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Objectives: This study was done to assess early left ventricular affection in asymptomatic type 1diabetes
by echocardiographic strain and strain rate technique.

Background: Echocardiography is an excellent non-invasive and practica imaging tool for defining
cardiac structure and function and allows ‘real-time’ visuaization of the cardiac cycle. Two dimensiona
speckle tracking imaging alows non-invasive assessment of myocardial strain and has been shown to
identify globa and regional abnormalities in myocardia properties and has the advantage that it alows
the measurement of all principal LV strainsin an angle independent manner.

Methods: 50 subjects with type 1 DM(aged 11.64 + 2.81lyears ) and 20 healthy age-matched persons
served as control subjects. In each patient an echocardiographic study with strain and strain rate imaging
was performed.Analysis of LV deformation data included assessment of systolic strain, systolic and
diastolic strain rate obtained from the apical,mid and basal segments of LV (apical two, apical three and
apical four view ).

Results: The result of the present study have demonstrated the presence of subclinical left ventricular
systolic and diastolic dysfunction in patients with type ldiabetes mellitus, with no diabetic related
complication. Significant subclinical LV dysfunction was present in 30 % diabetic patients about 15
patients of TIDM [9 female and 6 male] (P<0.001)

Conclusion: Despite anormal LV EF and normal LV diastolic measures with 2 D Echocardiography, the
diabetic patients showed impairment of LV longitudinal strain and strainrate. The presence of diabetes was
an independent predictor of impairment of LV longitudina strain and strain rate and that give more
sensitivity to strain and strain rate over conventional Doppler in earlier detection of systolic function.

Copyright © Walaa F. Abdaziz et al, This is an open-access article distributed under the terms of the Creative Commons Attribution

License, which permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

Diabetes Méellitus describes a metabolic disorder of multiple
etiologies characterized by chronic hyperglycemia with
disturbances of carbohydrate, fat and protein metabolism
resulting from defects in insulin secretion, insulin action, or
both. (1). A number of experimental, pathologic, and
epidemiologic studies sup-port the existence of diabetic
Cardiomyopathy (2), the clinical diagnosis of DCM is made
when systolic and diastolic left ventricular dysfunction are
present in diabetic patients without other known cardiac
disease (3). other conditions where new cardiac imaging
technologies have identified subclinical heart disease (4),
myocardial backscatter and strain characteristics in patients
with diabetes mellitus have been shown to be abnormal (5).
Treatment to reverse this disorder is more likely to be effective
at an early (preclinical) stage, defining the mechanism of
diabetic cardiomyopathy may be important to its selective
treatment (6). Cardiovascular autonomic neuropathy (CAN) is
acommon complication of diabetes that confers considerable
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morbidity and mortality (7, 8, 9). In type 1 diabetes mellitus,
cardiovascular mortality is usualy due to coronary artery
discase (CAD), heart failure, or hypertension (10, 11).
Abnormalities of LV function primarily reflect a diastolic
abnormality which is an early sign of diabetic heart muscle
disease preceding systolic damage.(12) suggesting direct
metabolic effects on the heart—metabolic heart disease (13).
Left ventricular twigt, torsion, and strain provide information
on regional and global cardiac tissue deformation (14) Strain
rate (SR) imaging is a new method for detection of segmental
myocardial contraction or stretching.(15)

PATIENTS AND METHODS

The study comprised 70 subjects referred to EI Menoufia
University Hospital for echocardiographic assessment, during
the period of 24 months from October 2012 to October
2014,they were examined in a single centre(Cardiology
Department, Menoufia University, Egypt) using a GE vivid 9
machine, divided into two groups group (1) representing the
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type 1 diabetic patients (50 patients) and group (2) representing
the control group (20 subjects).

Inclusion Criteria

1. Asymptomatic type 1 diabetes mellitus. The diagnosis of
diabetes based on one or more of the following criteria :
hemoglobin A1C = 6.5% or fasting plasma glucose (FPG)
>126 mg/ dL or 2-hour plasma glucose =200 mg/dL
during an oral glucose tolerance test(OGTT) or a random
plasma glucose =200 mg/dL or intake of anti diabetic
drugs. (16,17,18)

2. Sinusrhythm.

3. Normal LV systolic function (LV e€jection fraction

[EF]>60%).

Exclusion criteria

Patients having any of the following criteria will be excluded
from the study.

