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Early detection of global and regional left 
ventricular diastolic dysfunction in systemic lupus 

erythematosus: the role of the echocardiography
Ana Claudia Soares Teixeira1, Eloisa Bonfá2, Nathan Herskowictz3, Alfonso Júlio Guedes Barbato4, Eduardo Ferreira Borba5

INTRODUCTION

Echocardiography, whose assessment techniques have im-
proved to provide more information on cardiac function, is a 
useful tool in cardiology.1

Currently, pulsed Doppler, a non-invasive technique, is 
extremely useful in the evaluation of global left ventricular 
(LV) diastolic filling.2 Several studies have confirmed the 
relationship between global LV relaxation abnormalities and 
specific patterns of transmitral flow velocity on pulsed Dop-
pler.3,4 Tissue Doppler (TD) is a variation of color Doppler 
that determines contraction and relaxation velocities of the 
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myocardium,1 being a sensitive method of evaluating regional 
LV performance.5

Mitral flow propagation velocity (Vp) is another method 
recently incorporated into the evaluation of LV diastolic func-
tion, since it determines blood velocity in a single area of the 
cardiac chamber. Mitral flow propagation velocity > 55 cm/s 
is normal in children, and in adults > 45 cm/s is considered 
normal6, since it is inversely related with increasing age.7

The incidence of valvular involvement on SLE is around 
18%, on transthoracic echocardiography, and 74% on transeso-
phageal echocardiogram,8 which includes reports ranging from 
valvular thickening to severe cardiac dysfunction.8-18 In a Brazi-
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lian study with 70 SLE patients, 11.4% presented mild systolic 
dysfunction; moderate in 7.1%; and severe in 2.9%.16 On the 
other hand, a study with transesophageal echocardiography in 
SLE patients demonstrated preserved systolic function in the 
absence of left ventricular hypertrophy and arterial hyperten-
sion.17 Thus, it is believed left ventricular systolic involvement 
can be associated, mainly, to long-standing hypertension.18

Regional diastolic function in SLE has not been evaluated 
properly in prior studies, and it has been demonstrated that this 
dysfunction precedes the deterioration of left ventricular systo-
lic function. Therefore, the objective of the present study was 
to assess global and regional left ventricular diastolic function 
in SLE patients when compared to healthy individuals using 
appropriate non-invasive methods with diagnostic accuracy.

PATIENTS AND METHODS

Fifty consecutive females with SLE followed at the Lupus 
outpatient clinic of the Rheumatology Department of Hos-
pital das Clínicas of FMUSP from January 2004 to January 
2005 were included in this study. Patients were younger than 
35 years and fulfilled the SLE classification criteria of the 
American College of Rheumatology.19 The Systemic Lupus 
Erythematosus Disease Activity Index (SLEDAI)20 was used to 
evaluate disease activity. Exclusion criteria were as follows: 
hypertension, cardiopathies, history of smoking, and active 
disease (SLEDAI ≥6). The control group was composed of 50 
healthy females younger than 35 years who did not present 
any of the exclusion criteria. This study was approved by the 
Ethics on Research Committee of the Hospital das Clínicas 
of FMUSP (Registration 919/04) and all individuals signed 
an informed consent.

As per the study protocol, all patients underwent detai-
led history and physical exam, as well as blood pressure, 
heart rate, weight, and height at the day of echodoppler 
assessment.

Echocardiographic assessment

A General Electric Vivid 7 (Milwaukee, Wisconsin) with tissue 
Doppler, harmonic imaging, and ECG-synchronized image 
capture was used for all exams according to the echocardio-
graphic techniques recommended by the Echocardiography 
Department of the Brazilian Society of Cardiology21 and the 
American Society of Echocardiography.22

M-mode, color M-mode, and bidimensional imaging, as 
well as color flow mapping and tissue Doppler (TD) were 
obtained by using a 2.5-MHz electronic transducer. M-mode 

of the Aorta (Ao) and left atrium (AE) was recorded at the 
level of the large thoracic vessels; left ventricular (LV) sys-
tolic and diastolic diameters, systolic and diastolic septum 
thickness, the posterior wall of the left ventricle, and the 
right ventricle were recorded at the level of the papillary 
muscles. Doppler volume sampler was placed parallel to 
the mitral valve flow to analyze ventricular filling velocity 
(E wave, A wave, and E/A ratio).

