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Abstract

Background: Conventional echocardiography and tissue Doppler imaging have been highlighted to
diagnose diastolic and systolic heart dysfunction. We aimed to compare tissue Doppler imaging with
conventional echocardiography to diagnose heart dysfunctions in diabetes mellitus type 1 (DMT1)
patients.

Materials and Methods: This case-control study was conducted in the Ali Asghar Clinic, Zahedan,
Iran. The study lasted from 2017 to 2018 on 140 participants aged from 4-18 years, and consisted of
70 patients with DMT1, and 70 children who referred to hospital for checkup as control group. The
participants went under tissue Doppler imaging and conventional echocardiography (M mode and 2D)
by an invariable cardiologist. The 5 ml blood samples were taken to test blood leptin and ferritin. The
data were analyzed using SPSS software (version 18.0).

Results: Conventional findings such as left and right deceleration time, left, and right peak E velocity,
left ejection time, left Myocardial performance index and TDI findings such as left, and right ET’,
right S’, right E’, left MPT’, right MPT’, and left E/E’ were different in patients and the control group
(p<0.05). Left and right deceleration time, and LV Mass index in conventional and left ET’, right ET’
in TDI were different in age groups of patients (p<0.05). In sex groups, left deceleration time, left
peak A velocity, right acceleration time, right deceleration time and right E/A in conventional and left
ET’, left ICT’, left IRT’, right ICT’, right IRT’, right S* and right MPI’ in TDI were different
(p<0.05).

Conclusion: This study concluded that both conventional and TDI were different between DMT1
patients and the control group, but TDI was stronger in discrimination.
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Echocardiography in Diabetes Mellitus

1- INTRODUCTION

Diabetes mellitus (DM) is one of the
most common diseases in which its cardiac
related complications are the main causes
of death and diabetes mellitus type 1
(DMT1) is an immune system disorder
with a strong genetic component that
involves all ages and races with tendency
in  childhood  (1-3). DMT1 s
an autoimmune disorder that resulted due
to immune-mediated destruction  of
insulin-producing pB-cells (4, 5). The
frequency of DM is estimated to be 387
million individuals around the world of
which DMT1 represents 5 to 10% (6). In
Iran, the prevalence of DMTL1 is 40 in
100,000 (7) and is expected to increase in future
increasing in future (8).

Different researchers demonstrated that in
diabetic patients there is broad impedance
in left ventricular capacities so that it has
been  characterized as the  most
fundamental indication of  diabetic
myocardial disease (9, 10). Consequently,
DMT1 ought to be treated as an alternative
subject that needs independent evaluation.
DMT1 has been frequently connected with
diastolic dysfunction more than systolic
one (11). There are only a few non-
uniform data on left ventricle (12) and
right ventricle (13) systolic function
assessed using tissue Doppler imaging
(TDI). Few studies have evaluated LV
systolic function using 2D in DMT1 (14).
Conventional echocardiography method is
a diagnostic tool to show heart anomalies
in hazardous diseases such as thalassemia,
diabetes and celiac (15).But tissue Doppler
imaging (TDI) has demonstrated that the
systolic myocardial velocity S’ is a more
sensitive measure of systolic function than
ejection fraction (EF), and that the early
diastolic myocardial velocity E' and E/E'
have the best correlation with left
ventricular relaxation (16). Therefore, it is
possible that TDI will become more
common in clinical practices, as it offers
enhanced quality pictures which expands
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the affectability of echocardiography for
discovery of subclinical ventricular
dysfunction compared to conventional
echocardiography These potential
capabilities with TDI are due to its
noninvasive nature and reproducibility of
the results, ease of application, and
consistency of the results with those of
cardiac catheterization (15). Likewise, given
that cardiac autonomic function disorder
(CAFD) is one of the most severe
complications of diabetes, the study aimed
to use tissue Doppler imaging versus
conventional echocardiography in
evaluation of cardiac functions in diabetes
mellitus type 1 patients.

2- MATERIALS AND METHODS

This case-control study was conducted
in the Ali Asghar Clinic, Zahedan, Iran.
The study lasted from January 2017 to
June 2018 on 140 participants aged from
4-18 years, and consisted of 70 patients
with DMT1, and 70 children who referred
to hospital for checkup as control group.
The study was done in two centers in
collaboration with endocrinology and
cardiology departments.

2-1. Criteria

Inclusion criteria were DMT1 patients
either symptomatic or asymptomatic. The
diabetes was confirmed by clinical
manifestations  such  as  polyuria,
polydipsia, weight loss, laboratory
measures such as fasting blood glucose >
125mg/dl, and random blood glucose>200
mg/dl. However, exclusion criteria were
age higher than 18 years, documented
evidence of other cardiac disease like
ischemic, hypertension, cardiomyopathy,
valvular heart disease, congenital heart
disease, and myocarditis, features of
hypothyroidism, uremia and random blood
sugar > 140 mg/dL for the control group.
In addition, participants whose body mass
index (BMI) were out of normal range
were checked for exclusion. The patients
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with BMI higher than 95"percentiles were
excluded from the study.

2-2. Echocardiography Measures

The participants underwent conventional
echocardiography (M mode and 2D) by a
cardiologist, using My Lab 60 instrument
with 3-8-MHz transducers, made in Italy.
Echocardiographic parameters such as,
gjection  fraction  (EF),  fractional
shortening (FS), ejection time (ET), peak
A velocity (A), peak E velocity (E),
myocardial performance index (MPI),
peak E (early mitral and tricuspid valve
flow velocity), peak A (late mitral and
tricuspid valve flow velocity) velocity
(E/A ratio), deceleration time (DT) and
acceleration time (AT), were measured
with conventional echocardiography. The
sample volume was positioned at the tips
of the tricuspid and mitral valve leaflets in
the apical four-chamber views to enable
measurement of (a): the time interval
between the end and the start of trans-
mitral and trans tricuspid flow. The sample
volume was, thereafter, relocated to the
left ventricular outflow tract just below the
aortic valve (apical five-chamber view);
(b): the left ventricular ejection time. The
right ventricular outflow velocity pattern
was also recorded from the parasternal
short-axis view with the Doppler sample
volume positioned just distal to the
pulmonary valve for the measurement of
(b). Myocardial Performance Index (MPI)
which was calculated as a-b/b = (ICT +
IRT)/ET (17). The left ventricular mass
index (LVMI) was also calculated by the
following formula: LVM (g) = 0.8 (1.04
(((LVDD + PWD + IVSD)? -LVDD ?))) +
0.6; and LVMI (g/m?) = LVM /2.7 (18).

