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CLINICAL STUDY

Speckle tracking can detect subclinical myocardial dysfunction

in rheumatoid arthritis patients
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ABSTRACT

INTRODUCTION: Patients with rheumatoid arthritis (RA) have shorter life expectancy and their risk of cardio-
vascular death is more than 50 % higher than the rest of the population. Early myocardial dysfunction in RA
patients may be detectable sooner using speckle-tracking echocardiography.

METHOD: Cross-sectional study enrolled 55 patients with RA (mean age 44.1 years) without known cardio-
vascular disease and 31 healthy controls. All subjects underwent a standard echocardiographic examination:
indexed left ventricular mass, left ventricle ejection fraction, isovolumic contraction and relaxation times (IVCT
and IVRT), mitral valve inflow curve (E/A), septal mitral annular motion (e’), and E/e’ ratio as well as the speckle
tracking assessment of left ventricle longitudinal, radial and circular strain and strain rate.

RESULTS: In standard echocardiographic examination RA patients exhibited higher indexed left ventricle mass
(96.36+20.90 g/m? vs 95.84+21.86 %, p=0.013), lower ejection fraction (64.84+3.87 % vs 67.10+3.87 %, p=0.011)
and prolonged IVCT (61.51+9.30 ms vs 53.71+8.95 ms, p=0.001). Diastolic dysfunction was demonstrated by
prolonged IVRT (81.62+9.56 ms vs 74.58+12.02 ms, p=0.007) as well as by higher E/e’ ratio (8.21+1.76 vs
7.21+1.52, p=0.009). Speckle-tracking method detected lower global longitudinal epicardial strain (=19.51 % vs
—21.46 %, p=0.049). Radial, circular, and transversal strains and strain rates were same in both groups. Global
longitudinal epicardial strain correlated with IVCT and IVRT, disease duration, and markers of myocardial dam-
age NTproBNP.

CONCLUSIONS: Standard echocardiographic assessment of myocardial function is examiner- and angle-de-
pendent method with considerable limitations for evaluation of minimal subclinical changes. Speckle-tracking
echocardiography significantly revealed incipient myocardial dysfunction in RA patients without overt cardiovas-
cular diseases. This correlates with clinical RA characteristics and markers of cardiac damage (Tab. 4, Ref. 48).
Text in PDF www.elis.sk.
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Introduction

Diastolic dysfunction is an early marker of myocardial damage
in most commonly encountered cardiovascular diseases. Despite
the contradictions about its clinical and prognostic value (1), there
is a consensus about its increasing importance in non-cardiac dis-
eases such as rheumatoid arthritis (RA) and other collagen diseases
due to early occurrence (2—4).

RA patients experience cardiovascular events earlier (5), have
shorter life expectancy (6) and their risk of cardiovascular death
is more than 50 % higher (7) than that of the rest of the popula-
tion. Moreover, these clinical events are only partially dependent
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on conventional cardiovascular risk factors (8, 9) probably due to
chronic inflammation (10) and inflammatory myocardial infiltra-
tion (11-15). Until now, Doppler detected diastolic dysfunction
has been considered to be a typical early marker of myocardial
dysfunction in RA patients (16-21). However, Doppler ultraso-
nography is an angle-dependent method and therefore, the strain
and strain rate could be earlier and more accurately evaluated us-
ing the speckle-tracking method (22-25).

The aim of this study was to detect subclinical pathologies in
myocardial function in RA patients using standard and novel echo-
cardiographic methods, and analyze their relationship to clinical
characteristics and laboratory risk markers of RA.

Methods

Cross-sectional study comprised patients aged 25-55 years
with at least 5-year history of seropositive RA without known
cardiovascular disease. The study group was recruited from out-
patients registers at the 5th and 2nd Departments of Internal Medi-
cine in Bratislava and the Internal Department in Trnava, between
2012 and 2013.

