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Abstract
Background and Objective: Wilson’s disease is a genetic disorder of copper
metabolism that affects liver and other organs including heart. In early stages
of myocardial affection, the left ventricle (LV) appears apparently normal
when evaluated by traditional two-dimensional (2D) echocardiography. The
aim of this study was to detect subclinical LV dysfunction in children with
Wilson’s disease using 2D speckle tracking echocardiography. Patients and
Methods: Twenty children with Wilson’s disease were compared with ageand sex-matched 20 healthy children. All subjects were evaluated by traditional 2D echocardiography and speckle tracking echocardiography. Results:
There were no significant differences between patients and controls regarding
conventional echo parameters except for lower E mitral flow and E' annular
septal peak velocity in patient group. The regional peak longitudinal strain of
apical 4 chamber view was −17.8% ± 4.2% in patients and −20.1% ± 2.3 % in
control subjects (P = 0.043), and for apical 2 chambers view, it was −20.1% ±
3.6% in patients and −22.6% ± 3.4% in control subjects (P = 0.034) and it was
−18% ± 3.5% in patients and −20.5% ± 3.2% in control subjects (P = 0.025) in
apical long axis view. The global peak longitudinal strain was also lower in
patients than control group (18.3% ± 3.2%, and 20.85% ± 2.4%) respectively
(P = 0.014). There were no significant differences between both groups regarding circumferential and radial strains (P > 0.05). Conclusions: Despite
apparently normal LV systolic function, the children with Wilson’s disease
demonstrated significantly lower peak longitudinal strain as an indicator for
early affection of LV systolic function.
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1. Introduction
Wilson’s disease is an inherited metabolic disease, in which there is inability of
the liver to excrete copper in the bile. As a result, there is excessive copper storage in the liver which usually extends to other organs, practically the brain [1]
[2]. Copper deposition may extend to the myocardium, resulting in electrocardiographic changes, arrhythmias, autonomic dysfunction, heart failure and sudden cardiac death [3] [4] [5]. The aim of this study was to detect subclinical LV
dysfunction in children with Wilson’s disease using two-dimensional speckle
tracking strain echocardiography.

2. Methods
2.1. Study Population
This case-control study included 20 children with Wilson’s disease who were recruited from national liver institute in the period between February 2018 and
October 2018. Wilson’s disease was diagnosed by pediatric hepatologist, depending on the presence of jaundice, Kayser Fleischer ring, liver disease (cirrhotic changes), increased blood levels of copper and decreased blood levels of
ceruloplasmin. The diagnosis was confirmed by presence of histological associated features in liver biopsy. Patients with poor quality echocardiographic images, diabetes mellitus, congenital heart disease, primary cardiac valve disease
and atrial fibrillation were excluded.
A twenty age and sex matched healthy children were taken as a control group.
The study was approved by the local ethical committee of Menoufia University.
Cardiac evaluation was done at cardiology department in Menoufia university
hospital.

2.2. Methods
All the study population subjected to full history taking, clinical examination,
standard 12 leads ECG.

2.3. Conventional Echocardiography
Echocardiographic examination was done to all participants by using the commercially available (Vivid 9, General Electric Healthcare, GE Vingmed, Norway)
equipped with a 1.7 - 4 MHz phased-array transducer. echocardiographic imaging was obtained in the parasternal long- and short-axis, and apical two, three
and four-chamber views using standard transducer positions.
LV end-diastolic and end-systolic diameters and volumes, septal and posterior
wall thickness, ejection fraction and left atrial diameter were measured in accordance
with the recommendations of the American Society of Echocardiography [6] [7].
Pulsed and continuous-wave Doppler was used for valvular assessment. Peak early
(E) and late (A) trans-mitral filling velocities were measured from mitral flow.
Doppler Tissue imaging of the septal mitral annulus was obtained from the
apical 4-chamber view. Early diastolic wave velocity (E') and the ratio of early
DOI: 10.4236/wjcd.2019.93018
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diastolic mitral flow peak velocity to early diastolic septal annular peak velocity
was measured (E/E').

LV Deformation: three cycles from apical views: 4, 2 and 3 chamber views
were taken and another three cycles from the short axis view at the level of the
LV papillary muscles for measuring circumferential and radial strain.
Frame rate was selected between 40 - 90 or at least 40% of HR. Then after activation of automated function imaging (AFI), digital data were transferred for
off-line analysis, using Vivid Nine System Echo Pac, GE Vingmed, Horton,
Norway.