2-3. Tissue
Measurements

Doppler Imaging
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Doppler tissue echocardiography (DTE)
was another method performed from the
apical four-chamber view and a 3 mm
pulsed Doppler sample volume was placed
at the level of the lateral mitral annulus.
Myocardial velocity profiles of the lateral
tricuspid annulus and lateral mitral annulus
were obtained by placing the sample
volume at the junction of the tricuspid
annulus and the right ventricle (RV) free
wall and at the junction of the mitral
annulus and LV  posterior  wall,
respectively. With this modality, the
recorded values were the early (E) and late
(A) diastolic mitral and tricuspid annular
velocities, and the ratio of E/A. Right
ventricle and left ventricle myocardial
performance index (MPI) were obtained
by dividing the sum of isovolumic
relaxation time (IVRT) and isovolumic
contraction time (ICT) by the ejection time
(ET) (MPI = (ICT + IRT)/ET) (19).

Left and right S: Systolic myocardial
velocity above the baseline in mitral and
tricuspid. Left and right E: early diastolic
myocardial relaxation velocity below the
baseline in mitral and tricuspid. Left and
right A: myocardial velocity associated
with atrial contraction in mitral and
tricuspid. Particular attention was paid to
placing the sample volume on the
myocardium and not the endocardium or
epicardium. In each case, the subsequent
measurements were obtained in three
heartbeats in all positions and the average
value was recorded (Figure.l). To ensure
high precision and reproducibility in
conventional echocardiography and tissue
Doppler imaging, measurements were
repeated via 3 cycles including 2D, M-
Mode, Doppler method. Then, the average
was considered for the analysis.
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E’ V

Fig.1: Diagram of Doppler Tissue Echocardiography waves: S', systolic wave; E', early diastolic

wave; A, late diastolic wave (20).

2-4. Anthropometric Measures

The patients’ height and weight were
measured by an experienced expert using
standard equipment. Then, BMI was
calculated according to the 2000 sex
specific BMI-for-age growth charts of the
Centers for Disease Control and
Prevention.Overweight is defined as a
BMI at or above the 85™ percentile and
below the 95" percentile for 2-19 vyears,
for both groups equally. Obesity is defined
as a BMI at or above the 95" percentile
(22).

2-5. Ethical Approval

Informed consent was obtained from all
participants or their parents after the study
approval. The study project was approved
by the Children and Adolescent Health
Research Center in the Ethics Committee
of Zahedan University of Medical
Sciences, Zahedan, Iran (ID-code: 7230).

2-6. Statistical Analysis

The data were analyzed using SPSS
software version 18.0 (SPSS Inc, Chicago,
IL, USA). Descriptive statistics were
presented in mean * standard deviation
(SD). Comparisons between DMTI
subjects and the control group were
performed using t-test and Mann-Whitney
U test, and in more than two groups the
One-way Analysis of Variance and
Kruskal —Wallis tests were used based on
normality of the variable data distribution.
The correlations between the variables
were  calculated  using  Pearson’s
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correlation, while P<0.05 was considered
significant.

3-RESULTS

The present study aimed to measure
the changes in echocardiography findings
based on conventional and TDI methods.
The findings showed that the participants’
characteristics such as age (10.5+3.16,
p=0.093), height (144.49+19.10, p=0.053)
were placed in normal distribution. In
patients, the characteristics of height
(135.81+19.91, p= 0.200), and weight
(32.00+11.95, p=0.200) were normal. The
measures of age (p=0.017) in patients,
weight (p=0.004) in participants and BMI
(p<0.001) in both participants and patients
were distributed freely.

Regarding echocardiography findings, the
Table.1 showed that in all participants, the
variables of Et (K.S= 0.060, p=0.200),
EF(K.S=0.075. p=0.055), FS (K.S=0.074,
p=0.060), left MPI (K.S= 0.042, p=0.200)
and left E/A (K.S= 0.067, p=0.200) were
distributed normally in the case of using
conventional echocardiography method
when left IRT’(K.S= 0.072, p=0.074), and
right MPI’ (K.S= 0.055, p=0.200) were
normal in the case of DTI methods when
compared. Among patients with the
conventional echocardiography, the
variables of right E, right Peak A velocity,
right ET, left MPI, right MPI, and left E/A
were normal when left ET, left IRT, right
E’, right A’, left and right MPI’ were
normal while the DTl methods were
applied for measuring cardiac findings.
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Sex distribution of participants was 54.7%
and 57.1% for boys in patients and control
group,  respectively. No  statistical
differences were observed for sex
distribution in patients and the control
group (chi-square=1.83, p=0.176).
Patients’ mean age was (10.67+3.55), the
same as the age of the control group

(10.67+3.55), (p=0.530). Means of age
were (135.81+£19.91) and (153.17+£13.64)
for patients and the control group
respectively (p<0.001). Weight
(44.31+£13.15 VS 32.00+11.95) and BMI
(18.40+3.10 vs. 16.68+2.40) had the same
trends with the level of significance higher
than the control group.

Table-1: Echocardiography findings normality test in combined patients and controls, and in only

patients
All Participants (140) Patients (70)
Conventional . —_ TDI
functions P- TDI P- onventiona P function _
e value | functions = value functions = value = Pl
Left AT 0.156 | <0.000 | Left ET" | 0.184 | <0.000 | Left AT | 0.152 | <0.000 | Leff ET’ | 0.069 0.2
Left Left
Left DT 0104 | 0001 | = | 009 | 0008 LeftDT | 0127 | 0007 | 7 [0128| 0006
Left Peak E Left Left Peak E Left
velocity 0112 | <0000 | 2% | 0072 | 0074 velocity 015 | 0001 | =T | 0095 | 0.189
Left Peak A s Left Peak A ,
velocity 0106 | 0001 | LeftS’ | 0112 | <0000 | ~o b | 0425 | 0009 | Lefts’ | 0122 | 0011
Right DT 0.147 | <0.000 | LeftE’ | 0.379 | <0.000 | RightDT | 0.138 | 0.002 | LeftE’ | 0426 | <0.000
Right Peak E s Right Peak E s
elocity 0083 | 002 | Lefta’ | 0099 | 0.002 Velooty | 0097 | 017 | LeftA’ | 0148 | 0001
Right Peak A 006 | 02 Right | 167 | <0.000 | RIONLPEAKA |5 607 | 5 Right | 411 | 0035
velocity ET velocity ET
Right peak A 0081 | 0025 | RGN | 5138 | <0000 | RIGNEPEKA | 4409 | 2 Right | 4106 | 0051
velocity ICT velocity ICT
Right ET 009 | 0007 | RO 16099 | 0002 | RighteT | 0086 | 02 Right | 126 | 0.008
9 : : IRT’ ' : 9 : : IRT’ : '
Left ET 0.3 | <0.000 | Right S” | 0.369 | <0.000 | LeftET | 0.112 | 0.029 | Right S° | 0.132 | 0.004
EF 0.075 | 0.055 | Right E’ | 0.077 | 0.041 EF 0102 | 0.069 | Right E’ | 0.072 0.2
FS 0.074 | 006 | RightA’ | 0.077 | 0.041 FS 0111 | 0032 | RightA’ | 0102 | 0.066
Left Left
LVMI 0102 [ 0.001 | . | 0082 | 0021 LVMI 0118 | 0017 | o | 0.059 0.2
Simpson Right . Right
o 01 | ooo2 | UV | 0085 | 02 | SimpsonEF | 0118 | 0016 | UU | 0094 0.2
Left Left
Left MPI 0042 | 02 Ee | 013 | <0000 | LeftMPI | 0076 | 02 D | 0136 | 0003
Right MPI 008 | 003 Left 1 5278 | <0.000 | RightmPi | 0102 | 0oe6 | LT | 0344 | <0.000
: ' E/A | ' ' : E/A | :
Left E/A 0067 | 02 Fé'/%ht 0.136 | <0.000 LE/A 0063 | 02 ';'/%ht 014 | 0002
Right E/A 0.113 | <0.000 g,‘?:t, 0091 | 0.007 RE/A | 0.170 | <0.000 S,'f’:f 0.153 | <0.000

