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Abstract: 

Thrombosis on mechanical heart valve is a serious complication and significant cause of mortality and morbidity for patients take 

mechanical heart  valve. Echocardiogram is necessary to definitely  diagnose mechanical heart valve thrombosis. Because of the 

cost of diagnosis equipment and operators, improving noninvasive, cheap and simple methods to evaluate the functionality of 

mechanical heart valves is quite important.  In this study, the Discrete Wavelet Transform (DWT) of the mechanical heart valve 

sounds is proposed as a simple method to evaluate mechanical heart valve thrombosis. For this aim, the heart sounds of a patient 

with mechanical heart valve thrombosis and sixteen patients with normally functioning mechanical heart valves were recorded by 

an electronic stethoscope. Then, the recorded heart sounds were decomposed into details and approximat ion coefficients using the 

DWT. Energy, average power, maximum, minimum, standard deviation of decomposition coefficients and ratio of the absolute 

mean  values of ad jacent sub bands were calculated for all details and approximation coefficients.  These parameters were used as 

discriminative features and these features were evaluated statistically. As a result, it was observed that the ratio of the absolute 

mean values of detail 2 coefficients to absolute mean values of detail 1 coefficients obtained using Daubechies 2 wavelet 

decomposition was the most discriminative, and may be used fairly well in  differentiat ing normal and malfunctioning mechanical 

heart valves.  
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I.           INTRODUCTION 

Mechanical heart valve thrombosis is a rare but serious 

complication of heart valve replacement procedures. Any 

thrombosis attached to a mechanical valve (occluding part of 

the blood flow or interfering with valvular function) is 

described as a mechanical heart valve thrombosis [1]. 

Mechanical heart valve thrombosis is a crit ical complication 

that has been related to high mortality and requires immediate 

diagnosis and thrombolytic or surgical treatment [2]. Although 

progression in the structure and design of mechanical heart 

valves over the years has led to a considerable improvement in 

their hemodynamic features and durability, thromboembolic 

complications remain a troublesome cause of postoperative 

morb idity and  mortality [3, 4]. The incidence of 

thromboembolic complications range from 0.03% to 6% per 

patient-year depending on the generation and thrombosis of 

the prosthesis used, the location of the valve, and the quality 

of the anticoagulation, according to  the literature [2,3,5,6]. 

Transesophageal echocardiography has become the gold 

standard for both diagnosis of prosthetic valve thrombosis and 

risk stratificat ion for obstruction or embolis m in patients with 

prosthetic heart valves [7]. However, it is quite expensive to 

use echocardiography for the first stage of diagnosis of 

mechanical heart valve thrombosis because of the requirement 

for a specialist to operate the echocardiograph and the cost of 

these devices. This situation limits the practical use of 

echocardiograms in  first stage medical center, causing some 

thrombotic complications to go undiagnosed. Therefore, 

improving noninvasive, cheap and simple methods to evaluate 

the functionality of the mechanical heart valve is quite 

important [8-12] .  

In this study, the information obtained from the decomposition 

of mechanical heart valve sounds with the Discrete Wavelet 

Transform (DWT) is used to analyze mechanical heart valve 

sounds.  For this aim, the heart sounds of a patient with 

thrombosis and the heart sounds of sixteen patients with 

normally functioning mechanical heart valves are recorded 

using an electronic stethoscope and data acquisition 

equipment. Then, the recorded mechanical heart  sounds were 

decomposed into time-frequency representations using the 

DWT, and energy, average power, maximum, min imum, 

standard deviation of decomposition coefficients and ratio of 

the absolute mean values of adjacent sub bands were used as 

descriptive features. The obtained features were compared 

using a Wilcoxon rank sum test with 99% confidence level. As 

a result, it  was observed that the ratio of the absolute mean 

values of detail 2 coefficients to absolute mean values of detail 

1 coefficients obtained using Daubechies 2 wavelet 

decomposition was the most discriminative, and may be used 

fairly well in differentiat ing normal and malfunctioning 

mechanical heart valves. 

