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Diabetes mellitus is a major factor contributing to the development of cardiovascular disease. As morbidity and
mortality rates rise dramatically, when target organ damage develops, presymptomatic assessment is critical for
the management of diabetic patients. Echocardiography is a noninvasive and reproductible method that may aid in
risk stratification and in evaluation of treatment effects. Aim of this review is to analyze the echocardiographic
techniques that can detect early alteration in cardiac function in patients with diabetes.
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Diabetic Cardiomyopathy

| 1. Introduction

Diabetes mellitus (DM) enhances coronary atherosclerosis and impairs microcirculation leading to left ventricular
(LV) function impairment, which is expressed as diastolic dysfunction at early stages. The ramifications of DM in
the coronary circulation are quite different. In epicardial vessels, formation of atheroma is predominant, leading to
luminal obliteration, thrombus formation and distal embolization. Microcirculatory disease is caused by the toxic
effect of free radicals that are formulated due to persistent hyperglycemia and might provoke arteriolar thickening,

perivascular myocardial fibrosis, capillary obstruction and finally endothelial dysfunction.

Insulin resistance and glycemic dysregulation results in left ventricular remodeling and gradually leads to impaired
LV systolic and diastolic function. More specifically, DM type 2, an independent risk factor for heart failure
development, can induce diabetic cardiomyopathy. In early stages of the disease, cardiac modifications include LV
hypertrophy, diastolic dysfunction and decreased myocardial strain, which are precursors for the development of

LV remodeling and the occurrence adverse events, including Heart failure, all-cause mortality and hospitalization2.

This pathology may represent the reversible early stage of diabetic cardiomyopathy. Diabetic cardiomyopathy was
first reported by Rubler et al.Bl in 1972 when they described four diabetic patients with heart failure, normal
coronary arteries, and without obvious etiology for heart failure and stated that it was due to diabetic
cardiomyopathy. Most potent mechanisms for the development of diabetic cardiomyopathy are: metabolic
disturbances (increased free fatty acids, carnitine deficiency, changes in calcium homeostasis), myocardial fibrosis
(increases in angiotensin Il, IGF-I, and inflammatory cytokines), small vessel disease (microangiopathy, impaired

coronary flow reserve [CFR] and endothelial dysfunction), autonomic neuropathy and insulin resistancel2/2!.
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Echocardiography is a time-sparing and cost-effective method that provides accurate and reproducible diagnostic
and prognostic information in diabetic patients. By using two-dimensional, doppler and speckle tracking
echocardiography, we can thoroughly interrogate cardiac function in diabetic, while stress echocardiography and

evaluation of coronary flow reserve provide incremental prognostic value.

| 2.Diastolic Dysfunction

The prevalence of LV diastolic dysfunction in diabetic patients seems to be higher than previously reported,
therefore the early screening for this abnormality of cardiac function is mandatory to improve prognosis of those

patients. Important studies referring to diastolic dysfunction in diabetics are mentioned in table 1.

Echocardiographic abnormalities are present in patients with diabetes, despite the fact that symptoms or clinical
characteristics do not mandate echocardiographic assessment. Joergensen et al studied 1030 patients with type 2
diabetes and revealed impaired cardiac function (left ventricular hypertrophy, systolic and diastolic dysfunction and
dilated left atrium reflecting high filling pressures) in about 50% of them. Neither the presence of cardiac symptoms
nor the patients’ clinical characteristics had sufficient sensitivity and specificity to accurately identify patients with
documented impaired cardiac function by echocardiography. Thus, it is recommended by official guidelines that
echocardiography should be included in diagnostic evaluation of patients with type 2 diabetes even in the absence

of known cardiovascular diseaselZ.

