) and usually requires
an oxygen blender connected to an oxygen source. A CPAP system is available in some
hospitals but should be used only when it is reliable oxygen systems are in place, where
staff are adequately trained and when close monitoring is assured.
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6.

4. Indication of CPAP

6.4.1. Neonates:

Common indications:

1.

2.
3.
4

Respiratory Distress Syndrome (RDS)

Apnea of prematurity (especially obstructive apnea)

Post extubation in preterm VLBW infant

Transient tachypnea of Newborn (TTNB)/ delayed adaptation

Other indications:

1.

2.
3.
4.

Pneumonia

Meconium aspiration/ other aspiration syndromes
Pulmonary hemorrhage

Laryngomalacia/ tracheomalacia/bronchomalacia

In neonates CPAP can be provided in following ways:

All preterm infants (<35 weeks’) with any sign of respiratory distress (tachypnea/chest in-

Early CPAP:

drawing/grunting) should be started immediately on CPAP.

(Prophylactic CPAP in preterm babies is not recommended now a days,).

6.4.2. Infant and Children:

It is indicated for infants and children with severe respiratory distress, hypoxaemia or

apnoea despite receiving oxygen in conditions such as:

e Respiratory insufficiency associated with acute and chronic lung injury
® Pneumonia

e Acute severe asthma

e Bronchiolitis

e Congenital heart disease associated with increased work of breathing
® Post-extubation

e Obstructive airway disease

e Neuromuscular diseases

6.5. Contra-indication of CPAP

Conditions with imminent ventilatory support (severe cardio-respiratory compromise
and poor respiratory drive)

Certain congenital malformations of the airway (Choanal atresia / Cleft palate /
Tracheo-esophageal fistula/Congenital diaphragmatic hernia)

Progressive respiratory failure with PCO2>60 mmHg and/or inability to maintain
oxygenation (PO2<50 mmHg)
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6.6. CPAP delivery system

There are 3 components of a CPAP system: (a) gas source (b) pressure generator and (c)
patient interface. (Annexure VI)

To provide continuous supply of warm humidified and
blended gases i.e. air and oxygen

Pressure To create the positive pressure in the circuit. There are different types of

generator CPAP pressure generators like bubble CPAP, ventilator CPAP and flow driver
CPAP etc.

Patient To connect the CPAP circuit to the infant’s airway. There are various interface

interface/ used like nasal prongs (single/double or binasal), nasopharyngeal prongs,

delivery system  nasal cannula, nasal masks etc.

List of different patient interface for CPAP:

Patient Interface | Advantage Disadvantage

« Minimal nasal trauma » Adequate seal cannot be obtained

Nasal prongs « Simple device - Difficult to fix

« Lower resistance leads to greater  « Risk of trauma to nasal septum and
transmission of pressure turbinates

6.7. Initiation and maintenance of CPAP

Initiation of CPAP Maintenance of CPAP
(How to proceed?)

o Pressure (PEEP): Start at 5 cm H20 o Pressure (PEEP): Increase in steps of 1-2 cm H20 to
. Fi02:0.3-0.4 reach a maximum of 8 cm H20

« Flow: 5 L/min e FIO2: Increase in steps of 0.05 (if oxygenation is still
compromised) up to a maximum of 0.8

o Flow: Usually constant

CPAP is considered optimum when the baby on CPAP
e |s comfortable and pink

e Has normal capillary filling time

e Has normal blood pressure

e Has no respiratory distress

¢ No cyanosis

e Audible air entry on auscultation

e SPO2 within normal range (according to age)

e Optimal chest expansion (Chest Xray in supine: Posterior intercostal space 7-8)

Weaning from CPAP:
Infants clinical condition will guide the speed of weaning

- When baby is haemodynamically stable, with no signs of respiratory distress, adequate
lung expansion in chest X-ray, attempts should be taken to wean from CPAP

- Reduce FiO2 in steps of 0.05 to 0.3, and then decrease pressure in steps of 1-2cm H20
until 3-4 cm H20
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*Respiratory distress can be assessed by using Silverman-Anderson score which can be
done clinically.

Chest movement Equal Respiratory lag Seesaw respiration
Intercostal retraction None Minimal Marked
Xiphoid retraction None Minimal Marked
Nasal flaring None Minimal Marked
Expiratory grunting None Audible with Audible without
stethoscope stethoscope

[Avery ME, Fletcher BD. The lung and its disorders in the newborn. Philadelphia, W.B.
Saunders Company. 1974 (Courtesy of W.A. Silverman)]

Interpretation:
Score: 4-7 = Respiratory distress

Score: >7 = Impending respiratory failure
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Humidification

Some oxygen delivery methods require use of humidifiers for the patient's comfort. As lack
of humidified gas leads to dry nose, dry throat and nasal obstruction.

7.1 Bubble humidifier

Unheated Unheated bubble humidifiers can be used when oxygen is delivered by
cylinders through a nasal catheter.

Heated Heated humidifiers are more effective than unheated ones however, they
are moderately expensive and require a continuous power supply.

7.2. Recommendation

e Humidification is required if oxygen is delivered from a cylinder as it provides cold
oxygen. Concentrator provides oxygen at room temperature, so humidification is not
required.

e When oxygen is delivered at a standard flow rate (0.5-1 L/min for a neonate, 1-2 L/min
for an infant, 1-4 L/min for an older child) through a nasal catheter or nasal prongs,
humidification is not necessary.

e Temperature should be set manually/automatically at 37°C.

