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CPAP for OSAS In children

e For which patients ?



Patients started on home CPAP

15 15
Neuromuscular disease Obstructive sleep apnea
or thoracic scoliosis — | with maxillofacial deformity
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CPAP for OSAS In children

e When to start ?



When to start CPAP ?

_ Control of risk
Adeno-tonsillectomy RaslEMEE
obesity

allergy

Medical Orthodontics
treatment (Surgery)




When to start CPAP ?

e No validated criteria: lack of validated markers of
OSA-end-Ol’gan mOrbIdIty |n Ch”dren TASK FORCE REPORT

e Recommendations:

Obstructive sleep disordered breathing
in 2- to 18-year-old children: diagnosis
and management

EUROPEAN
RESPIRATORY
SOCIETY Athanasios G. Kaditis', Maria Luz Alonso Alvarez?, An Boudewyns?’,

Emmanouel I. Alexopoulos[', Refika Ersu5, Koen Joostenf’, Helena Larramona7,
Silvia Mianoa, Indra Narang9, Ha Trangm, Marina Tsaoussoglouw,

Nele Vandenbussche!", Maria Pia Villa'?, Dick Van Waardenburg'®,

Silke Weber'* and Stijn Verhulst'®

6.7. What are the indications, efficacy and potential complications of CPAP or NPPV in children
with obstructive SDB?

Summary
a) Usual indications for CPAP are:| residual OSAS after adenotonsillectomy (AHI >5 episodes-h™) |and

OSAS related to obesity, craniofacial abnormalities | or neuromuscular disorders. If nocturnal

hypoventilation occurs (e.g. end-tidal carbon dioxide tension (Pco,) >50 mmHg for >25% of total sleep
time or peak end-tidal Pco, 255 mmHg) NPPV is preferred.
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CPAP for OSAS In children

 Which CPAP mode & setting ?



CPAP modes - 1

C O n St a nt ﬂét;i; {Ymin} 23/09/2015
CPAP o Ao\ ot | oA o ) pl el o
+ Bilevel PAP
- R e - «—— IPAP
Bilevel positive N M
airway pressure ; - oPAP S
. E Normal m m |
(BI PAP) breathing U U J \J|\ _ — EPAP
NN | |
VARV |

Time



CPAP modes - 2

Auto-CPAP

C-Flex

Bi-Flex

1

7 — —

3

W airflow

cm HEO

( W airway pressure

Time



PRESSURE

JICSM
Journal of Clinical
Sleep Medicine

SPECIAL ARTICLE

Clinical Guidelines for the Manual Titration of Positive Airway Pressure in Patients
with Obstructive Sleep Apnea

Positive Airway Pressure Titration Task Force of the American Academy of Sleep Medicine

Task Force Members: Clete A Kushida, M.D, PhD_, RPSGT (Chair)'; Alejandro Chediak, M.D. (Vice-Chair)%; Richard B. Berry, M.D *; Lee K. Brown, M.D %,

David Gozal, M.D., Conrad Iber, M.D %, Sairam Parthasarathy, M.D."; Stuart F. Quan, M.D %, James A. Rowley, M.D 2

Recommended maximum 15 cm HoO -
The patient may be transitioned to
BPAP if there are continued breathing
events at this pressure™

Child < 12 years

“Exploration” of pressure

+5[:mf’,'( = 30 min without

fbmawng events Control of breathing events and

-HI'-.-'

= N RO (R P |

Minirmwm®* _}_ -l
4 cm H:O

(
n

* 21Dm’§unﬁveapnea,nr

* =15 min in supine REM sleep

|
em | = 1 hypopnea, or j £1cm

=3 RERAs,

ar 1 H:O

I = {1 min of loud ar I

1 min of loud or
ambiguous snoring)

I unambiguous snoring

.

I
If patient awakens and I =1cm
complains pressure is too I HO

high, a lower pressure that :

the patient reports iz -

comfortable encugh to allow i

return to sleep should be gﬁiﬁwem"“ﬁ
chosen, and resume titration ing

>

TIME
Kushida et al. J Clin Sleep Med;2008:4:157



PRESSURE

JICSM
Journal of Clinical
Sleep Medicine

SPECIAL ARTICLE

Clinical Guidelines for the Manual Titration of Positive Airway Pressure in Patients
with Obstructive Sleep Apnea
Positive Airway Pressure Titration Task Force of the American Academy of Sleep Medicine

