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Prospective study of fluctuations of lupus
anticoagulant activity and anticardiolipin antibody
titre in patients with systemic lupus erythematosus

Henk J Out, Marja van Vliet, Philip G de Groot, Ronald H W M Derksen

Abstract
Fluctuations of lupus anticoagulant activity
and anticardiolipin antibody titres were studied
in 53 patients with systemic lupus erythe-
matosus (SLE). The median study time was
26 months with a median number of 12
samples. Lupus anticoagulant was measured
by the kaolin clotting time (KCT) and dilute
Russell viper venom time (dRWT) assays;
anticardiolipin antibodies were assayed by an
enzyme linked imimunosorbent assay (ELISA).
Normal and increased KCTs or dRWTs

were seen during follow up in 13 and 12
patients, respectively. IgG anticardiolipin
antibodies changed from negative to positive
or positive to negative in 26 patients and IgM
anticardiolipin antibodies in 16 patients.
Disease activity and treatment with prednisone
could account for these fluctuations in the
kaolin clotting time (KCT) in 7 of 13 patients
and in the dRWT in 2 of 12 patients. Whole
group analysis showed that the KCT, dRVVT,
and IgM anticardiolipin antibodies were not
associated with disease activity, in contrast
with IgG anticardiolipin antibodies. During
treatment with prednisone normal KCT and
dRWT results were obtained more easily
than normal anticardiolipin antibody levels. It
is recommended that lupus patients should
not be classified as antiphospholipid antibody
positive or negative on the basis of only one
sample.
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The lupus anticoagulant and anticardiolipin
antibodies are closely related and are directed
against negatively charged phospholipids. 1 Dur-
ing the last decade their presence has been
associated with a variety of clinical symptoms,
known as the antiphospholipid syndrome.2 The
main features of this syndrome are thrombosis,
fetal loss, and thrombocytopenia. Most patients
with the antiphospholipid syndrome have
systemic lupus erythematosus (SLE),3 but it has
also been described as a primary syndrome in
patients without any underlying disease.4
Although the pathogenetic potential of anti-

phospholipid antibodies has not been proven,5
patients with the antiphospholipid syndrome
are increasingly subject to treatment, especially
during pregnancy.' 7
To evaluate the clinical significance of these

antibodies, information on the natural course of
lupus anticoagulant and anticardiolipin anti-
bodies and their reactions during lupus flares or
treatment with prednisone is essential. Pre-
viously, we reported the fluctuations of lupus
anticardiolipin antibodies in a prospective study

of 53 patients with SLE.8 We showed a signifi-
cant relation of IgG anticardiolipin antibodies
and IgM anticardiolipin antibodies with disease
activity in 11 and four patients, respectively.
Moreover, it was shown that IgG anticardiolipin
antibodies fluctuated in 10 and IgM anticardio-
lipin antibodies in nine patients with no or mild
disease activity during follow up (n=20).

In this study we investigated the incidence of
lupus anticoagulant variability in the same
cohort of lupus patients in relation to lupus
disease activity and treatment with prednisone.
The results were compared with the earlier
described findings for anticardiolipin anti-
bodies.8

Patients and methods
PATIENTS AND SAMPLES
From September 1984 we have collected blood
samples from patients with SLE, diagnosed
according to American Rheumatism Association
criteria,9 at each visit to our outpatient clinic
and during hospital admissions. In this study
we included all 53 patients from whom at least
seven blood samples were available in August
1988. There were 49 women (median age 36
years, range 18-67 years) and four men (median
age 33 years, range 30-37 years). The median
duration of follow up was 26 months (range
6-47 months) and a median of 12 samples
(range 7-22) was taken. The number of available
samples increased with the duration of follow
up. In total, 558 samples were evaluated.
Twenty eight women had an obstetric history,

including 29 live births in 21 women, and 28
fetal losses in 14 patients (range 1-5 losses
per patient). Thirteen patients had had a
thrombosis, of whom nine were still receiving
oral anticoagulants during the study period.
Thirteen patients had a history of thrombo-
cytopenia, of whom 10 also had thrombocyto-
penic events during the study period. Episodes
with thrombosis or fetal loss all took place at
least three years before the study period.

