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Abstract—Oscillometric blood pressure measurement is one 

of the most commonly used methods to estimate the state of the 

cardiovascular system. Despite its widespread use, accuracy of 

the oscillometric method is influenced by several factors and can 

be questionable in case of arrhythmia, jerky breathing and 

increased arterial stiffness. This paper analyzes the accuracy of 

the oscillometric method for measurements of patients affected 

by cardiovascular diseases.  Illustrative examples are given when 

the conventional oscillometric method produces high errors. A 

method is proposed for the compensation of these errors based on 

the photoplethysmographic signal. 
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I.  INTRODUCTION 

Blood pressure is one of the most important vital signs used 
to assess the state of the cardiovascular system. Automated 
blood pressure monitors are easy to use and inexpensive 
devices providing a quick way to estimate blood pressure 
mostly applying the oscillometric method. The oscillometric 
method is based on the measurement of pressure oscillations in 
a pneumatic cuff typically wrapped around the upper left arm 
[1]. Most automated blood pressure monitors inflate the cuff 
quickly above the systolic blood pressure (SBP) and then 
deflate the cuff slowly. The amplitude of pressure oscillations 
in the cuff increases as cuff pressure falls between SBP and 
mean arterial pressure (MAP) and decreases below MAP. 
Maximal oscillation occurs close to the MAP [2]. The 
estimation of SBP and the diastolic blood pressure (DBP) is 
based on the observation that the amplitude of oscillations at 
SBP and DBP are nearly fixed ratios of the maximum 
amplitude of oscillations [3]. However, these characteristic 
ratios are obtained empirically, and they show large variability 
among individuals. The accuracy of oscillometric blood 
pressure measurement is influenced by several physiological 
factors including pulse pressure, anatomical position, elasticity 
and size of the measured artery and properties of the 
surrounding tissue [4]. Increased arterial stiffness generally 
impairs the accuracy of oscillometric blood pressure 
measurement [5]. Moreover, SBP and DBP can change 20 
mmHg or more within a few heartbeats due to the intrinsic 
physiological variation of blood pressure [6]. Thus, momentary 

values provided by the oscillometric method do not 
characterize blood pressure appropriately. 

A more comprehensive picture can be gained about the 
state of the cardiovascular system, if more than one 
physiologically relevant signal is measured. 
Photoplethysmography (PPG) is an optical technique for the 
measurement of cardiac-induced pulsatile changes in tissue 
blood volume [7]. PPG enables or promotes the measurement 
of cardiovascular parameters, which correlate with arterial 
blood pressure, such as heart rate, pulse wave velocity and 
tissue blood volume changes [8]. Nitzan reported an automatic 
cuff-based measuring method of SBP using an inflatable cuff 
and two PPG sensors at two peripheral sites [8]. The amplitude 
and baseline of the PPG signal, heart period and time delay 
between the arrival time of PPG pulses to the two sensors were 
used to help estimate SBP. The cuff was used for the initial 
calibration phase. During the calibration, disappearance and 
reappearance of the PPG signal was detected based on a 
parameter characterizing the pattern of pulses and the 
correlation between subsequent heart cycles in the PPG curve. 
Yoon et al. used both ECG and PPG signals to estimate SBP 
and DBP [9]. Pulse transit time, systolic upstroke time, 
diastolic time and the width of 2/3 pulse amplitude were used 
as parameters in linear regression analysis for SBP and DBP. 
For SBP, pulse transit time from the ECG R peak to the PPG 
waveform maximum derivative point, for the DBP, diastolic 
time allowed the best estimation when using individual 
calibration of regression lines. Kurylyak et al. proposed a 
method for continuous non-invasive blood pressure estimation 
from the PPG signal based on artificial neural networks [10]. 
Cardiac period, systolic upstroke time, diastolic time, and 
systolic and diastolic width at 10, 25, 33, 50, 66, 75 percent of 
pulse height were used as extracted parameters. Shin & Min. 
defined a parameter called pressure index taking into account 
the PPG signal and the subject's heart rate and height [11]. The 
proposed pressure index showed statistically significant 
correlation with SBP and MAP but not with DBP. Mousavi et 
al. reported a method for blood pressure estimation using raw 
values of the PPG signal without extracting special features 
[12]. The PPG signal between two consecutive systolic peaks 
was considered as a feature vector. After dimension reduction, 
feature vectors were used as inputs to nonlinear regression 
algorithms. Adaptive Boosting regression produced the 
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smallest mean error and was selected as the best estimator of 
SBP, MAP and DBP. 

