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Objective—Diabetic cardiomyopathy is a major cause of morbidity, but limited data are
available on early cardiac abnormalities in type 1 diabetes (T1D). We investigated differences in
myocardial strain in adolescents with and without T1D. We hypothesized that adolescents with
T1D would have worse strain than their normoglycemic peers, which boys would have worse
strain than girls, and that strain would correlate with glycemic control and adipokines.

Methods—We performed fasting laboratory measures and echocardiograms with speckle
tracking to evaluate traditional echocardiographic measures in addition to longitudinal (LS) and
circumferential (CS) strain, and in adolescents (15+2 years) with (19 boys; 22 girls) and without
(16 bays; 32 girls) type 1 diabetes.

Results—Compared to controls, adolescents with type 1 diabetes had significantly lower CS
(—20.9 vs. —22.7%, p=0.02), but not LS (p=0.83). Boys with T1D had significantly lower LS than
girls with T1D (-17.5 vs. —19.7%, p=0.047), adjusted for Tanner stage. The significant sex
differences observed in indexed left ventricular mass, left end-diastolic volume, diastolic septal
and posterior wall thickness in our controls were lacking in adolescents with T1D.

Conclusions—Our observations suggest that youth with T1D have worse myocardial strain
than normoglycemic peers. In addition, the relatively favorable cardiac profile observed in girls vs.
boys in the control group, was attenuated in T1D. These early cardiovascular changes in youth
with T1D are concerning and warrant longitudinal and mechanistic studies.
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Introduction

Type 1 diabetes is a major cause of morbidity and mortality, most often due to
cardiovascular disease (CVD). While type 1 diabetes (T1D) is known to increase risk of
premature death from CVD (1), little is known about the early stages of diabetic
cardiomyopathy in T1D. Diabetic cardiomyopathy is considered to be the development of
clinical left ventricular dysfunction independent of complications of diabetes or coronary
artery disease. While the exact pathophysiology of diabetic cardiomyopathy remains
unclear, data suggest that the diabetic myocardium is more susceptible to injury, and that the
final common pathway leading to heart failure is likely mitochondrial dysfunction (2).
Diabetic cardiomyopathy is difficult to predict and measure. Traditionally, left ventricular
function has been evaluated with echocardiography by measuring ejection fraction. This
method of determining myocardial dysfunction identifies those with systolic dysfunction
relatively late in the disease process. Speckle tracking is an echocardiography technique that
measures myocardial strain and noninvasively allows identification of ventricular
dysfunction preceding a decline in ejection fraction (3, 4).

We and others have shown that adolescents and adults with T1D have decreased maximal
exercise capacity and increased prevalence of left ventricular hypertrophy compared to
normoglycemic peers (5-8). In addition, we have previously reported evidence of diastolic
dysfunction in a smaller cohort of adolescents with T1D (6). We have also reported worse
circumferential strain (CS) in adolescents with type 2 diabetes (T2D), including
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relationships between strain, leptin and adiponectin(9). There are also a few reports on
myocardial strain in adolescents with T1D (10-12), but to our knowledge there are currently
no data published on sex differences in early echocardiographic markers of diabetic
cardiomyopathy, including myocardial strain in adolescents with T1D.

Women with T2D are twice as likely as men to have coronary heart disease (13). The
Coronary Artery Risk Development in Young Adults (CARDIA) study demonstrated better
strain in women compared to men, suggesting less cardiomyopathy in females (14), however
it is unclear whether similar sex-related differences in strain begin earlier in life, or hold true
in people with T1D. Accordingly, we hypothesized that adolescents with T1D would have
worse strain than their normoglycemic peers, that adolescents boys would have worse strain
than girls, and that among adolescents with T1D, strain would correlate with glycemic
control and adipokines.

