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ROLE OF SEGMENTAL AND GLOBAL LEFT VENTRICULAR
STRAIN IN DIAGNOSIS OF ACUTE CORONARY SYNDROME

To determine the role of left ventricular segmental (SLS) and general longitudinal strain (GLS) in early

The study included 112 patients aged 58+7 years with suspected ACS without a history of ischemic
heart disease (IHD) who were admitted to the hospital within 12 h of complaint onset. The control
group consisted of 20 healthy, age- and sex-matched subjects. Speckle-tracking echocardiography was
performed to assess SLS and GLS on admission and discharge. Ischemia was diagnosed when the SLS
was decreased to 14% or lower with a simultaneous post-systolic shortening (PSS) of these segments

Decreased SLS with PSS of one or more segments was observed in 51.8% of patients; 16.1% of patients had
initial systolic lengthening of one or more segments followed by PSS. In 30.3% of patients, GLS was 15.5%
or less; 82.3% of these patients had SLS disorders. Later, ACS was diagnosed in 72.3% of the patients. ACS
was not confirmed in 4 (5.2%) of 76 (67.9%) patients with abnormal SLS changes. All these patients had
low SLS values and high PSS values and did not have the initial systolic segmental lengthening. Seven of 9
(8%) patients with false-negative SLS values had distal narrowing of a coronary artery and two patients had
narrowing in the middle part of the artery. All patients with ACS and decreased GSL had a hemodynamically
significant narrowing of more than one coronary artery. Incidence of two and more stenosed arteries was
higher in patients with PSS and low GSL. Sensitivity and specificity of SLS for diagnosis of acute ischemia were

Assessment of LV strain has high sensitivity and specificity for diagnosis of ACS in patients with the
first IHD episode. The presence of PSS associated with decreased GSL may indicate multivascular
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ongitudinalleftventricular deformation (LVD) identified

by tissue Doppler imaging and more sensitive speckle
tracking echocardiography is one of the most important
components of the left ventricular (LV) contractile function
[1,2]. Since the longitudinally-oriented LV myocardial fibers,
particularly subendocardial fibers, are more responsive to
pathological stimuli, a decrease in LVD may occur in earlier
subclinical stages of the disease, when radial LV function and
other contractile parameters are normal [3, 4]. The objective
of our study was to determine the diagnostic capability of
speckle tracking echocardiography (STE) in patients with
suspected acute coronary syndrome (ACS) and with normal
electrocardiogram (ECG), conventional echocardiography
and biomarker levels.

Material and methods
The study included 112 patients (41 females) without a
history of coronary artery disease (CAD) with suspected
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ACS, at the age of 58+7 years old. They were admitted to
the myocardial infarction unit of the Yerevan Institute of
Cardiology within 12 hours of symptom onset. Ambulance
physicians diagnosed ACS based on patient complaints, the
presence of risk factors, family history and ST-T complex
changes on the ECG. 20 healthy individuals in the same sex
and age range as the experimental group constituted a control
group (Patient demographics and clinical measurements are
listed in Table 1).

All patients underwent ECG at admission, STE at
admission and discharge, and blood testing for troponin T
at admission and every 3 hours. STE was performed in a GE
Vivid 7 Dimension system using the M4S and 3V sensors [5].

Images were acquired and saved with the patient holding
breath when cardiac imaging was optimal. Video images and
Doppler data of the three subsequent cycles were saved to be
analyzed using the EchoPAC software (GE Healthcare). The
LV ejection fraction (EF) was automatically measured by the
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Table 1. Patient demographics

and clinical measurements

Parameter Patients Control P
Males, % 67 65 ns
Age, years 587 56+7 ns
BMI, kg/m2 27.4%3.7 26.2+2.4 ns
SBP, mm Hg 146£11 128+12 0.04
DBP, mm Hg 94+£S 78+4 0.04
Total cholesterol, mmol/L 5.4+£1.3 S.1+1.1 ns
Diabetes mellitus, % 21 - -
LVMI kg/m2 112.2+18.9 82.3+10.3 0.03
ESV1, mL/m2 22.1+4.8 22.3%5.1 ns
EDVL,mL/m2 53.4£9.3 52.8+8.9 ns
LV ejection fraction, % 61.4+3.3 60.8+4.1 ns

