Augmenting Spontaneous Respiration in

Respiratory Failure

Dr. Tsoi Nai Shun

Department of Paediatrics and
Adolescent Medicine

Queen Mary Hospital, Hong Kong SAR




Content

» Benefit of synchonise ventilation
» Ventilator induced Diaphragmatic
Dysfunction

* How to improve patient synchrony
- Cuffed endotracheal tube
- NAVA



Benefits of Synchronisation

+ Decrease ventilation perfusion mismatch
+ Decrease alveolar collapse

+ Less sputum retention and Ventilator
Associated Pneumonia (VAP)

* Prevent respiratory muscle dysfunction

+ Less complications relative to heavy
sedation and neuromuscular blocking agents

* Facilitate early extubation
* Improve sleep quality



Benefits of Synchronisation

Always challenging in children
+ Patient in-cooperation
+ Small tidal volume, fast respiratory rate
+ Leakage around endotracheal tube

* Success hot simply related to ventilator
hardware or medications but more on skills
of medical and nursing staff

* NO best ventilator settings, need to
customise according to individual need



Ideal Mode of Ventilator Support

» Synchronise ventilator support on every
spontaneous breath

+ Sensitive trigger but with minimum false
trigger

* Minimum delay

+ Termination of inspiratory cycle according to
patient need (breath to breath variation)

» Adequate time to complete expiration
* Ventilator support according to patient need

- More demand -> higher support,
proportional to pafient's effort

- Avoid muscle fatigue but prevent getting
disuse atropy / dysfunction



Problems with patient asynchrony

+ At least 25% asynchrony in ventilated
patients

* More patient discomfort

+ Sleep fragmentation

* More sedative

* Prolonged ventilator duration

* More ventilator induced injury



Problems with Ventilator Asynchrony

Double triggering  Early cycling off  Trigger delay Wasted efforts Auto triggering
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Oppersma, Critical Care 2013




S Levine et al, Rapid Atropy of
Diaphragm Fibres in Mechanically
Ventilated Humans, New Engl J
Med, 2008. vol 358

Fiber Cross-Sectional Area (um?

*Study on muscle biopsy of
e el diaphragm of 14 brain dead cases
ventilated for 18-69 hours with 8
infraoperative controls ventilated
for 2-3 hours

‘Marked atropy of diaphragm

Study in rats: diaphragmatic inactivity
and ventilation for > 18 hours ————,
associated with wasting of diaphragm




AS Knisely et al. Abnormalities of
diaphragmatic muscle in neonates with
ventilated lungs. J Paed, Dec 1988.

‘Post-mortem examination of 13 neonates
ventilated for > 12 days

‘Diffused diaphragmatic muscle fibre atropy

‘Not present in infant ventilated for 6 days
or less



Leakage issue

* More common in neonate and
children related to use of
uncuffed endotracheal tube

+ Ineffective ventilation
especially with volume targeted e
ventilation c:‘;l(;:t:g(

» Unreliable trigger
- Autotrigger
- Delay response



Leakage issue

- Abdominal sensors
- Satisfactory response
- Not very reliable :

k.
* Neurally Adjusted .

Ventilatory Assist (NAVA)




Problem with Traditional Cuff Endotracheal Tube

* Downsize design mainly
from adult

- Upper border of cuff
may be around the
subglottic area resulting
in more ischaemia




Microcuff ET tube

Short, cylindrical cuff placed near

the tracheal tube tip

— secunng cuff placement in the trachea,
not in the pressure-sensitive larynx

&\{/ B Anatomically-based intubation depth
mark results in correct placement

and a cuff-free subglottic zone®

B Four precision bands to facilitate and

confirm optimal tube placement
Vocal Cords

Cricoid
Ring

Micgocurr* tube is designed for pediatric airway




- With traditional PVC material

- Newer ET tube cuff use

Leakage with Cuff tube

(thickness >50micron) for cuff,
seal is not complete and require
higher cuff pressure

olyur'e'rhane (thickness
Om|cr'o‘2 better seal with
lower cuff pressure

+ Specially designed features for
heonates




Benefit of New ET tube design

Minimise leakage with low cuff inflation pressure

More success in volume limited ventilation in neonate
and infant

More reliable trigger, better synchronisation

Decrease risk of aspiration, less incidence of
ventilator associated pneumonia

Most studies in anaesthesia on short term use
Long term study in PICU still pending



Pressure Support Mode

»+ Commonly used weaning mode of assisted ventilation

- Constant pre-set positive pressure is maintained
through out the inspiration

» Algorithm for termination of inspiratory cycle

- Flow decrease to a predetermined fraction of the
peak flow

- Airway pressure higher than set upper pressure
limit S

- Termination not possible when above 2 not
fulfilled (mainly related to severe leakage)

Flow fermination set o 30% of peak flow.

