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First described in 1983, antiphospholipid syndrome (APS) is an autoimmune condition characterized by the oc-
currence of recurrent arterial and/or venous thrombosis, and/or pregnancymorbidity, in the setting of persistent
presence of antiphospholipid antibodies (aPL).While thrombosis is themostwell-knownpathogenicmechanism
in this disorder, the relevance of some other mechanisms such as arterial stenosis is being increasingly recog-
nized. Arterial stenosis has been first described in the renal arteries in patients with APS, however intracranial
and coeliac arteries can also be involvedwith various and treatable clinical manifestations. The underlying path-
ophysiology of this stenotic arterial vasculopathy is not fully understood but some recent studies revealed new
insights into the molecular mechanism behind this endothelial cell activation in APS. In this review, we discuss
these newly discovered mechanisms and highlight the diagnostic and therapeutic modalities of the APS related
arterial stenosis.
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1. Introduction

Primary antiphospholipid syndrome (PAPS, Hughes' syndrome)
is a systemic autoimmune disorder characterized by the develop-
ment of venous and arterial thrombosis and fetal loss due to
placental thrombosis as cardinal features [1]. The first report of the
outstanding association between renal artery stenosis (RAS) and
antiphospholipid syndrome (APS) dates back to 1990 [2], since
then, renal artery thrombosis/stenosis association has become one of
the most well-recognized renal manifestations of APS. Nevertheless,
renal arteries are not the only site of occlusion that has been noticed
in PAPS patients. Anecdotal intracranial and celiac arterial stenosis
have been reported as well.

Beside its pro-thrombotic propensity, PAPS seems to be associated
with premature and accelerated atherosclerosis [3,4]. Together, throm-
bosis and atherosclerosis might be the two major underlying mecha-
nisms for the stenotic lesions. However, the pathophysiology of renal
stenosis in PAPS seems to be more complex and we have probably
started to understand it a bit further recently, thanks to the experimen-
tal data on the endothelial cell activation [5]. It is very important to rec-
ognize arterial stenosis in PAPS patients, as it may be a treatable cause
for hypertension, renal, CNS and gastrointestinal manifestations of the
disease.

2. Epidemiology

More than a quarter of hypertensive PAPS patients (26%) have
RAS, compared with relatively young (≤50 years) hypertensive
controls and healthy potential donors [6]. In practice, renal vascular
origin is always considered when hypertension is detected in PAPS
patients. Having said that, the real prevalence of arterial stenosis in
the entire population of PAPS patients, regardless of their blood pres-
sure status, is not exactly known and could be underestimated. In
2005, Wong and colleagues reported two cases of Magnetic reso-
nance angiography (MRA) proven intra-cerebral arterial stenosis
with neurological manifestations. One patient presented with an is-
chemic stroke, and his MRA revealed a focal narrowing at the left
middle cerebral artery. The second patient had transient ischemic
attack, and the MRA revealed a severe stenosis of the left ophthalmic
artery at the junction with the optic nerve. Both patients received
anticoagulant therapy, which has led to recanalization demonstrated
in MRA in both cases. However, in one of the two cases, despite of the
proven recanalization, the patient lost complete vision in his left eye
because of retinal detachment [7]. Central Nervous System (CNS)
manifestations of PAPS are various and relatively common. The
prevalence of Intra-cranial artery stenotic lesion is probably
underestimated, as most of the neurological events are believed to
be of thromboembolic origin.

Reports of other sites of arterial stenosis in PAPS patients are rarer,
probably because many of these cases remain undiagnosed. In 2004,
Sangle and colleagues described awide range of coeliac artery occlusion
with a variable severity in 17 patients with antiphospholipid antibodies
(aPL). Abdominal MRI was performed in all patients. Six patients had
complete stenosis of the coeliac artery [8].
3. Anatomical pathology

In a few reported cases, recanalization of renal arteries and blood
pressure normalization was achieved with anticoagulation only, which
represents, for some authors, the best evidence that thrombosis is the
main mechanism of renal stenosis [9,10]. Nevertheless, in some other
cases, anticoagulation was not sufficient and the severity of the renal
occlusion required balloon angioplasty or even nephrectomy [11].
Interestingly, Ames and colleagues reported a case of male patient
with bilateral renal stenosis inwhom immunofluorescence of examined
vessels has shown immune complex vasculitis [12].

The two other main etiologies of arterial stenosis are atherosclerosis
and fibromuscular dysplasia. The former is mainly seen in elderly with
diabetes or ischemic heart disease, the latter is much less common
and is seen mainly in young females presenting with hypertension.
Unlike these two etiologies, the stenotic arterial lesions in the PAPS
are characteristically smooth, well-defined and located rather in the
proximal and the middle segment of the renal arteries [6].

4. Pathogenesis

Instead of directly binding to phospholipids (PL), it is now well
established that aPL antibodies are directed against plasma proteins
with affinity for anionic phospholipids [13]. These include anticardiolipin
antibodies (aCL) and anti-β2 glycoprotein 1 (anti-β2GPI), both of which
are detected by enzyme-linked immune-sorbent assay (ELISA) and lupus
anticoagulant (LA), which is detected by clotting tests [14,15]. β2GPI, the
main target for aPL,mediates aPL binding to target cells (platelets,mono-
cytes, endothelial cells, and trophoblasts) [16–18]. Other PL-binding
plasma proteins are prothrombin, thrombomodulin, kininogen, anti-
thrombin III, protein C, protein S, annexin I, II, and V [19].

4.1. aPL and atherosclerosis

PAPS patients present increased risk and higher prevalence of
cardiovascular diseases. The link between increased cardiovascular
morbidity and PAPS has been suggested to be the result of premature
atherosclerosis [4]. PAPS and atherosclerosis share several similar
features: increased levels of Antibodies to oxidized low-density lipo-
protein (oxLDL), phospholipids and heat shock proteins, endothelial
dysfunction, increased oxidative stress, active platelets, and
thrombus formation. In addition, immune cell activation including
macrophages, dendritic cells, T cell activation, and CD4-CD40 ligand
interaction are considered common pathogenic mechanisms of both
diseases [20]. Furthermore, aPL antibodies trigger an inflammatory
cascade by cross-reacting with oxLDL antibodies, and both aPL and
anti-oxLDL are involved in the pathogenesis of atherosclerosis asso-
ciated with PAPS [21]. Particularly, it has been demonstrated that
anti-β2GPI antibodies can accelerate the influx of oxLDL into macro-
phages, leading to foam cell formation. While it is admitted that
oxLDL can exist as a complex with β2GPI in plasma/serum of patients
with APS, direct in vivo evidence supporting the pathophysiological
involvement of oxLDL/β2GPI complexes in developing atherothrom-
bosis was lacking. A very recent study has demonstrated in vivo
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distribution of single chain variable fragment of IgG anti-oxLDL/
β2GPI complexes in Watanabe heritable hyperlipidemic (WHHL)
rabbits by PET/CT imaging, which represents a very innovative tool
for non-invasive pathophysiological assessment of oxLDL/β2GPI
complexes accumulated in atherosclerotic plaques [22]. In addition,
aCL antibodies might promote atherosclerosis by attracting mono-
cytes into the vessel wall and inducing their adherence to endotheli-
al cells, which is mediated by adhesion molecules such as ICAM-1,
VCAM-1, and E-selectin [23,24].

