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Abstract. Even 10 yr after the identification of the antiphos-
pholipid syndrome (APS), renal involvement in the course of
APS is still relatively unrecognized, and is probably underes-
timated. The association of anticardiolipin antibodies and/or
lupus anticoagulant with the development of a vaso-occlusive
process involving numerous organs is now confirmed. In a
multicenter study, 16 cases of “primary” APS (PAPS) were
found and followed for 5 yr or more, all with renal biopsy. In
all 16 cases of PAPS, there was a vascular nephropathy char-
acterized by small vessel vaso-occlusive lesions associated
with fibrous intimal hyperplasia of interlobular arteries (12
patients), recanalizing thrombi in arteries and arterioles (six
patients), and focal cortical atrophy (10 patients). In combina-

tion, these led to progressive destruction of the kidney, accel-
erated by acute glomerular and arteriolar microangiopathy in
five patients. Focal cortical atrophy is a distinctive lesion,
present in 10 biopsies, and likely represents the histologic and
functional renal analogue to the multiple cerebral infarcts de-
tected on imaging studies. The clinical hallmark of this vascu-
lar nephropathy in PAPS is systemic hypertension, only vari-
ably associated with renal insufficiency, proteinuria, or
hematuria. The ensemble of histologic renal lesions defined in
this study should aid in the separation of the lesions found in
cases of secondary APS, especially systemic lupus erythema-
tosus, into those lesions related to APS and those related to the
underlying disease.

The anticardiolipin syndrome was described in 1986 (1,2). It
was defined by the presence of antiphospholipid antibodies,
recognized as anticardiolipin antibodies (aCL) and/or circulat-
ing lupus anticoagulant (LA) associated with thrombosis, par-
ticularly of the large arteries or veins and/or repeated sponta-
neous abortions. The term antiphospholipid syndrome (APS) is
now used to describe this entity (3). It was in systemic lupus
erythematosus (SLE) that the frequency of thrombotic compli-
cations and the presence of antiphospholipid antibodies was
first well described (4—7). Love and Santoro (8) determined on
the basis of a compilation of several series, including more
than 1000 lupus patients, a prevalence of 34% for LA and 44%
for aCL in this setting. Thrombotic events occur in nearly 30%
of lupus patients demonstrating these antibodies (8). Although
the renal lesions in APS have been described as intrarenal
thromboses (7), there remains a lack of knowledge concerning
the renal manifestations in the APS: their frequency, their
severity, their symptomatology, and even the basic histology of
these lesions (9,10). Piette et al. (11) have described and
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gathered the data from the literature on the renal manifestations
of APS, occurring in the course of nephropathies as diverse as
pregnancy, renal transplants, and particularly SLE. There is a
strong association between the existence of LA and presence of
thrombotic microangiopathy in biopsies from lupus patients
(4,5), regardless of the subtype of lupus nephritis (7).

The primary antiphospholipid syndrome (PAPS) has been
defined basically as APS in the absence of associated autoim-
mune disease (12-15). As opposed to SLE with APS, the
intrarenal lesions of PAPS are poorly described, being derived
either from isolated cases in the literature (16—22) or from
cases included in small series of SLE with APS (23-30). Our
study reports 16 cases of PAPS with renal manifestations, with
the goal of describing the clinical and histopathologic lesions
on renal biopsy, and of attempting to define a morphologic
picture that should suggest the diagnosis of APS. In such cases
of PAPS, it should be possible to observe the lesions due to
APS in relatively pure form, without possible superadded
vascular lesions due to the underlying disease associated with
APS, as in the SLE-APS overlap syndrome. And conversely,
this sort of analysis may be useful in the interpretation of renal
biopsies from SLE or other conditions with associated APS.

Materials and Methods
FPatients

We studied retrospectively 16 patients with PAPS and renal man-
ifestations, gathered from three different University Hospitals in Paris
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(Hopital Broussais, Hopital Pitié-Salpétriere, and Hopital Necker)
from 1989 to 1996. All had a history of thrombotic events, recurrent
fetal loss, livedo, seizures, thrombocytopenia, or other features sug-
gestive of APS.

The diagnosis of PAPS was made according to established criteria
(12-15). All patients had positive tests for LA or aCL or both. The
current definition adopted for PAPS requires the exclusion of SLE
(31), hence the lack of sufficient modified 1997 American Rheuma-
tism Association (ARA) criteria (32), specifically the absence of
anti-native (double-stranded [ds])-DNA and anti-extractable nuclear
antibodies (ENA), and negative or weakly positive antinuclear anti-
bodies. A follow-up longer than 5 yr after the first clinical manifes-
tations is believed necessary to rule out the subsequent emergence of
SLE (33,34). All 16 patients had renal insufficiency and/or protein-
uria, and/or hematuria, and/or systemic hypertension.

