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Patients with diabetes mellitus are highly susceptible to cardiovascular complications, which are directly correlated with cardio-
vascular morbidity and mortality. In addition to coronary artery disease, there is growing awareness of the risk and prevalence of
heart failure (HF) in patients with diabetes. Echocardiography is an essential diagnostic modality commonly performed in pa-
tients with symptoms suggestive of cardiovascular diseases (CVD), such as dyspnea or chest pain, to establish or rule out the
cause of symptoms. Conventional echocardiographic parameters, such as left ventricular ejection fraction, are helpful not only for
diagnosing CVD but also for determining severity, treatment strategy, prognosis, and response to treatment. Echocardiographic
myocardial strain, a novel echocardiographic technique, enables the detection of early changes in ventricular dysfunction before
HF symptoms develop. This article aims to review the role of echocardiography in evaluating CVD in patients with diabetes mel-
litus and how to use it in patients with suspected cardiac diseases.
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INTRODUCTION

Prolonged hyperglycemia in individuals with diabetes mellitus
(DM) is linked to chronic organ damage. DM constitutes a sig-
nificant risk factor for the onset of atherosclerotic cardiovascu-
lar diseases (CVD), including peripheral artery disease, cere-
brovascular disease, and coronary artery disease (CAD) [1].
Recently, there has been growing interest in heart failure (HF)
as an overlooked cardiovascular complication in patients with
diabetes [2].

Echocardiography is the most effective imaging modality for
the assessment of patients exhibiting cardiac symptoms such

as dyspnea or chest pain. It plays a pivotal role in identifying or
ruling out cardiogenic dyspnea and other causes. In patients
with CVD, echocardiography provides important information
on the severity of the disease, the decision-making process for
treatment strategies, prognosis prediction, and treatment re-
sponse evaluation. Although conventional echocardiography
provides various parameters regarding systolic and diastolic
functions, it cannot yield information about myocardial defor-
mation [3]. Recently, with the technological advancements of
echocardiographic equipment, the incorporation of novel
echocardiographic techniques like myocardial strain imaging
and three-dimensional (3D) echocardiography has overcome
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The role of echocardiography in diabetic patients

the limitations of conventional echocardiography, such as op-
erator dependency, inability to assess myocardial deformation,
and lack of reproducibility [4-6].

In addition to conventional echocardiography, exercise and
pharmacologic stress tests can also be utilized to detect the exis-
tence of CAD or asymptomatic HF [7]. It is crucial for clinicians
to recognize and manage CVDs in patients with DM, as prompt
detection of CVDs can significantly reduce the likelihood of fu-
ture adverse cardiovascular outcomes. This review article aims to
evaluate the role of echocardiography in patients with DM and
suspected CVDs. Since the majority of patients with diabetes have
type 2 diabetes mellitus (T2DM), this review article primarily ap-
plies to T2DM.

CARDIOVASCULAR DISEASES ASSOCIATED
WITH DIABETES MELLITUS

Obstructive coronary artery disease

DM is frequently accompanied by additional cardiovascular
risk factors and nearly doubles the risk of CVDs independent
of other risk factors [8,9]. The underlying mechanism of CAD
in patients with DM is accelerated atherosclerosis, and the
prevalence of DM among patients with established CAD in
Western countries exceeds 30% [10]. Additionally, nearly 20%
of CAD patients have undiagnosed DM, and about 25% have
prediabetes or impaired glucose tolerance [10]. CAD is the
leading cause of morbidity and mortality in patients with DM
[11]. The risk of cardiovascular mortality is approximately 1.7
times higher in adults with DM than in non-diabetic adults in
2014 [11]. In Korea, CVDs accounted for 20.8% of death in pa-
tients with diabetes in 2015 [1].

Although mortality from CVDs remains high in patients
with DM, cardiovascular mortality has decreased over time,
potentially due to the increased use of pharmacotherapy for
cardiovascular risk factors [1,12,13]. Therefore, early detection
of CVDs in patients with diabetes can impede disease progres-
sion and prevent future adverse cardiovascular events.

