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Abstract
Objective—To evaluate the prevalence
of diastolic dysfunction in patients with
anticardiolipin antibodies (aCL) and to
examine whether the antiphospholipid
syndrome (APS) is associated with diasto-
lic dysfunction independently of valvular
abnormalities and systolic dysfunction.
Methods—Pulsed, continuous, colour
Doppler echocardiography was per-
formed in 179 subjects, of whom 15 were
excluded from the analysis because of
systolic dysfunction or severe valvular
disease. The remaining 164 subjects in-
cluded 29 patients with primary APS, 26
patients with secondary APS (APS in the
presence of systemic lupus erythematosus
(SLE)), and 30 patients with SLE and aCL
but without APS; 43 patients with SLE
without aCL and 36 normal volunteers
served as control groups.
Results—The groups compared diVered
significantly in all measures of right
ventricular function. There was a grada-
tion of increasing diastolic function im-
pairment as manifested by prolonged
deceleration time (DT) and isovolumic
relaxation time (IVRT) across the groups
of patients with SLE without aCL, SLE
with aCL, secondary APS, and primary
APS. DiVerences in left ventricular di-
astolic function measures were less
prominent. In regression analysis, DT
increased by 19.6 ms (p=0.002) in the
presence of primary APS and by 20.1 ms
(p=0.038) in the presence of pulmonary
hypertension. The titre of IgG aCL was the
strongest predictor of a prolonged IVRT.
Conclusion—Diastolic dysfunction, in
particular of the right ventricle—that is,
independent of valvular disease and systo-
lic dysfunction, is a prominent feature of
APS and may be related to the pathogen-
esis of the syndrome.
(Ann Rheum Dis 2001;60:43–48)

The association between anticardiolipin anti-
bodies (aCL)1 and cardiac disease in the pres-
ence of systemic lupus erythematosus (SLE) or
the antiphospholipid syndrome (APS)2 has
been reported in various clinical studies. The
earliest reports were of valvular disease, includ-
ing verrucous valvular thickening, global valvu-
lar thickening, and mitral or aortic
regurgitation.3–6 Coronary artery occlusion and
intracardiac thrombosis were later described.7–9

There is also some evidence that aCL may also
be accompanied by a decrease in the systolic
and diastolic function of the left ventricle.10 11

Probably, some of this eVect may be independ-
ent of valvular disease, but there is limited evi-
dence so far. Furthermore, there is no
knowledge of whether diastolic function of the
right ventricle may also be aVected.

This study aimed at evaluating the preva-
lence of echocardiographically documented
diastolic dysfunction of the right and left
ventricles in patients with aCL with and with-
out SLE and with and without APS in the
absence of systolic dysfunction and significant
valvular disease.

Methods
SUBJECTS

One hundred and seventy nine subjects were
evaluated by echocardiography. Patients with
aCL were divided into three diVerent groups:
(a) 30 patients with primary APS defined by
the presence of aCL (or lupus anticoagulant)
and at least two of the following: recurrent
abortions, haemolytic anaemia, venous or arte-
rial thrombosis, thrombocytopenia, livedo re-
ticularis, or leg ulcers12; (b) 29 patients with
APS secondary to SLE defined by the presence
of at least four of the revised criteria of the
American Rheumatism Association for the
classification of SLE13; and (c) 34 patients with
aCL in the setting of SLE, but without APS.
We also considered two control groups of
patients without aCL. The first group (n=50)
was randomly selected from among patients
with SLE without aCL who are followed up in
our clinic. The second control group com-
prised 36 subjects, matched for age and sex,
without any immunological and cardiac dis-
ease, who had normal blood pressure, electro-
cardiogram, and Doppler echocardiography.

