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ABSTRACT

Introduction: The aim of this study was to
investigate the frequency of avascular necrosis
(AVN) and its associations with clinical and
laboratory parameters in patients with primary
antiphospholipid antibody syndrome (pAPS).
Methods: This was a cross-sectional study of 66
patients with pAPS who fulfilled the Sidney
criteria for APS. Epidemiological and clinical
data, and data on antiphospholipid antibodies
were collected. Diagnosis of AVN was based on
studies of magnetic resonance (MRI) images of
affected bones.
Results: AVN was found in three of the 66
(4.5%) enrolled patients. Comparison of
patients with pAPS with and without AVN
showed that demographic data, comorbidities,
and antiphospholipid antibodies profile were
similar in both groups. Compared to patients
without AVN, those with AVN had thrombo-
cytopenia more frequently (66.7 vs. 7.9%) and
used more glucocorticoids (100 vs. 35%).

Conclusion: AVN is rare in patients with pAPS
and may be associated with thrombocytopenia
and previous glucocorticoid use.

Keywords: Antiphospholipid antibody
syndrome; Antiphospholipid antibodies;
Osteonecrosis; Thrombosis

Key Summary Points

Osteonecrosis is described in patients with
antiphospholipid antibody syndrome

In this study, patients with osteonecrosis
had thrombocytopenia more frequently
and used more glucocorticoids than those
without osteonecrosis

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14749443.
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INTRODUCTION

Antiphospholipid antibody syndrome (APS) is
an autoimmune acquired thrombophilic disor-
der that is characterized by vascular thrombosis
and/or obstetric events associated or not with
thrombocytopenia, occurring in patients with
persistent moderate to high levels of antiphos-
pholipid antibodies [1]. Vascular thrombosis is
the hallmark of this disease, but other mani-
festations, such as movement disorders, cogni-
tive impairments, convulsions, cardiac lesions,
and multiple sclerosis-like symptoms, not
linked to thrombosis may also be found [2].
Avascular necrosis (AVN) has also been associ-
ated to APS, although the nature of this associ-
ation is not completely clear [3]. AVN is a
skeletal disease of unknown pathophysiology
characterized by the death of bone marrow cells
and trabecular bone. It results in the collapse of
the architectural bone structure, leading to joint
pain, bone destruction, and function loss. Cir-
culatory impairment of the affected bone has
been assumed to be the common denominator
for all cases of AVN [4]. In APS, thrombosis of
bone vessels is considered a possible mecha-
nism, although patients with APS may have a
number of other risk factors, such as glucocor-
ticoid use, dyslipidemia, trauma, among others,
making comprehension of the underlying pro-
cess more difficult [4].

A cross-sectional study with magnetic reso-
nance imaging (MRI) of the femoral head in 30
asymptomatic patients with primary APS (pAPS)
showed that 20% of the patients had signs
suggesting the presence of AVN and that these
signs were more common in those patients with
livedo reticularis [3]. Cervera et al. [5] revealed a
prevalence of 0.9% AVN in their study popula-
tion of 538 patients with pAPS. In contrast, Mok
et al. [6], who studied 265 patients with sys-
temic lupus, found that the presence of
antiphospholipid antibodies was not linked to
the occurrence of AVN in the 4% of the sample
group affected by this complication. Likewise,
Vianna et al. [7] did not note any AVN cases
among their 58 patients with pAPS observed
during 5 years.

We report here the results of our study on
the frequency of AVN in a sample of 66 patients
with pAPS. The aim of this study was to deter-
mine the frequency of AVN in a group of
Brazilian patients with pAPS and identify pos-
sible associations with the epidemiological,
clinical, and serological profile.

METHODS

All patients included in this study signed an
informed consent form and were recruited from
the first author’s private practice. The authors
declare that the study conformed with the
Helsinki Declaration of 1964 and subsequent
revisions. The ethical committee of Federal
University of Bahia approved this study.

