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Abstract
A retrospective study was undertaken of 120
children with systemic lupus erythematosus
(SLE) seen in Paris and its immediate suburbs
who fulfilied at least four of the American
College of Rheumatology diagnostic criteria
for SLE, and in whom the disease was
diagnosed before the age of 16 and between
January 1975 and December 1987. Eleven of
these children (eight girls and three boys) all
more than 10 years of age (mean follow up 8-1
years; range 3-13) had thrombotic episodes
(9%). Thrombosis was one of the presenting
signs in seven patients; in five it was associ-
ated with typical symptoms of SLE, and in the
other two the thrombotic episode was isolated
and diagnosis of SLE was delayed one and
three years. Of a total of 16 thrombotic epi-
sodes (six of which were recurrent), 14
involved the leg veins, and in four there was
associated pulmonary embolism. There were
two episodes that affected cerebral arteries.
The American College of Rheumatology
diagnostic criteria for SLE as weli as the inci-
dence of lupus anticoagulant, positive direct
Coombs test, and vasculitis in this group of
patients was compared with the incidence in
patients with SLE but no thrombosis. Only
lupus anticoagulant was significantly associ-
ated with thrombotic episodes: eight of 11
(73%) of patients with SLE and thrombotic
(arterial or venous) episodes had lupus anti-
coagulant compared with only 10 of 74
patients (14%) with no history of thrombotic
events in the same age group.

Arterial and venous thrombosis in the absence
of certain risk factors (infection, operations, and
vascular abnormalities) are exceptional in
children. Case reports have been published
about thrombotic episodes in children with sys-
temic lupus erythematosus (SLE).1-7 Because
large series of children with SLE hardly men-
tion thrombotic complications it is not possible
to evaluate their prevalence or associated clini-
cal and laboratory features in this age group.
Venous and arterial thromboses are important
in adult SLE, but it is difficult to evaluate their
incidence because series are not always compa-
rable. In a prospective study, Alarcon Segovia et
al followed up 500 patients with SLE and found
that 43 had thrombophlebitis (recurrent in 14)
and 16 had arterial occlusions.8 The leg veins
were the most commonly reported site.9 Arterial
thromboses are less common, and they usually
affect the intracranial or extracranial cerebral

arteries, in particular the territory supplied by
the middle cerebral artery.'0

In this paper we report the incidence of
thrombotic episodes in a large series of children
with SLE, and examine other clinical and
laboratory features of SLE that may occur in
association with these episodes.

Patients and methods
In 1986 we began a collaborative study of
patients who fulfilled at least four of the
diagnostic criteria for SLE as defined by the
American College of Rheumatology, "I as well as
the following conditions: patient admitted to
hospitals in Paris or its immediate suburbs
(departments 92, 93, and 94) in whom the
disease was first diagnosed before the age of 16
and between January 1975 and December 1987.
Drug induced disease was excluded. Given the
nature of the French health system we can
assume all children with SLE were admitted to
hospital at least once and were therefore
recorded in our study. Of the 120 patients who
fulfilled these conditions 11 patients presented
with thrombotic episodes and are described in
detail. Because all patients with thrombotic
episodes were between 10 and 16 years of age,
their clinical and laboratory features were com-
pared with those of 81 patients who did not
develop thrombosis in the same age range. The
significance of differences between groups was
calculated by the x2 test with Yates's correction.

In addition, we describe two interesting
patients with thrombotic episodes who were
thought to have SLE. They are excluded from
our SLE group because we applied the Amer-
ican College of Rheumatology criteria strictly
and they fulfilled only two or three of them.

Routine and immunological laboratory stu-
dies were done in different laboratories of the
various hospitals, using standard techniques,
and included antinuclear antibodies, anti-DNA
antibodies, positive lupus erythematosus cell
preparation, presence of antibodies to extract-
able nuclear antigens (ribonucleoprotein anti-
gen or RNP, Sm antigen, Ro/Sjogren syndrome
A antigen or Ro/SSA, La/Sjogren syndrome B
antigen or La/SSB) and direct Coombs test. In
addition, a false positive syphilis serology was
ascertained when the Venereal Disease
Research Laboratory reaction was positive and
the Treponema pallidum haemagglutination or
the fluorescent treponemal absorption test were
negative.
On initial admission before treatment, most

children had had complete coagulation profiles
done including prothrombin time, kaolin
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cephalin clotting time (KCCT), platelet count,
and individual factor assays. If either the
prothrombin time or KCCT were prolonged,
the presence of lupus anticoagulant was

detected by measuring KCCT on a 1:1 mixture
of citrated patient's plasma and pooled normal
plasma. The presence of lupus anticoagulant
was confirmed if a prolonged KCCT was not

corrected by mixing it 1:1 with pooled normal
plasma, which would be the case if the pro-

longed KCCT was the result of a deficit in
coagulation factors.

