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Case Age Sex
¥IS

Historique

« Pont » vers

When put on

la transplantation

Duration of

Outcomme

HLT. Extubated at 48 h.
Discharged from ICU at 6

HLT. Extubated at 36 h.
Discharged from ICU

HLT. Extubated at 6 h.
Discharged from ICLI at

Mo HLT organs available,
Bilateral single lung

transplant, Died one week
after surgery of bronchial
anastomotic problems amd

Mo organs available.
Died of pulmonary scpsis.

HLTIwaiting Before ventilation ©On ventilator NIFFY
ist
FEW, FVC  Inspired Pao, Paco, Added Pao, Paco, Days
i [ oxygen kPa kPa oxygen kPa kPa
Imin?

600 -121!] Alr 39 9.7 2 10.5‘ - TT 10

days postop.
800 2500 28% 39 11.6 2 .9 11.3 3.5

at & days postop.
520 F40 605 4.3 10.9 z 8.2 B2 3

13 days postop.
650 Q00 35% 6.5 B4 1 10.9 B.7 36

sepsis.
560 60 30% 53 9.9 z 2.0 8.8 15
350 970 30% B.99 14.87 z 13.36 1185 17

HLT extubated at 18 h.
Discharged from ICU 3

days postop.

Hodson et al, Eur Respir |,

1991



Historique

Hodson et al, Eur Respir |, 1991



Historique

« Pont » vers la transplantation

17

Hodson et al, Eur Respir J, 1991



Table 1—Clinical Details of Four Patients with CF and Hypercapnic Respiratory Failure

Patient No./Sex/Age, yr FEV,.L FVC, L FEV,, %Pred FVC, %Pred NIH" Score Body Mass Index, kgfsq m
L/M/25 0.55 1.2 14 25 46 18.8
2/M/30 0.55 1.45 16 30 44 18.1
M29 0.5 1.8 11 36 a5 17.3
4/F/25 0.55 0.68 14 16 53 17.5
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Table 1—Clinical Details of Four Patients with CF and Hypercapnic Respiratory Failure
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Confirmation
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' PRE-BIPAP AT DISCHARGE FROM

THE PICU (48 hr—72 hr)
*P=0.05 (paired ttest)

Figure 1. Pre-BIFAP and 48-72 hours post-BIPAP respiratory physiologic variables. Note the significant improverment
in respiratory rate (RR), oxygen flow reguirement {0 LYmin), and oxygen saturation of hemoglobin {Sp02) at the time of

discharge from the PICL.

Caronia et al, Clin Pediatr, 1998
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Indications actuelles

Hypercapnic exacerbation

Sleep disturbances

- Lung transplantation waiting
list

m Airway clearance technique
support

mm Severe impairment of

TN

pulmonary function
Poor nutritional status

Hypoxaemia

61% Exercise training

FIGURE 1. The main criteria for noninvasive ventilation initiation according to
physiotherapists.

Zuffo et al, Eur Respir J, 2015



L’équilibre respiratoire

Commande ventilatoire

! !

Monsieur

COSTAUD

Charge Force des

respiratoire muscles
respiratoires

D’apres Fauroux, Minerva Anestesiol, 201 |



Cas de la mucoviscidose

!

Monsieur

COSTAUD

Commande ventilatoire
|

| |
Force des
muscles
respiratoires

Charge
respiratoire

D’apres Fauroux, Minerva Anestesiol, 201 |



Adaptation respiratoire

* Compensation :

- 72 FR
- Maintien VE

- Risque d’hypoventilation alveolaire
\ PaO, / 7 PaCO,

Hart et al, Am ] Respir Crit Care Med, 2002



Utilisation de la VNI ?

Situations de déseéquilibre dans lesquelles la compensation
physiologique n’est plus suffisante ...




1¢r exemple (rapide) : Kinésithérapie respiratoire ?

!

Monsieur

COSTAUD

Command? ventilatoire

Fatigue des muscles
respiratoires

f Charge
respiratoire

D’apres Fauroux, Minerva Anestesiol, 201 |



Fatigue des muscles respiratoires
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Fauroux et al, Pediatrics, 1999



Intérét immediat chez 'enfant ?
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2¢me exemple (rapide aussi) : Activité physique ?

!

