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Heterogenelty of
neuromuscular
disorders in
children

Motoneuron
- SMA

Peripheral nerve
- Metabolic
- Hereditary

Neuromuscular
junction
- Myasthenia

Muscle
- DMD, myotonic D.
- Cong. myopathies
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Interfaces for long-term noninvasive positive
pressure ventilation in children
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Long-term ventilation in children: longitudinal trends

and outcomes

Catherine M McDougall,' Robert J Adderley,” David F Wensley,* Michael D Seear'

Table 1 Details of long-term ventilation (LTV) patients by epoch of initiation of LTV

Number of patients (% of total)

1995-1999 2000-2004 2005-2009
(n=17) (n=53) (n=74)
Mode of support
Tracheostomy ventilation 6 (35) 9(17) 13 (18)
Non-invasive CPAP 0 (0) 5 (9) 17 (23)
Non-invasive bilevel support 11 (65) 39 (74) 44 (59)
Time dependent on ventilation
24 hid 2(12) 6(11) 9(12)
<24 hid 15 (88) 47 (89) 65 (88)
Diagnostic category
Neuromuscular disease 11 (64) 30 (57) 26 (35)
Spinal injury 1(6) 3 (6) 5(7)
Abnormal ventilatory control 1(6) 7(13) 11 (15)
Airway malacia 2(12) 3 (6) 6 (8)
Craniofadal/OSA 1(6) 6 (11) 16 (22)
Other 1(6) 4(7) 10 (13)
Trigger for initiation of LTV*
Failure to wean from ventilation 5 (29) 5 (10) 18 (25)
Acute illness 6 (35) 9(17) 16 (22)
Sleep study results 2(12) 14 (26) 24 (33)
Symptoms of sleep-disordered breathing 3(18) 13 (26) 7(10)
FVC<20% 0 (0) 7(13) 2(3)
Other 1(6) 4 (8) 5(7)

McDougall et al. Arch Dis Childh 2013;98:660



NIV for children with NMD in Rome

@ Muscular Dystrophies

w Cyslic Fibrosis
w Myopathies

& Obesity — 3 4%
i Cerebral Palsy

w Prader-Willi Syndrome

i Spinal Muscular Atrophy
w Encephalopathies e’
- Ondine/Rohhad Syndromes

w Others

Fig 1. Indications for non-invasive ventilation: authors experience at Bambino Gesil Children's Research Institute { Rome, Ttaly).

Pavone et al. Early Human Development 2013;89:S25



Is there an optimal ventilatory
mode for neuromuscular children ?

* Ventilatory modes
— principles



Volume targeted Pressure targeted Target volume
ventilation ventilation with variable
pressure support

Tidal stable variable « guaranteed »
volume
Pressure variable stable variable (within
targets)
A NN N
Avantages known tidal volume  known IPAP control of IPAP
leak leak compensation
compensation « guantanteed »
tidal volume
Limitations  no leak variable tidal possibility to
compensation volume guarantee tidal

no control of IPAP volume......
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Target volume
pressure support

IVAPS

AVAPS

Astral

Life support ventilators




Pressure

Target volume with variable
pressure support

Time 1 minute

Pressure

(mb) 1)

Time

Entire night



Target volume with variable
pressure support and back up rate
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Time 1 minute

Respiratory o
rate 20.0
(bpm) :
(1]

Time

Entire night



Is there an optimal ventilatory
mode for neuromuscular children ?

* Ventilatory modes

— efficacy
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Intensive Care Med (2010) 36:1008-1014

DOI 10.1007/s00134-010-1785-9
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ORIGINAL

Are home ventilators able to guarantee
a minimal tidal volume?

Evolution of IPAP and VT during mouth leaks
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Monitoring of Noninvasive Ventilation by
Built-in Software of Home Bilevel Ventilators

A Bench Study CHEST 2012: 141(2):469—476

Olivier Contal, MS PT: Laurence Vignaux, MS PT: Christophe Combescure, PhD;
Jean-Louis Pepin, MD, PLD: Philippe Jolliet, MD: and Jean-Paul Janssens, MD

Difference in leaks calculated on the bench and given by the in-built software
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Monitoring of Noninvasive Ventilation by
Built-in Software of Home Bilevel Ventilators