Results
CLINICAL AND LABORATORY FEATURES OF

PATIENTS WITH SLE AND THROMBOTIC EPISODES

Eleven patients (eight girls and three boys) had
at least one thrombotic episode (tables 1 and 2).
All were over 10 years of age (mean age 118)
and had a mean follow up of 8 1 years (range

3-13 years). Two girls were sisters (cases 6 and
7); they have been mentioned elsewhere.3

In seven children the thrombosis was one of
the presenting symptoms. In five it was associ-
ated with typical symptoms of SLE, while in
two it was isolated, and the diagnosis of SLE
was only made one year (case 3) and three years

(case 11) after the onset of disease. Six patients
had only one thrombotic episode each, but five
had more than one: recurrent venous thrombo-
sis (n=4), venous thrombosis and pulmonary
embolism (n=2), and arterial and venous

thrombosis (n= 1). Of a total of 16 thrombotic
episodes, 14 were in leg veins, and in four in-
stances they were associated with pulmonary
embolism. Two affected the territory of the
middle cerebral arteries. Nine patients had
venous thrombosis of leg veins: superficial veins
(n=5), both superficial and deep veins (n=2),
and deep veins (n=2). Deep venous thrombosis
was confirmed by phlebography and pulmon-

Table I Clinical characteristics of 1I patients with systemic lupus erythematosus who developed thromboses

Case Sex Age at Thrombosis Other clinical signs Follow up (years)
No onset and outcome

of disease Site Time after onset
(years) of disease (years)

1 M 11-0 Superficial vein, left lower 1-3 and 7-6 Oral ulcers, vasculitis, pleural 10-0, clinical
leg (two episodes) effusion, thrombocytopenia, remission

leucopenia, proteinuria (focal
glomerular nephritis)

2 M 14-1 Deep leg veins Malar rash, vasculitis, pancytopenia, 6-3, clinical
Left femoropopliteal 4 5 nephrotic syndrome (proliferative remission
Left iliofemoralpopliteal 7-2 glomerular nephritis)

3 F 10-1 Superficial femoral vein At onset Photosensitivity, polyarthritis, 4 5, clinical
and pulmonary embolism leucopenia remission

4 F 13-8 Deep and superficial At onset Malar rash, photosensitivity, 3-2, clinical
iliofemoral veins vasculitis remission

5 F 11-6 Right iliofemoral vein and 2-6 Malar rash, vasculitis, 10-5, clinical
pulmonary embolism photosensitivity, polyarthritis remission

6 F 10-7 Superficial right leg vein At onset Oral ulcers, Raynaud's disease, 3-8, death
vasculitis, arthritis, pericarditis,
thrombocytopenia, leucopenia,
proteinuria

7 F 11-9 Superficial lower leg vein At onset Vasculitis, polyarthritis, proteinuria 1[9, clinical
and pulmonary embolism proliferative glomerular nephritis, remission
Deep iliofemoral vein 5 8 fetal death at 30 weeks

8 F 10-4 Superficial left leg vein 1-8 Malar rash, nephrotic syndrome 10-9, death
(proliferative glomerular nephritis)

9 F 11-4 Superficial right leg vein At onset Haemolytic anaemia, 13-5, clinical
(two episodes) and thrombocytopenia, proteinuria remission
pulmonary embolism (membranous glomerular nephritis)

10 F 11-8 Inferior vena cava and left At onset Malar rash, right side 12-0, clinical
iliofemoral vein paraesthesiae remission

Left middle cerebral 8-0
artery territory

11 M 14-3 Right middle cerebral At onset Malar rash, thrombocytopenia, 3 0, death
artery territory leucopenia, proteinuria, left

hemiplegia, choreic like movements,
headaches, left hypoacousia, dysarthria

Table 2 Laboratory features in 11 patients with systemic lupus erythematosus and thrombosis and in control subjects

