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The implication of tissue Doppler echocardiography and 
cardiopulmonary exercise in early detection of cardiac 
dysfunction in systemic lupus erythematosus patients 

Introduction
Systemic lupus erythematosus (SLE) is a chronic autoimmune and multisystem disease that affects women 
of childbearing age (1-3). The disease course is characterized by remission and exacerbation and is difficult 
to be controlled. Cardiovascular disease (CVD) is the most common cause of death (4). In view of the hy-
pothesis that atherosclerosis is not only a degenerative process but also may be an autoimmune-inflamma-
tory disease, SLE is an interesting example of inflammatory disease in which atherosclerosis risk is increased 
because of its autoimmune nature (5, 6).

SLE can manifest with limitations in exercise capacity, which reduces the quality of life secondary to disease 
complications such as pulmonary disease, heart disease, and association with other rheumatic diseases 
such as fibromyalgia (7). SLE is associated with high cardiovascular morbidity and mortality. Cardiovascular 
affection is often underestimated in SLE patients by routine imaging techniques (8).

Routine echocardiographic evaluation of left ventricular (LV) wall motion is usually subjective because it 
depends on the visual determination of endocardial excursion as well as wall thickening. Tissue Doppler 
echocardiography (TDE) provides the promise of an objective evaluation to quantify regional and global 
ventricular function by the assessment of myocardial velocity data such as regional contraction phenom-
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Abstract

Objective: Systemic lupus erythematosus (SLE) can present limitations to exercise capacity and quality of life (QoL) because of 
various clinical conditions, such as pulmonary disease or heart disease. Tissue Doppler echocardiography (TDE) offers the promise 
of an objective measurement to quantify regional and global ventricular function through the assessment of myocardial velocity 
data. This study aimed to assess the intensity of left ventricular (LV) and right ventricular (RV) systolic and diastolic dysfunction in SLE 
patients by means of TDE and cardiopulmonary exercise (CPX) testing to determine their impact on QoL. 
Material and Methods: Overall, 56 SLE patients within two tertiary healthcare centers as well as 50 healthy controls were examined 
with TDE after the exclusion of cardiovascular risk factors. TDE was performed for maximal systolic (S), early diastolic (E`), and late dia-
stolic (A`) velocities of the mitral and tricuspid annulus. Pulsed wave (PW) Doppler of mitral and tricuspid valve inflow was performed 
in addition to the estimation of the left ventricle ejection fraction and assessment of right ventricle systolic function by tricuspid 
annular plane systolic excursion (TAPSE). Disease activity was assessed by the Systemic Lupus Activity Measure (SLAM), and the dam-
age index was assessed by the Systemic Lupus International Collaborating Clinics (SLICC)/American College of Rheumatology (ACR) 
Damage Index (SDI). CPX tests according to the modified Bruce protocol were performed. 
Results: SLE patients in both subgroups had more or less similar laboratory data and statistically higher values of ESR, CRP, and anticar-
diolipin (aCL) antibodies compared to the control group. LV function showed statistically insignificant EF compared to the control group, 
being lower in the patient group. Tissue Doppler image revealed that E` and A` of the mitral annulus were lower in the patient group than 
in the control group. Concerning RV, TAPSE in the patient group was statistically lower than in the control group, and there was a statistical 
difference between SLE groups Ia and Ib; also, S wave was lower in group Ib than in group Ia. RV diastolic dysfunction in the form of lower 
E` and A` values was observed for the SLE group compared to the control group, especially in the medial annulus of the tricuspid valve. 
A higher A wave velocity with PWD of mitral and tricuspid inflows was observed in the patient group compared to the control group. 
Conclusion: SLE patients have an increased prevalence of subclinical systolic and diastolic LV and RV dysfunction. This result advo-
cates for regular follow-up and early screening of SLE patients. Accordingly, treatment focused on improving diastolic heart function 
may have a role in enhancing QoL and improving the prognosis of SLE patients.
Keywords: Systemic lupus erythematosus, cardiopulmonary exercise test, tissue Doppler echocardiography, LV and RV diastolic dysfunction



ena, especially delayed and reduced systolic 
shortening as well as late systolic contraction. 
The combination of tissue Doppler imaging 
of the mitral annulus and conventional pulsed 
wave Doppler (PWD) imaging of mitral inflow 
velocities allows better estimates of LV filling 
pressures than other methods, such as pulmo-
nary vein and preload reduction (9).

