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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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Table1 Common definitions of different patient-ventilator asynchrony and their morphological pattern
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Fig. 1 Mechanical ventilation waveform
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Table 2 The comparison of different ventilation mode used in public literature
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Fig.2 Data preparation
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Table 3 The patients’ basic information and part of parameters of ventilator during ventilation mode
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their formulas
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Fig.4 Phase-space reconstruction with time-delay embedding
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Fig. 5 The structure of PSR-CNN
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Table 5 Results comparison among different models under Hold-out experiment

R Accuracy Sensitivity Specificity Fl-score
PSR-CNN 0.970 8£0.005 0.963 3+0.008 0.975 4+0.008 0.970 5£0.005
Transformer 0.962 3+£0.007 0.948 1+0.015 0.976 3£0.006 0.961 5£0.007
CNN-LSTM™!! 0.967 3+£0.005 0.959 6+0.009 0.974 9+0.008 0.966 90.005
CNNP 0.967 0£0.006 0.9553+0.160 0.979 6£0.010 0.966 0£0.006
I3 AE-RF 0.945 5+0.005 0.9349+0.001 0.956 0£0.009 0.944 7+0.005
ATURARFAE-RF 0.923 8+0.008 0.936 5+0.007 0.911340.013 0.924 60.008

F: p<0.01
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Table 6 Listed results performed by 7 models in the

LOSO experimen
T Sensitivity Specificity
PSR-CNN 0.921 8+£0.066 0.868 9+0.104
Transformer 0.836 0£0.079 0.787 4+0.215
CNN-LSTMP?! 0.893 5+0.151 0.788 3+£0.171
LSTM! 0.8912+0.151 0.795 8+0.233
CNNE 0.867 5+0.169 0.7824+0.174

IR L -RF 0.720 8+0.326 0.540 6+0.363

AU FFE-RF 0.772 6+0.173 0.726 5+0.226
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Fig. 6 Illustration for results of LOSO with boxplot
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Fig. 7 Searching plot for optimal measurement by varying convolutional parameters
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Table 7 Table in terms of average time consumption

R SFYJFER (ms)
PSR-CNN 22576
Transformer 9.242 1
CNN-LSTMU®I 13.8275
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CNN[7I 4.894 0
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