4.2. aPL and thrombosis

One of the hallmarks of PAPS syndrome is thrombosis where venous
thromboembolism is the most frequent manifestation (2/3 of cases).
Usually, it is present as typical deep vein thrombosis of the lower ex-
tremities. Arterial thrombosis is less common (1/3 of cases) but more
severe and life threatening as it affects brain arteries mainly, although
it may appear in other vascular beds, such as coronary and peripheral
circulation [19,25].

In Large SLE cohort studies, the LA has been found to be a significant
risk factor for myocardial infarction [26] and stroke [27].

Although experimental data suggest that aPL are necessary but not
sufficient to trigger a thrombotic event [28], various in vitro and in
vivo animal studies demonstrated that aPL antibodies increase throm-
bus formation in the venous and arterial circulation with an elevated
risk factor ranging between 0 and 3.8% [28,29]. Although aPL positive
patientswere found to develop first vascular event, it has been postulat-
ed that besides aPL, an additional factor seems necessary to induce PAPS
clinical manifestations [28].

Several hypotheses have been proposed to explain the molecular
basis of the pathogenic effects of these autoantibodies and their role in
the development of thrombosis. aPL antibodies have been reported to
attach to the negatively charged phospholipid surface, activate
endothelial cells, induce platelet activation, interfere with protein C
(coagulation inhibitors) axis and complement system, disrupt annexin
V binding to anionic phospholipids, inhibit fibrinolysis and initiate for-
mation of thrombus. However, the clinical significance of any of these
pathways remains unclear. In addition, thrombin generation is signifi-
cantly increased following microvascular injury in subjects carrying
those antibodies [25]. Inhibition of thefibrinolytic systemand activation
of coagulation cascade are among the deleterious effects exerted by aPL
on hemostatic reactions [16]. aPL may modify the normal procoagulant
and anticoagulant reactions occurring on cell surface, and may alter the
expression and secretion of certain procoagulant substances [30]. The
protein C system is one of the essential anti-thrombotic pathways
whose impairment results in blood clot formation. Once activated by
thrombin-thrombomodulin complex, protein C functions as an antico-
agulant in the presence of its cofactor protein S, through its proteolytic
effect on factor Va and activated factor VIIIa. High levels of anti-protein
C IgM have been found to correlate with increased risk of venous
thrombosis. aPL are able to interfere with several steps in the protein
C pathway; inhibiting the degradation of factor Va, inhibiting the
activity of protein C, and altering the effect of protein S, thus hampering
fibrinolysis [31]. In addition, aPL can interfere with the contact activa-
tion pathway; β2GPI has been shown to be able to attenuate thrombin
generation by inhibition of FXI activation [17]. Furthermore, aPL disrupt
annexin A5 (AnxA5) binding, thereby accelerating coagulation
reactions, and predisposing to thrombosis. Physiologically, AnxA5 is a
potent anticoagulant protein, which binds to endothelial cell surfaces
forming a protective shield; thereby blocking their availability for coag-
ulation reactions [16].

Moreover, activation of complement system by aPL promotes the
hypercoagulable state characteristic of PAPS. Using amodel of surgically
induced thrombosis, Pierangeli and colleagues demonstrated that com-
plement activation plays a key role in the aPL antibody-mediated
thrombophilia. They used in vivo murine models of thrombosis and
microcirculation, in which injections of aPL were used. Mice deficient
in complement components C3 and C5 were resistant to the en-
hanced thrombosis and endothelial cell activation that was induced
by aPL [32].

4.3. Endothelial cell activation

In contrary to what was thought in the 1960s, the endothelium is no
more considered an inert lining to blood vessels but rather a highly spe-
cialized metabolically active interface between blood and the underly-
ing tissue, maintaining vascular tone, homeostasis, and inflammatory
responses [33,34]. However, upon exposure to diverse agents, which in-
clude interleukin 1, antibodies, and modified LDL, the endothelium can
undergo a series of changes that allow it to participate in the inflamma-
tory response. This process is known as endothelial cell activation,
which is central to the pathogenesis of thrombosis in APS [33]. Patho-
genic aPL have been shown to have direct effects on endothelial cells,
both in vivo and in vitro, leading to adhesion molecule (E-selectin,
ICAM-1, and VCAM-1) upregulation and pro-inflammatory cytokine
and chemokine secretion such as IL-1b and IL-6. This pro-inflammatory
and pro-adhesive endothelial phenotype induced by aPL antibodies
is a consequence of Nf-KB activation in a similar manner to that
found with standard pro-inflammatory cytokines such as IL-1B,
TNF-alpha or by LPS [34,35]. TLR4, TLR2, and annexin A2 were pro-
posed to be the receptor/mediator while Kruppel-like transcription
factors and vitamin D the modulators in aPL-mediated endothelial
cell dysfunction [17]. aPL can affect eicosanoid metabolism, protein
C/S activation, annexin V binding, and pre-pro-endothelin 1 synthe-
sis dys-regulating the vascular tone towards vasoconstriction, which
favors thrombus formation [34,36].

In addition, aPL can affect Tissue factor (TF) expression inducing a
pro-coagulant phenotype through fibrin formation and platelet acti-
vation [36]. Platelets mediate extra-vascularization of monocytes
with subsequent TF expression of macrophages. Since platelets are
the first target of β2-glycoprotein I–antibody complexes, products
released from activated platelets are responsible for the local activa-
tion of endothelial cells. Binding of β2GPI complexes to von
Willebrand factor receptor glycoprotein Ibα neutralize the inhibito-
ry effect of β2-GPI on von Willebrand factor (vWF) activity; that is
blocking vWF-dependent platelet adhesion. This leads to potentia-
tion of platelet activation, release of thromboxane A2, and increase
in platelet adhesiveness [37].

β2GPI seems to represent an important link between autoimmunity
and endothelial dysfunction. Very interestingly, β2GPI-specific T-lym-
phocytes were identified in the plaque and in the peripheral blood of
patients with carotid atherosclerosis [38].