Patients with DM and CAD may present with chronic or
acute coronary syndromes with typical angina, but some DM
patients with CAD may not experience typical chest pain. They
may only complain of dyspnea or may be asymptomatic and
present with electrocardiographic (ECG) abnormalities and/or
elevated cardiac biomarkers [14]. This phenomenon, so called
silent myocardial ischemia or infarction, is often due to diabet-
ic neuropathy and loss of pain sensation [15,16].
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Heart failure

According to the American College of Cardiology/American
Heart Association treatment guidelines for HF [17], HF can be
classified into four stages. Stage A, at-risk for HF, includes indi-
viduals with cardiovascular risk factors for developing HF such
as DM, hypertension, obesity, and metabolic syndrome, but
without structural heart disease or HF symptoms. Stage B, pre-
HE means the presence of structural heart disease without HF
symptoms. Diabetic patients without HF symptoms can be
classified as stage A or B HF, and therapeutic interventions are
recommended to prevent progression of HF [17,18]. Stage C
and D HF refer to symptomatic and advanced HE, respectively.
HF can be classified into three types based on the left ventricu-
lar ejection fraction (LVEF): HF with reduced ejection fraction
(HFrEF; LVEF <40%), HF with mildly reduced ejection frac-
tion (HFmrEF, LVEF=40% to 49%), and HF with preserved
ejection fraction (HFpEF; LVEF >50%) [18].

DM and HF have a bidirectional relationship, and patients
with diabetes have a 2- to 5-fold increased risk of incident HF
[19-21], and in Korea, 67.6% of HF patients have DM [22]. In
one clinical trial with antidiabetic medication, HF was present
in 23.6% of patients with T2DM [23]. The prevalence of predi-
abetes or diabetes was 34.4% among patients with symptomat-
ic HF who participated in an HF trial comparing sacubitril/
valsartan versus ramipril [24].

In patients with diabetes, HF can be caused by ischemic or
nonischemic cardiomyopathies [21]. Myocardial ischemia is
one of the possible causes of HF associated with CAD [9]. Dia-
betic patients with CAD have a 3.3-fold increased risk of devel-
oping HF [21].

Diabetic cardiomyopathy (DiaCM) is a form of nonischemic
HF in patients with diabetes, and it is defined as structural or
functional changes in the myocardium that arise from long-
standing DM without any specific cause of ventricular dys-
function, such as uncontrolled hypertension, significant valvu-
lar heart disease (VHD), or CAD [25]. In the early stages of
DiaCM, left ventricular (LV) hypertrophy, myocardial fibrosis,
and abnormal cell signaling can be found without symptoms
of HF [26]. The estimated prevalence of LV hypertrophy is ap-
proximately 70% in adult patients with DM [27]. Chronic hy-
perglycemia, insulin resistance, hyperinsulinemia, impaired
insulin metabolic signaling, increased oxidative stress, meta-
bolic imbalance, inflammation, inadequate immune response,
microvascular dysfunction, activation of renin-angiotensin-al-
dosterone system, and sympathetic nervous system, and accu-
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Endothelial dysfunction

Cardiomyocyte hypertrophy

Reactive interstitial fibrosis

Normal heart

T S

Contractile function |

Cardiomyocyte cell death

Replacement fibrosis

Restrictive phenotype Dilated phenotype
Diagnosis LV mass 1 LV volume 1 (LVEDVi >97 mL/m?)
LV wall thickness LV wall thickness !
LV volume | (LVEDVi <97 mL/m?) LVEF |
LVEF preserved LA volume 1
LA volume 1 Global longitudinal strain |
Global longitudinal strain |
Diastolic dysfunction: E/¢ 1, LA volume 1, impaired E/A
Clinical HFpEF HFrEF or HFmrEF
presentation
Treatment SGLT2is, diuretics SGLT2is, diuretics