Inclusion criteria were age [ 18 years and
fulfillment of the Sidney classification criteria
for APS [8].

Data collection included: (1) epidemiological
and anthropometrical data [age, sex, ethnic
background, weight and height for body mass
index (BMI) calculation, exercise history (yes/
no), and smoking history]; (2) clinical data (ar-
terial and venous thrombosis, obstetric history,
presence of Sneddon syndrome, livedo reticu-
laris, thrombocytopenia, and comorbidities).

All arterial and venous thrombotic events
were documented by imaging methods (e.g.
Doppler ultrasound, ventilation/perfusion pul-
monary scan, tomography or nuclear magnetic
resonance, arteriography, computed tomogra-
phy pulmonary angiogram, MRI angiography).
Thrombocytopenia was defined as platelet
count\100,000/mm3 on at least two occa-
sions. Sneddon’s syndrome was defined as the
presence of stroke and livedo racemosa [9].

The comorbidities considered were: arterial
hypertension (blood pressure[140 9 90 mmHg
or use of anti-hypertensive drugs); dyslipidemia
(total cholesterol [ 200 mg/dL, triglycerides [
150 mg/dL, low-density lipoprotein [ 160 mg/
dL or high-density lipoprotein-cholesterol \
40 mg/dL). AVN was diagnosed on the basis of
clinical findings and the diagnosis confirmed by
MRI imaging.

Data on treatments used were also collected.
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Laboratory data included the presence and
titer of anticardiolipin (aCL) immunoglobulin
(Ig) G and IgM and lupus anticoagulant (LA).
The patient was considered to be positive for
aCL when aCL titers were C 40 IgG phospho-
lipid units (GPL) or IgM phospholipid units
(MPL) on at least two occasions, 12 weeks apart.
aCL was measured using commercial kits from
Phadia, ThermoFisher Scientific (Waltham, MA,
USA). LA was measured according to the inter-
national guidelines using activated partial
thromboplastin time (aPTT; Diagnostica Stago,
Asnières-sur-Seine, France), and diluted Russel’s
viper venom time (dRVVT; Trinity Biotech,
Wiclow, Ireland) [10]. Tests for the presence of
lupus-related antibodies (anti-dsDNA, anti-
chromatin, anti-Ro/SS-A, anti-La/SS-B, anti-Sm)
were performed in all cases and all test results
were negative.

MRI was performed in patients with clinical
suspicion of AVN.

The statistical analysis included frequency
(%) of nominal variables and median (mini-
mum–maximum) numerical variables.
Mann–Whitney tests were used to compare
numerical data, and the Fisher test was used to
compare frequencies. The analysis was done
using JASP software version 0.12.2. p values \
0.05 were considered to be significant.

RESULTS AND DISCUSSION

Of the 66 patients with pAPS who fulfilled the
Sidney criteria for pAPS enrolled in this study,
three had AVN. Comparison of the anthropo-
metrical and epidemiological data revealed no
statistically significant differences between
those with and without AVN (Table 1). The
median follow-up of all patients was 7 (range
2–10) years.

The frequency of AVN among the 66 patients
(4.5%) in our study is lower than that reported
by Tektonidou et al. [3], who found that of the
30 patients with pAPS in their study population,
20% had AVN. These authors investigated
asymptomatic cases using femur MRI [3], while
we limited enrolment to patients with clinical
symptoms of pAPS in order to replicate as clo-
sely as possible the real-world scenario.

Asherson et al. [11] studied a cohort of 70
patients with pAPS and found that 3% had
AVN, which is a frequency similar to that in our
study.

Clinical data for the two patient groups were
compared and the results are given in Table 2.
The values show that patients with AVN had
more thrombocytopenia than those without it.
All patients had unilateral osteonecrosis of the
hips.