 

II. MATERIAL AND METHODS 

2.1. Patients and Data Acquisition 

In this study, mechanical heart valve sounds were obtained 

from patients in the Necmettin Erbakan University, Meram 

Medical School, Department of Card iovascular Surgery. One 

patient with mechanical valve thrombosis and sixteen patients 

with normally functioning mechanical heart valves were 

selected for this study. The heart sounds of patients recorded 

from the mitral area over the entire course of 30 seconds. All 

patients had undergone mitral valve replacement. The clin ical 

informat ion of these patients is shown in Table I.   

The heart sounds of one patient with thrombosis were 

recorded before and after thrombolytic t reatment. The 

functionality of the mechanical heart valve of patients was 

investigated using echocardiography by the physician. 

Echocardiography informat ion of patient is given in Table 2.  

Also ECG signals were recorded simultaneously with heart 

sounds to segment heart sound cycles. The E-Scope II 
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electronic stethoscope manufactured by Cardionics was used 

to record heart sounds.  

TABLE I 

CLINICAL INFORMATION OF PATIENTS 

Pat. 

No 
Sex Age 

Valve 

Size 

Valve 

Type 
Condition 

1 F 35 29 mm Sorin  Normal 

2 M 63 29 mm Sorin  Normal 

3 F 47 25 mm Sorin  Normal 

4 M 62 27 mm Sorin  Normal 

5 F 58 25 mm Sorin  Normal 

6 M 70 27 mm Sorin  Normal 

7 F 35 29 mm Sorin  Normal 

8 F 37 25 mm Sorin  Normal 

9 F 35 29 mm Sorin  Normal 

10 M 63 29 mm Sorin  Normal 

11 F 37 25 mm Sorin  Normal 

12 M 46 29 mm Sorin  Normal 

13 F 30 29 mm SJM Normal 

14 F 36 27 mm SJM Normal 

15 F 60 31 mm SJM Normal 

16 F 40 29 mm SJM Normal 

17 F 55 29 mm Sorin  Thrombosis 

 

Sound signals obtained from the electronic stethoscope and 

ECG signals obtained from the surface electrode were 

digitized at  a 5000 Hz sampling frequency and transferred to a 

notebook using the Biopac MP35 data acquisition device.  

TABLE II 

ECHOCARDIOGRAPHY INFORMATION OF PATIENTS 

 Peak 

Gradient  

(mmHg) 

Mean 

Gradient  

(mmHg) 

Pulmonary Artery  

 Pressure  

(mmHg) 

Before Treatment 23 4.7 58 

After Treatment  13 2.1 30 

2.2 Pre-processing of Heart Sound Signals 

All recorded ECG and heart sound signals were firstly 

normalized and heart cycle of heart sounds over the course of 

30 seconds using ECG signals.  Figure 1 shows two seconds 

of 

recorded ECG and heart  sounds that have been segmented as 

described above into two heart sound cycles. After the 

segmentation process is completed, all recorded heart sound 

cycles were filtered with a 30 Hz high pass and 2000 Hz low 

pass digital finite impulse response filter to mitigate noise. 

Detailed information of th is preprocessing can be found in 

[13]. 

2.3. Discrete Wavelet Transform of Heart Sounds and 

Feature Extraction 

There are a lot of numbers of wavelet function for analyzing 

non-stationary signal such as heart sounds. Decomposition are 

usually performed with different types of wavelets and the one 

which gives maximum efficiency is selected [14] In this study, 

the mechanical heart valve sounds are examined by using five 

different types of wavelets: Daubechies 2, Daubechies 5, 

Daubechies 10, Symlet 5, and Symlet 7 wavelet function give 

best discriminating features, so we are used this wavelet 

function.   