Disease-modifying medications*
in patients with HFrEF

Fig. 1. There are two phenotypes of diabetic cardiomyopathy: the restrictive phenotype, characterized by concentric left ventricu-
lar (LV) hypertrophy and diastolic dysfunction; and the dilated phenotype, characterized by LV dilatation and both systolic and
advanced diastolic dysfunction. It is important to note that some patients exhibiting a restrictive phenotype may transition to a
dilated phenotype. RA, right atrium; Ao, aorta; LA, left atrium; RV, right ventricle; LVEDV], indexed left ventricular end-diastolic
volume; LVEE left ventricular ejection fraction; HFpEEF, heart failure with preserved ejection fraction; SGLT2i, sodium glucose
cotransporter 2 inhibitor; HFrEFE heart failure with reduced ejection fraction; HFmrEF, heart failure with mildly reduced ejection
fraction. “Angiotensin receptor-neprilysin inhibitor/angiotensin converting enzyme inhibitors/angiotensin receptor blockers,

B-blockers, mineralocorticoid receptor antagonists, and ivabradine.

mulation of advanced glycation end-products can all adversely
affect cardiac function, resulting in DiaCM [21,26,28]. Abnor-
mal LV remodeling is associated with longstanding glycemic
abnormalities, and the longer duration of abnormal glucose
control, the worse the degree of LV hypertrophy and diastolic
dysfunction [29]. The prevalence of diastolic dysfunction is
about 20% to 60%, depending on the diagnostic criteria and
study populations [30,31].

Traditionally, DiaCM has been considered a progressive dis-
ease with two successive stages: an early concentric phenotype
with diastolic dysfunction, and a late fibrotic, dilated pheno-
type with systolic and advanced diastolic dysfunction (Fig. 1)
[25,32]. Recently, Seferovic and Paulus [33] proposed two dis-
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tinct subtypes of DiaCM: dilated and restrictive phenotypes.
The dilated phenotype is characterized pathologically by apop-
tosis and necrosis of cardiomyocytes and subsequent replace-
ment fibrosis, and clinically presents as HFrEE The restrictive
phenotype is characterized pathologically by cardiomyocyte
hypertrophy and reactive interstitial fibrosis, functionally by
increased myocardial stiffness, and clinically by HFpEE

WHAT IS ECHOCARDIOGRAPHY AND ITS
ROLE IN CARDIOVASCULAR DISEASES

Echocardiography is a medical imaging technique that uses ul-
trasound with frequencies greater than 20,000 Hz to examine

Diabetes Metab ] 2023;47:470-483  https://e-dmj.org
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Assessment of LV geometry
LV dimension/ LV wall thickness by 2D-Echo and M-mode
LA dimension by 2D-Echo and M-mode
Ao dimension by 2D-Echo and M-mode

Doppler

0 Doppler

Assessment of valvular function
VHD by 2D-Echo and Doppler

Assessment of LV systolic function
LV volumes/ LVEF by 2D-Echo

G Doppler

Assessment of LV diastolic function
Mitral inflow velocity by Doppler
Mitral annular velocity by TDI

Assessment of RV size and systolic function
RV dimensions, RV areas and RVFAC by 2D-Echo
TAPSE by M-mode

I Doppler )

LS, .

[ & Tl R L

TR Vmax

Assessment of pulmonary arterial pressure
TR and TR Vmax by Doppler
IVC size by 2D-Echo

Fig. 2. The use of conventional echocardiography for the assessment of cardiac function and structure. (A) Assessment of left ven-
tricular (LV) geometry using two-dimensional (2D) and M-mode echocardiography, (B) assessment of LV systolic function using
2D echocardiography, (C) assessment of LV diastolic function using Doppler echocardiography and tissue Doppler imaging, (D)
assessment of valvular function using 2D echocardiography and color Doppler imaging, (E) assessment of RV size and systolic
function using 2D and M-mode echocardiography, and (F) assessment of pulmonary artery pressure using 2D and Doppler echo-
cardiography. Ao, aorta; LA, left atrium; LVEE left ventricular ejection fraction; TDI, tissue Doppler imaging; AV, aortic valve;
MYV, mitral valve; VHD, valvular heart disease; RV, right ventricle; RVFAC, right ventricular fractional area change; TAPSE, tri-
cuspid annular plane systolic excursion; IVC, inferior vena cava; RA, right atrium; TR Vmax, maximal velocity of tricuspid regur-

gitation.

the structure and function of the heart. The conventional mo-
dalities of echocardiography include two-dimensional (2D)
echocardiography, M-mode, and Doppler echocardiography
(Table 1). Due to its benefits in diagnosis, management, and
follow-up, echocardiography has become the most commonly
used imaging modality for many CVDs (Fig. 2).