Exclusions
The following patients were excluded from the study population:

1. Patients with established SLE, according to the ARA criteria, or
“lupus-like “disease with elevated antibody titers to dsSDNA or to
ENA. Particular emphasis was placed on the absence of elevated
dsDNA or ENA because the modified 1997 ARA criteria include
elevated titers to antiphospholipid antibodies (32), thereby reduc-
ing to three the number of other criteria necessary for diagnosis of
SLE.

2. Patients with diabetes or other well identified glomerulopathies
such as IgA mesangial glomerulonephritis, membranous glomeru-
lopathy, or transplant recipients.

3. Patients with biopsies showing glomerular Ig deposits by immu-
nofluorescence (IF) to avoid the “overlapping influences of silent
SLE or other autoimmune diseases.” Thus, we excluded from the
study three patients with suspected PAPS whose biopsies were not
evaluated by IF and five other patients whose IF specimens
showed, surprisingly, IgG mesangial deposits, since it was be-
lieved that lupus or other immune complex disease could not be
ruled out. This left a total of 16 patients for study.

Detection of Antiphospholipid Antibodies

aCL (IgG isotype) were determined in all 16 patients with enzyme-
linked immunosorbent assay standardized by the International Study
Group, using commercial kits. The results were expressed in IgG
phospholipid (GPL) units, with results below 15 units GPL considered
negative. LA were sought in all 16 patients, using different procedures
such as dilute activated partial prothromplastin time, kaolin clotting
time, or diluted prothrombin time, or a combination of these tests. LA
and aCL positivity were confirmed on a second sample collected 4 wk
or later.

Other Laboratory Studies

Each serum specimen studied for aCL was tested for antinuclear
antibodies, anti-dsDNA antibodies, serum immunoglobulins (IgA,
1gG, IgM), complement levels (C3, C4), Coomb’s test, cryoglobulins,
antinuclear cytoplasmic antibodies, and for rheumatoid factor (latex
and Waaler-Rose tests). When thrombocytopenia was present, mi-
croangiopathic hemolytic anemia was sought by the presence of
schizocytes and nucleated red cells on peripheral smear. The sera of
the 11 patients studied were found negative for hepatitis C, B, and
HIV infections.

Most patients required imaging evaluation using angiography, ul-
trasonography, and/or computed tomographic (CT) scanning, and/or
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magnetic resonance imaging for the diagnosis of definite or suspected
thrombosis or complications, such as deep venous or arterial abdom-
inal and aortic thrombosis, for the diagnosis of pulmonary embolism,
for the search for cardiac valve thickening or vegetations, cerebral
vascular problems, and for visualizing possible renal cortical necrosis
and stenosis or thrombosis of the trunk of renal arteries.

Renal Biopsy Processing

Standard percutaneous biopsies were performed in five patients,
surgical in five other patients, and transjugular in the six throm-
bopenic or severely hypertensive patients. Specimens were fixed in
alcoholic Bouin’s fixative with standard embedding and stains for
light microscopy. All biopsies had IF studies using anti-IgA, IgG,
IgM, fibrinogen, C3, C4, Clq antibodies (Behringwerke, Marburg,
Germany), and anti-k and anti-A light chain antibodies (Dakopatts
A/S, Glostrup, Denmark). We estimated the renin content of five
surgical renal biopsies from patients in whom occlusion of the main
renal artery was ruled out. We used a semiquantitative assessment that
we have reported previously (35) with a polyclonal antihuman renin
antibody (gift from Pierre Corvol, College de France, Paris). To
identify the nature of the vascular intimal proliferation, we used a
monoclonal mouse antihuman muscle actin antibody, HHF35, which
recognizes « and 7y smooth muscle actin (Dakopatts) at a dilution of
1:50 in the labeled streptavidin-biotin (LSAB) method on paraffin
sections of five biopsies.

Results

Of the 16 patients reported, 10 (62%) were male and six
(37%) female, all Caucasians. Their ages ranged from 24 to 60
yr (average 37. 8 yr). All patients had been followed for more
than 5 yr. There were three deaths, the youngest patient of
pulmonary hypertension 2 yr after the biopsy (patient 1), and
two others of cerebral accidents (patients 3 and 6). All of the
clinical findings and biologic data are summarized in Tables 1
through 3.

Clinical Findings

Systemic arterial or venous thrombosis was present in 15 of
16 patients (93%). Deep venous thrombosis (DVT) took the
form of thrombophlebitis of the legs, with repeated episodes in
three patients. Two patients presented with pulmonary embo-
lism and thromboembolic pulmonary hypertension. In our se-
ries, most often arterial thrombosis involved the cerebrovascu-
lar circulation (68%) (see below), but also other sites, including
the trunk of renal arteries and suprarenal aortic occlusion
associated with multiple visceral arterial thromboses, including
the mesenteric and renal arteries. One patient (patient 5) suf-
fered thrombosis of his vascular access for dialysis, followed 5
yr later by the thrombosis of the arterial anastomosis of a renal
transplant at 13 d posttransplantation. Five patients presented
both arterial and deep venous occlusions.

