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Abstract 
    Background: Diabetes is associated with left ventricular remodeling. Myocardial wall stress is a measurable factor connected to the 
ventricular breadth and force and is related to myocardial thickness; it can be measured by echocardiography. The present study aimed 
to assess the link between heart failure (HF) and echocardiography-derived myocardial wall stress in diabetic patients with ST elevation 
myocardial infarction (STEMI) who were managed with revascularization.  
   Methods: This study was a comparative prospective study that took place between February 2022 and February 2023. It included 100 
diabetic patients presented with STEMI and managed by percutaneous coronary intervention (PCI). Patients were selected from the 
cardiology departments at Al-Azhar University Hospital, Damietta, Egypt. During the hospital stay, patients were checked for HF 
symptoms and signs. They were also observed for 3 months after discharge for detection of HF. Those who did not develop HF were 
assigned to group I, and those with HF were assigned to group II.   
   Results: The mean value of end-systolic wall stress (ESWS) was 77.09 ± 12.22 and 97 ± 13.44, and the mean value of end-diastolic 
wall stress (EDWS) was 12.61 ± 2.76 and 15.87 ± 2.86 in groups I and II respectively, with significant differences between the 2 groups. 
The cutoff point to detect HF was 88 KPa for ESWS and 13.5 KPa for EDWS, with a sensitivity of 70% and 79% and a specificity of 
80% and 61% for ESWS and EDWS, respectively. 
   Conclusion: Elevated left ventricle (LV) myocardial stress is related to increased HF in diabetic patients whose HF was managed by 
PCI after STEMI. LV wall stress is a potentially helpful risk stratification tool using routine echocardiography to determine the treatment 
plane according to the risk status.  
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Introduction 
Diabetes is considered an essential cause of left ventric-

ular remodeling (1, 2); in another words, dia betes was de-
fined in the section on cardiomyopathy related to diabetes, 

as no other cause can lead to left ventricular remodeling 
aside from diabetes (3). Myocardial remodeling caused by 
acute myocardial infarction (MI) has been suggested in 
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↑What is “already known” in this topic: 
Cardiac remodeling with diabetes is a significant risk for heart 
failure. Methods to measure this remodeling directly or indirectly 
are limited. Furthermore, the process of risk classification 
following an ST-elevation myocardial infarction (STEMI) is 
critical to the planning and monitoring of medical interventions.  
 
→What this article adds: 

The significance of measuring the left ventricle myocardial stress 
(systolic and diastolic) using echocardiography as a marker of 
cardiac remodeling was highlighted by this study. It is a non-
invasive technique with a respectable level of sensitivity and 
specificity. The findings need to be handled carefully and 
submitted for additional validation in subsequent research.  
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about two-thirds of the 5 million yearly patients of heart 
failure (HF) (4). 

Left ventricular adverse remodeling is a process of mal-
adjustment caused by cardiac lesions distinguished by mor-
phological changes in left ventricular construction and ap-
pearance, with the following impairment of the cardiac 
function (4). 

Myocardial wall stress is a measurable factor connected 
to the ventricular breadth and force and is contrary to myo-
cardial thickness. The current echo machine has no direct 
method to assess myocardial wall stress, nonetheless, it can 
be measured by Laplace's low using a related formula (5). 

Risk stratification is an essential element of protecting 
cases with acute MI. Prognostic data are important for the 
ideal method and material assignment to provide MI cases 
with the perfect intensity and location of care (6).   

Major adverse cardiac events are expected after ST ele-
vation myocardial infarction (STEMI); thus, identifying 
patients who are at risk for future cardiac events is im-
portant for optimization of treatment and improving prog-
nosis (7). Nowadays, the imaging data that can be used for 
risk stratification after ST-elevation myocardial for the 
clinical outcome are limited (8).  

Hence, there is a critical requirement for development in 
echo machines to discover dispassionately variables that 
can be measured by echocardiography for risk stratification 
(9). 

