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M mode and Doppler echocardiographic
assessment of left ventricular diastolic function in
primary antiphospholipid syndrome
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Abstract
Background-High titres of serum anti-
phospholipid antibodies are a possible
pathogenic factor for cardiac lesions in
patients with systemic lupus erythemato-
sus.
Objective-To test the hypothesis of a
causal link between high titres of antiphos-
pholipid antibodies in the serum and
myocardial involvement in patients with-
out systemic lupus erythematosus.
Patients and design-18 patients with pri-
mary antiphospholipid syndrome (recur-
rent fetal loss, arterial and/or venous
thrombosis, high titres of antiphospholipid
antibodies, and no criteria for
systemic lupus erythematosus) were
prospectively studied by cross sectional, M
mode, and pulsed Doppler echocardiogra-
phy, and compared with 18 healthy con-
trols. The pulsed Doppler indices of left
ventricular diastolic function included iso-
volumic relaxation time and four mitral
outflow indices: peak velocity of early flow,
peak velocity oflate flow, early to late peak
flow velocity ratio, and rate of deceleration
of early flow. Four computerised M mode
indices were also measured: peak rate of
left ventricular enlargement in diastole,
peak rate of posterior wall thinning, peak
velocity of lengthening of the posterior
wall, and velocity of circumferential
chamber lengthening.
Results-Compared with controls,
patients with primary antiphospholipid
syndrome had higher values for isovolu-
mic relaxation time and peak velocity of
late mitral outflow and lower values for
early to late mitral peak outflow velocity
ratio, rate of deceleration of early mitral
outflow, peak rate of left ventricular
enlargement in diastole, peak rate of pos-
terior wall thinning, peak velocity of
lengthening of the posterior wall and
velocity of circumferential chamber
lengthening.
Conclusion-This abnormal pattern
reflects an impairment of myocardial
relaxation and filling dynamics of the left
ventricle in patients with primary
antiphospholipid syndrome who were free
of any clinically detectable heart disease.
These data suggest that high serum titres
of antiphospholipid antibodies may be
associated with subclinical myocardial
damage.

(Br Heartr_ 1995;74:531-535)
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Recurrent venous and/or arterial thombosis,
repeated episodes of fetal loss, and thrombo-
cytopenia suggest the possibility of primary
antiphospholipid syndrome. Diagnostic con-
firmation depends upon the detection of high
titres of serum antiphospholipid antibodies,
without evidence of systemic lupus erythe-
matosus or malignant tumour. Cardiac mani-
festations have been reported in primary
antiphospholipid syndrome, mainly valve
lesions.'-3 Valvar, myocardial, and pericardial
abnormalities are also often seen in patients
with systemic lupus erythematosus.45 Several
studies have found a statistical link between
high titres of antiphospholipid antibodies and
heart involvement, suggesting that antiphos-
pholipid antibodies may be a key pathogenic
factor for cardiac lesions in systemic lupus
erythematosus.6 8 In contrast, recent studies
did not find any significant correlation
between antiphospholipid antibodies and valve
lesions.9-"' In primary antiphospholipid syn-
drome antiphospholipid antibodies are present
without the other features of systemic lupus
erythematosus that complicate the apprecia-
tion of intrinsic cardiac involvement (hyper-
tension, steroid or immunosuppressor
treatment, renal insufficiency).

In several cardiovascular diseases diastolic
function may be abnormal when systolic func-
tion remains preserved'2: this is usually
regarded as an initial stage of cardiomyopathy.
Early impairment of left ventricular diastolic
function has been reported in systemic lupus
erythematosus, especially in patients with
active disease.'3 14 In the present study we
tested whether diastolic function was impaired
in patients with primary antiphospholipid syn-
drome and no overt cardiac disease.

Patients and methods
PATIENTS
We studied 18 consecutive patients (two men,
16 women, mean (SD) age 36 (9)) with
Asherson et ars criteria of primary antiphos-
pholipid syndrome.'9 We also studied 18 age
and sex matched healthy controls mean (SD)
age 33 (8). All gave informed consent to the
study. All patients had a physical examination,
and patients with primary antiphospholipid
syndrome had an electrocardiogram and a
chest radiograph. We excluded those with a
history of previous cardiovascular disease
(hypertension, valve disease, myocardial
infarction) and/or cardiac abnormality on
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physical examination. All patients were in
sinus rhythm with a heart rate <90 beats per
minute. None of the patients with primary
antiphospholipid syndrome had abnormalities
on the electrocardiogram or chest x ray. In
patients with primary antiphospholipid syn-
drome antiphospholipid antibody titres were
measured in blood drawn within a week of the
echocardiographic study. We regarded
antiphospholipid antibodies as being present
when we detected circulating anticoagulant
and/or a high titre of anticardiolipin antibod-
ies. We defined circulating anticoagulant as a
positive diluted thromboplastin titration index
>1I3 at 1/200 final dilution and high titres of
anticardiolipin antibodies were defined as a
concentration of immunoglobulin G isotype
>20 GPL units or a concentration of
immunoglobulin M isotype > 10 MPL units by
enzyme-linked immunosorbent assay.'6