In this paper, we analyze the accuracy of oscillometric 
blood pressure measurement for recordings of patients affected 
by cardiovascular diseases. Illustrative examples are given 
when the conventional oscillometric method produces high 
errors. A method is proposed for the compensation of these 
errors making use of the extra information provided by the 
PPG signal. 

II. MATERIALS AND METHODS 

A. Data Acquisition 

Measurements were carried out using a home health 
monitoring device [13]. The device contains an inflatable cuff 
with two control valves and it is able to keep cuff pressure at a 
constant value. The device also measures ECG in Einthoven II-
lead and PPG at the fingertip with a sampling frequency of 1 
kHz. A transmission-type PPG sensor is used to reduce the 
effect of motion artifacts. The device inflates the cuff with 
approximately 6 mmHg/s speed to 170 mmHg, then deflates 
the cuff with the same speed. Deflation is stopped at 60 mmHg 
for 10 seconds. When 40 mmHg is reached during deflation, 
CP changes abruptly to 0 mmHg. During the measurements, 
investigated in this paper, signals were recorded in resting state 
of the patient, in supine position. 

B. Tested persons 

30 patients (13 females, 17 males) affected by 
cardiovascular diseases and two healthy adults (2 males) 
participated in the measurement series reported in this paper. 
Diseases of patients included aortic valve stenosis, 
hypertension, angina pectoris, diabetes mellitus, 
atrioventricular nodal reentrant tachycardia, atrial fibrillation 
and coronary artery disease. All tested persons gave their 
written consent. The research was performed in accordance 
with the Declaration of Helsinki and the study protocol was 
approved by the Scientific and Research Committee of the 
Hungarian Medical Research Council (SE RKEB 46/2020). 

C. Estimating SBP assisted by the PPG signal 

During inflation, the pulsation of the PPG signal disappears 
when the cuff pressure exceeds SBP. Nitzan proposed a 
method for the detection of the disappearance of the PPG 
signal based on the pattern of pulses [8]. However, the signal-
to-noise ratio of some clinical recordings was very low, so we 
used a method that does not require the designation of fiducial 
points, only the envelope of the signal must be determined. The 
maximum difference between the upper and lower envelope 
was calculated in a sliding window with a length of 300 ms. 
Disappearance of the PPG signal was detected applying 
thresholds on the output of the moving window-based envelope 
range calculation. In this paper we focus on SBP, DBP 
estimation aided by the PPG signal is not discussed. 

D. Comparing results to the conventional oscillometric 

method  

Results of the PPG-based blood pressure estimation were 
compared to the conventional oscillometric method. 
Manufacturers of automatic oscillometric monitors do not 
publish the methods and coefficients implemented in their 
devices [14], therefore, we implemented the conventional 
oscillometric method described by Geddes et al. [15]. SBP 
calculated using the PPG signal was compared to SBP 
determined by the oscillometric method, during inflation. In the 
conventional oscillometric method, the cuff is inflated quickly 
and deflated slowly and SBP is detected during deflation. 
However, the device we used inflates the cuff slowly enabling 
the detection of SBP during inflation. 