1. Left ventricular (LV) gjection fraction < 60%. Or any
regional wall motion abnormality.

Arrhythmia.

Valvular or congenital heart diseases.

Pericardial diseases.

Endocrine or other system disease than D.M.

arLDN

Methods
All the studied groups wer e subjected for

1. Full history taking with special emphasison
- Age
Gender
History of typeldiabetes mellitus include duration of
DM, treatment, dose of insulin, family history and
complications of DM.

Clinical examination.

Weight and height will be measured and used to calculate

the body mass index (BMI.)

4. Clinical manifestation of valvular and congenital heart
disease.

5. Resting 12 leads surface electrocardiogram to exclude
arrhythmia.

6. Laboratory assessment of fasting blood glucose was done
by Oxidase test.

7. Quantitative Colorimetric Determination of Glycosylated
hemoglobin in Whole Blood provided by (Stanbio
Glycohemoglobin, Boerne, Texas). In the method
presented, a preparation of hemolyzed whole blood is
mixed with a weakly binding cation-exchange resin. The
non glycosylated hemoglobin (HbA1C) binds to the resin,
leaving (HbA1) free to be removed by means of a resin
separator in the supernate. The percent of HbA1 is
determined by measuring the absorbance values at415 nm
of the HbA1l fraction and of the total Hb fraction.
Calculating the ratio of absorbances (R), and comparing
this ratio to that of glycohemoglobin standard carried
through the same procedure.

wnN

Results are express as HbA1, but can be converted or derived
as HbA1C by using a conversion factor or when using a
HbA1C value for the standard Results may also be reported as
Hemoglobin Alc When compared to the reference Alc method.

(19, 20)
8. Transthoracic echocardiography:
All Study participants underwent standard

echocardiography with Doppler studies, using a GE vivid
9 machine al subjects were examined in
the left lateral Decubitus position according to the
recommendations of the American Society of
Echocardiography. (21)

Assessment of LV Dimensions

- M-mode measurements were obtained from left parasternal
with specia attention was given not to include overlying
trabeculations in the ventricular septum or posterior wall
measurements, which may overestimate thickness.

- Measurements were taken at the end diastole —defined as
the beginning of the QRS complex —but preferably using
the widest LV cavity diameter, and at the end systole -
using the narrowest LV cavity diameter.

- The diastolic measurements obtained were the
interventricular sepal wall thickness, the LV internal
diameter at end diastole and posterior wall thickness. In
systole, the LV systolic diameter was measured.

Systolic function assessment

The measurement of LV gection fraction (%) and LV
fractional shortening (%) were performed to evaluate the
systolic function using M mode tracing. Ejection fraction
(EF%) was calculated as percentage change of LV chamber
volumes between diastole and systole from apical four — and
two — chamber views using modified biplane Simpson's rule.
(22) NB: Ejection fraction = 55 % indicated a normal systolic
function and<55 % is considered systolic dysfunction. (22)

Diastolic Function assessment

Pulsed — wave Doppler echocardiography was used to evaluate
diastolic LV function; Doppler studies were recorded from the
apical 4- chamber view, with a sample volume positioned
within the inflow portion of the LV, midway between the
annular margins of mitral valve. Mitral velocity profiles were
digitized from velocity of the Doppler tracings.

Waves measured by pulsed conventional Doppler

e The peak E (early rapid ventricular filling) wave velocity:
It isan early filling wave occurs in the early diastole as the
pressure in the left ventricle fals below that in the left
atrium (N=50-85 cm / sec).

» The Peak A (late ventricular filling) wave velocity: It is a
late filling wave occurs as the |eft atrial contraction causes
acceleration of the flow from the left atrium to the left
ventricle (N = 35 -5 0 cm/sec). (23)

» E/ A ratio: Theratio between the early filling and the late
filling wave (N = 1-2). (23)

3691 |Page



International Journal of Recent Scientific Research Vol. 6, I ssue, 4, pp.3690-3701, April, 2015

» Deceleration time ( DT) Were made by computer software
by placing the caliper to the peak of the E wave and by
following the deceleration slope of the E wave down to the
intersection with the A wave ( N =160-220 ms ). N.B
Diastolic dysfunctionis considered if DT > 220 msand E /
A ratio < 1.(24)