Monsieur

COSTAUD

Command? ventilatoire

Fatigue des muscles
respiratoires

f Charge
respiratoire

D’apres Fauroux, Minerva Anestesiol, 201 |



VNI et effort
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3¢me exemple : Le cas du sommaeil

N Commandf ventilatoire

v

Monsieur

COSTAUD

N Activité des muscles
respiratoires

Charge
respiratoire

D’apres Fauroux, Minerva Anestesiol, 201 |
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Minute Ventilation

(litres min'')

« Changement de rythme »

Tidal Volume

LFO,

{litres)

(LR 0]
(LS50
.40
0.30
0,240
L 10
LY

Respiratory Rate
(breaths min')

BVS

awake
E HMREM

| REM

Milross et al, Am ] Respir Crit Care Med, 2001

|3 patients
26 ans
32% FEVI




Un sommeil plus confortable

Table 2 Quality of life
Baseline Air Oxygen NIV
CF QoL (0 = worst, 100 = best)
Physical functioning 69 (20) 68 (22) 64 (21) 67 (19)
Chest symptoms 65 (13) 64 (20) 68 (20) (17
Treatment issues B8 (158) 67 (20) 63 (35) 65 (21)
Emotional responses 83 (11) 85 (11) B3 (13} 79 (18)
Csa (0 = worst, 100 = best) 42 (16) 56 (22) 50 (11) 58 (13)
ESS (0 = best, 24 = worst) 9 (5) 7 (5) 1 (6) 7 (5)
Global PSQI (0 = best, 21 = worst) 7 (3) 7 (3) 6 (2) 6 (3)
MRC (0 = best, 4 = worst) 2.4 (0.9) 2.6 (1.2) 2.5 (0.8) 2.6 (1.0)
TDI {—9 = worst, +9 = best) 5.8 (2.7)* —1.9 (2.5) —0.4 (1.5) 1.0 (1.8)F
8 patients
37 ans
35% FEVI
6 semaines

Young et al, Thorax, 2008



Un sommeil plus confortable

Table 2 Quality of life
Baseline Air Oxygen NIV
CF QoL (0 = worst, 100 = best)
Physical functioning 69 (20) 68 (22) 64 (21) 67 (19)
Chest symptoms 65 (13) 64 (20) 68 (20) 11 (1)
Chest symptoms 65 (13) 64 (20) 68 (20) 11 (17t
i T A1 gL = Yot e AT, T
CSQ (0 = worst, 100 = best) 42 (16) 56 (22) 50 (11) 58 (13)
ESS (0 = best, 24 = worst) 9 (5) 7 (5) 7 (6) 7(5)
Global PSQI (0 = best, 21 = worst) 71(3) 7 (3) 6 (2) 6 (3)
MRC (0 = best, 4 = worst) 2.4 (0.9) 2.6 (1.2) 2.5 (0.8) 2.6 (1.0)
T0I (-9 = worst, +9 = best) h.8 (21} —1.9 (25) —0.4 (1.5) 1.0 (1.8)1 K]

Young et al, Thorax, 2008



Capacité a l'effort

Table 5 Arterial blood gases, pulmonary function tests and Modified Shuttle Walk Test
Baseline Air Oxygen MV
pH 7.38 {0.02) 7.38 (0.03) 71.39 (0.02) 7.39 (0.03)
Paco, (mm Hg) 52 (4) 52 (7) 51 (7) 50 (5)
Paoz (mm Hg) 63 (5) 64 (7) BB (12) 62 (6)
Hcos (mmol/) 30 (2) 30 (3) 30 (4) 30 (2)
Sao, (%) 93 (3) 93 (3) 94 (4) 92 (4)
FEV, (% pred) 35 (8) 32 10) 32 (9) 33 (9)
FVC (% pred) 60 (11) 54 (13) 54 (15) 58 (15)
BW/TLC (%) 59 (8) 64 (9) B4 (11) 63 (10)
Shuttle Walk Test (m) 434 (198) 381 (132) 403 (114) 459 (144)*

8 patients
37 ans

35% FEVI
6 semaines

Young et al, Thorax, 2008
Bradley et al, Chest, 2000



Capacité a l'effort

Table 5 Arterial blood gases, pulmonary function tests and Modified Shuttle Walk Test
Baseline Air Oxygen NIV
pH 7.38 (0.02) 7.38 (0.03) 7.39 (0.02) 7.39 (0.03)
Paco; (mm Hg) 52 (4) 52 (7) 51 (7) 50 (5)
Pao, (mm Hg) 63 (5) 64 (7) 66 (12) 62 (6)
Hcoz (mmol/1) 30 (2) 30 (3) 30 (4) 30 (2)
Sao, (%) 93 (3) 93 (3) 94 (4) 92 (4)
FEV, (% pred) 35 (8) 32 (10) 32 (9) 33 (9)
FVC (% pred) 60 (11) 54 (13) 54 (15) 58 (15)
RV/TLC (%) 59 (8) 64 (9) 64 (11) 63 (10)
Shuttle Walk Test (m) 434 (198) 381 (132) 403 (114) 459 (144)*