Exclusion criteria for all groups were docu-
mented myocardial infarction, previous history
of rheumatic fever, alcoholism, and diabetes
mellitus. Patients with severe valvular disease
or decreased right ventricular (RV) and left
ventricular (LV) systolic function on echocar-
diography were also excluded from the analy-
sis. Patients with hypertension were included in
the analysis of the data, but hypertension was
considered as an adjusting factor in the multi-
variate regressions. The results were largely
similar when the analysis was limited to
patients without systemic hypertension (not
reported).
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ECHOCARDIOGRAPHIC EVALUATION

Comprehensive echocardiographic examina-
tion with pulsed, continuous, colour Doppler
was performed with a Hewlet Packard sonos
1000 ultrasound system, using a 2.5 MHz
transducer. Four-chamber views were ob-
tained. Those performing and evaluating the
echocardiograms were unaware of the clinical
diagnosis of the subjects. Left ventricle end
systolic and end diastolic diameters, as well as
interventricular septum and posterior wall
thickness at end diastole, were measured for
calculation of the fractional shortening (FS)
and LV mass with the modified formula of
Devereux et al.14 15 An FS less than 29% was
considered as LV systolic dysfunction. RV
systolic function was evaluated from the RV
dP/dt taken from the tricuspid regurgitation
velocity signal and from the tricuspid annular
plane systolic excursion (TAPSE), and was
considered as impaired when RV dP/dt was
<220 mm Hg/s and TAPSE was <12.5 mm.16–18

The RV dP/dt could be measured accurately in
24% of our patients. In the remaining patients
the RV systolic function was assessed only by
TAPSE. The two methods have high concord-
ance (r=0.45),16 and we found no major diVer-
ences in any of the patients where both
methods could be applied.

When pulsed Doppler from the mitral and
tricuspid inflow velocity curve was used the
following variables were calculated: peak early
velocity (E wave), peak velocity at the time of
atrial contraction (A wave), E/A ratio, decelera-
tion time (DT) of the peak early velocity and

the LV isovolumic relaxation time (IVRT), with
simultaneous recording of the LV inflow and
outflow velocities. The RV IVRT was defined
as the time interval between the closure of the
pulmonary valve and opening of the tricuspid
valve. This was estimated by subtracting the
time interval between the peak of the R wave on
the electrocardiogram and the end of the
pulmonary systolic flow profile from the inter-
val between the peak of the R wave and the
onset of the tricuspid valve opening. At least
three beats from the end inspiration and three
beats from the end expiration were recorded,
and their values were averaged. Pulmonary
artery systolic pressure was estimated by
continuous wave Doppler echocardiograms
recorded in the apical four-chamber view as the
peak systolic pressure gradient across the
tricuspid valve (peak regurgitation velocity)
plus the estimated right atrial pressure.19–22

Intraobserver and interobserver variability of
the RV E wave, A wave, DT, and IVRT meas-
urements were determined on 25 patients and
were found to be low (7.2% and 6.5% for the E
wave, 6.9% and 6.3% for the A wave, 5.9% and
5.6% for DT, and 5.4% and 5.1% for IVRT).

Valvular lesions were grouped into two
categories: (a) verrucous valvular vegetations
(Libman-Sachs): distinct localised masses seen
on the surface of the valve leaflets; and (b) dif-
fuse valvular thickening and stiVness, resulting
in stenosis or regurgitation.23 Doppler echocar-
diography was performed, beginning with col-
our flow imaging. When abnormal intracardiac
flow was detected, pulsed and continuous wave
Doppler studies were performed. Mitral regur-
gitation was graded as mild, moderate, and
severe. Regurgitation seen only with Doppler
and not associated with a murmur was consid-
ered physiological.24 25

MEASUREMENT OF ANTIBODIES TO CARDIOLIPIN

AND â2 GLYCOPROTEIN I (â2 GPI)
aCL were measured by enzyme linked immuno-
sorbent assay (ELISA) using cardiolipin
(cardiolipin 1649; Sigma; 5 mg/ml in ethanol)
as antigen on polystyrene plates.26 Antibodies
to â2 GPI (anti-â2 GPI) were measured by
ELISA using ã irradiated plates (Lindro/
Titertek; ICN Biomedical Inc, Horsham, PA,
USA; Australian Nuclear Science and Techol-
ogy Organisation, Sydney, Australia) incubated
overnight with â2 GPI (10 µg/ml in phosphate
buVered saline (PBS)). The non-specific bind-
ing sites were blocked with PBS/gelatin 0.5%.

