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COMPARISON OF SPECKLE TRACKING DERIVED LEFT
VENTRICULAR STRAIN AMONG PATIENTS WITH VARYING
DEGREE OF LV SYSTOLIC DYSFUNCTION IN ASYMPTOMATIC
PATIENTS WITH CHRONIC SEVERE RHEUMATIC MITRAL
REGURGITATION
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ABSTRACT

OBJECTIVES: Comparing the global longitudinal peak systolic strain of left ventricle measured by speckle
tracking method among the patients of chronic severe rheumatic MR having different severity of LV dilation
and dysfunction and finding any correlation between LV dysfunction and strain.

METHODS & RESULTS: Subjects were studied under 4 groups Group-I: normal subjects (n =36 ) Group-
II: Severe MR with EF =60% and LVESD =40mm (n=>52), Group-lll: Severe MR with EF =60% and
LVESD 41-50 (n=16), Group-IV: Severe MR with EF <60 with any LVESD (n=8).Mean values of average
global longitudinal peak systolic strain (GLPS-AVG) in group-I, II, lll and IV were 20.6+2.03, 19.77+2.79,
21.02+3.66, 7.25*1.55 respectively. GLPS-AVG decreased insignificantly with mild LV dilation between
groups | and Il (p=0.46), and increased insignificantly with further LV dilation between groups Il and IlI
(p=0.35) but there was significant decrease in global longitudinal peak systolic strain when ejection fraction
decreased below 60% (between group lll and group IV, p= <0.001). Same trends were observed in global
longitudinal strains measured in all three apical echocardiographic views.

CONCLUSION: Speckle tracking derived global longitudinal peak systolic strain changes insignificantly
during LV dilation and shows significant decrease when ejection fraction drops in patients with asymptomatic
chronic severe rheumatic mitral regurgitation.

KEYWORDS: Speckle Tracking, Left Ventricular Strain, LV Systolic Dysfunction, Chronic Severe Rheumatic
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INTRODUCTION:
he most common cause of Valvular Heart Dis-
Teose in our country is Rheumatic heart disease
(RHD)."™* According to a study conducted in
Pakistan, the most common valvular lesion was
mitral regurgitation (MR) which was 56%, even
more common than mitral stenosis (MS) (20.3%)*.
According to another Pakistani study, the severe MR
was found in 22.5% of all MR patients®. So severe
MR is a big health problem of our community.
According to AHA guidelines, Mitral valve sur-
gery is indicated in severe MR if patient develops
symptoms or left ventricular ejection fraction (LVEF)
drops to < 60% or left ventricle dilates (LVESD =
40mm)°. Although EF (<=60%) was the first predic-
tor developed to sort out asymptomatic patients
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of severe MR for surgery’, it remains high during
a long compensated phase of chronic severe MR
and mortality even after surgery is high when EF
drops®?. So more sensitive parameters like left
ventricular end systolic dimention (LVESD) and
volume (LVESV) were devised for early detection of
LV dysfunction in severe MR for referring patients to
early MV surgery to get better outcomes’'%'". Even
the above mentioned parameters e.g LVESD are
not reliable and early detectors of LV dysfunction as
the studies have shown that waiting for the LVESD
to reach =40 mm is independently associated with
poor postoperative survival in severe MR'2, So still
better parameters are required for better post MV
surgery results.

As we already know that compared to conven-
tional echocardiographic parameters, measure-
ment of myocardial strain and strain rate leads
to an early detection of LV systolic dysfunction
at subclinical stages™ ™. In chronic severe MR,
the research has been conducted to use tissue
doppler derived strain imaging to find out sub-
clinical LV dysfunction™'¢. In these studies, the
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tissue doppler derived myocardial deformation i.e
strain was measured and was associated with LV
dysfunction.'1¢

In our study, we used 2D speckle tracking
method for measuring the global longitudinal peak
systolic strain (GLPS) of left ventricle (LV) and com-
pared this global strain between patients with and
without LV dysfunction to find out if there was any
correlation of 2D speckle tracking derived strain
with that of LV dysfunction as much less data is
available on the 2D speckle tracking derived strain
in patients with chronic severe rheumatic MR.
MATERIALS AND METHODS:

This cross sectional analytical study was con-
ducted at Echo Department of Punjab Institute of
Cardiology from December 2013 to December
2015 (Two Years) with non-probability purposive
sampling. 76 patients of severe rheumatic asymp-
tomatic MR and 36 healthy controls were included
in study. Informed consent was taken. Healthy nor-
mal subjects were taken under group-I. Patients of
severe MR were divided into three groups accord-
ing to LVESD and EF i.e Group-II (severe MR with
EF =60% and LVESD <40mm), Group-lll (severe
MR with EF =60% and LVESD 41-50), Group-IV
(severe MR with EF <60 with any LVESD). Asymp-
tomatic patients with chronic severe rheumatic MR
were included. Patients with non rheumatic MR,
Patients with Ischemic heart disease (IHD) (on the
basis of history, clinical examination or segmental
wall motion abnormalities (SWMAs) on echocar-
diography), patients with more than moderate
degree of MS (mitral stenosis), AS (aortic stenosis),
AR (aortic regurgitation) and patients with atrial
fibrillation (AF) were excluded.

All echocardiographies were performed on
VIVID-7 Dimensions machine. Standard paraster-
nal long and short axis views were used to assess
LVESD. Apical 4-chamber (A4C), 2-chamber
(A2C) and long axis (APLEX) cine views were also
saved and Speckle Tracking was performed on
these images by Automated Function Imaging
(AFl). Global longitudinal peak systolic strain
(GLPS) was thus determined in Apical 4-Chamber
i.e A4C view (GLPS-A4C), in Apical 2-Chamber
i.e A2C view (GLPS-A2C), in Apical long axis i.e
APLAX view (GLPS-APLAX) and average global
longitudinal peak systolic strain (GLPS-AVG) was
also determined. EF was calculated by Simpson's
biplane method.

Mitral regurgitation severity: MR severity was as-
sessed using vena contracta and jet area. Jet area

> 50% of left atrial and vena contracta > 0.7 cm
was taken as criteria for severe MR.

DATA was analyzed using SPSS 17.0. Variables
under study were Age, gender, LVESD, LVEDD, EF,
GLPX-A4C, GLPX-A2C, GLPX-APLAX, GLPS-AVG.
All four groups were compared using ANOVA test
regarding all four types of GLPX especially GLPS-
AVG. Correlation between changes of GLPS-AVG
by changing group were also assessed using Pear-
son’s Correlation coefficient. p-value of <0.05 was
considered as significant.

RESULTS:

Study Population: The study included 76 patients
of chronic severe rheumatic MR and 36 normal
healthy controls. Of the total subjects, 48(42.9%)
were male and 64(57.1%) were females (Table-1).
Atotal of 112 study subjects were divided into four
groups. Group-| (controls) had 36(32.1%), Group-
Il had 52(46.4%), Group-Ill had 16(14.3%) and
Group-IV had 8(7.1%) subjects. Overall mean age
of study subjects was 31.02+9.9yrs with maximum

Table-1: General characteristics of the study
subjects

N % Mean Age | LVESD | LVEDD EF
(yrs)

SEX| Male 48 42.9% 35.13+6.7 [31.4+9.1[51.247.1[62.1£12.7
Female 64 57.1% 27.94+10.7 | 35.4+7.3 | 53.746.2 | 60.9+7.6
Total 112 100% 31.02+9.9 |33.748.3 |52.646.7 | 61.4£10.1

Table-2: Groupwise characteristics of the

study subjects

Group-l Group-ll Group-lil Group-IV P value
(Controls) | (EF 260% (EF2 60% (EF<60%)
and LVIDS | and LVIDS
<40mm) 41-50mm)
SEX | Male | 28(78%) | 12 (23%) 04 (25%) 04 (50%)
Fe- | 08(22%) | 40(77%) 12 (75%) 04 (50%)
male
Total 36 52 (46.4%) | 16 (14.3%) | 08 (7.1%)
(32.1%)
Age 32.2+¢5.9 | 32.27+11.8 27.7549.0 24.0+8.5 0.065
LVIDS 24.5+5.4 34.9+2.7 43.3+2.1 48+3.2 <0.001
LVIDD 45.78+4.0 | 54.27+5.0 59.75+2.23 59.0+3.2 <0.001
EF 68.22+3.4 | 61.79+3.1 61.25+2.2 29.0+6.4 <0.001

