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Abstract Osteonecrosis is commonly present in patients
with antiphospholipid syndrome (APS) and systemic lupus
erythematosus (SLE). Treatment of this condition remains
extremely controversial. We present a treatment strategy of
avascular necrosis of the knee in a patient with catastrophic
antiphospholipid syndrome with a history of SLE and APS.
Aggressive treatment with 12 rounds of plasmapheresis,
intravenous immunoglobulin, rituximab, and cylophospha-
mide led to the patient’s recovery with no recurrence of
symptoms during 16 months of follow up. In this report, we
further discuss the pathogenesis of osteonecrosis and cur-
rent understanding of the treatment of this disease.
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Introduction

Antiphospholipid syndrome (APS) is a thrombotic autoim-
mune disorder that has been described to be associated with
high levels of antiphospholipid antibodies, including lupus
anticoagulant antibodies, anti-cardiolipin antibodies, and
�2-glycoprotein I antibodies [1]. APS is often found in the
presence of other autoimmune diseases, such as systemic

lupus erythematosus (SLE), in which case the disease is
termed “secondary APS”. Though APS is a well-docu-
mented entity, certain manifestations of the syndrome such
as osteonecrosis due to thrombotic events in patients with
secondary APS and SLE have been underappreciated.
There are several important risk factors for the develop-
ment of osteonecrosis in patients with APS and SLE includ-
ing glucocorticoid use in the treatment of SLE and the
presence of antiphospholipid antibodies [1]. There is cur-
rently no standardized treatment for osteonecrosis perhaps
because the pathogenesis of osteonecrosis itself remains
controversial and unclear; traditional pharmacological
approaches including anticoagulants, antihyperlipidemic
drugs, and bisphosphonates have yielded no concrete
results [2]. We present a case of right knee osteonecrosis
secondary to catastrophic antiphospholipid syndrome
(CAPS) that completely resolved with plasmapheresis,
intravenous immunoglobulin (IVIG), cyclophosphamide,
rituximab, and anticoagulation indicating the potential for
use of immunomodulating therapy for the treatment of oste-
onecrosis in the setting of secondary APS in patients with
SLE.

Case report

A 20-year-old African American woman with a history of
SLE, APS, hypertension, and chronic kidney disease
(CKD) presents with severe sudden onset right knee pain
with inability to bear weight on the right leg.

The patient was initially diagnosed with SLE at age 16
when she presented with lupus nephritis and arthralgias that
were treated with cyclophosphamide and steroids. She was
diagnosed with APS 10 years after her initial presentation,
when she was found to have deep venous thrombosis,
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positive lupus anticoagulant, and positive anticardiolipin
antibody. Anticoagulation was then initiated to treat her
APS; however, she continued to have thrombotic events
due to noncompliance with anticoagulation therapy.

Three weeks prior to this admission, our patient was
treated with plasmapheresis, IVIG, rituximab, and cylco-
phosphamide for recurrent ischemic pancreatitis.

Evaluation of the right knee during this admission
revealed multiple infarcts to the subchondral bone speciW-
cally in the posterior weight-bearing lateral femoral con-
dyle, the subchondral bone of the medial femoral condyle
at the junction of the weight-bearing and posterior Xexion
zone, the lateral femoral trochlear groove, in the superior

aspect of the patella, and the largest in the proximal tibial
diametaphysis—all conWrmed by magnetic resonance
imaging (MRI) (see Figs. 1, 2).

Her physical exam was unchanged from her baseline
except for diVuse arthralgias and severe right knee pain
with movement that limited her range of motion. The right
knee was swollen, tender to palpation, with exacerbation of
pain on Xexion and extension. Left knee examination was
normal. Muscle strength in all extremities remained
normal.

Based on her clinical presentation, the patient was
treated as a case of presumed CAPS given her history of
recent ischemic pancreatitis, worsening renal failure, and

Fig. 1 Fat-sensitive MRI (T1) 
and water-sensitive MRI (T2) 
with arrows indicating large 
areas of osteonecrosis in the 
femur

Fig. 2 Fat-sensitive MRI (T1) 
and water-sensitive MRI (T2) 
with arrows indicating large 
areas osteonecrosis in the tibia 
and a small area in the distal 
femur indicated with a small 
arrow on T1
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now new onset of osteonecrosis. Therefore aggressive
therapy with immunomodulating agents was initiated.
Twelve sessions of plasmapheresis, IVIG, cyclophospha-
mide, and rituximab were given. IVIG was not given during
previous admissions to prevent worsening of kidney func-
tion; however, with progression of the patient’s disease, it
was decided at this time that the kidney function would be
diYcult to sustain and dialysis would be necessary in any
case and so IVIG became a logical adjunct. With this ther-
apy, the patient’s symptoms improved and eventually
resolved.