Fifteen of 16 patients (93%) had systemic hypertension,
defined as BP =140/90 mmHg. Hypertension was thus as
common as chronic renal insufficiency (87%), and its severity
varied from mild in approximately half of patients to severe
hypertension in the remainder. One patient (patient 5) with
malignant hypertension developed acute renal failure with mi-
croangiopathic hemolytic anemia leading rapidly to end-stage



Table 1. Renal and clinical features in 16 patients with PAPS®

Patient Age Gender Creatinine Proteinuria

BP

aCL

(1) (mg/dl) (g/d) Hematuria (mmHg) Platelets/mm® LA (UGPL) Thrombosis/Abortions Other Clinical Features
1 24 M 1.23 - - 180/110 100,000 + 5 Pulmonary, cerebral CNS manifestations (stroke), livedo reticularis,
leg ulcers, pulmonary HT
2 33 M 1.59 0.4 + 160/95 85,000 + >860 DVT Leg ulcers, cardiac valve lesions, alveolar
hemorrhage
3 34 M 1.36 3 - 260/120 110,000 + 60 Cerebral, DVT CNS manifestations (stroke), livedo reticularis
4 36 M 2.5 2 + 140/95 130,000 + 600 Cerebral CNS manifestations (seizures, chorea, stroke),
cardiac valve lesions, alveolar hemorrhage
5 383 M 2.27 2 + 250/140 100,000 + 17 Hemodialysis vascular ~ Microangiopathic hemolytic anemia
access, renal graft
artery
6 47 M 1.59 1.5 - 160/100 80,000 + 280 Cerebral, DVT CNS manifestations (stroke), livedo reticularis,
cardiac valve lesions, alveolar hemorrhage,
pulmonary HT, immune hemolytic anemia
7 49 M 1.7 0.5 + 210/120 179,000 + >45 Cerebral CNS manifestations (multi-infarcts)
g8 50 M 2.04 3 - 150/95 95,000 + 100  Suprarenal aorta, CNS manifestations (seizures), livedo
mesenteric, axillary, reticularis, adrenal failure
renal arteries,
pulmonary and DVT
9 52 M 1.59 0.2 - 150/100 159,000 + 20 Cerebral, DVT CNS manifestations (multi-infarcts)
10 60 M 1.3 - 150/100 176,000 + 9 Cerebral CNS manifestations (stroke), cardiac valve
lesions
11 24 F 1.17 0.46 + 160/120 147,000 + 20 DVT CNS manifestations (chorea), cardiac valve
lesions
12 28 F 1.36 0.4 - 132/84 180,000 + 42  Cerebral, DVT, CNS manifestations (multi-infarcts), livedo,
abortions preeclampsia
13 32 F 1.02 - + 170/120 107,000 + >45  Abortions Livedo reticularis, preeclampsia, cardiac valve
lesions
14 35 F 2.5 7 + 180/110 100,000 + 46 Cerebral, abortions CNS manifestations (multi-infarcts), livedo
reticularis, cardiac valve lesions, immune
hemolytic anemia
15 45 F 1.7 0.6 + 140/95 100,000 + 10 Cerebral CNS manifestations (multi-infarcts)
16 59 F 1.36 - + 190/100 168,000 + 160 Cerebral, renal artery CNS manifestations (seizures, multi-infarcts),

immune hemolytic anemia

*PAPS, primary antiphospholipid syndrome; LA, lupus anticoagulant; aCL, anticardiolipin antibodies; UGPL, IgG phospholipid units; CNS, central nervous system; DVT, deep

venous thrombosis; HT, hypertension.
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Table 2. Frequency of clinical manifestations in PAPS

patients®
Clinical Manifestation No. (%)
Arterial/venous thrombosis 15 (93%)
Systemic hypertension 15 (93%)
Renal insufficiency 14 (87%)
CNS manifestations (stroke, seizures, chorea, 13 (81%)
infarcts)
Cutaneous manifestations (livedo, leg ulcers) 9 (56%)
Pregnancy complications (recurrent fetal loss)  3/6 (50%)
Cardiac manifestations (mitral valve thickening, 5 (31%)
vegetations)
Pulmonary manifestations (embolism, 4 (25%)
pulmonary HT, alveolar hemorrhage)
Nasal septum perforation 1 (6%)
Adrenal failure 1 (6%)
Thrombocytopenia 9 (56%)
# Abbreviations as in Table 1.
Table 3. Frequency of renal manifestations
Clinical Manifestation No. (%)
Systemic hypertension 15 (93%)
Renal insufficiency 14 (87%)
Proteinuria (0.2 to 7 g/d) 12 (75%)
Hematuria 9 (56%)
Microangiopathic anemia 1 (6%)
Nephrotic syndrome 1 (6%)

renal failure and dialysis. Only this one patient progressed to
end-stage renal failure.

All 16 patients had renal symptoms (Tables 1 and 3), with
renal insufficiency in 14 (87%), mild in most patients (serum
creatinine, mean 1.64 mg/dl, ranging from 1.02 to 2.50 mg/dl
at the time of renal biopsy), with subsequent end-stage renal
failure in patient 5 (see above). The occurrence of renal infarcts
or cortical ischemia was revealed by abdominal CT scan in two
women.