Materials and Methods

i. Participants

A total of 89 pubertal adolescents between the ages of 12 and 19 years with and without
T1D from the RESistance to InSulin in Type 1 And Type 2 diabetes (RESISTANT) study
who had echocardiograms with speckle tracking were included in this analysis. Participants
with T1D were recruited from the University of Colorado Anschutz pediatric diabetes
clinics, the Barbara Davis Center for Diabetes and by advertisement. Type 1 diabetes was
defined by American Diabetes Association criteria, insulin requirement, and the presence of
glutamic acid decarboxylase (GAD), islet cell (ICA-2) and/or insulin (IAA) autoantibodies.
Controls were healthy nondiabetic adolescents without a family history of diabetes. They
were selected as a group to be similar in age, body mass index (BMI), Tanner stage, level of
habitual physical activity, and sex as the group with diabetes. Absence of diabetes was
confirmed in controls by a 2-hour, 75-gram oral glucose tolerance test. Inclusion criteria
included Tanner stage > 1 and sedentary status (<3 h regular exercise/wk) to minimize
pubertal and training effects. Exclusions included resting blood pressure higher than 140/90
mm Hg or higher than 190/100 mm Hg during exercise, hemoglobin lower than 9 mg/dI,
serum creatinine higher than 1.5 mg/dl, glycosylated hemoglobin (HbA1c) higher than 11%,
smoking, medication-dependent asthma, other conditions precluding exercise testing,
medications affecting insulin resistance (oral steroids, metformin, thiazolidinediones, or
atypical antipsychotics), anti-hypertensive medications, oral contraceptives, pregnancy,
breastfeeding, plans to alter exercise or diet during the study, and family history of T2D. The
study was approved by the University of Colorado Denver Institutional Review Board and
the Children’s Hospital of Colorado Scientific Advisory Review Committee. Parental
informed consent and participant assent was obtained from all participants less than 18 years
old and participant consent from those aged 18 years and above.

ii. Laboratory measures and imaging

Hemoglobin Alc (HbA1c) were measured by (DCCT-calibrated) ion-exchange high-
performance liquid chromatography (Bio-Rad Laboratories, Hercules, Calif). Leptin and
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adiponectin were measured on a morning fasting sample with a radioimmunoassay kit from
Milipore.

iii. Activity questionnaires and body composition

A 3 day pediatric physical activity recall questionnaire was used to estimate habitual
physical activity (15, 16), reported as a 3-d average of daily metabolic equivalents (METS).
Height and weight were measured for determination of BMI. BMI z-score was calculated
using BMI, sex and age (17). Pubertal development was assessed by a pediatric
endocrinologist using the criteria established by Tanner and Marshall for pubic hair and
breast development. Testicular volume was measured using an orchidometer. Body
composition was assessed by DEXA scan as previously reported (15, 18).

iv. Echocardiography

Resting supine two-dimensional and tissue Doppler echocardiography was performed by a
cardiologist expert in these methods (UT), using a Vivid 7 (General Electric, Waukesha, WI)
ultrasound system, to exclude left ventricular systolic dysfunction (ejection fraction <50%),
regional wall motion abnormalities, pericardial disease, or significant valvular pathology.
Studies were performed fasting and following 3 days of controlled diet and restricted
physical activity to standardize output. Image analysis was completed with EchoPAC
software (General Electric, Waukesha, W1). Left ventricular dimensions and ejection
fraction were obtained by standard m-mode and two-dimensional volumetric method-of-
discs analysis (19). Left ventricular mass was calculated as left ventricular mass (LVM) =
0.8 * 1.05 * [(IVSd + PWd + LVIDd)? -LVIDd3)] (19). Indexed LVM (LVMI) was
calculated as LVM / height?7 (20). Left ventricular hypertrophy (LVH) was defined as
LVMI values greater than 90™ percentile for age and gender-specific reference data, or 1VSd
and/or LVPWd greater than 1 cm (21). Using traditional pulse wave blood and tissue
Doppler, the mitral inflow peak E and A wave velocities, deceleration time, and myocardial
systolic (S’) and early diastolic (E’) velocities at the lateral and septal mitral valve annuli
were measured using standard protocols (22).

Speckle tracking was performed with EchoPAC software, which uses the LaGrangian strain
approach (23). Global longitudinal strain curves were obtained from each of the 2 standard
apical views and 1 parasternal long axis view. The parasternal short axis view at the
papillary muscles was used to obtain circumferential strain. In each view the endocardium
was traced in end-diastole, defined by the closure of the mitral valve. The epicardium was
traced by defining the myocardial thickness such that the entire myocardium was included
while excluding the pericardium. The software then generated strain curves by tracking and
averaging the relative speed and location of defined patterns or “speckles” within each
segment. Only those segments that had an adequate number of traceable speckles were
included. In order to obtain valid results, adequate tracking in at least 4 of the 6 segments
had to be verified; otherwise, values from that view were discarded. Per standard techniques
(24), peak strain was measured on strain curves at the time of aortic valve closure. Global
circumferential strain was obtained from the curves in the short axis view that measured
global strain as if the entire left ventricle was one segment (rather than an average of the
individual segments). Longitudinal strain was calculated as an average of the maximum
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global strain from the 3 views. There was no particular segment that poorly tracked in either
the T1D or control group. Strain is interpreted as a percentage, with a strain of —15% being
worse than a strain of —16%, for example.