Table 1 Characteristics of compared groups

Group Sex (F)
Age mean
(SD) (years)

Disease duration
mean (SD)
(months)

Autoantibodies

MVR*
Any valvular
disease

Pulmonary
hypertension†

Cardiolipin

â2 GPI*IgG IgM

pAPS* 22/29 41.4 (10.3) 90 (86) 26/29 15/29 17/29 14/29 14/29 4/29
SLE/APS* 21/26 36.9 (13.0) 115 (89) 20/26 10/26 21/26 9/26 10/26 5/26
SLE/aCL* 27/30 39.3 (12.6) 85 (62) 28/30 9/30 5/30 13/30 13/30 1/30
SLE/no aCL* 41/43 38.0 (14.6) 112 (109) 0/43 0/43 0/43 8/43 11/43 4/43
Normal 31/36 38.3 (12.4) ND 0/36 0/36 0/36 0/36 0/36 0/36

*â2 GPI = â2 glycoprotein I; MVR = mitral valve regurgitation; SLE = systemic lupus erythematosus; APS = antiphospholipid syn-
drome; pAPS = primary APS; SLE/APS: APS secondary to SLE; SLE/aCL = SLE with aCL (without APS); SLE/no aCL = SLE
without aCL or APS; ND = no disease.
†Pulmonary artery pressure above 30 mm Hg.

Table 2 Right ventricular function parameters

Patient groups*

Echocardiographic parameters: mean (SD)

IVRT* (ms) E/A* E (cm) A (cm) DT (ms)

pAPS 58.8 (9.4) 0.93 (0.15) 48.9 (8.0) 53.5 (10.4) 167.9 (27.2)
SLE/APS 54.2 (11.4) 0.93 (0.13) 50.5 (9.4) 55.2 (10.4) 152.7 (30.0)
SLE/aCL 55.7 (9.8) 1.02 (0.15) 55.0 (9.5) 55.1 (15.8) 147.7 (27.9)
SLE/no aCL 51.9 (9.6) 1.03 (0.18) 55.5 (8.4) 55.2 (10.7) 137.6 (22.5)
Normal 47.9 (4.8) 1.20 (0.27) 50.6 (7.9) 43.1 (7.1) 123.1 (9.2)
Comparisons p Values
All five groups 0.0001 0.0001 0.0045 <0.0001 <0.0001
First four groups 0.041 0.012 0.0054 0.94 0.0001
First three groups 0.23 0.026 0.030 0.85 0.021
First two groups 0.10 0.93 0.51 0.56 0.053
Among patients:

aCL v no aCL 0.022 0.030 0.021 0.80 0.0005
Among patients with aCL:

APS v no APS 0.71 0.007 0.010 0.77 0.049

*aCL = anticardiolipin antibodies; SLE = systemic lupus erythematosus; APS = antiphospholipid
syndrome; pAPS = primary APS; SLE/APS = APS secondary to SLE; SLE/aCL = SLE with aCL
(without APS); SLE/no aCL = SLE without aCL or APS; IVRT = isovolumic relaxation time; E/A
= ratio of E wave to A wave; DT = deceleration time; for definitions of groups of subjects see
“Methods”.
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Absorbance values more than three standard
deviations above the mean of 100 normal con-
trols were considered as positive in both
assays.27

COMPARISONS AND STATISTICAL METHODS

Continuous echocardiographic parameters
were compared between the various groups by
one way analysis of variance. DiVerences in the
proportion of dichotomous characteristics
were assessed by the ÷2 test. For patients with
aCL, regression analyses were performed con-
sidering the eVects of the presence of APS, pri-

mary APS, titres of IgG aCL and of IgM aCL,
presence of anti-â2 GPI antibodies, presence of
pulmonary hypertension (pulmonary artery
pressure above 30 mm Hg), and disease dura-
tion (from the time of probable APS diagnosis
or SLE diagnosis, whichever occurred first),
adjusting for age and sex, on each of the
echocardiographic parameters. Linear regres-
sions were fitted with least squares models.
Analyses were conducted in SPSS.28 All p
values are two tailed.

