
Cardiology in the Young

cambridge.org/cty

Original Article

Cite this article: Eroğlu AG, Yüksel EK,
Karagözlü F, Acar HC, Gökalp S, and
Evliyaoğlu O (2023) Evaluation of the left
ventricular systolic function and myocardial
deformation by real-time three-dimensional
(four-dimensional) and speckle-tracking
echocardiography in children with type 1
diabetes mellitus. Cardiology in the Young 33:
603–607. doi: 10.1017/S1047951122001408

Received: 13 December 2021
Revised: 7 March 2022
Accepted: 13 April 2022
First published online: 16 May 2022

Keywords:
Diabetes mellitus; four-dimensional
echocardiography; myocardial deformation;
real-time three-dimensional
echocardiography; speckle-tracking
echocardiography

Author of correspondence:
A. G. Eroğlu, MD, Division of Pediatric
Cardiology, Department of Pediatrics,
Cerrahpaşa Faculty of Medicine, İstanbul
University-Cerrahpaşa, 34098, Fatih, İstanbul,
Turkey. Tel: þ90 212 4143000 67218;
þ90 532 3535577; Fax: þ902126328633.
E-mail: ageroglu@gmail.com

© The Author(s), 2022. Published by Cambridge
University Press. This is an Open Access article,
distributed under the terms of the Creative
Commons Attribution licence (http://
creativecommons.org/licenses/by/4.0/), which
permits unrestricted re-use, distribution and
reproduction, provided the original article is
properly cited.

Evaluation of the left ventricular systolic
function and myocardial deformation by
real-time three-dimensional (four-dimensional)
and speckle-tracking echocardiography in
children with type 1 diabetes mellitus

Ayşe G. Eroğlu1 , Esra K. Yüksel2, Fatih Karagözlü1, Hazal C. Acar3 ,

Selman Gökalp1 and Olcay Evliyaoğlu4

1Division of Pediatric Cardiology, Department of Pediatrics, Cerrahpaşa Faculty of Medicine, İstanbul
University-Cerrahpaşa, İstanbul, Turkey; 2Department of Pediatrics, Cerrahpaşa Faculty of Medicine,
İstanbul University-Cerrahpaşa, İstanbul, Turkey; 3Department of Public Health, Cerrahpaşa Faculty of Medicine,
İstanbul University-Cerrahpaşa, İstanbul, Turkey and 4Division of Pediatric Endocrinology, Department of
Pediatrics, Cerrahpaşa Faculty of Medicine, İstanbul University-Cerrahpaşa, İstanbul, Turkey

Abstract

Aim: This study aimed to evaluate the role of real-time three-dimensional (known as four-
dimensional) echocardiography and three-dimensional speckle-tracking echocardiography
for the early detection of left ventricular systolic dysfunction in asymptomatic children with
type 1 diabetes mellitus.Materials and method: This cross-sectional study included 38 patients
(mean age 15.4 ± 2.9, 42.1%male) and 38 age, gender, and bodymeasurementsmatched healthy
children. Each patient underwent an interview about medical history, a detailed clinical exami-
nation, blood laboratory tests, conventional echocardiography, and tissue Doppler imaging.
Left ventricular ejection fraction; global longitudinal, circumferential, radial strain; twist;
and torsion were measured by real-time three-dimensional and speckle-tracking echocardiog-
raphy. Results:Conventional echocardiography and tissue Doppler imaging showed normal left
ventricular systolic function in the patients. Although left ventricular ejection fraction
(61.6 ± 1.4%, 61.8 ± 1.1%, p= 0.386), global longitudinal [−26.6 (−27.7 to −26.1)%, −26.2
(−27.7 to−24.9)%, p= 0.224], and radial strain [44.4 (42.4–45.9)%, 43.9 (41–46.1)%, p= 0.513]
were similar to the controls, circumferential strain (−27.3 ± 1.3%, −28.0 ± 1.6%, p= 0.048) and
twist (9.5 ± 2.3°, 11.4 ± 3.0°, p= 0.003) were decreased in the patients compared with controls.
Conclusion: We found that even in children with asymptomatic type 1 diabetes mellitus with
normal left ventricular ejection fraction, circumferential function was impaired and rotation
pattern was changed. This novel echocardiographic method might be an important tool for
detecting left ventricular systolic dysfunction in type 1 diabetes mellitus children before it
becomes overt on conventional echocardiography and tissue Doppler imaging.