Two-dimensional speckletracking analysis

All 2D grey-scale echocardiographic images were obtained
using second harmonic imaging. Three LV apical views, apical
four-chamber, two chamber, and apical three views were
acquired at high frame rates (range: 59-82 frame/s; mean 72+6
frame/s), three consecutive cardiac cycles were acquired during
a breath hold and digitally stored in a hard disk for off-line
analysis. In order to measure the timing of cardiac events, LV
inflow and outflow velocities were recorded using pulsed-wave
Doppler echocardiography. Using 2D strain software (GE,
Vivd 9), prope M5S, the endocardial border in the end systolic
frame was manually traced. A region of interest was then
drawn to include the entire myocardium. The software
algorithm automatically segmented the LV into six equidistant
segments and selected suitable speckles in the myocardium for
tracking. The software agorithm then tracked the speckle
patterns on a frame by frame basis using the sum of absolute
difference algorithm. Finally, the software automatically tracks
and accepts segments of good tracking quality and rejects
poorly tracked segments, while allowing the observer to
manually override its decisions based on visual assessments of
tracking quality. The average value of strain at each level
(basal, middle, and apical) and global strain obtained from
averaging the strain values of 18 LV segments was cal cul ated.
The average value of SR at each level (basal, middle, and
apical) and global SR obtained from averaging the SR values
of 18 LV segments was cal culated.(25)

Statistics

Statistical presentation and analysis of the present study was
conducted, using the mean, standard deviation and chi-square
test by SPSSV.20

1. Mean value(‘x) : the sum of all observations divided by
the number of observation:

(-

Where S = sum & n = number of observations.

2. Standard Deviation [SD]:
It measures the degree of scatter of individual
varieties around their mean:

D= [spof?
n-1

3. Standard student "'t test”, test of significance of the
difference between two means:

X- X
t= 2 2
J( $1)  (2)

n n2
The calculated "t" was compared with tabulated one at

different levels of significance at the degree of freedom
(DF):
DF =(D+n,) -2Where:

x = The mean value of group L

X2 = The mean value of group I1.

SD, = the standard deviation of group I.
SD, = the standard deviation of group II.

nl = the number of observations of group L
n2 = the number of observations of group I1.

4. Chi-sgquare the hypothesis that the row and column
variables are independent, without indicating strength or
direction of the relationship. Pearson chi-square and
likelihood-ratio chi-square. Fisher's exact test and Y ates
corrected chi-square are computed for 2x2 tables.

Chi-sguaretest

For comparison between two groups as regards qualitative data.
X2= 5 © -EE)2

Where:
S = Summation.
O = Observed value.

vertical total X Horizontal total
grand total

E = Expected value =

5. Linear Correlation Coefficient [r]

s( XX) (¥ V)
\/{ S( X-X) 2%} {S( y-¥) 2}
Where

X= Independent variable.
Y = Dependent variable

Linear Correlation coefficient was used for detection of
correlation between two quantitative variablesin one group

The correlation was expressed as

P value< 0.05wasconsideredstatistically — mildly
significant.
P value< 0.001wasconsideredstatistically highly
significant.
P value>  0.05wasconsideredstatistically  non
significant.

All these tests were used as tests of significance at (P<0.05).

6. ROC-curve:-Receiver Operating Characteristic curve
analysis

Sensitivity
Probability that the test results will be positive when the

disecase is present (true positive rate, expressed as a
percentage).
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Specificity

Probability that the test results will be negative when the
discase is absent (true negative rate, expressed as a
percentage).

PPV

Positive Predictive value (probability that the disease is present
when the test is positive).

NPV

Negative Predictive value (probability that the disease is
present when the test is negative).

Accuracy

Theratio of the true positive and true negative on all patients.

RESULTS

The study comprised 70 subjects referred to EI Menoufia
University Hospital for echocardiographic assessment,
during the period of 24 months from October 2012 to
October 2014, they were examined in a single centre
(Cardiology Department, Menoufia University, Egypt) using
a GE vivid 9 machine, they were divided into two groups:
group (1) representing the diabetic patients (50patients) and
group (2) representing the control group (20subjects).

Table 1 Age distribution

Age Cases Contral
Range 7-17 8-19
Mean+SD 11.64+2.81 1240+ 3.19
T. test 0.967
P. value 0.329

Table 2 Gender distribution

Sex Cases Control Total
Male N 20 10 30
% 40.0% 50.0% 42.9%
Female N 30 10 40
% 60.0% 50.0% 57.1%
N 50 20 70
Total % 100.0% 100.0%  100.0%
Chi-square X2 0.583
P-value 0.309

Table 3 Comparison between patients and controls as
regard laboratory data.

