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ABSTRACT

Purpose: Digital recording of heart sounds commonly known as Phonocardiogram (PCG) 
signal, is a convenient primary diagnostic tool for analyzing condition of heart. Phono-
cardiogram aids physicians to visualize the acoustic energies that results from mechanical 
aspect of cardiac activity. PCG signal cycle segmentation is an essential processing step to-
wards heart sound signal analysis. Sound artifacts due to inappropriate placement of stetho-
scope, body movement, cough etc. makes segmentation difficult. Artifact-free segmented heart 
sound cycles are convenient for physicians to interpret and it is also useful for computerized 
automated classification of abnormality.
Methods: We have developed a framework which selects good quality heart sound subse-
quences which are artifact-free and reused the features involved in this processing in segmenta-
tion. In this work, we have used information contained in frequency subbands by decomposing 
the signal using Discrete Wavelet Packet Transform (DWPT). The algorithm identifies the 
parts of the signal where artifacts are prominent and it also detects major events in heart sound 
cycles.
Results: The algorithm shows good results when tested on normal and five commonly occur-
ring pathological heart sound signals. An average accuracy of 93.71% is registered for artifact-
free subsequence selection process. The cycle segmentation algorithm gives an accuracy of 
98.36%, 98.18% and 93.97% respectively for three databases used in the experiment.
Conclusions: The work provides a solution for artifact-free segmentation of heart sound cy-
cles to assist interpretation of heart sound by physicians in objective analysis through record-
ing in a computer. It is also useful for development of an automated decision support system on 
heart sound abnormality.

MAIN KEY FINDINGS

• Artifact free subsequence detection is preferable over attempt to reduce the effect of artifacts 
due to overlap of information content.
• DWPT is useful for detection of artifact contaminated subsequences due to its ability to pro-
vide for more detailed information of higher frequency components.
• DWPT features of subsequence detection can be reused for automatic segmentation of heart 
sound.
• The artifact-free segmented heart sound cycle detection system can work in real-time.

KEYWORDS: Heart Sounds; PCG Signal; Discrete Wavelet Packet Transform; 
Segmentation; Artifact removal; Artifact-free subsequence.

ABBREVIATIONS: PCG: Phoncardiogram; HS: Heart Sound; DWT: Discrete Wavelet Trans-
form; DWPT: Discrete Wavelet Packet Transform; ASS: Artifact-free Subsequence Selection; 
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LPF: Lowpass filter, DB: Database; FAR: False Acceptance Ra-
tio; FRR: False Rejection Ratio.

INTRODUCTION

 Stethoscope sound is used as primary tool for detecting 
murmurs in heart signals. This is an audio clue and somewhat 
subjective, as interpretation depends on the training and skills 
of the physician. There is a possibility of mishearing impor-
tant indications, while listening to the heart sounds by using a 
stethoscope.1 It has been reported that there is a constant decline 
in competency on cardiac auscultation and this lack of abil-
ity to either hear or interpret an abnormality, starts in medical 
school.2 Phonocardiogram based approach can be useful here 
in providing a visual clue in addition to audio clue. Here an 
electronic stethoscope is used to pick up heart sounds and with 
proper signal conditioning, the digitized version of heart sound 
is collected in the computer. The difficulty with this machine 
based approach is the presence of artifact in the data collection 
process when a stethoscope is placed on the chest. A human lis-
tener has the capacity of appreciating heart sound part by sepa-
rating it from the artifact and then focusing on a heart sound 
cycle to interpret the murmurs based on its location, say sys-
tole, diastole or type say crescendo, decrescendo etc. But for a 
computer based visual representation, there is a need to develop 
efficient algorithm to separate artifact-free subsequences of heart 
sound and also extract respective segmented heart sound cycles 
for further analysis and interpretation. There is an additional 
requirement to perform algorithmic processing in real-time, so 
that it is useful as a primary diagnostic tool.

 Artifacts can be defined as any undesired signal vari-
ation due to any source other than the desired signal source. 
These artifacts include instrument noise, noise from body sounds, 
noise due to subject motion and movement of stethoscope dia-
phragms. Artifacts occur randomly in time and usually have 
high amplitude and last for a small duration of time.3 For real-
time point of care diagnosis, it is often found that some parts of 
PCG signal are contaminated by different kinds of artifacts, that 
occur during signal acquisition.4,5 In some part, artifact effect is 
severe while in others it affects mildly. Artifact corrupted PCG 
signal gives erroneous results in different applications. There are 
two approaches to deal with this problem. One is to remove 
artifacts while keeping the signal as a whole and the other is to 
discard the segment affected by the artifacts. Adaptive filtering, 
Independent Component Analysis (ICA), Canonical Correlation 
Analysis (CCA), Morphological Component Analysis (MCA) 
and Wavelet ICA are some of the techniques reported,6 in the 
context of removal of artifacts from physiological signals. 
These techniques suffer from requirement of additional sensors 
and reference signal, adaptability and usability for on-line opera-
tion. Also, in this approach, removal of artifacts also results in 
loss of information because of frequency overlap between PCG 
signal and artifact as shown in Figure 1, and that leads to im-
proper diagnosis. 

 Since PCG signal recording is usually for larg-
er duration than 4-5 cycles required for its interpretation,7 

an alternate framework can be proposed. In this, a signal  
quality index can be found out to obtain a subsequence with 
better signal quality with respect to the rest of the cycles. In 
this regard, the work of Li T, et al.8 has proposed an optimum 
heart sound selection scheme based on cycle frequency spectral 
density. In this approach, the quality of the heart sound signal 
depends on the periodicity of heart signal. In the PCG signal 
quality is analysed for automatic biometric application.5 They 
have proposed a quality index measure based on cepstral dis-
tance between homogeneous cardiac sound (S1 and S2 sounds). 
However, this scheme requires a pre-processing step, i.e. segmen-
tation of the heart sound signals, which is often inaccurate in 
presence of artifacts.

 

 In this paper, we investigate the use of time-frequency 
information along with quasi-periodic property of hearts sound 
signal to discard artifact-affected subsequences. In biomedical sig-
nal processing, wavelet transform has been found to be one of the 
preferred transforms for analyzing transient and non-stationary 
signals, such as PCG signal as wavelets provide a reasonable res-
olution in both the time and frequency domain.9 To get time-fre-
quency information we used Discrete Wavelet Packet Transform  
(DWPT) in this work instead of Discrete Wavelet Transform 
(DWT) as it is better for appreciating information contained 
in high-frequency subbands in different time windows which 
helps in artifact detection.

 Quasi-periodicity of the heart sound signal can be used 
as a quality measure for selecting a subsequence from a continu-
ous heart sound signal.10 When a person is at rest, heart rate 
does not vary much and it lies in the range of 40 to 150 beats/
min. This gives a heart cycle duration in the range of 0.4 sec-
onds to 1.5 seconds.11 Autocorrelation of the envelope of the 
heart sound energy signal can give an idea of cycle duration 
of PCG signal. The index of the maximum value of autocor-
relation corresponds to the cycle duration. To illustrate this, we 

Figure 1: Normal heart sound cycle in time domain (a) and its frequency spectrum (b), Artifact in 
time domain (c) and its frequency spectrum (d)
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have recorded PCG signal of a subject that has clean and arti-
fact contaminated segments. Figure 2 illustrates the autocorrela-
tion function of envelope of energy signal of clean and artifact 
contaminated PCG signal. The vertical dotted lines represent 
the periodicity of the heart sound signal. In case of artifact, the 
periodicity is not visible as in the previous case, though the signal 
has been taken from the same subject. We use this quasi period-
icity property together with DWPT for automatic subsequence 
detection which is explained later.

 The artifact-free subsequences can further be segment-
ed to cycles for understanding the morphological features of 
heart by listening to and visualizing the PCG cycles individu-
ally. Alternatively, it can be fed into automated system, which 
can classify the signal between normal and diseased cases. PCG 
signal segmentation is considered as a very essential operation for 
detection and partitioning individual components of a the cardiac 
cycle. 

 A normal PCG signal consists of S1 sound followed 
by systole period and S2 sound followed by diastole period to com-
plete a full cycle of PCG signal. Some time, murmurs may appear 
at different instances of systolic or diastolic period at every cycle. 
Murmurs are extra sounds, primarily due to valvular disorders 
related to stenosis and insufficiency. Over the years, a number 
of heart sound segmentation algorithms have been proposed. 
Wavelet transform has been used to determine the peak positions 
related to primary heart sounds using approximation and detailed 
coefficients of decomposed signal.12 To distinguish murmurs 
from normal heart sounds, work by Hedayioglu F, et al.13 has 
used matching pursuit decomposition analysis based on wavelet 
transform. Ari S, et al.14 authors have used a simple and robust 
energy based feature to locate S1 and S2 peaks due to primary 
heart sounds. All of these methods do not consider presence of 
artifacts in PCG. The presence of artifact, even in a single cycle, 

may reduce the performance of the automatic diagnostic system 
because; the machine may interpret this extra sound as character-
istic murmur of heart.

 This work presents a method of selecting artifact-free 
subsequence of heart sound and reuses features of this subse-
quence detection to perform segmentation that can aid real time 
analysis. The segmented visual of heart sound cycle can be 
analysed by physician manually against such cycles of nor-
mal or diseased cases to reach a conclusion. Alternatively, these 
can be subjected to a machine learning paradigm to arrive at 
computer based automated interpretation. Such segmented heart 
sounds can also be played through a speaker and stored for future 
reference or comparison. The said scheme has been depicted in 
Figure 3.

MATERIALS AND METHODS

Discrete Wavelet Packet Transform

 Multi-resolution analysis can be performed by wavelet 
transform, which is narrow in window size for high frequencies 
and wide for low frequencies. It provides useful time-frequency 
information for its adaptive time and frequency resolution.15

 DWPT is preferable over DWT as it further decom-
poses high-frequency subbands16 for which we get detailed 
information about the artifact, both in time and frequency. 