Blood samples for the determination of lupus
anticoagulant were taken by venepuncture into
a 0 1 volume of 3-8% trisodium citrate. Platelet
poor plasma was prepared by centrifuging the
blood twice at 4°C and 2000 g for 15 minutes.
Blood samples for the preparation of serum for
determinations of anticardiolipin antibodies
were collected by venepuncture into glass tubes.
The blood was allowed to clot at room tempera-
ture for two hours and was centrifuged at 2000 g
for 10 minutes to obtain serum samples. All
plasma and serum samples were stored at
-70°C before determination. All samples from
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individual patients were tested for lupus anti-
coagulant or anticardiolipin antibodies on the
same day.

DISEASE ACTIVITY
Disease activity and treatment with prednisone
were recorded at each sample point. Disease
activity was assessed with a previously published
scoring system consisting of typical clinical and
laboratory features of SLE and classified as

inactive (score 0-1), mild (score 2-3), moderate
(score 4-5), or severe (score 3v6).8 The index
has been validated by Ter Borg et al by
comparing its score with the score on a 10 cm
visual analogue scale assessed by clinicians
experienced in the management of lupus
patients (r=0'67, p<0 001).10

LUPUS ANTICOAGULANT
The presence oflupus anticoagulant was assessed
by two clotting assays.

Kaolin clotting time
This was determined using the method of Exner
et al. Test and control plasma were mixed at

37°C at different ratios (0, 50, and 100% test

plasma) in plastic tubes. Immediately after
mixing, 01 ml of the mixture was incubated
with 0-05 ml kaolin (20 mg/ml Michaelis acetate/
veronal buffer solution) for three minutes at

37°C. Calcium chloride (25 mmol/l, 0 I ml) was

added and the time taken to form clots was

accurately measured in duplicate with an auto-

mated coagulometer (KCGO; Amelung, Lieme,
Germany). Results were expressed as a KCT
index according to the formula described by
Rosner et al'2:

(KCT 1:1 mixture)-(KCT control plasma) 100
(KCT test plasma)

In healthy controls (n=42) an index of 5 (12)
(mean (2 SD)) was calculated. Values above 17
indicated the presence of lupus anticoagulant.

Dilute Russell viper venom time assay

The dRVVT assay was performed as described
previously. 3 Briefly, Russell viper venom (Bur-
roughs Welcome, Raleigh, NC, USA) was

reconstituted as instructed by the manufacturer
and further diluted 1:200 in TRIS buffered
saline (0.15 mol/I sodium chloride, 0-02 mol/l
TRIS, pH 7'5) and stored on ice. The phos-
pholipid reagent Thrombofax (Ortho Diagnos-
tics Systems, Raritan, NJ, USA) was diluted 1:8
in TRIS buffered saline. The dRVVT assay was

performed by incubating 0 - ml plasma, 0 - ml
diluted Russell viper venom, and 0'l ml diluted
phospholipid for 30 seconds at 37°C, after
which 0*l ml 25 mmol/l calcium chloride was

added and the clotting time recorded with the

coagulometer. Mean (SD) values of 42 normal
controls tested on four different occasions were

29-3 (2'2), 38'7 (3 2), 39-8 (3 6), and 41-0 (3 6)

s. The mean standard deviation was 3-2 s.

Normal values on each test day were established
by the mean dRVVT of three different normal
donors plus two standard deviations (6-4 s). The

dRVVT was considered positive when pro-

longed clotting times were not corrected by the

addition of an equal volume of normal plasma.

ENZYME LINKED IMMUNOSORBENT ASSAY FOR

ANTICARDIOLIPIN ANTIBODIES

Anticardiolipin antibodies (IgG and IgM) were

measured by an enzyme linked immunosorbent
assay as described by Loizou et al'4 and

modified by Derksen et al.15 Positive results

were taken as a value in units more than two

standard deviations greater than the value

obtained with a pooled control serum derived

from 71 healthy volunteers. All results were

expressed as the ratio of patient anticardiolipin
antibody levels to that of the results plus two

standard deviations of pooled normal serum

assayed on the same ELISA plate (anticardiolipin
antibody index) to make comparisons of anti-
cardiolipin antibody assays performed on dif-
ferent days and to perform whole group analysis.
An index of less than 1 represented negative
anticardiolipin antibody levels and an index of 1

or more was considered positive.