KS: Kolmogorov-Smirnov, AT: Acceleration time, DT: Deceleration time, peak E: Early mitral valve flow velocity, peak
A velocity: Late mitral and tricuspid valve flow velocity, ET: Ejection time, EF: Ejection fraction ( calculated in the
apical two and four chamber views with Simpson’s apical biplane method), FS: Fractional shortening, MPI: Myocardial
performance index, LVMI: Left ventricular mass index, S’: Systolic myocardial velocity above the baseline in mitral and
tricuspid, IVRT: Isovolumic relaxation time, ICT: Isovolumic contraction time.
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Table.2 showed conventional
echocardiography and tissue Doppler
imaging findings in diabetic patients and
the control group. From the table it can be
observed that conventional
echocardiography made a difference in left
DT (MWU=896.50, p<0.001), left peak E
velocity (MWU=1725.50, p=0.003), right
DT (MWU=1015.50, p<0.001), right peak
E wvelocity (t= -2.21, p=0.029), left
ET(MWU=1875.00, p=0.016), left MPI
(t=3.17, p=0.002), and TDI was different
in left ET’(MWU=487.50, p<0.001), left

IRT’(t=3.75, p<0.001), right
ET’(MWU=933.00, p<0.001),  right
ICT’(MWU=1164.00, p<0.001), right
IRT’(MWU=1284.00, p<0.001) right

S (MWU=209.50,  p<0.001),  right
E(MWU=1721.50,  p=0.002), left
MPI’(MWU=305.00, p<0.001), right
MPI’(MWU=138.00, p<0.001), and left

E/E’(MWU=1559.50, p<0.001). Table.3
showed comparison of conventional
echocardiography and tissue Doppler
imaging findings in age groups of patients.
The table revealed that findings of left DT
(MWU=302.00, p<0.001), right DT
(MWU=385.00, p=0.009), and LVMI
(MWU=195.00, p<0.001) were different in
conventional echocardiography method
and the findings of left ET’ (t= -2.84,
p=0.006), right ET’ (MWU=423.50,
p=0.032) were different in TDI method.

Table-2: Conventional and TDI findings in patients and control.

ﬁj?]r::\t/i%r;]t;onal Groups Mean SD Vt:ISl:e P value furI:Iﬁ:) ns Groups Mean SD \gl;e v aITu e

Left AT Patients 59.54 9.32 2316.5 | 0.570 Left ET Patients | 231.97 25.89 487.50 <0.000
Control | 59.46 | 8.83 0 Control | 334.39 80.64

Left DT Patients 177.43 | 50.27 896.50 | <0.000 Left ICT” Patients | 86.23 21.21 2428.00 | 0.927
Control 133.96 | 25.31 Control | 86.04 18.79

Left peak Patients | 92.26 | 18.86 1725.5 | 0.003 Left IRT” | Patients | 90.96 16.40 | 3.75 <0.000

E velocity Control 99.09 19.52 0 Control | 79.76 18.83

Left peak Patients 52.51 10.89 2390.0 | 0.802 Left S’ Patients | 8.76 1.48 2292.00 | 0.510

A velocity Control 52.71 9.24 0 Control | 8.80 1.69

Right AT Patients | 63.63 | 11.13 21335 | 0.181 Left B’ Patients | 17.91 18.38 | 2031.00 | 0.081
Control 61.24 9.73 0 Control | 14.92 2.77

Right DT Patients | 159.21 | 39.60 1015.5 | 0.000 Left A’ Patients | 7.02 1.73 2300.50 | 0.533
Control 126.90 | 24.99 0 Control | 6.72 1.74

Right peak Patients 64.34 10.98 -2.21 0.029 Right ET’ Patients | 235.93 22.76 933.00 <0.000

E velocity Control 68.67 12.21 Control 279.59 56.18

Right peak Patients | 48.10 9.53 2378.0 | 0.764 Right ICT” | Patients | 92.11 21.69 1164.00 | <0.000

A velocity Control 50.04 13.15 0 Control | 73.43 12.63

Right ET Patients 255.24 | 26.39 2362.0 | 0.713 Right IRT” | Patients | 81.60 13.91 1284.00 | <0.000
Control 255.67 | 23.89 0 Control | 96.29 19.41

LeftET Patients 241.17 | 27.62 1875.0 | 0.016 Right S’ Patients | 9.25 1.92 209.50 <0.000
Control 25343 | 33.11 0 Control | 49.41 30.67

EF Patients | 76.41 | 5.44 -0.91 0.363 Right E’ Patients | 13.63 291 1721.50 | 0.002
Control 7723 | 511 Control | 15.05 2.52

FS Patients 44.69 5.06 -0.99 0.323 Right A’ Patients | 6.80 177 2055.50 | 0.100
Control 45.51 483 Control | 7.43 2.24
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LVMI Patients 45.19 19.40 2361.0 | 0.711 Left MPI’ Patients | 0.77 0.10 305.00 <0.000
Control 44.21 19.27 0 Control | 0.52 0.12

Simpson EF Patients | 43.66 7.05 1584.5 | <0.000 Right MPI” | Patients | 0.74 0.12 138.00 <0.001
Control 48.39 8.72 0 Control | 0.62 0.12

Left MPI Patients 0.74 0.17 3.17 0.002 Left E/E’ Patients | 5.89 1.49 1559.50 <0.000
Control 0.65 0.17 Control | 6.96 2.53

Right MPI Patients | 0.68 0.16 2313.0 | 0.568 Left E’/ A’ | Patients | 2.72 3.03 2337.00 | 0.638
Control 0.69 0.16 0 Control | 2.37 0.74

Left E/A Patients 1.80 0.39 -1.52 0.130 Right E/E’ | Patients | 4.97 154 2224.00 | 0.346
Control 1.91 0.47 Control | 4.75 153

Right E/A Patients 1.37 0.29 2220.5 | 0.339 Right E’/ Patients | 2.11 0.65 2206.00 | 0.309
Control 1.43 0.34 0 A’ Control | 2.22 0.76

AT: Acceleration time, DT: Deceleration time, peak E: Early mitral valve flow velocity, peak A: Late mitral and tricuspid valve

flow velocity, ET: Ejection time, EF: Ejection fraction (calculated in the apical two and four chamber views with Simpson’s

apical biplane method), FS: Fractional shortening, MPI: Myocardial performance index, LVMI: Left ventricular mass index, S’:

Systolic myocardial velocity above the baseline in mitral and tricuspid, IVRT: Isovolumic relaxation time , ICT: Isovolumic

contraction time.

