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ABSTRACT
Background: Mitral regurgitation (MR) is a common heart valve disease, causing many serious
complications in several organ systems, especially the cardiovascular system. The 2D speckle
tracking echocardiography (STE) is a new technique for detecting potential cardiac dysfunction
when only tissue function abnormalities are present. The study aimed to assess left ventricular
(LV) systolic function early by STE in patients with primary MR through global LV deformity along
the global longitudinal strain (GLS).
Methods: An analytical cross-sectional study was performed on 46 patients with moderate to
severe primary MR as recommended by the American Society of Echocardiography (ASE) 2017.
Results: The prevalence of patients with GLS reduction with ejection fraction (EF) >60%, New
York Heart Association (NYHA) I, and left ventricular internal diameter systolic (LVIDs) <40 mm
was 38.1%, 35.7%, and 39.5%, respectively. 100% of patients with EF<60% and LVIDs ≥40 mm had
reduced GLS (<16%). The GLS index strongly correlates with the NYHA classification, degree of MR,
EF, and echocardiographic parameters.
Conclusion: GLS index gives a significant sign in the early detection of cardiac function
abnormalities before symptoms or other echocardiographic parameters in patients with MR.
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INTRODUCTION
Mitral regurgitation (MR) is a valvular heart disease which has an increasing prevalence
with age1. MR occurs in 10% of the general population2. In particular, left ventricular
(LV) dysfunction will progress silently over many years with few or no symptoms. When
the symptoms are clear, LV dysfunction may not be reversible, increasing morbidity and
mortality rates despite surgery for mitral valve disease3. The key issue is determining
when to intervene before the LV function reverses. Therefore, early detection of cardiac
function abnormalities before symptoms can help clinicians have a better treatment
strategy.

Finding reliable echocardiographic parameters for early detection of cardiac function
abnormalities before symptoms or changes in classic echocardiographic parameters in
patients with MR may help clinicians devise a better treatment strategy, deciding the
appropriate timing of surgery to improve postoperative prognosis3.

Two commonly used methods to evaluate LV function are M-mode echocardiography
and Simpson’s method. However, they only detect cardiac abnormalities when there is
a complication of cardiac chamber dilation. Tissue Doppler ultrasonography can also
help detect abnormalities of LV function early, but it is angle dependent. Many studies
have shown that the echocardiographic markers of myocardial tissue detect potential
cardiac dysfunction when there is only abnormal tissue function, no changes in cardiac
morphology, and normal ejection fraction (EF). Simultaneously, the echocardiographic
technique can assess cardiac function in different directions regardless of angle4–6.

In Vietnam, studies using this technique for early detection of cardiac systolic function
abnormalities in patients with MR, particularly those without surgical indications, are
limited.

MATERIALS AND METHODS
Research objects
An analytical cross-sectional study of 46 patients with moderate to severe primary
(organic) MR recommended by the American Society of Echocardiography (ASE) 2017
underwent cardiac Doppler echocardiography at Tam Duc Heart Hospital in Ho Chi Minh
City from April 2019 to October 2020. The sample size is calculated with n ≥43. Include
Z0.975= 1.96; α= 0.05; d = 0.09; p= 0.12.

Selection criteria
The patient was diagnosed with moderate to severe primary MR according to the
recommendations of ASE 2017 by cardiac Doppler in Ho Chi Minh City7. The patient
consented to participate in the study.

Exclusion criteria
Patients with secondary MR, MR due to myocardial infarction, MR combined with severe
mitral stenosis and aortic valve stenosis, and heart failure with EF <40% (M-mode or
Simpson). The patient had surgery to repair or replace the mitral valve. The patient has
a bad ultrasound picture, and tachycardia (determined via STE frame rate). The patient
did not consent to participate in the study.

Research content
Patient characteristics
General characteristics include (1) age; (2) gender (male and female); (3) causes of MR
(mitral valve prolapse (MVP) and rheumatic heart disease).
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Clinical characteristics of patients with MR include (1) degree of MR (severe and
moderate were assessed by echocardiography and classified according to
echocardiographic parameters: In patients diagnosed with mild MR, GLS has begun
to decrease and from moderate to severe MR, GLS has already decreased)7 (see
Appendix A); (2) shortness of breath (including during exertion, during light exercise, and
during paroxysmal or lying dyspnea); (3) New York Heart Association (NYHA) stands for
classes of heart failure (NYHA I, NYHA II, NYHA III, NYHA IV)7–9.

Cardiac Doppler echocardiography to classify primary and secondary MR is assessed
through parameters including (1) ejection fraction (EF); (2) end-diastolic volume
(EDV); (3) end-systolic volume (ESV); (4) left atrial volume (LAV); (5) pulmonary arterial
pressures (PAPs).

Echocardiography parameters indicate that there are images of ischemic or non-
ischemic cardiomyopathy with structural abnormalities or motion of the left ventricle, we
classify the disease as secondary MR to exclude it.

According to the mitral regurgitation diagnostic criteria, MVP myxomatous changes,
degenerative changes, infectious, inflammatory, and congenital causes are the main
causes of primary MR. Based on the above causes, secondary mitral MR was excluded
from the study7 (Appendix B).