Figure 3: Block diagram of system flow for PCG signal analysis.
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Figure 2: Autocorrelation function of signal energy envelope of (a) Clean PCG signal, (b) Artifact 
added PCG signal.
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DWPT is an extension of DWT whereby all nodes (subbands) 
in the tree structure are allowed to split further at each level 
of decomposition. In DWT, only approximation coefficients are 
decomposed at each level of decomposition, however, in DWPT 
both the approximation and detail coefficients are decomposed 
into approximation and detailed components. The DWPT of sig-
nal x(t) is defined as follows:15

 where n is subband number,s is the number of decom-
position level, or scale parameter, p is the translation param-
eter, ψn(t) is the mother wavelet, and L is the maximum decom-
position level. After the decomposition of signal x(t) by DWPT, 
2L subbands are produced at Lth level. The wavelet packet coef-
ficients at different scales and positions of a signal are calculated 
efficiently as follows:

 
 h(n) and g(n) are low-pass and high-pass filters respec-
tively, such that g(k) = (−1)k h(1 − k). Two levels of the wavelet 
packet decomposition with the high-pass and low-pass filters 
were illustrated in Figure 4. This structure can be repeated fur-
ther to obtain subsequent approximation and detail coefficients 
till a proper level is reached which is suitable for characterizing 
PCG signal and artifacts separately.

Database Preparation

         We conducted experiments on three types of databases. For 

simulation experiments, artifacts are added manually on heart 
sound signals at random places. These artifacts are recorded 
separately and are due to body movement, stethoscope move-
ment and due to physiological signals like coughing, deep and 
heavy breathing etc and are randomly distributed in time. Next, 
we describe the databases.

1. Database I - Clean heart sound signals taken from five healthy 
male subjects in two sessions: morning and evening. The age 
group is 25-33 years. Total 10 signals are recorded, two from each 
subject. Artifacts which were recorded separately are manually 
added to this database. Three types of artifacts are added to pre-
pare the database that has total 30 contaminated signals.

2. Database II - Clean but pathological heart sound signals are 
taken from different medical centres, mostly from Maulana 
Azad Medical Institute, Delhi, India. These are commonly oc-
curring pathological heart sound signals like ejection click, early 
systolic murmur, late systolic murmur, opening snap and pan 
systolic murmur. This database is made from 10 signals, two sig-
nals taken from each type of pathological signal. Here too, three 
types of artifacts are added separately to prepare the database.

3. Database III - The difference in this database and database I 
is that, in this database artifact are not added manually, instead 
they are recorded along with the PCG signal by asking the sub-
ject to move, cough, deep breathe or by moving stethoscope dia-
phragm. In this case too, we have taken 10 recordings, two from 
each subject which are artifact-infected.

 Overall, we have 30 signals in each database I and II, 
and 10 signals in database III. One typical signal from each 
database is shown in figure 5. Artifacts parts are highlighted by 
circles. All signals were saved separately in *.wav file in 16 bit, 
PCM, Mono audio format at sampling frequency of 8 kHz.

1 1
, 2 , 2 1,( 2 ) ( 2 )s s s

f p f p f pk k
WP h p k WP g p k WP− −

+= − + −∑ ∑ (2)

Figure 4: Two level of the discrete wavelet packet decomposition.

Figure 5: (a) and (b) are normal and diseased PCG signals from database I and II, (c) is the 
normal signal with artifacts from database III.

0≤n≤2L-1 (1)
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Development Framework

 The objective of this study is to select artifact-free sub-
sequence from the original PCG signal and then perform segmen-
tation. PCG signal consists of S1 sound followed by systole period 
and S2 sound followed by diastole period, and that complete 
one entire cycle. We are using this property to evaluate PCG 
segment quality. The proposed algorithm is based on discrete 
wavelet packet transform. The algorithm is described in block 
diagram shown in figure 6 and details of each block are presented 
next.

Preprocessing

 Preprocessing includes low-pass filtering, resampling, 
amplitude normalization. The frequency band of primary heart 
sounds, including different types of murmurs is below 1000 Hz, 
hence, 10th order low-pass Butterworth filter of cut-off frequency 
of 1000 Hz16 is applied to heart sound signal. After filtering, the 
signal is down sampled from 8 kHz to 2 kHz. Amplitude nor-
malization is done with the signal to minimize the variation in 
the amplitude due to variation in gain factor due to recording 
instrument or body composition of the subject.

Wavelet packet coefficient

 The PCG signals are decomposed using DWPT up to 
5th level. The mother wavelet used here is Daubechies db10.16,17 

At 5th level, we get 32 subbands, each subband frequency resolu-
tion is 31.25 Hz, i.e., 0.5fs/2

L, where fs is the sampling frequen-
cy (2kHz) and L is the maximum number of levels for which 
DWPT decomposition was done. The subbands are arranged in 
order of frequency in table 1.

Figure 6: Block diagram of proposed algorithm.

Node Freq. Range (Hz) Node Freq. Range (Hz)
(5,0) 0-31.25 (5,24) 500-531.25

(5,1) 31.25-62.5 (5,25) 531.25-562.5

(5,3) 62.5-93.75 (5,27) 562.5-593.75

(5,2) 93.75-125 (5,26) 593.75-625

(5,6) 125-156.25 (5,30) 625-656.25

(5,7) 156.25-187.5 (5,31) 656.25-687.5

(5,5) 187.5-218.75 (5,29) 687.5-718.75

(5,4) 218.75-250 (5,28) 718.75-750

(5,12) 250-281.25 (5,20) 750-781.25

(5,13) 281.25-312.5 (5,21) 782.25-812.5

(5,15) 312.5-343.75 (5,23) 812.5-834.75

(5,14) 343.75-375 (5,22) 834.75-875

(5,10) 375-406.25 (5,18) 875-906.25

(5,11) 406.25-437.5 (5,19) 906.25-937.5

(5,9) 437.5-468.75 (5,17) 937.5-968.75

(5,8) 468.75-500 (5,16) 968.75-1000

Table 1: Subband frequency range at 5th Level of DWPT.
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Artifact-free Subsequence Selection (ASS) algorithm

 We compute two different energy parameters on each 
subband at fifth level of decomposition, one is time-varying 
wavelet packet energy given by equation 3 and the other is the 
total energy of each subband represented by equation 4.

 

 

 Here Ep(n) is energy signal of pth subband, n is the 
sample number, W (n) is the subband signal after reconstruc-
tion, N is the window length, which in this case is 150 samples, 
Etotal,p is total energy of pth subband. This quantity provides use-
ful information about the time location of the artifacts in the 
signal. Total energy is used along with time-varying energy 
to detect the noisy part of the PCG signal. The steps are as fol-
lows: 

1. Computation of total energy of each subband Etotal,p.

2. Normalization of the total energy which is shown in figure 
7 and given as:

Enorm,p = Etotal,p/ MAX(Etotal,p)         

Lower subbands have large Enorm,p mostly due to heart sounds 
and higher subbands have small Enomr,p because of artifacts. fig-
ure 8 shows reconstructed subband signals on left plane and cor-
responding time-varying energy signal on the right.

3. Weighted summation of time-varying energy is given in the 
following equation:

      

Wp is weighting factor for pth subband and P is total number of 
subbands. This weighting factor suppresses the subbands with 
large Enorm,p while retaining the subbands with smaller values. 
Therefore, weighted time-varying energy signal has more arti-
facts energy which provides artifact’s location in the original 
signal.

4. Thresholding to 20% of the maximum of Ew,p(n) to discard 
the lower energies due to primary heart sounds. figure 9 shows 
the weighted time-varying energy signal before and after thresh-
olding.

1 2
0

( ) ( )N
p k

E n W n k−

=
= −∑ (3)

(4)2
,total p pn

E W=∑

(5)

Figure 7: Normalized total energy of wavelet packet subbands.

1
, 0

( ) ( )P
w p p pp

E n W E n−

=
=∑ (6)

Figure 8: Reconstructed subband signal (decomposition level, subband number) and its time-
varying energy signal.

Figure 9: (a) Heart Sound Signal, (b) and (c) weighted time-varying energy signal before and 
after thresholding.
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5. Next, the energy signal of figure 9(c) is segmented into subse-
quences of length six seconds with an overlap of two seconds 
so that we have total seven segments from each 30 seconds heart 
sound signal. The total energy of each subsequence is computed; if 
its value is greater than zero, the subsequence will be discarded. 
Corresponding subsequences from the original PCG signal are 
rejected.
 
6. The clean subsequences are tested for quasi-periodicity prop-
erty of PCG signals using the autocorrelation function of en-
velope of energy signal which has been explained in section I. 
Cycle duration is considered in the range of 0.4 seconds to 1.5 
seconds. Moreover, quasi-periodicity property of PCG signal 
helps to improve false rejection or false acceptance parameter 
by providing additional parametric support

Segmentation of PCG Cycles

 Segmentation of PCG signal cycle is a necessary opera-
tion for extracting major cardiac events which occur at regular 
intervals of time. The first step towards segmentation of PCG 
cycles is calculation of the value of cycle duration. Artifacts 
in PCG signal will give rise to incorrect estimation of cycle 
duration; as a consequence segmented cycles may not contain 
desirable events of heart sound. For example, the cycle dura-
tion that was evolved in case of signal shown in figure 2(b) is 
smaller than figure 2(a). In fact, both the signals are acquired 
from the same subject, so cycles extracted from the previ-
ous signal may miss one of the S1 or S2 sounds, or some part 
of murmur. Only primary heart sound energy information  
is sufficient for PCG signal segmentation. The maximum energy of  
S1 and S2 sounds lies below 150 Hz.14 As such, frequency resolution 
of each subband is 31.25 Hz, for this, first starting five subbands of 
time-varying energy signals are enough to get the S1 and S2 ener-
gies for peak detection. The energy is computed by using Equa-
tion 7. We summed up them to have an single energy signal. 
After that, steps given below are followed:

• Envelope of energy signal is computed using Hilbert 
transform.18,19

• From the energy envelope, a simple peak detection algorithm 
has been applied to get the time locations of energy peaks due 
to S1 and S2 sounds. A window size of 0.05 seconds is used to 
search the significant peaks, and reject undesirable peaks due to 
murmur, if exist.14 Since, some of the information of the murmurs 
still exists even after taking the energies below 150 Hz. In figure 
10(c), the blue colored vertical lines are significant peaks and red 
colored lines are unwanted peaks which were rejected.
• Consecutively, cycle duration has been computed using the 
autocorrelation function of envelope signal. This has been ex-
plained in Section I.