BMI, body mass index; SBP, systolic blood pressure;
DBP, diastolic blood pressure; LVMI, left ventricular mass index;

ESVI, end-systolic volume index; EDVI, end-diastolic volume index;
EF, ejection fraction; ns, nonsignificant; M, mean value; m, standard

deviation. The data are expressed as M+m unless stated otherwise.

biplane Simpson’s method after tracing the LV endocardium
in the four- and two-chamber views and determining the end-
diastolic volume (EDV) and end-systolic volume (ESV).

The LV mass was calculated using the area-length
method [5], and its index was calculated afterward. The
general and local contractility of LV was estimated in the
16 segment model [S].

Global longitudinal deformation (GLD) and segmental
longitudinal deformation (SLD) were measured in the speckle
tracking mode after standard apical slices were acquired and
saved, and LVD was calculated using EchoPAC. The markers
were placed on the lateral and medial mitral annulus and the
LV apex, after which the program automatically traced the LV
walls. Manual correction was made if necessary, after which
SLD and the global 17 segment model of the systolic GLD
were determined. The LV segments were considered ischemic
with a decrease in the systolic peak of SLD by 14% or more,
and the simultaneous presence of post-systolic shortening
(PSS) of >20% in these segments and an initial segmental
lengthening prior to PSS (Figures 1-3) [6].

Figure 1. Graphic representation of the segmental left ventricular deformation (adapted from [6])
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AVC, aortic valve closure; GS, a global deformation of left ventricular segments in the three-chamber view. The upper right
graph shows a post-systolic shortening of the posterobasal and posteromedial segments with initial systolic lengthening.
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Figure 2. The 17-segment model of the global
systolic left ventricular deformation (adapted from [6])
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GLPS_Avg, the average of the global longitudinal
deformation of the left ventricle at a systolic peak.

The initial systolic lengthening of the segments as an
indicator of ischemia in the presence of PSS was defined as
a positive deformation of these segments in the first third of
systole. The intra- and interstudy variability of LV GLD was
estimated in 10 subjects (S patients and S healthy individuals)
to be 4% and 6%, respectively.

All patients underwent coronary angiography followed
by coronary stent implantation if the diagnosis of ACS was
confirmed.

The statistical analysis was performed using the SPSS
21.0 software package. The variables were studied to
determine a normal distribution and equal deviations using
the Kolmogorov-Smirnov test. Continuous parameters are
expressed as the mean and standard deviation (M+SD) and
categorical parameters as absolute values and percentages. The
data were analyzed using the parametric Student’s test and
the non-parametric Mann-Whitney U-test. The differences
were considered statistically significant at p < 0.05. The study
complies with the principles of the Declaration of Helsinki.
The local ethics committee approved the study protocol. All
subjects signed informed consent.

Results

Atadmission, 26 (23.2%) patients had local contractility
abnormalities. All of these patients were diagnosed with
ACS. The original values of EF, GLD, and local contractility
index analyzed after the diagnosis of ACS were not
significantly different in patients with MI and unstable
angina.

58 (51.8%) patients had a documented decrease in
SLD and PSS of one or more segments, while 18 (16.1%)
patients had an initial systolic lengthening of one or more
segments followed by PSS. In 34 (30.3%) patients, GLD
was as much as 15.5 or more, 28 (82.3%) of them had

Figure 3. Segmental calculation of a degree of post-systolic segment shortening (adapted from [6])
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Postsystolic shortening of the inferobasal segment of the left ventricle 37%.
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segmental abnormalities of LVD. In the control group,
segment PSS was detected in 9 (45%) individuals, yet
was not accompanied by an end-systolic decrease in SLD
and/or initial systolic elongation of those segments. PSS
was <20% in the control group. ACS was diagnosed based
on the elevation of the troponin T levels to diagnostic
levels in 81 (72.3%) patients.