Color M-mode recorded the regional velocities of ventri-
cular filling: E’ wave, A’ wave, E’/A’ ration, and mitral flow 
propagation velocity. Doppler volume sampler, which is also 
used to calculate LV performance index or TEI index, was 
positioned in the apical five-chamber approach to analyze 
ejection velocity.

Tissue Doppler

Tissue Doppler (TD) was obtained by the apical four-chamber 
approach and the volume sampler (2-5 mm) was positioned at 
the level of the mitral ring, on the lateral and septal walls. Tis-
sue Doppler was placed on pulsatile Doppler mode and filters 
were programmed to exclude high frequency signs while the 
Nyquist limits were adjusted for velocities of 15 to 20 cm/s. 
The volume sampler was positioned on the left ventricular 
myocardium, adjacent to the mitral ring, obtaining graphic 
TD curves of the lateral and septal portions of the mitral ring 
(Figure 1A).

Estimated left atrial pressure (LAP)

Doppler volume sampler was positioned on the extremities of 
the mitral valve leaflets for acquisition of the maximal velocity 
of the E wave. Afterwards, maximal E’ wave velocity was 
measured using the TD mode at the level of the lateral portion 
of the mitral ring. The following equation was used:23

LAP (mmHg) = 1.24 x (E/E’) + 1.9

Color M-mode

To determine the mitral flow propagation velocity, the 
transducer was aligned with the LA, mitral valve, and LV. 
A space-temporal map of the blood velocities expressed by 
different colors, in which flows towards the transducer are 
represented by shades of yellow/red, and those going away 
from the probe are represented by different shades of blue, is 
obtained (Figure 1B).

Initial mitral flow propagation velocity (Vp) is not affected 
by the dimension or blood volume, but it is affected by disrup-
ted left ventricular function.24 Mitral flow propagation velocity 
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(Vp) higher than 55 cm/s is considered normal for individuals 
younger than 30 years.25

Left ventricular performance index (TEI index)

The TEI index is the sum of the isovolumetric relaxation time 
and isovolumetric contraction time divided by the ventricular 
ejection time. This index evaluates LV systolic and diastolic 
functions.

Calculating the left ventricular meridional stress

The calculus of the LV circumferential stress uses the maximal 
systolic diameter of the LV, systolic width of the interventri-
cular septum and posterior wall of the LV, and systolic blood 
pressure, as follows:26

SBP (systolic blood pressure) x radius of the cavity ÷ end 
systolic wall width

Image storage and analysis

Images were stored in the Echopac analysis system of the Vi-
vid 7. All measurements were performed by two independent 
observers (level III) with inter- and intra-observer variations 
of 12.6% and 3.9%.

Parameters analyzed

1 – Right measurements: left atrium (LA) and aorta (Ao); 
diastolic width of the septum (Sd), LV diastolic diameter (Dd), 
diastolic width of the posterior wall (Ppd), systolic width of 
the septum (Ss), LV systolic diameter (Ds), and systolic width 
of the posterior wall (Pps).

2 – Indirect measurements: diastolic volume (Vd), systolic 
volume (Vs), LV mass (M), volume/mass ratio (V/M), systolic 
shortening of LV diameters (D%), LV ejection fraction (EF), 
and mitral flow propagation velocity (Vp).

The diastolic volume (Vd) and systolic volume (Vs) were 
calculated by elevating the diameters of the left ventricular 
cavity to the third potency [Dd3 and Ds3].

The Devereux formula for measurement of the diameters 
and widths of the walls was used to calculate LV mass:27

M = 1.04{(Dd + Sd + Ppd)3 – Dd3} – 13.6
3 – Measurements of flow velocity: rapid filling (E), atrial 

systole (A), velocity ratio (E/A), and systo-diastolic function 
(TEI INDEX).

Those measurements follow the Directives of the Canadian 
Consensus for echocardiographic measurement of diastolic 
dysfunction.28

4 – Lateral wall and septal regional indices: Contraction 
(S-lateral, S-septal), protodiastolic expansion (E’-lateral, E’-
septal), diastolic expansion (A’-lateral, A’-septal), velocity 
ratio (E’/A’-lateral, E’/A’-septal), and capillary wedge pressure 
(E/E’-lateral).