Cardiopulmonary exercise (CPX) testing assesses 
global exercise responses involving multiple sys-
tems, including the pulmonary, cardiovascular, 
neuropsychological, hematopoietic, and skeletal 
muscle systems, which are not properly reflected 
through individual organ system function mea-
surements. The functional capacity and overall 
health status usually correlates with exercise tol-
erance rather than resting measurements (10).

The modified Bruce protocol, a CPX test, is a tread-
mill exercise with an incremental protocol which 
determines cardiovascular endurance (11).

Tissue Doppler echocardiography gives a 
quantitative objective assessment of LV and 
RV systolic and diastolic function that is more 
accurate than mitral and tricuspid inflow ex-
amination because there is no preload depen-
dence. CPX classifies the levels of heart and 
respiratory failure in an objective manner. 

The aim of this study was to assess the intensity 
of LV and RV systolic and diastolic dysfunction 
in SLE patients by means of echocardiography 
with TDE and CPX. This may have a role in en-
hancing the quality of life and improving the 
prognosis of SLE patients.

Material and Methods

Patients 
Fifty-six SLE patients who fulfilled the Ameri-
can College of Rheumatology (ACR) classifica-
tion criteria of SLE (11) and who previously at-
tended the Rheumatology and Rehabilitation 
Department at Al Hada Armed Forces Hospital 
and King Abdulaziz Specialist Hospital (KSA) 
between January 2013 and January 2015 were 
studied.

Exclusion criteria
Smoking, DM, dyslipidemias, thyroid dysfunc-
tion, HTN, hemoglobin <10, neurologic disease 
or psychosis, presence of respiratory diseases 
such as pulmonary hypertension or pulmo-
nary fibrosis, heart failure (NYHA class ≥II), his-
tory of myocardial infarction or ischemic heart 
disease, active nephritis with creatinine levels 
>3.0 mg/dL, Systemic Lupus Activity Measure 
(SLAM) scores >28, Systemic Lupus Damage 
Index (SDI) >1, hip and/or knee joint prosthe-

sis or aseptic bone necrosis, severe arthritis in 
weight-bearing joints, pregnancy, and practic-
ing regular physical exercise ≥3 times a week 
for patients and controls; and SLE with con-
comitant rheumatic disease, such as rheuma-
toid arthritis, polymyositis, dermatomyositis, or 
systemic sclerosis.

Control group
A group of 50 age- and sex-matched healthy 
individuals without known systemic, immu-
nological, or atherosclerotic vascular disease 
served as a control group. 

The patients gave informed consent, and the 
Commission Hospital Ethics and Research 
Committee approved the study.

Methods
At the time of the study, the following studies 
were performed: detailed disease and medica-
tion history (steroid intake duration, dosage, 
and frequency), body mass index (BMI), labo-
ratory assessment of complete blood count 
(CBC) using a Coulter Counter (T660), eryth-
rocyte sedimentation rate (ESR) by the West-
ergren method, C-reactive protein (CRP) using 
the enzyme-linked immunosorbent assay (ELI-
SA), antinuclear antibodies (ANA) via indirect 
immune-florescence by Kallestad kit, anti-dou-
ble stranded DNA by the indirect immune-flu-
orescence technique, anti-cardiolipin (aCL) an-
tibodies (IgG and IgM) by ELISA (13), and lipid 
profiles using a CX-5 system (Beckman US).

The disease activity was evaluated by SLAM, 
which consists of clinical and laboratory man-
ifestations of SLE within nine organ systems 
(14). The damage index was assessed using 
the Systemic Lupus International Collaborating 
Clinics (SLICC)/ ACR Damage Index (SDI) (15). 

Echocardiography - Doppler protocol
A Philips iE 33 ultrasound machine system (The 
Netherlands) using an X-matrix (X5-1) trans-
ducer was used for the assessment of echocar-
diographic parameters. Patients were studied 
in long axis parasternal, short axis paraster-
nal, apical 4-chamber, apical 2-chamber, and 
apical 5-chamber views, using M-mode and 
2D-mode, in addition to PWD and TDE (16). 