Indexed and abstracted in Science Citation Index Expanded and in Journal Citation Reports/Science Edition



Benacka O et al. Speckle tracking — subclinical myocardial dysfunction in RA patients

Exclusion criteria eliminated patients with histories of con-
gestive heart failure, coronary artery disease, atrial fibrillation,
stroke, diabetes mellitus, cancer, chronic kidney disease, or venous
thromboembolism. The control group was recruited from cohort of
50 employees of participating departments who were matched for
age, sex, blood pressure, BMI and smoking habit roughly in ratio 1
control to 2 patients until the both groups had same characteristics.

Both groups underwent structuralized interview, basic anthro-
pometric measurements and blood sampling for classic risk factors
and safety parameters. N-terminal prohormone brain natriuretic
peptide (NTproBNP) was analyzed as standard marker of myo-
cardial damage. The Health Assessment Questionnaire (HAQ)
was used to determine the mobility and functional capacity and
the composite index Disease Activity Score (DAS28) was used to
determine rheumatoid arthritis inflammatory activity.

Patients and controls underwent an echocardiographic ex-
amination using an Esaote MyLab 60 ultrasonograph, which was
performed by a single investigator. Left ventricle systolic func-
tion was assessed by calculated ejection fraction (Teicholz), iso-
volumic contraction time (IVCT) and speckle tracking measured
systolic strain and strain rate. Diastolic function was assessed by
isovolumic relaxation time (IVRT), pulsed-wave Doppler mitral
valve inflow curve (E/A), and tissue Doppler imaging (TDI) was
used to determine the septal mitral annular motion (e’/a’). The e’
wave value (cut-off < 8 cm/s) and the E/e’ ratio (cut-off <9 cm/s)
were considered the most sensitive parameters for diastolic dys-
function detection (26). Also, indexed left ventricular mass and
aortic root diameters were measured.

By using speckle-tracking echocardiography we estimated
longitudinal epicardial, longitudinal endocardial, radial, transver-
sal, circumferential strain (%) and strain rate (1/s). We measured
it separately for six segments in every cross section and then av-
eraged for the global myocardium. Cross-sectioning was done in
longitudinal (LAX) and transversal (SAX) planes at the mitral an-
nulus level. In the LAX plane, longitudinal and transversal strain
and strain rate were estimated, whereas in the SAX plane, radial
and circumferential strain and strain rate were estimated (27-32).

Ethics: The study protocol was approved by the Ethics com-
mittee of University Hospital of Medical Faculty of Comenius
University and each participant signed an approved the informed
consent.

Statistics

Statistical analyses were performed using SPSS 19.0 software
(IBM SPSS Inc., Chicago, Illinois, USA). The impact of clinical
characteristics was tested with non-parametric tests of qualitative
data (2 test with Yates’s correction or Fisher’s exact test as ap-
propriate). Parametric data were first tested for normal distribu-
tion using the Kolmogorov—Smirnov test, followed by Student’s
t-test or ANOVA techniques. The level of statistical significance
was conventionally set up at p <0.05.

To quantify the correlation between continuous parameters,
Pearson’s correlation coefficient was calculated, whereby a value
of 1 represents an ideal correlation between two methods. Sta-
tistical significance was considered at the level of p < 0.05. In

multiple comparisons (ANOVA), Bonferroni’s correction was
applied.

Results

The cross-sectional study included 55 patients with confirmed
RA without known cardiovascular disease symptomatic for 13+8
years and diagnosed for 11+7 years, Control group consisted of
31 healthy persons.

The RA patients were similar to controls in terms of classic risk
factors for cardiovascular disease: blood pressure, smoking habit,

Tab. 1. Clinical characteristics of 55 patients with rheumatoid arthritis
and 31 healthy controls. Values are mean (SD) unless otherwise noted.