Neurologic manifestations were frequent, occurring in 13 of
16 patients (81%) with a first ischemic stroke or other event,
recognized on neuroimaging as cerebral infarcts in 11 patients
(68%). Eight of these patients with thrombotic episodes were
between 24 and 50 yr old, and only three were older. The
associated cerebral manifestations were distributed as follows:
focal neurologic signs such as strokes, sometimes as transient
ischemic attacks and often recurrent, were present in five
patients; seizures in three patients; chorea in two patients. One
patient developed all of the manifestations of cerebral APS-
related disorders: strokes, seizures, chorea.

Cutaneous manifestations, limited to frequent livedo reticu-
laris and leg ulcers (two cases) were present in nine patients
(56%), and in six this was associated with strokes or chorea.

Pregnancy complications were present in three of the six
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women (50%), with a total of seven repeated fetal losses
followed by eclampsia in one patient.

Pulmonary manifestations: Four patients (25%) suffered
from pulmonary manifestations. Two patients had pulmonary
hypertension, followed by repeated episodes of thromboembo-
lism in one. Alveolar hemorrhage was observed in three pa-
tients, as has previously been reported (22).

Cardiac manifestations were present in five patients (31%),
with mitral valve thickening in all and valve vegetations in one
patient

Nasal septum perforation was present in one patient, an
observation also reported by others (22).

Adrenal failure occurred in the patient who had suffered
widespread arterial and venous occlusions with massive in-
volvement of the aorta and most of its abdominal visceral
branches.

Serologic Results

Lupus anticoagulant was present and its positivity was con-
firmed in multiple samples in all 16 patients. aCL was consid-
ered positive (>15 GPL units) in 12 patients and negative in
four patients at time of biopsy. In 10 patients, GPL values were
highly positive (>40 units). Highest values of aCL (GPL units)
are reported in Table 1.

Thrombocytopenia: Nine of 16 patients (56%) had docu-
mented thrombocytopenia of <110, 000 platelets/mm® on at
least two occasions. Two patients had both thrombocytopenia
and autoimmune hemolytic anemia, associated with aggluti-
nins and Coomb’s positivity in both. In a third patient, there
was thrombocytopenia with microangiopathic hemolytic ane-
mia with schizocytes in the peripheral smear and malignant
hypertension (patient 5).

Antinuclear antibodies were present in six patients, in low
titers ranging from 1:40 to 1:80.

Tissue-specific antibodies, anti-DNA antibodies, antinuclear
cytoplasmic antibodies, and cryoglobulins were uniformly neg-
ative, as were antibodies to hepatitis C, B, and HIV in the 11
patients studied.

Spectrum of Renal Histopathologic Lesions

The frequency of the various histologic lesions is outlined in
Tables 4 and 5. We describe here primarily the vascular lesions
found in these biopsies, with emphasis on one particular lesion,
focal cortical atrophy, involving the superficial cortex, which
was present in 62% of cases. It is best understood, however, in
the context of the vascular lesions, which are therefore de-
scribed first.

Vascular Lesions. Arteriosclerosis, characterized by fi-
brous intimal thickening with luminal reduction in the arcuate
and interlobular arteries, associated with arteriolar hyaline and
arteriolosclerosis, was present in 75% of biopsies in PAPS
(Figure 1).

Fibrous intimal hyperplasia (FIH) was present in 75%. The
interlobular arteries and their branches were tortuous, with
their intima thickened, primarily by an intense myofibroblastic
intimal cellular proliferation (Figures 2 through 5), the cells
being positive for o and y smooth muscle actin in the cases



Table 4. Renal biopsy findings in 16 patients with PAPS?*

Glomeruli Interstitium Vessels Involved
Patient Interlobular Arteries Arteriolar Lesions FCA
n S(cilleort())zlis Lesions Fibrosis K:lr%l;}?}r] Thyroidization Arteriosclerosis %S;zlr%?:sl?al ]Q}f rg;?llggsli Hyalinosis Sclerosis TMA  Occlusions
1 20 4 Double 10% + - + ++ + ++ - ++ + -
contour
2 40 12 (FCA) 10% + + — ++ ++ - + - + +
3 12 0 40% + + + + - - + - - +
4 30 5 TMA, FSGS 40% + - — ++ ++ + ++ ++ ++ -
5 20 0 TMA, FSGS 20% + - + ++ - + + ++ - -
6 10 9 (FCA) 75% ++ ++ — + - - + - + +
7 12 6 (FCA) 10% + + — + - - + - + +
8 7 4 Double 70% ++ ++ + + + - + + + +
contour
9 15 5 30% + + + - - + + - - -
10 102 10 FSGS (FCA) 10% + + + - - - + - + +
11 20 10 (FCA) 30% + + + + + - + - + +
12 13 1 Collapsed 10% + + + - - + + — — —
glom.
13 12 1 10% + + + - - - + — - -
14 22 12 (FCA) Collapsed 40% ++ + ++ ++ + - ++ - + +
glom.
15 10 0 50% + - + + - - + — + +
16 20 10 (FCA) Double 10% + + + + - + — + - +
contour