• The detection of S1 and S2 peaks from the time-domain peaks 
are based on the following biomedical features:

o Duration of diastolic period is greater than the systolic pe  
riod
o The systolic period generally remains constant
o The duration of systolic period is 30% of the complete cycle 
duration

• The S1 and S2 sounds are located by implementing a method, 
which is described in.14 Figure 10(d) depicts the located S1 and 
S2 sounds.
• After locating S1 and S2 sounds, the cycles are extracted from 
the signal by following the fundamental pattern of events in a 
heart sound cycle, i.e. S1 sound with systole period followed by 
S2 sound with diastole period.

RESULTS AND DISCUSSIONS

 The performance of the proposed algorithm is evalu-
ated on all the three databases described in section III.

Performance of ASS algorithm

 We have calculated the percentage of accuracy of the 

4
, 0

( ) ( )env p pp
E n E n

=
=∑ (7)

Figure 10: (a) An Ejection Click murmur PCG signal subsequence without artifacts, (b) Sub-
bands energy envelope from artifact-free subsequence operation, (c) Peak detection and picking 
of significant peaks from the envelope, (d) Locating S1 and S2 sounds and (e) extracted cycles 
of PCG signal.
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• Figure 10(e) shows the extracted cycles.
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subsequence selection algorithm separately for all the data-
bases. False Acceptance Ratio (FAR) is the measure of the likeli-
hood that the system has incorrectly accepted the segments which 
are artifacts infected. Whereas False Rejection Ratio (FRR) is 
the measure of the chances that the system has incorrectly rejects 
the segments which are actually free of artifacts. First results are 
shown for only DWPT based approach without using quasi-
periodicity property in table 2. Some of the signals of which 
are segmented by this are shown in figure 11. Validation of se-
lected artifact-free subsequences to quasi-periodicity property 
of PCG signal.

 
 Next, the subsequences which are selected as artifact-free 
segments from the proposed method undergo the quasi-periodicity 
check and are considered, if passed. The results are shown in 
table 3. Number of subsequences selected from ASS algorithm 
are 89, 85 and 13 for database I, II and III respectively. FAR 
is registered after quasi-periodicity validation, because some of 
the segments considered as artifact-free by ASS algorithm actu-
ally consist of artifacts. These artifacts are significant enough 
to vary estimate of the cyclic period of the PCG signal. Due to 
this, some of the subsequences are rejected in this validation. It 
is observed that FAR is reduced to 0.01, 0.02 and 0.15 respec-
tively. FRR is zero for all cases, because rejected segments are 
not validated, since our main concern is to obtain artifact-free 
subsequences.

Segmentation algorithm results

 Accepted subsequences which are artifact-free are 
passed through the segmentation operation, the results are tabu-
lated in table 4. A lesser accuracy has been registered for data-
base III because the false acceptance ratio is higher in this case 
in artifact-free subsequence selection process. Figure 10, shows 
an accepted artifact-free subsequence from ASS algorithm, 
which has been segmented to corresponding cycles. On the other 
hand, in figure 12, artifacts are severely corrupted the signal, 
these are high amplitude and overlapped with the primary heart 
sounds. The cycles obtained from segmentation are more than 
what it actually has, in this case the actual number of cycles the 
subsequence has is four, because estimated cycle duration (0.39 
Sec) is less than the actual duration (1.42 Sec). From extracted 
cycles, some of them containing either S1 sound or S2 sound or 
a combination of S1 and S2 sounds and artifact peaks. Such 
cycles increase the false alarm rate of the system, to which these 
cycles are fed to. We have checked that the algorithm is suitable 
for real-time operation as it takes 0.4 second of processing time for 
every second of acquired signal length.

CONCLUSION

 This work presents a novel integrated framework is to 
obtain artifact-free subsequences of PCG signal which is followed 
by automated heart sound cycle segmentation. The utilization 
of common features for both artifact-free subsequence selection 
and cycle segmentation makes the system simpler. Such prepro-
cessing is suitable for real-time implementation of heart sound 
analyzer. The method is found to be effective for both nor-
mal and pathological heart sounds. An accuracy of above 90% 
is registered for all three databases used in the experiment. Such 
algorithms will be useful in practical environments which often 
cannot ensure artifact free data collection

Figure 11: (a) and (b) are subsequences of normal and diseased PCG signal in which artifacts are added manually. (c) Subsequences of normal PCG signal with artifacts recorded in real time

No .of segments  
tested for ASS FAR FRR Accuracy(%)

DB I 210 0.20 0.05 79.78

DB II 210 0.06 0.12 94.12

DB III 70 0.31 0.23 69.23

No. of segments  
obtained from ASS algorithm FAR Accuracy(%)

DB I 89 0.01 98.88

DB II 85 0.02 97.65

DB III 13 0.15 84.62

Table 3: Results of quasi-periodicity validation of selected.

Table 4: Results for segmentation algorithm.

Segmented 
Subsequences 

Cycles 
actually 
present

Cycles 
incorrectly 
Segmented

Accuracy(%)

DB I 89 552 9 98.36

DB II 85 440 8 98.18

DB III 13 83 5 93.97
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Table 2: Results of proposed ASS algorithm.
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ABSTRACT

 Metabolic Syndrome (MS) is a clustering of metabolic and underlying risk factors 
which doubles the risk of atherosclerotic cardiovascular disease. It is more prevalent in some 
ethnic groups, especially in the Asian world. Global urbanization and sedentary life habits 
have increased the underlying risk factors characterised by physical inactivity, atherogenic diet 
and obesity. Therefore, its detection, prevention, and treatment serve as an important approach 
for the reduction of cardiovascular risk in the general population and strictly emphasized on 
strict therapeutic lifestyle changes. In our case report, we present effective management of a 
dyslipidaemic patient with MS by medication. However, her underlying risk factors were not 
controlled due to her inability to strictly adopt therapeutic lifestyle changes.

INTRODUCTION

	 The	new	worldwide	International	Diabetes	Federation	(IDF)	defines,	Metabolic	Syn-
drome	(MS)	as	having	central	obesity	(defined	as	waist	circumference	≥94	cm	for	Europid	men	
and	≥80cm	for	Europid	women,	with	ethnicity	specific	values	for	other	groups)	and	any	two	
of	the	following	four	factors	which	include	first,	raised	TG	level:	≥150	mg/dL	(1.7	mmol/L),	
Second,	reduced	High	Density	Lipoprotein	Cholesterol	(HDL-C):	<40	mg/dL	(1.03	mmol/L)	
in	males	and	<50	mg/dL	(1.29	mmol/L)	in	females,	third,	the	raised	blood	pressure:	systolic	
BP	≥130	or	diastolic	BP	≥85	mm	Hg,	fourth,	raised	Fasting	Plasma	Glucose	(FPG)	≥100	mg/
dL	(5.6	mmol/L),	or	previously	diagnosed	type	2	diabetes.	Central	obesity	and	insulin	resis-
tance have been regarded as important causative factor, however, the pathogenesis of MS and 
its components have remained poorly understood (www.idf.org).1 We present a case report of 
management	of	residual	CVD	risk	in	a	female	dyslipidaemic	patient	with	MS.

CASE REPORT

	 A	62-year	old	Mexican	American	woman	went	to	a	routine	clinical	visit.	Her	Body	
Mass	Index	(BMI),	waist	circumference,	FPG,	and	BP	were	31.2	kg/m2,	36	inches	(91.44	cm),	
115	mg/dL	and	136/77	mm	Hg,	respectively.	She	was	already	on	Angiotensin	Converting	En-
zyme	(ACE)	inhibitor,	the	antihypertensive	medication,	which	helped	to	reduce	her	BP.	Her	
lipid	profile	revealed	borderline	elevation	of	various	lipid	parameters,	including	total	choles-
terol	(227	mg/dL),	LDL-C	(130	mg/dL),	HDL-C	(40	mg/dL),	TG	(285	mg/dL),	and	non-HDL-
C	(187	mg/dL).	Her	clinician	diagnosed	her	with	impaired	fasting	glucose	and	MS	and	reported	
her	Framingham	risk	score	of	12%.	Her	10-year	risk	of	Atherosclerotic	cardiovascular	disease	
(ASCVD)	was	15.7%	as	calculated	using	pooled	cohort	 risk	assessment	 equations.	He	pre-
scribed	 atorvastatin	 (10	mg/day)	 and	 suggested	 to	 adopt	 therapeutic	 lifestyle	 changes	 (diet,	

http://www.idf.org
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exercise)	and	stop	smoking.

 During	 her	 follow	 up	 visit	 after	 3	 months	 (Visit	 1),	
she	reported	that	her	smoking	habits	were	reduced	from	1	pack	
to half pack a day. However, there was no change in her BMI 
(31.8	kg/m2)	and	waist	circumference	(36.5	inches).	Her	BP	was	
slightly	raised	(from	136/77	mm	Hg	to	138/80	mm	Hg).	To	nor-
malize her BP, the clinician prescribed amlodipine, a calcium 
channel	blocker,	in	addition	to	existing	ACE	inhibitor.	After	the	
use	of	atorvastatin	a	change	 in	her	 lipid	profile	was	observed.	
Her	 total	 cholesterol,	 LDL-C,	 non-HDL-C,	 and	 TG	 were	 re-
duced	from	227	to	181	mg/dL;	130	to	89	mg/dL;	187	to	139	mg/
dL,	and	285	mg/dL	to	248	mg/dL,	respectively	and	HDL-C	lev-
els	were	increased	from	40	to	42	mg/dL.	She	reached	her	target	
goal	of	LDL-C	(<100	mg/dL)	but	did	not	 reach	 target	goal	of	
non-HDL-C	(<130	mg/dL)	as	per	ATP	III	guidelines	(Table	1).	
Though there was an overall improvement in the metabolic pa-
rameters,	her	FPG	was	elevated	(132	mg/dL)	and	was	diagnosed	
with	 type	2	diabetes.	The	clinician	prescribed	metformin	 (500	
mg,	twice	a	day)	to	reduce	her	FPG	levels	and	added	fenofibrate	
(145	mg/day)	to	existing	atorvastatin	therapy	to	further	elevate	
HDL-C	and	 lower	TG	 levels.	He	explained	 the	 importance	of	
lifestyle changes and again stressed her to strictly adopt lifestyle 
changes.