A Bench Study CHEST 2012: 141(2):469—476

Olivier Contal, MS PT: Laurence Vignaux, MS PT: Christophe Combescure, PhD;
Jean-Louis Pepin, MD, PLD: Philippe Jolliet, MD: and Jean-Paul Janssens, MD

Difference in tidal volume calculated on the bench and given by the in-built software
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Original Article

Pressure SupportVersus Assisted Controlled Noninvasive
Ventilation in Neuromuscular Disease

Karim Chadda,’ Bernard Clair,! David Orlikowski,’ Gilles Macadoux,' Jean Claude Raphael,'
and Frédéric Lofaso!-2*

13 adults with NMD requiring NIV, 3 modes in a random order, duration 25 min

Arterial Blood Gas and Respiratory Parameters During SB, ACV, APVC, and PSV

SB ACV APCV PSV ANOVA, p

V., L 0.31+0.12 0.71 £ 0.20° 0.74 + 0.294 0.77 £ 0.237 <0.0001
RR, breaths/minute 21 +6 17+ 2 16 +3 13 +£37 <0.0001
VE, L/minute 6.0+1.8 122+ 337 11.8 £ 5.0° 97+1.8 <0.0001
T,s 142 +£045 1.37 +£0.24 1.41 +£0.28 1.64 +£0.32 0.08
V;/T,, L/second 0.23 £ 0.06 0.54 + 0.20° 0.54 +0.267 0.48 +0.137 <0.0001
Vi max, L/second 0.30 £ 0.10 0.59 +0.19 0.76 £ 0.24 0.83 +0.19% <0.0001
PaCOQ, mmHg 51+ 8 43+ 8 45+ 13 43+ 7 <0.005
PaO,, mmHg 74 + 10 80 + 11 84 + 11 84 + 12 <0.005
pH 7.39+ 0.05 7.43 £ 0.05 7.43 £ 0.06 7.44 +0.05 <0.005

Abbreviations: SB, spontaneous breathing; ACV, assisted controlled ventilation; APCV, assisted pressure-controlled ventilation; PSV, pressure-
support ventilation; V., inspiratory tidal volume; RR, respiratory rate; Vi, minute ventilation; T,, inspiratory time; V./T,, mean inspiratory
flow; Vi max, maximal inspiratory flow.

Neurocritical Care & Volume 1, 2004
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Randomized trial of ‘intelligent’ autotitrating ventilation versus
standard pressure support non-invasive ventilation: Impact on
adherence and physiological outcomes

Juria L. KELLY,* JAY JAYE,* RAcHEL E. PICKERSGILL, MicHELLE CHATWIN, MARY J. MORRELL AND

7/18 patients NM

ANITA K. SIMONDS

Respirology (2014) 19, 596-603

Table 2 Ventilator output and adherence to therapy following treatment with iVAPS and standard PS non-invasive

ventilation

Median difference
between treatments

iVAPS Standard PS (95% ClI) P

Ventilator settings (n = 18)

PS minimum and maximum 5.0 (5.0-5.0)-17.5 (15.0-18.0) n/a n/a n/a

boundaries (iVAPS) (cmH,0)

PS (standard PS) (cmH;0) n/a 10.0 (9.0-11.4) n/a n/a

EPAP (cmH,0) 7.8 (6.0-9.0) 7.3 (6.0-9.0) 0(0to 1) 0.77

RR (bpm) 16.5 (14.0-21.0) 12.0 (12.0-13.0) 4.7 (2.3t07.3) 0.001%

Target Va (I/min) 4.9 (4.1-6.1) n/a n/a n/a
Ventilator output (n = 16)

PS delivered median (emH,0)* 8.3 (5.6-10.4) 10.0 (9.0-11.4) -2.2(-4.5100.3) 0.001%

Median leak (I/minj—vent 0.5 (3.5-20) 3.6 (0.2-3.06) 3.0 (—£.5 10 J.0) U.25

Median tidal volume (mL) 421 (321-521) 400 (300-575) —10 (-54 to 23) 0.47

Median minute ventilation (I/min) 6.8 (5.3-8.3) 6.2 (5.4-9.4) -0.2(-1.2t0 0.5) 0.50

Median RR (bpm) 16.7 (13.2-18.4) 15.5 (13.5-17.0) 0.3(-07102.2) 0.41
Adherence (n=17)

Mean NIV usage time (hh:mm/day) 5:40 (4:42-6:49) 4:20 (2:27-6:17) 01:04 (00:27 to 1:44) 0.004!