T-test
p-value

Patients Control
MeantSD MeantSD T
Glycosylated

: 574+0.25 5.66+0.27 1.768 0.188
hemoglobin %
Fasting glucose(mg/dl) 178.16+28.81 99.5+15.64 38.214 <0.001*

Demographic and clinical data

By comparing the two groups using the least significant
difference between groups as regard age, sex, heart rate,
duration of diabetes and body mass index ,there was
statistically no significant difference between the group of

typel diabetes mellitus and the control as showing in table
(1.2)

Laboratory data

Comparing the 2 groups as regard fasting blood glucose
and glycosylated hemoglobin, there was statistically
significant difference between the group of type 1 diabetes
mellitus and the control. It was found that, the group of
typeldiabetes mellitus was significantly higher than the
control (P<0.05)as regard to fasting blood glucose level and
no significance to glycosylated hemoglobin, as showing in
table (3).

Conventional echocardiography

Comparing the 2 groups as regard echocardiographic
parameters (interventricular septal thickness in diastole, left
systolic dimension, left ventricular end diastolic dimension,
left ventricular posterior wall thickness in diastole, ejection
fraction, fractional shortening, Ewave, Awave, E/Aratio),
there was statistically significant difference between the
group of type 1 diabetes mellitus and control as regard E
wave and there was statistically no significant difference
between the group of typel diabetes mellitus and the control
as regard interventricular septal thickness in diastole, left
ventricular end systolic dimension, left ventricular end
diastolic dimension, left ventricular posterior wall thickness
in diastole, gection fraction, fractional shortening , A wave,
E/A ratio as showing in table (4)

Analysis of LV Deformation Data
Systolic strain

Comparing both groups as regard segmental systolic strain
in the basal, mid, and apical segments of the anterior wall,
inferior wall lateral wall, septal wall, posterior wall and
antero septal wall, it was found that, there is a statistically
highly significant difference between the group of type
1diabetes mellitus and the control with impairment of the
longitudinal systolic strain at the level of global strain and
basal septal, mid lateral, mid inferior, apical inferior, apical
anterior and mid anterior myocardial segments in the
diabetic group in comparison with the control as showing in
tab(5 A,B).

Systolic Strain Rate

Comparing both groups as regard as regard segmental
systolic strain rate in the basal ,mid, and apical segments of
the anterior wall, inferior wall, lateral wall, septal wall,
posterior wall and antero septal wall ,it was found that, there
is a statistically highly significant difference between the
group of typel diabetes mellitus and the control with
impairment of the longitudinal systolic strain rate at the
level of basal septal, apical septal, basal lateral, apical
anterior and mid anterior segments in the diabetic group in
comparison with the control as showing in table( 6A,B)
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Table 4 Comparison between groups as regard conventional Echocardiography data showing the diabetic group was significantly higher
than control group asregard E (cm/s).

ltems Range Mean + S.D t.test p.value
LVEDD(™) o Geo 470 42 : oxp 142 014
LVESD(M™) oS 20 20 20+ os L 0
LVSWT(mm) GRS s 00 o718 : oo 00 100
LVPWTIm) G s 00 0720 : oo LB 0200
LVER% ool e300 - 7700 7025 : o4 0050 0809
P9 Comdl 000 - 40 20+ amm 340 0089
ECM9 ol 620 B0 740 . o 123% 000K
AGTS ool 33 S0 420 + o 2401 01
ElArio G Tea 206 1777+ ouy Y®0 024

EF: gection fraction, FS: fractional shortening, VSD: interventricular septum in diastole, LVPWD:left ventricular posterior wall thickness in
diastole, LVEDD: left ventricular end diastolic dimension, LVESD:|eft ventricular end systolic dimension, E: early mitral inflow velocity; A: atrial
mitral inflow velocity; ( P value>0.05 insignificant, P<0.05significant,

P<0.01highly significant.)

Table 5A Comparison between both groups as regard systolic strain of the selected segments in both groups shows Significant reductionsin
systolic strain at the level of basal septum, mid septal, apical septal, apical lateral, mid lateral ,Basal |ateral, basal posterior, mid posterior,
apical posterior and apical anteroseptal segmentsin the diabetic group in comparison with the control.