After 16 months of follow up, all while the patient
remained on anticoagulation and low dose prednisone (10–
15 mg), she has not developed any further thrombotic events
and continues to be ambulatory with ability to exercise
without pain. Her kidney function deteriorated and she
developed severe, refractory HTN with volume overload
that required initiation of hemodialysis. Currently, the
patient is doing well on dialysis, goes to college, and works
16 h per week. She is on a waiting list for a kidney transplant.

Discussion

Secondary APS in patients with SLE is a serious medical
condition with high morbidity and mortality if not appropri-
ately treated. Approximately 250,000 Americans have SLE
and 20–35% of patients with SLE have APS [1, 2]. The dis-
ease is also known as antiphospholipid (aPL) syndrome,
anticardiolipin antibody (aCL) syndrome, and lupus antico-
agulant (LA) syndrome. APS is often found in the presence
of other autoimmune diseases, such as SLE, in which case
the disease is termed “secondary APS”. APS is deWned as a
pattern of recurrent thrombosis, pregnancy loss, and throm-
bocytopenia associated with the presence of a persistently
positive aCL and/or LA test(s) [3]. The symptoms of APS
include venous and arterial thromboses which can result in
osteonecrosis; however, the thrombi more commonly cause
deep vein thrombosis, pulmonary emboli, coronary syn-
drome, miscarriages, premature birth, and eclampsia. Neu-
rological symptoms of APS include chronic headaches,
stroke, vascular dementia, and seizures.

Current literature suggests that the cause of the clinical
manifestations of APS stem mostly from the hypercoagula-
ble state induced by the production of antibodies that bind
to various phospholipids on components of the coagulation
system. The resulting dysregulation of the coagulation sys-
tem due to the pathogenic antibodies characteristic of APS,
cause the thrombotic events that characterize APS.

The pathophysiology of osteonecrosis in patients with
secondary APS has not been entirely established, however,
many mechanisms have been proposed. These mechanisms
revolve around two main ideas: Wrst, anticardiolipin anti-

bodies have been associated with thrombophilia and
second, anticardiolipin antibodies have been associated
with avascular necrosis of bone [4–13]. Therefore, osteone-
crosis may be caused by thrombosis in the setting of a
hypercoagulable state caused by the presence of anti-
phospholipid antibodies. We will Wrst focus on the patho-
genesis of the hypercoagulable state in the setting of APS,
and then emphasize the pathogenesis of osteonecrosis in the
hypercoagulable state generated by APS. We will then dis-
cuss the mechanism by which plasmapheresis and adminis-
tration of IVIG and rituximab to our patient with secondary
APS achieved complete resolution of the osteonecrosis.

A variety of mechanisms have been proposed to explain
the hypercoagulable state found in patients with APS. One
mechanism suggests that antiphospholipid antibodies
inhibit activated protein C causing decreased inhibition of
the clotting cascade [14–17]. Another mechanism suggests
that antiphospholipid antibodies bind to platelets and
promote platelet activation [18–20]. Furthermore, another
proposed mechanism is that antiphospholipid antibodies
interact with endothelial cells and induce expression of
adhesion molecules and monocyte adhesion resulting in tis-
sue factor expression and a procoagulant state [21–26].

Overall, the proposed mechanisms revolve around the
idea that a hypercoagulable state predisposes a patient to
vascular pathology resulting in bone death. While it is well
known that thrombophilic and hypoWbrinolytic coagulation
abnormalities predispose patients to osteonecrosis, APS has
been speciWcally implicated in generating a hypercoagula-
ble state that predisposes the patient to osteonecrosis
[27, 28]. The thrombophilic and hypoWbrinolytic states
generated by APS predispose patients to venous thrombi.
The resulting venous occlusion of the bone by Wbrin clots,
leads to venous sinusoidal hypertension within the cancel-
lous bone [29–31]. The venous sinusoidal hypertension
increases to the point that arterial blood Xow to the region is
no longer able to deliver adequate oxygen to the bone. The
resulting cellular hypoxia presumably gives way to bone
and marrow cell death, thereby causing osteonecrosis [32].
This mechanism is consistent with the research Wnding that
an elevated anticardiolipin antibody titer predisposes
patients to osteonecrosis [33]. It has been shown that the
combined use of daily plasmapheresis and rituximab is
associated with clinical resolution of complications of
thrombophilic disease states such as autoimmune
thrombotic thrombocytopenic purpura, in which antibodies
have been shown to be the oVending agent [34]. The mech-
anism by which a combination of the administration of
rituximab and plasmapheresis is able to bring about the res-
olution of the eVects of an autoimmune disorder has been
explored in other autoimmune diseases. Rituximab is a
humanized monoclonal antibody raised against CD20 that
leads to complement- and cell-mediated destruction of
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CD20-expressing cells. The B cells and pre-B cells express
leukocyte antigens, CD19 and CD20, and then lose their
expression of CD20 when they diVerentiate into antibody-
secreting plasma cells. Although rituximab does not lead to
removal of existing antibody-producing plasma cells, it
eliminates the next generation of antibody-producing cells
and prevents expansion of the reactive process [35].
Accordingly, the proposed mechanism of rituximab in the
treatment of APS is believed to be the destruction of the
CD20+ precursors of B cells that produce antiphospholipid
antibodies resulting in decreased thrombophilia. IVIG inac-
tivates currently circulating antibodies, and plasmapheresis
removes antibodies from the blood and thereby reduces
antibody titers, including anticardiolipin antibody, beta2-
glycoprotein I antibody [36–38]. In this report, the patient
experienced total recovery from knee osteonecrosis with
administration of plasmapheresis, IVIG, cylcophospha-
mide, and rituximab.