Statistical analysis

The Student t test was used to analyze quantitative parame-
ters after the observation of the minimal and maximal values 
and calculation of means and standard deviations (SD). The 
chi-square test or Fisher’s exact test was used to compare 
velocities. The Spearman method was used for the correlation 
coefficient of the parameters. A level of significance of 5% 
was used in all tests.

Figure 1
(A) Tissue Doppler of the lateral wall of the left ventricle (LV). 
(B) Color M-mode showing mitral propagation flow.
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RESULTS

Mean age (P = 0.76), weight (P = 0.14), and body surface area 
(SA) (P = 0.07) were similar in both groups, which are shown in 
Table 1. On the other hand, mean height was greater in the con-
trol group than in the group of SLE patients (P = 0.048) (Table 
1). Mean disease duration was 5.84 ± 3.62 years and SLEDAI 
2.24±3.56. All patients were being treated with prednisone 
(mean 5±2.50 mg/d) and chloroquine diphosphate, 250 mg/d.

Patients with systemic lupus erythematosus had a signifi-
cant increase in heart rate (P = 0.0001), systolic blood pressure 
(P = 0.0001), and diastolic blood pressure (P = 0.0001) that 
the control group (Table 1).

Echocardiography showed a significant increase of the left 
atrium and aorta of SLE patients, which can be seen in Table 1. 
Significant differences in the interventricular septum, both in 
systole and diastole, were also observed (Table 1). Besides, the 
posterior wall and volume of the LV were significantly greater 
in SLE patients, but only during diastole. On the other hand, 
LV diameter in systole and diastole was similar in both groups. 
The mass of the LV was significantly greater in SLE patients 
and, consequently, the LV volume/mass ratio was smaller in 
this group (Table 1).

Mean left ventricular systolic stress was significantly higher 
in the SLE group than in the control group (148.8 ± 20.2 versus 
141.0 ± 15.6 mmHg; P = 0.035), as can be seen in Table 2. 
Mean values of the remainder parameters of left ventricular 
function were similar in both groups (Table 2).

Similarly, mean proto- and telediastolic expansion velocity 
and ratio of diastolic velocities were similar in the SLE and con-
trol groups (Table 2). On the other hand, mean LV performance 
index was lower in the SLE group (P = 0.0001) (Table 2).

Besides, mitral flow propagation velocity of the left ven-
tricle was significantly lower in SLE than in the control group 
(47.6 ± 8.4 versus 71.5 ± 4.8 cm/s; P = 0.0001) (Table 3). Mean 
ratio among protodiastolic velocities by color flow Doppler and 
TD at the level of the lateral wall of the mitral ring showed 
that the E/E’ ratio was significantly greater in the SLE group 
than in the control group (10.42 ± 1.5 versus 7.53±0.4 cm/s; 
P = 0.0001) (Table 3).

On the other hand, comparison of the mean proto- and 
telediastolic expansion velocities did not differ between both 
groups, which are shown in Table 4.

The correlation of disease duration with the echocardiogra-
phic measurements was significant only for the size of the LA 
(r = 0.288; P = 0.0427), but not with the AO (r = 0.105; P = 
0.467), SD (r = 0.217; P = 0.129), PPD (r = 0.162; P = 0.258), 

SS (r = 0.226; P = 0.113), STRESS (r = 0.092; P = 0.523), IM 
(r = 0.201; P = 0.160), and V/M (r = 0.110; P = 0.446).

DISCUSSION

The women selected for this study were young and the mean 
age was similar in both groups (28 years), which was a con-
sequence of adequate pairing. It is important to emphasize the 
exclusion of smoking and hypertension in our study that can 
influence echocardiographic measurements.29

Table 1 
Demographic characteristics and main echocardiographic 
(M-mode) parameters in SLE patients and control group

Parameter

SLE (n = 50) Control (n = 50)