Cardiovascular complications are the leading cause ofmorbidity andmortality in type 1 diabetes
mellitus.1 Cardiovascular disease is more common in the later stages of type 1 diabetes mellitus
and is rare in childhood. However, early detection and treatment of these serious complications
of type 1 diabetes mellitus reduce morbidity and mortality in patients.2

Real-time three-dimensional echocardiography (known as four-dimensional echocardiog-
raphy) and speckle-tracking echocardiography are newly developed echocardiographic tech-
niques used to evaluate left ventricular systolic function, global and regional myocardial
deformation or strain, and detect early left ventricular systolic dysfunction in different cardiac
pathologies.3–5 Many studies investigated its role in detecting subclinical left ventricular systolic
dysfunction in adult patients with diabetes mellitus, but studies are scarce, and the results
of these studies are contradictory in paediatrics.6–10 This study aimed to evaluate the role of
real-time three-dimensional (four-dimensional) echocardiography and speckle-tracking
echocardiography for early detection of subclinical left ventricular systolic dysfunction in
asymptomatic children with type 1 diabetes mellitus.

Materials and method

Study population

This cross-sectional case–control study was performed in a single centre between March and
September 2019. The sample size was calculated with an effect size of 0.75, an alpha of 0.05,
and a power of 0.85, and it was found 35 patients were needed in each group. The study included
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38 consecutive children with type 1 diabetes mellitus who were
followed in the Pediatric Endocrinology Outpatient Clinic, and
38 age, gender, and body measurements matched healthy children.
Each patient underwent an interview about medical history, a
detailed clinical examination, blood laboratory tests, as well as
echocardiography. Type 1 diabetes mellitus was defined according
to the American Diabetes Association Criteria.7 Patients under the
age of 21 with a diagnosis of type 1 diabetes mellitus for at least 5
years were eligible for inclusion in the study. Patients with chronic
disease other than type 1 diabetes mellitus, congenital/acquired
heart disease, chronic complications of type 1 diabetes mellitus,
using another drug regularly other than insulin, obesity (bodymass
index Z score>þ2 standard deviation), and poor echocardio-
graphic images were excluded from the study. Two patients and
one control patient were excluded from the study because of
poor echocardiographic images. Age, sex, weight, and height were
recorded; body surface area (Haycock formula) and body mass
index [the ratio of weight to height squared (kg/m2)] were calcu-
lated for all patients. Blood pressure and heart rate were measured
with a digital device (A&N Medical, London, England) consecu-
tively three times after 10 minutes resting period. Those with a
body mass index >2SD and hypertension were excluded from
the study because obesity and hypertension may affect speckle-
tracking echocardiographic measurements. The study complies
with the World Health Medical Association Declaration of
Taipei on Ethical Considerations Regarding Health Databases
and Biobanks. The study protocol was approved by the local ethics
committee (A-47, 08.05.2018), and written informed consent was
obtained from all patients and/or their legal guardians before
enrolment.

Echocardiographic assessment

Transthoracic echocardiography was performed with an appro-
priate transducer interfaced with Philips IE 33 ultrasound system
(Philips Healthcare, Inc., Andover, Massachusetts, United States
of America) by the same experienced echocardiographer. Each
patient was evaluated with two-dimensional; M-mode; colour,
pulse, and continuous-wave Doppler echocardiography, and
tissue Doppler imaging, according to the American Society of
Echocardiography guidelines.12