v. Statistical analysis

Results

Analyses were performed in SAS (version 9.4 for Windows; SAS Institute, Cary, NC).
Variables were checked for the distributional assumption of normality using normal plots.
Two-sample £tests were employed to compare means of continuous parametric variables
between lean adolescents and adolescents with T1D. The Wilcoxon rank-sum test was used
for unadjusted continuous non-normally distributed variables (e.g. diabetes duration and
CS). Skewed independent variables were natural log transformed in adjusted generalized
linear regression models (e.g. CS). In order to examine the differences in echocardiographic
variables between boys and girls with T1D, we employed linear regression models and
adjusted for Tanner stage due to the difference in pubertal status between boys and girls. We
also evaluated for effect modification by diabetes status and sex with a 2-way ANOVA
procedure, and considered an interaction significant if p<0.10. Interaction terms that did not
meet significance were dropped from the models. Analyses were considered exploratory and
hypothesis generating and adjustments for multiple comparisons were not employed.
Significance was based on an alpha-level of <0.05, unless otherwise specified.

i. Differences between adolescents with T1D and controls

Participant characteristics stratified by T1D status are shown in Table 1. By design,
adolescents with T1D and control adolescents were similar in age, sex, BMI, Tanner stage,
and baseline level of physical activity (Table 1). While leptin and fat mass were not
significantly different between the two groups, adolescents with T1D had greater lean mass
than their normoglycemic peers. As expected, HbAlc and adiponectin were significantly
higher in adolescents with T1D compared to controls (Table 1).

Differences in echocardiographic parameters between adolescents with T1D and controls are
shown in Table 2. The left ventricular end-systolic linear dimension (LVIDs) was
significantly larger in adolescents with T1D (Table 2). Although all parameters were
numerically higher in adolescents with T1D, there were no statistically significant
differences in left ventricular end-diastolic dimension (LVIDd) or in volumetric analysis of
left ventricular end-diastolic volume, or end-systolic volume, nor were there differences in
ejection fraction (Table 2). LVM (irrespective of whether it was expressed in absolute terms,
or indexed to body surface area or to m27), as well as diastolic septal and posterior wall
thickness (IVSd and LVPWd) were significantly greater in adolescents with T1D compared
to controls (Table 2).

Using traditional pulse wave blood and tissue Doppler, a significantly increased deceleration
time was observed in adolescents with T1D, consistent with diastolic dysfunction, but there
were no significant differences in other traditional echo parameters (Table 2). Speckle
tracking analysis demonstrated significantly lower CS in adolescents with T1D compared to
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controls (CS: -20.9 [-22.3, —18.1] vs. —22.7 [-25.5, —19.7], p=0.02) [Figure 1]. Conversely,
no differences in LS were observed between the two groups (Figure 2).

ii. Sex differences in adolescents without T1D

Characteristics stratified by sex for control adolescents are shown in Table 3. While the girls
were of similar age to the boys in the control group, as expected, the girls had more
advanced pubertal status (Table 3). Moreover, girls also had higher BMI percentile, BMI z-
score, fat mass and leptin concentration than the boys (Table 3). Boys in the control group
had greater lean mass than the girls (Table 3).

Tanner stage-adjusted differences in echocardiographic parameters between girls and boys in
the control group are shown in Table 4. Despite the girls being heavier than the boys in the
control group, the boys demonstrated significantly greater LVIDd, LVIDs, left ventricular
end-diastolic and end-systolic volume (Table 4). Furthermore, LVM (absolute and indexed to
body surface area) as well 1VSd and LVPWd were significantly greater in boys than girls in
the control group (Table 4). Using traditional pulse wave blood and tissue Doppler, a
significantly increased septal peak A’ was also appreciated in control boys compared to girls
(Table 4). The only difference in speckle tracking measurements between control boys and
girls was reduced apical rotation in the boys (Table 4, Figure 3 and 4).

iii. Sex differences in adolescents with T1D

Characteristics stratified by sex for adolescents with T1D are shown in Table 3. Boys and
girls with T1D were similar in age, BMI and diabetes duration, but as expected, girls were
more advanced in pubertal development (Table 3). HbAlc, fat mass and baseline level of
physical activity were also similar between boys and girls with T1D (Table 3). Boys with
T1D had greater lean mass and lower leptin concentrations compared to girls with T1D
(Table 3).