Characteristics of GLS index and correlation between GLS index and NYHA
classification, degree of mitral regurgitation, EF, and echocardiographic
parameters.
Characteristics of global longitudinal strain (GLS) index expressed through assessment of
LV systolic function by echocardiography of 2D myocardium in patients with moderate to
severe primary MR assessed through GLS index through 3 longitudinal sections including
(1) Four-chamber view at the apex (4CV); (2) Two-chamber view at the apex (2CV); (3)
Three-chamber view at the apex of the heart (3CV).

Determining the correlations between NYHA classification, degree of MR, EF, and
echocardiographic parameters with GLS include (1) Correlation between ejection fraction
(EF) and GLS; (2) Correlation between the jet area/left atrium (LA) area (%) ratio with GLS;
(3) Correlation between vena contracta (VC) and GLS; (4) Correlation between effective
regurgitant orifice area (EROA) and GLS; (5) GLS index according to NYHA; (6) Correlation
between end-diastolic volume (EDV) with GLS; (7) Correlation between end-systolic
volume (ESV) and GLS; (8) Correlation between left atrial volume (LAV) and GLS; (9)
Correlation between pulmonary arterial pressures (PAPs) and GLS.

Early assessment of LV systolic function by left ventricular GLS index in patients
with primary MR
GLS decreased <16% with a cutoff value of−19.5% for GLS in the assessment of LV
systolic function6. When GLS decreased <16%, EF >60%, NYHA I and LVIDs <40 mm all had
decreased expression. The prevalence of GLS reduction in patients with MR with NYHA I,
EF>60%, and left ventricular internal diameter systolic (LVIDs) <40 mm was determined
through 3 parameters including (1) NYHA was divided into 4 classes NYHA I, NYHA II,
NYHA III, NYHA IV; (2) LV EF includes 3 ranges of values >60%, 50–60%, <50%; (3) LVIDs
include 2 ranges of values <40, ≥40 in patients with moderate and severe primary MR.

Data collection
Patients enrolled in the study underwent a data collection process including physical
examination and questionnaire, routine M-mode echocardiography, Simpson, mitral flow
Doppler, LAV, and deformity analysis of heart muscle.
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The STE technique was performed by image acquisition with an average frame rate
of 40- 80 fps10. To optimize imaging, the area to be examined should be placed at an
intermediate depth, and the width of the area should be adjusted just enough. The
axial view must pass through the apex or with the short axial view the left ventricular is
round, the transverse deformation and torsion results are accurate11. Doppler ultrasound
is measured in 4CV and 2CV at the apex, with the ultrasound beam aligned with the
direction of motion of the area to be examined; preferably, the Doppler angle does not
exceed 15◦, with the most appropriate speed >100 images/second and at least 4 QRS11.

Data collection tools: The ultrasonic tissue marking process was performed using an
Affiniti 70 ultrasound machine, with a frame rate of 1900 frame/s. QLAB 9.0 software,
analyzed by aCMQ software. Probe S4-2, frequency 2–4 MHz.

Data analysis
Data analysis was performed using STATA14 software. Quantitative data are expressed as
mean± SD and qualitative data as a percentage. Quantitative data were evaluated by an
independent T-test, 1-way ANOVA (if >3 groups were compared) with a normal distribution
while qualitative data were evaluated by a chi-squared test. Pearson’s coefficient was
used for the correlations. A p-value <0.05 was considered to be statistically significant.

Ethics Committee Approval
The study was reported and approved by Hue University of Medicine and Pharmacy and
the leadership of Tam Duc Heart Hospital, Ho Chi Minh City. (Decision No. 1435 /QÐ-ÐHYD
dated 30th July 2014).

RESEARCH DIAGRAM
The research was carried out according to the flow chart in Figure 1.

RESULTS
Table 1 describes the general characteristics and Doppler echocardiographic parameters
of the study subjects. We found a predominance of women (56.5%) and an average

Table 1 General characteristics and Doppler echocardiographic parameters of the study subjects.

Characteristics Patients (n= 46) (X+ SD)

Gender
Male 20 (43.5%)
Female 26 (56.5%)
Age (year) 54.2± 14.0
Doppler ultrasound parameters through the chest wall
EDV (ml) 100± 39
ESV (ml) 33± 17
EF%/M mode 69.6± 7.5
EF%/Simpson (4CV) 63.9± 6.1
LAV (ml) 65± 25
PAPs (mmHg) 33± 10

Notes.
EDV, End-diastolic volume; ESV, End-systolic volume; EF, Ejection fraction; 4CV, Four-chamber view; LAV, left atrial
volume; PAPs, Pulmonary arterial pressures.
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Figure 1. Study flow chart. EF, Ejection fraction; EDV, End-diastolic volume; ESV, End-systolic volume;
GLS, Global longitudinal strain; LAV, Left atrial volume; NYHA, New York Heart Association; PAPs,
Pulmonary arterial pressures.

age of 54.2± 14 years. The study recorded the indexes of EDV, ESV, EF%/M mode,
EF%/Simpson (4CV), LAV, and PAPS with mean values of 100± 39 ml, 33± 17 ml, 69.6
± 7.5 ml, respectively, 63.9± 6.1 ml, 65± 25 ml, and 33± 10 ml.