	 Three	months	after	Visit-1,	no	change	in	BMI	and	waist	
circumference was observed in spite of her reduced smoking 
habit.	The	combination	of	amlodipine	plus	ACE	inhibitor	nor-
malised	her	BP	 (from	138/80	mm	Hg	 to	122/74	mm	Hg)	and	
metformin	reduced	her	FPG	(from	132	mg/dL	 to	114	mg/dL).	
After	treatment	with	fenofibrate	and	atorvastatin	her	lipid	pro-
file	was	 further	 improved.	Her	 total	 cholesterol,	LDL-C,	non-
HDL-C,	and	TG	reduced	to	158	mg/dL,	80	mg/dL,	110	mg/dL,	
and	148	mg/dL,	 respectively,	 and	her	HDL-C	 increased	 to	48	
mg/dL.	Since	she	did	not	experience	any	adverse	muscle,	liver,	

or kidney events, the treatment was continued. The medications 
helped her lower presence of most of her metabolic and major 
risk factors. However, no changes in underlying risk factors 
were observed owing to her inability to adopt to a strict lifestyle 
changes.

DISCUSSION

 The two most widely accepted criteria for the diagnosis 
of MS in the United States have been proposed by the National 
Cholesterol	Education	Program	Adult	Treatment	Panel	 (NCEP	
ATP	 III)	 and	 the	American	Heart	Association/National	 Heart,	
Lung,	and	Blood	Institute	(AHA/NHLBI).	International	Diabe-
tes	Federation	 (IDF)	was	 similar	 to	NCEP	ATP	 III	 and	AHA/
NHLBI	criteria	except	that	it	included	central	obesity	plus	two	
or	more	than	two	criteria	(Table	2).1	Enlarged	waist	plus	elevat-
ed triglycerides serves as a stronger predictor of cardiovascular 
mortality and all-cause mortality after adjustment of age, smok-
ing	status,	and	LDL-C	levels.1,2 In our report, the patient was a 
62-year	old	female	of	Mexican	American	descent	with	enlarged	
waist	 (91.44	 cm)	 and	 borderline	 elevation	 of	 lipid	 parameters	
with	elevated	TG	levels	(285	mg/dL),	and	was	diagnosed	with	
MS. 

	 Central	 (abdominal)	 obesity	 can	 be	 easily	 assessed	
using waist circumference which is independently associated 
with all components of MS including insulin resistance, and is a 
prerequisite	risk	factor	for	the	diagnosis	of	the	syndrome	in	the	
new	definition	of	 IDF.	Table	 2	 present	 the	 IDF	 recommended	
cut-points for waist circumference for diagnosis of MS in dif-
ferent ethnic group. In reference to the IDF cut-point on waist 
circumference	as	presented	in	here	in	table	2,	the	cut	point	defin-
ing	abdominal	obesity	and	those	of	Central	American	ancestry	
is	80	cm	and	the	so	patient	in	the	present	case	study	has	a	waist	
circumference far above that, and hence she meets the criteria 

NCEP III NHLBI/AHA Criteria IDF Criteria

Any 3 or more criteria Central obesity + any 2 or more criteria

Waist circumference: men ≥102 
cm (40 in); 

women ≥35 in (88 cm)

Waist circumference: men ≥102 cm (≥40 inches); 
women ≥88 cm (≥35 inches); lower cut-points for 

insulin-resistant individuals
Waist circumference ethnicity specific

TG ≥150 mg/dL (1.7 mmol/L) TG >150 mg/dL (1.7 mmol/L) or on specific treatment TG >150 mg/dL (1.7 mmol/L) or on 
specific treatment

HDL-C: 
men <40 mg/dL 
(1.03 mmol/L) 

Women <50 mg/dL (1.3mmol/L)

HDL-C: men <40 mg/dL (1.03 mmol/L); women <50 
mg/dL (1.29 mmol/L)

HDL-C: men <40 mg/dL (1.03 mmol/L); 
women <50 mg/dL (1.29 mmol/L) or on 

specific treatment

SBP ≥130 mm Hg or DBP ≥85 
mm Hg

SBP ≥130 mm Hg or DBP ≥85 mm Hg or antihyper-
tensive medication

SBP ≥130 mm Hg or DBP ≥85 mm Hg 
or antihypertensive medication

FBG ≥110 mg/dL FBG ≥100 mg/dL (5.6 mmol/L) or on drug treatment 
for elevated glucose

FBG ≥100 mg/dL (5.6 mmol/L) or previ-
ously diagnosed type 2 DM

DBP = Diastolic Blood Pressure; FBG = Fasting Blood Glucose; HDL-C = High-Density Lipoprotein Cholesterol; IDF: International Diabetes Federation; NHLBI/AHA: National 
Heart Lung Blood Institute/American Heart Association; SBP = Systolic Blood Pressure; TG = Triglyceride
Table 1: NHLBI/AHA and IDF Diagnostic Criteria for Metabolic Syndrome.1,2
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for	 the	diagnosis	of	MS	as	per	new	 IDF	definition.	Although,	
there	 are	 inadequate	 data	 in	 other	 racial	 groups,	 such	 as	His-
panics, Asians, and American-Indian populations. It has been 
reported	 that	 in	 comparison	 to	 non-Hispanic	white	 or	 Cauca-
sians,	the	risk	of	ASCVD	is	generally	found	to	be	lower	among	
Hispanic-American and Asian-American populations, and gen-
erally higher among American-Indian populations.3 Our results 
corroborated	with	earlier	reports	where	females	aged	>60	years,	
enlarged	waist,	elevated	TG	and	the	Mexican	American	descent	
have higher predisposition to MS. 

	 Non-HDL-C	reported	as	a	stronger	predictor	of	CVD	
risk	 than	 LDL-C4,5 and was considered as a secondary target 
after	 attainment	 of	 LDL-C	 goal	 with	 TGs	 ≥200	mg/dL	 (5.17	
mmol/L).6,7	During	her	follow	up	visit	her	LDL-C,	total	choles-
terol,	TG	got	reduced	by	31.5%,	20.2%,	and	13%,	respectively,	
and	HDL-C	goal	was	elevated	by	5%	after	the	use	of	atorvastatin	
(10	mg/day).	Our	 results	were	 in	agreement	with	 the	previous	
study	where	 standard	 doses	 of	 statins	 (simvastatin	 10-40	mg/
day,	 pravastatin	 40	 mg/day	 and	 lovastatin	 20-40	 mg/day)	 re-
duced	total	cholesterol	by	18-26%,	LDL-C	by	25-30%	and	TG	
by	 11-17%,	 and	 increased	 HDL-C	 by	 5-7%.6 However, other 
studies	reported	statins	to	be	inadequate	in	the	residual	CVD	risk	
associated	with	lipid	abnormalities,	especially	above	TG	>220	
mg/dL.7-9 

	 As	per	NCEP	ATP	III	guidelines,	statins	or	TG	lowering	
drugs,	such	as	fibrates	or	niacin	served	a	vital	role	in	achieving	

non	HDL-C	and	LDL-C	goals	where	the	non-HDL-C	goal	was	
always	30	mg/dL	higher	 than	 the	LDL-C	goal.10 In our report 
too,	we	observed	that	the	patient	after	treatment	with	fenofibrate	
and	atorvastatin	achieved	 the	 largest	goal	of	LDL-C	and	non-
HDL-C.	In	the	present	case,	the	patient	calculated	ASCVD	risk	
was	27.8%	indicating	that	 this	patient	was	at	elevated	10-year	
risk	(≥7.5%)	for	ASCVD.	In	diabetics	(40-75	years,	LDL	70-189	
mg/dL),	a	high-intensity	statin	should	be	considered	with	a	10-
year	ASCVD	risk	≥7.5%.	The	2013	ACC/AHA	guidelines	rec-
ommend either a high-intensity or moderate-intensity statin regi-
men	in	patients	who	have	an	elevated	ASCVD	risk	(≥7.5%)	for	
primary prevention of cardiovascular disease. The recommend-
ed doses of moderate intensity atorvastatin dose ranges between 
10-20	mg.	Hence,	this	patient	was	prescribed	atorvastatin	dose	
of	10	mg,	and	advised	to	adopt	therapeutic	lifestyle	changes	as	
the	2013	American	College	of	Cardiology/American	Heart	As-
sociation	(ACC/AHA)	guideline	have	emphasized	that	lifestyle	
modification	(i.e.,	adhering	to	a	heart	healthy	diet,	regular	exer-
cise habits, avoidance of tobacco products, and maintenance of 
a healthy weight) constitutes an important element in the health 
promotion	 and	 ASCVD	 risk	 reduction,	 both	 prior	 to	 and	 in	
concert with the use of cholesterol lowering drug therapies.11,12 

The	 new	 ACC/AHA	 guideline	 emphasizes	 matching	 the in-
tensity	of	 statin	 treatment	 to	 the	 level	of	ASCVD	risk	and	 re-
places	 the	old	paradigm	of	pursuing	LDL-C	 targets	 (Table	3). 
 
