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Avant de commencer, rappelez-vous:
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Qu’est-ce que c’est une manouvre d’hyperinflation manuelle (MHI)?

1

Inspiration lente avec une aide externe, puis une pause inspiratoire et une expiration rapide

\ 4

Simulation d’'une expiration forcée

Idéalement il faut delivrer un Vt de 150% par rapport au Vt normal sans dépasser 40 cmH,O




Pourquoi j'ai raison et pas Guillaume?

Déconnexion du patient de la VM
+ application pression élevée

< <

Sécurité? Efficacité:
- Sécrétions?
- Meécanique pulmonaire?
- Critéres cliniques?

Débits générés



Commencons par les choses importantes: la sécurité

Arurstivnia, 1999, 54 pope 934,940

Ventilatory characteristics in mechanically ventilated
patients during manual hyperventilation for chest

physiotherapy Amﬁ:e?::::,g)nﬂm
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Our findings suggest an increased potential for baro-
trauma or volutrauma in susceptible lungs. Would it be
possible to use lower inflation pressures? Or, would lower

pressures decrease the effectiveness of chest physiotherapy?

Aggregate Sum of Lung Injury Score



Commencons par les choses importantes: la sécurité

Incidence, risk factors and outcome
of barotrauma in mechanically

ventilated patients

Intensive Care Med (2004) 30:612-619
DOI 10.1007/s00134-004-2187-7

Barotraumatisme: surdistension des voies aériennes
Rupture bronchique ou alvéolaire par fuite d'air sous |'effet de la surpression générée par la VM
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[Mortalité 31.1% plus élevé chez les patients présentant un barotraumatisme]

Extreme stress/strain
Volutrauma, Barotrauma

Rupture




Short-Term Appraisal of the Effects and Safety of Manual Versus
Ventilator Hyperinflation in an Animal Model of Severe Pneumonia
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George Ntoumenopoulos, Silvia Terraneo, Francesca De Rosa, Mariano Rinaudo,
Laia Fernandez-Barat, Denise Battaglini, Andrea Meli, Miguel Ferrer, Paolo Pelosi,
Davide Chiumello, and Antoni Torres
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Inspiration avec Ambu jusqu’a PIP 40 cmH,0, 4 s insufflation
Pause inspiratoire

Passage rapide en expiration

12 insufflations

Tabke | Pulmonary Mechanks, Gas Exchimge, and Hemodynamics

Maned Hyperaflation Vemilsor Hyperinfiion P
P " 4 . Effect of Effect Timwe
Before Intervention After lntervention Before Imervention After Intervestion Intrvendons o Assemamant
Lung elastance, cm H (VL 233 05318 312Q226-355) 261 (23.4-264) 260 (229-264) a0 38
(hest wall elastance, ¢m H/OL 94 (64-11.6) 73{52-93) 95(6.598) K1 (6.4-8.8) 3s A7
Inspirutory reststance, cm H,OVL/s 890991 88 (87-98) 30793 98491 9 63
Pulmonary tssue resistance, cm H,OLA 66 (635-47) 7355122 494159 4713720 2 4l
P/Fip. mm Hg 204 (235-375) 237 (137-324) 121 (302-379) 27% (240-355) 7 oz
Py, um Hy 484 (38.2-60.4)* 61.1 (57.6-7L5) 536(527-549) 54.3(524-559) 1 01 , . o . . ro .
Pukncmary shent, % R6(6.1-11.7) 1.5 (RB-30.0) 104 (£8-117) 15801 1L4-17.1) o4 o D | t f t f
g fuasode ssime  Benw  o6Lm 5 @100) .,; <m onnees cliniguement non signiticatirs
S%an urtcral pressure, mm Hg To3 008 SIS0 KS5(80-%6) 90.5 (§1-96) 53 i
Mean pulmonary artery pressure, mm Hg 215 (20-28) 25 21-28) 2 21-M) 24.5 (22-26) 5 n
Sy vascular resi e, dyne/sL 2269 (15183129 1973 (13244 1580) 2037 (1866-2412) 1980 (1829-2089) 85 m
Pubnonary vascular resistance, dysofvl. T (324-369) 338 (321-376) IM 21417 269 (265-27%) &0 0
Central venous pressuse, mwn Hyg s 07-10y 65(59) 9 (-1 7 (5-9) M ]
Wedge pressire, mm Hg 1 10-12) 911D 901D 10(10-11) 43 Ky
Candise output. Linin 25(19-1%) 172934 Z¥ 2 6-32) 34(3242) 9% 0t
Delivery of O, mlL 203 (21.4417) 474(319-641) 124 (29.5-36.0) 423 (344405 1] o
Exaction ratlo, % 45 (37 323047y M (354 3237 20 o
Mexed venows saturation, ‘& 547 (40.9-61 5) 68.2 (539-693) 640 (597-689) 684 (623-T39) 14 m
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Effects of ventilator vs manual hyperinflation in adults
receiving mechanical ventilation: a systematic review of