Systalic strain Range Mean + S.D t.test p. value
Badspd oo aam - e 2tee < g 4L 0008
vidspd G i6or - s opm  + s ML 01
micdspd GRS 0 mes @ i s 0% 0505
aicdlaed GRS 5 - aie 236+ 5o 070 045
vidiasd oSl - % 260 1 4 499 000
bl laed GRS GG - mas e+ am 146 02
P Comd 18 - m e . gg 0 022
vidposeior BT 05 1m0 1o+ sor 008 088l
podsior  Comol D) - 21z ozl am 001 091
miespid  Comol 880 :a  men g 0% 02

Table 5B Comparison between both groups as regard systolic strain of the selected segmentsin both groups shows significant reductions
in systolic strain at the level of mid antero septal, basal antero septal, basal inferior, mid inferior, apical inferior, apical anterior, mid
anterior, basal anterior segments and global LV in the diabetic group in comparison with the control.

Systalic strain Range Mean + S.D t. test p. value
Midameospiad oS 3a - 95 208 s+ e L7 0192
Badlaveospd G 02 | oaar 1o - g 0™ 078
Baalinfeior NS 5 - mai % . sg 0T 061
Mid inferior C%ﬁl fO%fZ : g?& gigg ZJ: 2;2 10.248 0.002*
ppcdinfeior GRS Gde L ater s 1 a4  SB 00
apcaveior GRS D ma e 4 691 oow
vidameior GRS g - e 2+ sa 389 005
Balaeior G lass - 5 a7 . ge 088 03
Globa LV Comiol 180 - w02 aaes  + 4 1907 000U
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Table6A,B Comparison between both groups as regard global strain rate of the selected segments shows significant
reductionsin global strain rate at the level of basal septal, apical septal ,basal lateral ,apical anterior and mid anterior
myocardial segmentsin the diabetic group in comparison with the control.

Peak systolic strain

rate Range Mean + S.D t.test p.value
Bt Std St 0o 204 181+ o W7 000r
MidSpE G Jog 221 e+ om 307 0085
Avicd S G 07 201 1ss 1 os 67 008
Apica laed GRS oy 200 1ea i ox 019 072
vidiaed o oo s8I 1 o 008 092
Bt lated o )T 514 e+ o 38 005
Basal poseior (U s 673 206 1+ 1a 299 008
Midposerior | SIS 037 200 121 : oap 272 o
podsior ol 064 5% 1e + oes 00 092
rteocepiel_Conol 077 3 im + o 071 0%
Table6B
Peak systolic strain rate Range Mean + S.D t.test p.value
Midateospra GRS 0 - 1es  1m  : o4 037 06%
Badawosptd  GS 0 - a; 1s - o4 08 03
Badinfeior  CS 0T 1 21 ies : o 2B 00
Mid inferior e o - 22 e : 0% 14% 0225
Apical inferior S o - a1 : 0% 333 oom
acdatsion  CUE UG D G0 te  + o 546 oo
Midameior  GSS 0ge - ses  1er +  osp 'S4 000¥
Badaveior  Gul ges - si6 1 s+ o 082 0%
GObA LV Gowe 12— o im s+  om 1982 ooor

Table 7 A,B Comparison between both groups asregard early diastolic strain rate of the selected segments shows
significant reductionsin global strain rate at the level of basal septal, septal ,basal lateral ,apical anterior and mid anterior
myocardial segments in the diabetic group in comparison with the control.

Early diastolic Strain rate Range Mean + S.D t. test p. value
BalSed G ger - 208 1 . oy WL 000
MidSpel  GoS os - son  1sm i+ o 00 0085
Avcd Spal G g - ses  1m + om 36T 000
aicdlaed 88 07 D e 1k + 0w 0™ om
vidlaed oS 0g - 1 12+ o 008 092
Basllaed GRS 0pe - 2e1  1m  +  oes 381 00
Balposeior GO oa  eso  ea 1 1a 299 008
Vidposeior GBS 0l - 1ea  1oa  : o4 272 oo
poicAposeion  CS 08 D Jm 1w+ o@ 00 0%
miespid  Comol 06 - 28 1ss  +  oe O 03
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Figure 1A Showing the correlation between the value of HbA1C and the

Table 7B
Strain rate Range Mean + S.D t. test p. value

Mid anteroseptal Cases 0.08 - 2.09 122 + 0.45 0.157 0.693
Control 0.35 - 1.95 127 + 0.46