Left ventricle ejection fraction and tricuspid 
annular plane systolic excursion (TAPSE) of the 
lateral tricuspid annulus were obtained from 
M-mode, and cardiac valves were assessed by 
other echocardiographic modalities to confirm 
the absence of significant valvular disease. PW 
Doppler of mitral and tricuspid valves was per-
formed where early diastolic velocity (E), late 
diastolic velocity (A), and E/A ratio for both 
valves were obtained (Figure 1, 2).

Tissue Doppler echocardiography parameters, 
including maximal systolic velocity (S wave) of 
lateral tricuspid annulus, early diastolic veloc-
ity (E`), late diastolic velocity (A`), and E`/A` of 
the medial and lateral aspects of the mitral and 
tricuspid annuli, were calculated (Figure 3, 4).
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Figure 1. Mitral pulsed wave Doppler (PWD)



CPX testing by modified Bruce protocol was 
performed using an Enraf-Nonius (The Nether-
lands) treadmill exercise test (11, 17). Exercise 
times and metabolic equivalents (METs) were 
estimated in the CPX test.

Statistical analysis
Data were collected, tabulated, and analyzed 
using IBM SPSS Statistics 20 (IBM Corp; NY, USA). 
The mean, standard deviation, and statistical sig-
nificance were calculated by Student’s t test for 

paired data. The Mann–Whitney test using the 
standard error of the mean to calculate z was 
used for the comparison of the tissue Doppler 
parameters. The Chi-square test was used to 
compare the probability of variables. A value of 
p<0.05 was considered statistically significant. 
The correlation coefficient r for the relationship of 
different variables was calculated using Pearson’s 
coefficient for quantitative data and Spearman’s 
correlation for qualitative (non-parametric) data.

Results
This study included two main groups: The first 
group included 56 SLE patients, whereas the 
second included control healthy individuals 
(50). They all matched in age, sex, BMI, and sys-
temic blood pressure (Table 1). In addition, the 
lipid profiles were similar in both groups. How-
ever, aCL antibodies were significantly higher 
in the SLE group.

All our patients (100%) in the SLE group were 
on corticosteroids with a mean dose of 20± 
9.34 mg/day, ranging between 5 and 30 mg. In 
addition, 32% of the patients were on a com-
bination therapy of steroids, hydroxychloro-
quine, and azathioprine; however, 68% of the 
patients were on a combination therapy of ste-
roids and hydroxychloroquine only.

However, Table 1 reveals statistically higher 
CRP and ESR in SLE patients than in control 
cases.
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Table 1. Mean values and SD of age, BMI, BP, CRP, and laboratory findings of the studied subjects

