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Abstract Patient-ventilator asynchrony (PVA) commonly occurs during mechanical ventilation. Considering
the developing trend of physiological loop ventilation and weak generalization and high complexity of public
methods, this paper firstly mixes different ventilation modes simultaneously as sample, and then two cross
validations, Hold-out and Leave One Subject Out, are introduced to verify the feasibility of the task that
classifying PVAs under hybrid ventilation modes. To solve the drawback of current models, the phase-space
reconstruction-based convolutional neural network (PSR-CNN) model is proposed. During model selection, zero-
padded and down sampling are applied in order to ensure that all experiments could be conducted smoothly.
Results suggest that the performances of PSR-CNN have a higher accuracy and a F1-score than other algorithms.
In addition, PSR-CNN shows a shorter time with regard to average training consumption. Overall, this study
indicates that the proposed model has a stronger generalization and a decrease in the complexity, which shows
application value and provides reference for the intelligent promotion of ventilators in engineering.
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Table 1 Common definitions of different patient-ventilator asynchrony and their morphological pattern
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Table 2 The comparison of different ventilation mode used in public literature
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Table 3 The patients’ basic information and part of parameters of ventilator during ventilation mode
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Z AT, BREGAR T B SR R AE 43 31 £5
RF 592538 (I PERESL, IEXTEL T Zhang 25"'4R
Hiff) LSTM B, Pan %5V #2H ) CNN AL,
Chen Z5""$2 ¥ Attention-based CNN-LSTM #%
T DL Je AR SCH)i&E ) Transformer #7,  Si6 25 B
R 5 Fi.

HAEBTE Hold-out LI FEVEERITEE SR

Table 5 Results comparison among different models under Hold-out experiment

it Accuracy Sensitivity Specificity F1-score
PSR-CNN 0.970 8£0.005 0.963 3+0.008 0.975 4+0.008 0.970 50.005
Transformer 0.962 3+0.007 0.948 1+£0.015 0.976 30.006 0.961 50.007
CNN-LSTM®2!! 0.967 3+0.005 0.959 6+0.009 0.974 9+0.008 0.966 910.005
CNNP 0.967 0+0.006 0.955 3+0.160 0.979 6+0.010 0.966 0+0.006
i} SBAFAE -RF 0.945 5+0.005 0.934 9+0.001 0.956 0+0.009 0.944 7+0.005
BRI AT -RF 0.923 80.008 0.936 5+0.007 0.911340.013 0.924 60.008

VE: p<<0.01
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R 5 AlA, HHAR 4 MEIAAHLL, A3
$ZH ) PSR-CNN H B [1)~F- ) Fl-score #i i,
N 97.05%, FHURZ Chen 27242 H 1) Attention-
based CNN-LSTM #5%, 4y 96.69%, LAJ Pan %"
PR CNN LAY, Ol 96.60%. 7E Fl-score fi
PR, T IR AR Y RF A58 () 45 5 53
BN 94.47% 1 92.46%, KMETIRFERA. 167
¥ accuracy #HH5 T, PSR-CNN. CNN. 45
fE-RF FIAUSRAAE-RF 25 4 MY ) 45 AR N
97.08%- 96.70%-+ 94.55% #1 92.38%.

5 Pan SV CNN B (95.53%)
MG, ASCH) PSR-CNN A (96.33%) f1°F 3
sensitivity ZJ & H 1%, {HASCEIAR (97.54%) 1
¥ specificity FEPRENEZ LT CNN Fi4 (97.96%) ;
5 Chen 25" HRIALHILL, A SORIARL G & ANE AR
YR . B3 sensitivity A3 specificity 4
fEbs ERUTERETT &, 25 THRRAE I P AP 2L (I 35
FFAE-RF FIAUSARFAE-RF) /G T A ST IR AR A

HAKKRYE, 7F Hold-out SEEGH, T 4F
AE AT (B S8R5 AIE-RF FDA SRR 1iE -RF) 75 %%
T s B SSAR T2 TR BE Y . T A SCHE
[f] CNN B %% PSR-CNN )& 45 br, BRF
1 specificity B{&4h, HARIEARE T Pan 25
HEHIY CNN B8, 43T Chen 22 R (1
Attention-based CNN-LSTM #&/ .

3.2 LOSO SEIG45 R

LOSO SE 5K 449 91 1) 4l S A IR Ny
MR, HREXNREBIEAENINGE. Eix%
9o B R HEAL B, ARSORE G T TR AR AR
A accuracy. sensitivity. specificity fl F1-
score 4 MREFRMIPERE. R 6 FIZLLG A A
[ sensitivity il specificity FaArFIEUE: K 6 LIFA
BN BT L T 7 AMEALAE accuracy
Fl-score WM 48RS EHIR AN,

7 LOSO sE&urh, Fra w5 Hk tiok,
WIRAE IS, HARWBIMEAIIZRE, &ia

& 6 LOSO s£I5h B 1R BIH) 1Y sensitivity 5 specificity
IR R T
Table 6 Listed results performed by 7 models in the

LOSO experimen
LAY Sensitivity Specificity
PSR-CNN 0.921 8+0.066 0.868 9£0.104
Transformer 0.836 040.079 0.787 4£0.215
CNN-LSTMEY 0.893 5+0.151 0.788 3£0.171
LSTMU 0.891 2+0.151 0.795 8£0.233
CNNRI 0.867 51+0.169 0.7824£0.174

I SRR -RF
B RHE-RE

0.720 84+0.326
0.772 6+0.173

0.540 6£0.363
0.726 5£0.226
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Fig. 6 Illustration for results of LOSO with boxplot
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TR 45 R ECE, 158158 6 Fings . HEk 6
AI%N, £ LOSO =4+, PSR-CNN #E4Y ffy-F
¥ sensitivity XU & 2.83%~20.1%,
M Z A RBP4 specificity X b AR AU
7.31%~32.83%; Zhang "'l Chen" 242 Hi 11
AR 45 BRI (89.35% vs 89.12% A1 78.83% vs
79.58%) , ¥ T Pan 252 i CNN A7
g BRI R IE-RF LAY, 2 SE B T
B 72.08% HI°F) sensitivity FlAE 54.06% )
¥ 14 specificity .

Kl 6 Fr) 4R 26 B A B [ i T AR SRR
(1) PSR-CNN R SEHL 1 5 47 1) 89.17% 111133
accuracy 1 88.77% I11-34 F1-Score, I TIAH
IR, Chen 25" 37 H 3K T34 5% FI 0L (0 25
K TE HAIC T2 W 25 11 °F- 23] accuracy A 84.06%,
-3 F1-Score A 84.52%, 5 Zhang 25" HEH
ff) LSTM #ERIZCR AL, P accuracy A
84.33%, “F-#4 F1-Score N 85.13%, ¥J&T Pan
A 201 58 1K) CNIN R (82.48% F11 82.64%) o it
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AL N H 74.93% 1 74.97%, DL ISHSUERAE R
63% F1 61.84%.
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Table 7 Table in terms of average time consumption

iy SFIKERT (ms)
PSR-CNN 22576
Transformer 9.242 1
CNN-LSTM8] 13.827 5
2layer-LSTMU®) 27.516 0
CNNU7 4.894 0

£ 4 NP TE RS ERRIEL. [ERERRE,
5 CNN AL, ASCHE R B g i — 4
PSR JZ41, HAREHIMAE. Bk, A RN
PSR JEX 215 CNN BBV REA BT Bl .

XF PSR JZEHE Bl R CNN A58 1 i (1 Ji R ik
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