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Combined effects of leaks, respiratory system properties and upper airway patency on
the performance of home ventilators: A bench study

Kaixian Zhu, Claudio Rabec, Jésus Gonzalez-Bermejo, Sébastien Hardy, Sami Aouf, Pierre Escourrou
and Gabriel Roisman

Additional File 5: Example of patient-ventilator asynchronies with closed upper airways

05 Nb of ventilator cycles:19;Nb of total efforts:19;Nb of effective efforts:15;Nb of asynchrony events:8;Ti=1.7sec.
’ Asynchrony index:35%
Mean leakage:49L/min;Median Leakage:41L/min.
0 | | 1 | | | | 1 | |
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
= 50 T T T T T T T T T
E
2 of AL AL AL AL AL LA AL AL UAFL AL LA AL S A
c_;) 50 L[ Flow % Effective effort| i
w | 1 l | | | 1 I |
2b‘IOO 1110 1120 1130 1140 11|50 11|60 11[70 11]80 11|90 1200
T T T T
= “ANRANAANRANARA AN AINATRAAIAN
~ 10 \ \ \ (\ \ \ \ (\ \ —
= ANNANANININANAANNINANAAAIAS
i’ 0 | Pmask Pstarling Ptracheal | B
-10 | | | | | | | | |
2b‘IOO 1110 1120 1130 1140 11|50 11|60 11I70 11|80 11|90 1200
T T T T
2 A ANAAAAAAAAAAAAAAAA A
g 0 1 1 e | P | e | e |
- | Pmuscle Ptracheal PmaWWW
a -10 v Vv Vv Vv VvV L L 1 1 | L 7
10b100 1110 1120 1130 1140 1150 1160 1170 1180 1190 1200
E T T T T T T T T T
£
e O O o O O O O O O O O O
w
Q
— 0 | | 1 | | | | | |
b100 1110 1120 1130 1140 1150 1160 1170 1180 1190 1200
100 T T T T T T T T T
£ 500 =
>
0
1100 1110 1120 1130 1140 1150 1160 1170 1180 1190 1200

Time (sec)

Figure S5-V1



W

05 L Nb of ventilator cycles:21;Nb of total efforts:20;Nb of effective efforts:5;Nb of asynchrony events:31;Ti=1.7sec.
: Asynchrony index:86%
IMean Ieakage:|57L/min;Medialn Leakage:48[i/min. | | | l | |
0
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
T 50 T T T T T T T T T
E
3 oL AL AN AN N AAA A A A AN A
% 0 L[ Flow % Effective effort | N
= -50
w ] ] 1 ] | | 1 1 1
z‘b’ZOO 1210 1220 1230 1240 1250 1260 1270 1280 1290 1300
T T T T T T T
o
N
T
§ of N
g [ Pmask Pstarling Ptracheal |
10 | | 1 ] | ] 1 1 ]
2b200 1210 1220 1230 1240 1250 1260 1270 1280 1290 1300
- T T T T T T T T T .
O, 10 — A \
T
E 0 s B M s WD M mes M
at I Pmuscle Ptracheal PmaWWW
o -10 Vv 1V VY Vv VTV I | | I | | 7]
1 O‘b’ZOO 1210 1220 1230 1240 1250 1260 1270 1280 1290 1300
= T T T T T T T T T
S LS G A e e e A A A S A
2 50
4
[}
]
~ ] ] 1 ] | 1 ] 1 1
9 00b200 1210 1220 1230 1240 1250 1260 1270 1280 1290 1300
T T T T T T T T T
=" —A/\/\/\A/\A/\A/\/\/\ _
g JAVAVAN AVAVAN
. AN\
1200 1210 1220 1230 1240 1250 1260 1270 1280 1290 1300

Time (sec)