The number of decomposition levels was chosen as 2. Thus, 

the heart sounds signals were decomposed into the details D1, 

D2 and one approximation A2. The frequency bands 

corresponding to different levels of decomposition for a 

sampling frequency of 5000 Hz are D1 (1250–2500 Hz), D2 

(625–1250 Hz) and A2 (0–625Hz). 

The wavelet coefficients were computed using the MATLAB 

software tool. The computed wavelet coefficients provide a 

compact representation that shows the energy distribution of 

the signal in time and frequency. The DWT decomposition of 

the heart sounds for patients with mechanical heart valve 

thrombosis (Thr), for the same patients after thrombolytic 

treatment (AThr), and for patients with normally functioning 

mechanical heart valves (N) is shown in Figure 2 for a 2nd 

order Daubechies wavelet (db2). The orig inal signals are 

shown in the first line of figure, the reconstructed second-level 

approximations (A2) are shown in the second line of figure, 

the reconstructed first-level details (D1) are shown in the third 

line o f figure, and the reconstructed second-level details (D2) 

are shown in the fourth line o f figure. 

We obtained seventeen statically different features using 

decomposed detail and approximation coefficients, This are  

E_A2, E_D2, E_D1: percentage of energy corresponding to 

sub band,  

P_A2, P_D2, P_D1:  average power of sub band coefficients 

max_A2, max_D2, max_D1: maximum of  sub band 

coefficients  

min_A2, min_D2, min_D1: minimum of sub band 

coefficients, 

std_A2, std_D2, std_D1:standart deviation of sub band 

coefficients, 

ram_A2_D2, ram_D2_D1: rat io of the absolute mean values 

of adjacent sub bands. 

 

FIGURE 1 

TWO SECONDS OF RECORDED ECG AND HEART SOUNDS THAT HAVE BEEN SEGMENTED INTO TWO HEART SOUND CYCLES 
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FIGURE 2 

THE THREE LEVELS OF THE DWT DECOMPOSITION OF THE HEART SOUNDS OF ONE PATIENT WITH MECHANICAL HEART VALVE 

THROMBOSIS (THR), OF THE SAME PATIENT AFTER THROMBOLYTIC TREATMENT (ATHR) AND OF ONE PATIENT WITH A NORMALLY 

FUNCTIONING MECHANICAL HEART VALVE (N) WITH 2ND ORDER DAUBECHIES WAVELET (DB2). 

 

III. RESULT AND DISCUSSION 

In this study, a simple method to detect thrombosis on 

mechanical heart  valve was proposed. For this aim, the 

mechanical heart  valve sounds obtained from a patient with 

thrombosis on mechanical heart valve and sixteen patients 

have normally functioning mechanical heart valve are 

analysed with DWT.  

The feature vectors calculated for the frequency bands D1, D2 

and A2 were used to show the difference between Thr and 

AThr, Thr and N. Table 3 shows the mean and standard 

deviation (std.) of the feature vectors of D1, D2 and A2 

obtained from the DWT of Thr, AThr, and N for the db2 

wavelet functions. Figure 3 illustrates the summary statistics 

of the feature vectors of D1, D2 and A2 for the db2 wavelet 

functions. A box plot of the 17 features is shown in Figure 3.  

Here, our goal is to find the feature that best discriminates Thr 

from AThr, and Thr from N.  For this reason, the median of the 

feature vectors obtained for each group were compared using a 

Wilcoxon rank sum test with a confidence level of 99%. The 

Wilcoxon rank-sum test is a nonparametric alternative to the 

two-sample t-test. Wilcoxon rank sum test was applied in two 

difference ways. One, the features obtained from Thr and those 

from AThr are compared. Two, the features obtained from Thr 

and those from N are compared. The test result shows that for 

all features relating to the comparison of Thr and AThr the null 

hypothesis does not hold;  in other words, at a %99 confidence 

level, the features belonging to these two groups differ from 

each other (p < 0.01).  Thus, Thr and AThr exh ibit significant   

differences. However, ram_D2_D1, std_D1, P_D1, std_D2, 

P_D2, max_D1 features shows statistically significance 

differences (p < 0.01) for the Thr and N comparison. As a 

result, these   6 features both between Thr –AThr and between 

Thr-Normal shows statistically significance differences (p < 

0.01). Also when p values of Wilcoxon rank sum test are 

evaluated, minimum of p-value is for both comparisons is 

ram_D2_D1 feature. 