4.4. Novel mechanisms: activation of mTORC pathway

Recent studies revealed new insights into themolecularmechanism
behind aPL-induced cell activation. One of the most revolutionary
progresses the APS community has achieved in the understanding
of the APS vasculopathy is probably the role of the activation of the
mammalian target of rapamycin complex (mTORC) through the
phosphatidyl-inositol 3-kinase (PI3K)–AKT pathway in the endothe-
lial cell activation. Clinical studies and in vitro experiments sug-
gested that the activation of mTORC stimulates intimal hyperplasia,
leading to the chronic vascular lesions associated with APS. mTORC,
which has been previously implicated in vascular stenosis that re-
sults from mechanical endothelial injury, is a kinase that integrates
a variety of signaling pathways to regulate cellular growth, prolifer-
ation, and survival [39].

IgG antibodies from patients with APS administered to cultured en-
dothelial cells stimulatedmTORC via (PI3K)–AKT pathway.mTORC acti-
vation in endothelial cells was associated with proliferation of both
endothelial and vascular smooth muscle cells. Sirolimus (Formerly
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known as Rapamycin), a pharmacological inhibitor of the mTORC
pathway, inhibited endothelial cell activation, improved renal allograft
survival and reduced chronic vascular lesions in PAPS transplant recip-
ients [39–41]. Moreover, the intensity of mTORC activation in endothe-
lial cells has demonstrated significant correlation with aPL titers and a
statistically significant correlation is also detected between the phos-
phorylation of AKT on residue Ser473 with the amount of both aCL
and anti-β2GPI antibodies [41].

It is noteworthy that the recruitment of AKT/mTORC pathway is not
triggered solely by PAPS but also inmany conditions associatedwith en-
dothelial injuries. As a common final pathway for endothelial injuries,
prothrombin fragments were significantly higher in Kidney-transplants
recipients treated with mTOR inhibitors. However, mounting evidence
links mTOR inhibitors to thrombotic complications, and although this
pro-thrombogenic effect has not been reported in the large cohorts of
transplant recipients, it has been shown that serum levels of Von
Willebrand factor and prothrombin fragments were significantly higher
in Kidney-transplants recipients treated with mTOR inhibitors [42]. The
potential procoagulant state associated with these enzymes may be an
obstacle in proceeding further with the clinical testing in patients with
APS. Fig. 1 illustrates the different molecular pathways through which
aPL leads to APS Vasculopathy.
Fig. 1. Proposed schema of the molecular pathways through which aPL leads to APS vascu
characterized by persistently elevated levels of antiphospholipid antibodies (aPL). The bindin
which activates the signaling pathway of the mammalian target of rapamycin (mTOR). The m
mTORC1 is regulated by a subunit of the regulatory-associated protein of mTORC1 (RAPTOR)
companion of mTOR (RICTOR). However, the two pathways are interconnected. In response
Kinase B (AKT) pathway, the mTOR pathway regulates several mechanisms leading to APS v
APS vasculopathy, which is exacerbated by thrombosis and atherosclerosis. TF, tissue factor.
4.5. The newly described INF signature and the associated endothelial
dysfunction

A very recent work has observed an elevated type 1 IFN activity in
PAPS patients associated with a significantly impaired ability of endo-
thelial progenitors to differentiate into endothelial cells. Interestingly,
IgG depletion from APS sera did not improve the impaired endothelial
progenitor function whereas the type I IFN receptor-neutralizing anti-
body succeeded to reverse this situation. This work opens new perspec-
tives to novel approaches in reversing the vascular damage in APS, such
as anti-IFN drugs [43].

5. Clinical manifestations

The clinical presentation varies according to the site and the size of
the arterial stenosis. RAS related hypertension is incontestably the
most recognized clinical manifestation of arterial vasculopathy in APS
patients. In practice, APS patients who presentwith recent onset hyper-
tension are routinely screened for renal artery stenosis.

Endothelial dysfunction is considered as the earliest stage of athero-
sclerosis. Moreover, the change in brachial artery flow–mediated dilata-
tion (FMD) is a well-known marker of endothelial dysfunction [44].
lopathy. The antiphospholipid syndrome (APS) is an acquired autoimmune disorder
g of aPL to monocytes, platelets, or endothelial cells leads to endothelial cell activation,
TOR enzyme is a component of two complexes, mTORC1 and mTORC2. The activity of

, whereas the activity of mTORC2 is regulated by a subunit of the rapamycin-insensitive
to intracellular and extracellular signals in the Phosphoinositide 3-kinase (PI3K)-Protein
asculopathy. Sirolimus, a pharmacological inhibitor of mTORC1 pathway, can attenuate



260 G. Harifi et al. / Autoimmunity Reviews 17 (2018) 256–266
Similarly, the intima-media thickness (IMT) of carotid arteries mea-
sured by Doppler ultrasound is consensually used as a quantitative
method for detecting preclinical atherosclerosis [45].

5.1. Renal arteries stenosis

Many case reports and relatively small-sized series of PAPS associat-
ed with RAS and secondary hypertension have been published. Clinical
manifestations include hypertension associated with different degrees
of renal function impairment. RAS can be unilateral or bilateral. Most
of the series include both secondary and PAPS cases, which might lead
to some confounding factors related to the long-term use of steroids
in SLE patients with secondary APS [6,46–48]. However, even in the se-
ries where the mean age was relatively younger (mean age 45) and the
prevalence of the traditional cardio-vascular risk factors was lower, the
APS seemed to play a major role in the development of RAS [6]. Indeed,
patients with RAS and a mean INR maintained above 3.0 had a better
control of blood pressure and stable renal parameters, suggesting that
an anticoagulation targeting the recommended international normal-
ized ratio (INR) (3.0–4.0) may be critical in maintaining the renal arter-
ies patency.

Renal involvement in PAPS consists of different lesions: RAS,
venous renal thrombosis and glomerular lesions. Renal arteries rep-
resent a predilection site of stenosis in PAPS. The resistive index (RI)
of intra-renal arteries has been observed to be associated with func-
tional parameters and some histologic features in different nephrop-
athies, including the PAPS nephropathy [49]. Indeed, Conti and
colleagues evaluated ultrasonographically the presence of a patho-
logic RI and RAS in a cohort of patients with APS. The authors have
found a quasi-exclusive association of a pathologic RI with secondary
APS and of RAS with PAPS and therefore suggested that there are
probably two pathogenic mechanisms in the development of these
different manifestations. The hypercoagulability status in APS could
drive RAS in patients with PAPS, whereas the activation of mTORC
pathways could play the main pathogenic role in the development
of a pathologic RI. This hypothesis is yet to be confirmed, in view of
the small size of the cohort [49].

