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ANALYSISOF THE AGREEMENT OF CAVASCREEN SYSTEM DIAGNOSTIC
SUGGESTIONSWITH THE REAL CLINICAL STATE OF A PATIENT

The CAVASCREEN System is intended for mass screeofrthe cardiovascular system by physicians as
general practitioners or family doctors. This sgsteupports the decision atirections for further specialistic
diagnostics of a patient based on analysis of dkgeneasurement datzbtained from the examination. The
shortage of proper accessible literature evidememected with the complex assessment of the caasioNar
system, offered by CAVASCREEN System, caused tleessity of clinical tests for the purpose of chagkine
agreement of obtained results with the real sthéepatient.

This paper presents the idea of non-invasive rpaltameter measurements of the cardiovascular systdrthe

rules of determination of the characteristic henmaalyic parameters of a patient, which are used Ipgréx
system to create the final examination results.s Tduticle also presents verification method of dastic

suggestions of CAVASCREEN System and the statlstésallts analysis of the clinical tests passed.

1. INTRODUCTION

The wide preventive activity relies on accessipildf efficient, non-invasive and cheap

diagnostic methods like mass screening.
The system CAVASCREEN is intended for diagnosistitd cardiovascular system based on
impedance measurements of blood flow in chosersarietne body.
Practical methods of the measurement:

— tetrapolar rheography;

— skin electrometry;

— blood pressure measurement.
The cardiovascular system is treated as anatorfunational whole, and the inspection of
disturbances of the blood flow in each circulatoegion is accomplished in the context of
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the circulatory system entirety. The influence oflpposition (the gravitational factor) is taken into
account in the analysis of autoregulation mechasishthe circulatory system [1][2].

2. PERFORMING THE EXAMINATIONS WITH THE USE OF CAASCREEN SYSTEM

2.1. DESCRIPTION OF THE SYSTEM AND METHODOLOGY OFKEMINATION.

The developed measuring system presented in Fagpdists of multi-parameter measuring module
collecting biomedical data, and the computer. Tloenputer program presents and archives
measurement results, processes data and genetatesation reports.

Fig. The measurement CAVASCREEN System

The examination consists in recording of the curvkegnpedance changes in eight body regions
simultaneously with electrocardiogram, with skissties conductivity and with blood pressure
measurement.

All measurements are performed twice: first in dtag position, and then after several minutes of
the rest recumbently. The rheograms are taken fiooth sides of the head, pectoral region,
abdominal region, pelvic and crural regions for doenmon measuring current which flows from

forehead tdeet. Along with rheograms recording, the base iapee is measured in every region
analysed. The electrocardiogram is taken from rtedmgelectrodes in the pectoral region, and the
measurement of the skin conductivity is performedwenty four points on external and internal

sides of the palm and feet. The blood pressure uneaent is performed on the arm using
oscylometric method.

2.2. DETERMINATION OF HEMODYNAMIC PARAMETERS AND CEATION
OF FINAL EXAMINATION REPORTS

The main object of analysis is a cycle of the fitstivative of rheografic signal from the chest
(DRG), which is used to compute the stroke voly®¥) and the cardiac output (CO). For the
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purpose of SV value calculations (Kubicek formuBd)[there are marked characteristic points of
systolic wave of the cycle: the amplitude DRG (@i and 4) and the duration of systolic phase
(points 3 and 6) [3][4]. The sequence of changesl@ttrocardiogram (ECG), phonocardiogram
(FCG), the basic rheogram (PRG) and its first daiwe (DRG), the changes in aorta
and pulmonalis arteria pressures and volumes di¢het ventricles are presented in Figure 2.
Using the suitable algorithms to mark the charastierpoints is very important in eliminating
methodological errors related with a multiplicitiysthhapes of the first derivative (DRG).

1-2 - the atrial wave

PRG
rheogram 2-3 - the presystolic wave
™~ 2 - the end of atrial contraction,
the beginning of the isometrical
DRG ventricular contraction,

first derivative the closing of atrio-ventricular valves
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3 - the beginning of fast ventricular ejection,
the openning of semilunar valves

pulmonary artery

pressure 3-6 - the systolic wave

4 - the end of fast ejection,

the beginning of slow ejection
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6 - the end of ventricular contraction,
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G

8 - the end of isometrical diastole,
the openning of atrio-ventricular valves,
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heart sounds

BKG 9 - the end of slow filling of ventricles,
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Fig.2 The schematic graph of the hemodynamic didle

The hemodynamic indicators used in the multiparamenalysis, characterize the activity of
the cardiovascular system recumbently, standingthedpercentage changes in patient’s standing
position with relation to the recumbence. Theseap&ters and indicators are both generally used in
circulation physiology and the cardiology as wedl @sed in auxiliary way by expert system.
The most essential indicators in circulatory systdmagnostics are: stroke volume (SV),
cardiac output (CO), mean arterial pressure (MARgart contractility index (DR, cardiac
index (CI), heart rate (HR), total peripheral remise (TPR).

Results of the multiparameter analysis after d&ssion by expert system with reference
to database standards create final examinationltsef2]. Descriptive diagnostic suggestions
and the graphic presentation create image of therpacirculatory system state supporting
the doctor in diagnosing and in the decision onsides specialistic diagnostics and prophylaxis.



