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Objectives

» Review stages lung development

» Discuss goals of respiratory support in extremely low birth weight (ELBW)
infants

» Understand the benefits of non-invasive ventilation
» Review evidence for various invasive ventilation techniques
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Overview

» Extremely premature infants require prolonged respiratory support and are
at high risk for morbidity and mortality from respiratory distress syndrome
(RDS) in the first few days of life.

» Bronchopulmonary dysplasia (BPD) accounts for one of the main
morbidities in surviving ELBW infants.

» Rates of morbidity, including BPD, are increasing as the age of periviability
Is decreasing and survival is increasing.

» Optimal ventilation techniques for this population is continually being
investigated and vital for decreasing morbidity.
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Stages of lung development

e

Stages Airways Arteries / Capillaries
Trachea Extrapulmonary artery
34 days
Embryonic < Lobular artery
4-T7 weeks 44 days
/ Bronchi (~10) ﬁ Pre-acinar arteries
‘ (conventional +

supernummeranes)

7 5-17 weeks
Pseudoglandular Bronchioles (~4)

5-17 weeks

Respiratory Intra-acinar arteries
Canalicular bronchioles (4) [ 18-25 weeks
16-26 weeks i _,(\_,\
Saccular 9\ E Alveolar duct arteries
24 woaks - tarm Alveolar ducts (4) 25 weeks - 18 months postnatal
Alveolarization Saccule (1) 5 Microvascular maturation
36 weeks - ~21 years | | 36 weeks - ~21 years
[ Alveoli Alveolar Capillaries
Schittny . Development of the lung. Cell Tissue Res 36 weeks - ~21 years
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Presenter
Presentation Notes
The phases of lung development overlap and do not develop sequentially per se. Additionally development typically starts cranially then goes caudally. Therefore, the lungs in prematurely born infants are at different stages of growth in different areas. 
Many of our ELBW infants are resuscitated during the canalicular and saccular phases of lung growth. At these stages, they have respiratory bronchioles which typically are seen as the main conducting airways which move air and not utilized for gas exchange. However, surfactant is starting to be produced in small amounts at the end of canalicular and beginning of saccular phase roughly at 22- 24 weeks and therefore some rudimentary gas exchange can occur. This is imperative to survival but also these babies need lots of additional support including help maintaining lung inflation. 
Regardless, most gas exchange requires the large surface area that occurs during alveolarization stage and having a complete vascular system. This stage is imperative to lung growth during childhood including lung regeneration. And our hope is to promote that stage of growth during the nicu stay. 



Image Schittny JC. Development of the lung. Cell Tissue Res. 2017 Mar;367(3):427-444. doi: 10.1007/s00441-016-2545-0. Epub 2017 Jan 31. PMID: 28144783; PMCID: PMC5320013.


Goals of respiratory support

» Premature lungs, especially at the canalicular and saccular phases of
development, are particularly susceptible to trauma including pulmonary
interstitial emphysema, air leaks, and infection.?

» Prevent lung damage particularly volutrauma and barotrauma.

» Promote lung growth and development particularly alveolarization and
proper angiogenesis.

» Prevent bronchopulmonary dysplasia (BPD)

~ Associated separately with poor neurodevelopment and decreased lung
function (FEV,) in adulthood.?

LOMA LINDA UNIVERSITY CHILDREN’S HEALTH


Presenter
Presentation Notes
We need to promote the appropriate lung development in an extra-uterine environment as much as possible. 

Volutrauma and oxygen levels incite inflammatory response that leads to impaired alveolar growth, impaired vascularization and decreased ability to repair. (norman)


Non-invasive ventilation (NIV)

» NIV is the mainstay of respiratory support in ELBW infants and best
modality to prevent BPD and ventilator-induced lung injury (VILI).

» It is utilized to maintain FRC in the easily collapsable lungs and decrease
the need for invasive mechanical ventilation.