Tanner stage-adjusted differences in echocardiographic parameters between boys and girls
with T1D are shown in Table 4. Several of the significant sex differences observed in the
control group were attenuated in adolescents with T1D. LVIDd and LVIDs and left
ventricular end-systolic volume were similar in the girls and boys with T1D, but boys
demonstrated a larger left ventricular end-diastolic volume than girls (Table 4). In fact, the
relatively favorable cardiac measures in girls compared to boys observed in the participants
without T1D were less prominent in adolescents with T1D. While 1VVSd was significantly
greater in boys compared to girls with T1D, the sex difference was smaller in adolescents
with T1D compared to those without (Table 4). Furthermore, the sex difference in LVPWd
did not reach statistical significance in adolescents with T1D (Table 4). There was a
difference in absolute LVM between girls and boys, but the difference disappeared when
indexed to body surface area or m2-7. With traditional pulse wave blood and tissue Doppler,
there were no significant differences between girls and boys with T1D (Table 4).

Speckle tracking analysis demonstrated significantly lower LS in boys compared to girls
with T1D (-17.5+1.0 vs. —=19.7+0.9, p=0.047, Figure 5) after adjusting for Tanner stage, but
there were no differences observed in CS (Figure 6) or apical rotation by sex in adolescents
with T1D (Table 4).
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iv. Associations between metabolic risk factors and cardiac function in adolescents with

T1D

In a univariable analysis, HbAlc tended to be positively associated with CS, but the
association did not reach statistical significance (3+SE: 1.0+£0.5, p=0.06, R? = 0.12), and no
significant associations were observed with LS or indexed LVM. When stratifying
participants into tertiles of HbAlc (low: <7.6%, mid: 7.6-8.6% and high >8.6%),
participants in the high tertile had worse CS than those in the low tertile (-18.3+1.2 vs.
21.7+1.2%, p=0.04), however the difference lost statistical significance with adjustments for
sex and Tanner stage (p=0.06). No significant differences in LS or indexed LVVM observed
across tertiles HbAlc (data not shown). In contrast to our observations with adolescents
with T2D (9), adiponectin was not significantly associated with CS, LS or LVM in T1D
(data not shown). Natural log of leptin was negatively associated with indexed LVM (p+SE:
-9.9+3.2, p=0.003, R2 = 0.21), but not CS or LS (data not shown). Neither lean mass nor
fat mass was significantly associated with indexed LVM, CS or LS (data not shown).

Discussion

In our cohort, adolescents with T1D of short duration and no evidence of clinical heart
disease had worse CS and greater LVM compared to lean normoglycemic controls. These
abnormalities occurred despite relatively normal tissue Doppler velocities, suggesting that
strain imaging may be an early, sensitive marker of cardiac dysfunction in T1D. Boys with
T1D had worse LS than girls with T1D, despite similar glycemic control, diabetes duration,
and BMI, which may represent early cardiovascular sex-differences in T1D. Furthermore,
significant sex differences observed in adolescents without T1D for indexed LVM, left end-
diastolic volume, LVIDd, LVIDs, LVPWd and 1VVSd were either attenuated or not significant
in adolescents with T1D, arguing that T1D may preferentially worsen some aspects of
cardiac physiology in females.

These observations suggest that adolescents with T1D have myocardial mid-wall fiber
changes which mirror the defects of adults with more complicated and longer duration
diabetes. Furthermore, we confirmed, in a larger sample size, our previous findings of
greater LVM in adolescents with T1D with an even shorter disease duration (6). Increased
LVM and left ventricular hypertrophy are strong independent predictors of future CVD (25,
26). The relatively favorable cardiac values observed in girls compared to boys in the control
group were tempered in T1D.