Table 2 describes the clinical characteristics and risk factors of the study subjects,
revealing that 69.6% had severe MR and the remaining 30.4% had moderate MR.
The cause of MR due to MVP accounts for 87.0%; the rest is rheumatic heart disease
accounting for 13.0%. Subjects had the highest rate of dyspnea during exertion, 39.1%,
dyspnea when mild exercise and paroxysmal dyspnea or lying down was 10.9% and 6.5%,
respectively. Most of the study subjects had NYHA I heart failure class of 60.9%. The rate
of heart failure in classes II, III, and IV, respectively, was 28.3%; 4.4%; and 6.5%.

Table 3 shows that there is a statistically significant difference (p<0.01) in the mean
GLS index in the severe MR group of−15.4± 2.2% and the moderate MR group is−19.7
± 2.0%. The echocardiography indicators showed a significant difference between the
severe and moderate MR groups.

Analysis of the results (Figure 2), shows a negative correlation between GLS and the
jet area/LA area ratio (r =−0.569; p < 0.01), VC (r =−0.592; p < 0.01), and EROA
(r =−0.710; p< 0.01). It demonstrates that as the jet area/LA area ratio, VC, and EROA
increase, the GLS index decreases. The GLS index indicates that the more severe the MR,
the lower the LV systolic function.

Figure 3 shows that there is a negative correlation between GLS with EDV (r =−0.410;
p< 0.01), ESV (r =−0.459; p< 0.01), LAV (r =−0.519; p< 0.01), PAPs (r =−0.342,



Page 6 of 14
Nguyen et al. GCSP 2023:26

Table 2 Clinical Characteristics and risk factors of study subjects.

Characteristics Patients (n= 46)

Causes of MR
MVP 40 (87.0%)
Rheumatic heart disease 6 (13.0%)
Total 46 (100%)
Degree of MR
Severe 32 (69.6%)
Moderate 14 (30.4%)
Sudden onset of Dyspnea
During exertion 18 (39.1%)
During light exercise 5 (10.9%)
During paroxysmal or lying dyspnea 3 (6.5%)
NYHA classification
I 28 (60.9%)
II 13 (28.3%)
III 2 (4.4%)
IV 3 (6.5%)

Notes.
MR, Mitral regurgitation; MVP, Mitral valve prolapse; NYHA, New York Heart Association.

Table 3 Characteristics of ultrasonic parameters.

Overall (n= 46) Degree of MR p

Severe (n= 32) Moderate (n= 14)

X+ SD X+ SD X+ SD

EF% /M-mode 69.6± 7.5 67.7± 7.6 74± 5.1 <0.01
Simpson (4CV) EF% 63.9± 6.1 62.9± 6.3 66.4± 4.8 >0.05
LAV (ml) 65± 25 75.1± 21.8 40.3± 14.6 <0.01
PAPs (mmHg) 33± 10 34.8± 10.8 28.9± 7.2 >0.05
GLS (-) 16.7± 2.9 15.4± 2.2 19.7± 2.0 <0.01

Notes.
EF, Ejection fraction; 4CV, Four-chamber view; GLS, Global longitudinal strain; LAV, Left atrial volume; MR, Mitral
regurgitation; PAPs, Pulmonary arterial pressures.

p< 0.05). Except that EF has a positive correlation with GLS (r = 0.38; p< 0.05), the
absolute index of GLS increases when the EF index increases.

The analysis of the relationship between the GLS index according to the NYHA
classification (Figure 4) shows a statistically significant difference between the GLS and
the NYHA class ( p< 0.05). This means that the more severe the NYHA class, the lower
the absolute index of GLS.

The results presented in Table 4 show that 35.7% of NYHA I patients had GLS reduction
<16%. Patients with NYHA II, III, and IV had a decrease in GLS <16% of 53.9%, 50.0%, and
66.7%, respectively. In patients with EF <50%, EF from 50–60%, 100% of patients with
GLS decrease <16%, and EF >60% have 38.1% of patients with GLS decrease <16%. In
the group with LV dilatation with LVIDs ≥40 mm, 100% of patients had a decrease in
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Figure 2. (A–C) Correlation between degree of mitral regurgitation and GLS. EROA, Effective
regurgitant orifice area; GLS, Global longitudinal strain.

Figure 3. (A–E) Correlation between echocardiographic
parameters with GLS. GLS, Global longitudinal strain.



Page 8 of 14
Nguyen et al. GCSP 2023:26

Figure 4. GLS index by NYHA. GLS, Global longitudinal strain; NYHA, New York Heart Association.

Table 4 Percentage of GLS reduction in patients with NYHA I, EF>60%, and LVIDs<40 mm.