Three-dimensional echocardiographic images were recorded
during 4–6 cardiac cycles and end-expiratory breath hold by
X5-1 matrix array transducer. Frame rates of the images were
15–30 frames/second. Data were digitally stored and analysed
offline by Tomtec 2.0 four-dimensional left ventricular function
software (GmbH, Unterschleissheim, Germany). Manual editing
after an automated tracking method was used so that trabecula,
papillary muscles, and ventricular bands were accepted as part
of the ventricular cavities. Left ventricular end-diastolic and
systolic volume; ejection fraction; global longitudinal, circumfer-
ential, and radial strain; twist; and torsion were measured.
Volume measurements were adjusted for body surface area and
expressed as mL/m2. Investigators were blinded to the clinical find-
ings of the patients. The amount of myocardial deformation (posi-
tive or negative strain) is expressed in %. Positive strain values
describe thickening, negative values describe shortening, of a given
myocardial segment related to its original length. During myocar-
dial contraction, as the wall shortens it also thickens and thus
assessment of all parameters, longitudinal shortening (negative
strain), circumferential shortening (negative strain), and radial
thickening (positive strain), is useful for the evaluation of

contractile function. Left ventricular rotation, twist, and torsion,
due to the complex helical myocardial fibre architecture, are
the result of the clockwise rotation of the base and the counterclock-
wise rotation of the apex of the left ventricle. The left ventricular twist
was defined as the net difference between the basal and apical rota-
tion angles. Left ventricular torsion was calculated as the net left
ventricular twist normalised with respect to the ventricular end-
diastolic longitudinal length between the left ventricular apex and
the mitral plane (left ventricular torsion (°/cm)= left ventricular
twist/left ventricular end-diastolic longitudinal length).

This study aimed to evaluate the role of real-time three-
dimensional echocardiography (known as four-dimensional
echocardiography) and three-dimensional speckle-tracking echo-
cardiography for the early detection of subclinical left ventricular
systolic dysfunction in asymptomatic children with type 1 diabetes
mellitus.

Statistical analysis

SPSS v.21 (SPSS Inc., Chicago, Illinois, United States of America)
was used for statistical analysis. Results were presented as the mean
and standard deviation for normally distributed variables and
median and interquartile range for non-normally distributed
variables. Comparisons of the groups for continuous variables were
made using the independent t-test or Mann–Whitney U test,
according to whether normally distributed or not. Categorical
variables were presented as frequencies and percentages, and a
chi-square test was used to compare categorical variables.
Pearson correlation analysis was used for normally distributed
continuous variables, and Spearman correlation analysis for
non-normally distributed continuous variables. In order to deter-
mine intra-observer and inter-observer variability, 30 cases
(15 patients and 15 controls) were randomly selected. Image
analysis was repeated by the same observer one month after
the first analysis for intra-observer variability and a second
observer for inter-observer variability on the same cardiac cycle.
Observers were blinded to the previous measurements. Intra-
observer and inter-observer variability were assessed using intra-
class correlation. In SPSS, the reliability analysis with a two-way
random model and absolute agreement [intra-class correlation
(2.1)] were chosen to determine intra-class correlation. An
intra-class correlation coefficient ≥0.75 indicated good reproduc-
ibility, 0.40–0.75 moderate reproducibility, and <0.40 poor repro-
ducibility. The significance level was set at p< 0.05.

Results

Study population

Clinical and laboratory findings of the study population are
presented in Table 1. Patients and controls were matched for
general characteristics. There were no statistically significant
differences between the patient and control groups regarding
age, gender, weight, height, body surface area, and body mass
index. The mean age at diagnosis and duration of the disease
for type 1 diabetes mellitus was 6.7 ± 2.9 years and 8.7 ± 2.2 years,
respectively. The mean serum glycosylated haemoglobin level
(HbA1C) was higher in the patient group (8.4% versus 5.4%).

Conventional echocardiography and tissue Doppler imaging

Table 2 shows the conventional echocardiography and tissue
Doppler imaging parameters of patients with type 1 diabetes
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mellitus and healthy controls. There was no statistically significant
difference between the patients and controls concerning the left
ventricular ejection fraction, fractional shortening, E/E', and S'.
However, the E/A and E'/A' ratios in patients were lower than that
in controls (1.7 ± 0.3 versus 1.9 ± 0.3, p= 0.002, and 2.2 ± 0.4
versus 2.7 ± 0.6, p< 0.001).