Task Force Members: Clete A Kushida, M.D, PhD_, RPSGT (Chair)'; Alejandro Chediak, M.D. (Vice-Chair)%; Richard B. Berry, M.D *; Lee K. Brown, M.D %,
David Gozal, M.D., Conrad Iber, M.D %, Sairam Parthasarathy, M.D."; Stuart F. Quan, M.D %, James A. Rowley, M.D 2

e | Fecommended maximum 20 cm H:O

The patient may be transitioned to T
BPAP if there are continued Chlld = 12 years
breathing events at 15 cm HO**
————— = = = = “Exploration® of pressure
Hem g = 30 min without _
H:O breathing events Conirol of breathing events and
1 f;:f », =13 min in supine REM sleep
: = 2 obstructive apneas, or :
=qem 1 =3 hypopneas, or | =1cm
H.O I =5 RERAs or 1 HD
U = {3 min of loud or i
=5min ' unambiguous snorng) 1 =10 min
e . T "
X = 2 ghstructive apneas, or I 1
=1em | = 3hypopneas, or 4 I £1cm
H.O = 5 RERAs, or If pafient awakens and :HJ'D
1 £ (3 min of loud or complains pressure is too I
=S min 1 unambiguous snoring) high, a lower pressure that ¥
Minimum* = = = = +/ the patient reports is if re-emergan
4 cm H.O comfortable encugh to allow Stop it te

retumn to sleep should be of breathing events
chosen, and resume titration

w

TIME
Kushida et al. J Clin Sleep Med;2008:4:157



Poes (cmH,0)

Paw (cmH,0) Pgas (cmH,0)

Pdi (cmHzo)
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Khirani et al. Critical Care 2013, 17:R167

http://ccforum.com/content/17/4/R167

@ CRITICAL CARE

RESEARCH

Open Access

Continuous positive airway pressure titration in

infants with severe upper airway obstruction or

bronchopulmonary dysplasia

Sonia Khirani'?, Adriana Ramirez*?, Sabrina Aloui?, Nicolas Leboulanger”®, Amaud Picard®” and
256"

Brigitte Fauroux

SB

Clinical setting

Physiological setting Physiological setting + 1cmH,O

5

) D W 0 W
-20 -20 -20
-40 b -40 + -40
-60 -60 ' -60
16 - 16
14 - 14 -
12 12
10 10
8 8
6 * 6
4+ 4t &
2 WWW 2 WW
0 0
2 . . . . L . . . . .
12 12
10 10 10 g, bt
i ik
8t 8 r 8
6L 6 6
4r 4 4
2F 2 2F
0 0 0
40 40 40
30 30 - 30 -
20 20 - 20 -
“l ) M ) \w/‘\\rv/\w
0 0 0F
10 . . . . 0 . . . . 0 . . . .
2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4
Time (sec) Time (sec) Time (sec) Time (sec)



Swing Poes (cmH,0)
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Khirani et al. Critical Care 2013, 17:R167
http://ccforum.com/content/17/4/R167
@ CRITICAL CARE

RESEARCH Open Access

Continuous positive airway pressure titration in
infants with severe upper airway obstruction or
bronchopulmonary dysplasia

i irani <, i irez=, i Ui, Ni u , ud Pi
Sonia Khirani?, Adriana Ramirez>3, Sabrina Aloui?, Nicolas Leboulanger®®, Araud Picard®” and
Brigitte Fauroux>*®
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= 301
L
e
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2 20+
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1 1 1 O T T T T
CPAP clin  CPAP PhysioCPAP Physio + 1 SB CPAP clin CPAP Physio CPAP Physio + 1

Khirani et al. Crit Care 2013:17:R167




Khirani et al. Critical Care 2013, 17:R167
http://ccforum.com/content/17/4/R167
@ CRITICAL CARE

RESEARCH Open Access

Continuous positive airway pressure titration in
infants with severe upper airway obstruction or
bronchopulmonary dysplasia

i irani -, i irez=", i ui%, Ni u , ud Pi
Sonia Khirani?, Adriana Ramirez>3, Sabrina Aloui?, Nicolas Leboulanger®®, Araud Picard®” and
Brigitte Fauroux>*®
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Khirani et al. Crit Care 2013;17:R167



Apnea hypopnea index, N/h

No difference between CPAP and BIPAP

29 children with OSAS: CPAP or Bilevel PAP
1/3 not compliant at 6 months, mean use/night: 5.3 £ 2.5 hours

120 B

10

—e— BPAP
~O  CPAP

Nightly use, h

Baseline PAP 1 2 3

Month of use

Marcus et al. Pediatrics 2006:117:e442
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No difference between CPAP and A-Flex

Typical Patient Flow 7

| N
/ \
I|’