CROSS SECTIONAL M MODE AND DOPPLER
ECHOCARDIOGRAPHIC EXAMINATION
Echocardiographic examinations were per-
formed by one experienced operator (DdZ)
using an Aloka SSD 870 ultrasonoscope with
2-5 and 3-5 MHz transducers. Measurements
were made in accordance with recommenda-
tions of the American Society of
Echocardiography.17 Time-motion and pulsed
Doppler recordings were performed on an
Aloka stripchart thermal recorder at a paper
speed of 100 mm/s. Timing of the cardiac
cycle was documented by simultaneous elec-
trocardiogram recording.

Left ventricular geometry and systolic function
Standard parastemal long axis and short axis
views and apical views (four chamber and four
chamber with aorta) were obtained. We used
M mode echocardiography to measure left
ventricular end diastolic and end systolic
dimensions and interventricular septum and
left ventricular posterior wall thickness in dias-
tole. Left ventricular fractional shortening and
left ventricular mass were derived from M
mode measurements. Left ventricular mass
was calculated according to the method rec-
ommended by Devereux et al (left ventricular
mass = 0-80 (American Society of
Echocardiography - cube of left ventricular
mass) + 0.60).18 Left ventricular segmental
wall motion was assessed systematically using
cross sectional echocardiography. Wall motion
abnormalities were assessed by visually evalu-
ating wall motion and endocardial thickening
of the different left ventricular wall segments,
as recommended by the American Society of
Echocardiography. 19

Assessment of left ventricularfilling
Pulsed Doppler recordings were obtained in
expiration, with the sample volume located
between the tips of mitral leaflets.20 We mea-
sured the peak velocity of early mitral outflow
(cm/s), the peak velocity of late mitral outflow
(cm/s), early to late peak outflow velocity
ratio, and the rate of deceleration of velocity in
early diastole (m/s2). All values were averaged
out over three consecutive cardiac cycles.

ISOVOLUMIC RELAXATION TIME
The isovolumic relaxation time, defined as the
interval between aortic valve closure and
mitral opening, was measured from beat to
beat recordings of left ventricular filling and
ejection flows by pulsed Doppler. The sample
volume was located at the left ventricular out-
flow tract close to the anterior mitral leaflet (to
allow the recording of both aortic closure and
mitral opening sounds). Isovolumic relaxation
time was averaged out over three consecutive
cycles.

Endocardium, Pericardium
We looked for valve thickening and/or pericar-
dial effusion in each patient.

COMPUTERISED DIGITISATION OF M MODE LEFT
VENTRICULAR RECORDINGS
The lengthening capabilities of the
myocardium during early diastole were pre-
cisely quantified by computer-assisted digitisa-
tion of M mode echocardiographic
recordings.2' Recordings from the endo-
cardium and epicardium of the posterior wall
and recordings from the interventricular sep-
tum were manually traced on a digitising
tablet connected to a microcomputer (Hewlett
Packard 1000, self-devised software. data
point recording at 10 ms intervals). The Penn
convention'8 was applied for left ventricular
wall tracings. The indices measured were the
peak rate of left ventricular enlargement in
diastole (cm/s), the peak rate of posterior wall
thinning (cm/s), the velocity of circumferential
chamber lengthening (s-1), and the peak
velocity of lengthening of the posterior wall
(cm/s).2I The accuracy of the digitisation pro-
cedure was improved by automatically averag-
ing each trace at least three times, and each
measurement over three consecutive cardiac
cycles, as recommended.22

REPRODUCIBILITY OF MEASUREMENTS
To test the interobserver variability for
echocardiographic measurements, we ran-
domly selected 15 M mode recordings of the
left ventricle, 15 pulsed Doppler recordings
used for isovolumic relaxation time determina-
tion, and 15 pulsed Doppler recordings of
mitral outflow. Indices of left ventricular dias-
tolic function were measured independently
by two observers unaware of patients' diag-
noses. Interobserver variability was calculated
as the absolute value of the difference between
the two measurements divided by the average
of two measurements multiplied by 100%.
Mean values of interobserver variability were
2-1% (SD 0 4%) for computerised M mode
measurements, and 6-2% (SD 5-3%) for
mitral outflow indices. Percentage of interob-
server variability for isovolumic relaxation
time measurements was 4-3% (SD 3 6%).