Real-time three-dimensional (four-dimensional) and three-
dimensional speckle-tracking echocardiography

Table 3 shows real-time three-dimensional (four-dimensional)
and three-dimensional speckle-tracking echocardiographic
parameters of the study population. There was no statistically
significant difference between the patients and controls with
respect to the left ventricular ejection fraction and global longi-
tudinal and radial strain. However, the left ventricular global
circumferential strain in patients was significantly lower than in
controls [(−27.3% ± 1.3) versus (−28% ± 1.6), p= 0.048]. Left
ventricular twist in patients was also significantly lower than in
controls (9.5 ± 2.3 versus 11.4 ± 3.0, p= 0.003). Although left

ventricular torsion was lower in patients than in controls
[1.3 (1.0–1.7) versus 1.6 (1.3–1.8)], the difference was not statistically
significant (p= 0.056). Left ventricular end-diastolic and end-systolic
volume indexes of the patients were lower than in controls.

Correlation analysis

No correlation was noted between the left ventricular global longi-
tudinal, circumferential, and radial strain and serum glycosylated
haemoglobin levels (r= 0.030, r=−0.148, r= 0.040, respectively,
p> 0.05 for all) and diabetes duration (r= 0.003, r=−0.066,
r= 0.040, respectively, p> 0.05 for all).

Inter-observer and intra-observer reliability were excellent for
all the left ventricular parameters (Table 4).

Discussion

This study evaluated left ventricular systolic function and myocar-
dial deformation in asymptomatic children with type 1 diabetes

Table 1. Clinical and laboratory findings of the study population

Characteristics
Diabetes
(n= 38)

Control
(n= 38) p value

Age, years 15.4 ± 2.9 15.9 ± 2.2 0.370*

Male, n (%) 16 (42.1 %) 20 (52.6 %) 0.358**

Weight, kg 55.8 ± 12.3 57.8 ± 11.0 0.463*

Height, cm 162.7 ± 11.6 165.8 ± 10.1 0.224*

Body mass index,
kg/m2

20.8 ± 3.1 20.9 ± 2.8 0.916*

Body surface
area, m2

1.6 (1.5–1.7) 1.7 (1.5–1.7) 0.473***

Serum glycosylated
haemoglobin, %

8.4 (7.8–9.0) 5.4 (5.3–5.5) <0.001*

Age at diagnosis,
years

6.7 ± 2.9 –

Diabetes duration,
years

8.7 ± 2.2 –

Data are expressed as mean ± standard deviation, median (interquartile range), or n (%).
Bold font style represents statistically significant differences.
*Student t-test;
**Chi-square;
***Mann–Whitney U test.

Table 2. Conventional echocardiography and tissue Doppler imaging
parameters of the study population

Parameters Diabetes (n= 38) Control (n= 38) p value

EF, % 61.9 (60.6–62.6) 62 (61–63) 0.658*

FS, % 34.4 ± 1.6 34.4 ± 1.6 0.920**

E/A 1.7 ± 0.3 1.9 ± 0.3 0.002**

E'/A' 2.2 ± 0.4 2.7 ± 0.6 <0.001**

E/E' 5.5 (4.8–6) 5.3 (4.8–5.8) 0.389*

S', cm/s 10.6 ± 1.8 10.8 ± 2.1 0.694**

Data are expressed as mean ± standard deviation or median (interquartile range).
Bold font style represents statistically significant differences.
EF = ejection fraction; FS = fractional shortening.
*Student t-test;
**Mann–Whitney U test.

Table 3. Real-time three-dimensional (four-dimensional) and three-
dimensional speckle-tracking echocardiographic parameters of the study
population

Parameters Diabetes (n= 38) Control (n= 38)
p

value

LVEDVI 66.3 ± 3.6 69.4 ± 4.0 0.001*

LVESVI 25.5 ± 1.5 26.5 ± 1.5 0.003*

LVEF, % 61.6 ± 1.4 61.8 ± 1.1 0.386*

LVGLS, % −26.6 (−27.7 to
−26.1)

−26.2 (−27.7 to
−24.9)

0.224**

LVGCS, % −27.3 ± 1.3 −28.0 ± 1.6 0.048*

LVGRS, % 44.4 (42.4–45.9) 43.9 (41–46.1) 0.513**

LV Twist, ° 9.5 ± 2.3 11.4 ± 3.0 0.003*

LV Torsion,
°/cm

1.3 (1.0–1.7) 1.6 (1.3–1.8) 0.056**

Data are expressed as mean ± standard deviation or median (interquartile range).
Bold font style represents statistically significant differences.
LV= left ventricle; LVEDVI= left ventricular end-diastolic volume index; LVEF= left ventricular
ejection fraction; LVESVI= left ventricular end-systolic volume index; LVGCS= left ventricular
global circumferential strain; LVGLS = left ventricular global longitudinal strain; LVGRS = left
ventricular global radial strain.
*Student t-test;
**Mann–Whitney U test.