Basal anteroseptal  Cases 0.01 - 249 131 + 0.49 0.874 0.353
Control 0.82 - 212 143 + 0.42

Basal inferior Cases 0.57 - 2.09 1.28 + 0.42 1.773 0.187
Control 0.89 - 1.89 142 + 0.29

Mid inferior Cases 0.24 - 291 1.40 + 0.41 1.499 0.225
Control 111 - 212 152 + 0.24

Apical inferior Cases 0.09 - 2.38 157 + 0.44 3.363 0.071
Control 0.90 - 251 1.79 + 0.47

Apical anterior Cases 0.09 - 251 1.63 + 0.46 4.209 0.044*
Control 0.21 - 2.55 153 + 0.49

Mid anterior Cases 0.92 - 2.99 1.80 + 0.53 7.541 0.008*
Control 0.15 - 2.33 119 + 0.52

Basal anterior Cases 0.81 - 2.60 1.56 + 0.50 0.842 0.362
Control 0.19 - 2.20 1.38 + 0.48

Globa LV Cases 0.86 - 3.09 1.49 + 0.49 15.822 0.001*
Control 0.19 - 3.09 141 + 0.48
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Glopal Strain rate
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study found that there is no significant negative correlation
between the value of HbA1C and the global systolic strain (r
value=-0.187 ,p value=0.194) as shows in table (3). Similarly
Correlation between the value of HbA1C and the globa
systolic strain rate, the study found that there is no significant
negative correlation between the value of HbA1C and the
global systolic strain rate (r value=-0.106, p value=
0.462)fig(1)

Regarding the heart rate

Correlation between the heart rate, the global systolic strain
and global strain rate in both groups of typel diabetes mellitus
and control, the study found that there is no significant
negative correlation between the heart rate and the globa
systolic strain and strain rate.fig(2)

HbA1lc
Figure 1B Showing the correlation between the value of HbA1C and the
global systolic strain in the group of type 1 diabetes mellitus
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Figure 2B Showing the correlation between the value of HR and
the global strain ratein the group of type 1 diabetes mellitus

a0

30 o

Global Strain

Figure 2A

o

60 70 80 50 1
HR

Showing the correlation between the value of HR and the

Global Strain

o

BE° o
o 5 58 a
“a =g

10 o

Ex

global strain in the group of type 1 diabetes mellitus
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Regarding HbA1C

Correlation between the value of HbA1C and the global

systolic strain

in the group of typel diabetes mellitus, the

Figure 3 A Showing the correlation between the value of BMI
and the studied parameters in the group of type 1 diabetes
mellitus.

Regarding BMI

Correlation between the value of BMI , the global systolic

strain and systolic strain rate in the group of type 1diabetes
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mellitus, the study found that there is no significant negative
correlation between the value of BMI , the global systolic strain
and strain rate as show in fig(3)

3.0

2.5 o

2.0

o o
o
o oo
o o
15 5
=88
] o f
o
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Global Strain rate
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RMI

Figure 3B Showing the correlation between the value of BMI
and the studied parameters in the group of type 1 diabetes
mellitus.
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Figure4 AFthowi ng the correlation between the value of FBG and
the global strain in the group of type 1 diabetes mellitus.
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Figure 4 B Showing the correlation between the value of FBG and
the global strain rate in the group of type 1 diabetes mellitus
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Figure5A Showing the correlation between the value of duration of

DM and the global strain in the group of type 1 diabetes mellitus
Regarding FBG
Correlation between the value of FBG and the global systolic

strain in the group of typel diabetes mellitus, the study found
that there is highly significant negative correlation between the

value of FBG and global systolic strain and global strain rate as
show in fig(4)
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Figure 5B Showing the correlation between the value of duration

of DM and the global strain rate in the group of type 1 diabetes
mellitus

DISCUSSION

By the year 2030,there will be 8.6 million adults with diabetes
in Egypt ,making it the country with the tenth largest
population of diabetics in the world[26].

Strain rate(SR) imaging is a new method for detection of
segmental myocardial contraction or stretching.(15) T1DM
considered a disease of childhood and adolescentwith two
peaks of onset, one between ages 5 and 9 years and a
secondbetween ages 10 and 14 yearg[27]. Rising hemoglobin
Alc levels and increased insulin resistance have also been
observed prior to TIDM onset(29,30)

Stage 1: Genetic predisposition

Stage 2: Triggering of autoimmunity.

