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Abstract

Blood pressure (BP) recently has become one ofmih&t relevant parameters for the assessment dieniza
health status. Since a chronically high BP may leaarteriosclerosis and consequently is a riskofaor apo-
plectic stroke and cardiac infarction, a continumanitoring of cardiovascular patients is highlgammended.
For this purpose, we have investigated a non-ineaand continuous (beat-by-beat) blood pressummaisbn

model, which is not based on the occlusion of eeflike i.e. the auscultatory or the oscillometriethod), but
on the so called pulse transit time (PTT). In twali&s, on the one hand we have evaluated the asdimead
relationship between pulse transit time and blo@$gure and on the other hand we have examinembthala-

tion between heart-rate and blood pressure respécthe influence of the measuring arm positiortteameas-
ured pulse transit time.

1 I ntroduction from the heart to the periphery. Due to the vascula
systems’ properties (arterial diameter, vasculall wa
Blood pressure (BP) recently has become one of thelasticity, blood viscosity and damping) there is a
most relevant parameters for the assessment of a petrong dependency between the transit time of the
tients’ health status. Since a chronically highB&  pulse wave (from the heart to a peripheral site)) its
lead to arteriosclerosis and consequently is afask  pressure, which is the arterial blood pressure .(BP)
tor for apoplectic stroke and cardiac infarctionet The PTT can easily be calculated as the temporal dif-
main death causes in industrial countries, a caontin ference between the R-peak in an electrocardiogram
ous monitoring of cardiovascular patients is highly(ECG) and the front slope of the following pulse
recommended. Besides conventional techniques (likwave measured by a finger photoplethysmograph
i.e. the auscultatory or the oscillometric methad); (PPG) (sedigure 1). In this way, one is able to form
other continuous and non-invasive, model-based am beat-by-beat blood pressure estimation on this bas
proach to determine blood pressure values existgf pulse wave transit time.
which is not based on the occlusion of arteriesdout To evaluate the approach and the correlation betwee
the so called pulse wave transit time (PTT) [1]. APTT and BP (which is assumed linear by many publi-
pulse wave in this context means a pulse pressumtions [2, 3, 4]), and to investigate the influerof
wave, which is caused by the contraction of thatheaadditional parameters (in this cadseart-rateand the
and which is travelling through the vascular systenvertical arm-positiorwearing the finger PPG in rela-
tion to the heart), two separate studies have baen
ried out.

EkG

Rewate 2 M aterials and M ethods
2.1 PTT/BP-Model Evaluation

R o detqction The purpose of the first study, with 15 healthy welu
teers (10 males and 5 females of ages 23 — 56)tovas
e 1] evaluate the assumed linear PTT/BP model.
Here, the test subjects’ blood pressure (and so the
— pulse wave transit time) was steadily altered by an
— e ergometric exercise of about one hour. During this
time, the PTT as well as the corresponding reference
BP were measured every 1 — 2 minutes. For the calcu

Fig. 1 The definition of pulse wave transit time lation of the beat-by-beat transit times an ECG \waith
sampling frequency (fs) of 1 kHz and a finger PPG




with fs = 200 Hz synchronously were recorded. The=ig. 2 Correlation between PTT and systolic BP
corresponding reference blood pressure was measuréabove) / diastolic BP (below)

with an auscultatory cuff. Furthermore, the ECG sig-

nal served as the source for heart rate (HR) cacul

tion. 450
— 400
Ly . . £
2.2 PPG-Position/PTT Examination = 350
% 300
The purpose of the second study, with six healthy . . . . . .
male volunteers (of ages 26 — 31), was to exanhiee t 0 a0 100 150 200 250 300
relationship between the vertical position (relatte heart beats

the heart) of the arm wearing the finger PPG amd th_. . y ”
pulse wave transit time. For gravity reasons, tlea-m Fig. :_)’“PTT at dlﬁe’r’ent'arm-lle‘\‘/els: hear,'f-le'vel (HL)
tioned position has a strong impact on the PTT. (left); “beneath HL" (middle); “above HL" (right)
Here, the test subjects have changed the finger PPG
sensors’ vertical position every two minutes bystai
ing the according arm (which was the left) from-be 4 Discussion
neath heart-level” (arm down) to “heart-level” to
“above heart-level” (arm up). For every arm-levet t |In our investigations the correlation between pulse
PTT was determined by averaging the correspondingansit time and (at least) systolic blood pressure
recorded transit times. The calculation of the pulseould be confirmed. So, with respect to a certaiare
transit times was analogue2d (see above). (5.8 — 8.3 mmHg) the linear model turned out tabe
appropriate estimator for systolic BP.
In terms of accuracy, the consideration of head-&s
3 Results a model enhancement is very meaningful, since next
to the PTT it also contains much information about
In our first study, we have observed a strong ¢aire the systolic blood pressure (r = 0.95).
tion between PTT and systolic blood pressure with @n order to avoid severe blood pressure estimation
mean correlation coefficient of= 0.83 (range: 0.61 — rors, it is furthermore very important to compeesat
0.98). In comparison, the correlation between PTTPTT changes caused by a vertical finger PPG sensor
and diastolic blood pressure with mean= 0.36  displacement, because gravity effects in this ¢alse
(range: 0.01 — 0.53) was rather weak (8gare 2).  sify the quantitative relationship between PTT and
The blood pressure estimation error standard deviap.
tion in our study was in the interval8 — 8.3 mmHg
for systolic BP and ir5.9 — 6.7 mmHdor diastolic
BP. Besides, there was also a very strong comelati 5 References
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