Having said that, it is crucial to note that renal thrombotic microan-
giopathy, which is a widely-recognized feature of PAPS, should always
be considered in a PAPS patientwith hypertension, particularly if it is as-
sociated with hematuria, proteinuria and/or renal impairment.

5.2. Intra-cranial arteries stenosis

CNS involvement in PAPS include stroke, migraine, epilepsy, chorea,
multiple sclerosis, Guillain–Barré syndrome, transverse myelitis, cogni-
tive dysfunction and dementia. Cerebral infarcts are themost common-
ly described. The pathophysiological mechanisms of strokes in PAPS are
not fully understood yet. However, the prothrombotic state characteris-
tic of APS is thought to be the main plausible hypothesis and the anti-
β2GPI seems to have a pivotal role in that particular mechanism [50].
Moreover, the activating effect of APS antibodies on platelets and endo-
thelial cells has been demonstrated inmultiple studies [51,52]. Intracra-
nial arterial stenosis is amuch less studiedmechanism thatmight play a
role in the CNS involvement beside the prothrombotic phenomenon. In
2005, Wong et al. presented two cases withMRA documented intracra-
nial artery involvement with subsequent neurological sequel [7]. In
2015, Seifert et al. published a case of an elderly male patient (N65
years) who presented with recurrent ischemic strokes associated with
a rapidly progressive stenosis of the rightmiddle cerebral artery. aPL an-
tibodies were detected and the patient was successfully treated with
plasma exchange, steroids, and anticoagulants [53]. We should note
that this case has beenmanaged as a case of Catastrophic APSwhich ex-
plains the concomitant high dose of steroids in this context. This case is
of a particular relevance because of the late onset disease and the usual
rapid progression of the arterial stenosis (over 6 weeks). Interestingly,
intra-cranial stenting was not considered in this case because of the
high peri-interventional risk of in-stent thrombosis [54].
5.3. Celiac and mesenteric arteries stenosis

In 1989, Asherson and colleagues reported a case of mesenteric
artery stenosis in a SLE patient with APS [55]. Chahid and colleagues
evaluated the outcomes of endovascular treatment of chronic
mesenteric ischemia in 14 patients among whom there was an HIV
patient with PAPS [56]. Sangle and colleagues have described 17
patients with a large spectrum of coeliac artery stenotic lesions and
aPL antibodies. Unlike atherosclerotic lesions, the ones observed in
these patients were at and distal to the ostium and were smooth
and regular. Overall, the patients were not significantly symptomatic
from the abdominal point of view, except for one who had a recur-
rent erosive and ischemic gastritis and on MRI significant coeliac
trunk stenosis was observed [8].

Very recently, Padricelli and colleagues reported a case of a young
pregnant woman with PAPS and severe mesenteric ischemia. Both a
surgical and endovascular thrombectomy didn't succeed to maintain
the mesenteric artery patency. Therefore, the patient underwent
an aorta-inferior mesenteric bypass and was put on lifelong oral
anticoagulation with double anti-platelet therapy [57].
5.4. Other sites of artery stenosis

From a clinical point of view, aPL have been ascribed an atherogenic
role based on studies of IMT using B-mode ultrasound sonography in
patients with APS [58]. A literature meta-analysis on the impact of APS
on major markers of CV risks has shown that APS patients have higher
carotid artery intima-media thickness and higher prevalence of carotid
plaques [59]. Several reports have shown increased IMT in APS related
to the titer of aPL-IgG. In a case control study comparing 50 male survi-
vors of myocardial infarction under the age of 50 to 50 healthy controls,
IgG and IgMaPL antibodies titerswere correlatedwith IMTmeasured by
ultrasonography of the carotid artery and were both associated to the
risk of myocardial infarction in young individuals [60].
6. Imaging modalities

Imaging is key in the diagnosis, follow-up of arterial stenosis in pa-
tients with PAPS, as well as planning treatment options, particularly
for endovascular procedures with or without stenting versus surgical
bypass. This topic has unfortunately received relatively little attention
in prior investigations, and the best imaging modality to visualize
these lesions is yet to be determined. Conventional angiography has
long been considered as the gold standard method for diagnosis and
treatment of arterial stenosis regardless of its etiology. In recent years,
a variety of noninvasive techniques have been developed and different
imaging modalities such as computed tomography (CT), magnetic
resonance arteriography (MRA), and Doppler ultrasound (DUS) have
been considered in these cases. We will subsequently review each
method separately along with its specificity, sensitivity, advantages
and disadvantages as well as the preferred setting in which each
modality is considered based on the patient's clinical presentation and
co-morbidities.

It is important to note that the cases reviewed demonstrated two
types of radiologic appearance of the stenotic lesions in PAPS. The
more common pattern, unlike atherosclerosis or fibromuscular dyspla-
sia, is distal to the ostium of the artery, smooth, well delineated, and
often noncritical stenosis. The less common pattern is similar to athero-
sclerotic lesions, situated proximally, and occasionally involving the
aorta [10].
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6.1. Sequential intra-arterial digital subtraction angiography (DSA)

The peripheral angiography was the ‘gold standard’ in diagnostics of
vascular diseases due to its superior image resolution and being the only
modality used for both diagnosis and treatment. This method involves
ensuring a femoral arterial access, injection of contrast, and visualizing
the vessels of interest. Its main advantages include the high resolution
with which the arterial segments are visualized, especially the distal
ones, as well as the ability of the operator to optimize imaging for any
vessel by modifying the parameters such as table position, gantry
angle, and magnification. Most importantly, this method allows treat-
ment of the condition alongwith the diagnostic information it provides
[61].

The drawback of this method is that it only provides information on
the degree of stenosis in the lesionwith no information on the structural
features of the arterial wall, in addition to the complications that may
occur secondary to the procedure. These complications are mostly de-
pendent on the patient's age, severity of the peripheral disease, proce-
dure time, operator experience, and other variables. They include
nephrotoxicity due to contrast administration, radiation exposure due
to prolonged procedure time, and access site complications [62].

Indeed, Provenzale and colleagues published the intracranial angio-
graphic results of a series of 23 APS patients. They reported that APS pa-
tients with cerebrovascular events had different angiographic
abnormalities compared to the general stroke population. They also de-
scribed two major types of intracranial arterial abnormalities. The first
type was stem occlusions of major arteries or branch occlusions,
which were usually solitary, and the second type was multifocal sites
of arterial narrowing and widening suggestive of vasculitis. However,
vasculitis was not proven by biopsy and the authors suggested the pos-
sibility that the angiographic findings represented evidence of an un-
derlying vasculopathy rather than a true vasculitis. Therefore, the
authors concluded in young patients with cerebrovascular events, the
presence of arteriographic abnormalities other than typical atheroma-
tous lesions should raise the concern of PAPS [63].
6.2. Spiral computed tomographic angiography (CTA)

Spiral 64-multi slice CTA is a vascular imaging technique based on
the rapid acquisition of volumetric CT data during the bolus phase of in-
travenously administered contrast media. It has been developed with
the aim of reducing radiation exposure by reducing examination time
compared to conventional angiography to less than a minute (Scan
Time of coronary arteries is 12–15 s and whole body angiography is
26–35 s) [64].

