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Abstract
Objective

Livedo reticularis (LR) is a skin vasculopathy that has been frequently described in patients with anti-phospholipid
syndrome (APS) and reported to be present in association with valvular heart pathology and strokes (i.e. Sneddon’s

syndrome). 

Methods
In a cohort of APS patients we investigated the possible association of LR with various clinical aspects of APS such

as pregnancy morbidity, central nervous system (CNS) and cardiac manifestations.

Results
Livedo reticularis was found in 50/308 (16%) of APS patients, and there was a significant association with cerebro-
vascular accidents (CVA), migraines and epilepsy (p = 0.01, 0.002, and 0.02 respectively). A similar association was
also detected between LR, and the presence of cardiac valve thickening and vegetations (p = 0.001). No association

with venous thrombosis, recurrent fetal loss, IUGR or toxemia was found.

Conclusion
Livedo reticularis is a frequent cutaneous manifestation in patients with APS. Its high association with cardiac and
CNS thrombosis may suggest that LR-APS patients compose a subset at higher risk for thrombosis, and thus may

require a closer follow-up and a more aggressive anticoagulation. 
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Introduction 
Livedo reticularis (LR) refers to the
purple reticular mottling of the skin
mostly involving the upper and lower
limbs, resulting from a narrowing of
the small and medium arteries at the
dermis-subcutis border (1). LR appears
in areas of anastomoses between two
cones where reduced blood flow is
associated with the dilatation of ven-
ules and capillaries, and the develop-
ment of blood inflow/outflow obstruc-
tion and hyperviscosity. The histopath-
ology of LR shows endothelitis and
obliterating endarteritis with no evi-
dence of true vasculitis (2, 3). 
Apart from being the commonest skin
manifestation in patients with anti-
phospholipid syndrome (APS), LR is
reported in association with autoim-
mune diseases such as systemic lupus
erythematosus (SLE), systemic sclero-
sis, celiac disease, and in systemic vas-
culitis such as polyarteritis nodosa, and
cryoglobulinemia (4-7). It was also re-
ported in healthy young women mainly
after exposure to cold, but when associ-
ated with APS, LR is usually dissemi-
nated and more persistent than it is in
healthy subjects (2).
The higher incidence of stroke in pa-
tients with LR in the absence of other
vascular risk factors was described in a
context of a syndrome defined as Sned-
don’s (8). The association between LR
and stroke, and the detection of anti-
phospholipid antibodies (aPL) in some
of these patients pointed to the possible
association between LR and thrombo-
sis in APS. In this regard it was shown
that endothelial cell antibodies were
detected in 35% of patients with Sned-
d o n ’s syndrome, but were absent in
patients with stroke but with no LR (9,
10).
Skin involvement may be the first man-
ifestation of APS in 40% of patients, of
whom one-third will develop multisys-
tem thrombotic events during the course
of the disease, pointing to the impor-
tance of detecting aPL in all subjects
with LR (11). In the current study we
demonstrate the prevalence of LR in a
large cohort of APS patients and the
association of LR with many clinical
aspects of APS. The significant associ-
ation between LR, CNS thrombosis

and cardiac manifestations of APS sug-
gests that the presence of LR should be
considered as a marker for predicting
the development of thrombosis in APS. 

Patients and methods
We conducted a multi-center, multi-
national study involving 3 centers in
Israel, 2 in Serbia, and 1 in the Slovak
Republic, with 308 APS patients (pri-
mary APS was diagnosede in 173 and
APS associated with SLE in 135
patients). All patients met the 1997
revised Sapporo criteria for APS. The
cohort included 260 women, and 48
men, mean age 40.2 ± 11.4 years, range
19-75 years, with a mean follow-up of
7.7 ± 5.5 years. All patients were retro-
spectively investigated for the presence
of both venous and arterial thrombosis
with a special emphasis on the associa-
tion between LR and systemic throm-
bosis (recurrent fetal loss was docu-
mented in 27% of patients, venous
thrombosis was diagnosed in 58% and
arterial thrombosis in 50%). All pa-
tients were studied for the presence of
moderate-high titers of anti-cardiolipin
antibodies (aCL), anti-β2glycoprotein1
antibodies (a β2GP1) and lupus anti-
coagulant (LA). 

