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Abstract: Background/Objectives:Dobutamine stress echocardiography (DSE) is a non-invasive
diagnostic method frequently used in daily practice to detect coronary artery disease. New
echocardiographic techniques such as strain and strain rate quantify changes in myocardial
contractility and can increase the accuracy of DSE. The primary objective of this study was to examine
the correlation between visual assessment and longitudinal strain during dobutamine stress
echocardiography. Methods: Our study was observational and was conducted at the Cardiology
Clinic of the University Clinical Center of the Republic of Srpska. It included 70 patients who
underwent dobutamine stress echocardiography.The patients were divided into two groups
(diagnostic nd viable study). A visual assessment of segmental contractility of the left ventricle was
performed, as well as an assessment of contractility with longitudinal strain (LS) during the test.
Results:The median baseline LS of segments without impaired contractility in the diagnostic study
was -20% (-21 to -18), and at the peak of the test -22% (-23 to -21). That was statistically significant
(p<0,05). The median baseline LS in the segments with impaired contractility was -17% (-18 to -16),
and at the peak of the test, it was -13% (-15 to -12). That was statistically significant (p <0,05). In the
viability study, the average baseline LS in the segments with improved contractility was -8% (-11 to
-7) and the peak of the test was -14% (-17 to -13). That was statistically significant (p < 0,05). The
average baseline LS in the segments without improved contractility was -6% (-5 to -7), and at the peak
of the test, it was -2% (-3-0). That was statistically significant (p < 0,05). Conclusion: Our study
indicates a good correlation between a visual assessment of left ventricular segment contractility and
longitudinal strain during dobutamine stress echocardiography.

Keywords: Dobutamine stress echocardiography; diagnostic study; longitudinal strain; viability
study; visual assessment

1. Introduction

Dobutamine stress echocardiography (DSE) is a non-invasive diagnostic method frequently
used in daily practice to detect coronary artery disease and assess the functional importance of
angiographically proven coronary lesions [1].Visual assessment of regional left ventricular (LV)
systolic function during DSE, although subjective, remains the clinical standard for interpreting
echocardiography findings at rest and during stress. Visual assessment becomes particularly
challenging during induced tachycardia atpeakstress [2—6]. Ischemia induced by DSE results in
worsened regional wall motion abnormalities indicating significant coronary artery stenosis [7]. In
addition, DSE has prognostic significance in chronic coronary disease, after myocardial infarction,
and in the evaluation of patients before major non-cardiac surgery [8,9]. Numerous studies have
proven the high sensitivity and specificity of DSE in detecting ischemic disease. In their study,
Edgardo Beck et al.reported a sensitivity of 90% and a specificity of 84% in the diagnosis of ischemic
disease [10]. To reduce subjectivity and accurately describe changes in regional myocardial
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performance during DSE, there was a need to introduce methods to better describe local myocardial
deformation [11].

Strain and strain rate (SR) are new regional echocardiographic clinical indexes of myocardial
deformations in the circumferential, longitudinal and radial directions based on SR imaging. They
allow additional evaluation of rotation, i.e., twisting of the left ventricle, its shortening and thickening
of its walls. Strain is a measure of the deformation or stress of a segment of the myocardium and is
defined as the difference between the reached length and the initial length of the myocardium
divided by the initial length, i.e., by the change in muscle length during myocardial contraction and
relaxation expressed in percentages. It is analogous to the ejection fraction (if it is represented as a
volume change relative to the initial volume) with the advantage that spatial and temporal
determinants are included. Strain rate, or myocardial strain per unit of time, is the rate of changes in
the length of the myocardium compared to the initial length based on the difference in velocity
between two samples determined by speckle tracking echocardiography and divided by the distance
between them [12].