GLPS-APLEX | 20.8+2.97 | 19.36+2.94 | 20.95+3.71 7.8+1.06 <0.001

GLPS-A4C | 19.6+2.08 | 19.97+3.17 21.1£3.22 6.65+2.51 <0.001

GLPS-A2C | 21.5+2.87 | 19.66+3.16 20.7+4.95 7.25+1.01 <0.001

GLPS-AVG | 20.642.03 | 19.77+2.79 | 21.02+3.66 | 7.25+1.55 <0.001

Table-3: ANOVA between four groups
regarding all types of GLPS and applying
Pearson’s correlation coefficient

Sum of | Degrees | Mean F P value | Pearsons Cor-
Squares | of free- | Square | value relation
dom Coef- P
ficient |value
GLPS-Aver- | 1283.88 3 427.96 |60.748| <0.001 | -0.514 |<0.001
age
GLPS-APLEX | 1183.49 3 394.5 43.98 | <0.001 -0.500 | <0.001
view
GLPS-A4C | 1355.08 3 451.7 | 56.33 | <0.001 | -0.434 |<0.001
view
GLPS-A2C 1366.67 3 455.55 | 41.86 | <0.001 -0.536 | <0.001
view
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Table-4: Multiple comparisons between
groups regarding GLPS-Average

GROUPS to Mean Std. Error | P value | 95% Confidence Interval
Compare Differece Lower Upper
(1-J) Bound bound
Group-l wih 0.845 0.575 0.460 -0.656 2.347
Group-ll
Group-l with -0.402 0.797 0.958 -2.484 1.678
Group-lll
Group-l with 13.372 1.037 <0.001 10.665 16.08
Group IV
Group-Il with -1.248 0.758 0.358 -3.228 0.732
Group-lll
Group-ll with 12.526 1.008 <0.001 9.897 15.15
Group-IV
Group-lil with 13.775 1.149 <0.001 10.77 16.77
Group-IV
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Figure-1: Quad picture obtained as a result
of Speckle tracking of a patient showing
curves of systolic longitudinal strain of
different segments in three apical views i.e
A4C, A2C and APLAX. Lower right corner
shows bull’s eye diagram showing segment-
wise peak systolic strain
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Figure-2: Bull’s eye diagram after speckle
tracking showing Peak systolic strain of each
myocardial segment. Also showing GLPS-
LAX, GLPS-A4C, GLPS-AC and GLPS-AVG

age of 54yrs and minimum of 13yrs. End-systolic
dimention (LVESD) ranged from 18 to 51 with

a Group-I (Controls)
O Group-ll (EF>=60% and LVIDS <=40mm)

30—‘

812.920.913.7 21.4+2.8
21.1#3.2 20.7+4. 141
19.62.0 920.612.032

Figure-3: Comparison of all the four groups
regarding mean values of GLPS-APLAX,
GLPS-A4C, GLPS-A2C, GLPS-AVG

mean of 33.72+8.3mm, End-diastolic dimen-
tion (LVEDD) varied from 39 to 65 with mean of
52.6+6.7 and Ejection fraction (EF) varied from
23% to 74% with mean of 61.4+10.1. The group
wise characteristics of the subjects are shown
in the Table-2. Mean ages of groups |, II, Ill, IV
were 32.2+5.9, 32.27+11.8, 27.75+9.0 and
24.0+8.5 respectively.

Global Longitudinal Peak Systolic Strain: Com-
paring the Average Global longitudinal peak systol-
ic strain (GLPS-AVG) of the four groups, the mean
values in group-l, II, Ill and IV were 20.6=2.03,
19.77+2.79, 21.02=3.66, 7.25+1.55 respec-
tively (table-2). This showed progressive decreasing
trend in GLPS-AVG from group-I to group IV except
that GLPS-AVG showed increase between group-I|
and lll. Almost similar type of trends were shown
by other peak systolic strain parameters in three
different apical views i.e GLPS-APLEX, GLPS-A4C
and GLPS-A2C (Figure-1,2,3). Comparing the
means of GLPS-AVG between the four groups us-
ing ANOVA test, p value turned out to be <0.001.
Similarly applying ANOVA, means of all other types
of peak strains (GLPS-A4C, GLPS-A2C and GLPS-
APLAX) differed significantly between four groups
(p <0.001)(table-3).