Comparison of drug treatment in the Table 3
shows that in individuals with AVN, the previ-
ous use of glucocorticoid was more common in
those patients than those without AVN (100%
vs. 34.9%, p = 0.038). Patients used glucocorti-
coid due to thrombocytopenia (n = 7), in a
median dose of 30 mg/day that was tapered off
in 6 months; and other several cases (n = 18)
used this drug at the beginning of the diagnosis,
before primary APS diagnosis was confirmed.
This drug was rapidly tapered off. The mean
time of glucocorticoid (GC) use of these subjects
was about 4 months.

AVN has been linked to fat embolism, vas-
cular thrombosis, coagulopathy, and fatigue
fractures [12]. It is also well known that gluco-
corticoids are associated with AVN, although
the underlying pathogenesis is not well studied
[13]. One possible mechanism are alterations in
lipid levels resulting in fat microemboli in the
arteries supplying bone [14]. Another proposed
mechanism is increases in the number and the
size of bone marrow adipocytes, resulting in
increased intraosseous pressure that blocks
venous outflow [15]. A third theory is that glu-
cocorticoids could induce changes in venous
endothelial cells, thereby increasing stasis and
intraosseous pressure and predisposing to
necrosis [16].

An essential driver of the appearance of AVN,
however, appears to be the apoptosis of osteo-
blasts. Glucocorticoid-induced osteocyte apop-
tosis disrupts the osteocyte–lacunar–canalicular
system’s mechanosensory function, resulting in
the initiation of a sequence of actions that lead
to collapse of the femoral head [12, 17]. Abun-
dant apoptotic osteocytes have been found in
the tissue of femoral heads removed at hip
surgery, as a result of glucocorticoid-induced
osteonecrosis [18].
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Some of the pathobiological mechanisms
leading to thrombosis in APS that may play an
essential role in the pathophysiological

mechanisms of AVN include inhibition of the
protein C anticoagulant pathway, endothelial
injury and/or pathological activation,

Table 1 Comparison of clinical and epidemiological data of patients with primary antiphospholipid antibody syndrome
with and without avascular necrosis

Clinical and epidemiological
parameters

pAPS patients with AVN
(n = 3)

pAPS patients without AVN
(n = 63)

p value

Median age, years

(minimum–maximum)

43 (34–44) 39 (22–66) 0.75

Female sex, n (%) n (67) n- (84) 0.18

Median BMI, kg/m2

(minimum–maximum)

29 (24.3–31) 27.6 (17.7–50.5) 0.56

Physically active, yes/no, n (%) 1 (33.3) 17 (26.9) 1.00

Current smokers, n (%) 0 7 (11.1) 1.00

Ex-smokers, n (%) 1 (33.3) 24 (38.1) 1.00

AVN Avascular necrosis, BMI body mass index, pAPS primary antiphospholipid antibody syndrome

Table 2 Comparison of clinical data of patients with pAPS with and without AVN

Clinical data, n (%) pAPS patients with AVN (n = 3) pAPS patients without AVN (n = 63) p valuea

Arterial events 2 (66.7) 36 (57.1) 1.00

Venous events 1 (33.3) 30 (47.6) 1.00

Obstetrical events 1 (33.3) 20 (31.7) 0.47

Strokes 2 (66.7) 23 (36.5) 0.64

Sneddon’s syndrome 0 13 (20.6) 0.76

Livedo reticularis 0 18 (28.6) 0.54

Limb ischemi 0 10 (15.9) 0.98

Miocardial infarction 0 4 (6.3) 1.00

Angina 0 3 (4.8) 1.00

Profound venous thrombosis 1 (33.3) 40 (63.5) 0.64

Pulmonary embolism 0 15 (23.8) 0.72

Thrombocytopenia 2 (66.7) 5 (7.9) 0.02*

Arterial hypertension 1 (33.3) 24 (38.1) 1.00

Dyslipidemia 2 (33.3) 18 (28.6) 0.29

Values in table are presented as the number (n ) with the percentage in parentheses
*Significant difference between patient groups at p\ 0.05
a p values were calculated using the Fisher test
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alterations in the tissue factor pathway, molec-
ular mimicry, platelet activation, increased fib-
rin polymerization rate, impaired fibrinolytic
activity, inhibition of the formation of
antithrombin III-thrombin complexes, among
others. This topic is extensively reviewed by
Öztürk et al. [19].