	 During	 her	 follow	 up	 visit	 after	 3	 months	 that	 there	
was	no	 change	 in	her	BMI	 (31.8	kg/m2) and waist circumfer-

Clinical risk categories Treatment

Those with clinical ASCVD High-intensity statin therapy. If 50% reduction is not 
reached drug combination may be considered

Diabetes mellitus (Type I or Type II) without ASCVD but with 
LDL-C between 1.8 and 4.9 mmol/L

Diabetes with high risk: High-intensity statin 
therapy. Diabetes with low risk: Moderate-intensity 

statin therapy

Those with primary elevation of LDL-C >4.9 mmol/L High-intensity statin therapy, aimed at achieving at 
least 50% reduction of LDL-C

If none of the above but with estimated 10-year ASCVD risk of 
7.5% or more using a pooled populations risk calculator If risk-
based assessment treatment decision uncertain assessment of 
1 or more of family history, hs-C-reactive protein, CAC Score or 
ABPI may be considered, contribution of Apo B, CKD, microal-
buminuria or cardio-respiratory fitness is uncertain and CIMT is 
not recommended for routine assessment of individual patients

Moderate-to-high-intensity statin therapy if ASCVD 
risk >7.5%. If risk 5-7.5% risk of CVD event: 

Reasonable to consider moderate-intensity statin 
therapy

ABPI: Ankle Brachial Pressure Index; ASCVD: Atherosclerotic cardiovascular disease; Apo B: Apoprotein B; CAC: Coronary Artery Calcification; CKD: Chronic 
Kidney Disease; CIMT: Coronary Intima Media Thickness; LDL-C: Low Density Lipoprotein Cholesterol

Table 3: 2013 ACC/AHA guidelines on the treatment of blood cholesterol to reduce ASCVD risk in adults12
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Gender
Waist Circumference (cm)

Europids South Asian Chinese Japanese Ethnic South and 
Central Americans

Eastern Mediterranean 
& Middle East (Arab)

Male ≥94 ≥90 ≥90 ≥90 ≥90 ≥94

Female ≥80 ≥80 ≥80 ≥80 ≥80 ≥80

Table 2: Waist circumference cut-point for diagnosis of metabolic syndrome in different ethnic group1
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ence	 (36.5	 inches)	 despite	 reducing	her	 smoking	 from	1	pack	
to half pack a day. The current cut-points for overweight (BMI 
25.0-29.9	kg/m2)	and	obesity	(BMI	≥30	kg/m2) compared with 
normal	 weight	 (BMI	 18.5	 to	 <25	 kg/m2) has been associated 
with elevated risk of combined fatal and nonfatal coronary heart 
disease.	The	new	ACC/AHA	guideline	on	obesity	recommends	
healthcare providers to develop individualized weight loss plans 
that should include three key components - a moderately reduced 
calorie diet, a program of increased physical activity and the use 
of behavioral strategies to help patients achieve and maintain a 
healthy body weight. In order to better manage weight reduc-
tion and obesity, physician should advice patients to undertake 
multiple sessions with dietician. No change in BMI as reported 
by	 the	patients	after	3	months	underscores	 inadequate	 instruc-
tion on weight reduction plan was provided by the healthcare 
provider.

	 The	NCEP	ATP	 III	 and	 the	AHA/NHLBI	 recognized	
HDL-C	as	a	tertiary	target	but	did	not	set	an	HDL-C	goal	level.	
These	two	organisations	including	ADA	advocated	the	use	of	fi-
brates	to	reduce	TG	and	elevate	HDL-C	in	patients	with	the	MS	
or	diabetes	and	suggested	that	fenofibrate	combination	with	sta-
tin may be an effective and safer alternative than statin alone. We 
also	observed	that	the	patient	did	not	experience	any	side-effects	
with	the	combination	therapy	of	atorvastatin	and	fenofibrate	and	
hence prescribed to continue her treatment. 

 In conclusion, the metabolic risk factors for MS in dys-
lipidaemics can be well managed by appropriate treatment but 
the underlying risk factors could only be managed by adopting 
strict therapeutic life style changes.
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ABSTRACT

 Monitoring patients with heart failure by using telemedicine systems is a potential 
means for optimizing the management of these patients. The E-care project is developing an 
“intelligent” communicative platform enabling the home monitoring of patients with New York 
Heart Association (NYHA) Stage III heart failure using non-invasive sensors. As a result, this 
platform will assist health care professionals by providing an automated processing of these 
sensors’ transmitted data in order to detect and report signs of cardiac decompensation early.

KEYWORDS: Heart failure; Telemedicine; Home support; Detecting signs of cardiac decom-
pensation.

INTRODUCTION

	 Heart	Failure	(HF)	is	a	serious	chronic	disease	that,	in	addition	to	its	significant	mor-
bidity and 50% mortality rate at 5 years for New York Heart Association (NYHA) Stages III 
– IV, involves frequent re-hospitalizations that impede patient quality of life, some of which 
could be prevented through early action.1

 In France, nearly 1 million people suffer from HF, and over 120,000 new cases are 
diagnosed every year, thus presenting a major public health issue. Managing HF is a complex, 
lengthy,	often	difficult	task,	with	great	cost	to	our	society,	both	in	terms	of	healthcare	and	treat-
ment	time	as	well	as	from	a	financial	standpoint.

 Yet while HF treatment is currently well-standardized, according to evidence-based 
medicine, and has enabled undeniable progress, particularly with regard to mortality rates, 
there are still potential advances to be made in terms of life expectancy and the quality of life 
of these patients, notably by centering long-term management in the home.1 Monitoring HF 
patients by using telemedicine systems is a potential means for optimizing the patient manage-
ment process.



                                  Heart Research

Open Journal
http://dx.doi.org/10.17140/HROJ-2-107

Heart Res Open J

ISSN 2377-164X

Page 40

 In this paper, we discuss the role to be played by tele-
medicine in HF management and present a new e-platform that 
promises to optimize the management and monitoring of this 
chronic disorder.

The Role of Telemedicine in the Management of Chronic Dis-
eases like Heart Failure

 The monitoring of chronic disease patients using tele-
medicine systems is theoretically a promising means for optimiz-
ing patient management in these cases, as already demonstrated 
in certain diseases, such as diabetes or chronic HF.2-6 Advances 
in telecommunication technologies have created new opportu-
nities to provide telemedical care as complementary treatment 
to the medical management of HF patients. Meta-analyses have 
suggested that telemedicine can reduce morbidity and mortality 
in patients with these types of disorder.

 Nevertheless, the results of telemonitoring studies and 
meta-analyses have been controversial. In reviews assessing 
these methods, telemedicine approaches range from computer-
based support systems to ones founded on structured telephone 
support, or even to programs led by nurses and physicians.2,6 It 
is	 thus	difficult	 to	have	a	definitive	opinion	based	on	what	we	
know	now	on	whether	or	not	telemedicine	has	a	significant	role	
to play in HF management.

 In the thorough 2011 meta-analysis from Anker et al., 
published in The Lancet, the results with respect to mortality and 
HF-related hospitalization decreases, in addition to improved 
quality of life, were well-documented.4 In this meta-analysis, 11 
studies were analyzed in the setting of a comparison between 
the effects of telemonitoring versus usual care (noninvasive tele-
medicine). Telemonitoring was found to reduce the following 
rates: all-cause mortality, achieving 147 events/1,410 patients 
(10.4%) vs. 200/1,300 (15.4%) (p <0.0001); all-cause hospital 
admission, with 582 events/1,232 patients (47.2%) vs. 579/1,111 
(52.1%) (p=0.02); hospital admission related to chronic HF, 
with 189 events/844 patients (22.4%) vs. 207/726 (28.5%) 
(p=0.008). 

 Similar results were reported in a more dated meta-
analysis from the Cochrane group.5 Of the 25 full peer-reviewed 
studies meta-analyzed, 16 evaluated structured telephone sup-
port (n=5,613 participants), 11 telemonitoring (n=2,710 partici-
pants), and two both interventions (included in counts). Telem-
onitoring was demonstrated able to reduce all-cause mortality 
(Hazard Ratio [HR]: 0.66; 95% CI: 0.54-0.81, p <0.0001), with 
structured	 telephone	 support	 demonstrating	 a	 non-significant	
positive effect (HR: 0.88; 95% CI: 0.76-1.01, p=0.08). Both 
structured telephone support (HR: 0.77; 95% CI: 0.68-0.87, p 
<0.0001) and telemonitoring (HR: 0.79; 95% CI: 0.67-0.94, 
p=0.008) reduced chronic HF-related hospitalizations. For both 
interventions, several studies reported improved quality of life, 
reduced healthcare costs, and high patient acceptance.

 As described below, meta-analyses have indicated that 
telemedicine could reduce morbidity and mortality in these pa-
tients. Still, two prospective clinical trials have produced results 
that	do	not	support	these	findings.7,8 The Tele-HF trial randomly 
assigned patients hospitalized for HF to either telemonitoring 
(n=826) or standard care (n=827).7 The noninvasive telemoni-
toring system was an asynchronous, telephone-based interactive 
voice-response system that obtained daily information on the 
patient’s	symptoms	and	bodyweight.	In	this	trial,	no	significant	
difference was noted between the telemonitoring and control 
groups in terms of rate of any readmission or death from any 
cause within 180 days of inclusion, which concerned 432 pa-
tients (52%) in the telemonitoring group and 426 (51%) in the 
usual-care group (HR: 1.04; 95% CI: 0.91-1.19).