Parameter RA (n=55) Control (n=31) pa
Age (years), mean (range) 44.1 (36-52) 43.6 (34-54) 0.824
Men/women (%) 80/20 74/26 0.777
BMI (kg/m?) 25.6 (5.4) 23.7(4.4) 0.108
Smoking (%) 20 26 0.593
Systolic BP (mmHg) 128 (17) 125 (13) 0.478
Diastolic BP (mmHg) 83 (11) 81 (10) 0.399
Total cholesterol (mmol/1) 5.3(0.9) 5.6 (0,9) 0.195
LDL (mmol/l) 3.2(0.8) 3.6 (0.9) 0.023
Triacylglycerol (mmol/l) 1.1 (0.6) 1.0 (0.5) 0.256
Heart rate (1/min) 68.2 (9.95) 66.5 (11.88) 0.483
WBC (x10/1) 6.9 (2.9) 5.7(1.1) 0.006**
Haemoglobin (g/1) 134 (13) 142 (14) 0.026*
GFR-MDRD (ml/s) 1.67 (0.36) 1.55(0.24) 0.091
NTproBNP (ng/l) 80.60 (61.88) 51.90 (35.50)  0.008%**
VAS score 44 (21) 10 (12) 0.001 **
HAQ mobility index 0.97 — -
DAS28 composite index 3.4(1.2) 1.0 (0.67) 0.001**

*Statistical testing done using Student’s t-test, BMI — body mass index, BP — blood
pressure, LDL —low density lipoproteins; WBC — white blood cells, ESR — erythrocyte
sedimentation rate, GFR-MDRD — glomerular filtration rate by MDRD equation, NT-
proBNP — N-terminal of the prohormone brain natriuretic peptide, VAS — visual ana-
logue scale, HAQ — Health Assessment Questionnaire, DAS — Disease Activity Score

Tab. 2. Echocardiographic results. Values are means (SD) unless other-
wise noted.

Parameter RA (n=55) Control (n=31) p*
LVEDD (mm) 47.03 (4.65) 45.44 (3.74) 0.088
LVMI (g/m?) 96.36 (20.90) 95,84 (21.86) 0.013 *
Left atrium (mm) 30.02 (3.52) 29.10 (3.61) 0.252
Aortic annulus (mm) 29.31 (3.44) 25.84(3.63)  0.001 **
Sinuses of Valsalva (mm)  33.16 (3.53) 30.06 (3.75) 0.001 **
EF Teicholz (%) 64.84 (3,87) 67.10 (3,87) 0.011 *
IVCT (ms) 61.51 (9.30) 53.71(8.95)  0.001 **
IVRT (ms) 81.62 (9.56) 74.58 (12.02)  0.007 **
E wave (ci/s) 74.02 (13.70) 71.94 (17.53) 0.543
A wave (cm/s) 61.78 (16.09) 55.26 (13.13) 0.058
E/A 1.27 (0.38) 1.37(0.51) 0.287
¢’ wave (cm/s) 9.47 (1.83) 10.06 (2.06) 0.174
a’ wave (cm/s) 7.62 (1.82) 7.55 (1.69) 0.861
e’/a’ 1.30 (0.42) 1.45 (0.58) 0.226
E/e’ mean 8.21 (1.76) 7.21(1.52) 0.009 **

* Statistical testing done using Student’s t-test, LVEDD — left ventricle end-diasto-
lic diameter, LVMI — left ventricle mass/indexed, EF — ejection fraction calculated
with Teicholz formula, IVCT — isovolumic contraction time, IVRT — isovolumic
relaxation time
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Tab. 3. Strain and strain rate (segmental and overall), determined by the speckle-tracking method. Values are means.