Newer echocardiographic strain and strain rate techniques have provided quantitative data
describing the contractile function of each ventricular segment [13,14]. Ischemia results in alonger
time to the onset of systolic shortening, (t-S) known as tardokinesis;reduced systolic strain and strain
rate(s); and post-systolic shortening, further shortening during isovolumic relaxation [15].The
automated function imaging (AFI) technique can be performed during DSE, allowinga correct and
nearly complete analysis of myocardial deformation at every stage of the stress protocol. AFI applied
to DSE showed a feasibility of 77 to 100% [16].

The wider application of strain imaging (STI) in clinical practice has been limited by technical
issues such as image quality, frame rate, and signal-to-noise ratio. In fact, this limitation may be
particularly problematic at peak dobutamine doses [17].

The subendocardium is the most vulnerable part of the left ventricle (LV) to the effects of
hypoperfusion and ischemia. In patients with coronary artery disease,the longitudinal LV mechanics
at rest maybe impaired.

Liang et al.discovered that the peak longitudinal strain rate of 0.83 s and an early diastolic
strain rate of 0.96 s™!, measured using resting echocardiography, can predict over 70% coronary
stenosis, achieving a sensitivity of 85% and a specificity of 64%. Additionally, speckle tracking-
derived longitudinal strain is valuable in assessing the extent of coronary artery disease. Choi et
al.found that a segmental mid and basal peak longitudinal strain cutoff value of 17.9% effectively
differentiates severe 3-vessel or left main coronary artery disease from less severe conditions,
achieving a sensitivity of 78.9% and a specificity of 79.3% [18-20].

Correlations between visual WMS (wall-motion score) and longitudinal global and regional
strain have been reported in patients with myocardial infarction, non-coronary chest pain and dilated
cardiomyopathy [21].

Strain imaging can predict myocardial viability. During DSE, viability is determined based on
the improvementsin contractility orbiphasic response (22). The application of stress increases the
sensitivity of viability assessment when differentiatingpassive movement. In the future, fast and
accessible techniques may have an advantage over expensive methods such as cardiovascular
magnetic resonanceand positron-emission tomography [23].

Normal GLS values are derived from 8 to 25 publications, which include 2,396 patients with a
mean age of 42 years and a body surface area of 1.7 + 0.2 m2. The GLS values are -21 + 2.6%.This range
is similar to the vendor’s normal values (General Electric — 20+2,4%, Philips -20,1+2,4%, Siemens -
20,0+2,7%). The global longitudinal strain reference values may vary in patients older than 60 years,
gender, weight and blood pressure.The absolute GLS difference between men and women is >1%
[24].

The objectives of this study were: 1. to examine the correlation between visual assessment and
longitudinal strain during the DSE 2. to compare the longitudinal strain (LS) valuesofthe
normokinetic, hypokinetic and akinetic segments of the left ventricle at rest and the peak of DSE in
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diagnostic study 3. to compare the longitudinal strain (LS) values of the normokinetic, hypokinetic
and akinetic segments of the left ventricle at rest and the peak of DSE in viability study. 4. to examine
changes in the longitudinal strain of the left ventricular segments during the diagnostic and viability
studies.

2. Materials and Methods

Our study was observationaland included 70 patients who underwent Dobutamine stress
echocardiography at the Cardiology Clinic of the University Clinical Center of the Republic of Srpska.
The study was conductedfrom 1 January 2023 to 1 January 2024.

Ethical approval was obtained from the Ethics Committee of the University Clinical Center of
the Republic of Srpska to ensure compliance withthe ethical standards and research protocols. The
study adhered to the ethical principles outlined in the Declaration of Helsinki, focusing on the
protection of patients’ rights, privacy and confidentiality throughout the study period.

One group of patients underwent DSE for ischemic disease (38 patients), and the other group
for a viability test (32 patients) with a previous coronary event.

The study inclusion criteria for the diagnostic studywere as follows: suspected coronary heart
disease, typical anginal pain,atypical anginal pain, risk factors for cardiovascular diseases, left
bundle branch block and chest pain, previous coronary event and recurrent chest pain, and
inconclusive ergometric test.