2.4. Statistical Analysis
Data were analyzed using SPSS software version 20.0. Quantitative data expressed as mean and standard deviation Chi-square test student test, Mann
whiney U test, Kruskal Walls test were used. The P value < 0.05 was considered
significant.

3. Results
Twenty children with Wilson disease (mean age 10.3 ± 2.6 years) and 20 age and
sex matched healthy controls (mean age 10.6 ± 2.5 years) were enrolled in this
study (Table 1).

3.1. Conventional Echocardiography
There were no significant differences between the studied groups as regard to LA
diameter, LVEDD, LVESD and EF (P values > 0.05).
Trans-mitral E velocities were significantly lower in patients compared to
controls (85.5 ± 18.1 cm/s versus 91.7 ± 22.6 cm/s, P < 0.001). Moreover, the
septal peak early diastolic velocities (E’) were significantly lower in patients
compared to controls (11.2 ± 2 cm/s versus 13.7 ± 1.8 cm/s, P < 0.001). But there
was no significant difference between the studied groups as regard E/E’ (P value > 0.05) (Table 2).

3.2. Speckle-Tracking Echocardiography
3.2.1. Segmental, Regional and Global Longitudinal LV Strain
Segmental analysis showed that peak systolic longitudinal strain values of most
segments were statistically significantly lower in patients compared to controls
(P < 0.05).
The regional peak longitudinal strain in patient group was lower in all apical
views, in apical 4 chamber view it was −17.8% ± 4.2% in patients and −20.1% ±
2.3% in control subjects (P = 0.045), and for apical 2 chambers view it was
−20.1% ± 3.6% in patients and −22.6% ± 3.4% in control subjects (P = 0.034)
and it was −18% ± 3.5% in patients and −20.5% ± 3.2% in control subjects (P =
0.025) in apical long axis view. The global peak longitudinal strain was also lower in patients than control group (18.3% ± 3.2%, and 20.85% ± 2.4 %) respectively (p = 0.014) (Table 3, Figure 1).
DOI: 10.4236/wjcd.2019.93018

204

World Journal of Cardiovascular Diseases

M. K. Ahmed et al.
Table 1. Characteristics of the two studied groups.
Control
(n = 20)

Wilson
(n = 20)

Test of Sig.

P

Sex (male), n., %

13 (65%)

12 (60%)

χ2 = 0.107

1.000

Age (Y.), mean ± SD

10.6 ± 2.5

10.3 ± 2.6

t = 0.374

0.711

BSA (m2), mean ± SD

1.7 ± 0.2

1.7 ± 0.2

t = 0.129

0.898

BSA: body surface area.

Table 2. Comparison between the two studied groups according to two dimensional,
doppler and tissue doppler echocardiographic parameters.
Control
(n = 20)

Wilson
(n = 20)

Test of Sig.

P

IVSD (cm)

0.7 ± 0.1

0.8 ± 0.2

t = 1.707

0.096

LVPW (cm)

0.7 ± 0.1

0.8 ± 0.2

t = 0.675

0.504

LVEDD (cm)

4.8 ± 0.5

4.7 ± 0.6

t = 0.279

0.782

LVESD (cm)

3 ± 0.5

3 ± 0.4

t = 0.229

0.820

LVEDV (ml)

109.5 ± 22.9

105.1 ± 32.5

t = 0.495

0.623

LVESV (ml)

38.2 ± 14.3

35.9 ± 13.1

U = 181

0.620

LVEF (%)

65 ± 6.4

64.7 ± 4.1

t = 0.258

0.797

LA (cm)

3.2 ± 0.4

3.3 ± 0.6

t = 0.453

0.653

E (cm/s)

91.7 ± 22.6

85.5 ± 18.1

t = 4.120

<0.001*

A (cm/s)

59.6 ± 11.8

60.9 ± 11.8

t = 0.366

0.739

E/A ratio

1.6 ± 0.4

1.4 ± 0.4

U = 173

0.478

e’ (cm/s)

13.7 ± 1.8

11.2 ± 2

t = 4.120

<0.00*

A’ (cm/s)

7.6 ± 1.5

8±2

t = 0.728

0.471

E/e’

6.7 ± 1.6

7.8 ± 2

t = 1.907

0.064

IVSD: interventricular septal thickness at end diastole, LVPW: left ventricular posterior wall thickness,
LVEDD: left ventricular end diastolic dimension, LVESD: left ventricular end systolic dimension, LVEDV:
left ventricular end diastolic volume, LVESV: left ventricular end systolic volume, LVEF: left ventricular
ejection fraction. LA: left atrium, E: early peak pulsed doppler velocity on mitral valve, A: late pulsed doppler velocity on mitral valve, e': early tissue velocity of septal annulus. t: Student t-test, U: Mann Whitney test,
p: p value for comparing between the studied groups. All variables are expressed by mean ± standard deviation. *: Statistically significant at P ≤ 0.05.