Figure S5-V2

1400

1400

05 Nb of ventilator cycles:25;Nb of total efforts:20;Nb of effective efforts:7;Nb of asynchrony events:31;Ti=1.7sec.
: Asynchrony index:82%
Mean leakage:60L/min;Median Leakage:49L/min.
0 | ] | | ] 1 ] ] 1 |
0 0i1 0i2 0i3 0.I4 0i5 OiG 0i7 OiB Oi9
E 50} g
£
= W\WWUM/*\MMM
(_;3 50 L Flow % Effective effort] |
n 1 ] 1 1 l 1 1 1 1
21.1300 1310 1320 1330 1340 1350 1360 1370 1380 1390
. T T T T T T T T T
%. 10
§ o
X B Pmask Pstarling Ptracheal | ]
10 | | | | ] | ] ] ]
25300 1310 1320 1330 1340 1350 1360 1370 1380 1390
— T T T T I I T T T
O, 10
I —
g 0 s B WD mern WD WD ern D |
~ I Pmuscle Ptracheal PmaWWW
o -10 \ A A A A A A I I I I 1 1 N
104300 1310 1320 1330 1340 1350 1360 1370 1380 1390
= I I I T T I T T T
S L UL A UL
2 50
® :
]
-~ ] | 1 1 ] ] | | 1
1 00b300 1310 1320 1330 1340 1350 1360 1370 1380 1390
T T T T T T T T T
>
0 AVAVAN /\/\ A\ A/\ /\/\/\/\/\/”/\ f/\/\/\”
1300 1310 1320 1330 1340 1350 1360 1370 1380 1390
Time (sec)

Figure S5-V3



~w

05 Nb of ventilator cycles:27;Nb of total efforts:20;Nb of effective efforts:4;Nb of asynchrony events:39;Ti=1.7sec.
’ Asynchrony index:91%
lM(-:an Ieakage:ISOL/min ;Medialn Leakage:49IT/min. | | I | | |
0
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
—_ T T T T T T T T T
E 50 —
A A N O T T AN g B N A B N A e T A B A S
_% 50 [ Flow % Effective effort | N
uw I ] 1 ] 1 1 1 ] ]
b400 1410 1420 1430 1440 1450 1460 1470 1480 1490 1500
2 T T T T T T T T T
o
o
£
e 0 [ Pmask Pstarling Ptracheal | - N
o
10 1 1 1 1 l l L 1 !
21)400 1410 1420 1430 1440 1450 1460 1470 1480 1490 1500
T T T T T T T T T
%, 10 . i S
E O~ ‘
L 10 -‘I Pmuscle Ptracheal Pmawmmm
o - V_ 1V 'V [V VT |V I I I 1 1 1
1400 1410 1420 1430 1440 1450 1460 1470 1480 1490 1500
=10 T T T T T T T T T
2 50
®
Q
- 9 1 1 1 1 1 1 1 1 1
100 400 1410 1420 1430 1440 1450 1460 1470 1480 1490 1500
T T T T T T T T T
=AM A A\ A
>
0 /\ /\/\ I AA /\/\ A\/J\ /\/\/\/\/V\ /}\//\/\ /\/\
1400 1410 1420 1430 1440 1450 1460 1470 1480 1490 1500
Time (sec)
Figure S5-V4
05 Nb of ventilator cycles:20;Nb of total efforts:20;Nb of effective efforts:20;Nb of asynchrony events:0;Ti=1.7sec.
’ Asynchrony index:0%
Mean leakage:52L/min;Median Leakage:41L/min.
0 1 1 1 1 1 1 1 1 1
0 0i1 0i2 0i3 0i4 0i5 0.|6 0i7 0i8 0i9
S50 .
£
3 oL AL AL AL AL AL AA A A A A A A A A A AA A
E 50 | Flow % Effective effort ] |
L I 1 1 | 1 1 | l 1
21)100 1110 1120 1130 1140 1150 1160 1170 1180 1190 1200
T T T T T T T T T
%\l 10
i’ or [ Pmask Pstarling Ptracheal | B
10 | ] ] ] ] ] | ] |
2b100 1110 1120 1130 1140 1150 1160 1170 1180 1190 1200
T T T T T T T T T
I T g g /g N N N W T W W W W W W W Wy B
g 0 e D B s M ees WD s WD
< 10 &/ Pmuscle Ptracheal Pmawmmr\f\mf
o - v Vv 1V VY 1V I L I L L I ]
10‘b100 11|10 11|20 11|30 11|40 11|50 11|60 11|70 11|80 11|90 1200
c
€
2 50 -
®
S : L L
- 9 1 1 1 1 1 1 1 1 1
100 1110 1120 1130 1140 1150 1160 1170 1180 1190 1200
100 T T T T T T T T T
£ soof- -

o

1100 1110 1120 1130 1140 1150 1160 1170 1180 1190 1200

Time (sec)