Parameter RA Control p* Parameter RA Control p*

SLonEndoBS —17.28 -18.96 0.280 SRLonEndoBS —1.45 —1.46 0.953
SLonEndoMS —20.62 -22.13 0.178 SRLonEndoMS -1.30 —-1.38 0.239
SLonEndoAS —26.22 —27.76 0.317 SRLonEndoAS —-1.54 -1.73 0.195
SLonEndoAL —21.15 —23.56 0.112 SRLonEndoAL -1.37 —-1.37 0.251
SLonEndoML —-19.95 —20.96 0.405 SRLonEndoML -1.37 —-1.52 0.07
SLonEndoBL -21.10 -21.67 0.691 SRLonEndoBL -1.61 -1.77 0.226
SLonEndoAve -21.05 -22.51 0.119 SRLonEndoAve -1.43 -1.55 0.072
SLonEpiBS —24.54 -26.73 0.131 SRLonEpiBS -1.72 -1.80 0.523
SLonEpiMS -19.77 -21.30 0.135 SRLonEpiMS -1.20 —-1.31 0.17
SLonEpiAS —12.15 —-13.49 0.083 SRLonEpiAS —0.74 —0.81 0.145
SLonEpiAL -12.92 —-15.49 0.004**  SRLonEpiAL —0.84 —0.88 0.587
SLonEpiML -21.73 —23.99 0.099 SRLonEpiML —-1.46 -1.62 0.145
SLonEpiBL -25.92 -27.73 0.282 SRLonEpiBL —1.88 -1.86 0.907
SLonEpiAve —19.51 —21.46 0.049 *  SRLonEpiAve —-1.30 —1.38 0.349

* Statistical testing done using Student’s t-test, S — strain, SR — strain rate, Lon — longitudinal, Endo — endocardial, Epi — epicardial, Tran — transversal, Cir — circular, Rad —
radial, BS — basal septal, MS — mid septal, AS — apical septal, AL — apical lateral, ML — mid lateral, BL — basal lateral, Ave — average

Tab. 4. Correlation (r, p values) between clinical variables and parameters of left ventricular functions.

. SLonEndo SRLonEndo SLongEpi SRLongEpi
RA patients
r p r p r p r p
DAS28 0.232 0.089 0.176 0.198 0.066 0.635 0.071 0.605
HAQ —0.085 0.539 —0.206 0.132 —0.032 0.817 -0.189 0.167
VAS 0.104 0.451 -0.032 0.817 0.083 0.546 —-0.059 0.670
RA duration - 0,055 0.691 —-0.048 0.726 -0.272 0.044 * —-0.146 0.287
NTproBNP -0.103 0.456 -0.228 0.095 -0.176 0.199 -0.277* 0.041 *
EF -0.111 0.419 0.094 0.496 -0.128 0.351 -0.15 0.274
IVRT 0.214 0.117 0.293 * 0.030 * 0.129 0.346 0.098 0.474
E/e’ 0.217 0.112 0.299 * 0.026 * 0.19 0.165 0.35 0.084
Controls
NTproBNP —0.154 0.408 —0.081 0.665 —0.181 0.331 —0.099 0.597
EF —0.285 0.120 -0.017 0.928 -0.177 0.342 -0.01 0.956
IVRT 0.092 0.622 0.103 0.582 0.146 0.432 0.057 0.760
E/e¢ —-0.306 0.094 —0.065 0.728 -0.131 0.482 -0.016 0.930

Statistical testing done using, “regular font” — Spearman‘s rank correlation coefficient, “italic font™ — Pearson’s correlation coefficient, BMI — body mass index, BP — blood
pressure, LDL — low density lipoproteins, WBC — white blood cells, ESR — erythrocyte sedimentation rate, GFR-MDRD - glomerular filtration rate by MDRD equation,
DAS — Disease Activity Score, HAQ — Health Assessment Questionnaire, VAS — visual analogue scale, RA — rheumatoid arthritis, NTproBNP — N-terminal of the prohor-
mone brain natriuretic peptide, EF — ejection fraction, IVRT — isovolumic relaxation time, E — transmitral Doppler flow E (early) wave, ¢’ — tissue Doppler septal early wave

glycaemia, total cholesterol and triacylglycerol levels (Tab. 1).
No significant difference between groups was found in labora-
tory parameters, except for explainable higher leucocyte level
and lower hemoglobin level in RA patients. The NTproBNP level
was higher in RA patients than in controls (80.60+61.88 ng/l vs
51.90+35.50 ng/l, p=0.008), and exhibited weak correlation with
the HAQ mobility index (r=0.318, p=0.018) and with disease du-
ration (r=0.261, p=0.054).