The sensitivity and specificity of this method in detecting arterial
stenosis in APS have not been evaluated. However, this method has
identical blood vessels image resolution compared to images obtained
using conventional arteriography and offers the advantage of providing
information regarding the arterial intimal thickening, calcification,
thrombosis, and ulcerations [65]. As reported by Hugli and colleagues,
CTA of the common iliac arteries in a 28-year-old female known to
have SLE and secondary APS revealed two disease foci characterized
by concentric, hourglass-like stenosis of the arterial lumen due rather
to arterial constriction and consecutive wall thickening, whereas DSA
only showed the severity of the stenosis. They further specified that
these findings differ from those seen in conventional atherosclerosis
characterized by no eccentric intimal thickening, arterial calcification,
wall thrombosis and plaque ulcerations, compensatory outwards re-
modeling, and collateral formation [66]. DSA and CTA are comparable
when detecting stenotic arterial lesions, particularly atherosclerotic
ones. For example, Saad and colleagues reported a 44-year-old, previ-
ously healthy, heavy smoker male presenting with acute onset left
sided weakness. CT without contrast and CTA showed severe stenosis
at distal basilar artery, and DSA confirmed the findings [67].
The importance of CTA is its ability to detect sub-clinical lesions. As
noted by Remondino and colleagues despite a normal renogram in a
26-year old woman suffering from secondary APS, a spiral CT with IV
contrast showed stenosis of both renal artery trunks [9]. The main find-
ings on CTA are smooth, well-delineated lesions mostly located at the
ostium or slightly distal. Boltin and colleagues reported a case of a pre-
viously healthy 47 years old female, presenting for work-up of myalgia
and hypertension and positive APS antibodies. Thoraco-abdominal CTA
revealed a shrunken left kidney due to an occlusion at the origin of the
left renal artery with a small branch supplying superior pole of the left
kidney displaying minimal enhancement [68].

Anotherfinding is abdominal visceral infarction,whichwas reported
in 86% of the CT of patients with APS and abdominal manifestations. In
the liver, kidneys, and spleen, it was characterized by a wedge-shaped,
non-enhancing, capsular-based, and sharply defined lesion in compari-
son to the normally enhancing parenchyma. Intestinal ischemia was
also diagnosed when CT findings demonstrated bowel wall thickening
N3 mm along with associated submucosal edema or hemorrhage,
pneumatosis, mesenteric infiltration, or ileus [69]. Accordingly, Choi
and colleagues reported contrast-enhanced CT of the abdomen of a
56-year-oldwoman,which revealed a hypodense,wedge-shaped lesion
within the spleen periphery that was congruent with splenic infarction.
Aortography could not visualize the celiac trunk, superior mesenteric
and inferior mesenteric arteries but revealed many collateral vessels
[70]. Since abdominal imaging, particularly CTwith or without contrast,
is used frequently in the evaluation of abdominal pain of uncertain ori-
gin, and because the abdominal visceral infarctions and major vascular
occlusions can be recognized on CT, radiologists should be aware of
these features present in patients with APS and abdominal
manifestations.

In parallel, CTA was found to be the most accurate technique in de-
tecting atherosclerotic carotid stenosis, with a slightly better perfor-
mance than MRA (97% vs. 95%, respectively) and a greater accuracy
than DUS (97% vs. 76%, respectively) [71]. Although plaquemorphology
is slightly different, these findings can be extrapolated to patients with
PAPS.

6.3. Magnetic resonance angiography (MRA)

Concerns about the administration of contrast media and recent
technical advances have led to an increased interest in non-contrast
MRA techniques.MRA is a novel non-invasive diagnostic imagingmeth-
od with spatial resolution that is still inferior to that of the conventional
angiography [72]. Additionally,MRAangiography cannot detect calcium
deposits within the blood vessel, so there is a significant discrepancy
compared to the classical arteriography [73]. Most of the studies evalu-
ated the techniques in patients with Peripheral Arterial Disease (PAD).
In a prospective study, the diagnostic accuracy of non-contrast MRA
versus CTA for the detection of lower extremity vascular stenosis in pa-
tients with PAD using one of the largest DSA-correlated cohorts to date
was evaluated. On a per-segment analysis, MRA showed high sensitivity
and specificity, and the detection rate of N50% of stenosis was similar to
that of CTA. Themajor factors contributing to insufficient vascular delin-
eation and increased image noise that rendered a segment non-diag-
nostic in MRA were the presence of certain types of stents and
radiofrequency noise. In the CTA datasets, the major sources of non-di-
agnostic segments were the presence of stents, heavy calcification, and
suboptimal opacification [74]. Such an accurate non-contrast MRA ap-
proach has particular benefits in the pre-procedural diagnostic workup
in patients with an elevated medical risk profile.

Simoes and colleagues reported a case of 36-year-old female known
to have SLE and APS who presented with chronic abdominal pain. MRA
of the abdomenwas chosen as the diagnostic modality after normal en-
doscopies and basic laboratory work up were done; it revealed a lesion
distal to the origin of the common hepatic artery with a collateral path-
way from the gastroduodenal artery [75]. Sangle and colleagues studied
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a group of 17 young women having aPL and coeliac artery lesions. MRA
was the principalmethod chosen for investigation. Coeliac artery steno-
sis was found in all patients but with different severity. Calcification at
the origin of the coeliac trunkwas reported in 1 patient,while the others
had complete occlusion of the coeliac artery. The lesions were smooth,
regular, and located at or distal to the ostium [8].

In an earlier study, Sangle and colleagues published a large study of
77 patients with APS and poorly controlled hypertension in an attempt
to determine the prevalence of RAS. All patients with APS had repeated
high blood pressure measurements despite receiving two or more anti-
hypertensive agents. MRA was used to visualize renal artery lesions.
Twenty patients (28%) had stenotic lesions. In 70% of the APS patients,
the stenotic lesionswere different from the lesions seen in atherosclero-
sis or fibromuscular dysplasia; the lesions were smooth, well defined,
andmostly located at the proximal andmiddle segments of the renal ar-
teries [6]. Mühlenbruch and colleagues performed contrast-enhanced
CT and MRA examinations on 16 symptomatic carotid artery stenosis
(CAS) patients. Almost all intracranial arteries were significantly better
visualized by MRA compared to CTA (5 of 6 vessels, p b .05). However,
contrast-enhanced CT enabled further morphological description of
CAS, specifically with respect to calcification. Therefore, the authors
concluded that both contrast-enhanced CT and MRA could be regarded
as reliable pre-interventional imaging techniques in patients with CAS
[76]. Fig. 2 shows the FLAIR and MRA findings of a middle-aged
woman presenting with stroke.