Table I Follow up of 17 patients with fluctuating KCT assay results (n= 13) or fluctuating dRVVT assay results, or both (n= 12). Only significant
p values are given

Patient No of No of Duration of Range of Range of Correlation coefficient Correlation coeffiaent
No KCT assay dRVTT assay follow up disease prednisone of disease activity score with of prednisone dose with

results results (months) activity dose (mg)
positive/negative positivelnegative score KCT dRVVT KCT dRVVT

1 0/21 2/19 19 1-7 15-30 0-08 -0 08
2 1/8 0/9 24 0-11 - 0.79*
3 12/4 15/1 22 0-1 - -0 25 0-34
4 15/0 10/5 41 0-13 0-75 -051 -038
5 12/3 2/13 37 0-5 5-10 0-32 -0-14 -040 0-42
6 11/4 4/11 43 0-2 0-40 0 14 0-03 -0 85t -0-25
7 11/2 11/2 39 0-4 0-40 -043 -0-34 -0-94f -0-56*
8 9/5 11/3 43 0-9 0-60 -0 43 -0-32 -0-27 -0-31
9 3/6 0/9 6 1-10 25-60 0-86t -0 19
10 18/1 19/0 35 0-6 - 037
11 5/4 6/3 19 1-4 20-65 0-59 -011 -0-17 -0 57
12 12/3 1/14 20 2-14 0-60 0.52* 085t -0 10 -0-24
13 0/16 1/15 25 0-5 5-25 -0-32 -0 01
14 12/2 11/3 18 1-6 5-60 0-28 -0-20 -0-68t 0-24
15 3/14 0/17 15 2-11 10-40 -0 10 -049
16 5/3 0/8 16 0-3 5-40 0 51 -0-80*
17 0/7 2/5 19 0-2 - 0-53

Abbreviations: KCT=kaolin clotting time; dRVVT=dilute Russell viper venom time.
*p<005.
tp<001.
tp<O-OOl.
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Figure I Follow up oflupus anticoagulant and anticardiolipin antibodies (ACA) in patient
4 during afive month period. During treatment with high doses ofprednisone, anticardiolipin
antibody levels (IgGACA ... A..., IgM ACA -0- ) returned to normal, but kaolin
clotting time (KCT- + -) remained positive.
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Figure 2 Oneyearfollow up ofpatient 8. The anticardiolipin antibody levels were always
positive during treatment with prednisone. The kaolin clotting time (KCT- + -) and dilute
Russell viper venom time (dRVVT) initially became negative, but returned to positive values
after afurther decrease ofthe prednisone dose. Note that anticardiolipin IgM levels also
decrease (IgG ACA ... A..., IgMACA -0-), but only after several months.

Fable 2 Intemrelations between kaolin clotting time (KCT), dilute Russell viper venom
time idRVVT), anticardiolipin antibodies (IgG ACA, IgM ACA), and disease activity score
by X analysis (degrees offreedom) in 318 blood samples obtained from 53 patients with
systemic lupus erythematosus

dRVVT IgG ACA IgM ACA Disease activity
score

KCT X2=206 (1) X2=49-0 (1) X2=24-7 (1) X2=5-67 (3)
p<0001 p<0-001 p<0-001 p=O- 129

dRVVT X2=58-1 (1) X2=29-9 (1) X2=3-86 (3)
p<O-OO1 p<O0OOl p=0-277

IgG ACA x'=219-1 (1) X2=7-98 (3)
p<O-OOl p=0046

IgM ACA 0x2=-53 (3)
p=0-911

STATISTICS
Pearson's correlation coefficients, x2 tests were
used where appropriate. No discrimination
between different normal KCT or dRWT
assay results was made when Pearson's corre-
lation coefficients were calculated. When the x2
analysis was performed, all antiphospholipid
antibody assays were regarded as dichotomous
variables (either positive or negative). Fluctu-
ations of lupus anticoagulant and anticardiolipin
antibodies were defined as shifts from positive
to negative results or vice versa.

Results
FOLLOW UP

Of 53 patients, 11 always gave positive results in
the KCT assay, 10 in the dRWT assay, 10 in
the IgG ELISA, and 11 in the IgM ELISA.
Twenty nine patients always gave negative
results in the KCT assay, 31 in the dRVVT
assay, 17 in the IgG ELISA, and 26 in the IgM
ELISA. Fluctuations were seen in 13 patients
with the KCT assay, 12 patients with the
dRVVT assay, in 26 patients with the IgG
ELISA, and in 16 with the IgM ELISA.
Fluctuations were not accompanied by a change
in the platelet count or thrombosis.