» Nasal CPAP is the most common non-invasive modality utilized
~ The optimal pressure aimed to maintain FRC is not known

~ Comparison of 7 - 9 cm H,0 versus 4 - 7 cm H,0 showed lower rates of
reintubation in higher pressure group?

~ May have side effects including distension
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Non-invasive ventilation (NIV)

» Non-invasive positive pressure ventilation (NIPPV) has been studied as
first intention with efficacy in preventing need for mechanical ventilation,
BPD, air leak, and nasal injuries*

» A RCT showed a 37% relative reduction in respiratory failure of NIPPV in
comparison to nCPAP®

» Additional trials have shown a decrease in extubation failure with NIPPV®

~ NIPPV may lead to higher airway pressures over time leading to
success?

LOMA LINDA UNIVERSITY CHILDREN’S HEALTH


Presenter
Presentation Notes
NIMV may lead to higher airway pressures over time leading ot success 



Non-invasive ventilation

» Complications on NIV, especially in very preterm neonates occur, including
nasal breakdown

~ Studies have shown efficacy in alternating mask and prongs with
barriers to prevent nasal breakdown’
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Invasive ventilation

» Overall, many ELBW infants, especially at 22 — 24 weeks may require
Invasive mechanical ventilation.

» Conventional ventilation has been the mainstay of neonatal care and
historically utilized pressure-limited ventilation.

» Comparison of volume-limited ventilation to pressure-limited ventilation
showed less hypocapnia and improved successful extubation in <24
hours?

» Volume-control ventilation also showed improved weaning and shorter
duration of MV in comparison to pressure-targeted ventilation.®

» Assist Control VG (AC/VG) is recommended as the additional triggered
breaths result in decreased work of breathing and reduced pressure.?
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Presentation Notes
As gestational age increases, the need for invasive, particularly prolonged invasive mechanical ventilation, decreases. 


Invasive ventilation

» High-frequency oscillator ventilation (HFOV) is protective against
volutrauma due to the small tidal volumes while allowing for open lungs at
low airway pressures.!?

» HFOV in comparison to CV have shown improvement in BPD.?
~ Slightly higher incident in air leaks
~ Decreased IVH due to decreased fluctuations in cerebral blood flow
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Invasive ventilation

» High-frequency jet ventilation (HFJV) has become increasingly used as
first-intention in ELBW neonates due to small tidal volumes and decreased
alveolar exposure to high pressures.

~ HFJV may decrease BPD in comparison to conventional ventilation0-11

» Decrease in BPD rates was not necessarily seen when used as rescue
modality.

~ However, there is improved survival and healing from air leaks in
comparison to CV with HFJV.11
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anagement of an Intubated Infant Admitted to the LLUCH Tiny Baby Unit
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Presenter
Presentation Notes
With all of the different evidence this is the guideline at LLUCH


Many more topics interrelated to
optimal ventilation

» Antenatal corticosteroids
» Caffeine

» Surfactant

» Oxygen targets

» Postnatal corticosteroids
» Nutrition

» Many others!
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Conclusions

» Optimal aspects of respiratory care will evolve as resuscitation of more
extremely immature neonates continues.

» Promoting non-invasive respiratory support continues to be the best for
preventing ventilator-induced lung injury in ELBW neonates.

» Volume-targeted ventilation, HFJV and HFOV are currently the most lung
protective invasive ventilation modalities for ELBW neonates.
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High Frequency Jet Ventilation Management Strategies for LLUCH Tiny Baby Unit

HEJV as first intention on < 25 weeks GA Ventilation
Oxygenation Initial PEEP 5 =7 cm H20 Goals
G';E'l'_;zts Initial PIP 22 — 24 cm H20 pCO2 45-55
Rate < 24 weeks 300 bpm
Rate 24-25 weeks 360 bpm
—~—— Initial i-Time 0.02sec