Of the 76 (67.9%) patients with SLD abnormalities,
ACS was not confirmed in 4 (5.2%), all had reduced
end-systolic SLD values and high PSS but did not have
initial systolic segmental lengthening. Of the nine (8%)
patients with false-negative SLD values, seven had a
distal narrowing of a coronary artery, and two patients
had a narrowing in the mid coronary artery. The proximal
narrowing was not observed in these patients. All patients
with ACS and a decrease in GLD had hemodynamically
significant narrowing of more than one coronary artery.
The diagnostic value of the segmental LVD was 88.9%
sensitivity, 84.6% specificity; the positive predictive
significance was 94.7%, and the negative predictive value
was 71%.

Thus, the high sensitivity and specificity achieved
using LVD values allows for the rapid diagnosis of ACS
immediately after patients are admitted to the intensive
care unit. Patients with PSS and low absolute values
of GLD were more likely to have hemodynamically
significant stenosis of two or more coronary arteries.
36 (32%) patients with ACS developed myocardial

infarction.

Discussion

The determination of GLD has gradually become an
integral part of echocardiographic examinations due to the
significant diagnostic and predictive value of this method
in various pathological conditions [7, 8] and the ability
to detect preclinical myocardial dysfunction of the left
ventricle in addition to other heart chambers [9, 10].

The recent studies on LVD in CAD have established that
the post-systolic shortening of LV segments as shown by
speckle tracking can serve as a reliable marker of ischemia
in the absence of other pathological conditions, such as left
bunch branch block or an implanted pacemaker [6, 11-15].

We found that PSS values >20% of one or two segments
combined with a decrease in end-systolic deformation of
these segments with possible early systolic straining, is a
reliable indicator of ischemia in patients with suspected
ACS. According to our data, PSS has high sensitivity and
specificity, as well as a high predictive value of positive and
negative test results.

We also identified PSS in healthy individuals in the
control groups, but measured at <20%; all of the individuals
had high peaks of systolic deformation.

Our study was limited by a relatively small number of
patients studied, patients with no history of cardiovascular
diseases, which could also affect the specificity of the
method for the LVD in early diagnosis of ACS. A potential
drawback of the study was the lack of a comparable number
of individuals with arterial hypertension and diabetes
mellitus in the control group, which could contribute to the
presence of higher values of deformation.

Conclusion

The examination of the left ventricle deformation in
suspected acute coronary syndrome is an informative
diagnostic method with high sensitivity and specificity in
patients encountering coronary artery disease for the first
time. The presence of post-systolic segment shortening
with a concomitant decrease in global longitudinal
deformation may indicate a multivessel coronary artery
disease.

No conflict of interest is reported.

The article was received on20/11/19

REFERENCES

1. Gofhinet C, Philips, Jean-Louis V, Philips. Speckle Tracking Echo-
cardiography. European Cardiology Review. 2007;3(1):1-3. DOI:
10.15420/ecr.2007.0.1.1c

2. Nikiforov V.S., Nikishchenkova Yu.V. Modern Possibilities of Speck-
le Tracking Echocardiography in Clinical Practice. Rational Pharma-
cotherapy in Cardiology. 2017;13(2):248-55. [Russian: Huxudopos
B.C., Huxumenxkosa ¥O.B. CoBpemennsie Bosmoxxnocru speckle track-
ing sxoxapaHOrpadHiIH B KAMHHYECKOM IIPAKTHKe. ParjuoHaAbHasE
dapmaxorepanus B kapauoasoruu. 2017;13(2):248-55]. DOI:
10.20996/1819-6446-2017-13-2-248-255

3. Vdovenko D.V,, Libis R.A. Assessment of the functional state of left
heart in patients with chronic heart failure with preserved ejection
fraction. Russian Journal of Cardiology. 2019;24(2):26-30. [Russian:
Baosenko A.B., Aubuc P.A. Onenka ¢yHKIMOHAABHOTO COCTOSIHUS Ae-

ISSN 0022-9040. Kardiologiia. 2020;60(S). DOI: 10.18087/cardio2020.5.n860

BBIX OTAEGAOB CEPALIA Y GOABHBIX C XPOHIYECKOI CepAEUHO HEAOCTa-
TOYHOCTBIO C COXPaHEeHHOM ¢ppakmeir BbI6poca. Poccuiickuit KapAro-
Aorudeckuit xypHaa. 2019;24(2):26-30]. DOIL: 10.15829/1560-
4071-2019-2-26-30