VARIABILITY IN LUPUS ANTICOAGULANT ACTIVITY
Seventeen patients showed fluctuations in lupus
anticoagulant activity during follow up (table 1,
figs 1-3), including five patients with fluctuating
KCT assay results, four patients with fluctuating
dRVVT assay results, and eight patients with
fluctuating results for both the KCT and
dRWT assays. Of 13 patients with fluctuating
KCT assay results, three patients showed a
significant relation of the KCT with disease
activity and four patients with treatment with
prednisone, as assessed by Pearson's correlation
coefficient. In six patients the fluctuations in
KCT assay results were not significantly asso-
ciated with disease activity nor treatment with
prednisone. One patient (patient 15) showed a
decrease in positive KCT assay results to
normal values one month before a severe disease
activity score (score 11).
Of 12 patients with positive and negative

dRWT assay results during follow up, an
association with disease activity was significant
in one patient (fig 3). In one patient a significant
association of treatment with prednisone with
the dRWT assay results could be shown.

WHOLE GROUP ANALYSIS
The interrelations between KCT, dRWT, IgG
anticardiolipin antibodies, IgM anticardiolipin
antibodies and disease activity were examined
for the whole group using six random samples
(n=318) from each patient (table 2). Significant
relations were found between the results of all
antiphospholipid antibody assays (X2, p<0*001).
IgG anticardiolipin antibodies were significantly
associated with disease activity (p=0046),
whereas the results of the KCT, dRVVT, and
IgM anticardiolipin assays were not.
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EFFECT OF PREDNISONE ON LUPUS
ANTICOAGULANT AND ANTICARDIOLIPIN
ANTIBODIES
Potential discordant effects of prednisone on
lupus anticoagulant and anticardiolipin anti-
bodies were studied in all patients with increased
KCT or dRWT assay results and increased

0 2 4 6 8 10 12
P- month

6 3 4activity 2 4
score

14 18 18 20 2,

86 6 144 3 4

_ - +-_ -

Figure 3 Follow up ofantiphospholipid antibodies in patient 12. The kaolin
(KCT- + -) ana anticardiolipin antibodies (IgG ACA ... A..., IgM ACA
assay results gradually increase in parallel with disease activity. One month bej
lupus exacerbation (score 14), the highest values ofanticardiolipin antibodies v
Dilute Russell viper venom time (dRVVT) assay results are positive at the timu
exacerbation. A ter treatment with high doses ofprednisone the KCT, dRVVT
ACA assay results return to normal values. The IgMACA titre decreases, but
raised relative to normal values.

+d
dRVVT

W l <20mg
(n=82)

+A-
ACA-lgG

Figure 4 Proportion ofsamples with positive and negative assay results rela
with low (<20 mg) or high doses (:20 mg) ofprednisone at the sampling time
with positive kaolin clotting time (KCT) or dilute Russell viper venom tsme (d
posstsve IgG orIgM anticardiolipin antibody (ACA) results with at leastfour
obtained during treatment with high doses ofprednisone are included (eight pa
samples). The number ofpositive samples during treatment with high doses of
theKCT assay was 17 (19%o), in thedRVVT asay 10 (18%), in theIgG A
(29%), and in theIgMACA ELISA 16 (30%). The dose ofprednisone and
were signficantly associated (i)for the KCT(p<0 001), and dRVVT(p=
but notfor theIgGACA and MACA ELISA.
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levels of IgG or IgM anticardiolipin antibodies,
from whom at least four samples were obtained
during treatment with 20 mg or more of
prednisone (n=8, patients 4, 6, 7, 8, 12, 14, 15,
16). When all available samples of these patients
(n= 121), including samples obtained during
treatment with less than 20 mg prednisone were
considered together, the proportion of positive
samples during treatment with high doses of
prednisone (¢20 mg) was 19% for the KCT
assay, 18% for the dRVVT assay, 29% for IgG
anticardiolipin antibodies, and 30% for IgM
anticardiolipin antibodies (fig 4). x2 Analysis
testing the independence of assay results
(positive or negative) against prednisone dose
(>20 and <20 mg) was rejected for the KCT
assay (p<0001) and the dRVVT assay
(p=0002), but not for the IgG and IgM
anticardiolipin antibody assays.