Case Anti-DNA Antinuclear Antibodies to False positive Coombs Lupus
No antibody antibody extractable nuclear serology test anticoagulant

antigens present for syphilis

1 Yes Yes Sm ND Yes Yes
2 Yes Yes No No No No
3 Yes Yes Ro/SSA No Yes Yes
4 Yes Yes No Yes Yes Yes
5 Yes Yes ND Yes Yes Yes
6 Yes Yes La/SSB Yes Yes Yes
7 Yes Yes No Yes Yes Yes
8 Yes Yes ND ND No No
9 Yes Yes ND ND Yes No
10 Yes Yes Sm No ND Yes
11 No No No Yes Yes Yes

Patients 104/108 109/109 Sm 8/47 38/79 13/100
without 20/82
thrombosis

ND, not done.
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ary embolism by isotopic lung scanning. One
patient (case 10) had both arterial and venous
lesions and one (case 11) had exclusively arterial
thrombosis.
At onset case 10 presented with thrombosis of

both the inferior vena cava and the left iliofem-
oral vein. Arterial thrombosis was presumed
because cerebral computed tomography showed
an ischeaemic lesion (area of hypodensity) in the
left thalamic region eight years after onset and
the patient had right sided paresthesiae. Arter-
iography was not done.
The other case of arterial thrombosis (case 11)

presented at the onset of SLE with thrombosis
of both superficial sylvian arteries that was con-
firmed by carotid arteriography. Computed
tomography of the brain showed ischaemic
lesions of the right tempororolandic area. He
had episodes of occipital and temporal
headaches associated with choreic type abnor-
mal movements of his right side that preceded
left hemiplegia, difficulties in pronunciation,
diminution of visual acuity in the lower visual
quadrants, and a left hearing deficit. He reco-
vered the use of his left side, but continued to
have headaches associated with visual impair-
ment and abnormal choreic type movements of
the right side. Apart from the initial overt
infarction within the territory of the middle
cerebral artery, transient ischaemic attacks
might explain the severe headaches and the
transitory visual impairments with which he
presented. He died of acute pancreatitis pre-
sumably related to SLE, though an infective
cause cannot be excluded. He was the only
patient who lacked 'typical' anti-DNA and anti-
nuclear antibodies.
Three patients (cases 1, 2, and 6) had

haemorrhagic syndromes that presented with
purpura and ecchymosis. All had severe
thrombocytopenia (platelet count less than
lOOx 109/1).
Lupus anticoagulant was found in eight of the

11 patients (table 2). In most of them it was
repeatedly measured and found either to per-
sist or to become positive after several years of
follow up. There was only one exception (case
6) in whom it became negative three years after
onset of disease.

All the patients with SLE received com-
parable doses of steroids when the disease
was diagnosed; patients with thromboses also
received anticoagulants. At the time of writing
eight of the patients were in remission (table 1).
Three patients died, though none from compli-
cations of their thrombotic episodes: one died of
pancreatitis (case 11), one of myocarditis (case
6), and one of rupture of the arterial suture
immediately after renal transplantation (case 8).
This patient was the only one with thrombotic
episodes who developed end stage renal failure.
When the incidence of vasculitis, lupus anti-

coagulant, positive Coombs test, and the pre-
sence of American College of Rheumatology
diagnostic criteria for SLE in this group of
patients was compared with that among patients
without thrombotic complications, the only sig-
nificant difference was in the presence of a
lupus anticoagulant: eight of 11 (73%) of
patients with SLE and thrombotic (arterial or

venous) episodes had lupus anticoagulant, com-
pared with only 13 of 100 patients who had no
thrombotic episodes (p<0-001). Nine patients
in our series did not have coagulation profiles
done.

THROMBOTIC EPISODES IN TWO PATIENTS WITH
LESS THAN FOUR CRITERIA FOR SLE
Two patients with less than four American Col-
lege of Rheumatology criteria for SLE (one
boy and one girl) presented with thrombotic
episodes. The boy had non-painful swelling of
his left lower limb and phlebography showed
chronic thrombotic occlusion of the popliteal,
femoral, and saphenous veins. In addition, he
had anti-DNA antibodies, false positive
serology for syphilis, thrombocytopenia, and
positive lupus anticoagulant. Treated with
hydroxychloroquine, he is doing well after 10
years follow up.
The girl presented with thrombocytopenia,

positive lupus anticoagulant, false positive sero-
logy for syphilis, low titres of anti-DNA anti-
bodies, anaemia with a positive direct Coombs
test, and primary acute adrenal insufficiency in
addition to deep venous thrombosis of lower
limbs. Antibodies against adrenal tissue were
not determined and an adrenal venogram was
not done. She was treated with cortisone and
fludrocortisone and at the time of writing was
doing well after nine years of follow up.