2 FCA, focal cortical atrophy; TMA, thrombotic microangiopathy with fibrin occlusion; FSGS, focal segmental glomerulosclerosis. +, focal lesions; ++, diffuse lesions.
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Table 5. Frequency of histopathologic renovascular lesions

in PAPS

Clinical Manifestation No. (%)
Arteriosclerosis 12 (75%)
Fibrous intimal hyperplasia 12 (75%)
Tubular thyroidization 12 (75%)
Arteriolar occlusions 11 (68%)
Focal cortical atrophy 10 (62%)
Thrombotic microangiopathy (fibrin) 5(1%)
Organizing thrombosis 6 (37%)
Vasculitis 0

studied (Figure 6), and also by extracellular matrix, often
mucoid in character. The intima tended to be much more
cellular than that seen in typical arteriosclerosis of aging. In
one case, the thickened intima contained thrombi composed of
fibrin and leukocytes. The media was either proliferative, with
hypertrophic myocytes, or alternatively, atrophic and fibrous.
Cross sections often revealed that the lumen was, to be sure,
reduced, but primarily by fibrous intimal projections or “cush-
ions ” that bulged into the lumen. An onion-skin arrangement
of intimal fibrosis was frequent. In five patients, the lumina
were obstructed by fibrous tissue, sometimes permeated with
endothelialized channels indicative of recanalizing thromboses
(Figures 2 through 5). The organizing thrombi were always
observed in biopsies with extensive FIH, except in one case in
which the lesions were focal.

Arterial and arteriolar fibrous and fibrocellular occlusions
were present in 68% of biopsies, involving small interstitial
arteries (Figure 7).

Thrombotic microangiopathy (TMA) with fibrin thrombi in
arterioles and glomeruli was found in five (31%) biopsies, all
showing FIH as well. TMA most commonly affected the
preglomerular arterioles, small interlobular arteries, as well as
the glomerular capillaries. There was total noninflammatory
occlusion of the vessels by intraluminal, subendothelial, or
medial accumulation of fragmented red blood cells, leukocytes,
and eosinophilic fibrinoid material. In three cases, glomeruli
showed associated mesangiolysis and diffuse mesangial inter-
position with numerous double contours. By IF, fibrin was the
sole element of the thrombi, with immunoglobulins being
absent. In one biopsy, there were myriads of microthrombi
occupying the hilus and capillaries of approximately 10 glo-
meruli (Figure 8). The glomerular capillaries were blocked by
fibrin and hyperplastic endothelial cells bulging into the lu-
mina.

Vasculitis, such as found in microscopic and macroscopic
polyarteritis, was absent in this series.

Other Lesions. Focal cortical atrophy (FCA) was present
in 62% of biopsies. It involved the superficial cortex under the
renal capsule, as foci or triangles, and was seen to pass deeper
into the cortex on surgical biopsies, where it was accompanied
uniformly by a depression of the contour of the renal capsule.
It was irregularly distributed and led to retraction of the tissue,

J Am Soc Nephrol 10: 507-518, 1999

with a sharp border with the rest of the normal cortex (Figures
6 and 9 through 11). All of the elements of the parenchyma
were altered, creating an ensemble of lesions that are highly
suggestive of the diagnosis of PAPS. There was dense inter-
stitial fibrosis, with massive tubular atrophy and thyroidization,
associated with the vascular lesions of FIH with recanalizing
thrombi (Figures 2 through 6). The arterioles were occluded
either by fibrin microthrombi or often by fibrous tissue. The
glomeruli were often small and sclerotic, often in groups of
five or six globally sclerotic glomeruli tightly clustered to-
gether. Alternatively, they could be voluminous, almost cystic,
tending also to occur in groups. According to the plane of
section, these latter were either completely devoid of glomer-
ular tuft, or contained only a few residual retracted capillaries
and a few vacuolated podocytes. These two basically different
glomerular appearances, sclerotic and pseudocystic glomeruli,
were often observed in the same biopsy. The more ordinary
lesions of arteriosclerosis were primarily found at some dis-
tance in the internal cortex.

By IF, fibrin was sometimes seen persisting in the thickened
cellular intima associated with C3 and IgM. Renin was ob-
served in the juxtaglomerular apparatus (Figure 11) and in the
wall of the interlobular arteries. In all of the FCA areas studied
with antirenin antibody, more than 30% of juxtaglomerular
apparatus were positive with similar high ratios of renin-
containing cells to those we have found in thrombotic microan-
giopathy in other human glomerular and vascular renal dis-
eases (35).

Other glomerular lesions were sometimes present in addition
to TMA. Three biopsies showed lesions of focal segmental
glomerulosclerosis, with two of these showing retracted tuft
with detached podocytes (outside the areas of FCA).