154 Aleksander Sobotnicki et al. / XI Conference "Medimformatics & Technologies" - 2006

.In Figure 3 there is presented partial examinatesult describing the pathology detected in tifte le
crus, which was appeared in standing position @fidtient.
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Changes in cardiovascular system in the standing position:

Failure of arterial circulation in the left crus. Signs of increase of arterial resistance.
The functionally limited circulatory protection of the arterio-venous difference.

Fig.3 The example of partial examination result

3. VERIFICATION OF DIAGNOSTIC REPORTS IN CLINICALESTS

3.1. THE POPULATION EXAMINED AND THE REFERENCE METBDS USED

The results of clinical tests realized in the pecojdad to show, how much faithfully
the diagnostic reports of the CAVASCREEN Systemcdbs dysfunctions of the circulatory
system in examined regions of the body with refatmclinical reference methods.

The examined population was limited to patienteda®d to the clinical treatment, for whom
the diagnosing reference methods were an integraponents of medical proceeding. In clinical
tests participated 222 patients, therein 169 pitielimgnosed completely and 53 patients with
diagnosed lower limbs only. Except hospitalizedgras, 1082 volunteers without any pathological
symptoms were examined.

Reference examinations contained physical (subgc@nd objective) tests complemented
additionally by: USG with double imaging in the oot (duplex Doppler), angio-TK, angio-MR
and measurement of segmental pressures with asseissvh indicators (for lower limbs).
Generally, dysfunctions of the circulatory systeerevdetermined in the following regions (rys.4) :

Area of vascularization Number of examinations
Cerebral circulation 169
Coronary circulation and the area of the heart 99
Lower limbs 221
The number of all reference examinations performed 489

Fig.4 Regions and the number of examinations wiference methods used
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3.2. MEDICAL DOCUMENTATION

Data from the case history of patient were conthimethe Clinical Protocol, representing
in parametric form the kind of disease and its sgve- documented with the use of reference
diagnostic methods. The examination results obtaiinem the CAVASCREENSystem were
contained in similar parametric protocol, creatgdekpert system. Such form of protocols made
possible the representation of examination regiitibally and in the groups according to the sex
and diagnosed regions with reference methods used.

4. THE RESULTS OF CLINICAL TESTS

Statistical analysis of the results consisted m glercentage agreement estimation of typical
clinical and CAVASCREEN System diagnoses. Summayults of agreement of diagnostic
decisions for all dysfunctions in analysed cirdolatregions at the hospitalized patients reprasent
the following table (Fig. 5).

Cerebral circulation

Coronary circulation
and the area of the heart

Lower limbs

The total agreement of the

75 %

89,9 %

99,2 %

pathology estimations (30/40) (89/99) (131/132)
The total agreement of the 92,3%

pathology estimations (250 /271)

The total agreement of cases 80,4 %

estimations

(393 / 489)

Fig.5 The agreement of estimations of patientitest

These results show the large diagnostic agreenrerthe lower limbs and in the coronary
circulation. The reason of smaller agreement in ¢beebral circulation is a small number of
detected circulatory dysfunctions in this regionexamined group of patients, and because many
reference diagnoses were based only on physicaliak&).

To the evaluation of archived data were also us#ld multidimentional variance analysis and
statistical discriminant analysis. The multidimengl variance analysis makes possible objective
estimation of the inherent information in measuret@ata sets, so at the same time the estimation
of existing differences between groups of patieBsing on statistical discriminant analysis there
are qualified discriminatory variables, which albwecreasing dimension of the variables space
while keeping differences between groups. The ifleason, which assigned every patient
to the specific group is possible using these et
The analysis was performed only with data obtairfiemn CAVASCREEN System from
1082 examined healthy volunteers without any patiohl symptoms, and 222 patients determined
as diseased group.

For two groups of patients (healthy and diseaged)possible to define the following parameters

used to estimate the classification:

— SE(Sensitivity —the probability that the pathological patient iasdified as pathological,

- SP (Specifity) — the probability that the healtlagient is classified as healthy,

- PPV (Positive Predictive Value) — the probabilityat the patient, who was classified
as pathological is really pathological,

— TA (Total Accuracy) — the probability of the cortetassification.
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As a result of analysis there were received theviehg values of classification parameters (Fig. 6)
and the normal distribution of the probability diéynsunction PDF of the classification to the group
diseased and healthy persons (Fig. 7) :

The number of patients 1304

SE (Sensitivity) 95,2 %
SP (Specifity) 73,7 %
PPV (Positive Predictive Value) 91,4 %
TA (Total Accuracy) 94,4 %

Fig.6 Values of classificatory parameters
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Fig.7 The normal distribution of the probabilityrdéty function for the group diseased and healdngpns

Performed analysis demonstrate that in examinewneghe diagnostic suggestions proposed by
the CAVASCREEN System show a large agreement vghctinical estimations. Also statistical
parameters of patients classifications to two gsohpalthy and diseased, particularly Sensitivity
(SE) (the classification diseased persons to tlseadied group) and probability (PPV) that the
patient, who was classified as pathological islygaathological, are sufficiently good. Received
results confirm diagnostic possibilities of evakthCAVASCREEN System.
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