— H\/ IIIIII | /—j va
Randomized double blind trial: CPAP vs Bi-Flex L Tesscleca scing for sranationeabor
PSG before and after 3 months A M) ()
Objective compliance at 1 and 3 months EPAP l J ‘| | || .
/\/ L/ v
56 children and adolescents CPAP A-Flex p
Mean use (nights/month) at M1 24 £ 6 229 NS
Mean use (min/night) at M1 201 + 135 185 + 165 NS
AHI/h at baseline 22 +£21 24 £ 6 NS
|IAH/h at M1 2+3 2%2 NS
Epworth Sleepiness Scale at baseline 85 10+6 NS
Epworth Sleepiness Scale at M1 63 55 NS

Marcus et al. J Clin Sleep Med 2012;8:37




In practice

 No CPAP mode has proven to be superior
to constant CPAP

 Titration
— In-hospital overnight titration = gold standard

— alternatively
o start with auto-CPAP

 switch to constant CPAP after one week (in-built
software)

* infant: set (progressively) to the highest tolerated
level



CPAP for OSAS In children

* \WWhich equipment ?



Devices able to deliver CPAP




Devices

S10 VPAP
ST

S10
Autoset

BIPAP A30

BIPAP A40

PR1
REMstar

PR1
BIPAP ST

PR1
BIPAP
ST AVAPS

Trilogy

Devices able to deliver CPAP

CPAP

yes

yes

yes

yes

yes

yes

yes

yes

Auto

CPAP

no

yes

no

no

yes

no

no

no

Bilevel
PAP

yes

no

yes

yes

no

yes

yes

yes

Adjustable
trigger

yes

no

no

yes

no

no

no

yes

Volume
guarantee

no

no

200m|

200m|

no

no

200m|

50ml

Minimal
weight

13kg
30kg
10kg mode ST

20kg AVAPS
10kg mode ST

20kg AVAPS
30kg
18kg

18kg mode ST
20kg AVAPS

5kg

Minimal flow
detection
50ml
100ml
Autotrack
Autotrack or
airflow
Autotrack

Autotrack

Autotrack

Autotrack or
airflow



Choice of the CPAP device

e Characteristics of the patient
— battery ? alarms ?

mmij v s dl mmjwvsdl mmj

Utilisation

(humidification)
— necessity to use the
In-built software ?

 In practice
— simplicity
— ergonomy

— humification




Interfaces for children

Long-term non-invasive ventilation in children w®

CrossMark

Alessandro Amaddeo, Annick Frapin, Brigitte Fauroux

Advantages Disadvantages Side-effects
Nasal mask Small internal volume; large choiceof  Not usable in case of mouth leaks Pressure sores, eye irritation if
different industrial models leaks, facial deformity
Nasobuccal mask  Prevents mouth leaks Large volume; risk of inhalation of gastric contentin caseof  Pressure sores, eye irritation if
gastro-oesophageal reflux; impairs communication and leaks, facial deformity

vocalisation; increased aerophagia

Total face mask  Prevents mouth leaks Larger volume than nasobuccal mask; risk of inhalation of Pressure sores, facial deformity
gastric content in case of gastro-oesophageal reflux; impairs
communication and vocalisation; increased aerophagia

Nasal pillows Small and light; no pressure sores Not usable in case of mouth leaks Nasal irritation

Mouthpiece Small and light; no pressure sores; can  Not useable during sleep None
be used intermittantly

Table: Advantages, disadvantages, and side-effects of interfaces for children

www.thelancet.com/respiratory Published online July 13, 2016 http://dx.doi.org/10.1016/52213-2600(16)30151-5



Choice of the Interface

{ Leak or no leak ventilation J

age > 6-8 years

nc/ {\ yes

[ Nasal mask J" _ Nasal prongs J
failure or
_ preference
failure or
preference

[ Facial mask J




Nasal interfaces for infants

MiniMe 2 Nasal
Pediatric Mask
EDIATRIC MASK

Approved for ages 2-12




Interfaces for older children




CPAP for OSAS In children

e How to monitor ?