Moreover, diastolic dysfunction can even occur in young diabetic patients with short duration of disease. According
to a recent cross-sectional study that was carried out on 86 diabetics who were compared with 65 age and sex
matched controls, left ventricular diastolic dysfunction is more prevalent in diabetic patients and this was correlated
independently with duration of the disease and glycated hemoglobin level. Moreover, it was claimed that diastolic
dysfunction in asymptomatic patients with diabetes may represent the early stage of diabetic cardiomyopathy even
in the absence of structural cardiac disease or systemic hypertension. Other older studies have also reported that

diastolic impairment in diabetic patients is of high prevalencel2,

Furthermore, it is claimed that LV diastolic function impairment may be noticed by echocardiography even in the
first 5 years after the diagnosis of diabetes. Older studies reported that diastolic dysfunction in diabetic patients is
also associated with poor glycemic control and elevated HbAlc. Hyperglycemia per se can lead to alteration in
substrate supply and utilization by cardiac myocytes might represent the primary injury in the pathogenesis of
diastolic function impairment and in more advanced stages diabetic cardiomyopathyd. Similarly, Celentano et al.
reported that alteration in LV diastolic function seems to be related to level of fasting blood sugar and HbAlc even
within normal limits2], while other research group underlined that each 1% increase in HbAlc level has been

associated with an 8% increase in the risk of heart failure development(i2l,

Another research group examined the clinical and echocardiographic characteristics of 1134 patients with diabetes
(out of totally 4128 - 27%) and heart failure with preserved ejection fraction participating in the I-Preserve trial.

Patients with diabetes mellitus displayed greater structural and functional echocardiographic abnormalities, had
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slightly larger LV dimensions and greater LV mass compared with patients without diabetes mellitus. These
findings, along with the differences in mitral inflow and tissue Doppler measurements, implied increased LV
stiffness, impaired LV filling and higher left atrial pressure (in concordance with higher levels of NT-proBNP) in

patients with diabetes mellitus23.

Moreover, by studying patients with DM and coronary atherosclerosis, it was concluded that there is a relationship
between diastolic function deterioration, as assessed by the E/e’ ratio and structural changes in the

microcirculationll.

In individuals with type 1 diabetes without known heart disease, echocardiography significantly improves risk
assessment over and above guideline-recommended clinical risk factors alone and could have a role in clinical
practice. Despite current guidelines do not include routine assessment of myocardial function, it was investigated
whether echocardiography provides incremental prognostic information in individuals with type 1 diabetes without
known heart disease. 1093 individuals were included during 7.5 years of follow-up. Echocardiography significantly
and independently predicted MACE: left ventricular ejection fraction (LVEF), impaired global longitudinal strain
(GLS), diastolic mitral early velocity (E)/early diastolic tissue Doppler velocity (e") were the main determinants of
prognosis. Consequently, assessment of these markers improves the early detection of individuals in jeopardy

beyond conventional clinical risk factors4l.

Moreover, left atrial evaluation is easy by echocardiography. In accordance with a recent study, left atrial
enlargement in patients with DM is independent of associated hypertension and diastolic function. It seems that left
atrial enlargement is associated with LA dysfunction as evaluated by 2D strain. It is likely that diabetic atrial

myopathy contributes to LA enlargement in patients with DM2],

In summary, echocardiography is likely to detect diastolic dysfunction in asymptomatic patients with diabetes,
before symptoms occur. In such cases, medical treatment should be optimized, in order to prevent further

devastation of heart function.

| 3. Global Longitudinal Strain (GLS)

Chronic abnormalities in myocardial carbohydrate and lipid metabolism due to insulin deficiency may result in
reduced adenosine triphosphatase activity, decreased ability of the sarcoplasmic reticulum to take up calcium and
an intracellular accumulation of toxic fatty acid intermediates. These in turn may lead to adenosine triphosphate
depletion, changes in calcium homeostasis and increased myocardial oxygen consumption that may lead to

myocyte hypertrophy, fibrosis development, which may affect myocardial contractility2€!.

