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A B S T R A C T

Introduction: Early onset of cardiomyopathy represented by myocardial volumetric and deformation proper-
ties is a major concern for patients with type 1 diabetes mellitus (T1DM). Three-dimensional (3D) speckle-
tracking echocardiography (3DSTE) is a novel methodology with capability of 3D assessment of the right
atrium (RA) via virtual models. The present study was designed for detailed comparative analysis of T1DM-
associated RA volumetric and functional abnormalities to those of matched healthy controls to be examined
by 3DSTE.
Methods: The present study comprised of 17 patients with typical features of T1DM (mean age:
36.4 ± 13.0 years, 59% males). Their results were compared to those of 31 age- and gender-matched healthy
controls (mean age: 35.0 ± 2.9 years, 61% males).
Results: 3DSTE-derived RA volumes respecting the cardiac cycle and RA stroke volumes and emptying fractions
did not show differences between young T1DM patients and matched controls. From peak RA strains represent-
ing RA reservoir function, mean segmental RA 3D strain proved to be significantly increased. Some regional
basal/midatrial end-systolic peak RA strains were found to be significantly increased as well in T1DM patients
as compared to controls. T1DM duration and HbA1c correlated with certain RA strains and RA volume-based
functional properties.
Conclusions: In young patients with T1DM, preserved RA volumes respecting the cardiac cycle are accompanied
with increase in certain regional end-systolic peak RA strains, which seems to be associated with T1DM dura-
tion and HbA1c.

1. Introduction

Early onset of cardiomyopathy represented by myocardial volumet-
ric and deformation properties is a major concern for patients with type
1 diabetes mellitus (T1DM). Abnormalities in myocardial mechanics
could be demonstrated featuring heart chambers in young patients with
T1DM [1–7]. The right atrium (RA), however, was poorly examined
due to its limited availability for routine echocardiographic techniques
[8,9]. Three-dimensional speckle-tracking echocardiography (3DSTE)
is a novel methodology with capability of 3D assessment of RA via vir-
tual models [10–14]. In recent 3DSTE studies, disease-specific alter-
ations were found in RA features [15]. Therefore, the present study was

designed for detailed comparative analysis of T1DM-associated RA vol-
umetric and functional abnormalities to those of matched healthy con-
trols to be examined by 3DSTE.

2. Materials and methods

2.1. Study population

The present study comprised of 17 patients with typical features of
T1DM (mean age: 36.4 ± 13.0 years, 59% males, duration of T1DM:
16.9 ± 11.9 years, HbA1c: 34.9 ± 1.1%). All patients were treated
with subcutaneous insulin pump with a daily insulin dose of
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38.9 ± 7.8 IU. Definition of T1DM was based on the American Dia-
betes Association [16] and World Health Organization criteria [17].
None of them had any clinical signs of ischaemic heart disease or had
angina pectoris. Their results were compared to those of 31 age- and
gender-matched healthy controls (mean age: 35.0 ± 2.9 years, 61%
males). A subjects was considered to be healthy in the absence of any
disorder, disease or other pathological states, who did not have any risk
factors or receive any drugs regularly and in case of whom echocardio-
graphic and electrocardiographic findings proved to be normal. All pa-
tients and healthy controls were in sinus rhythm and underwent com-
pete 2-dimensional Doppler echocardiography and 3DSTE. The pre-
sented results are from the MAGYAR-Path Study (Motion Analysis of
the heart and Great vessels bY three-dimensionAl speckle-tRacking
echocardiography in Pathological cases), which was organized at the
Cardiovascular Research Unit of the Department of Medicine, Univer-
sity of Szeged, Hungary (’magyar’ means ’Hungarian’ in Hungarian
language). This study complied with the Declaration of Helsinki and its
updated forms, all subjects gave informed consent and the study was
approved by the institution’s human research committee (project num-
ber: 71/2011 and updated versions).

2.2. Two-dimensional echocardiography

Routine 2DE was performed in all patients and controls by a Toshiba
ArtidaTM echocardiographic tool (Toshiba Medical Systems, Tokyo,
Japan) to be attached to a PST-30SBP (1–5 MHz) phased-array trans-
ducer. Complete echocardiographic assessment included measurement
of left atrial and left ventricular dimensions, volumes and ejection frac-
tion, basal, midventricular and long-axis RV diameter, tricuspid annu-

lar plane systolic excursion (TAPSE), right ventricular fractional area
change (RV-FAC) and pulsed Doppler evaluation of parameters featur-
ing LV diastolic function (transmitral E and A waves, and their ratio).
Colour Doppler echocardiography helped qualitative assessment of
valvular regurgitations and continuous Doppler was used to exclude
valvular stenosis by measuring valvular gradients [18].