Overall GLS reduce <16* Normal GLS≥16

n % n % n %

NYHA
I 28 60.9 10 35.7 18 64.3
II 13 28.3 7 53.9 6 46.1
III 2 4.4 1 50.0 1 50.0
IV 3 6.5 2 66.7 1 33.3
EF%
>60% 42 91.3 16 38.1 26 61.9
50–60% 3 6.5 3 100 0 0
<50% 1 2.2 1 100 0 0
LVIDs
<40 43 93.5 17 39.5 26 60.5
≥40 3 6.5 3 100 0 0

Notes.
EF, Ejection fraction; GLS, Global longitudinal strain; NYHA, New York Heart Association; LVIDs, Left ventricular internal
diameter systolic.
*GLS decreased <16% with the cut-off value for GLS in assessing the LV systolic function of - 19.5%.

GLS <16%, and in the group with undilated left ventricles LVIDs <40 mm, up to 39.5% of
patients had a decrease in GLS <16%.

DISCUSSION
Patient characteristics
Our study’s gender characteristics showed similar results to the studies of Reckefuss
(male 49%, female 51%) and Nguyen Van Tha (male 47.6%, female 52.4%)12,13. However,
it differs from the Detaint (male 53.57%, female 46.43%), Grigioni (male 67%, female
33%), and Sutton (male 51.02%, female 48.92%) studies13.

Our study’s age characteristics are similar to those of other studies such as Rosenhek
(55± 15), Singh (female 56± 13, male 57± 11), Sutton (55± 19), data cross-sectional
surveys, and other studies (median age 59 and 53 years)13–16. However, different from
some studies such as Reckefuss (mean 42 years), Kobayashi, and Okura (mean 70.9
years)12,17.

Because of our study’s smaller sample size compared to the research mentioned
above, the age difference between men and women and the prevalence of the disease
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is not adequately reflected. Nguyen Van Tha’s study differs from ours in terms of MR
causes (93.7% MVP and 6.3% rheumatic heart disease) and MR degree (severe MR 50.8%
and moderate MR 49.2%) and dyspnea (46% exertional dyspnea and 54% paroxysmal
dyspnea at night or while lying down)11. Due to the characteristics of the Mekong
Delta, people only go to the hospital when they have symptoms, as well as subjective
symptoms of the patient.

Our NYHA classification of heart failure differs from some studies such as Nguyen
Van Tha (no class I, 46% class II, 39.7% class III, 14.3% class IV), a study of over 150
patients who received mitral valve repair due to mitral valve insufficiency (60% class I, II
and 40% class III, IV), and a prospective follow-up study on 551 patients had MR (27.3%
class I, 38.7% class II, 34% class III)18,19. Because most of the patients in our research
sample, which was drawn from a clinic, were asymptomatic or only had minor heart
failure symptoms, the rate of heart failure class I and II according to the NYHA is greater
than it was for the authors’ study.

Characteristics of GLS index and correlation between GLS index and NYHA
classification, degree of mitral regurgitation, EF, and echocardiographic
parameters
In our study, the severe MR group’s GLS indexes tended to decrease statistically
significantly (−15.4%) compared to the moderate regurgitation group (−19.7%) ( p<
0.001), which showed similarities with the study of Ciro Santoro, Maurizio Galderisi,
et al. (2019). In this study, the GLS index in the severe and mild MR group was−17.5%
and−20.5%, respectively (p < 0.01)20. Evaluation of the mean GLS index from our
study reveals that it differs from other studies. The Norbert Reckefuss study gave an
average GLS of−20.6%10. The average GLS in research on MR patients conducted by
Ciro Santoro, Maurizio Galderisi, et al. (2019) was−19.8%21. The study of N. Bansal, A.
Mercadante, et al. (2020) also gave an average GLS of−22.5%22. Two other studies
(2019) gave GLS indexes of−19.0% and−19.2%, respectively23,24. Because normal
GLS indexes differ depending on how the site is measured on the myocardium, the
type of ultrasound machine used, and the software version used, published results vary
significantly. Therefore, because the differences between vendors or software packages
are still too great, most documents do not provide a uniformly normal reference value.
In addition to software differences, GLS differences are also related to patients (age,
gender, etc.) as well as dynamic factors (heart rate etc.).

Some guidelines approve GLS variation within the range of−20% considered normal
in healthy individuals. According to Yingchoncharoen et al., LV GLS varied from−22.1%
to−15.9%, with an average of−19.7%. Normal GLS according to Philips software and
supplier (QLAB 7.1) is−18.9%. Several recent studies have reported lower normal
values25. Most recently, according to the ACC (2018), in adults, a GLS index <−16% is
considered abnormal, and a GLS index >−18% is normal26.