The indication for the viability test was the assessment of myocardial viability after a coronary
event to perform revascularization.

The exclusion criteria were chest pain of unstable angina type or myocardial infarction,
arrhythmic instability of the patient, cardiac decompensation, severe valvular heart diseases, and
poor acoustic window.

All patients underwent DSE using a standard protocol with an incremental dobutamine infusion
rate of 5, 10, 20, 30, and 40p/kg/min every 3 minutes, and up to 1mg of atropine if the target heart rate
(85% of the age-predicted maximum heart rate) was not achieved. Heart rate, blood pressure, 12-lead
electrocardiography, and symptoms during DSE were recorded at each DSE stage. Beta-blockers and
calcium channel blockers (non-dihydropyridines) were discontinued at least two days before the
test.The criteria for terminating the test for ischemia were the completion of the protocol,
development of new wall motion abnormality (WMA), severe chest pain, systolic blood pressure
(SBP) >220 mmHg or diastolic blood pressure (DBP) >120mmHg, symptomatic hypotension and
serious ventricular or supraventricular arrhythmias. The examinations were performed in the left
supine position with a Vivid E9 scanner (GE Ultrasound). Complete 2-dimensional, color, pulsed,
and continuous wave Doppler echocardiography was performed at rest according to standard
techniques (11). Two cine loops from apical 4-, 3-, and 2-chamber views were recorded. All images
were digitally stored on hard discs for offline analysis and the wall motion was evaluated using the
17-segment model. Incremental low-dose dobutamine infusion at a maximal rate of 20ug /kg/min
was used in the assessment of the viability. Segmental wall motion at rest was scored on a four-point
scale: (1) normokinetic (normal kinetics); (2) hypokinetic (decreased endocardial excursion and
systolic wall thickening); (3) akinetic (absence of endocardial excursion and systolic wall thickening);
and (4) dyskinetic or aneurysmal (paradoxical outward movement in systole) [25].Contrast agents
were not used in this case.

The calculation of the LS parameters was done using the EchoPAC (Vivid 9) work station with
the automated function imaging method.

We assessed the contractility of the left ventricular segment visually and by applying
longitudinal strain before the test and at the peak of the test in diagnostic and viability stady. The
DSE was performed by an experienced echocardiographer.
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Statistics

Results were presented as frequency (percent), median (IQR) and mean + standard deviation
(SD). Statistical hypotheses were tested using the Mann-Whitney test, Wilcoxon test, and Kruskal-
Wallis test. All p-values less than 0.05 were considered significant. Statistical data analysis was
performed using IBM SPSS Statistics 22 (IBM Corporation, Armonk, NY, USA).

3. Results

Our study included 70 patients who were divided into two groups. 38 patients were referred for
the diagnostic study and 32 patients for the viability study. The average age of the patients was
65.46+7.58 years. The study included 32% diabetics, 92% patients with arterial hypertension, 74% with
hyperlipidemia and 18% smokers. The average BMI was 24.78 kgm2.The average EF was 51.68%,and
the average LS value was -15.23%. A total of 1190 left ventricular segments at rest and peak of DSE
were analyzed visually and using longitudinal strain. Table 1. presents a comprehensive
demographic summary of the study population.

Table 1. Clinical and echocardiography characteristics of the study population.

Parameter Value

Clinical characteristics

Age(years) 65.46 +7.58

BMI (kg/m?) 24.78 £1.93

HTA, n (%) 46(92%)

DM, n (%) 16 (32%)

Smoking, n (%) 9 (18%)

Dyslipidemia, 1 (%) 12 (26)

Echocardiographicparameters

LVEF baseline (%) 51.68 +12.48

GLS baseline (%) -15.23 +9.95

Values are n(%) or mean+SD, SD=standard deviation, BMI=Body max index, HTA=Arterial hypertension, DM:
Diabetes mellitus LVEF=Left ventricular ejection fraction, WMSI =Wall Motion Score Index, GLS= Global

longitudinal strain.