Table-3: Age group comparison of Conventional and TDI findings in Patients.

C?SXEEE?]Q ! gé\)%(:)s IR | e | D va-:—ue v;[Je fuIcI:Dtilolns gﬁ)g‘:)s NImsEr | | S ArELs V:I;Je

Left AT <10 31 59.23 11.74 | 599.50 | 0.952 Left ET’ <10 31 222.58 | 26.86 | -2.84 0.001
>10 39 59.79 6.99 >10 39 239.44 | 22.77

Left DT <10 31 156.81 | 26.52 | 302.00 | 0.001 | LeftICT” | <10 31 83.13 20.53 | 466.00 0.100
>10 39 193.82 | 58.40 >10 39 88.69 21.69

Left peak E | <10 31 93.23 23.81 | 562.50 | 0.619 | LeftIRT | <10 31 87.45 16.76 | -1.61 0.111

velocity >10 39 91.49 14.02 >10 39 93.74 15.76

Left peak A | <10 31 53.06 11.82 | 594.50 | 0.906 Left S’ <10 31 8.59 1.60 | 486.50 0.162

velocity >10 39 52.08 10.23 >10 39 8.90 1.38

Right AT <10 31 63.71 10.96 | 600.00 | 0.957 LeftE’ <10 31 15.55 2.50 553.00 0.542
>10 39 63.56 11.41 >10 39 19.79 24.50

Right DT <10 31 144.35 | 40.35 | 385.00 | 0.009 Left A’ <10 31 6.68 1.78 | 440.00 0.052
>10 39 171.03 | 35.20 >10 39 7.29 1.67

Right peak | <10 31 63.52 11.82 | -0.56 0.579 | Right ET” | <10 31 228.35 | 21.12 | 423.50 0.032

E velocity >10 39 65.00 10.38 >10 39 241.95 | 22.46

Right peak A | <10 31 48.16 9.40 | 0.05 0.964 Right <10 31 89.42 26.01 | 519.00 0.310

velocity >10 39 48.06 9.75 cr >10 39 94.26 17.60

Right ET <10 31 249.23 | 26.23 | -1.72 0.089 Right <10 31 80.90 14.64 | 578.00 0.751
>10 39 260.03 | 25.86 IRT” >10 39 82.15 13.46

Left RT <10 31 230.10 | 27.38 | 600.50 | 0.962 Right S’ <10 31 8.95 1.76 488.00 0.168
>10 39 249.97 | 24.77 >10 39 9.49 2.02

EF <10 31 75.55 5.46 -1.19 0.237 Right E’ <10 31 13.26 3.38 -0.94 0.351
>10 39 77.10 5.38 >10 39 13.92 248
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FS <10 31 43.77 | 4.67 51750 | 0.302 | RightA’ | <10 31 6.81 182 | 0.03 0.977
>10 39 4541 | 530 >10 39 6.80 175

LVMI <10 31 33.16 | 12.77 | 195.00 | 0.001 | Left MPI" | <10 31 0.77 0.09 | 0.07 0.948
>10 39 54.74 | 18.52 >10 39 0.77 0.10

Simpson EF | <10 31 4381 | 6.74 | 587.00 | 0.836 Right <10 31 0.75 0.13 | 043 0.668
>10 39 4354 | 7.37 MPI’ >10 39 0.73 0.10

Left MPI <10 31 0.78 0.19 | 485.50 | 0.159 | LeftE/E’ | <10 31 6.08 152 | 553,50 | 0.546
>10 39 0.71 0.15 >10 39 5.75 1.47

Right MPI <10 31 0.66 0.13 | 464.00 | 0.097 Left E’/ | <10 31 2.46 0.69 | 515.00 | 0.290
>10 39 0.70 0.18 A’ >10 39 292 4.02

Left E/A <10 31 179 0.36 | -0.32 0.749 Right <10 31 5.15 189 | 591.00 | 0.873
>10 39 1.82 0.41 E/E’ >10 39 4.83 121

Right E/A <10 31 134 0.23 | 576.50 | 0.741 | RightE’/ | <10 31 2.05 0.71 | 51950 | 0.315
>10 39 1.40 0.33 A >10 39 2.15 0.60

AT: Acceleration time, DT: Deceleration time, peak E: Early mitral valve flow velocity, peak A: Late mitral and tricuspid valve
flow velocity, ET: Ejection time, EF: Ejection fraction (calculated in the apical two and four chamber views with Simpson’s apical
biplane method), FS: Fractional shortening, MPI: Myocardial performance index, LVMI: Left ventricular mass index, S’: Systolic
myocardial velocity above the baseline in mitral and tricuspid, IVRT: Isovolumic relaxation time , ICT: Isovolumic contraction
time.

Table.4 showed Conventional p=0.041), left IRT’(t=2.68, p=0.009), right
echocardiography and TDI findings in ICT°’(MWU=402.00, p=0.015), right
comparison with the gender of the patients. IRT’(MWU=434.50, p=0.038), right
Likewise, Table.4 revealed that findings S’ (MWU=426.50, p=0.032), and right

of Left DT (MWU=335.00, p<0.001), left
peak A (MWU= 387.00, p=0.009), right
AT(MWU=314.50, p<0.001), right
DT(MWU=265.50, p<0.001), right peak
A (t= -2.84, p= 0.006), right ET(t=2.08,
p=0.042), LVMI (MWU=386.00, =0.009),
left E/A(t=2.84, p=0.006), and right
E/A(MWU=378.00, p=0.007) were
different in conventional echocardiography

MPI’(t= 2.01, p=0.049) were different in
TDI method. MPI shows the systolic and
diastolic heart functions. The preference of
TDI against conventional MPI was
collected for the analysis between the
patients and the control group.