Figure S5-T1



051 Asynchrony index:0%
Mean leakage:58L/min;Median Leakage:46L/min.
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05 Nb of ventilator cycles:20;Nb of total efforts:20;Nb of effective efforts:20;Nb of asynchrony events:0;Ti=1.7sec.
: Asynchrony index:0%
Mean leakage:57L/min;Median Leakage:45L/min.
0 | | | | | | | | | |
0 0i1 0i2 0i3 0i4 0i5 0.|6 0i7 0i8 0i9 1
S50 -
£
3 ol LA AL AL AL A AL A A A A AA A A A AA A A
E 50 o Flow %  Effective effort] H
w | l | | l 1 | 1 1
2b400 1410 1420 1430 1440 1450 1460 1470 1480 1490 1500
- T I T | T | I | |
L T S N N W 7 N 7 (O N 7 7 W N N (W 7 W
o 10 \ \ \ \ -
E P =
f_’ 0 | Pmask Pstarling Ptracheal | N
-10 | | | | | | | | |
21)400 1 4|1 0 1 4|20 1 4|30 1 4|40 1 4|50 1 4|60 1 4|70 1 4|80 1 4|90 1500
I
g 0 P R s D RN ass B RN |
=~ &/ Pmuscle Ptracheal PmaWW\f
o -10 T VWV WV 1V | | | | | | _
1 Ob400 1 4|1 0 1 4|20 1 4|30 1 4|40 1 4|50 1 4|60 1 4|70 1 4|80 1 4|90 1500
=
A T T T R T A A R A R A
2 50 .
X
i
— 0 | | | | | | | | |
1 00b400 1410 1420 1430 1440 1450 1460 1470 1480 1490 1500
T T T T T T T | T
£ st .
0
1400 1410 1420 1430 1440 1450 1460 1470 1480 1490 1500

Time (sec)

Figure S5-T4

Figures S5 V1-4 and T1-4 show mask flow, mask pressure (Pm), tracheal pressure (Ptr), inspiratory
muscular pressure (Pmus), total leak and calculated tidal volume (V7) during period between 1100™ to
1500™ second during the tests of V60 (V1-4) and T100 (T1-4) under COPD condition with closed
upper airways. During the period shown in the figures, the two devices were subjected to similar total
leak levels: from 1100™ to 1200™ second, median leak was around 41 L/min; at 1200™ second, leak
was manually increased to around 48 L/min. The evolutions of patient-ventilator interaction during

this increase of leak are thus shown in the figures.

For V60, the inspiratory trigger was 6. When leak level was around 41 L/min, 15 out of 19 inspiratory
efforts were effectively addressed by pressure supports sent by the ventilator, and the amount of
asynchrony events was not significant. A similar level of Ptr to Pm indicated that the upper airways
remained at least partially opened. The Vr reached around 600 ml. When the leak increased to 49
L/min at 1200"™ second, the ventilator cycles began to desynchronize to the simulated patient’s
breathing efforts (decreases in Pmus). Ineffective inspiratory efforts appeared leading to asynchrony
and a consequent decrease in delivered V1 (from the 1255™ second). Later, high frequency ventilatory
cycles were auto-triggered, leading to a decrease in delivered mean Vi (from 1320™ second, minimum
value around 250 ml). As the breathing rate of active lung model was unchanged, an auto-triggered

ventilatory cycle could occur by chance at a similar or a same moment when the inspiratory effort took



place. Consequently, an increase in Vr could be observed which was, however, completely accidental

(e.g., at 1327" second, 1347™ second, etc.).

The corresponding curves of T100 under similar conditions are comparatively shown in the figure.

The inspiratory trigger of T100 was 4. No asynchrony events occurred.