2.3. Three-dimensional speckle-tracking echocardiography

3DSTE was performed according to the protocol of the MAGYAR-
Path Study described earlier in previous papers using the same Toshiba
ArtidaTM echocardiographic tool (Toshiba Medical Systems, Tokyo,
Japan) attached to a 1–4 MHz matrix phased-array PST-25SX trans-
ducer [15]. Firstly, 3D echocardiographic datasets were acquired fol-
lowing optimizations from an apical window within a single-breath-
hold. Digitally 6 subvolumes were collected, which were later merged
into a single 3D pyramid-shaped full volume dataset. RA measurements
were performed on RA-focused volumes. For analysis, a special so
called 3D Wall Motion Tracking software version 2.7 (Toshiba Medical
Systems, Tokyo, Japan) was used. For RA quantifications, datasets were
displayed in apical two- (AP2CH) and four-chamber (AP4CH) views
and 3 short-axis views at different RA levels selected by the examiner at
basal, midatrial and superior RA levels. Reference points were put on
the RA endocardium in AP2CH and AP4CH views around the RA from
the lateral to the septal edges of the tricuspid annular ring at end-
diastole, then automatic reconstruction was started, the complete endo-
cardial RA surface was determined and complete 3D cast of the RA was
created (Fig. 1). Respecting the cardiac cycle, the following RA volumes
were determined [15,18]:

Fig. 1. Images from a three-dimensional (3D) echocardiographic full-volume dataset demonstrating the right atrium (RA) are seen with apical four-chamber view
(A), apical two-chamber view (B), short-axis views at basal (C3), midatrial (C5) and superior (C7) RA level. Virtual 3D cast of the RA (red D), calculated RA vol-
umes (red E) and RA volume changes over time (dashed line, red F) are also presented together with peak (yellow arrow, coloured lines) segmental RA strains
and RA strains at atrial contraction (yellow dashed arrow, coloured lines). Abbreviations. LA = left atrium, LV = left ventricle, RA = right atrium,
RV = right ventricle, Vmax = end-systolic maximum RA volume, Vmin = end-diastolic minimum RA volume, VpreA = preatrial contraction RA volume.
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- Maximum RA volume was measured at end-systole, just before
tricuspid valve opening (Vmax)

- RA volume before atrial contraction was determined at early-
diastole at the time of P wave on the ECG (VpreA)

- Minimum RA volume was calculated at end-diastole, just before
mitral valve closure (Vmin).

For featuring different phases of the RA function, the following RA
stroke volumes (SV) and RA emptying fractions (EF) were calculated us-
ing Vmax, VpreA and Vmin:

Reservoir function (systolic):

- Total Atrial Stroke Volume (TASV): Vmax − Vmin.
- Total Atrial Emptying Fraction (TAEF): TASV/Vmax × 100.

Conduit function (early diastolic):

- Passive Atrial Stroke Volume (PASV): Vmax–VpreA
- Passive Atrial Emptying Fraction (PAEF): PASV/Vmax × 100.

Active contraction/booster pump function (late diastolic):

- Active Atrial Stroke Volume (AASV): Vpre A − Vmin.
- Active Atrial Emptying Fraction (AAEF): AASV/VpreA × 100.

Using the same datasets, RA strains, quantitative features of RA con-
tractility could also be calculated respecting the cardiac cycle [15,19,
20]:

- Curves proved to have twin peaks: the first characterizes systolic
reservoir function (called as peak RA strain), while the second
characterizes late diastolic active contraction (booster pump)
function (RA strain at atrial contraction),

- According to the complex contractile movement of each
segment, the following unidirectional/unidimensional strains
were calculated: radial strain (RS) featuring thickening and
thinning of the RA segment), longitudinal strain (LS)
(lengthening and shortening of the RA segment) and
circumferential strain (CS) (widening and narrowing of the RA
segment). Area strain (AS) and 3D strain (3DS) strains are
combinations of LS-CS and LS-CS-RS, respectively.