Speckle tracking echocardiography is a contemporary method that analyzes myocardial deformation. It is feasible
to detect subtle myocardial impairment in diabetics, before symptoms arise and before conventional

echocardiography detects malfunction. Longitudinal deformation of left ventricle is the most scrutinized mode but
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also radial and circumferential deformation have been thoroughly studied. Important studies referring to myocardial

deformation in diabetics are mentioned in table 2.

Two-dimensional (2D) and three-dimensional (3D) speckle tracking echocardiography (STE) were used to detect
preclinical diabetic cardiomyopathy in 66 asymptomatic type 1 diabetic patients with no cardiovascular risk factors,
who were compared with 26 matched controls over a 6-year follow-up. Subclinical myocardial dysfunction,
suggested by a mild decrease in longitudinal function, was detected by 2D and 3D-STE in type 1 diabetic patients,

independently of any other cardiovascular risk factorsL,

It is common sense that DM represents a major risk factor for cardiovascular events and the coexistence of obesity
with consequent left ventricular volumetric overload could be responsible for further damages on left ventricular
function. Researchers sought for evidence about the effect of body mass index (BMI) on left ventricular function in
diabetics with no cardiovascular complications and with normal ejection fraction (EF). In uncomplicated
asymptomatic DM patients, obesity plays an incremental role in devastating left ventricular function and enhances
remodeling. The conventional echocardiographic methods such as the EF and the TDI are not sensitive enough to

identify subtle LV dysfunction, in contrast with Speckle Tracking echocardiography18],

Moreover, researchers hypothesized that Galectin-3, an established biomarker in patients with heart failure with
reduced ejection fraction, might be related to GLS and detect subtle left ventricular dysfunction in diabetic patients
with heart failure with preserved ejection fraction. According to their results, galectin-3 was indeed elevated in
diabetic patients with mildly reduced EF and was associated with a deteriorated GLS. GLS could be an early

marker of left ventricular dysfunction as well as evidence of diabetic cardiomyopathy29,

Another study aimed to investigate whether myocardial dysfunction, as assessed by GLS, is a feature of TLDM per
se or it is mainly associated with complicated diabetes with albuminuria. They compared 1,065 T1DM patients
without known heart disease with 198 healthy control subjects. Systolic function assessed by GLS was reduced in
T1DM compared with control subjects. However, the findings do not support the presence of specific diabetic

cardiomyopathy without albuminurial22,

Moreover, the purpose of another study was to investigate whether children and adolescents with TLDM develop
early asymptomatic abnormalities of left ventricular (LV) and right ventricular (RV) function. Findings claim that LV
GLS and RV free wall longitudinal strain (FWLS) are impaired in children with TIDM and that the decrease in LV

GLS is correlated with diabetes duration and HbA1c levels(2ll,

In accordance with another study, diabetic patients (type 2) showed impairment in strain and Strain Rate of LV
walls at rest, especially when the duration of diabetes was increased. More precisely, strain and SR by TDI seems
to be superior to conventional Doppler in early detection and evaluation of systolic and diastolic dysfunction in type
2 diabetic patients22),
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So far, evidence support that speckle tracking provides a diagnostic tool, in order preclinical myocardial dysfunction
to be detected. The prognostic impact of this information was further validated by studying 247 patients with type 2
diabetes mellitus (T2DM) without history of cardiovascular complications. In this group of patients, impaired GLS

was associated with cardiovascular events and provided incremental prognostic valuel23!,

A total of 105 subjects with type 2 diabetes mellitus and poor glycemic control received optimization of treatment
for blood glucose, blood pressure, and cholesterol to recommended targets for 12 months. LV systolic and diastolic
function, measured by LV global longitudinal strain (GLS) and septal €' velocities, were compared before and after
optimization. Improvements in glycemic control over a 12-month period led to improvements in LV systolic and

diastolic function. This may have long-term prognostic implications24].