In echocardiographic examination, RA patients had more ex-
tended sinuses of Valsalva (33.16+£3.53 mm vs 30.06+3.75 mm,
p=0.001) and a larger aortic annular base diameter (29.31+3.44
mm vs 25.84+3.63 mm, p=0.001) as compared to controls.

As related to diastolic dysfunction, RA patients showed a
higher E/e’ ratio (8.21£1.76 vs 7.21£1.52, p=0.009), but the mean
values of e’ did not differ between groups. IVRT was prolonged
in RA patients in comparison with controls (81.62+9.56 ms vs
74.58+12.02 ms, p=0.007).
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Regarding systolic function, RA patients had significantly
prolonged IVCT (61.51+9.30 ms vs 53.71£8.95 ms, p=0.001) and
decreased EF (64.84+3.87 % vs 67.10+3.87 %, p=0.011) than the
controls (Tab. 2). Speckle-tracking assessment of left ventricular
function revealed decreased global longitudinal epicardial strain
(-19.51 % vs —21.46 %, p=0.049), and decreased local longitudinal
epicardial strain in apicolateral segment (—12.92 % vs —15.49 %,
p=0.004) (Tab. 3). Radial, transversal and circumferential strain
analysis did not exhibit significant differences.

Correlation analysis of strain parameters with echocardio-
graphic parameters showed direct correlation of longitudinal en-
docardial strain rate values with IVRT (r=0.29; p=0.030) and E/¢’
ratio (r=0.30; p=0.026). As related to clinical characteristics and
markers, indirect correlations were found between longitudinal
epicardial strain rate and the NTproBNP level (r=—0.28; p=0.041).
Global longitudinal epicardial strain was indirectly correlated with
RA disease duration (r=—0.28; p=0.044) (Tab. 4).
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Discussion

The comparison of standard echocardiographic and Doppler
parameters as age, gender, BMI and smoking habits matched RA
patients without known cardiovascular disease with controls and
did not reveal dramatic differences in myocardial structure and
function, thus confirming difficulties in identification of early myo-
cardial abnormality markers for high risk in RA patients. Majority
of'the differences between groups were within the reference values
for given parameters, including even the contrast differences in
NTproBNP, considered standard for early detection of myocardial
dysfunction. Identification of causal relationship between echo-
cardiographical parameters with soluble biomarkers and clinical
characteristics could be therefore dependent on modulating factors
as age, duration of disease, functional capacity, therapy, concomi-
tant disease and other difficult-to-balance factors.

NTproBNP is a cardiac neurohormone responding to ventric-
ular overload, hypoxia and increased ventricular wall tension or
hypertrophy, and in RA patients correlates with systolic and dia-
stolic volumes and left ventricular mass as measured by Doppler
echocardiography (33-36). In our study with participants balanced
for blood pressure and other traditional risk factors, we did not
detect a correlation between the NTproBNP level and standard
echocardiography parameters for systolic (EF, IVCT) and diastolic
function (IVRT, E/e’), similarly to previous studies patients with
chronic inflammatory disease (37, 38). Both LV mass or volumic
overload parameters did not explain differences in NTproBNP
between RA patients and controls.

Our RA patients had a significantly prolonged IVRT, which
may indicate some active relaxation disturbance of the left ventricle
in early diastole, as already suggested by Lascano et al (39) and
other authors (40, 41) and it may tempt to explain the increase in
NTproBNP. However, the correlation is only borderline (r=0.35;
p=0.054). Any of mentioned studies, including our own, did not
find correlation between IVRT with clinical characteristics as
disease duration.