Because of leakage, flow always > 30%

Ventilator will not switch to expiration until it reach the internal preset

safety setting (maximum inspiratory time)
Infant 1.5 sec, Adult 2.5 sec

Can be much longer preset inspiratory time in control breath




Airway N PAV, NAVA

_Pressure ASV, SmartCare™
ventilator assistance

Pressure Support,
== PACY, SIMV

ACV, VA

-
Patient's effort (Pmus)

Francois Lellouche, Best Practice & Research Clinical
Anaesthesiology 23 (2009) 81-93




Neurally Adjusted Ventilatory Assist (NAVA)

Processing and ampli-
fication of diaphragm
electrical activity, EAdi

Triggering and

controlling  a Proposed method
SRR hl‘.-f"'"*l to identify
Litration Session NAVAAL dur-
ing a NAVA level
titration session

Ventilator

liters Vi(t)
Electrode array from naso- — ~_
gastric tube, placed at the

level of the diaphragm

Fig. 1. Poncples of neurally adjusted ventlatory wssist (NAVA) [1). The digphragm clectrieal activily (EAd) denved [rom electrodes on @ nuso-gastoe eeding
tube Is first amplified and processed. The CAdI signal is then multiplied by an adjustable gain factor (NAVA level) and used to control the pressure generator of a
mechanical ventilator, Thus, NAVA delivers pressure to the alrways (1", ) In direct syachrony and linear proportionality to the patient’s neural inspiratory drive as
reflected by the CAdi (1, ()  CAditt) - NAVA.,o(f). VU tidal volume, NAVA, . NAVA level that provides adequate unloading of respiratory muscles,




- g:jﬁma,wgfw— - —ia 1. Raw signals
et A o o . .

. s S 2. Signal with ECG
filtered, mainly
diaphragmatic
activities

3. Further enhancement
according to location
of strongest Edi

4. Displayed Edi




Neurally Adjusted Ventilatory Assist (NAVA)

+ Electrical diaphragm
activity (EDI?

Better response time

More sensitive and reliable
trigger -> less autotrigger

Monitor whole respiratory
cycle
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Edi (%)|

Post-polio

IUs
* A ﬁ Time (s)
n ﬁ | If the digphragm becomes weaker and/or the inspiratory load
l - ~ M . . - -
q increases, the diaphragms electrical activation must increase to
L 2 2 . A
Edi ( /0)[ maintain a given volume. (Adapted from Sinderby et al JAP 1998)

Amplitude of EDI signal proportional to respiratory drive
Higher EDI -> higher pressure support
Support adjusted according to demand -> less
diaphragmatic muscle dysfunction
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M Alander et al, Comparison of Pressure-, Flow-, and
NAVA-Triggering in Pediatric and Neonatal Ventilatory
Care. Pediatric Pulmonology 2012

- Study on 18 patients (30 weeks gest, to 16 yrs)
» Trigger modes: pressure, flow, NAVA

- NAVA 8%
- Pressure 33.4%
b FIOW 30.870

* Peak ventilation pressure lower by 2cmH,O with
NAVA group

- Tidal volume remain same
* No difference in oxygen requirement



S Delisle et al, Sleep quality in mechanically ventilated patients:
comparison between NAVA and PSV, Annals of Intensive Care. 2011

»  Pressure support mode associated

Table 3 Comparison of sleep quality between the WiTh increase no. Of cenTraI apnea
ventilatory modes . .

= S -> compare with assist control

' ventilation

* Day fime ventilator assistance
might be too excessive when
patient is sleeping,
hyperventilation during sleep.

PSV = pressure support ventilatione NAVA = newrally adjusted ventilatory . Oesophageal pr‘essure COI"I"@IGTC

assist; REM = rapid eye movement; Fragmentation ndex = number of arousals better paTienT Comfor'T dur'ing

and awakenings per hour of skeep; Seep efficiency = duration of sleep/tota

duration of recording. S|eep

Values are expressed & median [interquartile range). i NAVA ShOW@d hear nor'mal
percentage of REM sleep,
decrease in sleep fragmentation

U001 *

.') ~ 10N
p < QUL

PAV studies also showed improve sleep fragmentation



Problems with Ventilator Asynchrony in NIV

Suboptimal ventilator asynchrony related to respiratory
mechanics, neural drive, ventilator settings, type of
interface, air leak problem

Possibility with synchrony with the upper airway

Pharyngeal and glottic region important in controlling the
upper airway patency

Flow, pressure and chemo sensors in the airway
contribute to the glottic tone

Studies in animals and human showed NIV may result in
narrowing of the upper airway during inspiration

Oppersma, Critical Care 2013



Hadj-ahmed etal, Absence of inspiratory laryngeal constrictor muscle
activity during nasal NAVA in newborn lambs. J Appl Physiol April 2012
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» Study on 8 lambs of 4-9 days old

+ Electrodes over the thyroarytenoid (EAta),
cricrothythyroid (EAct), diaphragm (EAdi).



Hadj-ahmed etal, Absence of inspiratory laryngeal constrictor muscle
activity during nasal NAVA in newborn lambs. J Appl Physiol April 2012
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More EAta activities during PSV than NAVA
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With NAVA
» Glottic closure not significantly affected

More gradual rise in pressure support according
to Edi activities

Better response fime
Breath to breath variation

Regulation of the upper airway is complex and
affected by Positive Pressure Ventilation, more

research needed
Oppersma, Critical Care 2013



Summary

Unless strongly indicated, avoid deep sedation
especially neuromuscular blocking agents. More
prone to develop diaphragmatic muscle dysfunction

Whenever possible, allow more spontaneous
respiration and early extubation to non-invasive
ventilation

Approach to triggering include decrease ET tube
leakage with cu??ed endotracheal tube and NAVA

More comfortable ventilation -> Less stressful ->
Higher sleep quality -> Improve time fo recovery

Key to success
- Good nursing care
- Prevention of ventilator associated pneumonia
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