1.00 Discussion
This study shows that lupus anticoagulant

0.50 activity in patients with SLE can fluctuate
during the course of the disease. These fluctu-

0.00 ations are less common than shifts in the
2 presence of anticardiolipin antibodies. Positive

and negative lupus anticoagulant assays in the
same patient were seen in 12 (23%) patients
assessed by the dRVVT assay and in 13 (25%)
patients by the KCT assay. In comparison,
fluctuations of IgG and IgM anticardiolipin

clgtime antibodies from positive to negative or viceclottngt versa occurred in 26 (49%) and 16 (30%) of

fore severe patients, respectively. The relatively low occur-
uere seen. rence of lupus anticoagulant fluctuations ex-
ara plained the more consistent relation of lupus

remains anticoagulant with the antiphospholipid syn-
drome compared with anticardiolipin antibodies
(data not shown).
An association of disease activity with fluctu-

ations in the antiphospholipid antibody titre has
been described by Shergy et al.'6 Kalunian et
al"7 could not show such an association. We
found disease activity or treatment with pred-
nisone to be associateI with fluctuations of the
KCT assay results in 7 of 13 (54%) patients, and
of the dRVVT assay results in 2 of 12 (17%)
patients. In the remaining six and ten patients,
respectively, no apparent cause for the fluctu-
ations of lupus anticoagulant activity during
follow up could be given. However, we deter-
mined the relations between lupus anticoagulant
and disease activity or treatment with prednisone
by the correlation coefficient, which only detects
linear relations. It cannot be ruled out that these
associations are non-linear in some patients. In
one patient (patient 15) a decrease in KCT assay
results to normal levels preceded an exacerbation

+ _ of lupus, which has also been described for anti-

ACA-IgM DNA antibodies.'0 Also, it can be assumed that
prednisone shows its influence only after a

rted to treatment prolonged period of treatment. In addition,
a. All patients fluctuations of lupus anticoagulant may also

r samplas reflect the natural course of lupus anticoagulant
rtients, 121 or intercurrent viral infections.
Irednisonein In this same cohort of lupus patients we
CA ELISA 20 previously showed that IgG anticardiolipin anti-
the assay result bodies correlated with disease activity in 11
0-002) assays, patients (23%) and IgM anticardiolipin anti-
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bodies in four patients (9%).' Therefore, of all
the antiphospholipid antibodies IgG anticardio-
lipin antibody seems to be the most correlated
with lupus activity; this could also be shown in
the whole group analysis using six random
samples from each patient. The KCT, dRWT,
and IgM anticardiolipin antibodies failed to
show an association with disease activity, in
contrast with IgG anticardiolipin antibodies.
This association may be due to the fact that the
ELISA for IgG anticardiolipin antibodies,
rather than clotting assays such as the KCT or
dRWT assays, in part detects antibodies
produced as a result of a general polyclonal B
cell activation during lupus flares.
Whole group analysis also showed significant

relations between all antiphospholipid antibody
assays. The KCT and dRWT assays were most
significantly associated (X2=206, one degree of
freedom, p<0001). We have chosen these two
lupus anticoagulant assays because they are
easily performed using automated coagulometers
and are known to be very sensitive and specific.

This study also shows that the proportion of
positive KCT and dRWT assay results on
samples obtained during treatment with more
than 20 mg of prednisone is lower than the
proportion of positive ELISA results for anti-
cardiolipin antibodies, suggesting that during
high dose prednisone treatment lupus anti-
coagulant is more responsive to steroid treat-
ment than anticardiolipin antibodies (fig 4).
This agrees with an earlier observation that we
made on four (additional) patients. 19 In contrast,
the KCT assay results of one patient (patient 4,
fig 1) remained positive, despite treatment with
high dose prednisone, whereas the anticardio-
lipin antibody levels decreased to normal values,
showing the heterogeneity of antiphospholipid
antibodies. The discordant effects of treatment
with prednisone of lupus anticoagulant and
anticardiolipin antibodies must be taken into
account when lupus anticoagulant activity or
anticardiolipin antibody titres are used to deter-
mine the dose of prednisone-for example
during pregnancy. Anticardiolipin antibody
titres may decrease during treatment with high
doses of prednisone, but this effect may only be
noted after several months (fig 2).

In conclusion, we have shown that lupus
anticoagulant activity is a more constant para-
meter than anticardiolipin antibodies in patients
with lupus. However, fluctuations do occur,
sometimes in parallel with treatment with pred-
nisone or with disease activity. Therefore,
before classifying patients with lupus as anti-
phospholipid antibody positive or negative, it

should be realised that such a classification may
change with time. Monitoring the dose of
prednisone or lupus disease activity using anti-
phospholipid antibodies should be performed
carefully, as individual responses may differ,
reflecting the intrinsic heterogeneity of these
antibodies.

HJO is supported by a grant from the Praeventiefonds
(28-15 11).
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