Tubular thyroidization was present in 75% of biopsies,
characterized by large zones of atrophic tubules containing
eosinophilic casts, resembling thyroid tissue. It occurred
mainly in the deep cortex or medulla. It primarily formed a part
of the ensemble of lesions comprising FCA (Figure 1).

Discussion

All of the patients in this series showed a clear-cut PAPS.
They all meet the established definition (1,2,9) of APS (asso-
ciation of arterial or venous thromboses and/or repeated abor-
tions with antiphospholipid antibodies) and the definition of
PAPS (12-15), notably the absence of the appearance, over 5
yr follow-up of any diseases, such as SLE, which might cause
APS (33).

The abundance of extrarenal clinical manifestations de-
scribed here (Table 1), likely related to the high levels of aCL
(62% of patients >40 GPL units) (36), are a testimony to the
severity of the thrombotic process. Moreover, the extrarenal
clinical involvement in our patients corresponds to that de-
scribed in the course of PAPS (12—15), thereby offering reas-
surance that the renal lesions in our series are representative of
those seen in the course of PAPS.

Hypertension was present in nearly all of the patients and
was sometimes the only clinical sign suggestive of nephropa-
thy. It was often severe with diastolic pressure =110 mmHg in
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Figure 1. Arteriosclerosis of an interlobular artery in an otherwise
normal cortical section from patient 14. It differs from typical arte-
riosclerosis by the “cellular” nature of the fibrous intima and the
irregular contours of the markedly retracted lumen. Masson’s
trichrome stain. Magnification, X160.

cortical arterioles show striking cellular and fibroelastic intimal thick-
ening with a fibrous intimal projection or cushion bulging into the
lumen. Periodic acid-Schiff (PAS) stain. Magnification, X200.

Figure 3. Fibrous intimal hyperplasia. Intrarenal artery showing ob-
structive and proliferative vaso-occlusive modifications. Glomeruli
are cystic with severely retracted tufts. Masson’s trichrome stain.
Magnification, X200.

e

Figure 4. Fibrous intimal hyperplasia with organizing thrombi occluding
the lumen of a preglomerular arteriole. Glomerulus shows ischemic
atrophy with enlargement of Bowman’s space. Masson’s trichrome stain.
Magnification, X200.

nal arterioles showing a plexiform vascular pattern with tortuous thick-
ened vessels with vascular occlusions, organizing thrombi, and endothe-
lialized channels. Masson’s trichrome stain. Magnification, X200.

d e T . d P
Figure 6. Fibrous intimal hyperplasia in a “focal cortical atrophy” under
the renal capsule showing a strong staining for « and y smooth muscle
actin confined to intracortical vasculature in the media and in the myo-
fibroblastic intimal proliferation, using the antithuman muscle actin anti-
body HHF35. LSAB method. Magnification, X200.
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Figure 7. Arterial and arteriolar fibrous occlusions. In the center of the
photomicrograph there is an intrarenal interstitial artery showing fibrous
occlusion and glomeruli with severe retracted tuft. Masson’s trichrome
stain. Magnification, X160.

) i e . . ]
Figure 8. Thrombotic microangiopathy (TMA). Two glomerular hilar
regions are occluded by fibrin microthrombi and proliferative endothelial
cells bulging in the arteriolar lumen. Silver methenamine (Jone’s) stain.
Magnification, X200.

ol A

Figure 9. Focal cortical atrophy (FCA) from patients 2 and 10 involves
the superficial cortex under the renal capsule. There is dense interstitial
fibrosis, with numerous microcystic dilations of tubular or glomerular
origin. Also shown are predominantly abnormal tubular dilations with a
pattern of tubular thyroidization at the border with normal cortical area.

J Am Soc Nephrol 10: 507-518, 1999
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Figure 10. In an FCA area, numerous pseudocystic glomeruli are totally
devoid of visible tuft or contain only a small residual retracted tuft.
Interstitial fibrosis and vessels with fibrous intimal hyperplasia are ob-
served. Masson’s trichrome stain. Magnification, X60.

Figure 11. Focal cortical atrophy. Renin is observed in the juxtaglomer-
ular apparatus of one glomerulus. This glomerulus has only a markedly
retracted tuft in a cystically dilated Bowman’s space. Immunoperoxidase
with antihuman renin antibody. Magnification, X200.

five patients (31%) and even malignant in two patients (12%).
This observation raises the issue of the pathophysiology of
hypertension in the course of PAPS. In all patients the renal
biopsies revealed significant vascular renal lesions. In two
patients (patients 1 and 9), there was thrombosis of a trunk of
the renal artery, possibly leading to renovascular hypertension
(37-39). In the remaining 14 patients, the intrarenal vascular
lesions seemed to be playing this role. Given the severity of the
vascular lesions, the first hypothesis that one might propose is
that the hypertension was caused by the vascular lesions via
stimulation of the renin-angiotensin-aldosterone system. Our
results indicate that renin-containing cells were increased in the
five surgical biopsies studied, which is in favor of strong
stimulation of intrarenal renin (35). The reverse explanation is
also plausible, that the vascular lesions observed were second-
ary to the hypertension as during the course of nephroangio-
sclerosis. However, the severity of the vascular lesions in five
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patients (patients 4, 9, 10, 12, and 15) who were normotensive
or mildly hypertensive would seem to favor the first hypothe-
sis. We propose, therefore, that at least initially, the intrarenal
vascular lesions related to the PAPS cause the hypertension,
which may secondarily worsen and extend the lesions.

