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Thrombotic microangiopathy in lupus nephritis patients
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Objective

The aim of the present study was to evaluate the impact of thrombotic microangiopathy (TMA)
on renal involvement in patients with lupus nephritis (LN).

Patients and methods

This study included 50 systemic lupus erythematosus patients with LN who had been referred
for renal biopsy. Patients underwent clinical and laboratory assessment for disease activity
and damage. The biopsy specimens were classified according to the International Society of
Nephrology/Renal Pathology Society (ISN/RPS) classification, activity and chronicity indices,
and assessed for renal TMA lesions.

Results

TMA was found in 7/50 LN patients (14%). Patients with TMA lesions had significantly higher
systolic and diastolic blood pressure (P = 0.018 and 0.019, respectively), higher serum
creatinine (P = 0.031), lower estimated glomerular filtration rate (P = 0.023) and higher
consumption of C3 (P = 0.002) than that of those without TMA lesions. Lupus anticoagulant
positivity was significantly more frequent in patients with TMA (P = 0.001). There was a
significant association between the detection of TMA and LN class IV. LN patients with TMA
had significantly higher renal activity indices (P=0.022). Chronicity index was higher in patients
with TMA, but it did not reach a statistical significance.

Conclusion

TMA is not an uncommon vascular change in patients with LN, especially in those with
diffuse proliferative glomerulonephritis (class IV LN). It is associated with lupus anticoagulant
positivity, C3 hypocomplentemia and higher renal biopsy activity index. TMA was significantly
associated with renal impairment and systemic hypertension. Thus, TMA may be an important
cause of renal injury and renal dysfunction in a subset of patients with LN, a histological entity
associated with worse renal prognosis.
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fibrin thrombi in glomeruli and/or arterioles and

Introduction

Lupus nephritis (LN), the main cause of morbidity
and mortality in systemic lupus erythematosus (SLE),
is the most common secondary glomerular disease [1].
LN develops in up to 60% of SLE patients during the

course of the disease [2].

Thrombotic microangiopathy (TMA) is a common
vascular change in patients with LN [3]. TMA is
the most frequently reported intrarenal vascular
lesion of antiphospholipid nephropathy in patients
with primary antiphospholipid syndrome (APS),
SLE-APS, as well as SLE patients with positive
antiphospholipid antibodies (aPLs) [4]. The presence
of glomerular TMA has been first described in
LN patients [5] and was accepted as the acute
manifestation of antiphospholipid nephropathy. In
renal biopsy specimens obtained from SLE patients,
evidence of a TMA is occasionally detected. In its
most fulminant form, TMA presents with multiple
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capillaries  generally without inflammation or
vascular immune deposits [3]. TMA lesions may
be focal or diffuse, with fresh as well as old and
recanalizing thrombi. Immunofluorescence reveals
a predominance of fibrin-related antigens, in the
absence of immunoglobulins. Immune complexes
are not seen [6]. The appearance of TMA lesions
is similar to the changes observed in thrombotic
thrombocytopenic purpura and the haemolytic
uremic syndrome, entities occasionally occurring in
the context of SLE. When making a diagnosis of
TMA, the clinical context must be considered rather
than relying only on biopsy criteria [7].
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The mechanism of TMA is largely unknown. It has
been reported that TMA in LN patients is typically
associated with the presence of aPLs, such as
anticardiolipin antibodies (aCL), lupus anticoagulant
(LAC) and anti-B2 glycoprotein 1 (B2GPI)
antibodies [8—10], but the mechanism of aPL-induced
TMA is still a topic of controversy [7,11-14]. In
their study, Pierangeli ez al [15,16] found that
aPL-mediated thrombophilia involves activation of the
complement cascade. Enhanced in-situ complement
fixation was associated with the presence of aPLs, and
this process may influence thrombosis risk in patients

with SLE [17].

Microangiopathy in the renal microcirculation
have been associated with aPLs in lupus patients
in some series [3,10,12,18,19], whereas not in
others [11,13,14,20]. In addition, controversy still
remains as to their significance in the progression of
renal disease in LN.