The prescription of glucocorticoid in primary
APS is controversial. In our patient sample, it
was used to treat thrombocytopenia and renal
microangiopathy, and may have contributed to
the appearance of AVN.

Interestingly, one of the patients with AVN
in our study tested positive for the Factor V
Leiden mutation. Thrombophilias are also con-
sidered to be risk factors for AVN. An Indian
study demonstrated the presence of protein C
and S deficiencies in patients with AVN com-
pared to the controls, but there were no differ-
ences between the groups regarding the
presence of the Factor V Leiden mutation [20].
In a study carried out in a Spanish population of
29 patients with multifocal AVN, 26 patients
had associated prothrombotic abnormalities,
but only one had a Factor V Leiden mutation
[21]. The authors considered this prevalence to
be similar to that in the general population [21].
No patient in our study population had a pre-
vious history of decompression, sickle cell ane-
mia, trauma, human immunodeficiency virus,
and/or heavy alcoholism.

Another significant association observed in
our study was that of AVN and

thrombocytopenia. Thrombocytopenia is the
most common non-criteria hematologic mani-
festation of APS, with a frequency fluctuating
from 20 to 50%. [21]. It is considered to be
secondary in cases with an increased platelet
activation and destruction or decreased platelet
production, or even increased platelet pooling
[21]. The activation of platelets and endothelial
cells produces a prothrombotic state responsible
for the AVN [22]. However, it is also possible
that this association reflects the underlying use
of glucocorticoids for this type of manifestation.

The presence of positive aCL IgG (67 vs. 83%;
p = 0.15) IgM (100 vs. 83%; p = 0.14) and LA (67
vs. 73%; p = 0.19) was similar in patients with
and without AVN. Two of the three patients
with AVN had triple positivity for antiphos-
pholipid antibodies (IgG, IgM, and LA), and one
of the three had double positivity (IgG and IgM
aCL).

This study has a number of limitations. First,
it is a cross-sectional design and as such it does
not determine cause–effect relationships. Sec-
ond, the number of patients was limited to
those with AVN, which may induce bias in
interpreting comparisons. Third, all patients
with AVN also had previous glucocorticoid use;
thus, the findings may also be due to the effects
of glucocorticoid treatment. However, even in
glucocorticoid users, positivity for antiphos-
pholipid antibodies seems to increase the risk
for AVN [23]. Lastly, the MRI examination was

Table 3 Comparison of treatments for patients with pAPS with and without AVN

Comparison of treatments pAPS patients with AVN (n = 3) pAPS patients without AVN (n = 63) p valuea

Glucocorticoid (current use) 1 (33.3) 5 (7.9) 0.601

Glucocorticoid (previous use) 3 (100) 22 (34.9) 0.038*

Warfarin 3 (100) 49 (77.8) 0.87

Antimalarials 1 (33.3) 12 (19.0) 1.00

Statin 2 (66.7) 15 (23.8) 0.32

Acetylsalicylic acid (current use) 1 (33.3) 36 (57.1) 0.56

Values in table are presented as the number (n ) with the percentage in parentheses
*Significant difference between patient groups at p\ 0.05
a p values were calculated using the Fisher test
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performed only in symptomatic patients with a
clinical suspicion of AVN.

CONCLUSIONS

The results show that only a small proportion
of the patients with pAPS included in the study
had AVN and that this complication was more
common in those patients using/having used
glucocorticoids and presenting a low platelet
count. These findings suggest that the presence
of AVN is linked to previous glucocorticoid use
and thrombocytopenia. Therefore, we suggest
that patients with these characteristics should
be closely observed for AVN. However, since our
study involved a relatively small number of
patients with AVN, future studies with a higher
number of patients are needed to confirm the
associations found herein.
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