Our research discovered an inverse correlation between GLS and VC, jet area/LA
area ratio, and EROA, with correlation coefficients of−0.592,−0.569, and−0.710,
respectively. According to many reports and literature, the higher the parameters such
as VC, jet area/LA area ratio, and EROA, the more severe the MR, so the more severe
the MR, the GLS index decreases. Our research found a negative correlation between
GLS and VC (r =−0.592, p = 0.01). This finding is similar to that of Savas Dedeoglu
et al., who discovered that in the moderate and severe mitral regurgitation groups,
total left ventricular longitudinal strain correlated significantly with the vena contracta
(r =−0.858; p= 0.04), and linear regression results revealed that the only independent
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association for LV longitudinal strain (model r2=0.311) was vena contracta (B=−0.858;
p = 0.04)27. Our research differs from Elena Kinova’s study, which found a Pearson
correlation between VCW and GLS ( r = 0.32, p= 0.015) and found that the correlation
was moderately positive right28. The difference might be explained by the two separate
research populations.

The correlation between EF and GLS in our study is similar to that of other studies.
Based on GLS, Y. Kobayashi; H. Okura, et al. (2017) discovered a link between EF and
LV systolic function17. Research S. Yilmaze, R.G. Chelu, et al. (2020) discovered that EF
correlates well with GLS29. Lima MSM, Villarraga HR, et al. (2017) also showed that the
GLS of STE was strongly positively correlated with LVEF, particularly in LV systolic failure30.
GLS was found to have a significant positive correlation with EF ( r = 0.33; p< 0.05) in
a study that used it to assess the diagnostic accuracy of LV systolic dysfunction by 2D
tissue marker ultrasound to predict the severity of coronary artery disease31. In patients
with preserved EF, reduced GLS (<16%) was associated with a 5.6-fold increased risk of
death32. Overall, our findings are consistent with those of other authors.

Our study also discovered an inverse correlation between echocardiographic
parameters (EDV, ESV, LAV, and PAPs) and GLS, with correlation coefficients of r =−0.410,
−0.495,−0.519, and−0.342, respectively. This finding is consistent with the findings
of Ciro Santoro, Maurizio Galderisi, et al. (2019) on subjects with MR and S. Yilmazer;
R.G. Chelu, et al. (2020), who discovered that EDV and ESV were well correlated with GLS
(r > 0.61, p 0.01)20,29.

Our research was similar to other studies that found a statistically significant difference
between GLS and NYHA classes (p< 0.05). Research by Mizuguchi, et al. also showed
a decrease in GLS in hypertensive patients with LV hypertrophy in Asians; this decrease
also increased with NYHA class with a statistically significant difference. In Kosmala’s
study, the GLS index gradually decreased from NYHA I to IV. The GLS index decreased in
patients with heart failure with preserved EF compared to patients with hypertension but
no heart failure in Nguyen Thi Diem’s study, and this decline was even greater according
to the NYHA class6.

Early assessment of LV systolic function by left ventricular GLS index in patients
with primary MR
Our study found that among NYHA I patients, 35.7% had a decrease in GLS <16%; even
though the patient had no clinical symptoms, LV systolic function by GLS had already
begun to decline. The NYHA classes II, III, and IV decreased the number of patients
with GLS by 53.9%, 50.0%, and 66.7%, respectively. Through the study, we found that
the prevalence of NYHA class from I to IV decreased, and the GLS decreased by <16%
(Especially NYHA I in the asymptomatic group, the GLS decreased early). This difference
may suggest that GLS is statistically significant when it has already begun to decrease
during the asymptomatic heart failure stage.

In our study, 100% of patients with EF reductions of <50% and from 50%–60% had
a GLS decrease of <16%. The findings revealed that in cases with EF at the transition
stage of 50–60%, all subjects had reduced GLS. Although EF was only slightly reduced
or normal, it was completely abnormal in GLS. In particular, in the group with EF >60%,
up to 38.1% of patients had reduced GLS, corresponding to the compensated MR stage,
but LV systolic function through the GLS index began to decrease. This demonstrates that
GLS has a higher sensitivity than EF in detecting LV contractility abnormalities early.

According to Chin-in Lo et al., EF is insufficient to assess potential LV dysfunction in
patients with preserved EF. In this case, GLS will superior EF in detecting early cardiac
dysfunction in this group of patients6,33.
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Ciro Santoro, Maurizio Galderisi, et al. (2019) found a correlation between GLS and EF
and other echocardiographic parameters in 504 patients with mild to severe MR, which
was similar to our findings. In particular, GLS was shown to be superior to EF in detecting
LV systolic dysfunction in MR patients20. Our findings in normal patients show that
even when EF has not yet decreased, GLS has already begun to decrease. This finding
suggests that GLS has an early prognostic value in detecting LV dysfunction. To further
demonstrate GLS’s superiority, there is compelling evidence that LV-GLS has a higher
predictive value than LVEF in predicting LV dysfunction and serious cardiac events in
many cardiovascular diseases34.

Similarly, in the LV dilation group with LVIDs ≥40 mm, 100% of subjects had
decreased GLS, while in the undilated left ventricle group LVIDs <40 mm, 39.5% of
subjects had also decreased GLS.

LIMITATIONS AND IMPLEMENTATIONS
Our study achieved many positive results, but it has some limitations. That is the sample
size is small, and our research was conducted at only one center. To better understand
the significance of this method in MR subjects, the sample size, and scope of the study
must be expanded. More longitudinal studies with larger sample sizes or multicenter
studies with longer follow-ups are required to assess the risk of heart failure between
groups that have and do not have GLS changes on STE.