We designed this study to evaluate the clinical and
histopathological impact of TMA on LN and the
association between TMA and aPLs.

Patients and methods

The study group comprised 50 SLE patients with
LN who had been referred for renal biopsy from
the inpatient section of the Rheumatology and
Rehabilitation Department, School of Medicine,
Kasr Al-Ainy Hospitals from May 2012 to April
2014. All patients fulfilled the American College of
Rheumatology revised classification criteria for the
diagnosis of SLE [21]. The patients were informed
of the purpose of the study and gave their informed
consent. The institutional review board of Kasr
Al-Ainy School of Medicine approved this study.

Patients with pregnancy and/or vascular lesions,
possibly due to other causes of renal microangiopathy,
malignant hypertension, thrombotic thrombocytopenic
purpura, haemolytic uraemic syndrome, postpartum
renal failure, diabetic nephropathy, HIV infection,
chemotherapy or cyclosporine therapy, were excluded
from the study.

At the time of renal biopsy, demographic and
clinical data were recorded for each patient. Disease
activity was assessed using the SLE Disease
Activity Index (SLEDAI) [22] and disease damage
by Systemic Lupus International Collaborating
Clinics/American  College of Rheumatology
(SLICC/ACR) Damage Index for Systemic Lupus
Erythematosus [23].
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Serum samples collected on the day of the biopsy
were studied for antinuclear and anti-double stranded
(ds) DNA antibodies, complement levels (C3, C4),
complete blood count, erythrocyte sedimentation rate,
serum creatinine and estimated glomerular filtration
rate (€GFR). A urine analysis for haematuria, urinary
casts and a 24 h urinary proteins were also carried out.

Detection of antiphospholipid antibodies
Anticardiolipin IgG/IgM antibodies and
anti-B2GPI IgG/IgM antibodies were determined
using IgG/IgM aCL and IgG/IgM anti-B2GPI
enzyme-linked ~immunosorbent assays  (Orgentec
Diagnostika GmbH, Mainz, Germany), respectively,
according to the manufacturer’s instructions. The test
was considered significantly positive if G phospholipid (a
measurement unit) was greater than 20 for aCL IgG and
if M phospholipid (a measurement unit) was greater than
20 for aCL IgM. LAC was determined using activated
partial thromboplastin time, diluted Russell’s viper venom
time and tissue thromboplastin inhibition test.

Renal pathology

Biopsy samples

The renal tissues obtained by using ultrasound-guided
needle biopsy were fixed in 10% neutral buffered
formalin and embedded in paraffin. Paraffin sections
of 2-3 mm were stained with haematoxylin and eosin
(H&E), periodic acid-Schiff, silver methenamine
and Masson’s trichrome. Immunofluorescence studies
of IgG, IgA, IgM, Clq, C3, C4 and fibrinogen were

carried out in separate snap-frozen tissue.

A renal pathologist who had no prior knowledge of the
clinical and laboratory findings in the patients evaluated
and classified the biopsy specimens using the following:

(1) LN classification, which was carried out according
to the most recent modification of the WHO
classification from the International Society of
Nephrology/Renal Pathology Society (ISN/RPS),
2003 [24].

(2) Activity and chronicity scores, which was carried
out according to the activity and chronicity indices
of LN [25].

(3) TMA, which was carried out when histologic
lesions suggestive of TMA, consisting of the
presence of fibrin thrombi in arteries, arterioles
and/or glomeruli, were found [6].

Statistical analysis
Data were analysed using IBM SPSS Advanced
Statistics version 20.0 (SPSS Inc., Chicago, Illinois,

USA). Numerical data were expressed as mean and
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SD or median and range, as appropriate. Qualitative
data were expressed as frequency and percentage. The
x>-test (Fisher’s exact test) was used to examine the
relation between qualitative variables. For quantitative
data, comparison between the two groups was carried
out using the independent sample #-test or the
Mann-Whitney test. A P value of less than 0.05 was

considered significant.