Discussion
Eleven children (9%) in our series of 120
patients with SLE had single or recurrent
thrombotic episodes. Most of the episodes were
venous. Thrombotic episodes in the absence of
certain risk factors are uncommon in children,
and the diagnosis of SLE must be considered.
Inherited factors predisposing to thrombosis,
however, must also be evaluated. In our retros-
pective study protein S and protein C concen-
trations in plasma were not determined and
antithrombin III deficiency was not investi-
gated.

Children with SLE and thrombotic episodes
have only been described in case reports to our
knowledge. Olive et al described a 9 year old
boy who had extensive thrombosis of the
inferior vena cava and femoral veins associated
with thrombocytopenia and haemolytic anaemia
as the presenting sign of SLE.' St Clair et al
described a 14 year old boy with painless swell-
ing of his right thigh; SLE was subsequently
confirmed.2 Bernstein et al discussed two girls
aged 10 and 14 who presented with recurrent
venous thrombosis and positive lupus anti-
coagulant.4 The first patient had confirmed
SLE with deep venous thrombosis of the lower
extremities, and the older one had positive anti-
DNA antibodies and false positive serology for
syphilis associated with Budd-Chiari syndrome
and superficial thrombosis of the leg veins. A
boy aged 12, one of the children described by
Pelkonen et al, presented with thrombosis of the
femoral vein, pulmonary embolism, throm-
bocytopenia, anti-DNA antibody and lupus
anticoagulant.5 He developed obvious SLE
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three years later. All these patients had positive
lupus anticoagulant and were treated with anti-
coagulants in addition to corticosteroids. A 5
year old girl reported by Appan et al had SLE
with haemolytic anaemia as the presenting
symptom followed a year later (when corticos-
teroid treatment was interrupted) by multiple
arterial thromboses of the brain and retina and
peripheral venous thrombosis of both hands and
feet. She had a positive lupus anticoagulant.6
Recently renal artery thrombosis and hyperten-
sion with positive lupus anticoagulant were
reported in a 13 year old girl with SLE.7 She
also had neurological symptoms and a com-
puted tomogram suggestive of cerebral throm-
bosis. She was treated with prednisone, anti-
hypertensive drugs, and anticoagulants and her
condition was satisfactory. No deaths were
reported by these authors. In our series three
patients died, none from complications of their
thrombotic episodes.
We also described two other patients with

thrombotic episodes who did not fulfill the
American College of Rheumatology criteria for
SLE. One of them presented with adrenal insuf-
ficiency. Case reports of thrombotic complica-
tions in young patients with lupus anticoagulant
without clear cut SLE are rare. Kelley and Ber-
ger reported a 16 year old girl with a right mid-
dle cerebral occlusion and deep venous throm-
bosis of the lower limbs associated with lupus
anticoagulant, false positive syphilis serology,
and antinuclear antibodies, but who had less
than four of the criteria for SLE.'2 Two boys
aged 12 and 13 years old were described by
Ravelli et al; they had deep venous thrombosis
associated with anticardiolipin antibody and
lupus anticoagulant.13 One had low titres of
antinuclear antibody. Pelkonen et al reported on
a 10 year old girl with thrombosis of the vena
cava and both iliac veins who had initially pre-
sented with adrenal insufficiency.5 Apart from
these only adult case reports have associated
acute adrenal insufficiency with recurrent deep
venous thrombosis and antiphospholipid anti-
bodies.'4 15 As to the aetiology and pathogene-
sis, the reported absence of antibodies to
adrenal tissue seems to negate the autoimmune
hypothesis, and the possibility ofbilateral adrenal
vein thrombosis should be considered. In our
patient with adrenal insufficiency, antibodies
against adrenal tissue were not measured, and as
the possibility of venous thrombosis was not
suspected at the time, an adrenal venogram was
not done.