- Global (characterizing the whole RA) and mean segmental (mean
of the 16 segments) RA strains were calculated. Regional RA strains
(superior, midatrial and basal) were also calculated from
segmental RA strains.

2.4. Statistical analysis

Continuous variables are presented as mean ± standard deviation,
while categorical variables are presented as number and percentages.
P < 0.05 was considered to be significantly different. Student t test,
Fisher’s exact test and chi-squired test were used, when appropriate.
Numerical correlations were established by a Pearson correlation. Sta-
tistical calculations were performed using MedCalc software (MedCalc,
Mariakerke, Belgium).

3. Results

3.1. Demographic parameters

Demographic data of T1DM patients and matched controls are pre-
sented in Table 1. The mean heart rate of subjects was in normal range
(74 ± 6 bpm). Fasting plasma glucose and creatinine levels did not dif-
fer between the groups, while HbA1c proved to be significantly in-
creased in T1DM patients (8.0 ± 1.5% vs. 5.1 ± 0.9%, p < 0.05).

Table 1
Demographic and clinical data and three-dimensional speckle-tracking
echocardiographic parameters of patients with type 1 diabetes mellitus and
controls.

Controls
(n = 31)

T1DM patients
(n = 17)

p-value

Risk factors
Age (years) 35.0 ± 2.9 36.4 ± 13.0 0.59
Male gender (%) 19 (61) 10 (59) 1.00
Hypertension (%) 0 (0) 7 (41) <0.01
Hypercholesterolemia (%) 0 (0) 6 (35) <0.01
Diabetes mellitus (%) 0 (0) 17 (1 0 0) <0.01
Smoking (%) 0 (0) 5 (29) <0.01
Body mass index (kg/m2) 25.1 ± 3.1 23.4 ± 2.8 0.79
Two-dimensional echocardiography
LA diameter (mm) 35.6 ± 4.4 33.6 ± 7.0 0.04
LV end-diastolic diameter (mm) 48.1 ± 4.0 46.8 ± 5.4 0.40
LV end-diastolic volume (ml) 110.0 ± 23.2 103.4 ± 28.3 0.37
LV end-systolic diameter (mm) 31.8 ± 3.2 30.1 ± 3.7 0.13
LV end-systolic volume (ml) 39.9 ± 11.5 36.1 ± 10.9 0.21
Interventricular septum (mm) 9.3 ± 1.4 9.0 ± 1.8 0.63
LV posterior wall (mm) 9.7 ± 1.9 9.0 ± 0.9 0.09
LV ejection fraction (%) 64.3 ± 4.0 64.8 ± 6.6 0.82
E/A 1.31 ± 0.07 1.48 ± 0.44 0.88
basal RV diameter (mm) 35.6 ± 4.3 36.4 ± 3.9 0.89
midventricular RV diameter

(mm)
31.0 ± 2.2 32.6 ± 2.0 0.91

long-axis RV diameter (mm) 77.0 ± 6.3 79.3 ± 7.1 0.89
TAPSE (mm) 24.8 ± 2.1 24.5 ± 3.1 0.91
RV-FAC (%) 46.1 ± 4.2 45.2 ± 7.3 0.88

Abbreviations: E/A = ratio of transmitral early (E) and late (A) flow veloci-
ties, LA = left atrium, LV = left ventricle, RV-FAC = right ventricular frac-
tional area change, TAPSE = tricuspid annular plane systolic excursion,
T1DM = type 1 diabetes mellitus

3.2. Two-dimensional echocardiographic data

Routine two-dimensional Doppler echocardiographic parameters,
RV-FAC and TAPSE are presented in Table 1 with no significant differ-
ences between the groups examined. None of T1DM patients and
matched healthy controls showed ≥ grade 1 valvular regurgitations or
had significant valvular stenosis.

3.3. 3DSTE-derived RA volumes and volume-based functional properties

3DSTE-derived RA volumes respecting the cardiac cycle and RA
stroke volumes and emptying fractions did not show differences be-
tween young T1DM patients and matched controls (Table 2).

3.4. 3DSTE-derived RA strains

From peak RA strains representing RA reservoir function, mean seg-
mental RA-3DS proved to be significantly increased. None of the other
global and mean segmental peak RA strains differed between the
groups examined (Table 3). Some regional basal/midatrial peak RA
strains detailed in Table 4 were found to be significantly increased as
well in T1DM patients as compared to controls. No differences could be
detected in any global, mean segmental and regional RA strains at atrial
contraction between T1DM patients and matched controls (Tables 5
and 6).