Also, speckle tracking echocardiography combined with physical stress testing has been used, in order to evaluate
whether left ventricular (LV) myocardial performance is altered early in the course of uncomplicated type 1 diabetes
mellitus (T1DM). 40 consecutive asymptomatic normotensive children and adolescents with TIDM and 44 age-
and gender-matched healthy controls were assessed by conventional and speckle tracking echocardiography
(strain and strain rate) during stress testing. Despite asymptomatic TI1DM patients performed hyperdynamic LV
contractility early in the course of the disease, poor glycemic control was associated with early subclinical LV

systolic and diastolic impairment23],

However, a study group sought for evidence whether diabetes itself causes specific echocardiographic features of
myocardial morphology and function in the absence of hypertension or ischemic heart disease. The purpose of the
study was to determine the characteristics of pure diabetic cardiomyopathy-related echocardiographic morphology
and function using layer-by-layer evaluation with myocardial strain echocardiography. Deterioration of left
ventricular longitudinal shortening accompanied by decreased subendocardial wall thickening are the characteristic
functional abnormalities of diabetic cardiomyopathy in patients without hypertrophy, diastolic dysfunction, or
elevated BNPI28],

On a similar manner, 52 patients with TLDM were divided into 3 age groups, in order to detect deformation in all
layers of left ventricle. Longitudinal deformation in all layers and epicardial and midmyocardial circumferential
deformation at the basal level were deteriorated from the late teens and this was correlated with the duration of the

disease and the presence of LV hypertrophy!ZZ.,

Moreover, in order to evaluate additive value of left atrial two-dimensional strain in patients with diabetes mellitus
type 2, 218 patients with heart failure with preserved left ventricular ejection fraction were divided according to the
presence of diabetes mellitus. Two-dimensional speckle tracking echocardiography appeared as a useful means of
detection of left atrial dysfunction in patients with heart failure with preserved ejection fraction and diabetes

mellitus, who are especially prone to develop cardiovascular complications28],

With regard to another research group, LA deformation mechanics are impaired in patients with hypertension or

diabetes with normal LA size. The coexistence of both conditions further impairs LA performance in an additive
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fashion. Speckle tracking echocardiography may be considered a promising tool for the early detection of LA strain

abnormalities in these patients2<.,

Actually, it seems that acute hyperglycemia in asymptomatic diabetic patients has significant negative effects on
systolic LV myocardial mechanics primarily by reducing GLS and multilayer peak systolic longitudinal and

circumferential strain which was not reversible after three months of good glycemic control29,

Also, acute hyperglycemia postprandially seems to impair cardiac function. After studying first degree relatives of
diabetics type 2 with normal oral glucose test (OGTT) and subjects with abnormal OGTT, it was concluded that
post-OGTT, GLS and subendocardial Longitudinal Strain decreased while LV twisting and untwisting increased.

This indicates prevalence of the motion of the subepicardial over a dysfunctioning subendocardial myocardial
helix. 31

Last but not least, according to another study, speckle tracking echocardiography could be used as to tool to
monitor the effects of treatment in cardiac function. They investigated the effects of insulin, glucagon-like peptide-1
receptor agonists (GLP-1RA), sodium-glucose cotransporter-2 inhibitors (SGLT-2i) and their combination on
vascular and cardiac function in 160 patients with type 2 diabetes mellitus with or without coronary artery disease.
After 12 months, treatment with GLP-1RA, SGLT-2i, and their combination showed a greater improvement of
effective cardiac work and myocardial deformation than insulin treatment. The combined therapy was superior to
either insulin or GLP-1RA and SGLT-2i separately[3233],

In summary, speckle tracking echocardiography might detect subtle impairment in myocardial function, which has
an incremental value in risk stratification and in response to therapy in diabetic patients with or without coronary

artery disease.

| 4. Stress Echo

Stress echocardiography is an established technique for the assessment of coronary artery disease. The
combination of echocardiography with a stress test is claimed to detect myocardial ischemia with an excellent
accuracy. A transient worsening of regional function during stress is the hallmark of inducible ischemia. Stress
echocardiography provides similar diagnostic and prognostic accuracy as radionuclide stress perfusion imaging or
magnetic resonance, but at a substantially lower cost, without environmental impact and with no biohazards for the
patient and the physician. Important studies referring to stress echocardiography in diabetics are mentioned in
table 3.