Stage 3:Development of autoantibodies and autoreactive T-
cell clones.

Stage 4:Loss of B-cell function as manifested by abnormal
responses in theintravenous glucose tolerance test progressing
to abnormal glucose tolerance.

Stage 5: Overt diabetes (31)

Criteria for the diagnosis of diabetes according to the last
report from international Expert Committee on Diagnosis and
classification of diabetes mellitus on 2009 &confirmed by
American Association on 2011:

1) Glycated hemoglobin (A1C) 26.5 % or

2) Fasting Plasma Glucose (FPG) =126 mg /dI (7.0
mmol/l). or

3) 2-hplasmaglucose =200 mg/dl (11.1 mmol/l) or

4) Inapatient with classic symptoms of hyperglycemia or
hyperglycemic crisis ,a random plasma glucose=200
mg/dl (11.1 mmol/l) (32)

The ability to predict the development of T1IDM has been
improved markedly with the combined use of genetic, idet
autoantibody and metabolic testing (33) American Diabetes
Association Guidelines for the target glucose and HbA1C level

by age:

1) Preschooler 0-6years: target blood glucose before meals
(100-180) and at bed time (110-200), HbA1C (7.5-8.5).
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2) School age 6-12years ;( 90-180) before meals and (100-
180) at bedtime and HbA1C less than 8.

3) Adolescents and young adults 13-19year;(90-130)before
meals and (90-150)at bedtime and HbA1C less than 7.5
(34)

Complications of poorly managed type 1 diabetes mellitus may

include cardiovascular disease, diabetic neuropathy, and

diabetic retinopathy, among others. However, cardiovascular

disease (35) as well as neuropathy (36)

Diabetic cardiomyopathy was first advocated by Rubler et al.
at 1972 based on postmortem finding of heart failure in
diabetic patients without hypertension, coronary artery disease,
valvular heart disease or other cardiovascular risk factors (37)

Four main causes are responsible for the development of heart
failurein DCM:
1) microangiopathy and related  endothelial

dysfunction.

2) autonomic neuropathy.

3) metabolic alterations that include abnormal
glucose use and increased fatty acid oxidation.

4) generation and accumulation of free radicals, and
aterations in ion homeostasis, especially calcium
transients. (38,39,40)

Strain is dimensionless parameter representing deformation of
an object, relative to its original shape.

Strain is expressed as the percent (fractional) change from the
original dimension S= L-L0/ LO

Strain Rate

Strain rate (SR) measures the time course of deformation,
SR is the local rate of deformation or strain per unit time.
Strain rate (SR) is a primary parameter of deformation
derived from tissue Doppler, Indeed, SR seems to be a
correlate of rate of change in pressure (dP/dt), a parameter that
is used to reflect contractility, whereas strain is an analog of
regional gection fraction (41)

The present study was aiming to identify the use of
the strain and strain rate speckle tracking as a new
technique for early evaluation of the systolic and diastolic
functionin patient with type 1 diabetes mellitus.

The present study included 50 patients with type 1
diabetes mellitus an 20 subjects served as a control.
Examination of the left ventricular systolic and diastolic
function in the two studied groups has been based on
parameters obtained from Trans -  Thoracic
Echocardiography.

In the present study by using demographic data and
by doing comparison to detect the significant difference
between the studied groups as regard age ,sex, body
mass index, heart rate and duration of T1IDM was
statically no significant difference between the group of
type 1diabetes mellitus and the control.

Conventional 2D  Ttrans-thoracic  echocardiography
parameters shows no significant difference in any

echocardiographic parameters between both groups, as
regard interventricular septal thickness in diastole, left
ventricular end systolic dimension, left ventricular end
diastolic dimension, left ventricular posterior wall
thickness in diastole , ¢ection fraction, fractional
shortening, E wave, A wave, E/A ratio and but there is
highly significant difference between the two groups as
regard E wave was significantly higher in the diabetic
group which is agree with Kapukn et al., 1993 and
W.Kosmalaet al (42) showed non-significant difference
in LV geometry between diabetics and controls. Kadda et
al.,2005 (43) and Kamile et al.,2009(44) who showed
that interventricular septum & posterior wall thickness
inend diastole were significantly higher in children &
adolescent with Type ldiabetes than in controls. Also
Suys et al., 2004(45) reported that left ventricularwall
dimensions were higher in diabetic population and
reached statisticalsignificance for the left ventricular
posterior wall. Devereux et al.,2000(46)reported that
mean LV interventricular septaland posterior wall
thickness were greater in diabetic patients compared
tocontrols with no differencein LV chamber size.

