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cwfsmﬂuumm @alidioviascular deseases

» Cardiovascular diseases (CVDs) are globally the highest
cause of death

* Hemodynamic parameters are vital to estimate

cardio-respiratory activity and evaluate the subject's
condition Ve
= An unobtrusive monitoring of such parameters is highly v),
useful :
: : . . . 5
= Noninvasive techniques to obtain the hemodynamic Vs,__ff
parameters |

't

= Doppler echocardiography, CO2 breath analysis, =
seismocardiography, phonocardiography

* |Impedance cardiography (ICG)
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Q&#@fﬂmnuumm impedanece caidiography (ICG)

* Impedance based technique
= Decrease in impedance is related to an increase in blood flow
= First derivative of the impedance signal

* A noninvasive, simple, and low-cost technique

= Many useful hemodynamic parameters can be determined
from the ICG signal

= Cardiac output (CO), stroke volume (SV), systolic time
intervals, thoracic fluid content ...

* Promising technique for monitoring hemodynamic
parameters using wearable devices

» Requires an accurate and real-time detection of the ICG's
characteristic points
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QRS
ECG

» Delineation is challenging due to many

variations in the morphology of the ICG

signals
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e [demiiiiced Gaps and Solutions

» SOA delineation algorithms
= Ensemble averaging [1]
» A new delineation

= More complex techniques (adaptive filtering [2], _
wavelet decomposition [3], etc) methodology implemetable
on wearable devices

= Rely on the synchronously measured ECG
signal

= No standardized evaluation metrics for
evaluation

= No open source databases that allow the
assessment and comparison with previously
proposed methods

A new open-access database
of annotated ICG signals

»
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» Real-time and low-complexity beat-to-beat delineation

= Relying only on the ICG signal

» Hemodynamic parameters monitoring on wearable devices
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Filtering

= Savitzky-Golay filter [4]

Signal SNR
Filter length selection
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Savitzky-Golay filter

= Adaptive filter lenght selection

=  Relative energy" preprocessing method

= An adaptation of the REWARD algorithm
[5] for R peaks detection in the ECG
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B peak detection

= Search based on derivative anaylsis

i = Defining possible time window for B point
i together with condition checks

= Selecting optimal X-O pairs based on condition
checking following the signal morphology

] |
| = Searching for possible X and O points i
' based on derivative analysis |

ANpeAdelineation methodology
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Q&#efsmnuuuum Exeeliimental setup: Dataset

= Original database

= During an experimental session of a virtual search and

rescue mission with drones [6]
= |CG and ECG signals from 24 healthy subjects

= Baseline state and higher level of cognitive workload

= |CG database

= Database annotation by the cardiologists
from the Lausanne University Hospital

= Open access physiological signal labeler
software [7]

= 4 blocks of randomly chosen signal
segments containing 10 beats from BL
and CW tasks of each subject
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e Expenmentalisetup: Evaluation
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2| < Crmat |] (FPs), and false negatives (FNs)
L 2 Cecard || . .
19 X mat = Tolerance of +30ms from annotated point is used
1r X card |
05| ~ omat) | = Perfomance metrics

- p O O-card
o] I | = sensitivity (SE), positive prediction value (PPV),
05 V | detection error rate (DER), geometric mean
] (gmean), mean error (me), and its standard

il deviation (o)
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Time [s]

= Hemodynamic parameters

= Heart rate (HR)
Left ventricular ejection time (LVET)
Amplitude of the C peak
Isovolumetric relaxation time (IVRT)

Relative error of parameter value when compared
to annotated parameter
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» Characteristic points delineation

= C points almost perfect detection (gmean 98.6%)

= B, X, and O points bit worse with 94.9%, 90.3% and
84.3% gmean

» Hemodynamic parameters
= HR is the most precise

= LVET and IVRT are less precise, but still well
within the 30 ms resolution

= Challenging comparison with SoA
= Different approaches, don’'t mention resolution
= Comparison with £150ms and mean error
= Qur perfomance better or equally good
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PERFORMANCE OF REBEATICG PER ANNOTATED POINTS

Annot. Performance measures

Points SE %] PPV %] Gmean %] me £ o [ms]
B 0530 £ 3.65 | 9448 £ 696 | D488 £ 6.28 | 1.75 £ 0.90
C 00.09 £+ 1.86 | 98.13 £ 3.44 [ 9860 £ 250 | 0.12 £+ 0.08
X 00.55 + 9.51 | 90.06 = 9.82 | 90.30 = 9.58 | 1.09 + 0.35
8] 8458 + 1545 | 84.08 £ 1545 | 8432 + 1539 | 1.31 = 0.22

The tolerance in respect to the reference values 15 = 30ms

QUALITY OF AUTOMATIC CALCULATION OF HEMODYNAMIC PARAMETERS

Parameter HR LVET IVRT | BCampl
Mean absolute error [ms] | 0.11£0.54 | 9.7+4.7 | 83194
Mean relative error [%] | 0.01£0.04 | 3.6:£1.7 | 10.2£11.0 | 3.946.5
T W AR
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cwfsmﬂuumm Conclusions

ReBeatiCG
= New real-time low-complexity beat-to-beat delineation
No lightweight algorithm methodology | _
portable to wearable = Relying only on the ICG signal for hemodynamic
parameters

devices for ICG monitoring , > _ _ o ,
= High precision delineation of ICG characteristic points

and monitoring of hemodynamic parameters

ReBeatlICG database

= A new open-access database of annotated ICG
signals

* |ncludes 1920 beats, fully (B, C, X and O points)
annotated by a cardiologist

No standard evaluation
metrics or database for
ICG delineation assesment

»
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