6.4. Doppler ultrasonography

A variety of noninvasive ultrasound techniques have been devel-
oped during recent years. Ultrasonography has proven useful in initial
assessment and follow-up, especially for easily accessible vessels, such
as the carotids. It has the advantage of no radiation exposure; however,
its use is limited by ultrasound's lack of penetrance, rendering it ineffec-
tive for evaluation of deeper vessels.

The reliability of ultrasound techniques seems to be highly depen-
dent on the experience and skill of the operator, the type of the patho-
logic substrate, i.e. location of the stenosis (distal versus proximal part
Fig. 2.Middle-aged woman presented clinically with a stroke. She was positive for aPL with lev
within precentral gyri of the right hemisphere (gliosis, middle cerebral artery (MCA) territory
chronic right MCA territory stroke (red arrow). (B) An MR angiography was performed de
Instead, bilateral stenoses were demonstrated throughout both posterior cerebral arteries, w
were asymptomatic, and resolved after anticoagulant therapy was established (seen on furthe
of vessels), lumen diameter, the presence of accessory arteries, collater-
al arteries, etc. Lesions of b40% lumen narrowing are not reliably detect-
able by Doppler ultrasonography alone. The diagnostic accuracy in the
vertebra-basilar system is less than that in the carotid system. The sen-
sitivity and specificity of Doppler in the diagnostics of RAS is presumed
to be 95% with a false positive diagnosis in N50% of patients [64].
Asherson and colleagues reported a case of a 35-year-oldmalewith his-
tory of deep vein thrombosis (DVT), who presented with headache
and hypertension. Renal ultrasonography revealed a left kidney
that is 10 cm in length with a small right kidney of 7 cm. An antihy-
pertensive medication was started and blood pressure was con-
trolled. One year later, the patient's blood pressure was no more
controlled. Further investigations detected a retinopathy of grade
2 and positive LA. An intravenous pyelogram showed failure to ex-
crete contrast by the right kidney. Digital subtraction angiography
(DSA) revealed that the left renal artery was 80% stenotic and ana-
tomical occlusion of right kidney. This demonstrated that ultra-
sound of the kidneys is not the modality of choice when
suspecting such a lesion [77]. Rosenthal and colleagues described a
case of 39 years old Caucasian women who was diagnosed with SLE
and secondary Sjorgen's syndrome with positive lupus anticoagulant.
The patient was started on aspirin 75 mg/day and hydroxychloroquine
200 mg once daily. Then, the patient suffered from epigastric painwors-
ened aftermeals and aweight loss of 6 kg. Epigastric bruit was noted on
physical exam. Normal gastrointestinal endoscopy and colonoscopy
were reported. Therefore, mesenteric angina was thought of
and MRA revealed severe stenosis (N90%) of the coeliac artery.
Ten months after the initiation of treatment with warfarin (INR
N3.0), the patient reported improved abdominal pain and stable
weight with the MRA revealing no difference in coeliac artery
stenosis [78].

In current practice, in which catheter-based interventions have be-
come a mainstay for treating lower extremity ischemia, a clinical evalu-
ation followed straight away by a diagnostic arteriogram is probably the
most efficient and cost-effective approach in most patients requiring
treatment. If a treatable lesion is found, a catheter-based intervention
can be accomplished at the same time. For patients in whom surgery
els raised on more than two occasions. (A) Axial FLAIR image shows high signal intensity
), with no significant cytotoxic edema. These appearances are consistent with a subacute-
monstrating a right middle cerebral artery (red arrow) with no pathological findings.
ith a beaded “appearance”, an uncommon finding in patients with APS. These stenoses
r MRA, not shown).
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is the only planned treatment, MRA or CTA provide excellent noninva-
sive alternatives to DSA.

Au and colleagues reported a case of 24-year-old female that has
been newly diagnosed with SLE and presenting for 2-week history of
progressive bilateral visual loss while taking prednisolone (50 mg/
day). Left eye fluorescein angiography showed complete obstruction
of macula capillaries and most posterior pole capillaries. Moreover,
widespread obstructionwas found in smaller vesselswhile sparing larg-
er retinal vessels. The right eye findings were similar but with better
preservation of the vascular arcade and macula. Normal cerebral MRA,
MRI and CNS orbital contents were reported. The patient then received
intravenous streptokinase without improvement in the ocular findings,
followed by anticoagulationwith heparin andwarfarinwith a target INR
of 2.5–3.5. The patient also received aspirin and methyl-prednisolone
followed by oral steroid therapy and cyclosporine. Two weeks later,
the patient had minimal improvement in visual acuity. One week
later, the patient presented with tonic-clonic seizure; CT and MRI
showed left cortical and subcortical ischemia of small vessels, while
MRAwas again normal. Cerebral angiogram showed beading in left pa-
rietal lobe cortical vessels suggesting vasculitis. This case demonstrates
the higher sensitivity of angiography in detecting vasculopathy com-
pared to MRA [79].

Furthermore, a study by Rountas and colleagues aimed to evaluate
the diagnostic accuracy of color Doppler US, CTA, and MRA compared
to DSA for the detection of renal artery stenosis in patients with clinical-
ly suspected renovascular hypertension. The overall sensitivity, specific-
ity, and positive and negative predictive accuracy for color Doppler US
were 75%, 89.6%, 60% and 94.6%, respectively; for CTA, it was 94%, 93%,
71%, and 99%, respectively; and for MRA, it was 90%, 94.1%, 75%, and
98%, respectively. This study showed that CTA and MRA have compara-
ble and satisfactory results with respect to the negative predictive accu-
racy of the suspected RAS [80]. Table 1 summarizes the different
imaging modalities used for the diagnosis and analysis of APS-related
arterial stenosis.
Table 1
Summary of the different imaging modalities used for the diagnosis and analysis of APS-relate