% days used In study 91 (64-96) 92 (/0-99) -1=15to0 /) 0.53

% days used 24/24 74 (49-92) 60 (27-85) 8(-21t0 17) 0.1

No difference on PSG and nocturnal gas exchange
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Normal daytime blood gases and
normal nocturnal SpO,, do not
exclude nocturnal hypercapnia

Patients with nocturnal Patients with nocturnal
Daytime PaCO, PtcCO, < 50 mmHg PtcCO, > 50 mmHg
n=29 (%) n=21 (%)
PaCO, <45 mmHg 29 (48%) 18 (36%)
PaCO, = 45 mmHg 0 (0%) 3 (6%)

Paiva et al. Intensive Care Med 2009:35:1068
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Nocturnal Oximetry and Transcutaneous Carbon Dioxide
in Home-Ventilated Neuromuscular Patients

Julie Nardi MD, Hélene Prigent MD, Annie Adala, Mikaélle Bohic. Francois Lebargy MD PhD.
Maria-Antonia Quera-Salva MD PhD. David Orlikowski MD PhD. and Frédéric Lofaso MD PhD

Normal Abnormal Total, I
Peer no.* Pon: not = Detection of. alveolar |
hypoventilation by SpO, or with

Sy, criterion |

Normal 33 22 55 PtcCO.:
Abnormal | 2 ( ) 0 .
Total 34 24 53 * SpO, = 88% >5min
S,0, criterion 2 b Mean Sp02 < 90% or SpOZ
disoner a '; & < 90% = 10% recording time
Toul 34 24 58  Mean SpO, < 92% or SpO,
Py eetetan 2 - s i< < 90% = 10% recording time
Abnormal 4 9 @ d PtCCOZ max 2 49mmHg

Totl 34 58

Diagnosis of Alveolar
Hypoventilation, no. (%)

No effect of

Spo, criterion | 3(5.2)
ve ntllato ry mode S,0, criterion 2 8 (13.8)
Spo, criterion 3 13 (22.4)
Pico, 24 (41.4)
PLCCO; or S, criterion 2 25 (43.1)

RESPIRATORY CARE ® SEPTEMBER 2012 VoL 57 No 9 P..co, or Sy, criterion 3 28 (48.3)
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Cumulative incidence of respiratory
events requiring ICU admission

PtcCO, > 49 mmHg > 10% total recording time peak PtcCO, > 55 Hg

1.0 1.0
— hypercapnia[2] + — hypercapnia[3] +

""" hypercapnia[2] - - hypercapnia[3] -

0.8 0.8

p=0.001 p=0.01

Cumulative incidence of ICU admission
Cumulative incidence of ICU admission




Event free survival:
time to ICU admission or death

PtcCO, > 49 mmHg > 10% total recording time

Event free survival
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Which ventilatory mode for children
with neuromuscular diseases ?

« Aim of NIV: guarantee an adequat
(physiological) tidal volume with an optimal
comfort

 NM patients are « easy » to ventilate: NIV

replaces the respiratory muscles

— adequat inspiratory trigger (sensitive) or back up rate
= physiological breathing rate
— expiratory pressure = 0 ou minimal

* No ventilatory mode has proven its superiority
* |n practice: S/T + volume guarantee + back up
rate
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Respiratory events /h

Intensive Care Med
DOI 10.1007/s00134-012-2806-7 PEDIATRIC ORIGINAL

Valeria Caldarelli
Jean Christian Borel

Polygraphic respiratory events during sleep

Sonia Khirani with noninvasive ventilation in children:
Adriana Ramirez . oa . =
Renato Cutrera description, prevalence, and clinical
Jean-Louis Pépin
Brigitte Fauroux consequences
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Non intentional leaks are associated with autonomic arousals



Conclusion

e Outbreak of « new » ventilatory modes
— lack of harmonisation of definitions ++
— none has proven its superiority

 Primary aim

— guarantee a physiological tidal volume with
maximal comfort

e Priorities > ventilatory mode

— for the patient
 interface and headgear ++

» ergonomy of the ventilator: weight, encumbrance,
humidification

» possibility of different modes (mouthpiece ventilation)
— for the medical staff

e easiness and accuracy of in-built software
* integrated SpO, monitoring (PtcCO,?)
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