 The TIM-HF trial in Germany randomly assigned sta-
ble chronic HF patients to either telemonitoring (n=354) or usual 
care (n=356).8 The noninvasive, synchronous telemonitoring 
system was based on a wireless Bluetooth device together with a 
personal digital assistant as the main structural element, all data 
being transferred to the telemedical center by cell phone. The in-
tegrated sensor network consisted of a 3-lead Electrocardiogram 
(EKG), blood pressure device, and weighing scales. The patient 
conducted his or her own daily self-assessment using these de-
vices, with the data transferred to the telemedical center, which 
provided continuous physician-led medical support for the total 
study period. The telemedical center physician contacted the pa-
tients in accordance with the standard operating procedures or 
on patient request. The center contacted the patient’s local physi-
cian at least every 3 months. In this trial, the total mortality rate 
for the primary outcome of death for any cause was 8.4 per 100 
patient-years of follow-up in the telemedical group, compared 
to 8.7 per 100 patient-years of follow-up in the usual-care group 
(HR: 0.97; 95% CI: 0.67-1.41; p=0.87).8

The Role of Telemedicine in the Management of Heart Failure 
in France

 In recent years, there has appeared to be renewed inter-
est	in	France	in	the	field	of	telemedicine	and	its	applications	for	
HF, with the development of several projects, such as SCAD 
(Suivi Cardiologique A Distance, remote cardiological monitor-
ing); PIMP’s (Plateforme Interactive Médecins Patients santé, 
doctor-patient interactive healthcare platform); OSICAT (Opti-
misation	de	 la	Surveillance	Ambulatoire	des	 Insuffisants	CAr-
diaques par Télécardiologie, optimization of ambulatory heart 
failure monitoring with telecardiology), and MEDICA (Monitor-
age	Electronique	à	Domicile	de	l’Insuffisance	CArdiaque	chro-
nique, home electronic monitoring of chronic heart failure).9-12 
At the time of writing, no published results were available from 
these projects.
 
 All these projects are non-invasive and designed to en-
able patient management at home or in nursing homes. They are 
mostly based on standard tools for monitoring HF, namely blood 
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pressure monitors, weighing scales, and so on, at times integrat-
ing tools enabling the feedback and transmission of collected 
information (Bluetooth, 3G, 4G, etc.) as well as patient-health-
care professional interaction (call center, digital tablet, website, 
etc.).13 Certain projects have also integrated motivational and 
educational tools. The PIMP’s project also includes biological 
telemonitoring, with Brain Natriuretic Peptide (BNP) telemoni-
toring.10

 These are based on prospective or cohort studies of HF 
patients, with widely varying sample sizes of 100 to 1000 pa-
tients, and different follow-up periods ranging from 3 months to 
2 years, for the most part stemming from evidence-based medi-
cine.4

 It is important to emphasize that the objectives or in-
dicators of these various projects vary from modest to the more 
ambitious,	 defined	 as	 anything	 from	 improved	morbidity	 and	
mortality to reduced readmissions, enhanced quality of life, and 
improved health economic costs.

E-care: An Innovative Platform for the Early Detection and Re-
porting of Risk Situations in Heart Failure Patients 
 
 The E-care project,14 selected in 2011 as part of the call 
for projects in “Health and autonomy at home through digital 

technology”, from Investissements d’Avenir, (a national group 
for funding innovative research projects in France), was de-
signed with the principal objective of optimizing patient moni-
toring by detecting precursor signs of cardiac decompensation or 
acute HF via a telemedicine system, combined with motivational 
and educational tools. This project should theoretically enable i) 
the reduction of the number of readmissions; ii) the reduction of 
the	total	number	of	hospital	days,	a	figure	that	progressively	and	
systematically increases when the patient is hospitalized; and, 
ultimately iii) improvement of quality of life for these patients.

 The E-care platform enables patients with NYHA Stage 
III HF to be monitored, notably at home, using non-invasive sen-
sors.14 It provides assistance to the medical staff by automat-
ing the processing of data sent from the sensors, automatically 
generating alerts in order to detect and report risk situations of 
HF early (Figure 1).15,16 This platform also enables the sharing 
and management of heterogeneous data so as to integrate the 
necessary information required for monitoring any underlying 
pathology, such as diabetes mellitus, renal failure, respiratory 
insufficiency,	and	so	on.

 The early detection of cardiac decompensation involves 
processing data from multiple factors, namely the signal from the 
EKG, heart sounds (Phonocardiogram [PCG] signal), weight, 
Blood Pressure (BP), oxygen saturation, patient ergonomics, in 

Figure 1: Overall architecture of the E-care platform for monitoring heart failure.
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addition to dietary monitoring, based on the phenotypic data of 
each patient (personalized medicine).14-16 All of these consoli-
dated	elements,	combined	with	each	patient’s	individual	profile,	
facilitate not only the detection of cardiac abnormalities, but also 
the prevention of cardiac decompensation risk factors.
 
 The E-care platform uses an ontology designed to de-
fine	a	controlled	vocabulary	of	diseases,	medications,	symptoms,	
and so on, as well as to model concepts related to HF monitoring. 
The effective use of ontology for the purposes of reasoning as-
sumes	the	addition	of	operational	semantics,	which	specifies	the	
manner	in	which	the	model	findings	in	the	ontology	will	be	used	
for reasoning and to produce new knowledge automatically.15-17 
The reasoning portion is based on an inference engine in which 
the rules are either introduced by medical experts or generated 
by a data search and subsequently validated by medical experts.
The E-care system fully capitalizes on its ability to consolidate 
different data information concerning the patient. For each pa-
tient, E-care processes in real-time the personal data collected 
by the sensors, then analyzing it in conjunction with the domain 
ontologies describing their pathologies, medications, and symp-
toms.	This	first	inference	constitutes	its	first	learning	process	by	
adding new information to the patient ontology. In the second 
stage, E-care consolidates all the information relative to all pa-
tients in order to enhance the system. New rules are then added 
by searching for similar patterns describing critical events. This 
second step is effective as soon as there is a lot of data to pro-
cess.

 Compared to other telemedicine projects, the E-Care 
project thus envisages an “intelligent” and communicative plat-
form to carry out home monitoring, using non-invasive sensors, 
of patients with NYHA Stage III HF.14 As such, this platform 
assists the medical team by automating the processing of infor-

mation transmitted by these sensors in order to detect and report 
risk situations of cardiac decompensation early.

The platform is built around:

•	A	console	installed	in	 the	patient’s	home,	for	collecting	vital	
signs;
• Non-stationary signal description tools (emitted from the sen-
sors) for the association and synchronization of measurements 
(EKG and PCG); 
• A central application for the reasoning and processing of physi-
ological and medical data based on semantic web technologies.

 The console, installed in the patient’s home, will en-
able the management, collection, collation, and integration of 
the data generated from the different non-invasive medical sen-
sors .14-17

 All of the above data sets will be input into a computer 
tablet in order to allow greater patient autonomy.

This console will be comprised of (Figure 2):

• Medical sensors: BP monitor, thermometer, weigh scale, and 
pulse oximeter;
• A tablet-type computer interface connected to all of these med-
ical sensors enabling the data to be transferred and accessed.

E-care: A Prototype in Use at the Strasbourg University Hospital 
since October 2013

 Our experimentation with the E-care system (Figure 3) 
began,	in	the	first	phase,	at	the	University	Hospital	of	Strasbourg	
(Strasbourg, France) in October 2013.18 This enabled us to pro-

Figure 2: Version 1 of the E-care platform deployed in the Department of Internal Medicine, Diabetes and Metabolic Diseases 
of the University Hospital of Strasbourg.
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duce a preliminary report, test the various functions, improve the 
ergonomics, detect any vulnerabilities, and identify its strengths, 
with the primary objective of validating the technological and 
medical choices made.

 The system has been deployed for 10 months, counting 
from the time of writing, in a 20-bed unit of the Department of 
Internal Medicine, Diabetes and Metabolic Diseases of the Medi-
cal	Clinic	B	of	the	Strasbourg	University	Hospital	(France).	This	
unit is “open” to the emergency wards and constitutes part of the 
HF	division	implemented	at	the	Strasbourg	University	Hospital.	
The	patient	profile	included	in	this	experiment	is	an	elderly	pa-
tient, as is the case in over 90% of cases (chronic HF >60%, ane-
mia	>40%,	 arrhythmia	due	 to	Atrial	fibrillation	 (AAF)	>30%,	
Type 2 diabetes >30%, Chronic Obstructive Pulmonary Disease 
(COPD) >30%, cancer 20%, renal failure >15%, higher function 
disorders 15%, and stroke 10%), taking more than 17 pills a day 
on average, with loss of autonomy observed in 25% of cases.18

	 In	 the	 first	 experimental	 phase,	 lasting	 2	months,	we	
validated the selected sensors deployed as part of the E-care 
platform using a protocol of comparative measurements from 
conventional hospital measuring devices (BP, heart rate, oxy-
gen saturation, and weight) and those of the E-care system. Over 
150 measurements were performed by 5th and 6th year medical 
students of the Faculty of Medicine of Strasbourg during their 
full-time immersion internship in the Department.

 The retrospective analysis of these various measure-

ments revealed a concordance between the different devices 
used on a daily basis in the hospital and those proposed by the 
E-care solution. The system operated perfectly and the experi-
mental phase enabled us to validate the technological choices. A 
qualitative survey of the students helped to positively assess the 
system’s ergonomics. A preliminary analysis of the relevance of 
alerts	with	our	first	inference	engine	design	resulted	in	no	mal-
functions. In the second phase, we tested the system using (pre) 
determined indicators, verifying the relevance of triggered alerts, 
in order to assess improvements that could lead to improved pa-
tient management. The goal was to detect risk situations of car-
diac decompensation early, before they degraded into acute HF. 
At the time of writing, the second test phase was underway in the 
Department, commenced in February 2014.18 To date, over 130 
patients have been enrolled and over 1,000 measurements per-
formed. Nurses use the E-care measurement devices on a daily 
basis when carrying out their patient rounds. This phase relies 
notably on the establishment of a new human-machine interface 
and new inference engine. This phase includes a satisfaction and 
practical	 use	 survey	of	 the	 system’s	 ergonomics,	filled	 out	 by	
caregivers and patients. The continuous gathering of data dur-
ing this second phase enables us to obtain the critical mass of 
patients needed to conduct a more detailed analysis of the rel-
evance of the alerts. 