		  SLE Patients			   Control	

	 Group Ia	 p1	 Group Ib	 p2		  p3

Age	 36.9±11.9	 >0.05	 35.3±9.8	 >0.05	 34.9±10.1	 >0.05

BMI	 26.8±4.3	 >0.05	 25.7±6.8	 >0.05	 25.7±3.9	 >0.05

BP

SBP	 126±15.2	 >0.05	 124.3±16.2	 >0.05	 119±18	 >0.05

DBP	 75±9.2	 >0.05	 82.1±15.8	 >0.05	 80±6.6	 >0.05

CRP	 7.6±2.4	 >0.05	 6.2±5.3	 <0.05	 1.9±0.8	 <0.05

ESR	 36.8±8.4	 >0.05	 37.3±5.8	 <0.01	 8.4±1.2	 <0.01

Total cholesterol	 5.1±1.14	 >0.05	 4.99±0.95	 >0.05	 5.06±0.93	 >0.05

LDL cholesterol	 2.82±0.91	 >0.05	 2.74±0.81	 >0.05	 2.82±0.7	 >0.05

HDL cholesterol	 1.78±0.45	 >0.05	 1.51±0.53	 >0.05	 1.78±0.75	 >0.05

Triglycerides	 103.2±25.6	 >0.05	 113±31.8	 >0.05	 93.2±21.6	 >0.05

IgGaCL (GPL units/mL)	 26.1±13.4	 >0.05	 23.2±11.5	 <0.05	 10.84±5.8	 <0.05

IgMaCL (MPL units/mL)	 15.2±11.1	 >0.05	 12.9±10.3	 <0.001	 4.14±2.9	 <0.001

p1: Ia subgroup versus Ib subgroup; p2: Ib subgroup versus controls; p3: Ia subgroup versus controls; SBP: systolic blood pressure; DBP: diastolic blood pressure, aCL: anticardiolipin; SLE: systemic 
lupus erythematosus; BMI: body mass index; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; LDL: low density lipoprotein; HDL: high density lipoprotein; IgGaCL: immunoglobulin G 
anticardiolipin; GPL: G phospholipids; IgMaCL: immunoglobulin M anticardiolipin; MPL: M phospholipids 

Figure 2. Tricuspid annular plane systolic excursion (TAPSE) by M-mode



The SLE group was divided into two sub-
groups according to disease duration: group 
Ia, with disease duration less than 10 years (35 
patients) and group Ib, with disease duration 
more than 10 years (21 patients). The SLAM 
score was statistically insignificant in the two 
subgroups (9.8±2.7 vs 11.6±4.4).

Regarding the exercise data, Table 1 and 3 
revealed insignificant data in time and METs 
between the SLE and control groups and be-
tween subgroups Ia and Ib. Left ventricle sys-
tolic function showed a statistically insignifi-
cant difference between the SLE cases and the 
control group regarding EF (Table 2). 

Regarding diastolic function of the left ventri-
cle, the A wave of mitral PWD was statistically 
significantly lower in the control group than 
in the SLE patients; the E` and A` waves of the 
medial and lateral mitral annulus by tissue 
Doppler image (TDI) were lower in the patient 
group than in the control group, being statisti-
cally significant for E` of the lateral annulus and 
A` of the medial mitral annulus (Table 2).

Right ventricle systolic function (Table 2) 
showed statistically lower TAPSE values in the 
SLE cases (though still not below normal) than 
in the control group. However, further analy-
sis (Table 3) revealed statistically lower values 
in subgroup Ib than in the control group and 
subgroup Ia. Subgroup Ia showed statistically 
higher values of S wave velocity of the lateral 
tricuspid annulus than subgroup Ib (Table 3).
Regarding diastolic function of the right ventri-
cle with PWD, Table 2 shows that there were sta-
tistically higher A wave values and statistically in-
significant E wave values in SLE cases than in the 
control group. On the other hand, Table 3 shows 
statistically higher E wave values in subgroup Ib 
than in subgroup Ia and the control group.

Medial annulus TDI showed statistically lower 
E` and A` waves in SLE cases than in the control 
group (Table 2). Similarly, Table 3 revealed statis-
tically insignificant difference in which the values 
were lower subgroup Ib than in subgroup Ia.

Lateral annulus TDI (Table 2, 3) revealed sta-
tistically lower E` and A` wave values in the 
SLE group (either the entire group or the sub-
groups) than in the control group.

Discussion
The current study revealed that SLE patients 
had high possibilities of diastolic dysfunction. 
The late ventricular filling component (A wave) 
was found to be the first affected in the diastol-
ic function with PWD (increasing A wave indi-
cates impaired ventricular relaxation). Similar 
findings as reported by several authors (18, 19).

Cardiac involvement is prevalent in more than 
50% of SLE cases. This includes coronary arte-
rial disease, myocarditis, pericarditis, valvular 
heart disease, and conduction abnormalities 
(20). Exercise stress tests have been used to 
screen patients to identify early cardiac affec-
tion, e.g., early stage of pulmonary hyperten-
sion (21). This is the reason for the inclusion of 
exercise tests in the current study.