STATISTICAL ANALYSIS
Data are mean (SD) values. Groups were
compared by Student's unpaired t test.
Differences between groups of p < 0-05 were
regarded as significant.
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Table 1 Clinical and echocardiographic indices (mean
(SD)) in patients with primary antiphospholipid syndrome
(PAPS) and controls

Controls PAPS
Index (n = 18) (n = 18)

Age (y) 33 (8) 36 (9)
Heart rate (beat/min) 66 (9) 71 (6)
Systolic BP (mm Hg) 121 (9) 128 (14)
Diastolic BP (mm Hg) 68 (8) 73 (12)
LV mass index (g/m2) 90 (19) 87 (17)
LV EDD (mm) 48 (4) 49 (4)
LV ESD (mm) 29 (3) 31 (4)
FS (%) 37 (5) 37 (5)

BP, blood pressure; EDD, end diastolic diameter; ESD, end
systolic diameter; FS, fractional shortening; LV, left ventricular.

Table 2 Pulsed Doppler and computerisedM mode
indices (mean (SD)) in patients with primary
antiphospholipid syndrome and in controls

Control group PAPS
(n = 18) group

E wave (cm/s) 74 (12) 69 (14) (n = 18)
A wave (cm/s) 45 (6) 54 (16) (n = 18)*
E/A 1-68 (0 37) 1-35 (0 45) (n = 18)*
IVRT (ms) 85 (15) 95 (15) (n = 18)*
EF slope (m/s2) 5 8 (1-5) 4-8 (1-3) (n = 18)*
D+ (cm/s) 15-9 (3 3) 11-5 (3 5) (n = 13)t
PWT (cm/s) 10-6 (3-1) 8-4 (2.8) (n = 13)*
PVL (cm/s) 12-7 (2 8) 9-8 (3 3) (n = 13)*
VCL (s-') 4-6 (0 9) 3-4 (1-2) (n = 13)t

E, peak early diastolic filling velocity; A, peak filling velocity at
atrial contraction; IVRT, isovolumic relaxation time; EF slope,
rate of deceleration of velocity in early diastole; D+, peak rate of
left ventricular enlargement in diastole; PWT, posterior wall
thinning rate; PVL, peak velocity of lengthening of the posterior
wall; VCL, velocity of circumferential chamber lengthening.
*P < 0-05 and tP < 0-01 v controls.
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Figure 2 Peak late filling velocities (E) of the control
group, and ofpatients with primary antiphospholipid
syndrome (PAPS). Shaded area as in fig 1.
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Figure 3 EIA ratios of the control group and ofpatients
with primary antiphospholipid syndrome (PAPS). Shaded
area as infig 1.

Results
There were eight cases of mild valve disease
(three mitral and two aortic regurgitation) and
five small pericardial effusions in the primary
antiphospholipid syndrome group. There were
no differences between the two groups in heart
rate, systolic or diastolic arterial blood pres-
sure, left ventricular end diastolic and end sys-
tolic dimensions, or left ventricular mass and
fractional shortening (table 1). This meant
that diastolic indices could be validly com-
pared.

PULSED DOPPLER STUDY
Compared with controls, patients with pri-
mary antiphospholipid syndrome had a pro-
longed isovolumic relaxation time (P < 0 05),
an increased peak velocity of late mitral out-
flow (P < 0 05), and decreased values for the
rate of deceleration of velocity in early diastole
(P < 0 05) and for the early to late peak out-
flow velocity ratio (P < 0 05) (table 2 and figs
1-5).
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Figure 4 Isovolumic relaxation times (IVRT) of the
control group and ofpatients with primary
antiphospholipid syndrome (PAPS). Shaded area as in
fig1.
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Figure 1 Peak early
filling velolcities (E) of the
control group, and of
patients with primary
antiphospholipid syndrome
(PAPS). Shaded area
indicates the normal range
with 95% confidence
intervals.
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Figure 5 Rates of deceleration of velocity in early diastole
(EF slope) of the control group and ofpatients with
primary antiphospholipid syndrome (PAPS). Shaded area
as in fig 1.
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COMPUTERISED M MODE STUDY
The patients with primary antiphospholipid
syndrome had lower values than the controls
for the four measured indices: peak rate of left
ventricular enlargement in diastole (P < 0-01),
posterior wall thinning rate (p < 0 05), peak
velocity of lengthening of the posterior wall
(P < 0 05) and velocity of circumferential
chamber lengthening (P < 0-01) (table 2 and
figs 6-9).