Results
CHARACTERISTICS OF STUDY PARTICIPANTS

We evaluated 143 patients and 36 healthy sub-
jects. Among the patients, seven had a history
of dyspnoea, two a history of chest pain, and
eight had a history of pulmonary embolism. On
examination, 21 had a systolic murmur of
mitral origin, seven had a diastolic murmur,
and 10 had electrocardiographic evidence of
possible LV strain. A total of 108 patients had
received steroids and 59 had received some
other immunosuppressive treatment. Some
patients were receiving angiotensin converting
enzyme inhibitors (n=22), â blockers (n=16),
calcium channel blockers (n=19), diuretics
(n=18), or nitrates (n=4). Key APS related
manifestations included arterial thromboses
other than central nervous system disease (n=7
patients), venous thromboses (n=21), recur-
rent abortions (n=13), autoimmune haemo-
lytic anaemia (n=14), central nervous system
disease (n=26), thrombocytopenia (n=27),
livedo reticularis (n=31), pulmonary embolism
(n=9), and leg ulcers (n=2).

Fifteen patients (one with primary APS, three
with secondary APS, four with SLE with aCL,
and seven with SLE without aCL) were
excluded from the analysis because of the pres-
ence of various exclusion criteria (15 with low
FS, one of whom also had severe valvular
disease; no patient had RV systolic dysfunction).
Of the remaining 164 subjects, 29 had primary
APS, 26 had secondary APS, 30 had aCL (but
not APS) in the setting of SLE, 43 had SLE
without aCL, and 36 were normal controls.

The five groups did not diVer significantly in
their age distribution (p=0.7) and in the
proportion of male patients (p=0.15) (table 1).
The four groups of patients did not diVer in the
duration of disease. The majority of patients in
the APS groups had raised IgG aCL, while
several patients also had raised IgM; four
patients only had lupus anticoagulant. Anti-â2

GPI were present largely in the two APS
groups.

Heart rate was not significantly diVerent
between the five groups (not shown). Five
patients had mild pericardial eVusions. Forty
eight of the 128 patients had some evidence of
valvular disease, most typically mitral regurgi-
tation, which was detected in 44 of the 128.
Patients with aCL (with or without APS) were
more likely to have some valvular disease (odds
ratio (OR) 2.24, p=0.05), or mitral valve
regurgitation in particular (OR 3.21,
p=0.005). The vast majority of cases had mild
valve disease. Moderate mitral valve regurgita-
tion was seen in two patients with secondary

Figure 1 Box plots for right ventricular parameters, including (A) isovolumic relaxation
time, (B) E/A ratio, and (C) deceleration time in the five groups of subjects compared. Box
plots show the median (horizontal line) and the interquartile range box, together with
whisker lines extending to the highest and lowest value (not showing few outliers of more
than 1.5 box lengths from the box). SLE = systemic lupus erythematosus; APS =
antiphospholipid syndrome; pAPS = primary APS; SLE/APS = APS secondary to SLE;
SLE/aCL = SLE with aCL (without APS); SLE/naCL = SLE without aCL or APS.
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APS, and moderate tricuspid valve regurgita-
tion was seen in one patient with primary APS
and one patient with secondary APS. Only two
patients had three valves aVected (one with
primary APS and one with SLE and aCL).
Libman-Sacks endocarditis was seen in only
four patients. Pulmonary hypertension (>30
mm Hg) was documented in 9/55 patients with
APS, as compared with 5/73 patients without
APS (p=0.15).