 Once the system consolidates all the data, the third phase 
will	consist	in	implementing	E-care	in	patients’	homes,	first	in	
the Strasbourg and Angers areas, as well as in mid-term hospital 
stays, post-care, long-term care, and in retirement homes (Figure 

Figure 3: E-care system tested by Prof. E. Andrès and Dr. S. Talha at a patient’s bedside at the Strasbourg University Hospital.
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4). This phase is expected to last 6-12 months before the solu-
tion can be marketed. The Agence Regionale de Santé (ARS – 
the French regional healthy authority) d’Alsace (Alsace branch) 
(France) (INCADO project) will provide funding for this phase 
as part of a national project for telemedicine HF management. 
This last phase will enable us to conduct a comprehensive study, 
notably in order to work on improving medical diagnosis by pro-
moting the self-learning capacity of the system, therefore im-
proving the detection of any anomaly at an even earlier stage.

 The expected future development of this platform in 
providing	a	coherent	solution	in	the	field	of	medical	monitoring	
will involve taking into account various diseases and equipment 
limitations. E-Care is an open and scalable platform enabling 
the sharing and management of heterogeneous data relating to 
different diseases.

 In the future, the E-care platform should progressively 
be enriched with other communicating sensors, such as EKG, 
the electronic stethoscope, and so on, which will integrate sig-
nal	processing	 tools	enabling	us	 to	 refine	 the	detection	of	 risk	
factors. Other communicating sensors could also be envisaged, 
such as an electronic spirometer, in order to further improve the 

E-care platform and extend its application to other chronic dis-
eases, such as COPD, chronic renal failure, and other.19,20

CONCLUSIONS

	 The	benefit	of	telemonitoring	in	HF	remains	controver-
sial. However, this approach’s various design possibilities (type 
of trial, number of patients, follow up, type of endpoint, etc.), 
technologies (structured phone support, computer support), and 
devices, in addition to the varying presence or absence of hu-
man	intervention,	have	been	so	heterogeneous	that	no	definitive	
conclusion could be made. In our opinion, recent well-designed 
home telemonitoring programs that used more advanced tech-
nology in HF patients have proven successful in reducing un-
necessary hospitalizations.

 Our telemonitoring E-Care platform uses advanced 
technology in order to ensure the home telemonitoring of vital 
signs. E-Care assists the medical staff by automating the pro-
cessing of information transmitted by the sensors, automatically 
generating alerts in order to detect and report risk situations of 
HF early. The E-care platform uses an ontology designed to de-
fine	a	controlled	vocabulary	(diseases,	medications,	symptoms,	

Figure 4: Version 2 of the E-care system deployed in mid-term hospital stays, post care, long-term care, and in retirement homes, as well as in patient 
homes.
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etc.) and to model concepts related to the monitoring of HF.
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ABSTRACT

Background: To investigate left atrial or left atrial appendage spontaneous echo by transesoph-
ageal echocardiography for clinical risk assessment, providing an important basis for guiding 
treatment and so on. 
Methods: Select 113 atrial fibrillation patients who did not have formal warfarin treatment in 
2011-2014 and did transesophageal echocardiography, after excluding substandard patients, 92 
patients were divided into LASEC positive group (n=63) and negative group (n=29). Analyses 
the clinical features and echocardiographic parameters.  Evaluate the diagnostic value with 
results of multivariate analysis. 
Results: The study found a significant difference (P<0.05) between the two groups in the type 
of AF (permanent AF), hypertension, left atrial diameter, left ventricular diastolic function, 
among these factors, persistent atrial fibrillation, left atrial diameter >40 mm and hypertension 
have a extremely significant difference (P<0.01). CHA2DS2-VASC score, D-dimer in plasma 
have a predictive value for LASEC patients with atrial fibrillation.
Conclusion: Patients with persistent AF have a higher LASEC incidence, LASEC has clinical 
predictive value, there are certain guiding significance in clinical practice.

KEYWORDS: Left atrial spontaneous echo contrast; Atrial fibrillation; Transesophageal Echo-
cardiography.

ABBREVIATIONS: AF: Atrial Fibrillation; LASEC: Left Atrial Spontaneous Echo Contrast; LA: 
Left Atrium; LAD: Left Atrial Diameter; LVEF: Left Ventricular Ejection Fraction; LAA:  Left 
Atrial Appendage; ANOVA: Analysis of variance; CK: Creatinekinase; PTS: Prethrombotic 
state; AF: Atrial Fibrillation.

INTRODUCTION

 Atrial Fibrillation (AF) is one of the most common arrhythmia encountered in clinical 
practice that has been associated with an increased mortality and morbidity from thromboem-
bolic complications. Transesophageal echocardiography is frequently used to identify the pres-
ence of atrial thrombogenesis, which is a useful diagnostic method to exclude atrial thrombus 
in patients with atrial fibrillation before undergoing radiofrequency ablation. 

 Left Atrial Spontaneous Echo Contrast (LASEC), which is observed as a dynamic 
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like-cloud echo signal by transthoracic and transesophageal 
echocardiography in the Left Atrium (LA) under the condition 
of non-radiography, has a varying density and morphological 
characters so it has no obvious contour.1 Atrial fibrillation is the 
most common predisposing factor in the formation of LASEC, 
which is mainly related to a low left atrium blood flow velocity, 
blood stasis, the left atrium dysfunction and enlarged left atrium. 
In addition, it has been showed that AF has been associated with 
thromboembolic events. Some investigates showed that it was 
prone to LASEC when get atrial fibrillation means the change 
of hemodynamics and clotting mechanisms in the left atrium, 
which was considered prothrombotic state.2 No doubt, the left 
atrial thrombus in AF patients by transesophageal echocardiog-
raphy should be given anticoagulation therapy, however, some 
research showed that the cerebral embolism events likely up 
to 22% in AF patients with LASEC is an independent predic-
tor of thromboembolic events,3 but the formation mechanism of 
LASEC is not yet entirely clear, moreover, there is no an unified 
standard between the clinical laboratory indicators and antico-
agulation therapy. This study was designed to investigate the rel-
evance between the formation in AF patients with LASEC with-
out formal anticoagulation therapy and multiple risk factors, and 
the clinical significance of the incidence of the left atrium or left 
atrial appendage thrombus in these patients, which could guide 
clinical anticoagulation therapy.

MATERIALS AND METHODS

General Information of Study Population

 92 cases of patients with atrial fibrillation had no formal 
warfarin anticoagulation therapy, and they were all examined by 
transesophageal echocardiography. These selected patients were 
diagnosed atrial fibrillation by 24 hours dynamic electro-cardio-
gram, simultaneously; rheumatic valvular heart disease, congen-
ital heart disease and prosthetic heart valve had been excluded. 
Among them, there are 50 males and 42 females, and mean age 
was 60.89±8.94 years old. According to whether LASEC existed 
or not, the two groups included positive and negative groups, 
and negative group patients had no thrombosis.

Study Protocol

 Characteristics of patients were age, gender, type of 
atrial fibrillation, BMI, coronary heart disease, hypertension, 
diabetes, clinical laboratory indication and so on. CHA2DS2-
VASC score was calculated based on risk factors. Philips iE col-
or Doppler ultrasonography (Siemens Company, Bavaria, Ger-
many) was used with multi-plane TEE probe, and the frequency 
was at 3.5~7.0 MHz. All patients signed informed consent, then 
TEE were performed after at least six hours of fasting,  using 
oropharynx 2% lidocaine gel posterior pharyngeal anesthesia. In 
left lateral position, patients were checked by the probe to enter 
into a deep of 30~40 cm in esophagus, with a adjustable rear sec-
tion in the left atrium to obtain the horizontal section images in 

pulmonary artery bifurcation levels of the Left Atrium (LA) and 
Left Atrial Appendage (LAA), including longitudinal section, 
aortic short axis section, atrial septal level and four-chamber 
section. The presence of SEC was diagnosed when dynamic and 
swirling intracavitary smoke-like echoes were detected, which 
were differentiated from white noise artifact by their characteris-
tic swirling pattern and by careful attention to the gain settings.4 
At the same time 12-lead ECG was recording. All these patients 
underwent transthoracic echocardiography before TEE was per-
formed.

Observed Indicators

 Left Atrial Diameter (LAD), Left Ventricular Ejection 
Fraction (LVEF) blood velocity by mitral valve, mitral regurgi-
tation, and diastolic function underwent transthoracic echocar-
diography before TEE was performed.

Statistical analysis

 The statistical analyses were performed using SPSS 
18.0. Metric variable were presented as mean±SD. Measure-
ment data were analyzed by independent-samples T test. The 
comparisons of means between groups used Analysis of variance 
(ANOVA). Categorical data were analyzed using the chi-square 
(χ2), and relation of data were evaluated using linear regression 
analysis. A p value <0.05 was considered statistically significant, 
and a p value <0.01 had extremely statistically significant.

RESULTS 

Relation between CHA2DS2VASC score with risk of SEC  

 As summarized in Table 1, no statistically significant 
interaction by participant some variables, including age, BMI, 
abdominal girth, were detected. Also, some laboratory indicators 
were obtained with non significant, like Creatinekinase (CK), 
CK-MB, fibrinogen, blood lipid spectrum, etc, (Table 2). On the 
other hand, there were significant differences between the two 
groups in levels of D-dimer, LAD, CHA2DS2VASC, of which, 
the LAD had a extremely statistically significant (P<0.01), and a 
higher CHA2DS2VASC score was associated with higher risk of 
SEC (2.32±1,255 vs. 1.69±1.1, P=0.023).  

The Possibility of the Presence of LA or LAA Thrombus in AF 
Patients

 In the SEC group analysis, 44% patients had thrombo-
genesis (28/63) with a high morbidity that means the possibil-
ity of the presence of LA or LAA thrombus in AF patients was 
great. The association was stronger in patients with a decline of 
LV diastolic function than comparison group, which means that 
the decline of LV diastolic function might be one of risk factors. 
However, there was no statistically significant in some risk fac-
tors, like gender, CHD, DM and mitral regurgitation.    
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Presence of SEC had a Positive Correlation with Hypertension

 As summarized in Table 3, there was an extremely 
significant difference of hypertension between two groups 
(P=0.007), moreover, atrial fibrillation with hypertension classi-
fication was associated with higher risk of SEC, compared with 
no SEC patients, the presence of SEC had a positive correlation 
to hypertension classification (P<0.005).