Applying pearson'’s correlation coefficient to find
out correlation between GLPS-AVG of four groups
showed p-value of <0.001 but as mentioned
above the GLPS decreased with LV dysfunction
except moving from Group Il to lll. So correlation
did not hold practical in all groups.

Comparing the groups one by one regarding
peak systolic strain:

As a post-hoc analysis, when we compared the
groups, p-value (<0.001) was significant when we
compared any of the groups with group-IV. This
means that there is significant drop of GLPS-AVG
when we move from any of group to group-IV.

1028




D

Other groups compared with each other produce
insignificant p-value (table-4).
DISCUSSION:

In asymptomatic chronic severe rheumatic MR,
we usually plan for surgery on the basis of con-
ventional parameters of LV function i.e. EF and
LVEDS'” but the EF and LVESD remains normal for
a long period of time (compensated phase of MR)
till EF decreases or LVESD increases, the LV has
reached a point of irreversible damage." Current
guidelines suggest decision of surgery on basis of
conventional parameters of LV dysfunction,'” the
mortality after surgery is high if we wait for these
parameters to drop.®? A newer echocardiographic
paramater i.e Global Longitudinal Peak Systolic
Strain (GLPS) detects very subtle amount of LV
dysfunction even before there is any change in
conventional parameters.'® Therefore, in this study
Average Global Peak Systolic strain (GLPS-AVG)
of control group (Group-l) and other three groups
of asymptomatic severe MR (Group-Il with mild
LV dilation, Group-lll with Severe LV dilation and
Group-IV with LV dysfunction i.e decreased EF)
was compared to find out any relationship between
progressive LV dysfunction and GLPS-AVG so we
can refer the patients for surgery on the basis of
GLPS-AVG even before LV dilation has started.

It was found that there was significant decrease
in GLPS-AVG (p = 0.001) while moving from
Group-l to Group IV. Similar results were seen by
Gunijan et al'® who compared the systolic longitu-
dinal strain in patients with severe rheumatic MR
with and without LV dilation and with and without
decreased EF. It was found by them and also in
the present study that with development of pro-
gressive LV dysfunction, peak systolic longitudinal
strain significantly deceases. The better difference
of the present study over their study is that they
used Tissue doppler method of echocardiography
which is more difficult to perform and because of
being a doppler method, is angle dependent and
has much noise pollution. These are not the prob-
lems of speckle tracking method which has been
used in this study to calculate longitudinal strain.
Moreover speckle tracking method gives Averaged
Global strain which gives more global value of LV
dysfunction of all myocardial segments as com-
pared to doppler method which gives the strain of
only the region of myocardium where the sample
volume is placed and not the global strain. Till now
almost no study have used this advanced speckle
tracking method for calculating and comparing LV
dysfunction in patients with rheumatic MR although

studies have been performed for LV dysfunction in
degenerative MR'?, ischemic MR?%, secondary MR
(due to nonischemic dilated cardiomyopathy)?' and
functional MR (ischemic or non ischemic dilated
cardiomyopathy)?2.

The results of our study differed from that of
Gunijan et al in that although with decrease in LV
function, longitudinal peak systolic strain decreased
significantly (p=<0.001) while moving from group
-1V, there was no significant decrease in GLPS-AVG
between group-l and group-Il, even moving from
group-ll to group-lll, the GLPS-AVG has actually
increased, although not statistically significant. It
means that with increase in LV dimensions i.e with
progressive LV dilation, peak systolic strain first
decreases with mild dilation of LV (LVESD < 40mm)
and then with further dilation (LVESD 41-50mm
but EF =60%), it increases but with decrease in
EF below 60%, this longitudinal peak systolic strain
significantly decreases (p<0.001). This finding is
contradictory to study by Gunjan et al but is well ex-
plained by the frank starling’s law that with incearse
in LV dimentions (LV dilation), as there is increase
in length of myocardial fibers’ length at the start
of systole, the fibers contraction is more stronger
and their shortening during systole increases and
so longitudinal systolic strain also increases with
severe LV dilation although with mild LV dilation,
it has actually decreased. Same results are seen
in study by Marciniak et al.'® that with LV dilation,
there is not much significant change in systolic
strain which is significantly decreased with decrease
in LVEF as in our study, although strain by Marciniak
et al was measured by Tissue Doppler method and
not speckle tracking as in our study.