The mediana value of LS in normokinetic segments was -20% (-21 to -18), in hypokinetic
segments -14% (-15 to -12), and -6% (-7 to -5) in akinetic segments.The median value of the
longitudinal strain at the peak of the test was -22% (-23 to -21) in normokinetic segments, -13% (-14
to -12) in hypokinetic segments, and -4% (-5 to -3) in akinetic segments. These results are present in
Figure 1.

The diagnostic study analyzed the value of the longitudinal strain of the segments visually
assessed as segments with impaired and without impaired contractility.The average baseline LS of
segments without impaired contractility in the diagnostic study was -20% (-21 to -18), and at the peak
of the test -22% (-23 to -21). This difference was statistically significant (p<0,05).The average baseline
LS in the segments with impaired segments was-17% (-15 to -12), and at the peak of the test, it was -
13% (-15 to -12). This difference was statistically significant (p<0,05).At the peak of the test, the
segments with impaired contractility had a smaller median longitudinal strain than those without
impaired contractility. During the test, segments with impaired contractility showed a greater change
of -5% (-6 to -4) in the median longitudinal strain than segments without impaired contractility, which
showed -2 % (-1 to -3). Table 2. summarizes the results of the diagnostic stady.
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Figure 1. Longitudinalni strain and visual assessed contractilliy.

Table 2. Diagnostic study: comparison of longitudinal strain in baseline and peak dobutamin stress

echocardiography.
Segments with impaired Segments without impaired
Parameter . . p
contractility (n=208) contractility (n=232)
Baseline longitudinal strain (%) -17 (-18 to -17) -20 (-21 to -18) <0.05
Peak longitudinal strain (%) -13 (-15 to -12) -22 (-23 to -21) <0.05
Changes longitudinal strain (%) -5 (-6 to -4) -2 (-1 to-3) <0.05

Values are median (IQR). IQR=interquartile range.

The viability study analyzed segments with and without improved contractility. The average
baseline LS in the segments with improved contractility was -8% (-11 to -7), and at the peak of the
test it was -14% (-15 to -3) . This difference was statistically significant (p<0,05).The average baseline
LS in the segments without improved contractility was -6% (-8 to -5), and at the peak of the test,it was
-4% (-5 to -3).The change in the median longitudinal strain was significantly higher [-6% (-5 to -7)]
than that inthe segments without improved contractility [-2% (-3 to 0)(p<5)]. Table 3. presents these
results.

Table 3. Viability study: comparison of longitudinal strain in baseline and peak dobutamine stress

echocardiography.
Segments with improved Segments without improved
Parameter
contractility (n=208) contractility (n=232)
Baseline longitudinal strain (%) -8 (-11 to -7) -6 (-8 to -5) <0.05
Peak longitudinal strain(%) -14 (-17 to -13) -4 (-5 to -3) <0.05
Changes longitudinal strain (%) -6 (-5 to -7) -2(-3to0) <0.05

Values are median (IQR). IQR=interquartile range.

4. Discussion

A small number of studies have examined the relationship between the visual assessment of the
contractility of the left ventricular wall segments and the longitudinal strain during Dobutamine
stress echocardiography.

In our study, we recorded a decrease in the values of the longitudinal strain parameters of the
left ventricular segments, which were described as normokinetic and hypokinetic during DSE.
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Left ventricular segments that were visually described as hypokinetic and akinetic had lower
longitudinal strain values both at rest and peak during dobutamine stress echocardiography.

Similar results were described by Karolina et al, who compared visual assessment and
longitudinal strain during DSE. In this study, the longitudinal strain of normokinetic segments at rest
was -16.33%=6.26, while at peak -15.37%+6.89. For hypokinetic the longitudinal strain at rest -
13.05%+6.89, and at peak -11.37%#5.11, In akinetic segments the longitudinal strain at rest was -
8.46%+5.69, and at peak -7.37%+3.92 [26].