Stress echo is a non-invasive method that is safe for diabetic patients. The presence of segmental wall motion
abnormalities during the test is an independent predictor of death, incremental to other factors, especially resting
LV function. A negative stress echo in a diabetic patient is related with a higher mortality (4% per year) than in
nondiabetics (1% per year). The diabetics expressing adverse cardiovascular events, despite normal stress echo

result tend to be older, with deteriorated exercise capacity, and have impaired LV ejection fraction at rest. On the
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other hand, a positive stress echo in a diabetic is followed with a much higher annual mortality (10% per year) than
in a nondiabetic (5% per year). Those with impaired LV systolic function at rest and a high ischemic burden are at

greatest risk[24!,

Various investigators have consistently shown that inappropriate stress echo studies do no illustrate any prognostic

significancel33,

A recent study evaluated the prognostic impact of appropriateness criteria in diabetic patients, with known or
suspected CAD and concluded that dobutamine stress echo is a strong prognostic predictor in diabetics with
appropriate indication. However, the presence of diabetes had no impact on the prognosis of patients deemed as
inappropriate for DSE. The authors suggest that appropriateness criteria show discriminating ability in diabetics
and emphasize the importance of adhering to appropriateness criteria. Therefore, the clinician should not refer
inappropriate patients for stress echo evaluation of even if they are diabetics28l. The European Society of
Cardiology (ESC) Task Force recommends the use of noninvasive testing for risk stratification of diabetic patients
with known or suspected coronary artery disease (CAD), which should be performed according to individual needs
and clinical judgment and not meant as a general recommendation to be undertaken by all patients. However,
stress testing or CTCA may be indicated in very high-risk asymptomatic individuals [with peripheral arterial disease

(PAD), a high CAC score, proteinuria, or renal failure]2Z.
In fact, in asymptomatic subjects, routine screening for CAD is controversial.

Moreover, a research group tried to determine the prognostic value of dobutamine stress echocardiography (DSE)
for predicting long-term outcomes in a large cohort of 2,349 patients with diabetes mellitus. Addition of stress
echocardiographic variables to the clinical and rest echocardiographic model provided incremental prognostic
information for predicting mortality and morbidity. In patients with diabetes mellitus, a simple and practical risk
score using clinical variables and results of DSE stratified patients into three risk groups for mortality and

cardiovascular morbidity38l,

Similarly, another study claimed that stress echocardiography is an elaborative method to evaluate cardiovascular
risk in diabetic patients with coronary artery disease. They assessed the prognostic significance of pharmacological
stress echocardiography in 325 diabetic patients with suspected coronary artery disease during a follow-up period
of 34 months. Despite the fact that univariate analysis indicated an increased risk of cardiovascular death from a
positive response in stress test, multivariate analysis showed that only advanced age and peak ejection fraction
<40% were independent predictors of cardiac death. After dividing the population into two subgroups on the basis
of EF at rest, only a peak EF <40% and a pharmacological stress echocardiography positive test were powerful

independent predictors of cardiovascular mortality2,

Moreover, due to the fact that coronary artery disease is the leading cause of death in diabetic patients, scientists
search for methods that evaluate the risk of adverse cardiac events. 193 diabetic patients were recruited and

followed-up during a median period of 29 months. Patients with findings of ischemia on Exercise Echocardiography
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(EE) presented higher rates of cardiac events at 12 months. In the present study, the number of positive EE was
higher than reported in the general population, confirming the higher risk of CAD in diabetic patients and revealing

that EE is a useful method to predict cardiac events in diabetic patients with suspected or known CAD.