DISCUSSION

 In the present study, patients with SEC had thrombo-
genesis with a high morbidity in LA or LAA by TEE examina-
tion. There were statistical significance in presence of SEC with 
respect to permanent AF, hypertension, LAD >40 mm, decline 
of LV diastolic function. While CHA2DS2-VASC score and D- 
dimer had a predictive value to the formation of SEC.

 Numerous clinical and animal experiments show that 
the formation of SEC was usual accompanied by thrombus and 
thrombogenesis almost corresponded with blood stasis. Previous 
studies showed that SEC could reflect hypercoagulability in LA 
blood,5 which was called Prethrombotic state (PTS). PTS is a 
pathological process about blood coagulation fibrinolytic system 
involved in many factors and it is prone to cause hematological 
change to have a high risk for thromboembolism which increas-
es blood coagulation, and tiny thrombosis that can increase the 
occurrence of thromboembolism has formed virtually with no 
positive presence by imageological examination. If intervention 
and identification are taken earlier, it may avoid thromboembolic 
events. However, currently, there is no uniform diagnostic crite-
ria for PTS. D-dimer, as a maker of fibrin that has a procedure of 
product and degradation reflected PTS by someone, which has 
already reflected a slightly pathological change in blood coagu-
lation fibrinolytic system, is quite sensitive and specificity.6 The 
level of D-dimer changes has already signed thrombogenesis or 
thrombolysis.7 In this study, D-dimer was found a certain predic-
tive value to support above views, but there were no other PTS 
specific molecular markers, which cannot be assessed a higher 
predictive value of clinical laboratory indicators.

 The study found that there was an extremely signifi-
cant difference of hypertension between two groups (P=0.007), 
moreover, the presence of SEC had a positive correlation to hy-
pertension classification. Hypertension was the most important 
risk factor in Nonvalvular atrial fibrillation patients,8 and the 
chronic hypertension impairs myocardial contractility, then the 
increased left ventricular diastolic pressure overload leads to el-
evation of the left atrial pressure, which causes decompensated 
LA enlargement, thus bloodstream slows down to result in blood 
stasis, sequentially Red Blood Cell (RBC) makes conglutination 
and aggregation to form local hypercoagulable state. Blood sta-
sis in LA or LAA is one of the important mechanisms of LASEC 
formation. Our study found that incidence rate of LASEC had a 
positive correlation to hypertension classification that means hy-
pertension was same as the main risk factor in LASEC patients.

 The CHA2DS2-VASc score was calculated from the 
sum of risk predictors of congestive heart failure; hyperten-
sion; age ≥75 years; type 2 diabetes; previous stroke, TIA, or 
thromboembolism ; vascular disease; and sex category. Score 
of ≥2 means high-risk, score of 1 means moderate risk, low risk 
score is 0. The CHADS2 and CHA2DS2-VASc scores are origi-
nally formulated for risk assessment of stroke in patients with 

Parameter Group with 
SEC(n=63)

Group without 
SEC(n=29) t P

Age 61.41±8.998 60.65±8.975 -0.379 0.706

BMI 26.43±3.78 24.92±3.29 -1.848 0.068

Abdominal Girth 84.52±10.4 84.31±7.865 -0.098 0.922

Serum creatinine 72.74±17.75 69.71±14.71 -0.802 0.425

CK 81±52.85 63.68±26.63 -1.667 0.099

CKMB 11.876±5.11 10.57±4.3 -1.19 0.237

D-dimer 0.43±0.47 0.22±0.157 -2.28 0.025▲

Fobrinogen 2.87±0.65 2.99±0.76 0.806 0.422

WBC 5.95±1.28 6.21±1.28 0.896 0.372

RBC 4.46±0.47 4.59±0.46 1.275 0.206

PLT 207.05±31.27 219.69±47.2 1.524 0.131

HCT 0.412±0.043 0.419±0.037 0.724 0.471

A/G 1.69±0.25 1.62±0.2 -1.376 0.172

TC 4.57±1.03 4.84±1.44 1.031 0.305

TG 1.7±0.848 1.72±1.22 0.07 0.945

LDL 2.87±0.817 2.98±0.911 0.568 0.571

HDL 1.05±0.28 1.13±0.28 1.166 0.247

LAD 43.73±6 37.7±5.38 -4.57 0.000▲

LVEF 59.24±6.27 59.99±5.93 0.543 0.589

MV-velocity 96.72±22.18 89.02±15.7 -1.68 0.096

CHA2DS2-VASC 2.32±1,255 1.69±1.1 -2.31 0.023▲

Table 1: General Characteristics of study population in two groups (͞χ±s, T test).

Parameter 0 class 
(n=27)

1 class   
(n=5)

2 class 
(n=29)

3 class 
(n=31) P

Positive group 
(n=63) 13(48.15%) 1(20%) 26(89.6%) 23(74.19%) P<0.005▲

Negative 
(n-29) 14(51.85%) 4(80%) 3(10.34%) 8 (25.8%)

Table 2: Correlation analysis between severity of hypertension and SEC.

Parameter Group with 
SEC (n=63)

Group without 
SEC (n=29)

chi-square 
value

P

Gender(femal) 26 (41.2%) 16 (55%) 1.547 0.214

CHD 29 (46%) 10 (34.4%) 1.085 0.298

Hypertension 50 (79.3%) 15 (51.7%) 7.317 0.007▲

Diabetes mellitus 14 (22.2%) 7 (24%) 0.041 0.839

LAD>40 mm 45 (73%) 7 (24%) 18.07 0.000▲

permanent AF 21 (33%) 1 (3.4 %) 9.748 0.002▲

mitral regurgitation 17 (26.9%) 7 (24.1%) 0.083 0.773

decline of LVDF 24 (38%) 18 (62%) 4.6 0.032▲

Table 3: The comparison of risk factors between two groups (χ2 test).
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non-valvular Atrial Fibrillation (AF). A recent study found that 
CHA2DS2-VASC had better discrimination than CHADS2 for 
predicting risk for thromboembolism in atrial fibrillation,9 and 
the CHA2DS2-VASc score is believed to have better prognostic 
predictive value for thrombotic events in low-risk patients. In this 
study, there was statistical significant difference of two groups 
assessed by CHA2DS2-VASc score, which means the higher 
risk of stroke in the group with LASEC, indicating CHA2DS2-
VASc score that could apply to AF patients with LASEC, and it 
perhaps was regarded as a routine evalution system to predict 
stroke. CHA2DS2-VASC score is also a risk index for predicting 
stroke in patients with SEC, and not only it contributes to iden-
tify PTS timely, but also it guides valid anticoagulation therapy 
to prevent serious thromboembolism complication.

 In this study, the indices to diagnose left ventricular dia-
stolic function was spectral tissue doppler imaging of the lateral 
mitral annulus early diastolic velocity (e) / late diastolic velocity 
(a) [e/a], or pulsed-wave doppler recording of early diastolic mi-
tral inflow velocity  (E) / e [E/e], which was significantly differ-
ent (P =0.032).  Doukky R, et al.10 found that the diastolic func-
tion indices E:e’ and e’ velocity were independently associated 
with LAAT in Nonvalvular AF patients and might help identify 
patients at risk for LAAT, which was coincided with this study 
that the diastolic function indicate also predicted SEC indepen-
dently. 

 It has been reported that 85% patients with thromboem-
bolism had LASEC or AF. The earliest study was Daniel, et al.11 
that they found LA thrombogenesis usually existed with LASEC, 
and a low thrombotic incidence in patients without SEC through 
the study of 52 patients with severe mitral stenosis, thus SEC was 
considered as a predictive index before MS or prosthetic heart 
valve surgery. Takayuki, et al.12 divided 84 AF patients with SEC 
from anticoagulant group and non- anticoagulant group, after  
8~14 weeks follow-up, there was a statistical significant differ-
ence that the former incidence of cerebral embolism was 0%, the 
latter was 11.9%, which suggested that LASEC patients were 
high risk group. In addition, fresh LA thrombus is easy to fall 
off or dissolve by fibrinolysin without visualized place or size 
by ultrasonic probe, therefore, LASEC could get a long-time ex-
istence to have a higher prediction of stroke, and it also prompts 
clinicists to take anticoagulation therapy to prevent thrombogen-
esis.

CONCLUSION

 LASEC could get a long-time existence to have a high-
er prediction of stroke, and it also prompts clinicists to take anti-
coagulation therapy to prevent thrombogenesis.
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 The Saddle thrombus is a rare condition characterized by presence of a large thrombus 
which straddles the main pulmonary arterial trunk and its bifurcation leading to acute massive 
Pulmonary Embolism (PE). Its incidence among patients diagnosed with PE is approximately 
2.6%.1 Saddle PE frequently results in significant hemodynamic instability and signals the po-
tential for imminent hemodynamic collapse. This is rarely seen on Trans-thoracic echocardiog-
raphy (TTE). We recently came across a patient who presented with breathlessness following 
transatlantic air travel. His TTE (routine and 3D) revealed a saddle thrombus in the main pul-
monary arterial trunk extending into its two main branches (Figures 1 and 2). A CT pulmonary 
angiogram confirmed the same (Figure 3). He was subsequently successfully thrombolyzed and 
made an uneventful recovery.

Figure 1: Echocardiographic Parasternal short axis view (PSAX) shows a saddle thrombus at the Main Pulmonary artery bifurca-
tion extending into its two branches (marked by an arrow).
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Figure 2: 3 dimensional Echocardiographic Parasternal short axis view (PSAX) shows a saddle thrombus at the Main Pulmonary 
artery bifurcation extending into its two branches.

Figure 3: A CT pulmonary angiogram showing the saddle thrombus.
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