7.3. Safety of humidifier

A major concern with regard to water humidifiers is bacterial contamination. Humidifiers
filled with tap water may be contaminated and can increase the risk of nosocomial infection.

Monitoring children while on

oxygen therapy

Oxygen administration by any method must be supervised by trained personnel to detect
and manage complications appropriately.

8.1. Clinical monitoring:

e Signs of respiratory distress: respiratory rate, chest indrawing

e Any slow or shallow breathing (signs of inadequate ventilation)
e Consciousness level (irritable or drowsy)

e Perfusion - CFT, BP, peripheral pulses, urine output

e Position of nasal prong or catheter (3 hourly check at least)
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e Blockage of prongs/catheters with mucus secretion
e Connections are secure for interface

e Any injury at interface site

e Oxygen flow rate

e Abdominal distension especially who is in CPAP

e Settings: FiO2, PEEP and flow

(Chest X-ray to see adequate lung expansion in CPAP and lung condition for other diseases)

8.2. Pulse oximetry monitoring

Sick patients require continuous monitoring with pulse oximetry and can be tested for
weaning off oxygen when clinically stable.

If pulse oximeter is inadequate in number, then at least 4 hourly all patients on oxygen
support should be monitored and tried for oxygen off.

Criteria for stoppage of oxygen

¢ No signs of respiratory distress
e Baby is haemodynamically stable

e Adequate lung expansion in chest X-ray

*If these conditions are met, then trial of weaning from oxygen should be given daily.

During trial for stopping oxygen:

e Take off the oxygen (unless he or she has severe respiratory distress)
® Monitor the SpO2

e If the SpO2 is > 90% 10-15 min after the child has been taken off oxygen, leave the
oxygen off

® Check the SpO2 againin 1h
e |f the SpO2 is < 90%, resume oxygen

e Each day, record the SpO2 and pulse rate on the patient’s monitoring chart, and
record bedside to determine sufficient supply of oxygen

**Children should not be discharged until their SpO2 has been stable at > 90% while
breathing room air for at least 24 h, until all danger signs have resolved and appropriate
home treatment can be organized.

(Supplemental oxygen is best interrupted first in the morning, when there are likely to be
adequate staff to observe the child throughout the day. If supplemental oxygen is discontinued
in the late afternoon, the presence of few overnight staff and the oxygen desaturation that
sometimes occurs during sleep might increase the risk for unrecognized hypoxemia during
the night.)
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Care of a baby when

receiving oxygen

1. Handling « Gentle handling.

« Painful procedure and unnecessary stress should be avoided

2. Airway
(i) Positioning » Head raised about 30° with neck support can improve breathing.
« Some hypoxic neonates and young infants may be more stable in the
prone position, as long as their faces are not obstructed.
(i) Suctioning « Assessment of secretions in the nose and mouth.
+ Suctioning is recommended only when required.
«  When the secretions are thick, moisten the nares with normal saline or
sterile water
3. Fluid and - Withhold oral feeds while the child has severe respiratory distress to
nutrition: avoid the risk of aspiration
« Ensure good nutrition as soon as respiratory distress resolves
4. Interface « Ensure prongs/ catheters are fit snuggly into the nares.
«  Watch for symmetry of nose, blanching of the skin and any skin break
down.
« Ensure distance between columella and nasal prongs
5. Cap « In CPAP, the cap should cover the ears and fit snugly.

« Watch for twisting of the nasal interface, blanch the tip of nose and
assess for perfusion integrity

6. Oxygen delivery -+ To check whether flow rate is perfect or not in any delivery system. In

system CPAP, the set pressure (PEEP), FiO2, flow rate needs to look for.
e Bubble chamber should be monitored for bubbling and the level of
water.
7. Humidifier « Set temperature of 37°C on the humidifier

- Adequate water in the chamber

« No condensation in the inspiratory limb and some condensation in the
expiratory limb are proof of good and adequate humidification.

» The humidification chamber should be set at invasive mode in automatic
humidification.

8. Orogastric tube  Pass an orogastric tube and keep the proximal end of tube open. If the
infant is being fed while on CPAP, close the tube for half an hour after
giving feeds and keep it open for the next 90 minutes (if fed 2hourly)

9. Skin Watch for color, perfusion, areas of pressure points and areas of skin
excoriations
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Oxygen toxicity

Oxygen toxicity results from exposure to high concentration of oxygen. It has several
harmful effect on body. Oxidative damage may occur in any cell of the body but mostly
affected systems are as follows:

Body System Effects of hyperoxia

Central Nervous System Convulsion, unconsciousness
Respiratory System Chronic Lung Disease
Eyes Retinopathy of Prematurity

In preterm infants, the retina is often not fully vascularised.
Retinopathy of prematurity occurs when the development
of the retinal vasculature is arrested and then proceeds
abnormally. Associated with the growth of these new vessels
is fibrous tissue (scar tissue) that may contract to cause
retinal detachment.

Infection prevention measures

Besides maintaining aseptic precaution for handling of respiratory equipment, following
criteria should be met in all health care facilities:

e There will be IPC committee and IPC guideline in the facility

e All staff will be aware of IPC guideline and instructions will be available at each point of
care

e All health care providers will have knowledge on rational use of PPE (personal protectiv