III. RESULTS 

A. Estimating SBP in case of arrhythmia 

The amplitude and shape of oscillometric pulses 
corresponding to irregular heartbeats can be significantly 
different from that of normal heartbeats. As a result, the 
oscillometric algorithm may produce high errors. Figure 1 
shows the bandpass filtered cuff pressure signal of a patient 
with angina pectoris (chest pain due to coronary heart disease). 
Heartbeats are irregular between the disappearance of the PPG 
signal (triangle) and the point of SBP detection by the 
oscillometric method (circle). Oscillometric pulses 
corresponding to irregular heartbeats have very small 
amplitude and altered shape compared to normal heartbeats. 
Note, that negative pressure values can occur due to bandpass 
filtering. 

 

Fig. 1. Bandpass filtered cuff pressure signal (oscillometric waveform) of a 
patient with arrhythmia (senior male patient with angina pectoris). The 

oscillometric pulses corresponding to irregular heartbeats have smaller 

amplitude and altered shape compared to normal heartbeats. Triangle: 
disappearance of PPG. Circle: pulse peak corresponding to SBP detected by 

the conventional oscillometric method. Difference in estimated SBP = 13.1 

mmHg. 
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Fig. 2. Bandpass filtered cuff pressure signal (oscillometric waveform) of a 

patient with increased arterial stiffness (senior male patient with 

hypertension). There is a sudden drop in oscillometric amplitudes two heart 
cycles after the maximal amplitude. Triangle: disappearance of PPG. Circle: 

pulse peak corresponding to SBP detected by the conventional oscillometric 

method. Difference in estimated SBP = -9.9 mmHg. 

 

Fig. 3. Bandpass filtered cuff pressure signal (oscillometric waveform) of a 

healthy senior male after short physical stress. The oscillometric method 
(circle) detects SBP earlier than the disappearance of the PPG signal 

(triangle). Difference in estimated SBP = -6.8 mmHg. 

B. Estimating SBP in case of increased arterial stiffness 

Systolic and diastolic detection ratios are sensitive to the 
degree of arterial stiffness [5]. Figure 2 shows the bandpass 
filtered cuff pressure signal of a patient with increased arterial 
stiffness (senior patient with hypertension). There is a sudden 
drop in oscillometric amplitudes two heart cycles after the 
maximal amplitude (MAP). 

C. Estimating SBP in case of physical stress 

Physical stress affects heart rate, vascular mechanisms 
controlling the elasticity of arteries and the frequency of 
breathing. As a result, factors affecting the accuracy of the 
oscillometric method are more pronounced during and after 
physical stress. Figure 3 shows the bandpass filtered cuff 
pressure signal of a healthy senior adult after running one floor 
downstairs and one floor upstairs. The oscillometric method 
detects SBP earlier than the disappearance of the PPG signal. 

D. Estimating SBP in case of jerky breathing 

Breathing modulates heart rate and heart rate variability, 
pulse wave transit time and blood pressure. Irregular, jerky 
breathing or coughing can alter the shape and amplitude of 
oscillometric pulses and may lead to inaccurate measurement 
results. Figure 4 shows the bandpass filtered cuff pressure 
signal of a healthy young adult performing forced irregular 
breathing during the measurement. The shape of oscillometric 
pulses show high variability during the measurement and the 
change of amplitudes after exceeding MAP is not monotonic. 

E. Comparing SBP estimation based on the PPG signal to the 

conventional oscillometric method 

Figure 1-4 illustrate deviations posing difficult situation to 
the conventional oscillometric method. The difference between 
SBP values estimated based on the PPG signal and on the 
conventional oscillometric method was calculated for all 30 
measurements of patients. The mean difference was 1.04 
mmHg with a standard deviation of 6.04 mmHg. The largest 
positive difference found was 13.6 mmHg, the largest negative 
difference was -12.6 mmHg. 