The present study aimed to assess the link between HF 
and echocardiography derived myocardial wall stress in di-
abetic cases with ST-elevation MI managed with revascu-
larization. 

 
Methods 
The present study was a comparative prospective study 

that took place between February 2022 and February 2023 
and included 100 diabetic patients presented with ST ele-
vation anterior MI that was managed with primary revascu-
larization. Patients were admitted to cardiology depart-
ments in Al-Azhar University Hospital, Damietta, Egypt. 
Patients were monitored for signs and symptoms of HF 
while they were in the hospital. In order to diagnose HF, 
patients were also monitored for 3 months following their 
discharge. 

 
Inclusion Criteria 
Adult diabetic patients with first ST elevation anterior MI 

that was managed with percutaneous revascularization in 
the first 12 hours after MI met the inclusion criteria.  

 
Exclusion Criteria  
History of previous ischemic heart disease (IHD), history 

of MI or cardiac surgery, nondiabetic patients, aortic steno-
sis patients, and poor echo window were the exclusion cri-
teria. 

Patients were divided into 2 divisions according to their 
3-month follow-up data following primary percutaneous 
coronary intervention (PCI): group I: nonheart failure 
group, and group II: HF group. 

 
 

Applied Methods  
Patients underwent assessment using the following 

schemes:  
• Full history taking, including personal history (eg, age, 

sex, and social status); medical history (eg, patient com-
plaint, history of diabetes mellitus [DM], hypertension 
[HTN], and smoking); and history of coronary artery dis-
ease and arrhythmia. In addition, general and local cardiac 
examinations were fulfilled. 

• Standard 12 leads electrocardiogram (ECG), besides la-
boratory investigations (eg, complete blood count, liver and 
renal function tests, and lipid profile.  

• Cardiac imaging by echocardiography was performed 
within 72 hours after PCI and before discharge. Left ven-
tricular studies by M-Mode and Doppler were carried out 
in the standard echo views.  It was performed in the left 
lateral position. Philips iE 33 Matrix machine was used 
(Philips IE 33 Ultrasound) and a 4S-RS (3.5-Mhz) probe. 
Two cardiologists performed the investigations. They were 
experts in the field and were blinded to categorization of 
patients. Images were recorded from the parasternal long 
axis, apical 4 chambers, apical 5 chambers, and apical 2-
chamber view. All examinations were done in agreement 
with the American Society of Echocardiography guide-
lines.  

 
LV Myocardial Stress 
The left ventricular wall stress in systole and diastole was 

computed using the Laplace law and depended on the equa-
tion adopted by Mirskey (10–12). 	 	 		 	 			2 3 1 

Where LV = left ventricular, P = Diastolic or systolic pressure, 
V lum = Diastolic or systolic volume in the left ventricle, V myo 
= Myocardial volume. 

 
End Systolic Pressure and End Diastolic Pressure Meas-

urement 
The value of systolic wall stress equals the value of sys-

tolic blood pressure that measured during echocardiogram; 
pulmonary capillary wedge pressure measurement was 
used instead of end diastolic pressure for assessment of end 
diastolic wall stress using the Nagueh's formula (13). 

PCWP=1.24*( ′) +1.9 
Where, E = Early mitral inflow velocity; E’ = tissue Doppler of 

the mitral annulus. 
 
Measurement of Left Ventricular Volume 
The Simpson's biplane method, which was recommended 

by the American Society of echocardiography was used to 
measure the left ventricular luminal volume (14), and my-
ocardial volume was measured by the left ventricular mass 
and specific gravity of the myocardial wall, which was pre-
viously reported to be 1.05g/cc. 

Yocardial Volume= 	 	  
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Measurement of LV Mass 
LV mass was measured using the following equation as 

recommended by the American Society of echocardiog-
raphy (15): 

Left ventricular Mass (g) =0.8{1.04(((LVEDD +IVSd 
+PWd) 3−LVEDD3))} +0.6 

Where LVEDD = left ventricular end-diastolic diameter in cm; 
IVSd = interventricular septal thickness at the end of diastole; 
PWd = Posterior wall diameter at the end of diastole. 