PMean Sd Mean Sd

Demographic

Age (years) 27.86 5.53 28.16 4.30 0.76

Weight (Kg) 57.73 9.31 60.50 9.40 0.14

Height (cm) 159 6.96 161 5.70 0.048

BS (m2) 1.58 0.14 1.63 0.12 0.07

HR (bpm) 85.24 11.86 74.62 7.49 0.0001

SBP (mmHg) 120.90 14.16 109.00 6.54 0.0001

DBP (mmHg) 78.42 7.33 72.72 5.61 0.0001

Echocardiographic

LA (mm) 33.30 3.48 30.64 2.90 0.001

ao (mm) 30.20 2.46 28.78 2.20 0.0014

SEPTUM THICKNESS

sYstOlic (mm) 9.14 1.24 8.04 0.69 0.0001

diastOlic (mm) 9.04 1.22 7.82 0.69 0.0001

posterior wall lv

systolic (mm) 15.48 2.67 14.72 1.93 0.1073

diastolic (mm) 8.96 1.10 7.76 0.65 0.0001

volume lv

systolic (mL) 28.42 7.37 25.66 6.73 0.0537

diastolic (mL) 113.82 24.27 103.82 24.57 0.0433

diameter lv

sYstOlic (mm) 30.06 2.50 29.28 2.48 0.1209

diastOlic (mm) 47.82 3.34 46.70 3.62 0.1118

Lv

mass (g) 185.60 46.04 146.92 28.61 0.0001

v/m (mL/g) 0.60 0.09 0.70 0.07 < 0.001

SLE: systemic lupus erythematosus; BS: body surface; HR: heart rate; SBP: systolic blood 
pressure; DBP: diastolic blood pressure; LA: left atrium; AO: aorta; LV: left ventricle; V/M: 
volume/mass ratio; Kg: kilogram; cm: centimeter; m: meter; bpm: beats per minute; 
mmHg: millimeter of mercury; mm: millimeter; mL: milliliter; mL/g: milliliter per gram.
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Although within normal limits, according to the American 
Society of Echocardiography22 and the Echocardiography De-
partment of the Brazilian Society of Cardiology,21 in the present 
study, the diameters of the left atrium and aorta were higher in 
SLE patients. This finding cannot be explained by differences 
in height since significant increases in those parameters are 
not observed after the age of 15 years.29

On the other hand, the close relationship between left atrial 
dynamics and left ventricular filling pressures after opening of 
the mitral valve are well known. Normally, the atrial chamber 
contributes with the effective left ventricular ejection fraction 
and, in cases of diastolic dysfunction, an increase of the left 
atrium secondary to the elevation of LV filling pressures is 
observed.30 Thus, the increase in the left atrium observed in 
the present study must be reflecting an incipient diastolic dys-
function of the left ventricle. Indeed, the same findings were 
observed in SLE, in which increased atrial dimensions were 
observed, regardless of the evolutive phase of the disease.

Recently, a study on left atrial dynamics with TD has 
been gaining importance because it allows better analyzes of 
left atrial function,31 and it is also extremely important in the 
evaluation of diastolic dysfunction. Indeed, volume measu-
rements are more reliable when evaluating an increase in the 
left atrium, and it is currently considered a predictive factor 
of the severity of the diastolic dysfunction.32-34 In the present 
study, the duration of the disease was directly related to the 
size of the left atrium, confirming that this measurement is an 
indirect sign of an incipient change in LV diastolic function. 
The same findings were observed in SLE patients with enlarged 
left atrium.9,10

The diameter of the aorta was also increased in SLE, 
probably due to an increase in blood pressure levels and left 
ventricular afterload. Indeed, in our study, blood pressure levels 
were higher in the SLE group, although still within normal limit 
according to the Fifth Report of the Joint National Committee 
on Detection, Evaluation, and Treatment of High Blood Pressu-
re35 and the III Brazilian Consensus on High Blood Pressure.36

Very few studies in the literature have measured isolate 
systolic myocardial thickness (systolic stress) in normal indivi-
duals.26,37 The increased systolic thickness seen in SLE patients 
may correspond to the increased myocardial effort to overcome 
greater systemic resistance, since it is directly proportional to 
the ventricular systolic pressure. The end-systolic dimensions 
of the myocardial fiber depend on the resistance imposed by 
the systemic circulation and left ventricular contractility.1 The 
increased diastolic thickness seen in SLE should correspond 
to the increase in end-diastolic volume, translating a difficul-