Completed risk of bias tool summary.

randomised clinical trials
Anderson et al. Physiotherapy 2015

Random sequence Allocation

Study

generation
Berney and Denehy  |Low
(2002) [ 7]
Savian ef al. (2006)  |Low
[14]
Ahmed et al. (2010)  |Unclear
[15]
Dennis er al. (2012)  |Low

&)

concealment

Low

Unclear

Unclear

Low

Blinding: partici-
pants/personnel

Blinding: outcome Incomplete

assessment

Low

High

Unclear

Unclear

High

Low

Unclear

Unclear

Selective Other bias
outcome data reporting
. e ae,
Low High High
Unclear Unclear High
Low Unclear Low
Low Unclear High

Risque de biais
43%
71%
71%
57%

Aucune des deux techniques a des effets majeurs sur la stabilité hémodynamique

Risque de biais des études élevé
Hétérogénéité entre les études

Pas d'analyse des résultats a longue terme



Et si on se fixe sur I'efficacité?
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Inspiration avec Ambu jusqu’a PIP 40 cmH,0, 4 s insufflation
Pause inspiratoire

Passage rapide en expiration
12 insufflations

Animal 105 (day 1: VHI, day 2: MHI)
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Avant de continuer faisons un point:
Comment favoriser le déplacement des sécrétions?

Générer des PEFs élevés?
- PEFs > 160 I/min = toux efficace (Bach et al. 1993 / Guerin et al. 2011)
- PEFs 35-114 I/min suffisant pour extuber les patients (Jiang et al. 2017)

Augmenter la différence entre les débits (flow bias)

AEERAEESEERRRRRRREEN  RERRRARRARR NSRRI ARy JUSUATAIEISEIAIIINNINEE  FESAIIININNININNINNNIEY  SESEIRIISERSSERERRRRY

§ Cilia movement E -M Cus movement bv: ; 10’601 rway E ; Outward muc - l.xf:,:::f." : E:l ratio > 4.3 and
,ﬁcjm :Za ctio g i Twoph seflow : 5 : BVTPGL : : > With hori'zt.mtal ; Sy 38 el
PEF > PIF: deplasceh:mhewn’sc §ecret|9ns yers, la tr'achee | MZZZIZ...Wg o
i function 5 E flow patterns 5 needed for TPGL 5 E : : threshold
: P Chong-1986 i fFreitag 1989 Pl reingosy

Two Phase Gas > Liquid transport TPGqunctio wlth Key aspects for
¢ Lliquid Model : 5 with > PEF E assymeu'ial airflo w : mucus movement :
(TPt} f : : : : E-l airflow difference :

S > When airway E § Outward muc 5 § and £/ flow ratio E

i ishorizontal : i PEF>10% PIF § i Outward mucus with 3

.
...............................................................................................




Et si on se fixe sur I'efficacité?
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Inspiration avec Ambu jusqu’a PIP 40 cmH,0, 4 s insufflation
Pause inspiratoire

Passage rapide en expiration s
12 insufflations
Ti trop longue?

Animal 105 (day 1: VHI, day 2: MHI)
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Effect of Inspiratory Time and Lung Compliance on Flow Bias
Generated During Manual Hyperinflation: A Bench Study

Bradley G Bennett, Peter Thomas PhD. and George Ntoumenopoulos PhD

RESPIRATORY CARE ® OCTOBER 2015 VoL 60 No 10

Table 1. Pairwise Comparisons of Inspiratory Time (1. 2, and 3 s) for the Normal Compliance Setting Experiments