This study demonstrated that STE is superior to other ultrasound methods and that the
GLS index on STE can be used to guide management, stratify prognosis, and determine
an appropriate time for surgical intervention in patients with mitral regurgitation.
Furthermore, in a large number of asymptomatic patients with severe primary mitral
regurgitation and preserved ejection fraction, resting GLS may be shown to be a strong
predictor of long-term prognosis.

However, assessing the group’s decline in GLS on STE following surgical intervention
is beyond the scope of the study. Therefore, further studies are needed to investigate the
correlation of GLS decline on STE in the group before and after surgical intervention for
primary mitral regurgitation.

CONCLUSIONS
Research results have shown that 2D STE helps in the early detection of abnormal
manifestations of LV systolic function of the heart in patients with primary MR. In
particular, for patients with no indication for surgery, the STE technique proved more
effective than conventional ultrasound methods. The accuracy of diagnosing LV systolic
dysfunction by 2D STE will increase further when combined with the LV GLS index.
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APPENDIX A. CRITERIA FOR DIAGNOSING THE DEGREE OF MITRAL REGURGITATION7

APPENDIX B. DIAGNOSIS OF MITRAL REGURGITATION7

Primary MR (leaflet abnormality)
- MVP myxomatous changes - Prolapse, flail, ruptured or elongated chordae
- Degenerative changes - Calcification, thickening
- Infectious - Endocarditis vegetations, perforations, aneurysm
- Inflammatory - Rheumatic, collagen vascular disease, radiation,

drugs
- Congenital - Cleft leaflet, parachute MV

Secondary MR (ventricular remodeling)
- Ischemic etiology - Artery disease
- Nonischemic cardiomyopathy: Annular dilation - Atrial fibrillation, restrictive cardiomyopathy

REFERENCES
[1] Douedi S, Douedi H. Mitral regurgitation. In: StatPearls [Internet] . Treasure Island (FL): StatPearls

Publishing; 2022 PMID: 31985928.
[2] Wu S, Chai A, Arimie S, Mehra A, Clavijo L, Matthews RV, Shavelle DM. Incidence and treatment

of severe primary mitral regurgitation in contemporary clinical practice. Cardiovasc Revasc Med .
2018;19(8):960–963. doi: 10.1016/j.carrev.2018.07.021.

[3] Vietnam National Heart Association. 2008 Recommendations of the Vietnam Society of Cardiology on
the diagnosis and treatment of valvular heart disease. Journal of Vietnamese Cardiology 2008;.

https:/dx.doi.org/10.1016/j.carrev.2018.07.021


Page 13 of 14
Nguyen et al. GCSP 2023:26

[4] Dandel M, Hetzer R. Echocardiographic strain and strain rate imaging–clinical applications. Int J Cardiol.
2009;132(1):11–24. doi: 10.1016/j.ijcard.2008.06.091.

[5] de Simone G, Palmieri V. Diastolic dysfunction in arterial hypertension. J Clin Hypertens (Greenwich).
2001;3(1):22–7. doi: 10.1111/j.1524-6175.2001.00827.x.

[6] Diem NT. Study of left ventricular function by speckle tracking echocardiography in patients with primary
hypertension. Specializing in Cardiology . Hue University of Medicine and Pharmacy; 2017.

[7] Zoghbi WA, Adams D, Bonow RO, Enriquez-Sarano M, Foster E, Grayburn PA, Hahn RT, Han Y,
Hung J, Lang RM, Little SH, Shah DJ, Shernan S, Thavendiranathan P, Thomas JD, Weissman NJ.
Recommendations for noninvasive evaluation of native valvular regurgitation: A Report from the
American Society of Echocardiography developed with the society for cardiovascular magnetic
resonance. J Am Soc Echocardiogr . 2017;30(4):303–371. doi: 10.1016/j.echo.2017.01.007.

[8] Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E, Pellikka PA, Picard MH, Roman MJ, Seward
J, Shanewise J, Solomon S, Spencer KT, Sutton MStJohn, Stewart W. Recommendations for chamber
quantification. Eur J Echocardiogr . 2006;7(2):79–108. doi: 10.1016/j.euje.2005.12.014.

[9] Vinh PN. Cardiovascular pathology, volume II. Specializing in Cardiology . Medical Publishing House;
2008.

[10] Marwick TH, Leano RL, Brown J, Sun JP, Hoffmann R, Lysyansky P, Becker M, Thomas JD. Myocardial
strain measurement with 2-dimensional speckle-tracking echocardiography: definition of normal range.
JACC Cardiovasc Imaging. 2009;2(1):80–4. doi: 10.1016/j.jcmg.2007.12.007.