Reference Population; disease Site Imagin

Asherson et al. [77] 35-Year-old male; DVT Kidney DSA

Provenzale et al. [63] 23 patients, APS Intracranial DSA

Remondino et al. [9] 26-Year-old female; secondary APS Kidney CTA

Choi et al. [70] 56-Year-old female; APS Spleen CTA

Sangle et al. [6] 77 patients; APS and hypertension Kidney MRA

Au et al. [79] 24-Year-old female; SLE Left eye MRA, M

Rosenthal et al. [78] 39-Year-old female; SLE and
secondary Sjorgen's syndrome

GI tract MRA

Sangle et al. [8] 17 female patients; positive aPL GI tract MRA
Rountas et al. [80] 58 patients; renovascular

hypertension
Kidney DSA, DU

Boltin et al. [68] 47-Year-old female; myalgia,
hypertension, and positive aPL

Kidney CTA

Mühlenbruch et al. [76] 16 patients; CAS Intracranial CT, MR

Hugli et al. [66] 28-Year-old female; SLE and
secondary APS

Lower abdomen
(common iliac)

CTA, DS

Simoes et al. [75] 36-Year-old female; SLE and APS Liver MRA
Saad et al. [67] 44-Year-old male; heavy smoker

with acute onset left sided weakness
Intracranial CTA, DS

Legend: aPL, antiphospholipid antibodies; APS, antiphospholipid syndrome; CAS, carotid artery
ography; DUS, Doppler ultrasound; DVT, deep vein thrombosis; GI, gastrointestinal; MRA, m
erythematosus.
7. Treatment

It is becoming clear that early diagnosis and aggressive therapies
are essential to rescue the affected artery and to prevent organ
damage in patients with PAPS and arterial stenosis. However, there
are no specific guidelines for the management of such cases yet.
Anticoagulation remains the cornerstone of treatment regardless of
the local treatment that is undertaken. The latter may involve percuta-
neous transluminal balloon angioplastywith orwithout stenting or sur-
gical intervention.

7.1. Anticoagulation

After the initial heparin treatment in the acute setting, the current
recommendation for secondary thromboprophylaxis in APS patients is
life-longwarfarin treatment, because of the risk of recurrent events. Im-
portantly, persistent negative aPL profile is not an indication to interrupt
oral anticoagulant therapy [81]. Indeed, despite some recent studies
suggesting a possible discontinuation of anticoagulation therapy in pa-
tients with a history of thrombotic APS in whom aPL are no longer de-
tected, available evidence is still very limited to support the indication
to stop oral anticoagulation therapy in those patients [82]. Regarding
the intensity of anticoagulation, two randomized controlled trials
(RCTs) have suggested that INR levels of 2.0 to 3.0 may be sufficient
for APS patients suffering no complications. Although this target INR is
adequate in PAPS patients with venous thrombosis, the target INR is
still controversial in patients with arterial events. In a RCT by Pons-
Estel and colleagues, 25% of patients had arterial events. Thus, for pa-
tients with renal artery thrombosis or arterial stenosis, the addition of
antiplatelet agents to warfarin (target INR 2.0–3.0) or adoption of
higher INR target ranges of 3.0 to 4.0 may be required [14]. Many case
reports on anticoagulation alone or in combination with anti-platelets
in patients with arterial stenosis and APS endorsed this latter recom-
mendation. In 2000, Remondino and colleagues were the first to report
d arterial stenosis.

g modality Comments

DSA revealed 80% stenosis in the left renal artery and an anatomical
occlusion in the right kidney
Two major types of intracranial arterial abnormalities were
described; occlusions of major arteries or multifocal sites of arterial
narrowing and widening suggestive of vasculitis
Despite a normal renogram, a spiral CT showed stenosis of both renal
artery trunks
CT revealed hypodense, wedge-shaped lesion within the spleen
periphery that was congruent with splenic infarction
28% had stenotic lesions; lesions were smooth, well defined, and
mostly located at the proximal and middle segments of the renal
arteries in 70% of APS patients

RI, CT CT and MRI showed left cortical and subcortical ischemia of small
vessels, whereas MRA was normal
MRA revealed severe stenosis (N90%) of the coeliac artery

Coeliac artery stenosis was found in all patients with different severity
S, CTA, MRA All methods depicted the four main renal arteries with fibromuscular

dysplasia; CTA and MRA failed to detect stenosis
CTA revealed shrunken left kidney

A Contrast-enhanced CT enabled further morphological description of
CAS, calcification in specific

A CTA revealed two disease foci characterized by hourglass-like
stenosis of the arterial lumen, whereas DSA only showed the severity
of stenosis
Lesion distal to the origin of the common hepatic artery was revealed

A CT without contrast and CTA showed stenosis at the distal basilar
artery, and DSA confirmed the findings

stenosis; CT, computed tomography; CTA, CT angiography; DSA, digital subtraction angi-
agnetic resonance angiography; MRI, magnetic resonance imaging; SLE, systemic lupus
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on renal artery recanalization with oral anticoagulation therapy alone.
They described a patient with SLE, secondary APS, mild hypertension
and bilateral RAS. Anticoagulation with acenocoumarol and an INR of
3.0–3.5were successful inmaintaining normal blood pressure and com-
plete recanalization of both renal arteries on follow-up spiral CTA [9]. In
another report, Sangle and colleagues concluded that anticoagulation
with INR maintained above 3.00 helped to control the blood pressure
and prevented the progression of renal disease in patients with RAS
and APS [6].