 

IV. CONCLUSION 

In this study, mechanical heart valve sounds were decomposed 

into two levels using wavelet functions, and the detail and 

approximation coefficients thus obtained were used to 

statistically evaluate the functionality of mechanical heart 

valve sounds. As a result, the ratio of the absolute mean values 

of detail 2 coefficient to detail 1 coefficient obtained from the 

decomposition of mechanical heart valve sounds with the db2 

wavelet function performs fairly well in differentiating 

normally  functioning and malfunctioning mechanical heart 

valves.  

TABLE III 

MEAN AND STANDARD DEVIATION (STD.) OF THE FEATURE 

VECTORS 

 
Thr  

(mean±std.) 

AThr  

(mean±std.) 

Normal 

(mean±std.) 

P_A2 0,0479±0,0177 0,02299±0,00799 0,05219±0,02859 

P_D2 4E-05±2,77E-05 2,47E-6±1,38E-6 3,51E-5±2,94E-5 

P_D1 1,66E-6±1,03E-6 1,43E-7±8,64E-8 1,41E-6±1,11E-6 

E_A2 99,9117±0,04260 99,988±0,00388 99,9033±0,10059 

E_D2 0,00694±0,00322 0,00117±0,00045 0,00706±0,00714 

E_D1 0,08130±0,03984 0,0103±0,00354 0,0896±0,093545 

max_A2 1,17391±0,35290 0,77869±0,19155 1,47484±0,4068 

max_D2 0,0562±0,021816 0,01584±0,00647 0,05587±0,03237 

max_D1 0,01287±0,00474 0,00437±0,00262 0,01189±0,00637 

min_A2 -1,2589±0,17593 
-

0,75538±0,15105 

-

1,56238±0,28683 

min_D2 -0,0580±0,01843 
-

0,01245±0,00426 

-

0,06066±0,03239 

min_D1 -0,0140±0,00574 
-

0,00434±0,00232 
-0,0126±0,00630 

std_A2 0,21570±0,03868 0,14959±0,02547 0,22074±0,05948 

std_D2 0,00603±0,00191 0,00151±0,00043 0,00548±0,00225 

std_D1 0,0012±0,00035 0,00036±0,00011 0,001108±0,0004 

ram_ 

A2_D2 
46,4868±9,374 92,5225±19,6834 50,3825±18,0847 

ram_ 

D2_D1 
4,54049±0,48103 3,82505±0,1987 4,3660±0,53218 
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FIGURE 3 

BOX PLOT OF THE FEATURES VECTORS OF D1, D2 AND A2 COEFFICIENTS OBTAINED FROM THE DB2 WAVELET DECOMPOSITION OF 

HEART SOUNDS 

 

From here, we can see that distinctive features both between 

Thr -AThr and Thr-Normal group is about to detail 1 and detail 

2 coefficients. This means thromboses affect both D1 and D2 

coefficients. But, it is understand that features related to D1 is 

more distinctive than D2 from p-value of statistically test. So 

the thrombosis seen in the mechanical heart valves affects the 

mechanical heart valve sound frequency components between 

1250 and 2500 Hz (detail 1 frequency band). 

The next stage in validation would  be to evaluate the 

effectiveness of this technique in detecting malfunctioning 

mechanical heart valves by testing with a large patient 

population. After that, it may  be used for analysis of 

mechanical heart valve sounds to detect possible thrombosis 

formation on mechanical heart valves.  
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