Mean Mean Mean
Inspiratory Gme Variable Ty Target = 1 s T, Target = 2's T; Target = 3 s Difference P Difference P Difference P
Verbal feadback: (Isvs2s) (lsvs3s) (2svs3s)
achieved > target *short”
inspiratory time - 0.25 s Vi mL 1,.357.00 + 13.64 134430 = 950 [1.370.63 = 18.05 —12.7 .02 1363 009 2633  =.001
T, experiment, s 0.93 + 0.06 2.03 = 0.09 298 = 0.12 1.1I0  <.001 2.05 <.001 095 =.001
@ Ty S 0.06 + 0.03 0.58 =~ 0.09 0.72 = 0.15 0.51 =.001 65 =.001 0.14  =.001
Te. s 221 + 0.12 2.86 = 0.22 2.80 = 0.23 0.65 <.001 59 <001 —0.06 27
- - PIP. cm H,0 47.42 + 5.67 2733 = 1.61 17.51 = 1.50 —20.09  <.001 29091 0.005 982  =.001
a';ﬁg:gg": tg'r';l Verbal feedback: MIF, L/min 4331 + 2.60 19.65 = 0.91 13.60 = 0.63 —23.66  <.001 —29.71 <.001 —6.05  =.001
inspiratory time + 0.25 s long PIF, L/min 134.87 +~ 9.94 9422 + 14.70 6540 + 452 —4065  =.001 —69.47 =.001 —28.82 <=.001
Limio 1811 -+ 099 1390 - 100 148 + 118 421 =001 3.78 =.001 —0.58 11
PEF. L/min —92.16 + 1.64 —81.02 =318 | —8520 =242 11.14 001 6.96 042 —4.18 22
PIF/PEF 146 + 0.11 1.08 =0.17 |[TTOF7E006] 038 <001 —070  <.001 —0.32 <.001
PIF — PEF. L/min 4270 + 10.11 735+ 1467 | —1981 = 539 —35.35 <.001 —62510 <.001 —27.16 =001
Verba[wﬁffdbacki MIF — MEF, L/min 2520 + 2.85 575 = 1.28 —0.88 = 1.28 —1945 <001 2608  <.001 —6.63  =<.001
MHI avec des insufflations a 3 secondes peut étre efficace si technique bien appliquée
V,<15L N : = i i e e i
y= o “high” I
Mean Mean Mean
Variable T, Target = I s T, Target = 25 T; Target = 3 s Difference P Difference P Difference P
Yes Isvs2s) (1 vs3s) (2svs3s)
VT. mL 1.420.13 = 27.16 141443 = 2349 |1.434.67 = 22.63 -57 27 14.53 005 2023 <.001
Yes to all T, experiment. s 1.05 = 0.08 1.91 = 0.12 294 = 0.11 0.865 =<.001 190 =.001 1.03  =.001
previous TIH, s 0.11 + 0.04 0.56 = 0.10 0.86 = 0.17 0.46 =.001 076 <.001 030 <.001
TE. s 1.79 + 0.10 246 ~ 023 2.18 = 0.29 0.67 =.001 038 =.001 —029  <.001
@ PIP, cm H,O 56.25 + 7.48 4002 = 233 37.05 = 0.45 —16.23 <001 —1920 <.001 —2.98 005
MIF. L/min 4059 + 3.66 21.98 = 1.55 1444 = 0.64 —18.61 =001 —26.15 <.001 —7.54 <.001
PIF, L/min 133.21 = 15.23 102.66 = 6.05 77.21 = 4.61 —30.56 <.001 —56.007 <.001 —2545  <.001
Verbal feedback: AEE. L/mio —2344 + 118 —17.00 = 153 1966 ~208 | 644 <.001 3.63 <.001 —2.66 <001
"good” EF. L/min — 12429 + 122 —12035 = 1.53 |—12620= 2.16 3.94 25 —1.90 58 —5.84 09
IF/PEF 1.07 = 0.12 0.85 = 0.05 061 = 0.04 —0.22 =.001 —046 <001 —0.24 <001
IF — PEF, L/min 892 + 1468 —17.70 =632 | —4809 = 556 |-—26.62 =001 —57.91 <.001 —31.29 =.001
IF — MEF. L/min 17.15 = 4.02 498 =220 [ 532 =251 |[-12.17 <.001 —2237 <=.001 —10.20 <.001




Et si on se fixe sur I'efficacité?