‘.--"--- .
5p02 < 20% on S5p02>97% on pH = 7.35 pH< 7.25
FiD2 =z 0.6 FiD2 < 0.6
L

pH 7.25-7.35

pCO2 < 45

pC02 =55
4 r ¥
HETEE-?E _ e L ! I'/_ _‘\ |/_ N "’rlncreasle PIP increments of 2_\"
Mal_l'ita.ll'i same AP if _ cm H20 until goals met.

ventilation adequate. Wean FiO2 as tolerates to Wean BIP by 1-2 em H20 Evaluate:

Maintain 3-5 sigh breaths for = maintain sat goal with aim of To maintain g:;al ventilation .
1 hour FiD2 of 0.21. )

Evaluate:

If Sp02 =»97% on Fi02 of < 0.4,

wean PEEP by increments of 1
If PEEP is < 7 cm H20, consider

1. Need for suctioning
1. Need for suctioning

2. CXR > & ribs and heart size
3. FPAW > 20cm H20 with

Monitor pCO2 trend by TCOM
if skin is mature.
If PIP <17 or AP <10, consider

2. Airtrapping
3. if PIP= 40 cm H20, consider

increasing iTime
extubation® extubating to NIMV* 4. If PIP approaches 50 cm
refractory hypoxia consider H20 and iTime > 0.03, consider
HEQV S \_ J \_ Yy, \_ HFOV y
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Assist-Control Volume Guarantee Management Strategies for the LLUCH Tiny Baby Unit

/ Infant intubated on ACVG
Obtain CXR to monitor expansion and ETT in
appropriate position
Initial settings:

Observations:

- Gas outside range

- Inereasing FIO2

- Apnea, hypetension

Iif mild acidosis, increase V¢ 0.5 mL/kg
If moderate or severe acidosis, and/or infant

6 ml/kg
PEEP 5-7 cmn H20
- Rate 25— 40 bpm
- Pmax 35-40
.\ Setappropriate maxiTime

If infant is comfortable, normal expansion, and
blood gas in goal range*, no change
Wean by 0.5 mL/kg with a minimum of 5 ml/kg

h 4

Evaluate for extubation:
-MAP < B-10cm H20
- Consistent respiratory rate/breathing
Fi02 < 0.3 consistently
- Extubate to NIMV: PIP 18-24, PEEP 5-7 and

Rate 20-40 bpm

Essentials of Successful VG ventilation:
Infant 25-30 wk GA, intubated on ACVG
PIP limit (Pmax) is set well above working PIP to avoid
fluctuations in PP and to avoid frequent alarms
The PIP reaches a plateau before expiration
Theset VT is high enough to support the infant’s

breathing effort
The Tiduring PSV is not too short, thatis < 0.2 — 0.25s5
The circuit gas flow and PEP are adequate for the

infant's condition

*Goals:
pH7.25-735
pCO2: 35-55 (infants »1-2 weeks of age may
have higher CO2 allowing for permissive hypercapnia)
Base deficitupto—6
Fi02 0.21

riding vent, considerincrease Vrby 1 mL/kg AND

rateby 5 bpm /

Observations:

- Low saturations and
tachypnea

- Persistently low PIP
with blood gas cutdde
of range

F

Troubleshooting: \
- Inadequate PEEP
- Inadeguate iTime
-VTtoo low may increase up to & ml/kg
- ETT leak is too large (should compensate ~
80%)
- Check position of flow sensor relative to

infant’s head position /

Ewvaluate und erlying pathology, such as PIE that
may require HFJV




	 �Approach to Early Ventilation in Extremely Premature Infants
	Disclosure
	Objectives
	Overview
	Stages of lung development 
	Goals of respiratory support	
	Non-invasive ventilation (NIV)
	Non-invasive ventilation (NIV)
	Non-invasive ventilation 
	Invasive ventilation 
	Invasive ventilation 
	Invasive ventilation 
	Slide Number 13
	Many more topics interrelated to optimal ventilation
	Conclusions 	
	References 
	References 
	Slide Number 18
	Slide Number 19