Results

In this prospective study, 50 LN patients were
included; out of them, 44 (88%) were females. At
the time of kidney biopsy, the mean + SD age was
25.9 £ 7.9 years (range 12-51), and disease duration
was 5.14 + 5.32 years (range 0.25-33). All studied
patients were antinuclear antibodies positive and
had proteinuria greater than 0.5 g/day. A total of 40
patients (80%) were anti-dsDNA positive. The mean
SLEDAI score was 17 + 5 (range 5-26) and the mean
SLICC/ACR score was 1 + 1 (range 0-6).

APS manifestations of arterial or venous (A/V)
thrombosis were found in 10 patients (20%) and nine
out of the 44 studied females (20.5%) had a history of

obstetric complications.

Renal biopsy showed histologic lesions suggestive of
TMA in 7/50 patients (14%) (Fig. 1), of whom five
were females. There were 43 patients without TMA, of
whom 39 were females.

Patients with TMA had a mean * SD age of
28.1 + 12.8 years and a mean + SD disease duration of
9.1+11.03 years. Patients without TMA had amean + SD
age of 25.6 + 6.9 years and a mean + SD disease duration
of 4.5 + 3.6 years. There was no statistical significant
difference between patients with and without TMA in
age, sex and disease duration (P > 0.05 for all). Table 1
shows the clinical, laboratory and renal manifestations of

the LN patients with and without TMA.

Patients with TMA had statistically significant higher
systolic and diastolic blood pressure (P = 0.018 and

Figure 1

The glomerulus shows intracapillary thrombi (Masson trichrome’s
stain).

Table 1 Clinical and laboratory features of the lupus nephritis patients with and without thrombotic microangiopathy

ltem Overall series (n = 50) With TMA (n =7) Without TMA (n = 43) P value
SLEDAI (mean + SD) 175 18.57 + 4.65 16.21 £ 5.12 0.250
SLICC/ACR (mean = SD) 1+1 257 +2.23 1.33 = 1.06 0.180
Renal manifestations

Proteinuria (g/day) (mean =+ SD) 3.08 + 2.26 3.97 + 248 293 + 222 0.166

Serum creatinine (mg/dl) (mean + SD) 09+0.6 1611 0.8+04 0.031*

eGFR (ml/min/1.73 m2) (mean + SD) 113.4 + 58.8 67.8 + 58.3 120.9 + 56.1 0.023*

Systemic hypertension [n (%)] 26 (52) 5 (71.4) 21 (48.8)

Systolic pressure (mmHg) (mean + SD) 135 £ 26 157 + 25 132 £ 24 0.018*
Diastolic pressure (mmHg) (mean + SD) 88 + 16 100 = 14 86 + 16 0.019*

APS manifestations [n (%)]

Arterial/venous thrombosis 10 (20) 1(14.3) 9 (20.9) 1

Obstetric events 9/44 (20.5) 0/5 (0) 9/39 (23.1) 0.566
aPL profile [n (%)]

aCL IgG positivity 5 (10) 0 (0) 5 (11.6) 1

aCL IgM positivity 4 (8) 0 (0) 4 (9.3) 1

LAC positivity 20 (40) 7 (100) 13 (30.2) 0.001*

Anti-B2GPI IgG positivity 7 (14) 1(14.3) 6 (14) 1

Anti-B2GPI IgM positivity 3 (6) 0 (0) 3(7) 1
Complement consumption [n (%)]

Low complement C3 35 (70) 7 (100) 28 (65.1) 0.002¢

Low complement C4 19 (38) 2 (28.6) 17 (39.5) 0.582

aCL, anticardiolipin antibodies; aPL, antiphospholipid antibodies; APS, antiphospholipid syndrome; eGFR, estimated glomerular filtration
rate; LAC, lupus anticoagulant; B2GPI, f2-glycoprotein |; SLEDAI, SLE Disease Activity Index; TMA, thrombotic microangiopathy;

*Significant P value.



0.019, respectively), higher serum creatinine (P=0.031)
and lower eGFR (P = 0.023). LAC positivity and C3
consumption were significantly higher (P = 0.001 and
0.002, respectively) in patients with TMA than in
those without TMA. However, SLEDAI, SLICC/
ACR disease damage score, the severity of proteinuria,
APS manifestations, aCL (IgG and IgM), anti-B2GPI
(IgG and IgM) positivity and titre of C4 were not
significantly different (Table 1).

