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BACKGROUND

DIABETES
High prevalence: 1/10 worldwide (undiagnosed in > 1/3)

Increased risk (2-5 fold) of Major CV events (HF, AF/stroke, CAD)

IDF Diabetes Atlas 2022 Reports; Dandamudi, J Card Fail 2014; Muhlestein JAMA 2014; From Am J Card 2009; Rajagopalan JACC 2005, Beagley J, et al. Diabetes Res Clin Pract 2014; Sarwar N, et al. Lancet 2010

Cardiac dysfunction
54% Diastolic Dysfunction (RR 3.74 for death)
17% Diabetic Cardiomyopathy (RR 5.06 for death)

(overt systolic dysfunction or at least moderate diastolic dysfunction)

Myocardial ischemia (CAD / INOCA)
23% >moderate (>50%) coronary artery stenosis
20-58% perfusion defects on SPECT

What’s the role of 
CARDIAC IMAGING
in asymptomatic DM 

patients ?



(1)    Early identification of CARDIAC DYSFUNCTION

Pre-clinical stages SYMPTOMS

Voigt et al, JACC 2019; Cikes et al, EHJ 2016
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Global Longitudinal Strain (GLS) vs. Ejection Fraction (EF) 
• Higher reproducibility than Echocardiography (r=0.93 vs. cardiac magnetic resonance)
• Higher prognostic value for major CV events (AUC 0.82 vs. 0.72)    

Normal Systolic dysfunction

Voigt et al., JACC 2019; Cikes et al., EHJ 2016; Haugaa et al., JASE 2012

(1)    Early identification of CARDIAC DYSFUNCTION

Speckle Tracking Echocardiography



236 asymptomatic DMT2 patients with normal EF
(mean 66.3±6.9) assessed with speckle tracking 
echocardiography

Pre-clinical left ventricular dysfunction in 45%
(GLS < -18.9%)

Holland, Heart 2015
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236 asymptomatic DMT2 patients with normal EF
(mean 66.3±6.9) assessed with speckle tracking 
echocardiography

Pre-clinical left ventricular dysfunction in 45%
(GLS < -18.9%)

…increased risk of all-cause mortality and 
hospitalization

Holland, Heart 2015

(1)    Early identification of CARDIAC DYSFUNCTION



172 asymptomatic DMT2 patients with normal EF
(mean 70±7) assessed with speckle tracking 
echocardiography

Pre-clinical left ventricular dysfunction in 23% 
(GLS < -18%)

…associated with higher relative wall thickness 
and end-systolic volume

Ernande, ASE 2014
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Ernande, ASE 2014

172 asymptomatic DMT2 patients with normal EF
(mean 70±7) assessed with speckle tracking 
echocardiography

Pre-clinical left ventricular dysfunction in 23% 
(GLS < -18%)

…associated with higher relative wall thickness 
and end-systolic volume

…associated with adverse LV remodeling at 3 years

(1)    Early identification of CARDIAC DYSFUNCTION



6668 asymptomatic DM patients compared with 
7218 controls, assessed with speckle tracking 
echocardiography 

…lower LV strain, LA reservoir strain, RV strain

Ghoreyshi-Hefzabad, Intl Journal Cardiovasc Imaging 2023

(1)    Early identification of CARDIAC DYSFUNCTION



(1)    Early identification of CARDIAC DYSFUNCTION

Focal fibrosis (ischemic LGE scar) 
- observed in 28% asymptomatic DM 
patients without clinical evidence of MI 
(normal ECG)
- associated with increased risk of MACE 
(HR 4.13) comparable with those with 
history of MI

Kwong, Circulation 2008; Storz, EHJ 2018

Diffuse fibrosis (T1 mapping, ECV)
- decreased ECV in asymptomatic DM patients, 
higher cell volume (consistent with early LV remodelling) 

Cardiac Magnetic Resonance



Pre-clinical stages SYMPTOMS

Voigt et al, JACC 2019; Cikes et al, EHJ 2016
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(1)    Early identification of CARDIAC DYSFUNCTION