3.2.2. Circumferential and Radial Strain of LV
There was no significant difference between the studied groups regarding circumferential LV strain (−16.7% ± 4.5% versus −19.3% ± 5% P > 0.05).
Also, there was no significant difference between the studied groups regarding
radial strain of LV (38.5% ± 16% versus 40.3% ± 15.2% P > 0.05) (Table 4, Figure 2).

4. Discussion
Copper deposition inside the myocardium in Wilson’s disease will affect LV
function. The copper induced cardiomyopathy in Wilson’s disease is related to
DOI: 10.4236/wjcd.2019.93018
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Table 3. Longitudinal strain values of the two studied groups.
Control
(n = 20)

Wilson
(n = 20)

Test of Sig.

P

Basal septal

−19.8 ± 2

−17.7 ± 3.2

t = 2.389

0.02*

Mid septal

−21.4 ± 2.9

−19.1 ± 3.6

t = 2.094

0.043*

Apical septal

−23.2 ± 4.4

−20.2 ± 5.5

t = 1.877

0.07

Apical lateral

−20.2 ± 5.7

−17.1 ± 5.3

t = 1.759

0.08

Mid lateral

−19.4 ± 3

−16 ± 6.3

t = 2.118

0.04*

Basal lateral

−20.4 ± 3

−17.1 ± 5.5

t = 2.251

0.03*

Basal inferior

−22.3 ± 2.3

−19.4 ± 5.5

t = 2.180

0.039*

Mid inferior

−22.3 ± 2.3

−20.2 ± 4.7

t = 1.810

0.078

Apical inferior

−25.1 ± 5.1

−22.8 ± 4.4

t = 1.497

0.143

Apical anterior

−22.4 ± 7.4

−16.3 ± 7.2

U = 104

0.009*

Mid anterior

−20.5 ± 7.1

−17.1 ± 5.8

t = 1.663

0.104

Basal anterior

− 23.2 ± 5

−22.4 ± 6.6

t = 0.459

0.649

Basal posterior

−18 ± 3.8

−17.7 ± 4.3

t = 0.225

0.823

Mid posterior

−18.3 ± 2.9

−17.7 ± 4.5

t = 0.502

0.618

Apical posterior

−22.1 ± 2.9

−18.8 ± 5.4

t = 2.371

0.025*

Apical anteroseptal

−24 ± 4.2

−17 ± 6.2

t = 4.168

<0.001*

Mid anteroseptal

−21.1 ± 6.2

−16.2 ± 6.9

U = 105

0.009*

Basal anteroseptal

−19.4 ± 6.6

−18 ± 6

U = 174

0.495

GLPS_A4C (%)

−20.1 ± 2.3

−17.8 ± 4.2

t = 2.093

0.043*

GLPS_A2C (%)

−22.6 ± 3.4

−20.1 ± 3.6

t = 2.193

0.034*

GLPS_LAX (%)

−20.5 ± 3.2

−18 ± 3.5

t = 2.340

0.025*

GLPS_Avg (%)

−20.85 ± 2.4

−18.3 ± 3.2

t = 2.578

0.014*

GLPS_A4C: apical 4 chamberglobal longitudinal peak systolic strain, GLPS_A2C: apical 2 chamber global
longitudinal peak systolic strain, GLPS_LAX: apical long axisglobal longitudinal peak systolic strain,
GLPS_Avg: average global longitudinal peak systolic strain. t: Student t-test, U: Mann Whitney test, p: p
value for comparing between the studied groups. All variables are expressed by mean ± standard deviation.
*: Statistically significant at P ≤ 0.05.

various mechanisms; first, it is caused by intra- and extracellular pathological
accumulations of copper that lead to infiltrative myocardial diseases [8] [9].
Second, copper ions had toxic effects which may result in damage of myocytes.
Copper stimulates the production of interleukin-6 and interleukin-1β with resultant oxidative stress [10] [11]. Furthermore, Patients with Wilson’s disease
demonstrated a polymorphism in the gene which encoded an interleukon-1 receptor antagonist [12] [13]. Finally, copper activated sphingomyelin, which activates cardiac apoptosis [14].
In our study, all patients had Wilson’s disease with hepatic manifestations,
and no one had neurologic manifestations. Severe cardiac affection was observed
in patients with neurogenic Wilson’s disease than patients with hepatic Wilson’s
DOI: 10.4236/wjcd.2019.93018
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Figure 1. Peak longitudinal strain of all apical view in one of the affected children with
Wilson disease.