Distribution of LN class was as follows: class II with
seven patients (14%), class 11T with 14 patients (28%),
class IV with 16 patients (32%), class V with four
patients (8%), class II+III with seven patients (14%)
and class II + V with two patients (4%). Class IV LN
was the most frequently observed class in patients
with TMA. Patients with TMA had significantly
more frequent class IV LN than those without TMA
(P =0.027). No TMA was detected in patients with
class IT and V. The activity index score was statistically
significantly higher in patients with TMA compared
with patients without TMA (P = 0.022).The chronicity
index score was observed to be higher in patients with

TMA; however, it did not reach statistical significance
(P=0.063) (Table 2).

Discussion

The potential role of aPLs in the pathogenesis of
TMA was already suggested in the 1980s by Kant
et al. [5] and Kincaid-Smith ez al [26] Later, TMA
has been recognized both in primary APS and LN
and has been related to aPLs positivity [9,27]. TMA is
accompanied by severe hypertension, proteinuria and/
or severe decline in renal function in LN patients and

also associated with aPLs, particularly LAC [19].

Table 2 Renal histopathological characteristics
of the lupus nephritis patients with and without
antiphospholipid nephropathy

ltem Overall With TMA  Without TMA P value
series (n=7) (n = 43)
(n =50)
ISN/RPS
classification for
LN [n (%)]
Class Il 7 (14) 0 (0) 7 (16.3) 0.573
Class Il + 1l 7 (14) 0 (0) 7 (16.1) 0.573
Class Il + V 2 (4) 0 (0) 2 (4.7) 1
Class Ill 14 (28) 2 (28.6) 12 (27.9) 1
Class IV 16 (32) 5 (71.4) 11 (25.6) 0.027*
Class V 4 (8) 0 (0) 4 (9.3) 1
Activity index 2x2 4173 21 +£226 0.022*
(mean + SD)
Chronicity index 3+2 429+222 26+145 0.063
(mean + SD)

LN, lupus nephritis; TMA, thrombotic microangiopathy; *Significant
P value.
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TMA is not an uncommon vascular change in patients
with LN, especially in those with severe diffuse
proliferative glomerulonephritis. In this prospective
study, TMA was found in 14% of LN patients, and
71.4% of the patients with class IV LN had TMA.
Previous studies found TMA in 14-18% among
LN patients [7,10,19,28]. TMA was significantly
associated with class IV LN (i.e. diffuse proliferative
glomerulonephritis), a finding previously reported by
other studies [3,11,19]. Moreover, biopsy specimens of
LN patients with TMA had significantly higher LN
activity indices than of those without TMA. Similarly,
in their respective studies, Shen ez a/. [3] and Zheng
et al. [19] found a significant association between the
existence of TMA and higher activity and chronicity

indices.

TMA could incite and amplify local inflammation
and injury in the diseased kidney and perpetuate
the lupus-induced renal destruction [13]. Recent
studies demonstrated that thrombosis interacts and
intertwines with inflammation at multiple points. An
increasing number of haemostasis factors have been
found to reside at the nexus between thrombosis and
inflammation processes, expressing multiple functions
at the interface of these two pathophysiologic
events [29,30]. However, Gong ef al. [13] reported in
their study that there was no significant association

between the detection of TMA and LN classification.

In this study, patients with TMA had significantly
higher serum creatinine levels, lower eGFR and higher
systolic and diastolic blood pressure measurements.
Microthrombi could mechanically obstruct glomerular
capillaries, diminishing blood supply to glomeruli
and renal tubules, thereby causing hypoxic/ischaemic
injuries to the affected glomeruli and tubules. This
would, in turn, decrease the GFR leading to the loss
of nephrons and impair renal function, suggesting that
this histological entity may be associated with a worse
renal prognosis.