However, conventional echocardiography has limitations. In
response, researchers have developed several echocardiograph-
ic modalities to overcome these limitations. One such modality
is strain echocardiography, which can measure intrinsic myo-
cardial deformation by tracking myocardial speckles generated
by ultrasound-myocardium interactions. This technique is
known as speckle-tracking echocardiography (STE), which
uses optimal 2D echocardiographic images with an adequate
frame rate. Analyzing myocardial strain with STE allows us to
obtain global and regional myocardial strain values, and some
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algorithms generate a bull’s eye mapping that shows the values
of the LV segments (Fig. 3).

In assessing LV systolic function, left ventricular global lon-
gitudinal strain (LVGLS) is the most commonly used parame-
ter. Strain is expressed as a percentage change in myocardial
length, showing the myocardial deformation during the cardi-
ac cycle [34]. A negative value indicates systolic shortening,
and a higher absolute value indicates better LV systolic func-
tion. In one study, normal Koreans were found to have an
LVGLS of —20.4%+2.2% (95% confidence interval, —25.4% to
-16.7%) [35]. The interobserver variability in the measurement
of LVGLS ranges from 5.4% to 8.6%, and the intraobserver
variability ranges from 4.9% to 7.3%. These variabilities are su-
perior or at least comparable to those of LVEF measurements
(which are 10.1% and 7.9%, respectively). Thus, LVGLS can be
used as a good objective marker of LV systolic function and has

Diabetes Metab ] 2023;47:470-483  https://e-dmj.org
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Peak Systolic Strain

GLS-A3C: -26.0%

GLS-A4C: -27.4%
GLS-A2c: -26.1%
LVGLS: -26.5%

GLS-A3C: -7.3%
GLS-A4C: -10.6%
GLS-A2c: -9.1%
LVGLS: -9.0%

GLS-A3C: -16.4%
GLS-A4C: -15.2%
GLS-A2c: -15.3%
LVGLS: -15.6%

Fig. 3. The demonstration of Bull's eye maps using strain echocardiography. (A) A normal subject without cardiovascular risk fac-
tors and normal coronary angiography shows a normal Bull’s eye pattern with preserved left ventricular global longitudinal strain
(LVGLS) value (-26.5%). (B) A patient with diabetes complaining of dyspnea can show a globally decreased LVGLS (-15.6%) in
the Bull's eye map. There was no significant obstructive coronary artery disease (CAD), as seen in the panel below. (C) In a patient
with diabetes and obstructive CAD at the left anterior descending coronary artery (arrowheads), decreased regional strain values
can be observed in the Bulls eye map (arrows). A2C, apical 2-chamber; A3C, apical 3-chamber; A4C, apical 4-chamber; GLS,
global longitudinal strain; RCA, right coronary artery; LCA, left coronary artery.

been used in clinical practice [3]. With the Bull’s eye view, car-
diologists can detect segments of decreased strain suggesting
obstructive CAD (Fig. 3C).

Stress echocardiography can be performed with exercise and
pharmacologic stresses. It can reveal obstructive CAD by demon-
strating worsening regional wall motion abnormality (RWMA)
with increasing cardiac contractility under stress. Additionally,
subclinical HFpEF can be detected with the stress echocar-
diography by demonstrating increased pulmonary arterial
pressure with stress.

EVALUATION OF CARDIOVASCULAR
DISEASES IN PATIENTS WITH DIABETES
MELLITUS

Echocardiography plays a crucial role in the diagnosis of CAD
and HEF. In addition to echocardiographic examination, ECG,
other imaging modalities, and stress tests are also used for con-
firming the diagnosis.