3.5. Correlations

Duration of T1DM correlated with peak global and mean segmental
CS (r = -0.55, p = 0.04 and r = -0.60, p = 0.02, respectively) and re-
gional peak basal and midatrial CS (r = -0.62, p = 0.01 and r = -0.59,
p = 0.02, respectively) and regional basal CS at atrial contraction
(r = -0.54, p = 0.04). HbA1c correlated with LA diameter (r = 0.62,
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Table 2
Comparison of three-dimensional speckle-tracking echocardiography-derived
volumetric right atrial parameters between patients with type 1 diabetes mel-
litus and controls.

Controls(n = 31) T1DM patients(n = 17)

Calculated Volumes
Vmax (ml) 46.1 ± 14.7 40.8 ± 13.7
VpreA (ml) 33.8 ± 10.7 32.9 ± 13.5
Vmin (ml) 26.6 ± 10.4 29.9 ± 11.7
Stroke Volumes
TASV (ml) 19.6 ± 8.7 19.2 ± 8.5
PASV (ml) 12.3 ± 8.2 10.9 ± 4.8
AASV (ml) 7.3 ± 3.7 8.3 ± 4.7
Emptying fractions
TAEF (%) 42.7 ± 13.5 46.8 ± 12.5
PAEF (%) 26.2 ± 11.9 27.2 ± 8.7
AAEF (%) 22.8 ± 11.8 27.6 ± 10.3

Abbreviations: Vmax = maximum left atrial volume, Vmin=minimum left
atrial volume, VpreA = left atrial volume before atrial contraction, TASV = to-
tal atrial stroke volume, TAEF = total atrial emptying fraction, AASV = ac-
tive atrial stroke volume, AAEF = active atrial emptying fraction,
PASV = passive atrial stroke volume, PAEF = passive atrial emptying frac-
tion, T1DM = type 1 diabetes mellitus

Table 3
Comparison of three-dimensional speckle-tracking echocardiography-derived
peak global and mean segmental right atrial strains between patients with
type 1 diabetes mellitus and controls.

Controls(n = 31) T1DM patients(n = 17)

Global strains
Radial (%) −12.3 ± 7.0 −13.7 ± 5.5
Circumferential (%) 18.1 ± 14.8 21.4 ± 12.7
Longitudinal (%) 35.2 ± 16.8 39.7 ± 12.8
3D (%) −4.0 ± 3.7 −6.1 ± 5.0
Area (%) 58.5 ± 43.4 65.7 ± 30.4
Mean segmental strains
Radial (%) −17.1 ± 6.4 −18.5 ± 4.0
Circumferential (%) 23.9 ± 14.7 26.7 ± 11.8
Longitudinal (%) 39.6 ± 15.8 42.2 ± 12.5
3D (%) −9.5 ± 4.3 −11.7 ± 4.2*
Area (%) 66.6 ± 42.7 72.2 ± 29.2

* p < 0.05 vs Controls
Abbreviations: 3D = three-dimensional, T1DM = type 1 diabetes mellitus

p = 0.01), TASV (r = -0.61, p = 0.02), TAEF (r = -0.59, p = 0.02),
PASV (r = -0.59, p = 0.02), PAEF (r = -0.54, p = 0.04), AASV (r = -
0.53, p = 0.04), AAEF (r = 0.53, p = 0.04), peak global and mean
segmental LS (r = -0.59, p = 0.02 and −0.59, p = 0.02, respectively),
peak global and mean segmental AS (r = -0.54, p = 0.04 and r = -
0.57, p = 0.03, respectively) and peak regional midatrial AS (r = -
0.61, p = 0.02). Daily dose of insulin did not show correlation with any
echocardiographic parameter.

4. Discussion

Several conflicting results are available in T1DM patients in early
phases of disease process. For instance, LV mass, volumes, and global
function represented by LV ejection fraction (EF) and CS/LS/RS were
found to be similar in patients with T1DM and in controls. T1DM sub-
jects with normal structure, LVEF, and strain, have increased extracel-
lular volume and increased systolic torsion [1]. In contrast, young
adults with T1DM without known heart disease were demonstrated to
have subclinical myocardial dysfunction represented by reduced LV en-
docardial and epicardial LS and increased mechanical dispersion as-
sessed by multi-layered 2DSTE [2]. Moreover, LV systolic and diastolic
discoordination could also be demonstrated providing early evidence of

Table 4
Comparison of three-dimensional speckle-tracking echocardiography-derived
peak regional right atrial strains between patients with type 1 diabetes melli-
tus and controls.