Thus, TMA may be an important cause of renal injury
and renal dysfunction in a subset of patients with LN
and this agrees with the results of a study by Zheng
et al. [19], who conducted a prospective study of 124
Chinese patients to evaluate the aPLs profiles in LN
with glomerular microthrombosis (GMT); they found
that serum creatinine and proteinuria levels were
significantly greater in the LN-GMT group than
in the LN-non-GMT group. In addition, patients
in the LN-GMT group also had a higher frequency
of systemic hypertension. Moreover, Shen ef al. [3]
reported that serum creatinine levels as well as frequency
of systemic hypertension were significantly greater
in the LN-GMT group than in the LN-non-GMT
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group. However, proteinuria did not differ between
the two groups. Other clinical studies have indicated
that LN patients with TMA have more severe renal
tissue injuries, poorer responses to general treatment
and worse renal outcomes than do patients without

TMA [7,10,12,13].

Although we did not find an association between
SLE disease activity as measured by SLEDAI and the
presence of TMA. In their respective studies, Shen
etal. [3] and Zheng ez al. [19] documented a significant
association between TMA and higher SLEDAL

Clinical manifestations of APS including A/V
thrombosis and obstetric events were not associated
with the presence of TMA lesions in kidney biopsies.
Similarly, Shen ez al. [3] and Gong ez al. [13] could not
find a relation between TMA and APS manifestations.
However, Daugas ez al. [10] reported a significant
association between TMA and arterial thrombosis and
obstetric events.

aPLs,including LAC,aCL and anti-B2GPI antibodies,
are considered to be of pathogenic significance in
thrombosis in APS and SLE patients, which makes
them the most frequently examined factors in the
investigation of the pathogenesis of TMA in LN.
In the present study, there was a strong association
between the existence of TMA and LAC positivity,
but neither IgG/IgM aCL nor IgG/IgM anti-B2GPI.
We also found that TMA was significantly associated
with low complement C3 level, but not with C4.

Similarly, in their respective studies, Shen ez al. [3]
and Zheng er al. [19] reported that GMT was
strongly associated with LAC, in addition to IgG
anti-B2GPI and consumption of C3. There was no
association between the presence of GMT and the
existence of IgG/IgM aCL, IgM anti-B2GPI and the
consumption of C4.This probably indicates that GMT
may be associated with aPL that recognizes antigens
such as B2GPI and some haemostatic and fibrinolytic
proteases instead of cardiolipin [19]. Complement
activation, induced by or coordinated with aPL, may
play a pathogenic role in the development of renal
tissue injury leading to thrombosis [3,19]. Many
studies have shown that complement activation may
play an important role in thrombotic events. aPLs
may activate the complement pathway, generating
split products that lead to thrombosis [15,31,32].
Furthermore, similar results were reported in a study

by Daugas ez al. [10].

These findings further strengthen the notion that
LAC confers among aPLs the highest thrombotic

risk. Indeed, as reported by a large meta-analysis

(~7000 patients), LAC-positive patients appear to
be significantly more prone to all vascular district
thrombosis than do aCL-positive patients [33].

In contrast to previous results, Bhandari ez a/ [12],
who conducted a study on 51 British patients to
evaluate the association of aCL antibodies with
intraglomerular thrombi and renal dysfunction in LN,
reported a significant association between the presence
of intraglomerular thrombi and aCL antibodies.
There was no association between the presence of
intraglomerular thrombi and consumption of C3 or
C4. Similar results were reported in a study by Naiker
et al [18].

Although TMA was found to be associated with
different aPLs in the previous studies, Moroni
et al. [20] reported that there was no significant
association between TMA and aPLs positivity,
although the detection of TMA was greater in the
aPLs-positive group than in the aPLs-negative group.
Furthermore, Gong e al. [13] and Cohen ez al. [14]
tfound no significant difference between patients with
and those without GMT in terms of aPLs.

Conclusion

LN patients with TMA have more active and severe
kidney disease than do those without TMA, as
evidenced by more active LN, impaired renal functions
and association with LN class IV. Taken together,
abundant evidence indicates that TMA plays an
important role in the progression and exacerbation
of LN. TMA is significantly associated with the
presence of aPLs, particularly LAC. Nevertheless, the
mechanism accounting for TMA in patients with LN
remains largely unknown and needs further exploration.