 
Patients of the study were followed up during their hos-

pital stay and three months after PCI for the detection of 
HF. 

 
Ethical Considerations  
The ethical and research committee of Damietta Faculty 

of Medicine, Al-Azhar University approved the thesis pro-
tocol. Before the study started and after its objectives and 
techniques were explained to each participant, they all 
signed an informed consent form. The rights of every pa-
tient were respected. The Helsinki Declaration's ethical 
code for conducting research was followed in the comple-
tion of the study (2013).  

 
Statistical Analysis  
SPSS software Version 16 was used after the computeri-

zation of patient data to run different statistical analyses. 
The results were presented in other formats—eg, text, ta-
bles, and figures of graphic representation. For qualitative 
data, the relative frequency and percentages are calculated 
and used as the primary representation of this type of vari-
able. The χ2 test and its suitable substitutes or equivalents 
were used to estimate the association between groups. 
However, mean, standard deviation, minimal, and maximal 
values represent quantitative data. The independent-sample 
Student t test was calculated as a comparison test between 
the 2 groups.  The receiver operating characteristic (ROC) 
curve was used to assess some values for HF prediction us-
ing the cutoff point of that value. The normality of data was 
tested by the Kolmogorov–Smirnov test, and P < 0.05 was 
considered statistically significant.  

 
 

Results 
Clinical and Demographic Characteristics  
We included 100 patients in the present study. There 

were 76 in group I (nonheart failure) and 24 in group II 
(HF). Out of them, 50% were men and 50% were female, 
without significant differences. The mean age was 57.56 ± 
11.67 years and 68.58 ± 7.73 years in groups I and II, re-
spectively, with significant differences between groups. 
However, hypertension was significantly higher in group II 
than in group I (75% vs 36.8%). The remaining patients did 
not significantly differ across groups; 50 had obesity, 45 
smoked, 62 had dyslipidemia, and 7 had a positive family 
history of IHD. History of COVID-19 was reported among 
8 patients, with a significant increase in group II than group 
I (25% vs 2.6%, respectively) (Table 1).   

The echocardiographic data revealed that the left ventri-
cle (LV) ejection fraction was significantly lower in group 
II than in group I (42.83 ± 5.76 vs 52.56 ± 4.63, respec-
tively). The end-systolic wall stress (ESWS) was consider-
ably higher in group II than in group I (97 ± 13.44 vs 77.09 
± 12.22, respectively). Similarly, the end-diastolic wall 
stress (EDWS) was significantly higher in group II than 
group I (Table 2).  

The percutaneous coronary angiography results revealed 
a significant increase in LAD disease among group II when 
compared with group I (87.5% vs 48.6%). Similarly, LCX 
and RCA diseases were significantly higher in group II than 
in group I (66.6%, 83.3% vs 35.5%, 26.3% successively). 
The single coronary vessel disease was reported among 68 
patients (64 in group I and 4 in group II). However, the 2-
coronary vessel disease was reported among 21 patients (8 
in groups I and 13 in group II), with significant differences. 
Furthermore, there was a significant increase in multivessel 
coronary disease in group II than in group I (29.1% vs 
5.2%, respectively) (Table 3).  

The ROC curve was built for ESWS and EDWS to test 
the potentiality of both measurements to predict HF. For 
ESWS, the finding raveled an area under the curve (AUC) 
of 0.849, with a cutoff point of 88 Kpa, with a sensitivity 
of 70% and a specificity of 80%. EDWS showed an AUC 
of the curve of  0.787, with a cutoff point of 13.5, sensitivity 
of 79%, and specificity of 61% (Table 4, Figures 1 and 2).  