Figure 6 Peak rates of
left ventricular enlargement
in diastole (D+) of the
control group and of
patients with primary
antiphospholipid syndrome
(PAPS). Shaded area as
in fig 1.
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Figure 7 Posterior wall
thinning rates (PWT) of
the control group and of
patients with primary
antiphospholipid syndrome
(PAPS). Shaded area as
in figure 1.
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Figure 8 Peak velocities
of lengthening of the
posterior wall (PVL) of the
control group and of
patients with primary
antiphospholipid syndrome
(PAPS). Shaded area as
in fig 1.

Figure 9 Velocities of
circumferential chamber
lengthening (VCL) of the
control group and of
patients with primary
antiphospholipid syndrome
(PAPS). Shaded area as
in fig 1.
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Discussion
This prospective, non-invasive study showed
an abnormal Doppler and computerised M
mode pattern of left ventricular diastolic func-
tion in a group of 18 patients with primary
antiphospholipid syndrome none of whom had
any clinically detectable manifestation of car-
diac disease.
We found a prolonged isovolumic relax-

ation time, a disturbed left ventricular early
filling pattern, and a decreased myocardial
lengthening rate in the primary antiphospho-
lipid syndrome group. This may indicate
impaired myocardial relaxation and/or filling
dynamics of the left ventricle23 in these
patients whose systolic performance indices
were normal. Similarly, diastolic dysfunction
with preserved systolic function has been
reported at the early stages of cardiovascular
diseases including hypertension and coronary
artery disease.'2

All except one of our patients were less than
45 years old, all of them had normal heart
rate, blood pressure, and left ventricular sys-
tolic function and mass index; none of them
had any previous history of coronary heart dis-
ease. Thus the main physiopathological condi-
tions known to alter left ventricular relaxation
or filling dynamics were excluded, so that the
diastolic function abnormalities can be
regarded as being directly related to the illness
itself.
We found only two reports of myocardial

involvement in patients with primary antiphos-
pholipid syndrome.1524 Asherson et al found
five cases of myocardial infarction in a series of
70 patients with primary antiphospholipid syn-
drome.'5 Murphy and Leach reported the case
of a 33 year old man with primary antiphos-
pholipid syndrome who died of cardiac failure.
Histological examination of the myocardium
showed extensive platelet thrombi within small
intracardiac arteries with areas of microinfarc-
tion. Antiphospholipid antibodies may disrupt
the normal coagulation cascade by interfering
with phospholipid surface interactions among
endothelial cells, platelets, and circulating pro-
teins.

Myocardial involvement has been more
extensively studied in patients with systemic
lupus erythematosus. Left ventricular diastolic
dysfunction has been recently reported in
lUpUS,'3 14 25 but without any reference to a pos-
sible link with high titres of antiphopholipid
antibodies. On the other hand, segmental or
global left ventricular hypokinesis has been
observed in lupus patients, and has been cor-
related to the presence of high titres of
antiphospholipid antibodies.67 Histological
evidence of inflammation, immune deposits in
the wall of blood vessels of myocardium,26 and
widespread intramyocardial arteriolar throm-
bosis with surrounding myocardial necrosisl 25
have been reported. A link between the pres-
ence of antiphospholipid antibodies and
microvascular lesions resulting in myocardial
ischaemia has thus been suspected in patients
with lupus.' 27 Myocardial ischaemia mediated
by antiphospholipid antibody may slow iso-
metric relaxation and impair left ventricular
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filling, in the same manner as reported in
patients with coronary heart disease.'2
We fournd an abnormal filling pattern in

patients affected by primary antiphospholipid
syndrome without any previous history of
myocardial infarction or coronary artery dis-
ease. This is further evidence of a causal link
between high serum titres of antiphospholipid
antibodies and cardiac involvement in primary
antiphospholipid syndrome and, by extension,
in systemic lupus erythematosus.

LIMITATIONS
Pulsed Doppler echocardiography is a simple,
reproducible method for studying the relax-
ation period and the dynamics of filling of the
left ventricle considered as a pump, but has
several limitations, in particular ignorance of
left atrial pressure level.20 Left ventricular
computerised M mode recordings describe
diastolic properties of the left ventricle consid-
ered as muscle,20 but for one cross sectional
diameter only. However, both methods
showed diastolic abnormalities in patients with
primary antiphospholipid syndrome and this
strengthens the relevance of our results.

CONCLUSION
We report previously undescribed abnormali-
ties of left ventricular relaxation and early filling
dynamics in a group of patients with primary

antiphospholipid syndrome and no clinical
symptoms of cardiac disease. Further studies
are needed to determine the relation between
the impaired diastolic function associated with
high titres of serum antiphospholipid antibodies
and the later development of contractile state
disorders. It also remains to be established
whether antiplatelet or anticoagulant drug
treatment can prevent diastolic dysfunction in
patients with primary antiphospholipid syn-

drome.
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