The derangements in myocardial mechanics observed in adolescents with T1D are
concerning as the participants are young with a relatively short duration of diabetes. In our
previous report in a smaller cohort, we found more differences in traditional tissue Doppler
markers, indicating early diastolic dysfunction (6). However, the participants in the former
study had a significantly longer duration of diabetes. The complexities of myocardial
mechanical abnormalities in diabetic cardiomyopathy are not well understood. Since
ejection fraction, the traditional measurement of systolic function, is typically a late marker
of disease, more recent studies have focused on diastolic parameters in evaluating people
with diabetes at risk for overt cardiomyopathy (5, 27-29). Mitral inflow pattern and diastolic
tissue velocities correlate with disease severity better than ejection fraction (29, 30), but even
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these parameters are imprecise (31, 32). In this study, we employed speckle tracking, which
permits measurement of myocardial systolic deformation, or strain, in multiple directions.
Previous studies in adults with heart failure have linked abnormal strain, identified by
speckle tracking, with increased morbidity; for example, abnormal strain predicted outcomes
in patients with both systolic cardiomyopathy and with heart failure with normal ejection
fraction, a quarter of which had diabetes (33, 34). In studies of diabetic cardiomyopathy,
strain is a more sensitive marker of disease severity than either ejection fraction or tissue
Doppler (4) and may be the earliest marker of cardiac dysfunction. In our group of
adolescents with relatively short duration of disease and no clinically evident cardiovascular
problems, there were impairments of strain, but in contrast to other populations (18, 29),
there were not yet differences in tissue Doppler velocities or ejection fraction. Strain
imaging has been used in a few studies of adults with T2D, as well is our recent publication
in adolescents with T2D (35), and a few of reports in adolescents with T1D (10-12), but this
is the first report to our knowledge to examine sex differences in early echocardiographic
markers of diabetic cardiomyopathy. We have previously reported a similar pattern of
changes in CS with preservation of LS in adolescents with T2D (9). This pattern is also seen
in patients with hypertension and left ventricular hypertrophy (36). In contrast to T1D, in
adolescents with T2D, low adiponectin, rather than conventional risk factors, was associated
with CS, a relationship we did not observe in our cohort of adolescents with T1D, who are
known to have higher adiponectin than controls (35). The mechanisms and implications of a
higher than expected adiponectin level for the degree of insulin resistance in T1D are not yet
understood.

In adults with T2D, strain imaging has also demonstrated that early in the disease process,
among those with well-controlled diabetes without significant complications, longitudinal
left ventricular function is decreased, while there is a paradoxical increase in circumferential
contraction, preserving overall left ventricular ejection fraction (3). The subendocardial
fibers, which mediate longitudinal motion, appear to be affected first by diabetes (37).
Others have shown that in those with a longer duration of diabetes and more co-morbidity,
circumferential motion is most affected, and may not include abnormalities in longitudinal
parameters (38, 39). Abnormalities in circumferential motion are consistent with
dysfunction of mid-wall fibers and may signify increased damage to deeper layers in people
with more severe or longstanding diabetes (37-39). Furthermore, girls with T1D
demonstrated greater LS compared to boys with T1D. The mechanism(s) contributing to the
sex difference in LS are unlikely to be explained by conventional risk factors, as boys and
girls with T1D in our cohort had similar glycemic control, diabetes duration, blood pressure
and baseline physical activity. While we did not observe a significant relationship between
HbAlc, LS and CS in adolescents with T1D in our study, others have reported an
association between acute glycemia and myocardial strain (11, 12). It is known that the
diabetic myocardium is more susceptible to injury, and perhaps there also is loss of the
preferential female myocardial adaption to stress in T1D (40-42).

In contrast to our findings, a previous report demonstrated more pronounced early
echocardiographic signs of diabetic cardiomyopathy in girls compared to boys with T1D,
however they did not have data on myocardial strain (43).
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Our study does have important limitations. To minimize the effect of moderate sample size,
we used careful and detailed physiological measurements, including speckle
echocardiography and controlled pre-study diet and physical activity. Another limitation to
the present study is the cross-sectional design which prevents determination of causality and
whether the association holds true longitudinally; for that reason the data should be viewed
as hypothesis generating. While not statistically significant there were a greater proportion
of girls in the control group compared to the T1D group which may have confounded our
findings. Furthermore, speckle tracking to determine strain may be confounded by angle,
position and respiratory artifacts, for which reason the images were obtained by the same
research technician with all participants positioned supine. Results from this study may also
not be generalizable to adults with T1D. It is also possible that the difference in myocardial
function is due to a difference in baseline fitness between groups, but with similar resting
heart rates, blood pressures and habitual level of physical activity in adolescents with and
without T1D, this appears unlikely to have a large impact. Future directions for this study
include examining changes in myocardial strain in adolescents with T1D over time, and how
the sex differences change over time.