Figure 2. Normal circumferential strain of one of control group.
Table 4. Comparison between the two studied groups according to different parameters.
Control
(n = 20)

Wilson
(n= 20)

Test of Sig.

P

Circumferential Strain

−19.3 ± 5

−16.7 ± 4.5

t = 1.743

0.089

Radial Strain

40.3 ± 15.2

38.5 ± 16

t = 0.369

0.714

Variables are expressed by mean ± standard deviation: Student t-test, p: p value for comparing between the
studied groups.

disease [15]. Copper accumulation may be undetected for a longer time in patients with neurogenic manifestations, while symptoms of hepatic affections apDOI: 10.4236/wjcd.2019.93018
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pear at the earlier stage of the disease [16].
In early stages of the Wilson’s disease, the LV appears apparently normal
when evaluated by traditional 2D echocardiographic parameters. Early detection
of LV dysfunction by the relatively new echocardiographic technique; speckle
tracking echocardiographic, helps in strict control of blood copper levels to prevent development of cardiomyopathy. The current study evaluated LV function
by speckle tracking echocardiography in 20 children with Wilson’s disease, and
compared the results to 20 age and sex matched healthy children. The mean LV
ejection fraction did not differ significantly in patients and controls.
Trans-mitral E velocities and the septal peak early diastolic velocities (E’) were
significantly lower in patients in comparison to control participants, which reflects impaired LV filling in patients with Wilson’s disease.
Our results agreed with Malgorzata et al. who evaluated LV function in 125
adult patients with Wilson’s disease and reported non-significant differences in
LV ejection fractions in comparison to controls, while diastolic dysfunction was
only present in patients presented with neurological form rather than hepatic
form. They also reported mitral valve disease in some patients with Wilsons disease, in contrast, our study reported no valvular pathology [17].
Similarly, Elkiran et al. studied 22 children with Wilson’s disease, and they
reported diastolic dysfunction [18]. In another study, the LV systolic function
measured by ejection fraction did not differ significantly between Wilson’s disease and controls, however, diastolic dysfunction was more frequent in patients
with Wilson’s disease [19].
Hlubocka Z et al. compared 2D echocardiographic data of 42 patients with
Wilson’s disease to 42 healthy subjects. They reported a non-significant trend
towards lower LV ejection fraction values in patients with Wilson’s disease (62%
versus 64%), the LV diastolic function did not differ in the two groups [20].
In a recent study by Quick et al., 61 patients with Wilson’s disease were evaluated by cardiac magnetic resonance. They reported no differences between patients and controls with respect to LV ejection fractions, however, there were
significant differences between the two groups with respect to late gadolinium
enhancement. Regarding such data, they suggested that patients with Wilson’s
disease are at risk of developing impaired LV functions [21].
Fewer studies concerned with evaluation of children with Wilson’s disease by
speckle tracking echocardiography. Speckle tracking echocardiography provides
advantages over tissue doppler echocardiography in the assessment of regional
LV function as it is not affected by stretching of the nearby myocardial segments
and it is not angle dependence [22]. In the current study, the average longitudinal peak systolic strains were significantly lower in diseased children in comparison to control participants, while, the circumferential and radial strains did not
significantly differ between the 2 groups. These finding agreed with a study
which was carried by Karakurt et al., who reported significant differences between children with Wilson’s disease and control participants with respect to diastolic dysfunction, regional myocardial deformations, rotational strain and
DOI: 10.4236/wjcd.2019.93018
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strain rate [23].

5. Conclusion
Despite apparently normal LV systolic function, the patients with Wilson’s disease demonstrated a significant reduction in regional and global LV longitudinal
strain as an indicator of early affection of LV systolic function.

6. Limitations
The study was based on a small number of patients as Wilson’s disease is being a
rare; therefore, the results need to be verified using a larger sample size. Another
limitation is lack of neurological form of the disease, as our patients were recruited from a liver tertiary center. In addition, there was a difficulty to assess
the drug therapy of Wilson’s disease on myocardial pathology.
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