Diagnosis of APS manifestations
Pregnancy morbidity. There were 3 un-
explained consecutive spontaneous
abortions before the 10th week of ges-
tation, with maternal anatomic, or hor-
monal abnormalities, and paternal and
maternal chromosomal causes exclud-
ed. There were one or more unexplain-
ed deaths of a morphologically normal
fetus at or beyond the 10th week of ges-
tation, with normal fetal morphology
documented by ultrasound or by direct
examination of the fetus. There were
one or more premature births of a mor-
phologically normal neonate at or be-
fore the 34th week of gestation because
of severe pre-eclampsia or eclampsia,
or severe placental insufficiency (12). 
Vascular thro m b o s i s . Episodes of ven-
ous or arterial thrombosis were diag-
nosed based on clinical symptoms and
further confirmed by imaging, Doppler
studies or angiography when needed.
C a rdiac manifestations. All patients
underwent 2-dimensional and Doppler
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color flow echocardiographic examina-
tion for determination of heart valve
abnormalities. Valvular thickening was
defined as focal areas of increased echo-
genicity and thickening of heart valve’s
leaflets. For the mitral valve, a thick-
ness of above 5 mm was considered ab-
normal. As for the other valves, thick-
ness was determined according to spe-
cific standards of the medical center.
Valvular dysfunction was defined as
the presence of stenosis or regurgita-
tion of at least moderate severity. Non-
infectious vegetations were defined as
echocardiographically identified mass-
es protruding from valvular leaflets, in
the presence of sterile blood cultures
and in the absence of fever. These path-
ologies were considered a part of the
APS only after excluding cardiac dis-
eases, hypertension, and diabetes.
Central nervous system manifestations.
Central nervous system (CNS) mani-
festations were defined as follows. Cer-
ebral vascular attacks (CVA, ischemic
strokes) had neurological signs lasting
more than 24 h. with evidence of in-
farction in an anatomically consistent
territory on computed tomography
(CT) or magnetic resonance imaging
(MRI). Cerebral transient ischemic
attacks (TIAs) had neurological signs
or symptoms lasting less than 24 hours
and fulfilling the criteria of the classifi-
cation of cerebrovascular diseases of
the National Institute of Neurologic
Disorder and Stroke (13). Epilepsy was
diagnosed by clinical history and elec-
tro-encephalo-graphic recording. Seiz-
ures were defined according to the clas-
sification of the international league
against epilepsy (14). Both idiopathic
migraines and chorea were defined by a
neurologist. Migraines were character-
ized as recurrent severe unilateral or
bilateral headaches, lasting 4-72 hours,
with or without aura, after excluding
other relevant etiologies for these dis-
orders such as tension headache, hyper-
tension, or sub-acute endocarditis. Pa-
tients were not on anti-coagulation at
the time of diagnosis. We chose to ex-
clude mild-to-moderate migraines, in-
cluding in the study only severe ones.

Association between LR and APS 
manifestations

The association between LR and the
above APS manifestations was analyz-
ed in all the patients.

Detection assays of anti-phospholipid
antibodies
Both aCL and aβ2-GPI were detected
by ELISA. Ninety-six wells of ELISA
plates (Nunc, Kamstrup, Roskilde,
Denmark) were coated with cardiolipin
(Sigma Chemicals Co., St. Louis, Mis-
souri, USA) 50 µg/ml in ethanol or β2-
GPI 10 µg/ml in PBS. Following
blocking with 3% BSA, sera at differ-
ent dilutions were added, and incubated
for 2 hrs at room temperature. Bound
antibodies were detected using goat
anti-human IgG or IgM conjugated to
alkaline phosphatase (Sigma) and
appropriate substrate. Extensive wash-
ing with PBS followed each step. The
color reaction was read in Ti t e r t r e k
E L I S A reader (SLT- L a b i s t r u m e n t s ,
Austria) at O.D. of 405nm.

Lupus anticoagulant
LA activity was determined by screen-
ing and confirmatory procedures.
Screening tests comprised activated
partial thromboplastin time (APTT)
and kaolin clotting time (KCT). As a
confirmatory test, we used the routine
hexagonal phospholipid correction
assay.

Statistical analyses
Categorical variables were compared
using a Chi-square test or Fisher’s ex-
act test as appropriate. Multivariate an-
alyzes was performed by constructing
logistic regression models. Statistical
significance was performed as a p-
value of less than 0.05.  

Results
Focusing on the prevalence of LR
among our APS studied patients, we
asked whether the finding of LR is in
association with any of the clinical
aspects of APS such as pregnancy mor-
b i d i t y, vascular thrombosis, and car-
diac or CNS manifestations. 
In all patients LR was recorded at the
time of APS diagnosis and was docu-
mented in 50/308 (16%) of the APS
patients. When the prevalence of LR in
a C L positive patients was examined,

the odds ratio for LR was 3.2 (95%
Confidence Interval between 1.5 and
7.1), while controlling for the presence
of a β2GP1 antibodies and LA. How-
ever, the odds ratio for the prevalence
of LR in LA positive patients was not
found significant. The distribution of
aPL positivity at the time of APS diag-
nosis was as follows: aCLwas found in
192/308 (62%), aβ2GP1 in 217/308
(70%) (both aCL and aβ2GP1 were of
IgG isotype in 174 patients, of IgM iso-
type in 53 and 81 patients had both iso-
types) and LA in 239/308 (77%). A
similar distribution of aPLs was docu-
mented when LR patients were looked
separately. 