In conclusion, we found that strain imaging with speckle tracking demonstrated worse CS
and greater LVM in adolescents with T1D compared to controls, unrelated to glycemic
control. While adolescent boys with T1D had worse LS compared to girls with T1D, the
relatively favorable values for indexed LVM, left end-diastolic volume, LVIDd, LVIDs,
LVPW(d and 1VSd observed in girls compared to boys in the control group was lost in T1D.
Further research should continue to use speckle echocardiography to examine longitudinal
sex-specific relationships between strain and important risk-factors in T1D to determine the
causes as well as possible therapeutic approaches.
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Figure 1. CS in adolescents with and without type 1 diabetes
Group difference p=0.02
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Figure 2. LS in adolescents with and without type 1 diabetes
Group difference p=0.82
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Tanner stage adjusted group difference p=0.71
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Figure 4. LS in boys and girls without type 1 diabetes
Tanner stage adjusted group difference p=0.17
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Figure 5. LS in boys and girls with type 1 diabetes
Tanner stage adjusted group difference p=0.047
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Figure 6. CS in boys and girls with type 1 diabetes
Tanner stage adjusted group difference p=0.10
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Table 1

Differences in clinical parameters between controls and adolescents with T1D.

Type 1 Diabetes (N=41)  Controls (N=48) P-value

Age (years) 15.0+19 15121 0.80

Sex (% female) 54% 67% 0.21

BMI percentile 58+27 57+22 0.78

BMI z-score ™ 0.5 (-0.2-0.9) 0.4 (-0.2-0.8) 0.79

Lean mass (kg) 44177 39.5+84 0.01

Fat mass (kg) 15.7+78 18.0 + 14.7 0.38

Tanner stage 4.5 (4-5) 4.0 (4-5) 0.48

Diabetes Duration (years) ™ 4.6 (1.7-7.8) - -

HbAlc (%) 83+14 5203 <0.0001

Leptin (ng/mL) * 13.1 (5.8-16.4) 10.1 (3.4-13.4) 0.09

Adiponectin (ug/mL) 11.5+6.0 9.0+34 0.02

Physical Activity (METs) 63.8+11.8 59.5+13.6 0.15

Heart Rate (min™1) 67 £13 67 £24 0.94

Resting systolic blood pressure (mmHg) 116 + 12 112+8 0.08

Resting diastolic blood pressure (mmHg) 67+8 66+ 7 0.45

Data presented as mean and SD unless otherwise specified.

Median, P25-P75.
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Table 2

Differences in echocardiogram parameters between controls and adolescents with T1D.

Measures of left ventricular size and function

Type 1 Diabetes (n=41) Controls (n=48) P-value
LVIDd (cm) 44+04 43+0.3 0.09
LVIDs (cm) 29+04 28+0.4 0.03
FS (%) 33.6+6.0 358+7.1 0.12
IVSd (cm) 0.84+0.14 0.77+0.14 0.03
LVPWd (cm) 0.83+0.12 0.78+0.12 0.04
End-diastolic volume (cmd) 79.2+20.2 73.4+185 0.17
End-systolic volume (cm3) 27.1+8.0 252+8.0 0.28
Ejection fraction (%) 65.7 £ 6.3 66.0£5.0 0.86
LVM (g9) 119.9+29.9 103.3+27.7 0.008
Indexed LVM (g/m27) 299+7.1 27.0+6.1 0.04
Indexed LVM (g/BSA) 71.6+18.8 639+ 14.4 0.03
LVH (%) 10% 8% 0.82
1VSd >1 cm (%) 10% 0% 0.03
LVPWd >1 cm (%) 7% 2% 0.23
Speckle Tracking Parameters
Longitudinal strain (%) -185+25 -18.4+23 0.82
Circumferential strain (%) * -20.9 (-22.3,-18.1) —-22.7 (-25.5,-19.7) 0.02
Apical rotation (%) 7.8+37 6.7+4.3 0.33
Traditional Echocardiogram and Tissue Doppler Measurements
Mitral Peak E velocity (m/s) 0.92+0.18 0.91+0.15 0.86
Mitral Peak A velocity (m/s) 0.38+0.10 0.41+0.08 0.12
Mitral inflow E/A 2607 2307 0.15
Deceleration Time (ms) 217 £51 197 + 40 0.04
Lateral peak E’ (cm/s) 18.8+3.3 18.0+26 0.19
Lateral peak A’ (cm/s) 59+17 58+15 0.94
Lateral E/E’ 51+13 52+1.0 0.66
Septal E/E’ 70+15 6.6+13 0.20
Septal E/A 24+0.7 27+08 0.12

Data presented as mean and SD unless otherwise specified.

*
Median, P25-P75.
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