IV. DISCUSSION 

Detecting the disappearance of the PPG signal during cuff 
inflation enables the accurate detection of SBP in situations, 
when the oscillometric method produces high errors. However, 
some factors affecting the accuracy of oscillometric 
measurement can make the detection of SBP from the PPG 
signal also difficult. Irregular heartbeats, irregular breathing, or 
coughing occurring when cuff pressure is near SBP, can make 
the detection of the disappearance of the PPG signal 
ambiguous. The envelope-based detection of the disappearance 
of PPG helps mitigate this problem. However, if arrhythmia or 
coughing occurs in the heart cycle, which corresponds to the 
time point when cuff pressure exceeds SBP, the accuracy of the 
method decreases.  

 

Fig. 4. Bandpass filtered cuff pressure signal (oscillometric waveform) of a 
healthy young male performing forced irregular breathing during the 

measurement. The shape of oscillometric pulses show high variability during 

the measurement and the change of amplitudes after exceeding MAP is not 
monotonic. Triangle: disappearance of PPG. Circle: pulse peak corresponding 

to SBP detected by the conventional oscillometric method. Difference in 

estimated SBP = -7.6 mmHg. 
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Another way to handle this problem is to limit the time 
interval where disappearance of the PPG signal is searched for 
by the algorithm. Parallel measurement of ECG and PPG 
enables the calculation of pulse wave transit time (PWTT). In 
most cases the R-peaks in the ECG signal can be detected 
reliably, thus an estimation can be given for characteristic 
points of the PPG signal in each heart cycle, based on possible 
limits of PWTT.  

Motion artifacts in the PPG signal can also lead to 
erroneous results of SBP detection as they can have an impact 
on the calculation of threshold values. A possible way to 
validate thresholds is to calculate them for both inflation and 
deflation independently and compare the detected SBP values. 
It is known, that SBP values detected during inflation and 
deflation may differ substantially [16], however an upper limit 
can be defined for the difference. The comparison of SBP 
values can serve as a sanity check for threshold values. Motion 
artifact removal can also be implemented but it has to be done 
carefully. Occlusion of the brachial artery by the cuff and 
physiological phenomena mentioned earlier may produce 
altered PPG waveforms, similar to motion artifacts. 

The difference between SBP values detected based on the 
PPG signal and by the conventional oscillometric algorithm 
may depend on the speed of inflation. In the present study, we 
used an inflation speed of approximately 6 mmHg/s, thus, 
differences shown in the figures can exceed 10 mmHg. 
Decreasing the speed of inflation can lead to smaller errors if 
time differences between detection points remain the same. For 
example, if only one irregular heartbeat occurs delaying SBP 
detection of the oscillometric method by one heart cycle, the 
error of the estimated SBP value is smaller if inflation speed is 
lower. However, if arrhythmia or jerky breathing affect more 
than one subsequent heart cycles, smaller inflation speed does 
not necessarily lead to smaller errors. 

Personalization is expected to improve the accuracy of SBP 
estimation. Thresholds for the detection of the disappearance of 
PPG can be tuned to be patient specific. PWTT is also person 
specific. If it is used as extra information, initial measurements 
must be carried out for each patient to determine its normal 
value in resting state and during cuff inflation. The difference 
between SBP values during inflation and deflation shows large 
between-subject variance. The standard deviation of the 
difference for the clinical recordings was 7.9 mmHg. To use 
this difference effectively as a sanity check for SBP detection, 
personalization is needed. 

V. CONCLUSION 

Oscillometric blood pressure measurement is a widely used 
technique with several advantages, but it also has major 
limitations. In this paper we investigated the accuracy of the 
conventional oscillometric method using clinical recordings 
and compared it to SBP estimation based on the PPG signal. 
Our results show that the difference between SBP values 
estimated by the two techniques can exceed 10 mmHg and the 
PPG-based method enables the detection of SBP in situations, 
when the conventional oscillometric method produces high 
errors. However, the accuracy of SBP estimation from the PPG 
signal can also be affected my many factors. Further research 

work is needed to improve blood pressure measurement based 
on the PPG signal including both SBP and DBP estimation and 
personalization. 
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