Figure.2 showed that MPI in patients had
changed more than in control groups in all

t hil ly left MPT
method and the findings of left ET’(t= gisgrfi(;‘ii’antw re oy e was
4.10, p<0.001), left ICT’(MWU=435.50, '
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Table-4: Sex comparison of Conventional and TDI findings in patients

Conventional TDI

Variables Gender | Mean SD Test value | P-value | Variables | Gender | Mean SD Test value | P-value

Left AT Boys 60.75 8.71 525.50 0.322 Left ET” | Boys 24444 | 21.57 | 410 <0.001
Girls 58.53 9.80 Girls 221.47 | 24.76

Left DT Boys 195.44 | 50.70 | 335.00 0.001 Left ICT” | Boys 90.38 | 18.21 | 435.50 0.041
Girls 162.26 | 45.19 Girls 82.74 23.11

Left peak E velocity Boys 92.13 14.40 | 551.50 0.505 Left IRT” | Boys 96.44 13.68 | 2.68 0.009
Girls 92.37 2212 Girls 86.34 17.22

Left peak A velocity Boys 48.62 9.25 | 387.00 0.009 Left S’ Boys 8.50 1.55 | 443.00 0.051
Girls 55.79 11.19 Girls 8.98 1.39

Right AT Boys 68.97 11.13 | 314,50 <0.001 Left E Boys 20.93 26.95 | 482.00 0.137
Girls 59.13 9.06 Girls 15.37 2.56

Right DT Boys 178.41 | 29.22 | 265.50 <0.001 Left A’ Boys 6.99 1.84 557.00 0.547
Girls 143.05 | 40.28 Girls 7.05 1.66

Right peak E velocity Boys 64.16 10.81 | -0.13 0.898 Right ET” | Boys 241.13 | 22.20 | 474.50 0.114
Girls 64.50 11.27 Girls 231.55 | 22.59

Right peak A velocity Boys 44.75 8.66 | -2.84 0.006 Right Boys 99.41 20.91 | 402.00 0.015
Girls 50.93 | 9.40 ICT Girls 85.97 | 20.65

Right ET Boys 262.22 | 19.97 | 2.08 0.042 Right Boys 84.84 11.10 | 434.50 0.038
Girls 249.37 | 29.79 IRT” Girls 78.87 | 15.52

LeftET Boys 247.72 | 26.88 | 499.50 0.199 Right S* | Boys 8.95 2.15 426.50 0.032
Girls 235.66 | 27.36 Girls 9.51 1.69

EF Boys 76.78 | 418 | 0.52 0.608 Right E* | Boys 1358 | 315 | -0.11 0.911
Girls 76.11 6.34 Girls 13.66 2.73

FS Boys 45.09 4.18 556.00 0.542 Right A> | Boys 6.64 2.00 -0.72 0.477
Girls 44.34 573 Girls 6.94 1.56

LVMI Boys 52.38 | 21.65 | 386.00 0.009 Left MPI” | Boys 0.77 0.09 | -0.08 0.934
Girls 39.13 15.07 Girls 0.77 0.10

Simpson EF Boys 44.19 7.07 550.00 0.493 Right Boys 0.77 0.11 201 0.049
Girls 43.21 7.09 MPI’ Girls 0.71 0.12

Left MPI Boys 0.76 0.19 0.74 0.461 Left E/E’ | Boys 5.63 1.49 493.00 0.175
Girls 0.73 0.15 Girls 6.11 1.48

Right MPI Boys 0.71 0.17 1.45 0.153 Left E’/ | Boys 3.22 441 514.50 0.270
Girls 0.65 0.15 A’ Girls 2.29 0.64

Left E/A Boys 1.94 037 | 284 0.006 Right Boys 4.96 1.36 | 565.50 0.616
Girls 1.69 0.37 E/E’ Girls 4.98 1.70

Right E/A Boys 1.47 0.33 | 378.00 0.007 Right E’/ | Boys 2.20 0.81 | 581.00 0.750
Girls 1.29 0.22 A’ Girls 2.03 0.47

AT: Acceleration time, DT: Deceleration time, peak E: Early mitral valve flow velocity, peak A: Late mitral and tricuspid valve flow
velocity, ET: Ejection time, EF: Ejection fraction (calculated in the apical two and four chamber views with Simpson’s apical biplane
method), FS: Fractional shortening, MPI: Myocardial performance index, LVMI: Left ventricular mass index, S’: Systolic myocardial
velocity above the baseline in mitral and tricuspid; IVRT: Isovolumic relaxation time, ICT: Isovolumic contraction time.
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Fig.2: Comparison of left and right MPI by conventional and TDI echocardiography in diabetes

mellitus type 1 patients and controls.

MPI: Myocardial Performance Index; TDI: Tissue Doppler Imaging.

4- DISCUSSION

The present study aimed to compare
tissue Doppler imaging with conventional
echocardiography to diagnose heart
dysfunctions in diabetes mellitus type 1
patients. It is indicated that conventional
echocardiography was different in left DT,
left peak E velocity, right DT, right peak E
velocity, left ET and left MPI parameters.
However, DTI was different in left ET’,
left IRT’, right ET”’, right ICT’, right IRT”,
right S°, right E’, left and right MPI” and
left E/E’ between the case and the control
group. Similarly, the results showed that
left MPI’was more associated with the
patients. The present study also revealed
that EF was not different between diabetic
and healthy individuals, similar to Al
Zubeidy et al. (22), Kamile Gul et al. (23)
and Febe et al. (24) studies. In this line,
Salem et al. (13) resulted in higher value
of LVPW and LV and RV diastolic
dysfunction diagnosed in one fourth of
patients. They also found higher A and
MPI and lower E/A by conventional
echocardiography, but TDI  showed
delayed myocardial relaxation in more
than half of diabetics with lower LV and
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RV peak E’ and E’/A’. Ahmed et al. (25)
reported a significant decrease in E/A
unlike our findings that discovered the
values for E/A were similar in patients and
the control group when left and right peak
E peak E velocities were lower in diabetic
children. In line with this, the study results
are concordant with Brunvand et al. (26).
Hensel et al. (27), in comparison with the
present study observed the diastolic
parameters of the right and left DT, right
and left peak E velocity, aortic diameter in
diastole were different in patients and
healthy children. Acar et al. (28) found
that E, A, E/A, DT and MPI were not
significantly different when MPI values of
both ventricles were statistically higher
and ET was lower in patients compared to
controls, similar to our results. Using the
method of conventional echocardiography,
Ozdemir et al. (29) assessed A, E and
found similarity. In contrast the present
study observed statistically significant
differences. TDI revealed reduction in
mitral septal and lateral E’ velocities as
well as tricuspid E’ velocity among
patients. ICT indicated reduction in
contractility of both ventricles in diabetics
compared to the control group (1). Di Cori
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et al. (30) concluded IRT was significantly
longer and A’, E’ and S* were lower in
patients. Suran et al. (31) concluded that
septal mitral isovolumetric contraction had
better diagnostic accuracy than lateral
tricuspid annulus to predict early
contractile impairments in patients. In
comparison with the results from the
present study, left heart TDI parameters
were similar to our findings. So that E’
was decreased in diabetic group compared
to the control group in left and right heart
ventricles. In case of E/E’, an increase was
observed in diabetic group. The results of
this study indicated worse diastolic
functioning of both ventricles in this child
patient population. In the present study,
right E’ and left E/E’ were significant and
higher in controls when left E’ and right
E/E’ were similar in patients and the
control group. The possible reason for
dissimilarity with the present findings,
could be the age of the patients when our
patients were younger than 18 years.