Systemic lupus erythematosus is a chronic in-
flammation with a prominent feature of ath-
erosclerotic lesions (4). Puntmann et al. (22) 
added that the underlying pathology includes 
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Figure 3. Mitral annulus tissue Doppler imaging (TDI)

Figure 4. Tricuspid annulus tissue Doppler imaging (TDI)
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Table 2. Mean values of exercise and echocardiographic findings of the studied subjects

		  SLE (n=56)	 Control (n=50)	 p

Age:

Mean±SD	 35.4±11.9	 34.9±10.1	 >0.05

95% CI	 31.3–42.5	 31.2–43.6	

Sex: male/female	 10/46	 3/25	 >0.05

Disease duration	 8.6±3.7 (6.9–10.3)		

Exercise: 

Duration (m.) Mean±SD	 12.38±2.1	 12.6±3.5	 >0.05

95% CI	 11.4–13.4	 11.2–14

METs Mean±SD	 8.5±1.6	 8.6±1.7	 >0.05

95% CI	 7.7–9.2	 7.9–9.3

Cardiac function:			 

LV Systolic:

EF% Mean±SD	 62.6±3.8	 64.2±14.6	 >0.05

95% CI	 60.8–64.4	 58.2–70.2

RV Systolic:

TAPSE Mean±SD:	 18.8±3.9	 20.6±0.7	 <0.05

95% CI systolic	 16.2–21.4	 20.3–20.9

PWD:

Mitral:

E Mean±SD	 77.9±19.5	 80.4±14.1	 >0.05

95% CI	 68.7–86.9	 74.6–86.2

A Mean±SD	 71.8±18.5	 50.3±11.4	 <0.0001

95% CI	 63.7–80.5	 45.6–55

E/A Mean±SD	 1.16±0.43	 1.59±0.6	 <0.0001

95% CI	 0.96–1.36	 1.34–1.84

Tricuspid:

E Mean±SD	 62.7±8	 59.3±7.9	 0.08

95% CI	 58.9–66.5	 56.04–62.6

A Mean±SD	 35.9±10.9	 31±8	 <0.05

95% CI	 30.8–40.9	 27.7–34.3

E/A Mean±SD	 1.86±0.46	 1.91±0.6	 >0.05

95% CI	 1.64–2.1	 1.66–2.16

Mitral TDI:

Lateral annulus:

E` Mean±SD	 12.9±3.6	 19.4±3.1	 <0.0001

95% CI	 11.2–14.6	 18.1–20.7

A` Mean±SD	 8.8±3.7	 10.01±2.3	 >0.05

95% CI	 7.1–10.6	 9.1–10.9



immune complex- and complement-mediated 
injury with diffuse inflammation and myocardi-
al fibrosis. This confirms the current study find-
ings of higher ESR and CRP in the SLE group of 
the studied patients.

In 1993, Giunta et al. (23) demonstrated that 
cardiac involvement is quite frequent in SLE 
patients: the disease duration affects both en-
docardial and myocardial involvement; the aCL 
antibodies appear to be related to endocardi-
al but not to myocardial damage. The current 
study showed that the two subgroups of the 
SLE group according to disease duration had 
similar aCL antibodies but different echocar-
diographic findings, with lower systolic param-
eters of LV (EF) and RV (TAPSE and S wave) in 
group Ib than those in group Ia. The same was 
found for the diastolic parameters, especially 
for the tricuspid annulus, by TDI. Myocarditis is 

shown to be higher in cardiac magnetic reso-
nance imaging by up to 40%–70% (22). TDE is a 
sensitive echocardiographic technique for the 
quantitative assessment of subclinical myocar-
dial dysfunction (9).

Paran et al. (24) reported abnormal echocar-
diographic findings in asymptomatic patients 
with SLE or antiphospholipid syndrome (APS). 
The SLE patients were younger and LV systolic 
function was more impaired in patients with 
SLE than in PAPS; meanwhile, LV and RV diastol-
ic function, as reflected by the E/A ratios, were 
significantly more impaired in patients with 
APS. The current study showed an insignificant 
difference concerning LV (EF) between the 
SLE and control groups. It was also noted that 
there was a statistically significant difference 
between the two subgroups of SLE patients 
concerning the S wave of the lateral tricuspid 

annulus, which was lower in group Ib than in 
group Ia. This supported that cardiac affection 
is correlated with disease duration. 

Gin et al. (25) reported that in SLE patients, the 
peak systolic velocity of the tricuspid annulus 
was significantly lower than that in the control 
group; this is in concordance with our study, 
where TAPSE (reflecting the systolic function of 
the right ventricle) is lower in the patient group 
than in the control group.