In our study in DSE on ischemia, at the peak of the test in segments with impaired contractility,
there was a decrease in longitudinal strain compared with baseline. The median LS at the peak of the
test was lower in the segments with impaired contractility than in those with preserved contractility.
Similar findings have beenreported by Karolina et al. The baseline longitudinal strain in segments
with impaired contractility was-16% (-14 to -18),and -17% (-14 to -20), p=0.323 in segments without
impaired contractility. Peak longitudinal strain insegments with impaired contractilitywas -9 % (-16-
to -13), and in segments without impaired contractility, it was —16%(-11 to -21),p<0.001 [26].

Wierbowska-Drabik et al.demonstrated a significant drop in the longitudinal strain in the DSE
peak. LS reduction was greater in the segments with impaired kinetics. Peak systolic longitudinal
strain, measured by standard speckle tracking echocardiography (STE) andautomated function
imagin gmethod, along with strain rate, varied between normokinetic and hypokinetic/akinetic
leftventricularsegments. This was evident not only at rest but also during the peak stage of DSE, with
normokinetic segments exhibiting the highest absolute values of systolic longitudinal strain (SLS)
and systolic longitudinal strain rate (SLSR).The reduction in absolute SLS value during the stress test
(calculated as the difference between peak stage and baseline) is more pronounced in segments with
impaired contractility compared to those with a normal stress response. Baseline SLS in normokinetic
segments was -16.5+5.9% and-15.9+7.5% at the peak of test. Baseline SLS in hypokinetic segments was
-15+5.7%, and in akinetic segments -12.7+6.7%. SLS in hypokinetic segments at the peak of the test
was -14.4+7.4%, and -13.7+8.9 in akinetic segments.In segments with contractility impairment during
DSE, asignificant decrease in absolute SLS value was detected (from -16.6% to -14.1%, p<0.0011 for
SLS-AFI) [27].

Voigt et al. examined the strain rate imaging (SRI) markers of stress-induced ischemia and
analyzed their applicability in a clinical setting.The study included 44 patients with known or
suspected coronary artery disease. Simultaneous perfusion scintigraphy served as a “gold standard”
to define regional ischemia. All patients underwent coronary angiography. Segmental strain and
strain rate were analyzed at all stress levels by measuring the amplitude and timing of deformation
and visual curved M-mode analysis. Peak systolic strain rate increased significantly with dobutamine
stress (-1.620.6s versus -3.4x1.4s, p<0.01) in nonischemic segments, while it was reduced in ischemic
segments (-16%z= 7% versus -10% +8%, p< 0.05) [28].

Similar results were published by Ilardi et al., who investigated the accuracy of a global and
regional longitudinal strain of left ventricular segments to detect significant coronary stenosis. In this
study at the peak of stress, LS (p=0.037) and WMSI worsened (p=0.04) and showed a significant
connection with coronary angiography in the diagnosis of coronary disease. When a single lesion was
considered, peak stress LS and the left anterior descendeding artery (LAD) regional longitudinal
strain (RLS) were lower in the obstructed LAD regions than in normoperfused territories (17.4+5.5
vs. 20.5+4.4%, p=0.03; 17.1+7.6 vs. 21.625.5%). The addition of RLS to regional WMSI was able to
improve the accuracy of LAD significant coronary stenosis (SCS) prediction (AUC 0.68, p=0.037).
DSE strain analysis is feasible and may improve the prediction of LAD SCS, whereas regional WMSI
assessment performs better in the presence of SCS of the circumflex artery (LCX) and the right
coronary artery (RCA) [29].