Renal insufficiency was frequent (87% of patients) and
sometimes severe, often associated with proteinuria and hema-
turia (Table 2). Three patients had heavy proteinuria of glo-
merular origin (>3 g/d), one of whom had a nephrotic syn-
drome, without however any specific glomerular lesion being
recognized. Twelve patients (75%) presented with chronic
renal insufficiency, underlining the chronic nature of the ne-
phropathy with underlying irreversible lesions. Acute renal
failure was present exclusively in the two patients presenting
with malignant hypertension (in the absence of abnormality of
the main renal artery), with a clinical course in one resembling
that seen in other thrombotic microangiopathies. Because all of
the patients of the series demonstrated severe vascular intrare-
nal lesions (Table 4), it seems likely that the loss of renal
function is the consequence of the vascular lesions. Patients
have been reported with SLE and LA or APS who developed
malignant hypertension and acute renal failure related to intra-
renal vascular lesions in absence of overt lupus glomerulone-
phritis (40,41). In the study of Kleinknecht et al. (23), all
patients with SLE and APS had severe hypertension with renal
insufficiency. Kincaid-Smith et al. (42) described acute renal
failure and severe hypertension in pregnant patients with LA.
In PAPS, most authors (16—22) have described systemic hy-
pertension as a very common symptom of renal involvement.

Therefore, it appears that hypertension is the most prominent
abnormality in patients with PAPS-associated nephropathy.
Thus, this diagnosis should be considered in any patient suf-
fering from APS and hypertension, regardless of whether it is
accompanied by renal insufficiency, proteinuria, or hematuria.
By contrast, microangiopathic hemolytic anemia is an uncom-
mon mode of presentation. In fact, of five patients showing a
histologic picture of microangiopathy, only one had the cus-
tomary clinical picture of microangiopathic hemolytic anemia
with thrombocytopenia.

The major contribution of this study is the histologic char-
acterization of the PAPS-related nephropathy: a vaso-occlusive
lesion of the intrarenal vessels associating, side by side, acute
thromboses and fibrotic vascular occlusions. Such thrombotic
lesions of the arteries and arterioles have previously been
described in the brain, the lungs, and the skin, as well as the
kidney in PAPS (43-46). In our series, FIH was the most
frequent lesion (75%) (see below). However, it was TMA,
observed in 31% of our patients, that has attracted the most
attention in prior reports in PAPS (16-21,42), so it is best
discussed first.

SLE was the first condition in which the association of TMA
with LA, then aCL, was first recognized over the course of
several studies (4,5,8), leading eventually to a new classifica-
tion of vascular lesions in SLE (47-50). It was found that in
some patients, the lesions of TMA with arteriolar and capillary
microthrombi can develop with a clinical picture of thrombo-
cytopenic purpura or hemolytic uremic syndrome associated
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with APS, regardless of the underlying type of lupus glomeru-
lopathy that exists (7,51). On histology, the principal vaso-
occlusive lesion observed is that of fibrinous obstruction with-
out IgG deposits (28). This latter lesion should not be confused
with the glomerular intracapillary coagula of immunoglobu-
lins, which may occur as well in SLE (50). Moreover, the study
of Banfi et al. (52) comprising 285 lupus patients showed that
TMA was the most important of the renal vascular lesions
threatening the renal prognosis. More recently, it has been
shown (26,40,41) that terminal renal insufficiency can occur in
SLE as the result of intrarenal vascular lesions only and not of
glomerulonephritis. It seems probable that the significance of
the vascular lesions is similar in the course of PAPS. Interest-
ingly, however, the incidence of TMA in SLE with LA is much
lower than in PAPS. In one series of 33 such patients, only five
had evidence of TMA (50). In another clinical setting, Kincaid-
Smith and coworkers (42), in a series of 12 pregnant women
with LA, reported acute arteriolar and glomerular thrombotic
lesions in the course of PAPS (eight of these women a poste-
riori could be placed in the category of PAPS, the other four
having SLE).

Subsequently, the intrarenal lesions of TMA were sought for
and identified in the course of PAPS (16-21). TMA is some-
times the very first manifestation leading to the diagnosis of
PAPS (patient 5) (18). The functional prognosis of this lesion
has not been established. Nonetheless, it may be ominous, as in
the series of Amigo et al. (17), in which five of 20 patients with
PAPS had renal symptomatology attributable to TMA, with
evolution in two patients to terminal renal insufficiency.