[11] Mor-Avi V, Lang RM, Badano LP, Belohlavek M, Cardim NM, Derumeaux G, Galderisi M, Marwick T,
Nagueh SF, Sengupta PP, Sicari R, Smiseth OA, Smulevitz B, Takeuchi M, Thomas JD, Vannan M, Voigt
JU, Zamorano JL. Current and evolving echocardiographic techniques for the quantitative evaluation
of cardiac mechanics: ASE/EAE consensus statement on methodology and indications endorsed
by the Japanese Society of Echocardiography. J Am Soc Echocardiogr . 2011;24(3):277–313. doi:
10.1016/j.echo.2011.01.015.

[12] Reckefuss N, Butz T, Horstkotte D, Faber L. Evaluation of longitudinal and radial left ventricular function
by two-dimensional speckle-tracking echocardiography in a large cohort of normal probands. Int J
Cardiovasc Imaging. 2011;27(4):515–26. doi: 10.1007/s10554-010-9716-y.

[13] Tha NV. Study on NT-pro BNP concentration in patients with heart failure due to mitral valve
regurgitation. Hue University of Medicine and Pharmacy; 2017.

[14] Di Stefano C, Bruno G, Arciniegas Calle MC, Acharya GA, Fussner LM, Ungprasert P, Cooper LT, Blauwet
LA, Ryu JH, Pellikka PA, Carmona Porquera EM, Villarraga HR. Diagnostic and predictive value of speckle
tracking echocardiography in cardiac sarcoidosis. BMC Cardiovascular Disorders. 2020;20:21. doi:
10.1186/s12872-019-01323-0.

[15] Kleijn SA, Aly MF, Terwee CB, Van Rossum AC, Kamp O. Reliability of left ventricular volumes and
function measurements using three-dimensional speckle tracking echocardiography. Eur Heart J
Cardiovasc Imaging. 2012;13(2):159–68. doi: 10.1093/ejechocard/jer174.

[16] van der Bijl P, Bootsma M, Hiemstra YL, Ajmore Marsan N, Bax JJ, Delgado V. Left ventricular 2D speckle
tracking echocardiography for detection of systolic dysfunction in genetic, dilated cardiomyopathies.
Eur Heart J Cardiovasc Imaging. 2019;20(6):694–699. doi: 10.1093/ehjci/jey169.

[17] Kobayashi Y, Okura H, Kobayashi Y, Fukuda S, Hirohata A, Yoshida K. Left ventricular myocardial function
assessed by three-dimensional speckle tracking echocardiography in Takotsubo cardiomyopathy.
Echocardiography . 2017;34(4):523–529. doi: 10.1111/echo.13492.

[18] Abid A, Denguir R, Hakim M, Gharsallah N, Ghedira F, Meddeb I, Kalfat T, Khayati A. [Relevant factors in
mitral valve reconstructive surgery. Report of 150 cases]. La Tunisie medicale. 2002;80(4):183–187 PMID:
12416352.

[19] Carpentier A, Chauvaud S, Fabiani JN, Deloche A, Relland J, Lessana A, D’Allaines C, Blondeau P,
Piwnica A, Dubost C. Reconstructive surgery of mitral valve incompetence: ten-year appraisal. J Thorac
Cardiovasc Surg. 1980;79(3):338–48. doi: 10.1016/S0022-5223(19)37942-5.

[20] Santoro C, Galderisi M, Esposito R, Buonauro A, Monteagudo JM, Sorrentino R, Lembo M, Fernandez-
Golfin C, Trimarco B, Zamorano JL. Global longitudinal strain is a hallmark of cardiac damage in mitral
regurgitation: the Italian arm of the European Registry of mitral regurgitation (EuMiClip). Cardiovasc
Ultrasound . 2019;17(1):28. doi: 10.1186/s12947-019-0178-7.

[21] Vu NA. Echocardiography - diagnostic update. Hue University Publishing House; 2018:192–237.
[22] Bansal N, Mercadante A, Rochelson E, Mahgerefteh J, Clark BC. Speckle Tracking Echocardiography in

Pediatric Patients with Premature Ventricular Contractions. Pediatr Cardiol. 2020;41(8):1587–1593. doi:
10.1007/s00246-020-02415-x.

[23] Rong LQ, Yum B, Abouzeid C, Palumbo MC, Brouwer LR, Devereux RB, Girardi LN, Weinsaft JW, Gaudino
M, Kim J. Echocardiographic predictors of intraoperative right ventricular dysfunction: a 2D and speckle
tracking echocardiography study. Cardiovascular Ultrasound . 2019;17:11. doi: 10.1186/s12947-019-0161-
3.

[24] Zamirian M, Afsharizadeh F, Moaref A, Abtahi F, Amirmoezi F, Attar A. Reduced myocardial reserve in
cirrhotic patients: an evaluation by dobutamine stress speckle tracking and tissue Doppler imaging
(TDI) echocardiography. J Cardiovasc Thorac Res. 2019;11(2):127–131. doi: 10.15171/jcvtr.2019.22.