Z11-£01 (S102) 91 aunIipa das|s

(28uer) ueipawt

(0¥-00)00 (£6-00) 00 (¥'2-00)00 (£'€1-00) L0 (rzb-00) 00 ‘JUIA3 2B [3IM Juads awn Jo a8e1uadiad
(0'z-00)00 (z5z-00) 00 (8'%-00)00 (6'4-00) %0 (1e-00) 00 (98uelr) uerpawr ‘y/xapurl JuaAg
(aBejuadiad)
(%01)€ (%1¥)TL (%s¥) €1 (%59) 61 (BLw) 21 u “quaAa a1 aim satyderdAjod jo raquiny
aaup Aloreuaa
aaup Alojejnuaa ut U1 3seardap
JALIp 3SEAIIAP YIIM OV oYM Qv
S1UDAD PaxI AJ1o1eNUaA Ul asea1da(g |B101 10 [elyied |B101 10 [erlied S)E9] [PUOLIUIIUIL(
‘(62 =1u) dvdD Sunnp sjuaad Aiojendsal AJNOULIOS JO 2DUALINIIQ
ZF8C (yauow/siy3iu) yuow 1ad asn agerany
0L:ZFOF:L (urwr:y) 1y8ru 1ad asn agelany
(0z =u) yauow 15e] 311 J9A0 DURIYPE JV¥dD 2A1122[q0
09F L1 (%) BHWW Q< £0)21d YIim Juads awry
LT 9¥ (8HwWw) Z0)21d [EWIXEA
v ¥ 0F (8Hww) 20DMd ueay
ZST8E (y/raquinu) xapuj uonerniesa( UadAxQ
S0FT0 (%) 206> 20ds yim Juads awiiL
9¥68 (%) zods reunuipy
L¥L6 (%) tods uesiy
28UeIXa SET [PUINIDON
STFLL (OTHWD) [2A3] dVdD UBIN
0E:1F01:L (urnw:y) uoneinp AydeiSAjod

e XNOINE] 9131811 ‘g IURIIYY] PIUOS ‘1 ZAITWEY BPUBLIPY ‘5 NEAIOA UBYO[
‘. SOUP[0Og-ZIPUBUID] BLIRJA , [[[9IBP[E)) PLIJ[BA ‘e OPPEUY OIPUBSSIY

s9duanbasuod

[eowurd pue uondrdsap :aanssald Aemure aanisod snonunuod awoy

auroIpawidaars
UIIM paieaqy ualIp[Iyd ur dag[s urLmp sjuans Arojeridsal orgderdAjod




Z11-L01 (S10Z) 91 aunIpay dasis

SIUIAD PAXIIN aAd dAQ+0vN dAd-0OvV TN

7

=

=

=

T

J

=

J

g~

-

Ly~

=

—

YV + 8 W

VYV 10 S ONm
0ST

wrye XNOINEY 9111311 ‘5. ITURIIYY] BIUOS ‘e ZAITWEY PURLIPY *,pe NEAIOJA] URYO[
‘. Sour[0g-ZapurlLIa] BIIR[A *, I[[2IBP[E)) PLIJ[BA ‘g 09PPEUWY OIPULSSI[Y
s9duanbasuod

[eowurd pue uondrdsap :aanssald Aemure aanisod snonunuod awoy

mE.u:ﬁEn_m.m_m
UIIM paieaqy ualIp[Iyd ur dag[s urLmp sjuans Arojeridsal orgderdAjod




16

[ [
N +

[
o

Automatic AHI from CPAP device (events/h)
[e]

Value of the analysis of
the In-built software

Comparison of the data from the in-built software (Rescan) + SpO, and a PG
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 \When to stop ?



Weaning of CPAP

Lack of guidelines

Determinants

— underlying disease and natural history (PRS)
— growth, weight loss

— Interventions: orthodontics, surgery...

Long lasting effect of CPAP

— Importance long term follow up with of regular
assessments

Criteria: normal sleep without CPAP
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Weaning of CPAP/NIV
59 patients (25%) / 27 mois

Age at CPAP/NIV initiation (median), yrs 1.4

CPAP / NIV 51 (86%) / 8 (14%)

Duration of CPAP / NIV (median), yrs 1/4

Diagnosis Laryngeal disease
Prader Willi sd
Bronchopulmonary dysplasia
Treacher Collins
Pierre Robin sd
Polymalformative sd
Idiopathic OSA
Achondroplasia
Crouzon, Apert
Pycnodysostosis
Mucoplysaccharidosis
Goldenhar sd

Other

oOFRF NN WO OTOTOo oo ©

Reason of withdrawal Improvement 75%: spontaneous
2/3, after surgery 1/3
Non compliant, poor tolerance: 25%




Age at onset of CPAP/NIV and
duration of treatment

® age at onset
® duration

Age (yrs)
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e Conclusion



Conclusion

Areas for future research

Validation of initiation & weaning criteria

Improvements of the flow detection (in-
built software) of CPAP devices (infant)

Nasal prongs and naso-buccal interfaces
for infants

Teletransmission of inbuilt software data +
gas exchange (SpO, + PtcCO,)