https://e-dmj.org  Diabetes Metab J 2023;47:470-483

Common symptoms suggesting CVDs associated with DM
Dyspnea, shortness of breath, is a common and nonspecific
symptom that can be caused by diverse causes. Since patients
with diabetes are at risk of developing HF and may have dys-
pnea instead of chest pain in cases with CAD, cardiogenic dys-
pnea should be included as one of the differential diagnoses
(Fig. 4). If a diabetic patient presents acute dyspnea, physicians
should rule out acute myocardial infarction (AMI) and acute
pulmonary embolism (PE). Patients with AMI might experi-
ence sweating, indigestion, nausea, and pain or discomfort in
the chest, shoulders, jaw, or back in addition to acute dyspnea.
Patients with acute PE can present with acute chest pain, exacer-
bated by inspiration or cough, as well as unilateral leg swelling.
Chronic dyspnea is one of the most common symptoms en-
countered in daily clinical practice, and the two most common
causes are respiratory and cardiac diseases [36]. The symptoms
and signs of respiratory diseases include cough, sputum, and
abnormal breathing sounds. Patients with significant CAD or
HF can have chronic dyspnea which worsens during exercise.
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Dyspnea

Detailed history taking
Physical examination
Chest X-ray

ECG

Complete blood count
Routine chemistry
Spirometry

Is there other diagnosis rather than CVD evident?

Yes
Possible causes
Asthma
COPD
Anemia

e

Is there possible sign of CVD?

Physical examination: cardiac murmurs, peripheral edema, pulmonary crackles
Chest X-ray: cardiomegaly, pulmonary edema, pleural effusion
ECG: LVH, LAE, LBBB, Q wave, ST change, T wave inversion, arrhythmia

Kyphoscoliosis
Muscular causes

Yes l

l Possible causes

Heart failure
Pericardial effusion
Valvular heart disease
Coronary artery disease
Cardiac arrhythmias

|

Other confirmatory tests

| o

Possible causes

Heart failure

Coronary artery disease
Pulmonary embolism
Cardiac arrhythmias

|

Other confirmatory tests for specific cause Other confirmatory tests for specific cause

Conventional echocardiography
and/or strain measurement

BNP or NT proBNP

Stress echocardiography/ECG

Echocardiography with strain measurement
BNP or NT proBNP

Stress ECG/echocardiography

CECT/CMR

Ventilation/perfusion scan

Holter monitoring

Fig. 4. A diagnostic algorithm for the evaluation of dyspnea. ECG, electrocardiography; CVD, cardiovascular disease; COPD,
chronic obstructive pulmonary disease; LVH, left ventricular hypertrophy; LAE, left atrial enlargement; LBBB, left bundle branch
block; BNP, B type natriuretic peptide; NT proBNP, N-terminal pro-brain natriuretic peptide; CECT, contrast enhanced comput-

ed tomography; CMR, cardiac magnetic resonance imaging.

Orthopnea, i.e., dyspnea that worsens as the patient lays down,
paroxysmal nocturnal dyspnea, and nocturnal cough can oc-
cur in HF patients.

Chest pain is another common symptom, and pressure,
heaviness, tightness, squeezing, or burning in the chest are re-
garded as angina-equivalent symptoms. The proposed diag-
nostic algorithm is summarized in Fig. 5. History taking is the
most important step in the diagnosis of myocardial ischemia.
Chest pain produced by myocardial ischemia is characterized
by being centrally located, deep-sited, difficult to localize and
diffuse (typical chest pain). If the chest pain is aggravated by
exercise or emotional stress, and relieved by rest or sublingual
nitroglycerin, the symptoms are highly suggestive of CVDs
(typical chest pain). Typical chest pain is associated with ob-
structive CAD. In AM]I, the chest pain usually lasts longer than
30 minutes and is not relieved by sublingual nitroglycerin.

476

Pericarditis-related chest pain is worsened by a deep breathing
or coughing. The pain of aortic dissection or aortic intramural
hematoma is typically severe and occurs suddenly in the back
or between the shoulder blades. The pain is frequently de-
scribed as a tearing or ripping sensation that migrates upward
or downward depending on the propagation of the lesion.
Chest pain from acute PE occurs suddenly and is similar to
pleuritic chest pain, which is common in pericarditis.

Evaluation of CAD in diabetic patients

Along with history taking and physical examination, a chest
radiograph, ECG, and routine blood test can all assist with the
diagnosis of CVD. An echocardiographic demonstration of
RWMA consistent with the coronary artery territory is a rep-
resentative finding of CAD. Echocardiography can also detect
other causes of chest pain or dyspnea, such as aortic dissection

Diabetes Metab ] 2023;47:470-483  https://e-dmj.org
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Chest pain

Detailed history taking
Physical examination
Chest X-ray

ECG

Complete blood count
Routine chemistry
Spirometry

Is there possible sign of CVD?