In the present study we have not found any significant
correlations between the duration of diabetes and the
severity of LV dysfunction, which is agree with
W.Kosmala et al (42) and in contrast to the findings of
Karamitos et al.(47) Eun &Ye0,2010(48) did not show
significant positive correlation between duration of DM
and echocardiographic parameters of LV systolic and
diastolic function also Suys et al., 2004(45) and Ismail et
al., agree with this. In contrary to our study , El-Shahed et
al.,2008(49) found negative correlation between duration
of DM and regional LV diastolic function .

In the present study we have not found any significant
correlations between the HbAlc and the severity of LV
dysfunction, which is agree with W.Kosmala et al(42)
&Lo et al., (50)Ismail et al., (51),.Suys et al,. (45), El-
Shahed et al, (49), Kamile et al,.2009(44) and Hiromi
Nakai et al., 2009 and in contrast to the findings of
Vinereanu et al. and Fang ZY A et al(6)

No significant correlations were demonstrated in both
groups between LV strain and strain rate parameters and
indices of diabetic control (HbAlc) as well as duration of
diabetesasin W.Kosmala et al.(42)

In the present study by doing comparison between groups
as regard fasting blood glucose there was statistically
highly significant difference between the group of type
1 diabetes mellitus and the control as regard to fasting
blood glucose.

Prevalence is seen particularly in heart failure patients with
normal LVEF. However, LVEF is a relatively insenstive
measure of LV systolic function compared to strain and strain
rate imaging, especialy in the context of subclinical LV
systolic dysfunction. (53) Asthe LV myocardial architectureis
a complex array of longitudinally and circumferentially
orientated fibers located predominately in the
epicedium / endocardium and mid-wall respectively, (54)
multidirectional analyses of longitudinal, circumferential and
radial function allow understanding of regional LV myocardial
functional changesin subclinical diabetic heart disease.
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- Strain  and Strain

rate parameters were measured by
speckle tracking analysis through an off line technique
application of strain and strain rate parameters in the
programmed machine which produced LV systolic strain
Jpeak systolic strain rate and early diastolic strain rate were
measured and compared between the two groups.

- LV global systolic strain was impaired in the diabetic

group compared with the control group. comparing both
groups as regard global and segmental systolic strain
measured by speckle tracking parameters, it was found
that, there is a statistically highly significant difference
between the group of type 1 diabetes melitus
and the control with impairment of thelongitudina
LV systolic strain at the level of the global and basa
septal, mid lateral, mid inferior, apica inferior, apical
anterior and mid anterior myocardial segments in the
diabetic group in comparison with the control. And this

agree with Arnold et al, (52)

Longitudinal peak systolic strain rate was impaired at the
level of the global and myocardial segments at the level of
basal septal, apical septal ,basal lateral ,apical anterior and
mid anterior myocardia segments the diabetic group in
comparison with the control. And this agree with Arnold et

2 52

- Early diastolic strain rate was impaired at the level of the

global and myocardial segments at the level of basal
septal, apical septal ,basal lateral ,apical anterior and mid
anterior  myocardial segments the diabetic group in
comparison with the control. And this agree with Arnold et
al, (52)

- The result of the present study have demonstrated the

presence of subclinical myocardia systolic and diastolic
dysfunction in patient with type 1 diabetes mellitus ,with no
diabetic related complication, and were asymptomatic.
Despite anormal LVEF and LV diastolic measures with 2
D Echocardiography. The diabetic patients showed
impairment of LV longitudinal strain and strain rate. The
presence of diabetes mellitus was an independent predictor
for impairment of LV longitudina strain and strain
rate.This agree with the study of Arnold et al, (52) that
demonstrated Findings from Left Ventricular Strain and
Strain Rate Imaging in Asymptomatic Patient with Diabetes
Méllitus. Where male patients (age 57+6 years) with
asymptomatic type 1 diabetes mellitus were compared to
those from 53 male controls. No differences were found in
the LV end- diastolic volume index, end-systolic volume
index, gjection fraction and fractional shorting |mportantly,
the diabetic patients have impaired LV peak systolic strain
and peak early diastolic strain rate.
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