Regarding the design and methodology,
the difference between the present study
with Suran et al. (31) was in the right heart
findings. Konduracka et al. (32) concluded
no significant difference in LV diastolic
function,  neither by  conventional
echocardiography nor by TDI except E/E’.
In comparison with the present study, E/E’
was significant in left heart. The present
study concluded that E* was significant in
right heart while A’ was not significant in
both sides of heart. This suggests that
subclinical LV systolic and diastolic
alterations might develop concurrently in
DMT1 patients, who have not been
observed till now. However, Konduracka
et al. (32) did not confirm these
achievements in right ventricle when the
present study ended. A recent study by
Fagan et al. (33) concluded only a slight
reduction in E/A, while an increase in E/E’
was found compared to control group, but
the present study found a decrease. A
study by Khattab and Soliman (34)
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demonstrated, in left heart, the TDI
parameters of E’, E’/A’, E/E’, IRT’ and
MPI” were significant between diabetic
and healthy children when in right heart,
E’, E’/A’ and E/E’ were significant. In this
regard, the present study demonstrated that
E’, A’, E’’A’ and ICT’ were non-
significant in left heart but in right heart
most of the parameters were significant,
except A’ and E’/A’. Acar et al. (28)
resulted that in left heart, E* and E’/ A’
were lower and in right heart, A’, IRT” and
MPI” were higher in patients. ICT’, S* and
ET’ did not show any difference. They
concluded that left E / E’ was significantly
higher in patients, similar to the present
study, and in right heart resulted that E’,
A’, E’/A’ S°, IRT’, ICT’, and MPI” values
were not different between the groups.
However, the present study resulted that
diastolic functions of both ventricles were
impaired in comparison with healthy ones.
From the study results, left ET’, left IRT”,
right ET’, right ICT’, right IRT’, right S’,
right E’, left MPI’, right MPI’, left E’/E,
and left E/E> were different. Diastolic
dysfunction has been defined as the
earliest sign of diabetic myocardial disease
to occur before systolic impairment.

S’ shows abnormal systolic function in
early stages of the disease. Thus, S’
appears to be a more sensitive measure
than the other systolic measures such as
EF and FS. Acar et al. (28) also concluded
that the baseline S’ value less than 4.4
cm/s was considered to have accurately
predicted abnormal systolic functions.
Based on this result, systolic dysfunction
was not mentioned in any of the patients
and the control group, Khattab and
Soliman (34). Ozdemir et al. (29) reported
that E’, S°, E/E’, left ET’, and MPI’ varied
in patients and healthy, but the other
parameters of left ventricle were similar.
In right heart they also resulted that there
was significant difference in parameters
observed with TDI such as E’, E/E’, right
ventricular ET’, and right ventricular MPI’
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and other parameters of right ventricle
were not significantly different. In
comparison with the present study that
resulted left ET’, left IRT’, right ET”, right
ICT’, right IRT’, right S, right E’, left
MPI’, right MPI’, left E’/E, and left E/E’
were different in patients and controls, in
both studies, right heart parameters were
approximately similar. Ahmad et al. (25)
observed an increase of E/E’, A’ and E’
and a decrease in S’ in patients. The
changes were significant except in E’. The
present study revealed similarity in S” and
dissimilarity with the other parameters.
From the study it was resulted that left DT,
right DT, and LVMI, were different in
conventional echocardiography method
based on age group comparison in patients
and the findings of left ET’, right ET’,
were different in Doppler tissue imaging
method. In patients of Abd-El Aziz et al.
(35) study the FS was significantly lower
in young diabetic patients and remained
within normal values which may imply an
early affection of the systolic function.

All the findings in this matter were
dissimilar with our study that found the FS
and EF were not different in patients and
healthy ones. Suys et al. (36) assessed
whether children and adolescents with type
1 diabetes have early echocardiographic
signs of subclinical cardiac dysfunction
and whether sex has any influence. From
this study it resulted that female diabetic
patients showed significantly larger left
ventricular wall and signs of significant
diastolic ~ filling  abnormalities  on
conventional and TDI such as mitral valve-
atrial contraction velocity; tricuspid valve-
atrial contraction velocity; early filling
velocity/myocardial velocity during early
filling; IRT compared with female control
subjects, suggesting delayed myocardial
relaxation. Male diabetic patients only
differed significantly from their control
subjects for IRT. The measured parameters
showed an expected correlation with age in
the control group. This correlation was
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significantly weaker in the diabetic
population; only a weak influence was
found for diabetes duration and
glycosylated hemoglobin levels. From the
study it was also concluded that the young
diabetic patients already have significant
changes in left ventricular dimensions and
myocardial relaxation, with the qgirls
clearly being more affected. Tissue
Doppler proved to have additional value in
the evaluation of ventricular filling in this
population. All these results are able to be
compared with the results of the present
study that revealed gender difference in
patients was demonstrated in conventional
echocardiography of left DT, left peak A,
right AT, right DT, right peak A, right ET,
LVM, left E/A, and right E/A in DTI
parameters of left ET’, left ICT’, left IRT’,
right ICT’, right IRT’, right S, and right
MPT’. Al Zubeidy et al. (22) compared the
echocardiographic  parameters between
male and female in patients, the results
were statistically not significant regarding
E/A and E / E, while EF was significantly
lower in male patients than female without
reaching systolic dysfunction, also, there
was significant increase in septal thickness
in males compared to females. Gusso et al.
(37) found systolic dysfunction in DMTI
adolescents  during  short  exercise,
implying a loss of systolic reserve. Patients
with very long diabetes duration exhibited
diastolic dysfunction, evidenced by lower
E/A ratios and higher E/E’ ratios, but this
was mild and has been demonstrated in
patients with a much shorter duration of
diabetes.