Manual hyperinflation combined with expiratory rib cage

compression for reduction of length of ICU stay in n = A\_@
.- ) ) . e m e ] = Sré
critically ill patients on mechanical ventilation™
Juliana Savini Wey Berti, Elisiane Tonon, Carlos Fernando Ronchi,
Heloisa Wey Berti, Laercio Martins de Stefano, Ana Lucia Gut,
Carlos Roberto Padovani, Ana Lucia Anjos Ferreira
J Bras Pneumol. 2012;38(4):477-486
Insufflation Ambu jusqu’a PIP 40 cmH,0O
3 sec de pause inspiratoire
: L. Control
Passage rapide en expiration +
compression de la cage thoracique
fHmm interéstiﬁg , . . . .
Max 4 instillations NaCl/j 6 instillations NaCl/]
Table 3 - Effect of the 5-day respiratory physiotherapy on weaning from mechanical ventilation, 1ICU discharge, and discase severity scores.
Day
Wariahle ! 2 3 4 >
RP C RP C RP C RP C RP C
(n = 16) [n=19) n= 18] [n=19) (n = 16) [n=19) [n=186) [n=19)] n= 16] [n=19)
Weaning' 0 (0.0) 0 (0.0) | 6 [37.5]) 0 (0.0 6 [37.5] 0 [D.0) 6 [37.5) 1([5.3)" 6 [37.5] 3 (15.49)
Discharge” 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 4 (25.0) 0 (0.0)" 5 (210 0 (0.0 5 (31.0 0 (0.0
Murray score? 1.00 [0.75-125] 1.25 [1.00-1.50]" 0.00 [0.00-0.00] 1.00 [1.00-1.00]""
APACHE 11 scorc® 17 [14-18] 16 [12-20] 16 [8-21] 16 [11-21]

* E<o,o5 **p<0.01



Intensive Cane Med (2007) 33: 19381945 - i
DO 10L 10075001 34.007. 0762 4 ORIGINA

m = 4 70
Male Tmpleton Chest physiotherapy prolongs duration ne=1/7
of ventilation in the critically ill ventilated
for more than 48 hours
Compression thoraco-abdominales + MHI Control IDE

(no info MHI)

Guillaume pendant que je parle

)4 + 10.7 jours vs. 8.56 = 4.7 jours; p=0.04

2 Brasiow-Gehan-Wilcoxon test
Chisq =4.012, DF =1 P = 0.0452

Probabiity for remaining on ventilator
=

0 5 10 15 20 25 30 35
Time (cays) after initiation of ventiiation

Kiné respi + MHI augmente le temps passé sous ventilation mécanique




Et si on se fixe sur I'efficacité?

A comparison of the effects of manual
and ventilator hyperinflation on static
lung compliance and sputum production
in intubated and ventilated intensive care
patients

Berney et al. Phys Res Int 2002

n=20

Day 1 AM PM Day 2 AM PM

MHI | — [ VHI VHI |y [ MHT
m sidelying
N

VHI || MHI | MHI | r\-m

MHI: 6 sets de 6 HI: 3 séc inspiration a max 40 cmH,0, 2 sec de pause, expiration
VHI: 6 sets de 6 HI: VC, FR: 6, débit: 20 I/min, Vt augmenté jusqu’a PIP 40cmH,O

TABLE 2: Mean sputum production (95% confidence interval) for the two days of physiotherapy and the
mean total sputum wet weight (95% confidence interval)

Day Mean hyperinflation Ventilator hvperinflation

TABLE 3: Means (mean percentage improvement) (95% confidence interval)in static pulmonary compliance
before and after physiotherapy

Hyperinflation Pre freatment Posr treatment 30 min post-treatment

4[ Hyperinsufflations manuelles ou mécaniques semblent similaires en termes d’efficacité

6.18 (4.83-7.53 6.62 (5.38-7.86 31509 [30.6-50.3] (30.5-53.9]
Mcan (CI 6.53 €(>5 86-7. 70)) 6.01 :4 83-7. 19: Ventilator 449 493 (9.8%) 50.1 (11.6%)
(40.5-49.3) (45.7-52.9) (45.5-54.7)

NS

Information sur flow bias?

NS




Et si on se fixe sur l'efficacité? e © cwmea caxe

RESEARCH Open Access
10 RCT
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Benefits and risks of manual hyperinflation in
intubated and mechanically ventilated intensive
care unit patients: a systematic review

350+

A
f P2 e R it (- Z . ) . )
P Données mixtes sur l'oxygenation chez des
§ | " o i patients post-chirurgie cardiaque, avec PAV, ALl
w0 ° (N=18) , . s
o ou atélectasiés.
il N=27) \ )
6O_A
{21] ( \
2, N=2 Amélioration possible mécanique pulmonaire chez
§ des patients post-chirurgie cardiaque, avec PAV ou
518 : o atélectasiés.
oy " Aucun effet patients ALI
g » (N=35) \ j

GU|IIaun¥ et e}cr]alta?gsn présensertssa@stdtats de cette revue systématique




EN RESUME:

Les manoceuvres d’hyperinsufflation manuelle semblent peu probables d’avoir un effet
physiologique sur les patients hors sur la mécanique pulmonaire

L'effet du flow bias est rarement étudié
Les effets cliniques sont questionnables
Peu des articles récentes

Mon avis « 100% objectif » est que Guillaume Maercx n’a pas raison




Mercl!

Des questions?