[25] Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L, Flachskampf FA, Foster E, Goldstein
SA, Kuznetsova T, Lancelloti P, Muraru D, Picard MH, Rietzschel ER, Rudski L, Spencer KT, Tsang W,
Voigt JU. Recommendations for cardiac chamber quantification by echocardiography in adults: an

https:/dx.doi.org/10.1016/j.ijcard.2008.06.091
https:/dx.doi.org/10.1111/j.1524-6175.2001.00827.x
https:/dx.doi.org/10.1016/j.echo.2017.01.007
https:/dx.doi.org/10.1016/j.euje.2005.12.014
https:/dx.doi.org/10.1016/j.jcmg.2007.12.007
https:/dx.doi.org/10.1016/j.echo.2011.01.015
https:/dx.doi.org/10.1007/s10554-010-9716-y
https:/dx.doi.org/10.1186/s12872-019-01323-0
https:/dx.doi.org/10.1093/ejechocard/jer174
https:/dx.doi.org/10.1093/ehjci/jey169
https:/dx.doi.org/10.1111/echo.13492
https:/dx.doi.org/10.1016/S0022-5223(19)37942-5
https:/dx.doi.org/10.1186/s12947-019-0178-7
https:/dx.doi.org/10.1007/s00246-020-02415-x
https:/dx.doi.org/10.1186/s12947-019-0161-3
https:/dx.doi.org/10.1186/s12947-019-0161-3
https:/dx.doi.org/10.15171/jcvtr.2019.22


Page 14 of 14
Nguyen et al. GCSP 2023:26

update from the American Society of Echocardiography and the European Association of Cardiovascular
Imaging. J Am Soc Echocardiogr . 2015;28(1):1–39.e14. doi: 10.1016/j.echo.2014.10.003.

[26] Yang H, Wright L, Negishi T, Negishi K, Liu J, Marwick Thomas H. Research to practice. JACC:
Cardiovascular Imaging. 2018;11(8):1196–1201. doi: 10.1016/j.jcmg.2018.07.005.

[27] Dedeoğlu S, Bornaun H, dedeoğlu R. 2023. The use of left atrial strain to predict left ventricular
functions in asymptomatic children with mitral valve regurgitation.
doi: 10.22541/au.168233067.75068451/v1.

[28] Kinova E, Spasova N, Borizanova A, Goudev A. Torsion mechanics as an indicator of more advanced
left ventricular systolic dysfunction in secondary mitral regurgitation in patients with dilated
cardiomyopathy: A 2D speckle-tracking analysis. Cardiology . 2018;139(3):187–196.
doi: 10.1159/000485967.

[29] Van den Hoven AT, Yilmazer S, Chelu RG, Van Grootel RWJ, Minderhoud SCS, Bous LR, Van Berendoncks
AM, Duijinhouwer AL, Siebelink HMJ, Van den Bosch AE, Budde RPJ, Roos-Hesselink JW, Hirsch A.
Left ventricular global longitudinal strain in bicupsid aortic valve patients: head-to-head comparison
between computed tomography, 4D flow cardiovascular magnetic resonance and speckle-tracking
echocardiography. International Journal of Cardiovascular Imaging. 2020;36(9):1771–1780. doi:
10.1007/s10554-020-01883-9.

[30] Lima MSM, Villarraga HR, Abduch MCD, Lima MF, Cruz Cbbv, Sbano JCN, Voos MC, Mathias W Junior,
Tsutsui JM. Global longitudinal strain or left ventricular twist and torsion? Which correlates best with
ejection fraction? Arq Bras Cardiol. 2017;109(1):23–29. doi: 10.5935/abc.20170085.

[31] Radwan H, Hussein E. Value of global longitudinal strain by two dimensional speckle tracking
echocardiography in predicting coronary artery disease severity. Egypt Heart J . 2017;69(2):95–101. doi:
10.1016/j.ehj.2016.08.001.

[32] Krishnasamy R, Isbel NM, Hawley CM, Pascoe EM, Burrage M, Leano R, Haluska BA, Marwick TH,
Staton T. Left Ventricular Global Longitudinal Strain (GLS) Is a Superior Predictor of All-Cause and
Cardiovascular Mortality When Compared to Ejection Fraction in Advanced Chronic Kidney Disease.
PLoS One. 2015;10(5):e0127044. doi: 10.1371/journal.pone.0127044.

[33] Cam VN. Investigate the effect of blood pressure on left ventricular function by longitudinal muscle
tension. Pham Ngoc Thach Medical University; 2019.

[34] Kalam K, Otahal P, Marwick TH. Prognostic implications of global LV dysfunction: a systematic review
and meta-analysis of global longitudinal strain and ejection fraction. Heart . 2014;100(21):1673–1680.
doi: 10.1136/heartjnl-2014-305538.

https:/dx.doi.org/10.1016/j.echo.2014.10.003
https:/dx.doi.org/10.1016/j.jcmg.2018.07.005
https:/dx.doi.org/10.22541/au.168233067.75068451/v1
https:/dx.doi.org/10.1159/000485967
https:/dx.doi.org/10.1007/s10554-020-01883-9
https:/dx.doi.org/10.5935/abc.20170085
https:/dx.doi.org/10.1016/j.ehj.2016.08.001
https:/dx.doi.org/10.1371/journal.pone.0127044
https:/dx.doi.org/10.1136/heartjnl-2014-305538