Financial support and sponsorship

Nil.

Conflicts of interest
There are no conflicts of interest.

References

1 Mok CC. Prognostic factors in lupus nephritis. Lupus 2005; 14:39-44.

2 Cameron JS. Lupus nephritis. J Am Soc Nephrol 1999; 10:413-424.

3 Shen Y, Chen XW, Sun CY, Dai M, Yan YC, Yang CD. Association
between anti-beta2 glycoprotein | antibodies and renal glomerular C4d
deposition in lupus nephritis patients with glomerular microthrombosis: a
prospective study of 155 cases. Lupus 2010; 19:1195-1203.

4 Tektonidou MG. Renal involvement in the antiphospholipid syndrome
(APS)-APS nephropathy. Clin Rev Allergy Immunol 2009; 36:131-140.

5 KantKS, Pollak VE, Weiss MA, Glueck HI, Miller AN, Hess EV. Glomerular
thrombosis in systemic lupus erythematosus: prevalence and significance.
Medicine (Baltimore) 1981; 60:71-86.

6 Fischer MJ, Rauch J, Levine JS. The antiphospholipid syndrome. Semin
Nephrol 2007; 27:35-46.



10

1

12

13

14

15

16

17

18

19

Tektonidou MG, Sotsiou F, Nakopoulou L, Vlachoyiannopoulos PG,
Moutsopoulos HM. Antiphospholipid syndrome nephropathy in patients
with systemic lupus erythematosus and antiphospholipid antibodies:
prevalence, clinical associations, and long-term outcome. Arthritis Rheum
2004; 50:2569-2579.

Loizou S, Samarkos M, Norsworthy PJ, Cazabon JK, Walport MJ,
Davies KA. Significance of anticardiolipin and anti-beta(2)-glycoprotein |
antibodies in lupus nephritis. Rheumatology (Oxford) 2000; 39:962—-968.

Nochy D, Daugas E, Droz D, Beaufils H, Grinfeld JP, Piette JC, et al.
The intrarenal vascular lesions associated with primary antiphospholipid
syndrome. J Am Soc Nephrol 1999; 10:507-518.

Daugas E, Nochy D, Huong du LT, Duhaut P, Beaufils H, Caudwell V, et al.
Antiphospholipid syndrome nephropathy in systemic lupus erythematosus.
J Am Soc Nephrol 2002; 13:42-52.

Miranda JM, Garcia-Torres R, Jara LJ, Medina F, Cervera H, Fraga A.
Renal biopsy in systemic lupus erythematosus: significance of glomerular
thrombosis. Analysis of 108 cases. Lupus 1994; 3:25-29.

Bhandari S, Harnden P, Brownjohn AM, Turney JH. Association
of anticardiolipin antibodies with intraglomerular thrombi and renal
dysfunction in lupus nephritis. Q J Med. 1998; 91:401-409.

Gong R, Liu Z, Li L. Epistatic effect of plasminogen activator inhibitor 1
and beta-fibrinogen genes on risk of glomerular microthrombosis in lupus
nephritis: interaction with environmental/clinical factors. Arthritis Rheum
2007; 56:1608-1617.

Cohen D, Koopmans M, Kremer Hovinga IC, Berger SP, Roos van
Groningen M, Steup-Beekman GM, et al. Potential for glomerular C4d
as an indicator of thrombotic microangiopathy in lupus nephritis. Arthritis
Rheum 2008; 58:2460-2469.

Pierangeli SS, Girardi G, Vega-Ostertag M, Liu X, Espinola RG,
Salmon J. Requirement of activation of complement C3 and C5 for
antiphospholipid antibody-mediated thrombophilia. Arthritis Rheum
2005; 52:2120-2124.

Pierangeli SS, Chen PP, Gonzalez EB. Antiphospholipid antibodies and
the antiphospholipid syndrome: an update on treatment and pathogenic
mechanisms. Curr Opin Hematol 2006; 13:366—375.