The diagnosis of APS rests upon clinical evidence of
vascular thrombosis and repeated positive tests for antibod-
ies against phospholipids at least 6 weeks apart [1]. In
patients who already have a diagnosis of APS with or with-
out underlying SLE, reported symptoms of insidious joint
pain should trigger a workup for osteonecrosis. Laboratory
tests for osteonecrosis are extremely limited and their utili-
ties are low. However, it is necessary to rule out more com-
mon etiologies that could potentially cause osteonecrosis
such as sickle cell anemia and other hypercoagulopathies
such as protein C and S deWciencies and factor V Leiden
disease. Imaging modalities are preferred in the diagnosis
of osteonecrosis. Serial plain radiographs can oVer some
insight into the progression of osteonecrosis, however, ear-
liest signs of osteonecrosis can be detected with high speci-
Wcity and sensitivity using MRI. On T1-weighted images,
marrow fat of normal bone usually produces high signal
intensity, which can be replaced by areas of low signal
intensity in the early stages of osteonecrosis development,
as seen in our Wgures [39].

Prophylactic prevention of thrombosis in patients with
APS is warranted when patients have had previous episodes
of vascular thrombosis. Warfarin is the agent of choice for
anticoagulation and INR should be maintained between 3
and 4 to avoid further thrombotic complications. In patients
with secondary APS, if there is a clinical suspicion of oste-
onecrosis, the utilization of MRI allows an early conWrma-
tion before the initiation of therapy. Treatments for
osteonecrosis include both operative and nonoperative
measures utilizing pharmacological approaches; only com-
parative pharmacotherapies will be discussed in this
review.

There are several treatment options for CAPS, but no
deWnitive regimen. As the number of patients with CAPS
worldwide is small, no prospective, randomized, controlled

trials on therapeutic strategies have been performed [40].
Suggested Wrst-line therapies include anticoagulants and
corticosteroids; plasmapheresis and IVIG are second-line
treatments. Antihyperlipidemic agents and bisphosphonates
have been used in the past for the treatment of symptomatic
secondary osteonecrosis; the eYcacy of these agents in
improving the clinical outcome of osteonecrosis has been
questionable [5]. Other treatments have been described in
the literature, such as the use of rituximab, an anti-CD20
monoclonal antibody that acts against B cells; however, the
use of these alternate modalities has been limited to a few
small case series [41].

In this report, osteonecrosis in the patient’s right knee
responded very well to the addition of immunomodulating
therapies including plasmapheresis, IVIG, cylcophospha-
mide, and rituximab to anticoagulation with an excellent
long-term clinical outcome. Knowing that the presence of
antiphospholipid antibodies in APS is an independent risk
factor for developing osteonecrosis, perhaps the ability of
this regimen to remove these antibodies from the circula-
tion and halt their production is contributing to the positive
clinical outcome in treating this condition. Currently, ritux-
imab is not indicated for the treatment of osteonecrosis;
however, the signiWcant recovery in our patient does
encourage more trials of empiric therapy with rituximab for
the treatment of osteonecrosis secondary APS in patients
with and without SLE.

Conclusion

The treatment of osteonecrosis due to APS or CAPS in
patients with SLE with immunomadulating therapy includ-
ing plasmapheresis, IVIG, and rituximab can likely lead to
resolution of symptoms and decrease morbidity and mortal-
ity in these patients. We arrive at this conclusion because
this regimen decreases thrombophilia secondary to APS by
way of two distinct mechanisms that share the common
pathway of decreasing the thrombophilic antiphospholipid
antibody titers. Further studies are needed to conWrm this
Wnding. However, the rapid deterioration of patients with
this condition secondary to recurrent thrombosis can lead to
very high morbidity and mortality rates. Therefore, clinical
suspicion of the syndrome, aggressive response, and
prompt imitation of therapy are mandated.
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