Table 2
Systolic stress, systolic function, and left 
ventricular global and systo-diastolic performance 
indices of SLE patients and controls

Parameter

SLE (n = 50) Control (n = 50)

PMean Sd Mean Sd

Systolic stress (mmhg) 148.8 20.2 141.0 15.7 0.035

Ejection fraction (%) 74.68 2.47 75.42 2.35 0.1831

d% 36.34 2.17 36.98 2.58 0.1292

e WAVE (m/s) 0.81 0.13 0.82 0.13 0.8504

a WAVE (m/s) 0.66 0.13 0.63 0.13 0.3194

e/a RATIO (m/s) 1.25 0.24 1.31 0.21 0.2117

Lv PI (mmHg) 0.34 0.03 0.45 0.08 0.0001

SLE: systemic lupus erythematosus; D%: percentage of left ventricular shortening; E WAVE: rapid 
filling; A Wave: atrial systole; E/A RATIO: relationship among regional diastolic velocities; LV PI: 
LV systo-diastolic performance index; mmHg: millimeter of mercury; m/s: meter per second.

Table 3
Mitral flow propagation velocities and E/E’ ratio of the 
wall of the mitral ring in SLE patients and controls 

Parameter

SLE (n = 50) Control (n = 50)

PMean Sd Mean Sd

Mitral flow 
velocity (cm/s)

47.62 8.44 71.52 4.85 0.0001

E/E’ (cm/s) 10.42 1.50 7.53 0.44 0.0001

SLE: systemic lupus erythematosus; E/E´= indirect estimate of the left ventricular 
and pulmonary wedge pressures; cm/s: centimeters per second.

Table 4
Regional indices of the lateral and septal wall of the 
left ventricle (LV) in SLE patients and controls 

Parameter

SLE (n = 50) Control (n = 50)

PMean Sd Mean Sd

Lateral

s wave (cm/s) 7.50 2.41 10.31 2.95 < 0.001

e’ wave (cm/s) 11.06 3.46 15.64 2.89 < 0.001

a’ wave (cm/s) 7.76 3.18 7.76 2.53 0.9889

e’/a’ (cm/s) 1.75 1.04 2.21 0.72 0.0127

septum

s wave (cm/s) 6.58 2.35 8.69 2.30 < 0.001

e’ wave (cm/s) 8.50 2.69 12.2 2.77 < 0.001

a’ wave (cm/s) 7.64 1.92 8.11 2.53 0.2979

e’/a’ (cm/s) 1.18 0.45 1.60 0.46 < 0.001

SLE: systemic lupus erythematosus; S WAVE: regional systolic contraction; E’ WAVE: 
regional protodiastolic expansion; A’ WAVE: regional telediastolic expansion; E’/A’ RATIO: 
relationship among regional diastolic velocities; cm/s: centimeters per second.
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ty to stretch the myocardial fiber in a ventricle with reduced 
compliance.

The increase in systolic and diastolic thickening seen in this 
disorder leads to an increase in rigidity and, consequently, in 
intraventricular pressure.38 In reality, the end-systolic volume 
was greater in SLE due to this increase in ventricular rigidity, 
disrupting ventricular filling. Besides, the end-diastolic volume 
was also increased in this disorder, indicating the involvement 
of the myocardium in SLE. All those factors predispose the 
worsening in diastolic function, leading to an increase in LV 
diastolic volume and filling pressures. Thus, this early altera-
tion in ventricular volumes maybe the precursor of the process 
of ventricular dysfunction.

The ventricular mass was significantly higher in SLE be-
cause it incorporates the widths of the septum and posterior 
wall, which are important in face of an increase in after load 
and systolic blood pressure. Therefore, the volume/mass ratio 
was significantly lower in SLE, indicating the difficulty to 
adapt to the increased after load.

Since disease activity, as well as cardiopathies that might 
indicate myocardial involvement in SLE, were excluded, one 
would expect similar ventricular diameters and global systolic 
function in both SLE and control groups.