Young et al, Thorax, 2008
Bradley et al, Chest, 2000



Physiologie du sommeil

Table 4 Sleep physiology

Baseline Air Oxygen p Value* NIV p Valuet

Mean Spo, for TST (%) 90 (4) 89 (5] 93 (2) 0.03 92 (3) 0.13
Minimum Spo, for TST (%) 76 (9) 75 (15) 82 (6) 0.24 79 (9) 0.42
Min av Spo, for TST (%) B9 (4) 88 (6} 92 (1) 0.03 91 (2) 0.12
TST with Spo, <90% (%) 38 (43) 48 (50) 10 (9) 0.03 23 (34) 0.13
Mean Ptcco, TST (mm Hg) 58 (3) 62 (13) 62 (10) 0.92 53 (6) 0.02
Max Ptcco, TST {mm Hg) 68 (12) 74 (19) 72 (11) 0.62 58 (7) 0.005%
APteco, {mm Hg) 45(16) 49(26  55(36 045 2.7(1.5) 0.02%
APaco, (mm Hg) 13(39) 2023 60(42 007 ~-13(4.1) 0072
Mean RR (breaths/min) 23 (6) 23 (5) 22 (3) 0.83 23 (5) 0.74
Mean HR (beats/min) 78 (15) 73 (1) 70 {18) 0.37 64 (15) 0.05

8 patients

37 ans
35% FEVI
6 semaines

Young et al, Thorax, 2008



4eme exemple: Détresse respiratoire chronique

!

Monsieur

COSTAUD

Command? ventilatoire

Fatigue des muscles
respiratoires

f Charge
respiratoire

D’apres Fauroux, Minerva Anestesiol, 201 |



Détresse respiratoire chronique

Practice of Noninvasive Ventilation for Cystic Fibrosis:
A Nationwide Survey in France

|RESPIRATDR‘1’ Care » Novemser 2008 VoL 53 No 11

Table 2. Reported Indications for NIV for Patients With Cystic Fibrosis in 36 Participating Centers
P Pediairic Centers Pediairic and Adult Centers Adult Centers
Indication 2 F
tn = 15} in = 8) n=13)
Lung function

Diurnal hypercapnia (%) 93 BH L £2

if Py, more than this valuetd 63 (6]-64 mm Hg) 50 (45-58 mm Hg) 48 {45-50 mm Hg) I8
According 1o a given FEV, % predicted value 40 25 15 J2

if FEV| " predicted less than this valuef 353 (32-35%) 25(22-28%) J0(25-35%) 6

36 centres
4.416 patients

Fauroux et al, Respir Care, 2008



Une détérioration « plus lente »

1-2

Pre-NIPPV months Pre-NIPPV 3 months Pre-NIPPV 6 months
Number 10 10 5 5 3 3
FEV, (%) 15413 209 £ 3-3* 168 £ 22 2006 £ 3-4 14:8 £ 3-3 17-5x 46
FVC (%) 26:5 £ 4-1 31-9 + 4-4%* 292 + 59 35 + 5-5% 234 £ 57 28-B+ 8
BMI (kg m ~ ) 16-8 £ 0-5 17-5+0-5 1751 17-1+1 177+ 12 17-2+1-5
PaCQO, (kPa) RS5+10-5 8506 85411 75 £ 0-7* 8719 = |
Pa0Q, (kPa) T-3X07 69+ 05 T-7Tx1 75+ 0-7 B7+1 10 1-3
[HCO: ] (mmol !~ ") 40-4 + 1-7 40-7 + 2-3 397+ 22 341 & 1-5% 379 + 2.8 31-7 4 32

FEV, (%), percentage predicted forced expired volume in 1 s; FVC (%), percentage predicted forced vital capacity, BMI, body
mass index; PaCQ,, arterial concentration of carbon dioxide; PaQ,, arterial concentration of oxygen; [HCO, ™ ], arterial
concentration of bicarbonate.

*P<(05 compared with patients pre-WNIPPV.

|2 patients
26 ans
15% FEVI

Hill et al, Respir Med, 1998



Une détérioration « plus lente »

=

Pre-NIPPV months Pre-NIPPV 3 months Pre-NIPPV 6 months
Number 10 10 5 5 3 3
FEV, (%%) 154 4£1-3 209 + 3-3% 168+ 2.2 206 + 34 148433 17546
FVC (%) 2605 £ 4-1 31-9 £+ 4-4* 2924+ 59 35+ 5:5* 23-4 £ 57 288+ 8
PaCO, (kPa) 85+0-5 85+06 85+ 1-1 7-5 £ 0-7* 87+19 641
PaO, (kPa) 7555 = = (b7 6905 7i7/=5 11 7507 87%x1 1013
[HCO; ](mmoll1™ 1Y) 40-4 £ 1-7 40-7 + 2-3 39-7+2-2 34-1 = 1-5* 37928 31-7x3-2

FEV, (%), percentage predicted forced expired volume in 1 s; FVC (%), percentage predicted forced vital capacity; BMI, body
mass index; PaCO,, arterial concentration of carbon dioxide; PaQO,, arterial concentration of oxygen; [HCO, ~ ], arterial
concentration of bicarbonate.