Physical examination: cardiac murmurs, peripheral edema, pulmonary crackles
Chest X-ray: cardiomegaly, pulmonary edema, pleural effusion
ECG: LVH, LAE, LBBB, Q wave, ST change, T wave inversion, arrhythmia

L

Possible causes
Coronary artery disease
Variant angina
Pulmonary embolism

|

Other confirmatory tests for specific cause
Stress ECG/echocardiography

CECT or ventilation/perfusion scan

Invasive coronary angiography with ergonovine

Yes l

Possible causes

Coronary artery disease
Valvular heart disease
Hypertrophic cardiomyopathy
Pulmonary embolism

Other confirmatory tests for specific cause
Echocardiography

CECT/CMR

Ventilation/perfusion scan

Invasive coronary angiography

Fig. 5. A diagnostic algorithm for the evaluation of chest pain. ECG, electrocardiography; CVD, cardiovascular disease; LVH, left
ventricular hypertrophy; LAE, left atrial enlargement; LBBB, left bundle branch block; CECT, contrast enhanced computed to-

mography; CMR, cardiac magnetic resonance imaging.

or PE [37,38]. Echocardiography in conjunction with exercise
or pharmacologic stress can cause a mismatch in myocardial
oxygen demand-supply, which allows for a provocative test in
patients with stable effort-related chest pain and normal echo-
cardiographic results at rest. Stress echocardiography is also an
important supplemental diagnostic test for the evaluation of
myocardial viability prior to coronary revascularization [7].

Since STE can identify myocardial segments with decreased
myocardial strain suggestive of CAD, it can aid in the detection
of significant CAD and eliminate the subjective view of the ob-
server in the evaluation of RWMA associated with conven-
tional echocardiography [3,5,39]. However, invasive coronary
angiography remains the gold standard for the diagnosis of ob-
structive CAD (Fig. 3).

Evaluation of HF

Similar to the evaluation of other CVDs, a detailed history tak-
ing, and physical examination are required. A chest X-ray,
ECG, and routine blood tests are necessary to diagnose HE
The echocardiographic examination is a fundamental imaging
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method for the diagnosis of HF presenting with typical symp-
toms and elevated levels of brain natriuretic peptide (BNP) or
N-terminal pro-brain natriuretic peptide (NT proBNP) [17].
HF guidelines recommend measuring natriuretic peptides as
one of the initial diagnostic steps in cases of suspected HF
[17,18]. A BNP <35 pg/mL or NT proBNP <125 pg/mL sug-
gests that HF is unlikely, while elevated levels of BNP or NT
proBNP support an HF diagnosis [17,18]. The existence of al-
ternative potential cardiac and noncardiac causes aside from
HEF that trigger elevated concentrations of natriuretic peptides
should be noted [40,41]. LVEF assessed by conventional echo-
cardiography is used to classify types of HF (HFrEE, HFmrEFE,
and HFpEF). Echocardiography can also detect combined
VHD, RWMA, and pericardial effusion, as well as provide in-
formation about prognosis and treatment response [17,18].
The traditional 2D echocardiographic technique is usually
used to calculate LVEE To supplement the 2D echocardiogra-
phy, 3D measurements are recommended as they provide
more accurate data for quantification of LV volume, despite the
limitations of lower temporal resolution and higher dependen-
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cy on image quality [42,43]. The 3D echocardiographic modal-
ity is also useful for the evaluation of right ventricular volume
and function [44].