Conditions that lead to a chronic increase in pressure and/or 
volume predispose an increase in systolic stress and decrease 
ventricular performance.39 This increase in systolic stress in 
SLE shows a lack of ventricular adaptation in this disorder and 
can be helpful in the follow-up. On the other hand, the percen-
tage of systolic shortening in the ventricular diameter, as well 
as ejection fraction, was similar in both groups, probably due 
to control of inflammatory activity at the time of evaluation. In 
fact, myocardial dysfunction during the course of this disorder 
has been reported in 5 to 10% of the cases,10,12,13,17,40,41 which can 
be exacerbated by the inflammatory process associated with 
SLE.13,42 This hypothesis is supported by the report of global 
systolic dysfunction of the left ventricle in young patients 
with less than 2 years of SLE whose myocardial dysfunction 
improved after treatment with corticosteroids.18

Mitral flow propagation velocity is another method incor-
porated in the assessment of diastolic function, and it allows 
the assessment of left ventricular relaxation velocity, therefore 
providing reliable information on the temporal and spatial 
distribution of the process of ventricular relaxation.43 In the 
present study, we observed a reduction in this velocity, due 
to the difficulty to relax basal portions of the left ventricle, in 
patients with SLE.

Conventional mitral Doppler flowmetry has a biphasic 
wave in which the E wave corresponds to the phase of rapid 

ventricular filling and the A wave corresponds to the atrial 
contraction. Abnormalities in early (E wave) and late (A wave) 
diastolic velocities were not observed in SLE patients probably 
because they were young and the disease was stable and, there-
fore, the left ventricle can use an elasticity reserve. In fact, prior 
assessment of 20 SLE patients (mean age of 38 years) identified 
changes in diastolic dysfunction, characterized by a reduction 
in E wave and increase in A wave, which were attributed to 
the degree of inflammation.17 Later, it was observed that age 
was the only factor related with changes in E and A waves in 
SLE.42 In reality, the behavior of the E and A waves depend 
on the pressure gradient between the left atrium and ventricle, 
being influenced by preload, age, and heart rate,28 which might 
have hindered detection of diastolic dysfunction by this method 
in the present study. Left ventricular performance index (TEI 
index), based solely on Doppler, provides an estimate of the 
global ventricular behavior, and it is not influenced by blood 
pressure or heart rate.44 In the present study, the TEI index of 
lupus patients was within normal limits because the diastolic 
dysfunction observed was regional.

On the other hand, the regional ventricular diastolic func-
tion determined by Tissue Doppler in this study demonstrated 
regional involvement in SLE, more pronounced in the basal 
portion of the interventricular septum. In other cardiopathies, 
this change in diastolic function precedes changes in systolic 
function, and it is detected in isolated segments of the left 
ventricle, but it is more frequent in basal portions.45 Using 
maximal regional velocities, which defines speeds of 17.3 ± 3.0 
and 13.5 ± 2.2 cm/s for the lateral and septal walls of the mitral 
ring, respectively, as reference of normalcy46, we observed a 
pattern of alteration in left ventricular regional relaxation and 
in the phase of rapid filling in SLE patients, represented by a 
reduction in the maximal velocity of the E’ wave. Besides, the 
E’/A’ ratio was smaller in SLE patients. Detection of regional 
diastolic dysfunction in SLE might represent an early chan-
ge in left ventricular relaxation and it would precede global 
diastolic dysfunction.

The relationship between maximal left atrial protodias-
tolic emptying velocities measured by conventional Doppler 
flowmetry (E wave) and that of TD (E’ wave) evaluated in 
the present study was above 10 in SLE, indicating an increase 
in filling pressures that would cause retrograde elevation of 
the left atrial pressure and pulmonary wedge pressure. This 
increase in ventricular filling pressures would explain the 
left atrial dilation, preventing it to spread to the pulmonary 
circulation.47 The E/E’ relationship seems to be extremely 
useful in detecting dysfunction in SLE patients.40 In fact, an 
E/E’ ratio >10 indicates the presence of a pulmonary wedge 
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pressure of about 15 mmHg,48 being a predictor of elevated 
ventricular filling pressure.23 Therefore, this relationship could 
be an early marker of diastolic dysfunction of any etiology, 
including in SLE patients.

The present study demonstrated the importance of the early 
detection of this condition in SLE patients, since disruption of 
LV regional diastolic function can be demonstrated by Tissue 
Doppler and global left ventricular diastolic function can be 
identified by analyzing mitral flow propagation velocity.
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