The association of LR with any of the
clinical aspects of APS
P regnancy morbidity. We could not
detect a significant association between
the finding of LR and recurrent fetal
loss, IUGR or pregnancy toxemia.
Recurrent fetal loss was documented in
84/305 (27%) of APS patients, but only
15 had this complication in association
with LR.
Among 12 patients who developed
IUGR, LR was found in only one.
Whereas toxemia was diagnosed in
31/305 (%) of patients, only 4 of them
demonstrated LR as well (Fig. 1).
Association of LR with vascular throm -
b o s i s . Venous thrombosis was diag-
nosed in 179/308 (58%) of patients.
However, LR was evident in only 30 of
these (p = 0.8). When arterial thrombo-
sis was the subject of this association, it
was confirmed in 153/308 (50%) of
patients (CVA/TIA in 35% of patients,
myocardial infarction in 7% and other
arterial thrombotic events such as reti-
nal, skin or renal in 8% of patients). Of
these, 34 demonstrated recurrent
thrombosis in association with LR (p =
0.005). CVAs/TIAs was considered in
this study as vascular thrombosis and
was found in 107/305 (35%) of studied
patients. In 25 patients this was in asso-
ciation with the presence of LR (p =
0.01) (Fig. 2). Retinal, skin and renal
thrombosis as a whole group were not
found in association with the presence
of LR.
Association of LR with cardiac mani -
f e s t a t i o n s. Myocardial infarction was
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diagnosed in 22/305 (7%) of patients,
but only 3 of these LR was in associa-
tion with this complication (p = 0.7).

Valvular vegetations as diagnosed by
ECHO were detected in 24/307 (8%)
patients and in 13 of them LR was

noticed also (p = 0.001). Valve thicken-
ing was demonstrated in 55/305 (18%)
of patients, of these LR was present in
17 patients (p = 0.001) (Fig. 3).

Association of LR with CNS 
involvement
53 (17%) APS patients suffered from
moderate to severe attacks of migraine.
LR was present in 14 of them (p =
0.002). Epilepsy was documented in
31/305 (10%) of patients, 11 of whom
had also LR (p = 0.02). Though in a
small sample of patients, 5 suff e r e d
from chorea that was related to APS. In
3 of these LR was present as well (p =
0.007) (Fig.4). 
All of the above associations between
LR and the occurrence of thrombotic
events were similar when primary APS
and APS associated with SLE were
investigated separately.

Discussion
The significant association of LR with
heart valve pathology, strokes, and mi-
graines, (as found in our current study),
strengthens previous reports that LR
should become an early predictor of
recurrent thrombosis in APS patients
(15). 
The prevalence of aPL in the general
population was reported to be between
2-4% for both aCLand LA(16), where-
as the prevalence of these antibodies in
patients with SLE was estimated to be
present in 30-50% of patients (17).
When individuals with either positive
LA or aCL were followed prospective-
ly, the total incidence for the develop-
ment of a thrombotic event was 2.5%/
patient-year. However, a rate of 5.4%/
patient-year was documented in those
with a previous thrombosis compared
to a rate of 0.95% patient-year in
asymptomatic subjects.
This points to the fact that the presence
of aPLby it-self is not sufficient for an
event, and that either a clinical or a lab-
oratory factors should be introduced in
order to predict future thrombosis in
APS patients (18). High titers of aCL
and a history of previous thrombosis
were found to be important risk factors
for predicting a high recurrence rate of
thrombosis in APS patients. This rate
was reported to be as high as 20% pa-
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Fig. 1. No significant difference in the incidence of IUGR, recurrent fetal loss and toxemia among
APS patients with or without livedo reticularis (LR).

Fig. 2. The incidence of venous thrombosis among APS patients with or without LR was found to be
similar, whereas the incidence of arterial thrombosis and CVA/TIA was significantly higher among
APS patients with LR than in those without LR.