HFrEF and HFmrEF can be identified if the LVEF is less than
50%. However, HFpEF can be diagnosed when the LVEF great-
er than 50%, echocardiographic parameters of diastolic dys-
function are present, and BNP/NT proBNP level is elevated.
HFpEF involves a wide range of proposed mechanisms, includ-
ing diastolic dysfunction, left atriopathy, endothelial dysfunc-
tion, volume overload, and cardiometabolic abnormalities [26].
An elevated E/€’ (>9) and the presence of pulmonary hyperten-
sion (estimated pulmonary arterial systolic pressure [PASP]
>35 mm Hg) are two parameters of H,FPEF score used to diag-
nose HFpEF [45]. An E/€ is the ratio of mitral E velocity and
mitral annular € velocity in early diastole measured by Doppler
echocardiography and is associated with LV filling pressure [46].
Estimated PASP is calculated using the maximal velocity of tri-
cuspid regurgitation (TR Vmax) by the continuous wave Dop-
pler and right atrial pressure. H,FPEF scoring system is useful
for diagnosing HFpEEF, especially in euvolemic patients [47,48].

It was recently discovered that LVGLS can be used to supple-
ment LVEE, particularly in patients with HFpEF [3,6,49]. De-
creased LVGLS is a marker of myocardial dysfunction that in-
dicates subclinical LV dysfunction before clinical symptoms
develop [3,50,51]. Furthermore, strain echocardiography can
detect early diastolic dysfunction by calculating left atrial strain
[52,53]. Strain echocardiography; it has been suggested, can aid
in the early detection of myocardial dysfunction in patients
with DiaCM [54]. A study by Yang et al. [55] demonstrated
that LVGLS was significantly impaired T2DM patients with
microvascular complications, more so than in without compli-
cations, while no significant difference in LVEF was observed
between the two groups. A recent meta-analysis showed that
3D echocardiography-measured LVGLS was reduced in as-
ymptomatic patients with diabetes [56].

Additional imaging modalities such as cardiac magnetic res-
onance imaging and cardiac computed tomographic angiogra-
phy can provide information if routine transthoracic echocar-
diography is unavailable or falls short in providing sufficient
information [57-59]. If a patient with dyspnea only on exertion
and suspected HFpEF has normal echocardiographic results at
rest, exercise stress echocardiography may be warranted to un-
cover exercise-induced hemodynamic abnormalities such as
diastolic dysfunction or pulmonary hypertension [60,61].
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WHEN DO WE PERFORM
ECHOCARDIOGRAHY IN PATIENTS WITH
DIABETES?

We recommend that echocardiography should be performed
on patients with diabetes in the following situations. In all cas-
es, a detailed history taking, physical examinations, ECGs, and
measurements of BNP or NT proBNP levels also provide help-
ful information that should guide decisions (Fig. 6).

(1) Unquestionable signs and symptoms of HF, i.e., dyspnea, crack-
les or decreased breathing sounds on auscultations on bilateral
lung fields, pulmonary congestion and/or bilateral pleural ef-
fusions on chest radiographs: Echocardiography should be per-
formed to confirm the diagnosis of HF and to rule out other pos-
sible causes of the symptoms.

(2) Bilateral edema on lower legs: Clinicians should investigate the
causes of edema, such as the patient’s use of calcium channel
blockers, non-steroidal anti-inflammatory drugs, and glucose-
lowering agents such as thiazolidinediones, or the presence of
systemic diseases like renal disease. Echocardiography can both
assess right heart function and diagnose right-sided HE

(3) Exertional dyspnea without signs of congestion: Echocardiog-
raphy can be used to diagnose HE, VHD, or CAD. Strain echocar-
diography can detect HF in its early stages before clinical symp-
toms develop. Exercise or pharmacologic stress echocardiography
can help determine the cause of dyspnea, such as CAD or pulmo-
nary hypertension, or evaluate functional capacity.

(4) Obvious abnormal findings on ECG or chest X-ray: ECG find-
ings that indicate heart diseases include arrhythmias such as
atrial fibrillation, ventricular tachycardia, pathologic Q waves,
ST-segment changes, and left bundle branch block. Cardiomeg-
aly, increased pulmonary arterial size, pulmonary edema, and
pleural effusions are chest X-ray findings that suggest the pres-
ence of CVD. Echocardiography should be performed to deter-
mine the presence and severity of CVD, even if the patient is as-
ymptomatic.

(5) Poor functional capacity or inactivity with elevated BNP or NT
proBNP levels: Echocardiography should be performed at least
once to confirm the presence of HF or another CVD, particu-
larly in patients with a high suspicion of HE.