4-1. Study Limitations

The main limitation of this study was the
lack of the proper cooperation of the
parents on measuring heart parameters that
took a long time for sample collection in
the control group; the other limitation was
that the patients with DMT1 could also be
categorized as good or poor control that
was not considered in the study.
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5- CONCLUSION

Based on the results, tissue Doppler
echocardiography parameters were
abnormal in diabetic mellitus type 1
patients compared to the control group
such as left and right MPI that indicates
impairment in systolic and diastolic heart
functions. The main clinical findings from
the study were that in DMT1 children and
adolescents without clinically evident heart
diseases, primarily, both systolic and
diastolic functions were impaired and
secondly, the tissue Doppler imaging had
more power to show this impairment.
Diabetic patients should be evaluated as
early as possible for diastolic functions
even in the absence of clinical
manifestation. Diastolic  function  of
diabetic patients can be easily and
practically assessed by TDI. It seems to be
more valuable than the conventional
echocardiography. The assessment of early
myocardial relaxation velocities provides
an additional window on LV diastolic
function in a manner complementary to
evaluation of mitral inflow.

6- CONFLICT OF INTEREST: None.

7- ACKNOWLEDGEMENTS

The authors would like to express their
deep thanks to the participants and their
parents for their cooperation and
participation in the study their warm and
friendly participation.

8- REFERENCES

1. Leon BM, Maddox TM. Diabetes and
cardiovascular disease: Epidemiology,
biological mechanisms, treatment

recommendations and future research. World
journal of diabetes. 2015; 6(13):1246.

2. Noble JA, Erlich HA. Genetics of type
1 diabetes. Cold Spring Harbor perspectives in
medicine. 2012; 2(1):a007732.

3. Maahs DM, West NA, Lawrence JM,
Mayer-Davis EJ. Epidemiology of type 1
diabetes. Endocrinol Metab Clin North Am
2010;39:481-97.

Int J Pediatr, VVol.7, N.7, Serial No.67, Jul. 2019

4. International Diabetes Federation. Key
findings 2014. Awvailable at: http://www.idf.
org/diabetesatlas/update-2014.

5. Wei W, Ehlerding EB, Lan X, Luo Q,
Cai W. Molecular imaging of B-cells: diabetes
and beyond. Advanced Drug Delivery
Reviews. 2018;
https://doi.org/10.1016/j.addr.2018.06.022.

6. Esteghamati A, Gouya MM, Abbasi
M, Delavari A, Alikhani S, Alaedini F, et al.
Prevalence of diabetes and impaired fasting
glucose in the adult population of Iran,
national survey of risk factors for non-
communicable diseases of Iran. Diabetes Care.
2008; 31(1):96-8.

7. Zamanfar D, Yazdani P, Aarabi M,
Pournorooz H. The Prevalence of Type 1
Diabetes in Children of Mazandaran Province.
Iranian Journal of Health Sciences. 2018;
6(2):1.

8. Duncan JG. Mitochondrial
dysfunction in diabetic cardiomyopathy.
BiochimBiophysActa 2011; 1813: 1351-9.
https://doi.org/10.1016/j.bbamcr.2011.01.014.

9. Whiting DR, Guariguata L, Weil C,
Shaw J. IDF diabetes atlas: global estimates of
the prevalence of diabetes for 2011 and 2030.
Diabetes research and clinical practice. 2011;
94(3):311-21.
https://doi.org/10.1016/j.diabres.2011.10.029.

10. Ernande L, Rietzschel ER, Bergerot C,
De Buyzere ML, Schnell F, Groisne L, et al.
Impaired myocardial radial function in
asymptomatic patients with type 2 diabetes
mellitus: a speckle-tracking imaging study. J
Am SocEchocardiogr 2010; 23: 1266-72.

11. Gul K, Celebi AS, Kacmaz F, Ozcan
OC, Ustun I, Berker D, et al. Tissue Doppler
imaging must be performed to detect early left
ventricular dysfunction in patients with type 1
diabetes mellitus. Eur J Echocardiogr 2009;
10: 841-6.

12. Kim EH, Kim YH. Left ventricular
function in children and adolescents with type
1 diabetes mellitus. Korean Circ J 2010; 40:
125-30.

13. Salem M, El Behery S, Adly A, Khalil
D, El Hadidi E. Early predictors of myocardial
disease in children and adolescents with type 1

9689


https://www.ncbi.nlm.nih.gov/pubmed/?term=Maahs%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=20723815
https://www.ncbi.nlm.nih.gov/pubmed/?term=West%20NA%5BAuthor%5D&cauthor=true&cauthor_uid=20723815
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lawrence%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=20723815
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mayer-Davis%20EJ%5BAuthor%5D&cauthor=true&cauthor_uid=20723815
https://doi.org/10.1016/j.addr.2018.06.022
https://doi.org/10.1016/j.bbamcr.2011.01.014
https://doi.org/10.1016/j.diabres.2011.10.029
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gul%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19541667
https://www.ncbi.nlm.nih.gov/pubmed/?term=Celebi%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=19541667
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kacmaz%20F%5BAuthor%5D&cauthor=true&cauthor_uid=19541667
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ozcan%20OC%5BAuthor%5D&cauthor=true&cauthor_uid=19541667
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ozcan%20OC%5BAuthor%5D&cauthor=true&cauthor_uid=19541667
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ustun%20I%5BAuthor%5D&cauthor=true&cauthor_uid=19541667
https://www.ncbi.nlm.nih.gov/pubmed/?term=Berker%20D%5BAuthor%5D&cauthor=true&cauthor_uid=19541667

Echocardiography in Diabetes Mellitus

diabetes mellitus. Pediatr Diabetes 2009;
10:513-21.

14. Sveen KA, Nerdrum T, Hanssen KF,
Brekke M, Torjesen PA, Strauch CM, et al.
Impaired left ventricular function and
myocardial blood flow reserve in patients with
long-term type 1 diabetes and no significant
coronary artery disease: associations with
protein glycation. DiabVasc Dis Res 2014; 11:
84-91.

15. Maya L, Villareal FC. Diagnostic
approaches for diabetic cardiomyopathy and
myocardial fibrosis. J Mol Cell Cardiol 2010;
48: 524-9.

16. Kasner M, Westermann D, Steendijk
P, Gaub R, Wilkenshoff U, Weitmann K, et al.
Utility of Doppler echocardiography and tissue
Doppler imaging in the estimation of diastolic
function in heart failure with normal ejection
fraction-a comparative Dopplerconductance
catheterization study. Circulation. 2007;
116:637-47.

17. Noori N, Mohamadi M, Keshavarz K,
Alavi S, Mahjoubifard M, Mirmesdagh Y.
Comparison of right and left side heart
functions in patients with thalassemia major,
patients with thalassemia intermedia, and
control group. The Journal of Tehran
University Heart Center. 2015; 8(1):35- 41.

18. Noori NM, Teimouri A, Shahraki T.
Doppler  Tissue  Echocardiography  and
Electrocardiography in Children with Celiac
Disease Compared to Controls. International
Journal of Pediatrics. 2018; 6(11):8561-78.