Controls(n = 31) T1DM patients(n = 17)

RS basal (%) −14.8 ± 7.3 −19.6 ± 5.5*
RS midatrial (%) −16.8 ± 6.5 −16.9 ± 4.9
RS superior (%) −20.9 ± 14.3 −19.2 ± 8.5
CS basal %) 23.6 ± 12.6 24.4 ± 12.1
CS midatrial (%) 20.8 ± 12.9 26.3 ± 11.5
CS superior (%) 29.0 ± 26.3 30.9 ± 21.9
LS basal (%) 42.5 ± 19.4 32.8 ± 10.9
LS midatrial %) 47.9 ± 21.7 62.5 ± 24.4*
LS superior (%) 22.6 ± 16.9 25.5 ± 10.8
3DS basal (%) −8.3 ± 5.5 −12.3 ± 5.4*
3DS midatrial (%) −8.4 ± 3.6 −9.8 ± 4.3
3DS superior %) −13.0 ± 10.5 −13.8 ± 8.2
AS basal (%) 59.8 ± 32.7 49.8 ± 22.1
AS midatrial (%) 75.3 ± 49.2 97.7 ± 43.0*
AS superior (%) 63.7 ± 67.3 67.5 ± 50.3

* p < 0.05 vs Controls
Abbreviations: RS = radial strain, CS = circumferential strain, LS = longitu-
dinal strain, 3DS = three-dimensional strain, AS = area strain, T1DM = type
1 diabetes mellitus

Table 5
Comparison of three-dimensional speckle-tracking echocardiography-derived
global and segmental right atrial strains at atrial contraction between patients
with type 1 diabetes mellitus and controls.

Controls(n = 31) T1DM patients(n = 17)

Global strains
Radial (%) −5.6 ± 5.9 −6.0 ± 5.5.

Circumferential (%) 10.0 ± 8.4 9.3 ± 7.6
Longitudinal (%) 11.3 ± 9.2 8.4 ± 5.3
3D (%) −3.2 ± 5.2 −3.5 ± 3.9
Area (%) 22.9 ± 18.9 17.5 ± 11.5
Mean segmental strains
Radial (%) −8.2 ± 4.5 −8.7 ± 3.9
Circumferential (%) 12.0 ± 7.1 12.0 ± 7.2
Longitudinal (%) 12.1 ± 6.4 11.2 ± 4.9
3D (%) −5.1 ± 4.3 −5.3 ± 3.5
Area (%) 24.7 ± 17.7 25.0 ± 12.0

Abbreviations: 3D: three-dimensional, T1DM = type 1 diabetes mellitus

cardiomyopathy [3]. Diastolic functions of both ventricles and LA me-
chanical functions were found to be impaired in T1DM patients with
prolonged intra- and interatrial electromechanical delays [4]. In pa-
tients with T1DM, LA phasic function was found to be decreased in ado-
lescents and young adults, while LA stiffness was increased in adult pa-
tients aged > 30 years [5]. Using the most recent 3DSTE, all LA vol-
umes were increased and were respecting the cardiac cycle, total atrial
stroke volume was increased and peak mean segmental CS was reduced
together with alterations in certain segmental strains in young T1DM
patients [6]. On the right heart, diastolic right ventricular (RV) dys-
function with preserved subclinical myocardial systolic function could
be detected in young adults with T1DM without known heart disease in
early stages of the disease [7]. However, T1DM-related RA abnormali-
ties were not examined by 3DSTE until now.

Similarly to LA, RA has a triphasic function during the cardiac cycle
functioning as a reservoir in systole, serving as a conduit in early dias-
tole and being as a booster pump in late diastole. According to the
guidelines, routine echocardiography offers limited opportunity for the
evaluation of the RA including measurement of RA dimensions [8]. 3D-
STE has an ability for detailed volumetric and functional assessment of
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Table 6
Comparison of three-dimensional speckle-tracking echocardiography-derived
regional right atrial strains at atrial contraction between patients with type 1
diabetes mellitus and controls.