Table 4. Intra-class correlation coefficient between observers

Intra-observer p Inter-observer p

LVEDVI 0.918 <0.001 0.912 <0.001

LVESVI 0.891 <0.001 0.869 <0.001

LVEF 0.800 <0.001 0.789 <0.001

LVGLS 0.871 <0.001 0.838 <0.001

LVGCS 0.864 <0.001 0.854 <0.001

LVGRS 0.867 <0.001 0.859 <0.001

LV Twist 0.850 <0.001 0.836 <0.001

LV Torsion 0.840 <0.001 0.822 <0.001

LV= left ventricle; LVEDVI= left ventricular end-diastolic volume index; LVEF= left ventricular
ejection fraction; LVESVI= left ventricular end-systolic volume index; LVGCS= left ventricular
global circumferential strain; LVGLS = left ventricular global longitudinal strain; LVGRS = left
ventricular global radial strain.
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mellitus by conventional echocardiography, tissue Doppler
imaging, real-time three-dimensional (four-dimensional) echocar-
diography, and three-dimensional speckle-tracking echocardiog-
raphy. The left ventricular systolic function was shown as
preserved by conventional and tissue Doppler echocardiography
in our patients. Our study showed decreased left ventricular global
circumferential strain and twist by three-dimensional speckle-
tracking echocardiography in asymptomatic children with type
1 diabetes mellitus. The left ventricular global longitudinal and
radial strains of our patients were similar to healthy children.
There are a considerable number of clinical studies using two-
dimensional and three-dimensional speckle-tracking echocardiog-
raphy in adults with type 1 and type 2 diabetes mellitus.6–8,13–17

Many of these studies showed longitudinal strain impairment in
adult diabetes mellitus patients.15–17 It is generally agreed that left
ventricular longitudinal dysfunction appears to be an early mani-
festation of diabetic cardiomyopathy in adults. The underlying
mechanism of the longitudinal dysfunction has been proposed
to be due to subendocardial damage. Radial contractility appears
to compensate for reduced longitudinal contractility in subclinical
left ventricular dysfunction.6 Therefore, changes in the other
myocardial deformation components are less well established
and depend on the disease stage. In more advanced stages of the
disease, a decrease of systolic strain in all directions could be seen
due to further progression of the diabetic cardiomyopathy.7–9

Ringle et al. evaluated the progression of left ventricular dysfunc-
tion in asymptomatic type 1 diabetes mellitus adult patients by
two-dimensional and three-dimensional speckle-tracking echocar-
diography. They found a mild decrease in left ventricular global
longitudinal strain. On the contrary, neither left ventricular global
circumferential nor radial strain was unchanged at the base and
during follow-up.17 Luis et al. demonstrated strong correlations
between left ventricular global longitudinal, circumferential, and
radial strain and left ventricular ejection fraction by two-dimen-
sional and three-dimensional speckle-tracking echocardiog-
raphy.14 However, the strongest correlation for left ventricular
ejection fraction in their cohort was left ventricular global circum-
ferential strain. They postulated that the predominance of circum-
ferential fibres over longitudinal fibres within the myocardial wall
makes these fibres the primary determinant of left ventricular
myocardial function. Furthermore, Matsumoto et al. demonstrated
that left ventricular global circumferential strain was superior to
left ventricular global longitudinal strain in determining contrac-
tile reserve during dobutamine stress.19 Cho et al. reported that left
ventricular global circumferential strain was a more powerful
predictor of adverse cardiac events than left ventricular global
longitudinal strain or left ventricular ejection fraction in heart
failure patients.20