4. Winter R, Jussila R, Nowak J, Brodin L-A. Speckle Tracking Echocar-
diography is a Sensitive Tool for the Detection of Myocardial Isch-
emia: A Pilot Study from the Catheterization Laboratory During
Percutaneous Coronary Intervention. Journal of the American So-
ciety of Echocardiography. 2007;20(8):974-81. DOI: 10.1016/j.
echo.2007.01.029

S. Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L
et al. Recommendations for Cardiac Chamber Quantification
by Echocardiography in Adults: An Update from the American So-
ciety of Echocardiography and the European Association of Cardio-

23



§ ORIGINAL ARTICLES

10.

11.

24

vascular Imaging. European Heart Journal - Cardiovascular Imaging.
2015;16(3):233-71. DOIL: 10.1093/ehjci/jev014

. Asanuma T, Nakatani S. Myocardial ischaemia and post-sys-

tolic shortening. Heart. 2015;101(7):509-16. DOI: 10.1136/
heartjnl-2013-305403

. Collier P, Phelan D, Klein A. A Test in Context: Myocardial

Strain Measured by Speckle-Tracking Echocardiography. Journal
of the American College of Cardiology. 2017;69(8):1043-56. DOI:
10.1016/j.jacc.2016.12.012

. Smiseth OA, Torp H, Opdahl A, Haugaa KH, Urheim S. Myocardi-

al strain imaging: how useful is it in clinical decision making? Europe-
an Heart Journal. 2016;37(15):1196-207. DOIL: 10. 1093/eurheartj/
ehv529

. Yuda S, Muranaka A, Miura T. Clinical implications of left atrial func-

tion assessed by speckle tracking echocardiography. Journal of Echocar-
diography. 2016; 14(3):104-12.DOI: 10.1007/512574-016-0283-7
Xu Q, SunL, Zhou W, Tang Y, Ding Y, Huang J et al. Evaluation of right
ventricular myocardial strains by speckle tracking echocardiography
after percutaneous device closure of atrial septal defects in children.
Echocardiography. 2018;35(8):1183-8. DOI: 10.1111/echo.14006
Hwang I-C, Cho G-Y, Yoon YE, Park JJ. Association Between

Global Longitudinal Strain and Cardiovascular Events in Patients

12.

13.

14.

1S.

With Left Bundle Branch Block Assessed Using Two-Dimension-

al Speckle-Tracking Echocardiography. Journal of the American So-
ciety of Echocardiography. 2018;31(1):52-63.e6. DOI: 10.1016/j.
echo.2017.08.016

Voigt J. Incidence and characteristics of segmental postsystolic lon-
gitudinal shortening in normal, acutely ischemic, and scarred myo-
cardium. Journal of the American Society of Echocardiography.
2003;16(5):415-23. DOI: 10.1016/50894-7317(03)00111-1
Brown MA, Norris RM, Takayama M, White HD. Post-systol-

ic shortening a marker of potential for early recovery of acute-

ly ischaemic myocardium in the dog. Cardiovascular Research.
1987;21(10):703-16. DOI: 10.1093/cvr/21.10.703

Claus P, Weidemann F, Dommke C, Bito V, Heinzel FR, D’hooge J
et al. Mechanisms of Postsystolic Thickening in Ischemic Myo-
cardium: Mathematical Modelling and Comparison With Exper-
imental Ischemic Substrates. Ultrasound in Medicine & Biology.
2007;33(12):1963-70. DOI: 10.1016/j.ultrasmedbio.2007.06.003
Brainin P, Biering-Serensen SR, Mogelvang R, Segaard P, Jensen JS,
Biering-Serensen T. Postsystolic Shortening by Speckle Tracking Echo-
cardiography Is an Independent Predictor of Cardiovascular Events and
Mortality in the General Population. Journal of the American Heart As-
sociation. 2018;7(6):e008367. DOI: 10.1161/JAHA.117.008367

ISSN 0022-9040. Kardiologiia. 2020;60(S). DOI: 10.18087/cardio.2020.5.n860