(6) To check the efficacy of medications: Follow-up echocardiograms
comparing parameters pre and post treatment can provide clini-
cal clues as to whether the medications should be maintained or
changed. For example, in patients with HFrEEF, if LVEF re-mea-
sured after a certain period of medical treatment has not suffi-
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Diabetic patients with chest pain/dyspnea

i
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*CXR/IECG
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* Spirometry

>

High CVD probability

Symptoms of CVD:
dyspnea, edema, or chest pain

Signs of CVD:
abnormal physical findings,
abnormal CXR/ECG changes,
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« Exertional dyspnea?
+«CAD?

Y

»DiaCM?

«CAD?
« HFpEF? +

Strain echocardiography

Fig. 6. The role of echocardiography in evaluating cardiovascular diseases in patients with diabetes mellitus. PEx, physical exami-
nation; CXR, chest X-ray; ECG, electrocardiography; CBC, complete blood count; CVD, cardiovascular disease; BNP, brain natri-
uretic peptide; NT proBNP, N-terminal pro-brain natriuretic peptide; CAD, coronary artery disease; DiaCM, diabetic cardiomy-

opathy; HFpEE heart failure with preserved ejection fraction.

ciently improved, additional drugs may be required.

(7) To diagnose early-stage HF or check the effect of medications,
such as sodium glucose cotransporter 2 inhibitor (SGLT2i)
to prevent HF’s progression (usually for research purposes):
Strain echocardiography can help detect early-stage HF before
overt HF symptoms develop or structural changes occur.

FUTURE PERSPECTIVES

While the prevalence of many CVDs is decreasing in patients
with DM, HF is becoming more common. Unfortunately, to
date less attention has been paid to HF than CAD as a cardiac
complication in patients with diabetes [2,62]. Because asymp-
tomatic patients with diabetes are regarded as having stage A
and B HE, timely recognition of HF allows for treatment op-
tions. Recently, SGLT2is and glucagon-like peptide-1 receptor
agonists (GLP-1RAs) have been in the limelight because these
medications have been shown to significantly reduce athero-
sclerotic CVD, including myocardial infarction, stroke, and
cardiovascular death [63]. Strain measurement of the LV can
be useful for detecting stage A and B HF before associated HF
symptoms develop. Strain measurement of the left atrium is
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also helpful to find atrial dysfunction in patients with HFpEF
[52].

SGLT2is are at the center of interest in the management of
HEF regardless of the presence of DM [64]. Subsequent studies
using SGLT2is have shown consistent results that all SGLT2is
significantly reduce the risk of HF in patients with diabetes and
are effective in both the secondary and primary prevention of
HF [65,66]. Furthermore, SGLT2is effectively reduce the risk
of cardiac death and hospitalization for HEF, irrespective of the
presence of diabetes or the type of HF based on the LVEF [67].
Large-scale studies demonstrating the beneficial effects of
SGLT?2i on the echocardiographic parameters, including strain
measurements, will enable researchers a better understanding
of the mechanism by which SGLT2is exert their preventive and
therapeutic effects of on HF [68].

Although GLP-1RAs have been found to have a neutral effect
on HF hospitalization [63,69], studies have demonstrated that
GLP-1RA, alone or in combination with SGLT2i in patients
with T2DM can effectively improve cardiac work (as assessed
by strain echocardiography) more effectively than insulin treat-
ment [70]. Unlike conventional echocardiography, strain mea-
surement detects subtle changes in cardiac function and can
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thus be used to compare the effects of treatment.

CONCLUSIONS

Patients with diabetes are predisposed to vascular diseases
such as CAD, stroke, and HE. DM is classified as stage A and B
HE even in the absence of HF symptoms. If a diabetic patient
presents with dyspnea or chest pain, echocardiography should
be performed as a part of a diagnostic process that also in-
volves a detailed history taking, physical examinations, an as-
sessment of biomarkers, an ECG, and chest radiographs. Since
symptoms in diabetic patients with CVD may be ambiguous
or absent, echocardiography and stress tests should also be
considered for those who show signs of HF or CAD, even if
they are otherwise asymptomatic. In short, echocardiography
is an essential diagnostic test for determining the cause of car-
diogenic dyspnea or chest pain.
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