In a large cohort study, Tektonidou et al. (19) 
showed an abnormal pattern of diastolic func-
tion, especially of the right ventricle, in SLE pa-
tients with positive aCL antibodies. This adds 
further support to the hypothesis that RV dia-
stolic dysfunction is related to aCL antibodies 
and the APS disease process. The current study 
confirmed these data for positive aCL antibod-
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E`/A` Mean±SD	 1.68±0.69	 1.94±0.4	 0.08

95% CI	 1.36–2	 1.77–2.1

Medial annulus:

E` Mean±SD	 11.6±2.4	 12.8±1.9	 <0.05

95% CI	 10.4–12.7	 12.01–13.6

A` Mean±SD	 8.7±2.9	 10.39±1.8	 <0.001

95% CI	 7.3–10	 9.6–11.1

E`/A` Mean±SD	 1.45±0.48	 1.23±0.3	 <0.05

95% CI	 1.2–1.67	 1.1–1.35

Tricuspid TDI:

Medial annulus:

E` Mean±SD	 12.4±3.4	 14.7±2.9	 <0.001

95% CI	 10.1–14.7	 13.5–15.9

A` Mean±SD	 10.8±2.9	 12.4±3.5	 <0.05

95% CI	 3.48–3.8	 10.9–13.8

E`/A` Mean±SD	 1.37±0.55	 1.18±0.34	 >0.05

95% CI	 0.98–1.77	 1.04–1.3

Lateral annulus:

E` Mean±SD	 12.6±3.5	 14.5±3.2	 <0.05

95% CI	 10.9–14.2	 13.8–15.9

A` Mean±SD	 9.7±3.5	 12.5±3.6	 <0.001

95% CI	 8.1–11.4	 11–13.3

E`/A` Mean±SD	 1.5±0.83	 1.15±0.3	 <0.01

95% CI	 1.12–1.88	 1.25–1.2

E: early diastolic filling velocity (cm/s); A: late diastolic filling velocity (cm/s); E/A ratio: early (E) to late (A) ventricular filling velocities; LV: left ventricle; RV: right ventricle; EF: ejection fraction; TAPSE: 

tricuspid annular plane systolic excursion (mm); PWD: pulsed wave Doppler; TDI: tissue Doppler image

http://www.ncbi.nlm.nih.gov/pubmed/?term=Giunta%20A%5BAuthor%5D&cauthor=true&cauthor_uid=8506742
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Table 3. Mean values and SD of exercise and echocardiographic data of the studied SLE subgroups

	 	 SLE Patients			   Control	

	 <10 years	 p1	 >10 years	 p2		  p3

Exercise data:

Time:	 12.4±1.1	 >0.05	 12.4±2.3	 >0.05	 12.6±3.5	 >0.05

METs:	 8.5±0.9	 >0.05	 8.4±1.5	 >0.05	 8.6±1.7	 >0.05

Systolic unction:

EF% (LV)	 62±2.8	 >0.05	 63.5±2.3	 >0.05	 64.2±14.6	 >0.05

Diastolic function:

Mitral PWD:

E	 75.8±11.9	 >0.05	 80.9±17.9	 >0.05	 80.4±14.1	 >0.05

A	 71.5±12.1	 >0.05	 72.2±15.8	 <0.05	 50.3±11.4	 <0.05

E/A	 1.04±0.3	 >0.05	 1.08±0.4	 <0.05	 1.59±0.6	 <0.05

Mitral lateral TDI:

E`	 11.3±3.4	 >0.05	 9.95±4.4	 <0.01	 19.4±3.1	 <0.01

A`	 6.9±2.5	 >0.05	 7.2±3.8	 <0.01	 10.01±2.3	 <0.01

E`/A`	 1.45±0.5	 >0.05	 0.98±0.6	 <0.01	 1.94±0.4	 <0.01

Mitral medial TDI:

E`	 9.07±3.04	 >0.05	 7.2±3.7	 <0.001	 12.8±1.9	 <0.05

A`	 8.14±1.4	 <0.05	 9.5±3	 >0.05	 9.39±1.8	 <0.05

E`/A`	 1.5±0.2	 >0.05	 1.3±0.3	 >0.05	 1.36±0.3	 <0.05

Right ventricle:

R V systolic:

TAPSE:	 20.75±2.9	 <0.05	 17.7±1.2	 <0.05	 20.6±0.7	 >0.05

S wave	 11±0.4	 <0.001	 10.25±0.3	 <0.001	 12±0.3	 <0.01

Tricuspid PWD:

E	 60.7±3	 <0.05	 64.1±3.8	 <0.01	 59.3±7.9	 <0.05

A	 35.7±3	 <0.05	 36.1±7.8	 <0.01	 31±8	 <0.01

E/A	 1.8±0.1	 <0.0001	 1.9±0.3	 >0.05	 1.91±0.6	 >0.05

Tricuspid TDI:

Medial annulus

E`	 13.5±1.7	 >0.05	 11.7±2.2	 <0.05	 14.7±2.9	 <0.05

A`	 11.1±1.3	 >0.05	 10.5±3.7	 <0.001	 12.4±3.5	 <0.05

E`/A`	 1.2±0.4	 >0.05	 1.1±0.3	 <0.01	 1.18±0.34	 <0.001

Lateral annulus

E`	 12.7±1.4	 >0.05	 12.4±2	 <0.05	 14.5±3.2	 <0.05

A`	 10.7±1.9	 >0.05	 9.1±1.4	 <0.05	 12.5±3.6	 <0.05

E`/A`	 1.26±0.4	 <0.05	 1.7±0.3	 <0.05	 1.16±0.3	 <0.05

p1: Ia subgroup versus Ib subgroup; p2: Ib subgroup versus controls; p3: Ia subgroup versus controls; E wave: maximal early diastolic; SW: maximal systolic wave; E/A ratio: early (E) to late (A) ventricular 

filling velocities; EF: ejection fraction; TAPSE: tricuspid annular plane systolic excursion; PWD: pulsed wave Doppler; TDI: tissue Doppler image



ies in the SLE group, where the A wave of PWD 
of the tricuspid valve is higher and E` and A` of 
the tricuspid annulus by TDI are lower in SLE pa-
tients than in the control group. However, APS 
cases were not included in the current study. 
Meanwhile, Duman et al. (26) revealed an asso-
ciation between pulmonary artery stiffness and 
right ventricular dysfunction (mainly TAPSE) in 
SLE patients without cardiovascular symptoms.

The current study revealed that right ven-
tricular function was more impaired than left 
ventricular function, similar to findings by 
Tektonidou et al. (19) who declared that all pa-
rameters of RV diastolic function showed more 
pronounced impairment than the respective 
LV parameters. This dissociation may reflect a 
preferential involvement or a higher suscepti-
bility of the right ventricle, which can empha-
size the role of microvascular disease in the RV 
more than in the LV, due to its smaller mass 
than the LV (27); pulmonary hypertension may 
also have a role (20, 27). In that context, pul-
monary hypertension and primary APS were 
the strongest independent predictors of a pro-
longed duration time. 

However, Gin et al. (25) stated that systolic tri-
cuspid annular velocity reflects exercise toler-
ance in SLE patients with pulmonary hyperten-
sion (PH), who had a significantly shorter 6-min 
walk distance than patients with SLE without 
PH; this is not the case in the current study, as 
all patients had more than 6 min of exercise, 
which might exclude the existence of PH.

We can conclude that SLE patients have an 
increased prevalence of subclinical LV and RV 
dysfunction. Although the parameters of 2D 
echocardiography were within normal rang-
es in the SLE patients, tissue Doppler showed 
systolic and diastolic affection of the LV and 
RV measurements, which were significantly 
impaired in SLE patients compared to controls. 
Disease duration can also affect the systolic 
and diastolic parameters of the left and right 
ventricles, which are more affected with longer 
duration. Right ventricle dysfunction is relative-
ly more frequent than left ventricle dysfunc-
tion in SLE. Accordingly, treatment focused on 
improving diastolic heart function may have 
a role in enhancing the quality of life and im-
proving the prognosis of SLE patients. 
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