
Introduction

The aim of the study was to develop and investigate the
automatic Premature Ventricular Contraction (PVC)
detection and classification method using
Photoplethysmographic (PPG) signals.

PVCs are early heartbeats and one of the most common
heart rate irregularities:
o PVCs may occur in healthy hearts with little or no

effect on wellbeing.
o Recent studies deny PVC benignity and link them

to various health abnormalities, fatal outcomes
and reveal their prognostic value (e.g. [1] [2] [3]
[4] [5] [6]).

The PPG (see Fig. 1) is a noninvasive, simple and
comfortable technique to monitor hemodynamics by
tissue illumination with light of the certain wavelength:

PPG based PVC detection and classification method
exploits temporal and signal power derived features to
detect and classify PVCs.

The main issue of using PPG signals to detect
arrhythmias is motion and tissue deformation artefacts
which may be falsely detected as an arrhythmic pulses.

Method

The method is based on the 6 PPG signal features, obtained in the 12 s analysis window:

o 3 successive peak to peak intervals (PPIs).

o 3 successive variance ratios (VRs).

o PPI and VR feature set overlap by one feature.

The frequency derived from the heart rate (HR) is used to extract and normalize features of the PPG signal:

o The HR derived frequency is estimated via series of preprocessing operations (e.g. PPG smoothing, clipping, 1st derivative
computation), of which the final one is the power spectral density (PSD) calculation.

o In the artefact or extrasystolic beat environment, HR estimation outliers are eliminated by applying median filter.

o The HR component extraction from the PPG via adaptive filter reveals low frequency extrasystolic PPG signal components.

VRs are the ratios of the adaptive filter output and the input PPG signal variances in the duration of one PPI interval.

Single hidden layer feedforward Artificial Neural Network (ANN) with back-propagation is used to classify PPG pulses.

o The PPG pulses are classified into 3 major classes: PVC 1, PVC 2 and N (refer to Fig. 2 in Data).
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Results

The method was evaluated by specificity, sensitivity, the
overall accuracy and the Matthews correlation coefficient
MCC (see Table I and Table II).

Sensitivity and specificity for the two main PVC types are
96,05 / 95,37 % and 99,85 / 99,80 %, respectively.

The results suggest that PPG signals can be used to detect
PVCs reliably.

Conclusions

The PVC detection method is capable of detecting not only
single PVCs but also bigeminy.

The algorithm can separate artefacts from normal and
premature beats thus decreasing false alarms. These
qualities are vital in wearable systems.

The ANN was chosen due to its universality and ability to
approximate linear an non-linear functions.

The limitation of the present study is that signal
annotations were not performed by the experts.

Insufficient hemodynamic changes and pauses limit
detection of the late and interpolated extrasystoles in the
PPG signals, however these contractions are rare [8].

The PPG pulse detection and classification effectiveness
mainly depends on the heart rate estimation which in turn
depends on the quality of the PPG signal.

Future developments

Smartphone based application for automated online PVC
and/or other arrhythmia detection (Fig. 4):
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Class  N PVC 1 PVC 2

N 234982 74 29

PVC 1 362 2261 1

PVC 2 444 19 618

Data 

A total of 43 PPG signals from the PhysioNet [7] portal:

o 18 PPG signals from the MIMIC II v3 part 0
database were used for algorithm training.

o 25 PPG signals from the MIMIC database were used
for algorithm testing.

The PPG signals were manually annotated with the
reference to the synchronously registered ECG signals.

All signals were resampled to 500 Hz sampling frequency.

The PPG signals contain various types of extrasystolic
beats, artefacts or absolutely normal beats.

Two PVC pulse types may be observed in the PPG (Fig. 2):

o PVC1 – pulses with an absent post-extrasystolic
peaks (when ventricles are almost empty)

o PVC2 – pulses with a present post-extrasystolic
peaks

Class  N PVC1 PVC2

Sensitivity 99,66 % 96,05 % 95,37 %

Specificity 96,57 % 99,85 % 99,80 %

Accuracy 99,62 % 99,81 % 99,79 %

MCC 86,75 % 90,88 % 73,76 %

Table I: The results

Table II: Confusion matrix

Figure 2: PVC types in PPG

Figure 3: PPG based PVC detection and classification method scheme

Figure 1: Photoplethysmography
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Figure 4: Screenshot of the online PVC detection application
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