180 asymptomatic DMT2 patients assessed with stress-
echocardiography

Diastolic dysfunction: at rest 45%, after exercise à 57%
… associated with impaired exercise capacity (lower 
exercise peak METs)

Nishi, EHJ Cardiovasc Imaging 2020; Won-Ha, JACC 2020

(1)    Early identification of CARDIAC DYSFUNCTION

Stress-Echocardiography



Left atrial deformation

Thomas, JACC 2019; Jia, Frontiers 2022; Cameli, AJC 2012

Left atrial deformation vs. traditional assessment of diastolic dysfunction
• More sensitive marker of early phases of DD, improved stratification of stage
• Independent predictor of all-cause mortality and hospitalization
• Independent predictor of CV events (HR 2.10) and Atrial Fibrillation (HR 6.45)

(1)    Early identification of CARDIAC DYSFUNCTION



536 asymptomatic DM patients, assessed with 
cardiac magnetic resonance

Left atrial size and function impairment 
associated with incident CV events (Heart 
Failure, Myocardial infarction, Atrial Fibrillation, 
Stroke)

Impact of LA EDVi stronger than ESVi

HR 1.12 per mm3/m2

HR 0.95 per %

HR 0.97 per %

HR 0.98 per %

Merkman, EHJ Cardiovasc Img 2017

(1)    Early identification of CARDIAC DYSFUNCTION



Early identification of DIASTOLIC dysfunction

Arnautu, Diabetes Metab Syndr Obes 2023

60 DM patients (50% with paroxysmal atrial fibrillation), 
assessed with speckle-tracking echocardiography 

LA stiffness (E/A ratio / LA reservoir) had strongest 
association with paroxysmal atrial fibrillation (OR=5.2)



319 asymptomatic DM patients, assessed with 3D 
echocardiography with semi-automatic quantification 
of LA volume over time

Gong, Journal of Diabetes, 2023; Spitzer, CFR 2017; Linden, JASE 2019

LA size (LAVi min and LAVIpre) associated 
with no. of microvascular complications

(1)    Early identification of CARDIAC DYSFUNCTION

3D-Echocardiography
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Myocardial ischemia (CAD / INOCA)



(2)    Early identification of MYOCARDIAL ISCHEMIA

Abnormal coronary flow reserve (≤2) present 
in 27% DM patients (and negative stress-
echocardiography)

..associated with increased risk of MACE (HR 
1.50, 95% CI 1-2.25)

Stress-Echocardiography



2162 asymptomatic DMT2 patients assessed with CT 
coronary calcium score scan
(low radiation 1-2 mSV, no contrast media).

Patients stratified by Agatston Score
High risk: score > 400, HR 8.67 for cardiac mortality, 
HR = 10.83 for coronary revascularization

(2)    Early identification of MYOCARDIAL ISCHEMIA

Computed Tomography



(3)    Early identification of CARDIAC STEATOSIS

46 T2DM patients (non 
hypertensive) vs. controls:

Myocardial steatosis (DM had 2-
fold increase in myocardial 
trygliceride content) was
independent predictor of 
LV remodeling and reduced 
systolic strain.

..Associated with impairement of 
myocardial energetics (-18% 
reduction in myocardial 
phosphocreatine to ATP ratio)

31P Cardiac magnetic resonance spectroscopy



(3)    Early identification of CARDIAC STEATOSIS

Epicardial adipose tissue volume and insulin-resistance both 
independently associated with
-increased myocardial fat content
-higher burden of interstitial fibrosis
-impaired LV longitudinal strain

31P Cardiac magnetic resonance spectroscopy



CONCLUSIONS – Take home messages

What’s the role of CARDIAC IMAGING
in asymptomatic diabetic patients ?

Detection of preclinical:
ü systolic and/or diastolic dysfunction
ü impaired exercise capacity
ü cardiac remodeling
ü focal and/or diffuse fibrosis
ü risk of microvascular complications
ü impaired left atrial deformation predisposing to AF
ü cardiac steatosis, epicardial adipose tissue volume

Risk stratification (adverse remodeling, CV events, mortality, hospitalizations)
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