*P<0-05 compared with patients pre-NIPPV.

|2 patients
26 ans
15% FEVI

Hill et al, Respir Med, 1998



Une inversion/stabilisation de l'effet ?

3.0 - —=— Mean FVC === Mean FEV,

i
e

Spirometry (litres)

‘‘‘‘‘ . 47 patients

- ~F > n {"“"i P

R e 29 ans
- . 21% FEV|
0.0 T
o 1 2 ™~ ,n_ﬂ
-xﬁ -l."#. -L"'d- o
&

Fig. 1. Effect of long-termm NIV on mean forced expiratory volume in 1 s

(FEV,) and forced wital capacity (FVC). Error bars represent standard dewvia-
tion. * p=0.01.

Flight et al, ] Cyst Fibros, 2012



FEV, (litres)

3.00 -
2.75 1
2.50 1
2.25 1
2.00 -
1.75 o
1.50 1
1.25 1
1.00 -
0.75 4
0.50 4
0.25 4

0.00

Avec ses limites

a) Responders

3.00 4
2.75 1
2.50 1
2.25 4
2.00 1
1.75
1.50
1.25 4
1.00 A
0.75 -
0.50 4
0.25

b) Non-Responders

47 patients
29 ans
21% FEVI

Flight et al, ] Cyst Fibros, 2012



5¢me exemple: Exacerbation (DRA)

!

Monsieur

COSTAUD

Command? ventilatoire

Fatigue des muscles
respiratoires

f Charge
respiratoire

D’apres Fauroux, Minerva Anestesiol, 201 |



Exacerbation

A Nationwide Survey in France

Practice of Noninvasive Ventilation for Cystic Fibrosis:

|RE5P|RATDRY Carg » Novemeer 2008 VoL 53 No 11

Table 2.  Reported Indications for NIV for Patients With Cystic Fibrosis in 36 Participating Centers
G Pediatric Centers Pediatric and Adult Centers Adult Centers
Indication . P
in=13) n=28§) in=13)
Exocerbation
During an exacerbation (%) 87 b 100 30
After an exacerbation (%) 47 63 3l 7
According to a given P, value (%) g7 63 1K) A8
if P 3, Mmore than this valuet 45 (45-55 mm Hg) 45 (45-50 mm Hg) 45 (45-50 mm Hg) B0
36 centres

4.416 patients

Fauroux et al, Respir Care, 2008



VNI en exacerbation

Ellafi et al, Am ] Resp Crit 61% en ICU 83% ICU 4/23 (17%) I1CU,
Care Med, 2005 33% en pneumologie 100% pneumologie
Sood et al, Am | Resp 13% (18 sur 136 78% 4/18 (22%) '|'
Crit Care Med, 2001 admissions en ICU)
Texereau et al, Resp 57% en ICU 67% 11/34: 8'|'
Research, 2006 (durée moyenne 7))

Ellafi et al, Am ] Resp Crit Care Med, 2005
Sood et al, Am ] Resp Crit Care Med, 2001
Texereau et al, Resp Research, 2006



RESEARCH

Alternative ?

High-flow nasal oxygen

with cystic fibrosis: a randomized crossover

physiological study

|5 patients
30 ans

FEVI 24%

VAS

Open Access

@ a b Tidal Volume
o 30m 20m _
versus noninvasive ventilation in adult patients I
& 204 o
|
£ 310
& 104 s
5l
Comfort 0 T T T 0 T T T
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101
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0 T
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|
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Sklar et al, Ann Intensive Care, 2018



Limites de la VNI

Practice of Noninvasive Ventilation for Cystic Fibrosis:
A Nationwide Survey in France

| ResriraTory CArE  Novemeer 2008 VoL 53 No 11|

Difficulty sleeping with NIV
Preference for oxygen therapy
No subjective benefit

Too constraining
Problems with the interface
Refusal

36 centres
4.416 patients

Fauroux et al, Respir Care, 2008




Take-Home Messages

Complément a la KR ou a Pactivité physique ?

Correction liée a 'hypoventilation nocturne
DRC / DRA
Communication primordiale (Dellon, Chest, 2012)

Intérét du patient vs. « Géne » occasionnée
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