Fig. 3. The incidence of valve thickening and valve vegetations is higher among APS patients with LR
than those without. However, myocardial infarction was found to be similar in both groups. 
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tient-year of follow-up in APS patients
with a history of previous thrombosis.
In this regard a meta-analysis study
examined the risk of recurrent throm-
bosis in aPLpositive patients. The odds
ratio for LA was 11.1 and 3.21 for aCL
if higher titers were found (19, 2 0 ) .
Compatible with that is the increased
prevalence of LR in our APS patients,
with an odds ratio of 2.8 for aCL and
1.3 for LA. 
In this regard our finding in this cohort
of APS patients of a high association
between LR and both cardiac and CNS
abnormalities, could improve our abili-
ties in predicting the development of
systemic thrombosis in such patients.
The possibility that risk factors for the
development of CNS or cardiac in-
volvement are additive, supports our
finding and suggests that LR in APS
patients is an additional predicting fac-
tor along with higher titers of aCL, age,
hypertension and others. 
The occurrence of myocardial infarc-
tion (MI) in young people was found to
be associated with the presence of aPL,
thus considered in some to be a pre-
senting symptom of APS (21, 22). Pre-
vious studies already pointed to the fre-
quent valvular heart disease in APS pa-
tients. In many, valvular disease is
asymptomatic being detected by a rou-
tine two dimensional and/or Doppler
e c h o c a r d i o g r a p h y. However, valvular
replacement was required in 24% of
APS patients and many reported also
on cases with severe valvular dysfunc-
tion resulting in cardiac failure (15,
23). This is why it is important to estab-
lish both clinical and laboratory mark-

ers that could predict the possible dev-
elopment of these cardiac abnormali-
ties. In this regard it was shown that in
patients with valvular heart disease, a
significantly higher prevalence of arte-
rial thrombosis, strokes, and LR was
observed (15). Our current findings of
the high association between the pres-
ence of LR and the development of
valvular disease goes in one hand with
the above finding and encourages the
strategy that in APS patients the pres-
ence of LR should become a reason for
advising such patients to undergo fre-
quent echocardiographic examination
for early detection of heart valve path-
ology.
The relationship of LR with CNS path-
ology was also investigated previously.
It was found that primary migraines (in
no relation with APS), was found to
occur in significant association with
stroke, coronary artery disease and
deep venous thrombosis when LR was
present (24). Assessing the frequency
of epilepsy in primary APS, Shoenfeld
Y et al. (25) found that the risk to
develop epilepsy was linked to vascu-
lar disease as manifested by higher
incidence of CNS involvement, valvu-
lopathy and LR. Our current study fur-
ther confirms the significant associa-
tion between LR and CNS involvement
including migraines, epilepsy and chor-
ea. These findings encourage us to pro-
pose here also that APS patients with
LR should be followed closely and
questioned frequently if migraines
evolved or increased recently. In this
case brain CT or MRI could be advised
for an early CNS pathology detection.    

One can assume that the pathogenic
mechanisms that underlie the develop-
ment of LR and CNS or cardiac in-
volvement are common. One mecha-
nism is the deposition of aCL in the
sub-endothelial layer of capillaries re-
sulting in superficial thrombosis and
mononuclear-cell infiltration. Another
mechanism is the induction of aPL
mediated inflammation by the deposi-
tion of aPL in endothelial cells and
their cross-reactivity with other auto-
antibodies such as anti-oxidized LDL
and endothelial antibodies. A u t o a n t i-
bodies including aCL, anti-endothelial
cell and anti-dsDNA antibodies have
each been demonstrated to react with
endothelial cells (ECs) in vitro, provid-
ing a stimulatory signal and up-regu-
late adhesion molecules or tissue fac-
tors (26). In this respect it was demon-
strated that IgG from patients with APS
is able to enhance EC adhesion mole-
cule expression and monocyte adher-
ence. This capacity of aPL to activate
ECs may be involved in the develop-
ment of diffuse thrombotic microvas-
culopathy (27). The persistence of LR
as a possible clue for an ongoing chron-
ic endothelial cell damage that could
influence aCL production and that aCL
titer could be a consequence of a con-
tinuous endothelial cell damage. The
possible increased apoptosis of endo-
thelial cells in patients with LR could
be a source for continuous and persis-
tent production of aCLleading to a fur-
ther systemic thrombosis. 
The presence of LR in APS patients as
a predicting factor for CNS and cardiac
abnormalities and a higher incidence of
thrombosis in these patients, indicates
that clinicians should be aware of this
association since early diagnosis can
lead to early intervention.
The main issue will remain how to ap-
proach APS patients in whom LR is
persistent. Do we follow them differ-
e n t l y ? Moreover, should we aim to
maintain such patients on higher INR
(3-3.5 units) which might better pre-
vent them from developing recurrent
thrombosis (28) ? The other important
issue to consider is patients with signif-
icant titers of aPL, LR, but presenting
only severe migraines and no clinical
or imaging manifestations suggestive

Fig. 4. The incidence of migraines, epilepsy and chorea was significantly higher among APS patients
with LR than those without.
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of the syndrome. In this respect it was
stated by G.V. Hughes, that a brave
physician would argue that some
migraine patients even when lack CT
or MRI evidence for APS may benefit
from anti-coagulation. This statement
could be also true in APS whose recent
symptoms are LR and/or migraines
only. 
Future studies should investigate the
issue of treating this subset of patients
with the persistence of LR differently
than those without LR. 
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