However, a significant correlation was found between the
NTproBNP level and myocardial function assessed by speckle-
tracking echocardiography. The dominant speckle-tracking pa-
rameter is considered to be the longitudinal strain and strain rate
(29, 32, 42). Our study demonstrated lower trend for the aver-
age values of longitudinal strain and strain rate in RA patients
than in healthy controls in both global and defined segments of
the left ventricle, predominantly affecting apicolateral epicar-
dial segment.

Recent study by Midtbo (43) showed that speckle tracking can
be a sensitive method for finding subclinical left ventricle dysfunc-
tion. Also, the study by Fine et al (23) confirmed a decreased global
left ventricle longitudinal strain in RA patients and its correlations
with a reduced HAQ mobility index, and contrary to our patients,
a lack of correlation with disease duration. Longitudinal strain in
this study might have been influenced by more prevalent classic
cardiovascular risk factors (hypertension 85 %; smoking habit
44 %; and dyslipidemia 71 %, diabetes mellitus 14 %) as well as
higher blood pressure in RA patients. More reduced HAQ mobi-

lity index and lack of correlation with disease duration in Fine et
al study could be explained by higher age (55.7 vs 44.1 years).
However, presented study had these risk factors strictly balanced
and provided the same result suggesting the causal effect of RA
on longitudinal strain.

The association between impaired strain parameters and du-
ration of RA was found also by other authors. In a small study of
Sitia et al (22 patients and 20 controls) which used similar inclu-
sion and exclusion criteria as in our study, RA patients exhibited
similar abnormalities in longitudinal strain correlating with disease
duration (22). Baktir et al compared 37 RA patients divided in two
age-matched groups (45 years) according to disease duration (2.8
vs 14.6 years; no healthy control group) and found significantly
lower longitudinal strain parameters in patients with advanced
disease (24). Both studies did not find any correlation between
radial and circumferential strain parameters.

Consistent relationship of londitudinal strain parameters with
biomarkers and clinical characteristics implicate causal involve-
ment of anterior epicardial segment in early stage of RA associated
with other early markers of LV dysfunction (22-24).

In patients with diastolic dysfunction, arterial hypertension
is frequently diagnosed with the prevalence of 60-88 % (44, 45).
Majority of cited RA studies (8, 10, 11, 13) studied groups with
comparable blood pressure and therefore, the slightly impaired
diastolic parameters and LV mass in RA patients cannot be ex-
plained by the effect of hypertension on diastolic function (46).

Major limitation of presented study could be the lackof in-
terobserver comparison of speckle-tracking measurement which
can cause “virtual dyskinesia” due to intraindividual error (47,
48). When the endocardial borders are manually traced even by
experienced specialist, subjective evaluation may overestimate
the myocardial thickness and lead to impaired epicardial strain
assessment. The measurement of total and segmental strain could
be improved by the measurement of isovolumic times, maximum
mitral inflow velocities, and mitral annulus motion which decrease
the chance of false-positive strain assessment.

On other side, even when reproducibility of the strain measure-
ments is conditioned by inter-individual variability, studies with
one investigator (22, 25) as well as studies with more operators
(23, 24) obtained relatively consistent findings.

Conclusion

Standard echocardiographic assessment of myocardial func-
tions in patients with RA without signs of cardiovascular disease
suggested minimal changes in left ventricular systolic function
(by IVCT and LVEF by Teicholz) and diastolic function (by E/e’
and IVRT).

The speckle-tracking method for myocardial strain analysis
showed an unambiguous impairment of longitudinal strain pa-
rameters, which correlates with biomarkers and clinical charac-
teristics of RA. Speckle-tracking method has the advantage of
being independent of preload and afterload, as well as insonation
angle. Due to its sensitivity and continuous improvements in
software packages, especially for the three dimensional evalu-

31



Bratisl Med J 2017; 118 (1)
28-33

ation of left ventricular strain, the method may be an appropri-
ate for early detection of subclinical myocardial impairment in
rheumatic patients.
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