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ABSTRACT

Blood pressure signals recorded continuously in ambulatory patients using the Oxford
system were analyzed by an IBM 370 computer in order to obtain beat by beat systolic
and diastolic blood pressure along 24 hour blood pressure recordings. The method of
digitizing the signal and the analysis of the sphygmogram are presented and discussed.
Synthesis of the several thousands data obtained in 24 hour recordings and plotting of the
data for clinical purposes and pharmacological studies are also reported.
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INTRODUCTION

Oxford intraarterial B.P. monitoring system has been introduced since 1969 (1). It involves
placing a cannula in an artery, so that a beat by beat analysis of B.P. for 24 hours can be
obtained. One embarrassing drawback of this technique is the enormous quantities of data
it produces and the necessity for computer data handling. A computer programme must be
used to translate the sphygmic waves into mm Hg and to obtain means of pressures over
long or short periods. In this paper we report our method of data processing.

METHODS OF RECORDING

Ambulatory direct blood pressure recording was performed for at least 24 hours using an
Oxford continuous blood pressure system (Oxford Instruments Ltd.) which employes an
intraarterial Medicut Scherwood catheter placed in the radial artery. The haparinized
saline-filled catheter is connected to an automatic perfusion pump and transducer. The 



blood pressure and simultaneous ECG signals are recorded on the Oxford recorder carried
by the unrestricted patient (2).

DATA PROCESSING SYSTEM

With the introduction of the Oxford System for continuous direct unrestricted blood
pressure recording different methods have been used for data processing (3). The methods
most frequently employed are the following:
a) determination of the highest and the lowest systolic and diastolic blood pressure

values in an N seconds time (N= 2 or 3). This method overestimates systolic blood
pressure (S.B.P.),and underestimates diastolic blood pressure (D.B.P.).

b) the ECG method based on the constancy of the temporal relationship between the
electric and mechanical systole.

The method used by us is based on the analysis of the physiologic blood pressure wave
form and is made up of the following three steps.
I) the digitalization of the analogic signals
II) a beat by beat check of the pressures
III) statistical analysis and graphic synthesis of the data
The recorded analogic signals are converted into digital data using a DATA GENERAL
NOVA 4X mini-computer with a sampling frequency of 5000/sec corresponding to 83/sec
real time. A brief and adapted signal is then inserted at this stage in order to recognize the
event markers. Pieces of faulty recordings (no carrier) are still signaled out to be omitted
from the processing (fig. 1). The digital data recorded on magnetic tape are then
transferred to an IBM 370 computer. The analysis of the data is carried out at first
subdividing the data in sets each one of 16384 data corresponding to 3 min. 10 sec.
registration time.

Subsequently for each block of data the maximum and minimum blood pressure values are
determined through a FORTRAN routine (fig. 2). The maximum (Systolic Blood Pressure)
and the minimum (Diastolic Blood Pressure) are determined by an algorythm based on the
following definitions:  the maximum is considered the value in the upward part of the
sphygmogram exceeding all values that follow in an established time. The minimum is
considered the smallest value until one finds a new data comparable in size to the
preceeding maximum. To do so we have used three parameters called PAR (1), (2), (3),
corresponding to three segments of the sphygmogram (fig. 3) whose lenghts are related to
heart rate. These parameters are checked every ten cardiac cycles. The PAR (1) is used to
skip the relative segment after the minimum before the maximum is found. The PAR (2) is
used to determine if the value in the upward part of the sphygmogram exceeds all the
values that follow in the segment of wave as long as PAR (2): if it does it is considered the
maximum. PAR (3) is used io skip a segment of the sphygmogram after a maximum before
a new minimum is found.



The analysis includes a long series of controls which cast aside the “event markers”, the
“faulty recording” signals and the data presenting too wide variations in size between two
consecutive cardiac cycles. The output of the system yields the following parameters:
a) Mean values and S.D. of Systolic Blood Pressure, Diastolic Blood Pressure, Mean

Blood Pressure and Heart Rate determined over 3 min. periods, 30 min. periods and
24 hours separating waking from sleeping.

b) Systolic Blood Pressure and Diastolic Blood Pressure histograms are generated again
separating waking from sleeping and kurtosis and skewness indeces are calculated.

c) Beat by beat plotting of particularly interesting parts of the recording.
d) Plotting of the entire recording (fig. 4).
e) Singling out and timing of the event markers are also carried out.

CONCLUSIONS

We consider this method for data processing a very reliable one since:
a) it gives the values of Systolic and Diastolic Blood Pressure for each sphygmic wave
b) it double checks the data by Hardware and Software
c) the output is very flexible for clinical and laboratory needs. In fact the data obtained

enable us to study either short term records, such as dinamic or isometric exercise,
cold pressor test, etc.(4), or longer periods. The statistical computations adopted by
us allow a complete analysis of the 24 hour recording. The mean of the blood
pressures recorded over 24 hours provides a reliable estimate of the over-all blood
pressure overload. Blood pressure variability is studied by means of three different
parameters. Standard deviation and the index of kurtosis express the dispersion of the
values around the mean (5). A positive or negative skewness reflects the presence of
several blood pressure readings toward the higher or lower values (5). Accordingly a
negative skewness would reflect the presence of orthostatic hypotension, while a
positive one would he the marker of several peaks of pressure included in the
recording.

The only drawback of our method is that it cannot be used in patients with atrial fibrillation
where the changes of cardiac cycle lenght are at random and therefore the segmental
analysis of the sphygmic waves cannot be used.
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FIGURE 1.  DIGITIZING HARDWARE BLOCK DIAGRAM.



FIGURE 2.  Main Program Segment (Flow Chart).



FIGURE 3.   Segmental Analysis of the Sphygmogram.