Peerschke El, Yin W, Alpert DR, Roubey RA, Salmon JE, Ghebrehiwet B.
Serum complement activation on heterologous platelets is associated with
arterial thrombosis in patients with systemic lupus erythematosus and
antiphospholipid antibodies. Lupus 2009; 18:530-538.

Naiker IP, Rughubar KN, Duursma J, Pudifin DJ, Seedat YK. Anticardiolipin
antibodies in South African patients with lupus nephritis: a clinical and
renal pathological study. Am J Nephrol 2000; 20:351-357.

Zheng H, Chen Y, Ao W, Shen Y, Chen XW, Dai M, et al. Antiphospholipid
antibody profiles in lupus nephritis with glomerular microthrombosis:
a prospective study of 124 cases. Arthritis Res Ther 2009; 11: R93.

Thrombotic microangiopathy in lupus nephritis Kotb et al. 17

20

21

22

23

24

25

26

27

28

29

30

31

32

33

Moroni G, Ventura D, Riva P, Panzeri P, Quaglini S, Banfi G, et al.
Antiphospholipid antibodies are associated with an increased risk of
chronic renal insufficiency in patients with lupus nephritis. Am J Kidney
Dis 2004; 1:28-36.

Petri M, Orbai AM, Alarcén GS, Gordon C, Merrill JT, Fortin PR, et al.
Derivation and validation of the Systemic Lupus International Collaborating
Clinics classification criteria for systemic lupus erythematosus. Arthritis
Rheum 2012; 64:2677-2686.

Bombardier C, Gladman DD, Urowitz MB, Caron D, Chang CH. Derivation
of the SLEDAI. A disease activity index for lupus patients. The Committee
on Prognosis Studies in SLE. Arthritis Rheum 1992; 35:630-640.

Gladman D, Ginzler E, Goldsmith C, Fortin P, Liang M, Urowitz M, et al.
The development and initial validation of the Systemic Lupus International
Collaborating Clinics/American College of Rheumatology damage index
for systemic lupus erythematosus. Arthritis Rheum 1996; 39:363-369.

Weening JJ, D’Agati VD, Schwartz MM, Seshan SV, Alpers CE,
Appel GB, et al. The classification of glomerulonephritis in systemic lupus
etythematosus revisited. Kidney Int 2004; 65:521-530.

Austin HAIIl, Muenz LR, Joyce KM, Antonovych TT, Balow JE. Diffuse
proliferative lupus nephritis: identification of specific pathologic features
affecting renal outcome. Kidney Int 1984; 25:689-695.

Kincaid-Smith P, Fairly KF, Kloss M. Lupus anticoagulant associated with
renal thrombotic microangiopathy and pregnancy-related renal failure. Q J
Med 1998; 68:795-815.

Griffiths MH, Papadaki L, Neild GH. The renal pathology of primary
antiphospholipid syndrome: a distinctive form of endothelial injury. Q J
Med 2000; 93:457-467.

Erre GL, Bosincu L, Faedda R, Fenu P, Masala A, Sanna M, et al.
Antiphospholipid syndrome nephropathy (APSN) in patients with lupus
nephritis: a retrospective clinical and renal pathology study. Rheumatol Int
2014; 34:535-541.

Esmon CT. The interactions between inflammation and coagulation. Br J
Haematol 2005; 131:417-430

Wagner DD. New links between inflammation and thrombosis. Arterioscler
Thromb Vasc Biol 2005; 25:1321-1324.

Holers VM, Girardi G, Mo L, Guthridge JM, Molina H, Pierangeli SS,
et al. Complement C3 activation is required for antiphospholipid
antibody-induced fetal loss. J Exp Med 2002; 195:211-220.

Chen PP, Yang CD, Ede K, Wu CC, FitzGerald JD, Grossman JM. Some
antiphospholipid antibodies bind to hemostasis and fibrinolysis proteases
and promote thrombosis. Lupus 2008; 17:916-921.

Galli M, luciani D, Bertolini G, Barbui T. Lupus anticoagulants are
stronger risk factors for thrombosis than anticardiolipin antibodies in the
antiphospholipid syndrome: a systematic review of the literature. Blood
2003; 101:1827-1832.