Ischemia at stress echocardiography, performed for evaluation of known or suspected coronary artery disease, is a
strong and independent predictor of total mortality in diabetic as well as in nondiabetic patients. Anti-ischemic
therapy markedly affects the negative predictive value of stress echocardiography in nondiabetic patients, whereas

it is prognostically neutral in the diabetic population.

The results of a recent study indicate that stress echocardiography is a useful prognostic tool in diabetic patients. A
normal study with any type of stressor is a marker of low risk; however, in the diabetic group, the risk is higher.
Inducible ischemia at stress echocardiography is an independent predictor of mortality in all patients, despite being
diabetics or not, and the level of risk is related to the extent of the inducible abnormality as expressed by peak
WMSIEA. Also, medical treatment during the test provides a higher risk in nondiabetics, in spite of not having

prognostic role in diabetics.

The coexistence of epicardial coronary artery stenosis with microangiopathy can explain the low specificity of
perfusion imaging compared to stress echocardiography in the detection of CAD in asymptomatic and symptomatic
diabetic patients. In diabetic patients, stress echocardiography has shown a higher specificity than perfusion
imaging but suffers from higher rate of false positive results, possibly due to the coexistence of cardiomyopathy in
many patients. in diabetic patients — differently from nondiabetic subjects — a negative test result based solely on

wall motion criteria is associated with less benign outcome42),

Seeking for evidence which diabetic patients should be screened for cardiovascular disease remains difficult. It
seems that only 5%-10% of asymptomatic diabetics have obstructive CAD and as a result screening of all
diabetics is inappropriate. However, certain group of diabetic patients, such as those who need pancreas/renal
transplantation®3 or major noncardiac surgery4l may benefit from a stress echo. However, diabetics with cardiac
symptoms, even if atypical, and those with known or suspected CAD warrant screening and prognostic

evaluation32],

Furthermore, in patients with diabetes, the role of stress echo in diagnostic screening of CAD remains
controversial. Conventional wall motion analysis and Doppler-derived coronary flow reserve (CFR) of the left
anterior descending coronary artery were evaluated in high- risk asymptomatic individuals with diabetes (target
organ damage or two or more cardiovascular risk factors). Abnormal test results were obtained in 25% of cases

and were a strong and independent predictor of future hard events and MACEs[42!,

A recent study which evaluated the long-term predictive value of dobutamine stress echocardiography provided
restricted predictive value of adverse outcome in patients with diabetes who were unable to perform an adequate
exercise stress test. Also, it was suggested that there is a period of up to 7 years after the test, that optimal risk

stratification is provided![€l,
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Finally, according to another study, low dose DB unmasked linear deformations and twist mechanics abnormalities
that were otherwise undetectable at rest. They prospectively investigated forty-four patients with T2DM and 35
healthy control subjects of similar age and sex. Deformation imaging indexes were similar between groups at rest,
but significant differences were noticed under dobutamine infusion for longitudinal strain, circumferential strain,

rotation and twist4Zl,

In summary, stress echocardiography is a valuable tool for the management of diabetic patients. Diagnosis of
coronary artery disease and risk stratification are feasible by stress echocardiography, when clinicians comply with

appropriateness criteria.

| 5.CFR

Echocardiography, apart from unveiling preclinical myocardial dysfunction in asymptomatic patients with diabetes,
may further contribute to the risk stratification of diabetic patients. Innovative and state-of-the art methods, such as
Coronary Flow Reserve Assessment by Doppler Echocardiography may detect endothelial dysfunction and
deterioration of microvascular circulation that is probably associated with the severity of diabetes ramifications.

Important studies referring to coronary flow reserve in diabetics are mentioned in table 4.