Applying Pearson’s correlation coefficient to
average global peak systolic strain (GLPS-AVG)
between the groups, the p-value of <0.001 gives
the impression that GLPS-AVG is significantly cor-
related with progressive LV dilation and dysfunc-
tion (table-3) but looking at the scatter plot (fig-3)
show that the GLPS-AVG although progressively
decreases with more and more LV dysfunction, it
actually increases between group Il and . Also
decrease in GLPS-AVG is not smooth between
groups and significant decrease is only between
group Il and IV. Moreover scatter plot shows sig-
nificant influential outliers, so all these things make
the above mentioned correlation invalid.

In the present study, in place of average lon-
gitudinal systolic strain, when different groups are
compared regarding the longitudinal systolic strain
in different views i.e in APLEX view (GLPS-APLEX),
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in A4C view (GLPS-A4C), and in A2C view (GLPS-
A2C), the same trends were seen in these separate
strain types as those seen in average strain (GLPS-
AVG) Table-2,3.

Study Limitations: The present study is a cross
sectional and the data is not paired and has no
longitudinal followup and also needs postoperative
DATA to see postoperative condition of longitudinal
systolic strain. Also software of speckle tracking
does not give average peak strain (GLPS-AVG) in
the presence of atrial fibrillation (AF) as varying
cycle length does not have peak systole at the
same time in cardiac cycle in all three views and
most patients with severe MR develop AF so speckle

tracking, although a very good method, will not
be that useful in MR. That’s why AF has been an

REFERENCES

1.Rose A.G. Etiology of valvular heart disease. Curr Opin
Cardiol 1996;11:98-113.

2. AzizK. Incidence of heart disease in children at the National
institute of cardiovascular diseases. JPMA 1984;34:300-5.

3. Vijaykumar M, Narula J, Reddy KS, Kaplan EL. Incidence
of rheumatic fever and prevalence of rheumatic heart disease
in India. Intl. J Cardiol 1994;43:221-8.

4. Aurakzai HA, Hameed S, Shahbaz A, Gohar S, Qureshi M,
Khan H, Sami W, Azhar M, Khan JS. Echocardiographic Profile
of Rheumatic Heart Disease at a Tertiary Cardiac Centre. J
Ayub Med Coll Abbottabad. 2009 Jul-Sep;21(3):122-6.

5. Faheem M, Hafizullah M, Gul A, Jan H, Khan MA. Pattern
of Valvular Lesions in Rheumatic Heart Disease. JPMI 2007;
21 (2): 99-103.

6. Bonow RO, Carabello BA, Chatteriee K, de Leon AC
Jr, Faxon DP, Freed MD, Gaasch WH, et al. 2008 focused
update incorporated into the ACC/AHA 2006 guidelines
for the management of patients with valvular heart disease:
a report of the American College of Cardiology/American
Heart Association Task Force on Practice Guidelines (Writing
Committee to revise the 1998 guidelines for the management
of patients with valvular heart disease). J Am Coll Cardiol.
2008 Sep 23;52(13):e1-142.

7. Enriquez-Sarano M, Tajik AJ, Schaff HV, Orszulak TA, Bailey
KR, Frye RL. Echocardiographic prediction of survival after
surgical correction of organic mitral regurgitation. Circulation

1994,90: 830-7.

exclusion criteria in this study and many patients
were excluded due to AR Moreover the patients
having EF less than 60% are either operated before
reaching this stage of LV dysfunction or get so sick
(and develop SOB and hypotension) that they can
not be taken to echo lab to be included in the study
so the number of such patients (group IV patients)
are very less in our study (only 8 patients).
CONCLUSION:

In chronic severe rheumatic MR patients,
global longitudinal peak systolic strain measured
by speckle tracking method shows an insignificant
change with progressive LV dilation (increase in
LVESD) and shows a significant decrease with de-
velopment of LV dysfunction (i.e drop in LVEF).

Author’s Contribution

MKI: Conducted the study and wrote the article.
MFM: Helped in conducting the study and gave
frequent advice.IS: Helped in collecting and re-
analyzing the data.