 
Table 1. Clinical and Demographic Characteristics of all Participants, Including Nonheart Failure Group Versus Heart Failure Group 

Variable All Patients  (n=100) Non-HF Group I (n=76) HF Group II (n = 24) P Value 
Age 60.21±11.80 57.56±11.67 68.58±7.73 <0.001* 
Male sex 50 (50%) 39 (51.4%) 11 (45.8%) 0.815 
Female sex 50 (50%) 37 (48.6%) 13 (54.1%) 0.830 
HTN 46 (46%) 28 (36.8%) 18 (75%) 0.002* 
Obese 50 (50%) 37 (48.6%) 13 (54.1%) 0.815 
Smoking 45 (45%) 31 (40.7%) 14 (58.3%) 0.161 
Dyslipidemia 62 (62%) 51 (67.1%) 11 (45.8%) 0.090 
FH of  IHD 26 (26%) 3 (3.9%) 4 (16.6%) 0.055 
COVID 8 (8%) 2 (2.6%) 6 (25%) 0.002* 

HTN: hypertension, FH: family history; IHD: ischemic heart disease; COVID: coronavirus disease, * Indicate statistical significance.  
 
Table 2. Echocardiographic Characteristics of all Participants, Including Heart Failure and Heart Failure Groups 

Variable All Patients (n = 100) Non-HF Group I (n=76) HF Group II (n =24) P Value 
LVEF 50.33±6.47 52.69±4.63 42.83±5.76 <0.001* 
ESWS 81.87±15.10 77.09±12.22 97.00±13.44 <0.001* 
EDWS 13.40±3.10 12.61±2.76 15.87±2.86 <0.001* 
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Correlation Between Ejection Fraction and Wall Stress 
in Systole and Diastole 

In the present study, there was an inverse, statistically 
nonsignificant correlation between EF and ESWS. Simi-
larly, there was a negative, statistically nonsignificant cor-
relation between EF and EWDS (Table 5). 

 
Discussion 
One of the most important prognostic factors for acute or 

subacute ST-elevation MI is HF (16).  After the develop-
ment of a new modality in the treatment of acute MI, in-
cluding primary intervention, the prognosis of HF after 
STEMI is improved, but despite all of the major advanced 
cardiac events after STEMI, it is still high (17,18). Hemo-

dynamic changes of the LV (immediate or chronic) can oc-
cur after ST-elevation MI (19). 

Eccentric LV dilatation can occur as an adaptive mecha-
nism after a chronic increase of the left ventricular load. 
Myocardial geometry change and impairment of cardiac 
function are considered a confirmed result after elevated 
myocardial wall stress (20). The risk of HF, ischemic 
events, and death is substantially increased by diabetes, and 
the risk of cardiovascular death is elevated if the patient is 
diseased with both diabetes and HF (21). 

The aim of the present study was to assess the link be-
tween HF and echocardiography myocardia stress in dia-
betic patients with ST  elevation myocardial infarction 
managed by revascularization. The results of the present 
study showed the development of HF in older patients. This 

Table 3. Coronary Angiography Characteristics of all Participants, Including Nonheart failure and Heart Failure Groups 
Variable All Patients (n=100) Non-HF Group I (n=76) HF Group II (n = 24) P Value 
LAD 58(58%) 37(48.6%) 21(87.5%) 0.001* 
LCX 43(43%) 27(35.5%) 16(66.6%) 0.009* 
RCA 40(40%) 20(26.3%) 20(83.3%) <0.001* 
One vessel 68(68%) 64(84.2%) 4(16.6%) <0.001* 
Two vessels 21(21%) 8(10.5%) 13(54.1%) <0.001* 
Three vessels 11(11%) 4(5.2%) 7(29.1%) <0.001* 

LAD: Left anterior descending; LCX: Left circumflex; RCA: right coronary artery, * Indicates statistical significance.  
 