The role of CFR in risk stratification of asymptomatic diabetic patients is crucial. Researchers that investigated
asymptomatic patients with type 2 diabetes without a history of coronary artery disease concluded that CFR,
obtained by transthoracic Doppler echocardiography, provides an independent prognostic marker in these patients.
After excluding patients with a CFR < 2.0 because of a suspicion of significant coronary artery stenosis in the left
anterior descending artery, the optimal cut-off value of CFR to predict events was 2.5. Compared with CFR > 2.5,

patients with CFR < 2.5 had significantly worse outcomel2&l,

Also, other investigators studied patients admitted in hospital due to chest pain and suspected coronary artery
disease. Among them, diabetic patients had more significant aortic atherosclerosis and lower CFR, while significant
CAD was more common in diabetics. CFR and diabetes were independent predictors of cardiovascular survival.

Patients with reduced CFR (impaired microcirculatory function) and DM had the worst prognosis42,

Another group of researchers sought to determine the coronary microvascular function of prediabetic patients in
comparison with diabetic patients and normal population. CFR values of DM group were lower than those of
prediabetic and control groups. However, CFR levels of prediabetic group were not different from those of the
control group. Coronary microvascular function seems to be normal in the prediabetic state, but dysfunction

appears after DM becomes overt22,

In a similar way, it was investigated whether first degree relatives of diabetics have also deteriorated coronary
microcirculation, LV myocardial strain and twisting with patients with diabetes as assessed after an oral glucose
tolerance test (OGTT). Indeed, first degree relatives and diabetics have increased arterial stiffness, impaired wave

reflection and diminished CFR compared to normals with regard to insulin resistance, while insulin resistance was
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also associated with abnormal LV myocardial strain, twisting and untwisting likely because of increased arterial

stiffness and impaired coronary microcirculatory function2Ll,

Moreover, the differences in coronary flow reserve of diabetic patients with and without diabetic retinopathy is of
great importance. It is claimed that coronary flow reserve is significantly restricted in patients with diabetes mellitus
and its reduction is more remarkable in those with diabetic retinopathy. Coronary microvascular impairment should
be considered as an explanation for this restricted coronary flow reserve in patients with diabetes mellitus and this
should be more remarkable in patients with target organ damage. The more advanced the development of
retinopathy, the more exaggerated the impairment in microvascular function, as assessed by coronary flow

reservel®2],

In normotensive patients with insulin treated diabetes (DP) with clinically suspected coronary heart disease but
normal epicardial coronary arteries, coronary microcirculation was studied. In diabetic patients, maximal coronary
flow was significantly reduced. Global systolic function was normal in all patients. Diastolic function was impaired in
diabetics. The reduced coronary flow reserve in patients with insulin-treated diabetes mellitus may play a crucial
role in the pathophysiology of diabetic cardiopathy, causing myocardial ischemia due to a disturbance of coronary

microcirculation leading to diastolic dysfunction and progressively to systolic failure22!.

To clarify if coronary flow reserve (CFR) is related to insulin resistance or hyperglycemia in normotensive non-
insulin dependent diabetic (NIDDM), myocardial blood flow at baseline and during dipyridamole loading were
measured. CFR was significantly reduced in NIDDM patients compared with age matched control subjects. CFR in
patients with well-controlled NIDDM was significantly higher than in those with poorly controlled NIDDM, whereas
insulin resistance was comparable between the two groups. In conclusion, control of blood glucose concentration

rather than insulin resistance is most likely related to the reduced CFR in NIDDM24],

In summary, CFR has important role in the diagnosis of endothelial and microvascular dysfunction in diabetics,
while combined with stress echocardiography has incremental role in the diagnosis and risk stratification of

coronary artery disease.

| 6. Conclusion

Proper assessment of diabetic patients is critical, in order to hamper the development of vascular and
microvascular complications. Echocardiography is a feasible and safe method that provides diagnostic and
prognostic information in patients with diabetes mellitus. A diversity of applications, such as Doppler
echocardiography, Speckle Tracking Echocardiography and Stress Echocardiography could be useful for the
management of diabetics and the optimization of medical treatment. Contemporary standard of care in diabetics

should include echocardiography for their clinical assessment.
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