19. Correale M, Totaro A, leva R, Brunetti
ND, Di Biase M. Time intervals and
myocardial performance index by tissue
Doppler imaging. Internal and emergency
medicine. 2011; 6(5):393-402.

20. Noori NM, Teimouri A, Anvari N.
Diagnostic Value of N Terminal Pro B Type
Natriuretic Peptide (NT-pro BNP) in Cardiac
Involvement in  Patients with Beta-
Thalassemia.  International ~ Journal  of
Pediatrics. 2017; 5(4):4641-62.

21. Golden NH, Schneider M, Wood C.
Preventing obesity and eating disorders in
adolescents. Pediatrics. 2016;
138(3):20161649.

Int J Pediatr, VVol.7, N.7, Serial No.67, Jul. 2019

22. Al Zubeidy ZA, Al Qaseer AH, Ridha
AF. Assessment of Diastolic Function in
Diabetic  Patients Using  Conventional
Echocardiogram & Tissue Doppler Imaging.
Mustansiriya Medical Journal. 2017; 16(1):34-
44,

23. Gul K, Celebi AS, Kacmaz F, Ozcan
OC, Ustun I, Berker D, et al. Tissue Doppler
imaging must be performed to detect early left
ventricular dysfunction in patients with type 1
diabetes mellitus. European Journal of
Echocardiography. 2009; 10(7):841-6.

24, Shaker FE, Elkhashab K, Younan H,
Mashahit MA. Tissue Doppler Imaging Versus
Conventional Echocardiography in Evaluation
of Diastolic Function in Diabetic Patients. Life
Science Journal. 2012; 9(4):2256-62.

25. Ahmed TA, Ahmed YA, Arafa Al,
Salah RA. Detection of occult right ventricular
dysfunction in young Egyptians with type 1
diabetes mellitus by two-dimensional speckle
tracking echocardiography. Indian heart
journal. 2018; 70(5):665-71.

26. Brunvand L, Fugelseth D, Stensaeth
KH, Dahl-Jgrgensen K, Margeirsdottir HD.
Early reduced myocardial diastolic function in
children and adolescents with type 1 diabetes
mellitus a population-based study. BMC
cardiovascular disorders. 2016; 16(1):103.
https://doi.org/10.1186/s12872-016-0288-1

27. Hensel KO, Grimmer F, Roskopf M,
Jenke AC, Wirth S, Heusch A. Subclinical
alterations of cardiac mechanics present early
in the course of pediatric type 1 diabetes
mellitus: a prospective blinded speckle
tracking stress echocardiography study.
Journal of diabetes research. 2016; 2016.
http://dx.doi.org/10.1155/2016/2583747.

28. Acar OC, Epcacan S, Uner A, Ece I,
Dogan M. Evaluation of left and right
ventricular functions using conventional and
tissue Doppler echocardiography in children
with type 1 diabetes mellitus. Journal of
Pediatric Endocrinology and Metabolism.
2016; 29(8):885-91.

29. Ozdemir O, Koksoy AY, Bulus AD,
Andiran N, Yagli E. The effects of type 1
diabetes mellitus on cardiac functions in

9690


https://www.ncbi.nlm.nih.gov/pubmed/?term=Kasner%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17646587
https://www.ncbi.nlm.nih.gov/pubmed/?term=Westermann%20D%5BAuthor%5D&cauthor=true&cauthor_uid=17646587
https://www.ncbi.nlm.nih.gov/pubmed/?term=Steendijk%20P%5BAuthor%5D&cauthor=true&cauthor_uid=17646587
https://www.ncbi.nlm.nih.gov/pubmed/?term=Steendijk%20P%5BAuthor%5D&cauthor=true&cauthor_uid=17646587
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gaub%20R%5BAuthor%5D&cauthor=true&cauthor_uid=17646587
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wilkenshoff%20U%5BAuthor%5D&cauthor=true&cauthor_uid=17646587
https://www.ncbi.nlm.nih.gov/pubmed/?term=Weitmann%20K%5BAuthor%5D&cauthor=true&cauthor_uid=17646587
https://doi.org/10.1186/s12872-016-0288-1

Noori et al.

children: evaluation by conventional and tissue
Doppler  echocardiography.  Journal  of
Pediatric Endocrinology and Metabolism.
2016; 29(12):1389-95.
https://doi.org/10.1515/jpem-2016-0222

30. Di Cori A, Di Bello V, Miccoli R,
Talini E, Palagi C, Delle Donne MG, et al.
Left ventricular function in normotensive
young adults with well-controlled type 1
diabetes mellitus. The American journal of
cardiology. 2007; 99(1):84-90.

3L Suran D, Sinkovic A, Naji F. Tissue
Doppler imaging is a sensitive
echocardiographic ~ technique to  detect
subclinical systolic and diastolic dysfunction
of both ventricles in type 1 diabetes mellitus.
BMC  cardiovascular  disorders.  2016;
16(1):72.

32. Konduracka E, Gackowski A, Rostoff
P, Galicka-Latala D, Frasik W, Piwowarska
W. Diabetes-specific cardiomyopathy in type 1
diabetes mellitus: no evidence for its
occurrence in the era of intensive insulin
therapy. Eur Heart J. 2007; 28:2465-71.

33. Fagan A, Asghar O, Pearce K, Stout
M, Ray SG, Schmitt M, Malik RA. Medalists

Int J Pediatr, VVol.7, N.7, Serial No.67, Jul. 2019

with extreme duration of type 1 diabetes
exhibit only mild diastolic dysfunction and
myocardial fibrosis. Diabetes Care. 2015;
38(1):e5-6.

34. Khattab  AA, Soliman MA.
Biventricular function and glycemic load in
type 1 diabetic children: Doppler tissue-
imaging study. PediatrCardiol. 2015; 36:423—
31.

35. M Abd-El Aziz F, Abdelghaffar S, M
Hussien E, M Fattouh A. Evaluation of cardiac
functions in children and adolescents with type
1 diabetes. Journal of cardiovascular
ultrasound. 2017; 25(1):12-9.

36. Suys BE, Katier N, Rooman RP,
Matthys D, De Beeck LO, Du Caju MV, et al.
Female children and adolescents with type 1
diabetes have more pronounced early
echocardiographic ~ signs  of  diabetic
cardiomyopathy.  Diabetes care. 2004,
27(8):1947-53.

37. Gusso S, Pinto TE, Baldi JC,
Robinson E, Cutfield WS, Hofman PL.
Diastolic function is reduced in adolescents
with type 1 diabetes in response to exercise.
Diabetes Care 2012; 35: 2089-94.

9691


https://doi.org/10.1515/jpem-2016-0222