Hypertension was more common in patients
with secondary APS (12/26), while it was less
common in patients with primary APS (4/29).
Patients with SLE with and without aCL had a
modest prevalence of hypertension (8/30 and
7/43, respectively). There was a strong associa-
tion between the presence of hypertension and
a history of renal disease (OR 7.0, 95% CI 2.8
to 17.5). Besides renal disease, no other causes
of secondary hypertension were recorded. The
cumulative duration of corticosteroid use was
significantly shorter (p=0.01) in patients with
primary APS (mean (SD) 1 (2.4) years) than in
patients with SLE (means (SD) 4.5 (5.1), 3.9

(3.9), and 3.5 (4.6) years in secondary SLE,
SLE with aCL, and SLE without aCL, respec-
tively).

ECHOCARDIOGRAPHIC PARAMETERS OF

VENTRICULAR FUNCTION

In comparison with healthy controls, the
groups of patients diVered in all parameters of
RV diastolic function (table 2). Compared with
patients with SLE without APS or aCL,
patients with aCL (with or without APS) had a
significantly more prolonged DT and IVRT, as
well as a worse E and E/A ratio in the right
ventricle. Within patients with SLE the pres-
ence of aCL was associated with prolonged DT
and IVRT (p=0.03 and p=0.08, respectively).
Among patients with aCL, the presence of APS
was associated with a worsening of most
variables. Finally, within patients with APS,
patients with primary APS seemed to have
marginally more prolonged IVRT and DT than
patients with secondary APS (table 2). Overall,
the data showed a gradation of RV diastolic
function impairment between normal controls,
patients with SLE without aCL, patients with
SLE with aCL, patients with secondary APS,
and, finally, patients with primary APS (fig 1).
Although patients had worse LV diastolic func-
tion variables than healthy controls, no similar
gradation between patient groups could be dis-
cerned (table 3).

REGRESSION ANALYSES AMONG PATIENTS WITH

ANTICARDIOLIPIN ANTIBODIES

Table 4 shows the variables that were associ-
ated with echocardiographic parameters of RV
function in univariate and multivariate regres-
sion analyses. The respective analyses for LV
parameters were not as informative (not
shown). The presence of APS was associated
with a worse E and E/A ratio, and the presence
of primary APS, in particular, was associated
with a more prolonged DT, while pulmonary
hypertension was the other variable that was
independently associated with a prolongation
of the RV-DT. Higher titres of IgG aCL were
the stronger determinant of a prolonged
RV-IVRT. Longer disease duration was associ-
ated with statistically significant worsening of
the E and A parameters.

Discussion
In this study the use of Doppler echocardiogra-
phy in a large cohort of patients with SLE and
APS has shown an abnormal pattern of diasto-
lic function, especially of the right ventricle, in
patients with aCL. The various echocardio-
graphic parameters reflecting diastolic dys-
function were associated with high titres of
aCL, APS, disease duration, and pulmonary
hypertension. RV diastolic dysfunction was
found in all patient groups compared with nor-
mal controls. There was a gradation of severity,
with more severe impairment in patients with
primary APS, followed by the group with
secondary APS and the group with SLE and
aCL without APS. The gradation was particu-
larly noticeable for DT, IVRT, and the E/A
ratio—the three prime parameters reflecting

Table 3 Left ventricular function parameters

Patient groups*

Echocardiographic parameters: mean (SD)

IVRT* (ms) E/A*† DT (ms)
Fractional
shortening

pAPS 77.6 (9.9) 1.05 (0.24) 151.4 (34.5) 0.35 (0.05)
SLE/APS 82.1 (12.8) 1.05 (0.28) 143.7 (30.3) 0.35 (0.05)
SLE/aCL 77.0 (8.7) 1.15 (0.31) 146.3 (35.2) 0.35 (0.05)
SLE/no aCL 76.6 (11.3) 1.04 (0.26) 135.0 (26.0) 0.35 (0.05)
Normal 72.8 (8.2) 1.19 (0.22) 135.3 (13.6) 0.39 (0.03)
Comparisons p Values
All five groups 0.015 0.049 0.079 0.0002
First four groups 0.19 0.31 0.16 0.97
First three groups 0.15 0.28 0.68 0.88
First two groups 0.15 0.98 0.38 0.64
Among patients:

aCL v no aCL 0.29 0.35 0.039 0.97
Among patients with aCL:

APS v no APS 0.26 0.11 0.85 0.86

*aCL = anticardiolipin antibodies; SLE = systemic lupus erythematosus; APS = antiphospholipid
syndrome; pAPS = primary APS; SLE/APS = APS secondary to SLE; SLE/aCL = SLE with aCL
(without APS); SLE/no aCL = SLE without aCL or APS; IVRT = isovolumic relaxation time; E/A
= ratio of E wave to A wave; DT = deceleration time; for definitions of groups of subjects see
“Methods”. †There were no formally statistically significant diVerences in the E wave or in the A
wave alone between the five groups (not shown).

Table 4 Predictors of right ventricular (RV) diastolic function parameters among patients
with anticardiolipin antibodies

Variable

Predictors: eVect (p value)

Adjusted for age/sex Multivariate

RV-E APS: −4.71 cm (0.026) APS: −3.93 cm (0.052)
DD: −0.025 cm/year (0.066) DD: −0.034 cm/year (0.012)
HTN: 5.04 cm (0.039) HTN: 7.06 cm (0.0042)
Anti-â2 GPI: −3.12 cm (0.126) Age: −0.17 cm/year (0.066)
Pulmonary HTN: 5.50 cm (0.105) Male sex: 6.75 cm (0.014)

RV-A None DD: −0.041 cm/year (0.032)
HTN: 6.71 cm (0.0048)

RV-DT pAPS: 17.2 ms (0.013) pAPS: 19.6 ms (0.002)
Pulmonary HTN: 15.6 ms (0.150) Pulmonary HTN: 20.1 ms (0.038)
HTN: −18.0 ms (0.016)
APS: 11.4 ms (0.093)

RV-IVRT IgG aCL titre: 0.89 ms (0.060) IgG aCL titre: 1.10 ms (0.020)
RV-E/A APS: −0.084 (0.016) APS: −0.088 (0.010)

Anti-â2 GPI: −0.073 (0.029)

aCL = anticardiolipin antibodies; anti-â2 GPI = antibodies to â2 glycoprotein I; APS = antiphos-
pholipid syndrome; DD = disease duration; HTN = hypertension; pAPS = primary APS. Nega-
tive values mean that the respective right ventricular variable is reduced in the presence of the pre-
dictor. In the first column, only potentially important predictors with p<0.15, after adjusting for
age and sex are shown. In the second column, predictors were selected with a backward elimina-
tion process using p>0.10 for variable removal and p<0.05 for entry. These analyses include 27
patients with primary APS, 24 patients with secondary APS, and 30 patients with SLE and aCL
without APS. Four patients with APS with lupus anticoagulant, but without aCL are not included.

46 Tektonidou, Ioannidis, Moyssakis, et al

www.annrheumdis.com

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.60.1.43 on 1 January 2001. D
ow

nloaded from
 

http://ard.bmj.com/


RV diastolic function. This gradation adds fur-
ther support to the hypothesis that RV diastolic
dysfunction is related to aCL and the APS dis-
ease process.