In the group of patients who underwent DSE for viability, there was an increase in the
longitudinal strain in the segments in which there was an improvement in the contractility of the left
ventricular segments. Ismail et al. investigated myocardial viability in patients with ST-segment-
elevation myocardial infarction after fibrinolytic therapy with low-dose DSE. The dobutamine-
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induced strain and strain rate were significantly higher in viable segments than innon-viable ones (10
out of 16 for S and 11 out of 16 for SR). A cutoff value ranging from -8.5 to -9.6% for the S identified
viability in apical and mid-segments, whereas a cutoff value ranging from -11. 5 to -21.5% identified
viability in basal segments [30]. In our study, LS was also higher in left ventricular segments with
preserved viability.

The results of the study by Sharma et al. confirm that strain and strain rate values increase in
viable segments during dobutamine stress echocardiography. Research has shown that peak
longitudinal strain rate [AUC 0.83 (95% confidence interval (CI) 0.67-0.99], p = 0.001; optimal cutoff -
0.64 s for sensitivity 0.87 and specificity 0.81), post-dobutamine peak longitudinal strain rate [AUC
0.94 (95% CI 0.87-1.00), p = 0.001; optimal cutoff - 0.85 s for sensitivity 0.89 and specificity 0.77),
change in peak longitudinal strain rate [AUC 0.93 (95% CI 0.86-1), p = 0.001; optimal cutoff - 0.2 s for
sensitivity 0.87 and specificity 0.87] predicted viability [31].

Hanafyet al. also confirmed in a study that included 60 subjects after myocardial infarction that
dobutamine-induced peak longitudinal strain was greater in viable than in non-viable segments (<
0.001 for mid inferoseptum, p=0.001 for mid-inferolateral, and < 0.001 for all other segments) [32].

Hanekom and colleagues examined the significance of strain and strain rate in assessing
myocardial viability with previous myocardial infarction. Viability was assessed by wall motion
score index (WMSI) and by applying strain, end-systolic strain, and postsystolic strain. In this stady
of 369 segments with abnormal resting function, 146 showed regional recovery. Non-viable segments
had lower strain values strain, end-systolic strain and postsystolic strain values.

Application strain rate imaging parameters during DSE has impruved the sensitivity for
prediction of functional recovery above WMS alone (82% versus 73%, P=0.015; area under the
curve=0.88 versus 0.73, P<0.001), although specificities were comparable (80% versus 77%, P=0.2) [33].

Although speckle-tracking echocardiography provides quantitative data describing the
contractile function of each ventricular segment and greater accuracy of segment assessment, visual
assessment of contractility remains the gold standard. Speckle-tracking echocardiography improves
the accuracy of dobutamine stress echocardiography [26].The novel AFI method appears faster,
offering user-friendly polar maps of the left ventricle and thus a potential to become a useful clinical
tool, outside the research setting [34].

5. Conclusions

Our study indicated a good correlation between a visual assessment of left ventricular segment
contractility and longitudinal strain during dobutamine stress echocardiography. Longitudinal strain
values were different in normokinetic, hypokinetic and akinetic segments at rest and the peak of the
test. Changes in longitudinal strain values were greater in segments with impaired contractility in
the diagnostic and viability studies. The application of longitudinal strain during dobutamine stress
echocardiography increases the accuracy of these diagnostic methods. This imaging modality should
be used in daily practice because it is available, reproducible, accurate, radiation and contrast-free
and inexpensive.
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Abbreviations

The following abbreviations are used in this manuscript:

DSE Dobutamin Stress Echocardiography
SR Strain rate

AFI Automated function imaging

STI Strain rate imaging

WMA Wall motion ambnormality

SBP Systolic blood pressure

DBP Diastolyc blood pressure

LS Longitudinal strain

EF Ejection fraction

GLS Global longitudinal strain

STE Speckle tracking echocardiography
SLS Systolic longitudinal strain

SLSR Systolic longitudinal strain rate
WMSI Wall motion score index

SCS Significant coronary stenosis
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