In our series a significant number of the chil-
dren with SLE and thrombotic episodes had
positive lupus anticoagulant compared with
those who had no history of thrombosis. Adult
series have extensively documented this associa-
tion since Bowie et al first described it in 1963.16
The lupus anticoagulants are a spontaneously
acquired population of antibodies (IgM, IgG)
initially described in SLE patients'7 that inter-
fere with in vitro phospholipid dependent
coagulation reactions."g Bleeding is uncommon
in the absence of associated severe thrombo-
cytopenia, qualitative platelet defects, hypo-
prothrombinaemia, or coagulation factor
deficiencies.'9 The lack of standardisation and

the differing sensitivities of various assays to
detect lupus anticoagulant, as well as differ-
ences in patient populations, make comparisons
between different studies difficult and probably
account for incidences that vary from 6-18%'9
to 40-50%.2o In our series, 21/111 (19%) of our
patients with SLE had lupus anticoagulant. At
present, diagnosis of lupus anticoagulant should
be strengthened by confirmatory studies using
the tissue thromboplastin inhibition test, the
dilute Russell viper venom time, or the platelet
neutralisation procedure.2' The anticardiolipin
antibody was not measured in our retrospective
series. It is a sensitive test for the detection of
antiphospholipid antibodies, and its determina-
tion is becoming increasingly important.

Several hypotheses were reviewed in a recent
paper to try to explain the relationship between
antiphospholipid antibodies and thrombosis,
but at present it cannot be said if lupus anti-
coagulant is the cause, the result, or an epiphe-
nomenon of thrombosis.2' Given the phospholi-
pid specificity of lupus anticoagulant, altera-
tions in either endothelial or platelet membrane
functions would seem the most likely explana-
tions for lupus anticoagulant induced throm-
botic complications. It has been hypothesised
that lupus anticoagulant may increase coagulant
properties by decreasing anticoagulant systems
that depend on the endothelium.21 The affinity
of the lupus anticoagulant for phospholipids
might explain its reported association with
thrombocytopenia,9 and false positive syphilis
reactions.'9 Lupus anticoagulant fixation on
phospholipid membranes might lead to peri-
pheral destruction. Cross reactions with the
cardiolipin antigen used in Venereal Disease
Research Laboratory reactions might explain
the high percentages of false positive serology
for syphilis in patients with lupus anticoagulant.

In adult series, a syndrome consisting of a
tendency to recurrent thrombosis together with
recurrent mid-pregnancy fetal loss,22 throm-
bocytopenia, haemolytic anaemia,23 livedo
reticularis,24 valvular heart disease,'0 25 26 and
chorea associated with antibodies against phos-
pholipids, has been proposed.27 28 Severe mig-
rainous headaches may antedate other cerebral
vascular symptoms.29 Case 11 with arterial
thrombotic episodes had had severe headaches
five years before diagnosis of disease.

Alarcon Segovia et al argue that patients with
and without SLE but who have at least two fea-
tures significantly associated with the presence
of anticardiolipin antibodies (venous thrombo-
sis, thrombocytopenia, haemolytic anaemia, leg
ulcers, or recurrent fetal loss) in addition to
antiphospholipid antibodies, should be inclu-
ded in a antiphospholipid syndrome.8 The iden-
tification of a more homogeneous subset of
patients might provide new insights into the
pathophysiology and the treatment of the anti-
phospholipid syndrome and of SLE as well.
Our reported incidence of thrombosis in

childhood onset SLE is rarely reflected in
published reports, but merits attention. Even if
currently required standardised procedures for
determining lupus anticoagulant were not
entirely satisfied, given the retrospective nature
of our study, our data are strongly suggestive of
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a relationship between lupus anticoagulant and
thrombosis in SLE in childhood. Though there
is at present no test that can predict which
patients will actually develop symptoms, lupus
anticoagulant (or anticardiolipin antibodies, or
both) should be determined to screen patients at
risk for thrombotic complications (including
recurrent abortions in older female patients).
Data accumulated so far do not justify therapeu-
tic interventions on the basis of the presence of a
lupus anticoagulant alone, and in our series long
term anticoagulant treatment was avoided in
children with thrombotic episodes because of
the haemorrhagic risk during play and sport.
An increasing number of patients with lupus
anticoagulant with or without clear cut SLE are,
however, receiving long term treatment with
low doses of aspirin to reduce the risk of recur-
rent thrombosis.25 29

The study was supported by MGEN contract number 3926,
Paris, France.
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Addendum
Since the submission of this article a girl, aged
10-5 years at onset of SLE, presented with
thrombosis of a superficial lower leg vein 13
years later. She had initially presented with
malar rash, polyarthritis, vasculitis, positive
lupus erythematosus cell preparation, direct
Coombs test, antinuclear and anti-DNA anti-
bodies. No lupus anticoagulant was initially
done.
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