In our series, 75% of renal biopsies showed FIH of arterioles
and interlobular arteries, with narrowing of the vascular lumen.
Interlobular arteries predominantly had a cellular proliferation
of actin-positive cells in the intima, while others showed more
advanced collagen and elastic fiber deposition with less cellu-
larity. Finally, 68% of biopsies showed numerous fibrous and
fibrocellular vascular occlusions, the final stage of the small-
vessel vaso-occlusive renal disease of PAPS, resembling le-
sions of the diffuse vaso-occlusive disease of other organs
described by Lie (46) in APS. FIH was the second vascular
lesion observed by Kincaid-Smith and colleagues (42) in renal
biopsies of the group of pregnant women with PAPS. Other
authors (24,28,29) have described in small numbers of PAPS
cases intimal hyperplasia with organized thrombi in not only
the intrarenal arteries, but also in other organs: lung, meninges,
and brain (43—46). Our study is in accord with that of Kincaid-
Smith et al. (42), who clarified the pathophysiology of APS,
particularly the outcome of the intrarenal vascular lesions.
With follow-up and rebiopsy several years after the initial
episode (up to 10 yr in one patient), they have shown the
progression of the proliferative and obstructive intimal lesions
of the interlobular arteries and arterioles with progressive de-
struction of the kidney, sometimes accelerated by acute throm-
botic events.

The same lesions of FIH in intrarenal arteries with marked
narrowing of the lumen are observed in surgical nephrectomies
performed for renal artery stenosis (seeking to reduce hyper-
tension secondary to unilateral stenosis) (53, personal obser-
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vations). In this form of renal ischemia, in addition to hypo-
perfusion, the intervention of the renin-angiotensin system,
particularly angiotensin II, seems to cause the lesions of FIH.
Furthermore, these nephrectomy specimens frequently show
lesions of tubular thyroidization, present in 75% of our cases,
suggesting a similar pathophysiology. FIH and tubular thy-
roidization in PAPS are likely the consequences of tissue
ischemia and of the activation of the renin-angiotensin system.

In our series, 61% of the cases showed the lesions of FCA.
This histologic lesion seems to have been described in earlier
publications under different names such as “ischemic cortical
necrosis,” “cortical infarcts,” or “cortical scars” (24,42,54-57).
This fibrous subcapsular cortical lesion includes in association
with different vaso-occlusive lesions, retraction of tuft with
sclerotic and pseudocystic glomeruli occurring in groups, as
well as destructive fibrosis with areas of tubular atrophy and
loss with thyroidization. This picture is also present in the
subcapsular cortex of ischemic kidneys distal to a renal artery
stenosis, suggesting once again that the lesions of FCA may be
the consequence of tissue ischemia and activation of the renin-
angiotensin system. These lesions of FCA are likely the histo-
logic equivalent of the subcapsular images recognized by renal
imaging (angiography and CT scan). The lesions of TMA may
also be present with fibrin thrombi and fragmented red cells in
the small arterioles and glomeruli, with the latter sometimes
showing mesangiolysis and double contours such as are seen in
the hemolytic uremic syndrome.

The overall ensemble of cellular FIH with partial or com-
plete vascular occlusion and FCA, together with variable
TMA, represents a constellation more or less characteristic of
PAPS. The combination of any two of these three elements
should alert the pathologist to the possibility of PAPS, to be
confirmed clinically. However, because each of these elements
may occur in other conditions, a word should be said about the
distinction of these conditions from PAPS.

The vascular lesions of PAPS differ in several ways from
those of the typical nephroangiosclerosis (NAS) of aging and
essential hypertension. First, the thickened arterial intima in
PAPS tends to be cellular, sometimes markedly so, in contrast
to the relatively acellular, densely collagenous intima of NAS.
Second, there tends to be less arterial medial fibrosis than in
the lesions of NAS, which are more degenerative in nature.
Third, fresh and organized arterial thrombi and TMA are not
seen, of course, in NAS. Conversely, in conditions associated
with TMA, such as hemolytic uremic syndrome, predomi-
nantly small vessels and glomeruli are affected, cellular FIH in
larger arteries is not prominent, and lesions affect the paren-
chyma more uniformly so that FCA is uncommon. A possible
exception is malignant hypertension, in which the same con-
stellation of lesions might appear, so that here the distinction
would have to be made on clinical grounds.

Conclusion

This study allows us to approach the nephropathy of PAPS
as an entity in its own right, characterized by small-vessel
vaso-occlusive intrarenal pathology that likely evolves by re-
peated flares leading to a morphologic picture suggestive of its
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diagnosis even in the absence of history. This picture combines
the lesions of TMA, FIH of the arteries and arterioles, and
FCA. The clinical hallmark of this nephropathy is hyperten-
sion, only variably associated with renal insufficiency, protein-
uria, or hematuria. Conversely, the recognition of such lesions
on a biopsy performed for diagnostic purposes should lead to
work-up for possible PAPS. However, we need to understand
better the morbidity associated with this nephropathy to be able
to define the indications for and modalities of treatment.
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