There are a limited number of studies by speckle-tracking echo-
cardiography in children with type 1 diabetes mellitus, and these
studies’ results are contradictory. Altun et al. found significantly
lower left ventricular global longitudinal and radial strain values
of the left ventricle by two-dimensional speckle-tracking
echocardiography in asymptomatic children with type 1 diabetes
mellitus and normal left ventricular ejection fraction.9 Also,
Yoldas et al. showed that left ventricular global longitudinal,
circumferential, and radial strain by two-dimensional speckle-
tracking echocardiography were significantly lower in children
with type 1 diabetes mellitus.10 However, Hensel et al. showed
no statistically significant difference for left ventricular global
longitudinal and circumferential strain by two-dimensional
speckle-tracking echocardiography between type 1 diabetes

mellitus and healthy children neither at rest nor during exercise.21

Kaushig et al reported that left ventricular regional strain indices
and flow-mediated dilatation were impaired in asymptomatic chil-
dren and adolescents with type 1 diabetes mellitus despite absence
of overt heart failure and normal ejection fraction. 11 The only
available data about three-dimensional speckle-tracking echocar-
diographic values in children with type 1 diabetes mellitus to
compare with us revealed a significant decrease in all three strains,
including global longitudinal, circumferential, and radial strain in
the patient group.22 Their patients are younger, and diabetes dura-
tion is shorter than our patients, differences may be due to tech-
nical differences.

Three-dimensional speckle-tracking echocardiography can also
quantify rotational movements such as twist and torsion of the left
ventricle.14,22 Left ventricular twist was decreased in our patients.
Previous reports based on tissue Doppler imaging, two-dimen-
sional speckle-tracking echocardiography, or MRI found either
preserved or increased twist and torsion in adults with diabetic
cardiomyopathy.23–25 A three-dimensional speckle-tracking echo-
cardiography study in children with type 1 diabetes mellitus
showed preserved twist and torsion, but their patients are younger,
and diabetes duration is shorter than our patients.22

We did not find a significant correlation between the left
ventricular strain parameters and serum glycosylated haemoglobin
levels or type 1 diabetes mellitus duration. This may be due to
better glycaemic control and shorter duration of diabetes of our
patients. There has been an ongoing discussion about the associ-
ation between diabetes mellitus and heart failure in adult patients,
if it is an independent association or related to concomitant risk
factors, like coronary artery disease, hypertension, or unknown
factors. An almost linear increase in heart failure risk is observed
with elevation in serum glycosylated haemoglobin levels.26 In a
meta-analysis, four key independent risk factors were identified:
history of coronary artery disease, age, poor glycaemic control,
and hypertension.27 As heart failure secondary to diabetes mellitus
is almost never seen in the pediatric population, these data could
not be extrapolated to our population, but early predictors of heart
failure could be determined by strain echocardiography. Nakai
et al. demonstrated that global longitudinal strain was significantly
lower in the adult type 2 diabetes mellitus group with longer
disease duration.18 El Razaky et al. showed a significant decrease
in all strain components in children with type 1 diabetes mellitus,
but that decrease did not correlate with the duration of diabetes
mellitus.22

We found normal range but lower transmitral E/A ratios and
mitral annular E'/A' ratios among patients with type 1 diabetes
mellitus; however, E/E' ratios were similar in the patients and
healthy children. These findings may show diastolic function is
affected in these patients.

Limitations

Conducting the study in asymptomatic paediatric patients with a
narrow range of ages with type 1 diabetes mellitus who have not yet
been adequately investigated by real-time three-dimensional (four-
dimensional) echocardiography and three-dimensional speckle-
tracking echocardiography and measurement of left ventricular
contraction, strain, and rotation together are the strengths of
our study. This study has some limitations also. The study design
was cross-sectional and did not include follow-up information.We
believe it would be more useful to follow the patients and evaluate
the results obtained after long-term follow-up.
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Conclusion

We found that even in children with asymptomatic type 1 diabetes
mellitus with normal left ventricular ejection fraction, left
ventricular circumferential function was impaired and rotation
pattern was changed by real-time three-dimensional echocardiog-
raphy and three-dimensional speckle-tracking echocardiography.
This novel echocardiographic method might be an important tool
for detecting left ventricular systolic dysfunction in type 1 diabetes
mellitus patients before it becomes overt on conventional echocar-
diography and tissue Doppler imaging.
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