Table 4. Optimal cut-off Point of End Systolic and Diastolic Wall Stress to Predict Heart Failure 

Variable AUC Std. Er-
ror 

P Asymptotic 95% 
CI 

Cut off 
Point 

Sensitivity Specificity 

LB UB 
ESWS 0.849 0.09 <0.001 0.754 0.944 88 KPa 70% 80 % 
EDWS 0.787 0.005 <0.001 0.680 0.895 13.5 KPa 79% 61% 

ESWS: End systolic wall stress; EDWS: End diastolic wall stress; Kpa: Kilopascal; CI: Confidence interval; LB: Lower Bound, UB: Upper Bound.   

 

   
Figure 1. ROC curve of the ESWS that differentiate patients with  Figure 2. ROC curve of the EDWS that differentiate patients with 
 and without heart failure.     and without heart failure. 
 
Table 5. Correlation between Ejection Fraction, End-Systolic Wall Stress, and End-Diastolic Wall Stress 

Variable Ejection Fraction 
Spearman's correlation coefficient P Value 

ESWS -0.201 0.345 
EDWS -0.038 0.860 
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agrees with the study done by Liang et al (22), who showed 
advanced age was of statistical significance in HF patients 
after STEMI. These results also agree with the study done 
by Vicent et al (23).  

Another important finding in the present study is the sig-
nificant increase of hypertension and history of COVID-19 
in patients who developed HF. These results align with the 
study done by Wellings et al (15). They found that many 
risk factors, such as hypertension, diabetes, and organic dis-
eases (eg,  kidney and lung disease) were linked to increas-
ing risk of HF morbidity. Our results are comparable to 
those reported by Dogan et al (24), who studied the inci-
dence of major adverse cardiovascular events (MACE) dur-
ing COVID-19 infection in acute MI, and they reported 
higher MACE incidence with COVID-19 infection.    

Our study showed significant differences between the 2 
groups regarding the LV systolic function, which agrees 
with Shuichi et al (25). They reported that lower ejection 
fraction was linked to HF in a patients with ST-elevation 
myocardial infarction.  In addition, our results revealed sig-
nificant differences between the 2 groups regarding IV sys-
tolic myocardial stress and left ventricular end-diastolic 
wall stress. These results are in line with previous studies. 
For example, Kattel et al (8) reported that increased systolic 
myocardial stress was related to increased mortality in pa-
tients with acute MI managed by revascularization. An-
other study by Clerfond et al (26) calculated the systolic 
wall stress in STEMI and reported a significant increase in 
patients complicated by HF. Our results were agreeable 
with those of Mosleh et al (19), and they concluded that 
end-diastolic myocardial stress can be considered a prog-
nostic factor for risk stratification of patients with acute MI. 
It is a predictive of MACE independent of left ventricular 
ejection fraction (LVEF). 

Regarding the predictive power, our results agreed with 
Kattel et al (8), who found that an elevated ESWS of ˃62.5 
KPa is associated with 8 folds higher odds of mortality. 
Also, Mosleh et al (19) reported that an elevated EDWS of 
˃13.5 KPa had a sensitivity of 67% and a specificity of 
68%. EDWS was associated with increased major ad-
vanced cardiac events. They also reported that systolic my-
ocardial stress was negatively correlated with LVEF, as in 
the present study. However, their correlation was signifi-
cant, but ours was not. This could be attributed to different 
sample sizes.    

 
Conclusion 
 Elevated LV myocardial stress is related to increased HF 

in diabetic cases treated by percutaneous revascularization 
after acute MI. LV wall stress is a potentially useful risk 
stratification tool using routine echo to determine the treat-
ment plane according to the risk status. However, these re-
sults must be treated cautiously because of the limitations 
of the study. The LV has a half-ellipsoid shape; there-
fore, measuring its mass and volume is technically limited. 
In addition, defining the borders of the LV is a manual pro-
cedure that depends on the echo window and the patient's 
experience. Furthermore, wall stress was evaluated as the 
LV underwent remodeling, and this observed wall stress 
could alter over time. 
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