Controls(n = 31) T1DM patients(n = 17)

RS basal (%) −7.8 ± 6.6 −9.4 ± 5.2
RS midatrial (%) −7.9 ± 5.2 −8.2 ± 4.5
RS superior (%) −9.4 ± 6.5 −8.5 ± 6.3
CS basal %) 10.8 ± 5.7 10.2 ± 8.0
CS midatrial (%) 10.5 ± 6.5 11.7 ± 7.6
CS superior (%) 16.1 ± 16.2 15.3 ± 12.0
LS basal (%) 10.8 ± 8.3 8.1 ± 4.6
LS midatrial %) 14.0 ± 8.5 14.7 ± 8.8
LS superior (%) 11.6 ± 8.5 10.6 ± 5.9
3DS basal (%) −4.0 ± 5.6 −5.5 ± 3.6
3DS midatrial (%) −4.3 ± 4.5 −4.6 ± 4.0
3DS superior %) −7.9 ± 6.8 −6.0 ± 6.3
AS basal (%) 20.2 ± 16.8 19.0 ± 11.0
AS midatrial (%) 24.9 ± 17.0 25.7 ± 16.7
AS superior (%) 31.0 ± 31.7 33.1 ± 25.1

Abbreviations: RS = radial strain, CS = circumferential strain, LS = longitu-
dinal strain, 3DS = three-dimensional strain, AS = area strain, T1DM = type
1 diabetes mellitus

all phases of RA function by volumetric, volume-based and strain para-
meters [9]. In the present study, RA volumes and volume-based func-
tional properties did not differ between T1DM patients and matched
controls. However, larger HbA1c was associated with lower RA volume-
based functional properties. From RA strains representing RA contrac-
tility during the cardiac cycle, only certain basal/midatrial regional
peak RA strains and mean segmental RA-3DS representing end-systolic
reservoir phase of RA function were found to be increased in T1DM pa-
tients, which could be considered as a compensatory effect theoretically
against dysfunctioning RV via tricuspid annulus [7]. Moreover, longer
duration of T1DM and higher HbA1c were associated with lower RA
contractility represented by certain strains suggesting extenuation of
this compensation. Comparing results from MAGYAR-Path Study, atria
show significant differences in T1DM-associated volumetric and func-
tional abnormalities [6]. While LA show increased volumes and re-
duced function, RA show preserved volumes with increased regional
function. However, further studies are warranted to confirm our find-
ings and for deeper insights into its pathophysiology. Theoretically, 3D-
STE has a capability of detailed RV assessment even in T1DM, therefore
3DSTE-derived detailed volumetric and functional analysis of the RV is
requested, which adequately reflects physiological conditions.

4.1. Limitation section

The following important limitations have arisen during evaluations:

- It is well known that 3DSTE suffers in lower image quality as
compared to that of 2D echocardiography due to low temporal
and spatial image resolutions. Moreover, size of 3DSTE-capable
transducer is larger than that for 2D echocardiography which
could significantly affect data acquisitions.

- Although 3DSTE-derived normal reference values of RA
volumes and strains are available [16,17], and disease-specific
alterations of RA abnormalities are suggested in previous studies
[15], further independent validation studies are warranted
comparing results against other echocardiographic and non-
echocardiographic imaging methods.

- Due to the small sizes and special shapes, RA appendage, caval
veins and coronary sinus were not included in the 3DSTE-derived
RA cast.

- 3DSTE is capable of measuring volumes and strains from the 3D
model of other cardiac chambers. However, the present study
aimed quantification only of RA volumes and functional
properties in this study.

- There is a big debate, whether atrial septum is a part of which
atrium. During assessments, atrial septum was considered to be a
part of RA in this study like in our previous studies.

- 3DSTE-derived RV volumetric and functional parameters were
not be measured due to non-existance of adequate software for
their assessment at the time of examinations. Theoretically 3DSTE
would have a role for detailed RV assessment in this regard, but
further technical improvements and developments are required.

- There is no specific 3DSTE-derived RA segmentation model
available, therefore LV segmentation model was used during
evaluations.

- Hypertension and smoking habit were present in significant part
of T1DM patients, which are known to affect LA function [4–6].

4.2. Conclusions

In young patients with T1DM, preserved RA volumes respecting the
cardiac cycle are accompanied with increase in certain regional end-
systolic peak RA strains suggesting a compensatory mechanism, which
seems to be associated with T1DM duration and HbA1c.
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