8. Ling LH, Enriquez-Sarano M, Seward JB, Tajik AJ, Schaff
HV et al. Clinical outcome regurgitation due to flail leaflet.
N Engl J Med 1996,;335:1417-23.

9. Avierinos JF, Gersh BJ, Melton LN, Bailey KR, Shub
C, Nishimura RA et al. Natural history of asymptom-
atic mitral valve prolapse in the community. Circulation
2002;106:1355-61.

10. Wisenbaugh T, Skudicky D, Soreli P. Prediction of outcome
after valve replacement for rheumatic mitral regurgitation in the
era of chordal preservation. Circulation 1994,;89:191-7.
11. Crawford MH, Souchek J, Oprian CA, et al. Determi-
nants of survival and left ventricular performance after mitral
valve replacement: Department of Veterans Affairs Coop-
erative Study on Valvular Heart Disease. Circulation 1990;
81:1173-81.

12. Tribouilloy C, Grigioni F, Avierinos JF, Barbieri A, Rusinaru
D, Szymanski C, et al. Survival implication of left ventricular
end- systolic diameter in mitral regurgitation due to flail
leaflets. A long-term follow-up multicenter study. J Am Coll
Cardiol. 2009; 54:1961-8.

13. Agricola E, Galderisi M, Oppizzi M, Schinkel AF, Maisano
F, De Bonis M et al. Pulsed tissue Doppler imaging detects early
myocardial dysfunction in asymptomatic patients with severe
mitral regurgitation. Heart 2004,90:406-10.

14. Weidemann F, Kowalski M, D’hooge J, Bijnens B, Suther-
land GR. Doppler myocardial imaging. A new fool to assess
regional inhamogeneity in cardiac function. Basic Res Cardiol

2001; 96: 595-605.
o8



1D

15. Gunjan M, Kurien S, Tyagi S. Early prediction of left
ventricular systolic dysfunction in patients of asymptomatic
chronic severe rheumatic mitral regurgitation using tissue
Doppler and strain rate imaging. Indian Heart J. 2012 May-
Jun;64(3):245-8.

16. Marciniak A, Claus P Sutherland GR, Marciniak M, Karu T,
Baltabaeva A, Merli E, et al. Changes in systolic left ventricular
function in isolated mitral regurgitation. A strain rate imaging
study. Eur Heart J. 2007 Nov; 28(21): 2627-36.

17. Nishimura RA, Otto CM, Bonow RO, Carabello BA,
Erwin JP, et al. 2017 AHA/ACC Focused Update of the 2014
AHA/ACC Guideline for the Management of Patients With
Valvular Heart Disease A Report of the American College of
Cardiology/American Heart Association Task Force on Clinical
Practice Guidelines. J Am Coll Cardiol. 2017 March 10. pii:
S0735-1097(17)36019-9.

18. Tops LF, Delgado V, Marsan NA, Bax JJ. Myocardial strain
to detect subtle left

ventricular systolic dysfunction. Eur J Heart Fail. 2017

Mar;19(3):307-313.

19. Cho EJ, Park SJ, Yun HR, Jeong DS, Lee SC, Park SW et al.
Predicting Left Ventricular Dysfunction after Surgery in Patients
with Chronic Mitral Regurgitation: Assessment of Myocardial
Deformation by 2-Dimensional Multilayer Speckle Tracking
Echocardiography. Korean Circ J. 2016;46(2): 213-221.
20. Valuckiene Z, Ovsianas J, Ablonskyte-Dudoniene R,
Mizariene V, Melinyte K, Jurkevicius R. Left Ventricular Me-
chanics in Functional Ischemic Mitral Regurgitation in Acute
Inferoposterior Myocardial Infarction. Echocardiography 2016
Aug;33(8): 1131-42

21. Kamperidis V, Marsan NA, Delgado V, Bax JJ. Left
ventricular systolic function assessment in secondary mitral
regurgitation: left ventricular ejection fraction vs. speckle
tracking global longitudinal strain. Eur Heart J. 2016 Mar
7;37(10):811-6.

22. Rosa |, Marini C, Stella S, Ancona F, Spartera M, Margo-
nato A, Agricola E. Mechanical dyssynchrony and deformation
imaging in patients with functional mitral regurgitation. World
J Cardiol 2016 Feb; 8(2): 146-162