High aCL titres in association with SLE or
primary APS have been associated with valvu-
lar disease as well as with coronary artery
thromboses or intracardiac thromboses.29–32 LV
systolic dysfunction may result from severe val-
vular disease, coronary artery disease, or
diVuse cardiomyopathy. Other investigators
have also described LV diastolic dysfunction
despite the absence of systolic dysfunction or
other cardiac disease, and the impairment of
LV diastolic function has been associated with
abnormalities in LV relaxation and myocardial
disease.33 34 The myocardial disease in SLE has
been correlated with vasculitis, immune com-
plex related inflammation, or, generally, the
process of the disease itself and its treatment
with immunosuppressive agents, including
corticosteroids.35

No previous study has considered the
relation of RV diastolic dysfunction with aCL
or APS. In our study group, impairment of all
parameters of RV diastolic function was more
pronounced than the impairment of the
respective LV parameters; the explanation for
this may be multifactorial. If not a chance find-
ing, this dissociation may reflect a preferential
involvement or a higher susceptibility of the
right ventricle. Microvascular disease may have
more eVect on the right ventricle, which has a
substantially smaller mass than the left ventri-
cle. Furthermore, pulmonary hypertension
may also explain the predominantly RV diasto-
lic impairment. In that context, pulmonary
hypertension, together with primary APS, were
the strongest independent predictors of a pro-
longed duration time. Pulmonary hypertension
has been previously described as one of the
manifestations of APS,36 37 probably caused by
recurrent pulmonary emboli or microthrombo-
sis, and we recorded its presence in 9/55 (16%)
of the patients with APS in our study.

Thrombosis of small vessels is known to
occur in APS, as it has been manifested in
multiple organs (skin, brain, heart, kidney,
liver, eyes).38 Necropsies in patients with SLE
with high titres of aCL, such as seen in patients
with primary APS, have shown microvascular
thrombosis of small intramyocardial arterioles,
resulting in myocardial ischaemia and no
evidence of vasculitis.39 40 aCL have been asso-
ciated with small vessel thrombi and have been
reported as causative factors of LV diastolic
dysfunction.41 42 Myocardial ischaemia caused
by an occlusive vasculopathy of intramyocar-
dial arteries may also explain the RV diastolic
abnormality. Further studies with myocardial
biopsies in patients with APS are needed to
assess this hypothesis. According to our exclu-
sion criteria, none of our patients had
coronary artery disease, RV or LV systolic
dysfunction, significant valvular disease, or
diabetes mellitus to explain the probable
diastolic impairment.

The cross sectional design of our study does
not allow us to draw strong inferences about
the aetiological sequence of the noticed abnor-

malities. Nevertheless, despite the cross sec-
tional study design, we noted that disease
duration was significantly associated with at
least two of the echocardiographic parameters
of RV diastolic function, also suggesting a
gradual impairment over time. A longitudinal
study is underway to evaluate the evolution of
diastolic dysfunction over time in the same
patient group. Our study design may also have
been influenced somewhat by length bias, but
this is unlikely to have aVected the results,
except that patients in the group with aCL
without APS were likely to be subjects who are
less likely to progress to APS or may take
longer than average to develop APS. This
would have strengthened the contrast against
the APS groups.

Finally, some technical caveats need to be
considered. LV and particularly RV inflow
velocities may be influenced by multiple
factors, including heart rate, age, loading con-
ditions, ventricular interaction, and diastolic
“suction”.43 44 However, in our group there
were no significant diVerences in heart rate,
age, and LV mass between the five groups.
Additionally, the results were similar when the
analysis was limited to patients without sys-
temic hypertension. A source of error is the
beat-to-beat variability in flow dynamics, espe-
cially on the right side, due to respiration. To
minimise errors and improve reproducibility of
measurements we averaged multiple consecu-
tive beats.43 Another study limitation is the lack
of assessment of hepatic and pulmonary
venous flow.

Doppler echocardiography is a simple, non-
invasive technique, widely used to detect
subtle, asymptomatic myocardial abnormali-
ties. Our study suggests that it may be used in
patients with aCL or APS for the early
detection of diastolic dysfunction, in particular
of the right ventricle. The clinical significance
of this dysfunction needs to be established in
long term studies. Further research is also
needed to determine whether the detection of
such abnormalities in otherwise asymptomatic
subjects should aVect the therapeutic manage-
ment of patients with aCL.
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