Wong and colleagues recommended that APS patients with arterial
stenosis treated by anticoagulation therapy should target an INR of
3.0–4.5. They described two cases; the first case is a 43-year-old
woman with right middle cerebral artery ischemic stroke who failed
treatment with warfarin (INR target of 2.0–3.0) and low-dose aspirin
as demonstrated by follow up MRA, which showed focal tightness at
the left middle cerebral artery origin. The INR was raised to 3.0–4.5,
and 6 months later, a follow-up MRA showed complete revasculariza-
tion of the middle cerebral artery. The second case is a 43-year-old
taxi driver man on low-dose aspirin, who presented with complete
loss of vision in the left eye with no light perception. MRA showed
that the patient's left ophthalmic artery is suffering from tight stenosis
at the junction of the optic nerve. The patient was started on warfarin
with a target INR of 3.0–4.0, and 6 months later, a follow-up MRA
showed complete revascularization of left ophthalmic artery [7]. Choi
and colleagues reported a case of a 56-year-old woman with complete
occlusion of the celiac trunk and superior and inferior mesenteric arter-
ies but many collateral vessels were present. Bypass with a vascular
graft was recommended but the patient refused; she was maintained
on warfarin and low-dose aspirin with good control of her symptoms
[70]. Boltin and colleagues reported a case of a previously healthy
47-year-old female diagnosed with APS and occlusion at the origin
of the left renal artery with a small branch supplying superior pole
of the left kidney displaying minimal enhancement. She was started
on long-term coumarin therapy. Despite recommending interven-
tion that was not done at 4-month of follow-up, patient was
normotensive with controlled creatinine and no complaints [68]. A
study by Christodoulou and colleagues revealed that 26% of patients
(mean age 43 years) with uncontrolled hypertension and positive
aPL antibodies had RAS (4 bilateral, 6 unilateral), compared to 8%
in hypertensive patients and 3% in healthy controls. Patients were
treated with anticoagulation to a target INR of 3.0–4.0; the results
proved that maintaining INR above 3.0 was correlated with revascu-
larization of the RAS [83]. Rosenthal and colleagues described a
case of 39 years old Caucasian women that was diagnosed with SLE
and secondary Sjorgen syndrome with positive LA tests. The
patient was started on aspirin 75 mg/day and hydroxychloroquine
200 mg/day. The patient then developed mesenteric angina con-
firmed by MRA, which revealed a tight stenosis (N90%) of the coeliac
artery. Twenty-two months after the initiation of treatment with
warfarin, with INR stabilized N3.0, the patient reported improved ab-
dominal pain and stable weight. Follow-up MRA revealed no differ-
ence in coeliac artery stenosis and abdominal pain was relieved
[78]. Unfortunately, anticoagulation alone is not always sufficient.
Fourteen Caucasian APS patients with uncontrolled hypertension
secondary to RAS were treated for at least 1 year with warfarin
with a target INR of 3.0–4.5 as well as with antihypertensive medica-
tions. Those with INR b3.0 had uncontrolled BP and deterioration in
serum creatinine levels. In 9 of those 14 patients receiving warfarin,
a control MRA was done after 2 years; 4 of these patients underwent
angioplasty. Upon follow-up, three patients with INR b3.0 had reste-
nosis of renal artery and a fourth patient developed RAS bilaterally.
Five patients with INR N3.0 had no restenosis of renal artery with
controlled BP and stable renal function. The authors concluded that
preventing deterioration of renal disease and controlling blood pres-
sure could be reached with anticoagulation, with INR maintained
above 3.0 [10].
It is crucial to keep in mind the risk of bleeding in patients on
anticoagulation and antiplatelets. An increased risk of bleeding was re-
ported with target INR (3.0–4.5). Thereafter, the risk of bleeding in-
creases proportionally with INR 4.5 as well as with increasing age [48].

7.2. Recanalization/angioplasty

In current practice in which catheter-based interventions have be-
come widely available, a clinical evaluation followed straight away by
a diagnostic and therapeutic arteriogram is probably the most efficient
and cost-effective approach in most patients requiring treatment. For
patients in whom surgery is the only planned treatment, MRA or CTA
provide excellent noninvasive alternatives to DSA. There are still no
guidelines regarding the optimal time to perform stenting of an arterial
stenosis in APS patients, even in those with stenosis secondary to ath-
erosclerosis. This is still based on physician judgment in individualized
clinical settings.

In patients with atherosclerotic iliac artery occlusion, a Cochrane re-
view failed to gather sufficient evidence to assess the effect of angioplas-
ty alone versus stenting. They state that a stenotic lesion can be treated
with percutaneous transluminal angioplasty (PTA) alone; if the latter is
technically unsuccessful, additional stent placement is indicated [84].
One study showed that stenting in iliac artery occlusions may result in
lower distal embolization rates [85]. In APS patients, the recommenda-
tions are still based on case reports. Hugli and colleagues suggest PTA
without stenting for revascularization in patients with lower extremity
ischemia. They reported a case of 28-year-old female diagnosed with
SLE and secondary APS presenting for angioplasty of both common
iliac arteries. DSA controls done post angioplasty showed no elastic re-
coil and no signs of peripheral embolization or local dissection [66].
Asherson and colleagues also reported successful treatment of left RAS
in a 35-year-old male who failed treatment with anticoagulation alone
[77]. A patient with APS andmesenteric ischemia due to severe stenosis
of the proximal part of the superior mesenteric artery was treated with
angioplasty and stenting of superior mesenteric artery and left renal ar-
tery, antiplatelet, anticoagulation, and statin therapy [86]. In severe in-
tracranial arterial stenosis (ICAS), the Warfarin Aspirin Symptomatic
Intracranial Disease (WASID) and the Stenting and Aggressive Medical
Management for Preventing Recurrent Stroke in Intracranial Stenosis
(SAMMPRIS) trials indicated that despite aggressive medication treat-
ment, the rate of recurrence of stroke in patients with severe ICAS was
18% and 12% within the first year, respectively [87]. The SAMMPRIS
trial even states that in comparison with patients who received aggres-
sive medication therapy only, patients treated with PTA and stenting
had a significantly higher risk of stroke or death within 30 days [88].
In a retrospective study, stenting versus aggressive medical treatment
was studied in this group of patients and showed no significant differ-
ences in incidence of recurrent stroke or death [89].

Saad and colleagues reported urgent DSAwith endovascular stenting
of basilar artery in an APS patient who failed systemic and intra-arterial
thrombolytic treatment, aspirin and systemic anticoagulation [67].

Christodoulou and colleagues recommend surgery for severe lesions
that cannot be treatedwith angioplasty, which should be the first choice
either with or without stenting. Moreover, anticoagulation should fol-
low to prevent restenosis [83].

It is important to reiterate that anticoagulation should be initiated
and maintained at an INR between 3.0 and 3.5 to stabilize the stenosis,
prevent restenosis after angioplasty, and for prophylaxis against throm-
bosis elsewhere.

7.3. Other measures

The role of statin therapy in APS patients with arterial stenosis is not
clear yet. Hunt and Khamashta discussed that lipid-lowering agents
are thought to work by reducing the inflammatory process in the endo-
thelium rather than by reducing the stenosis size, as no plaque
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regressionwas observed. Statins stimulate the expression of tissue plas-
minogen activator (t-PA) and decrease plasminogen activator inhibitor-
1 (PAI-1) produced by human vascular endothelial cells and smooth
muscle cells, and therefore, stimulate the fibrinolytic activity of rat aor-
tic endothelial cells. Thus, statins improve the instability and
thrombogenicity of atherosclerotic plaques and subsequent thrombus
formation. The authors suggested that further investigation is required
both in vivo and in vitro to address the question of whether statins are
needed in APS [33].

Take home messages

1. Antiphospholipid syndrome (APS) is a prothrombotic disorder
associated with venous and arterial thrombosis. Arterial stenosis,
particularly affecting the renal, coeliac and intracerebral arteries,
has been observed.

2. The arterial lesions seen in APS consist of smooth, well-delineated
narrowing at the proximal segment, distinct from atherosclerosis
and fibromuscular dysplasia lesions.

3. The underlying pathology and mechanism for the stenotic lesions in
APS are unknown, but may involve thrombosis, accelerated athero-
sclerosis and/or proliferation of smooth muscle.

4. Anticoagulation treatment may improve or prevent further progres-
sion of the arterial stenosis in patients with APS.
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