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Abstract
Objective
Catastrophic antiphospholipid syndrome (CAPS) is a life-threatening form of antiphospholipid syndrome (APS) with
high mortality. We try to develop a predictive model to achieve early recognition of CAPS.

Methods
Data of APS patients referred into Peking Union Medical College Hospital from May 2013 to October 2021 was
collected. A binary logistic regression method was used to identify predictors of CAPS, coefficient B was assigned with
score value in the development of prediction model, and risk-stratification was based on the calculated scores using
the model.

Results

Twenty-seven CAPS (11.9%) occurred in 226 APS patients. CAPS was more likely to occur in male secondary APS

patients with a history of hypertension, hyperlipidaemia, and arterial thrombosis, presented with haematological,
nephrological and immunological abnormalities simultaneously. Hypertension history (OR 5.091, 95% CI 1.119-23.147),
anaemia (OR 116.231, 95% CI 10.512—-1285.142), elevated LDH (OR 59.743, 95% CI 7.439-479.815) and proteinuria

(OR 11.265, 95% CI 2.118-59.930) were independent predictors for CAPS, and the scores were 1, 3, 3 and 2 points,

respectively. The risk scores were divided into high-risk (6-9) and low risk (0-5), the risk for CAPS were 54.1% and
0.6%, with sensitivity of 0.963 and specificity of 0.886. The Nagelkerke'’s R? (0.739) and the Omnibus test (y* =109.231,

df=4, p=0.000) indicated the model has a good fit. The AUC of 0.971 indicated good discrimination.
The calibration curve in internal validation showed good calibration of this predictive model.

Conclusion
A predictive model of CAPS was developed with hypertension, anaemia, elevated LDH and proteinuria. This model
could help identify CAPS in high-risk patients, achieve early recognition and intervention to improve prognosis.
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Introduction

Antiphospholipid syndrome (APS) is
a clinical syndrome characterised with
vascular thrombosis or/and pregnant
morbidity in patients with persistent
positive antiphospholipid antibodies
(aPLs), which include lupus antico-
agulant (LA), anti-cardiolipin antibody
(aCL) and anti-2 glycoprotein I (anti-
P2GPI) (1). The clinical spectrum of
APS includes thrombotic APS, obstet-
ric APS, and a severe form called cata-
strophic APS (CAPS).

CAPS is arare form of APS in less than
1% patients, characterised by micro-
vascular thrombosis affecting multiple
organs in a short period of time despite
anticoagulant treatment. The “cata-
strophic” describes the life-threatening
feature with high mortality. Though
first-line treatment is combination ther-
apy with glucocorticoid, heparin, and
plasmapheresis or IVIG (2), the mortal-
ity rate is still as high as 37% in CAPS
and even 48% in CAPS secondary to
SLE (3). We have learned from CAPS
Registry that majority of CAPS (53—
65%) were triggered by a precipitat-
ing factor, including infection, surgery,
malignancy, pregnancy related, lupus
flare and so on (4). But there is barely
any study investigating risk factors of
CAPS in APS patients.

To improve the prognosis of CAPS,
treatment might be started before CAPS
diagnosis, since the current diagnosis of
CAPS need at least 2 organs with signs
of dysfunction. Thus, how to identify
patients with high risk for CAPS would
be important to achieve early recogni-
tion and initiate therapy. We conducted
a study based on a single-centre 8-year
APS cohort and hope to establish a pre-
dictive model for early recognition of
CAPS.

Materials and methods

Study population

A single-centre study was conducted
based on the APS cohort in Peking Un-
ion Medical College Hospital, Beijing,
China. The PUMCH-APS cohort in-
cluded APS patients referred into hos-
pital from May 2013 to October 2021.
The baseline was defined as the time
of admission for APS or CAPS. Only
the baseline admission was selected for

each patient, and included just once in
this study. The diagnosis of APS was
established based on the 2006 revised
Sydney classification criteria (5). CAPS
was diagnosed according to the prelimi-
nary classification criteria published on
2003 (6). We included patients with
both definite and probable CAPS. This
study was approved by the Medical
Ethics Committee of PUMCH.

Variables of interest

Demographic characteristics were col-
lected from the medical history such as
gender, age, height, weight, and body
mass index (BMI). The cardiovascular
risk factors included smoking, hyper-
tension, diabetes, and hyperlipidaemia
history, and was assessed following
NICE guidelines as following: hyper-
tension was defined as high blood pres-
sure (>140/90 mmHg) on two occa-
sions, diabetes was defined as high fast
glucose level on two occasions, and hy-
perlipidaemia was defined as high cho-
lesterol level.

Clinical indicators included disease du-
ration, underlying diseases, and clinical
manifestations of APS. Disease dura-
tion was defined as time from disease
onset to baseline. APS patients with
underlying diseases were defined as
secondary APS, most common in sys-
temic lupus erythematosus. The clini-
cal manifestations contained in the
classification criteria were collected.
Venous thrombosis included deep vein
thrombosis, pulmonary embolism, por-
tal vein thrombosis, cerebral vein/sinus
thrombosis and ophthalmic vein throm-
bosis. Arterial thrombosis was mostly
stroke, myocardial infarction, visceral
ischaemia, peripheral artery embolism,
and retinal artery occlusion. They were
diagnosed by imaging study or histopa-
thology. Pregnancy morbidity was in
accordance with APS classification cri-
teria and included 3 types, unexplained
fetal death at 10 weeks of gestation or
later; premature birth prior to 34 weeks
due to eclampsia, preeclampsia, or pla-
cental insufficiency; 3 consecutive un-
explained spontaneous abortions prior
to 10 weeks of gestation.

Detection of LA was concurrent with
the recommended criteria from the In-
ternational Society on Thrombosis and
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Haemostasis (ISTH), using a three-
step method and dilute Russell’s viper
venom time (ARVVT) based assay. The
aCL and anti-P2GPI antibodies were
detected by enzyme-linked immuno-
sorbent assay (ELISA) using commer-
cially available kits. Definition of a
positive aCL or anti-B2GPI antibody
was 40 or more GPL or MPL units, and
tested on two or more occasions at least
12 weeks apart.

Other laboratory parameters at baseline
included white blood cell count (WBC),
haemoglobulin (HGB), platelet count
(PLT), immunoglobulin (Ig), comple-
ment C3 and C4, creatine (Cr), lactate
dehydrogenase (LDH), proteinuria and
haematuria. In detail, anaemia was de-
fined as HGB<120 g/L at admission,
and obvious nutritional anaemia or
bleeding were ruled out; thrombocyto-
penia was defined as PLT<100x10°L;
hypocomplementaemia was consid-
ered if complement 3 below 0.730g/L
or complement 4 below 0.100g/L. The
cut-off creatine and LDH level were
90umol/L and 250U/L respectively.

Statistical analysis

Continuous variables were shown as
mean standard deviation (SD) and ana-
lysed using student’s t test. Categori-
cal variables were shown as frequency
and analysed using %> or Fisher’s ex-
act test. A binary logistic analysis was
performed by selecting variables with
p<0.05 in the univariate analysis. Con-
tinuous variables were changed into cat-
egorical variables for further analysis.
Odds ratio (OR) and 95% confidence
interval (CI) were used to describe the
risk of CAPS for potential predictors.
A risk scoring system was established,
the risk score was calculated using the
regression coefficient B of each vari-
able in the logistic regression model.
A cumulative risk score was calculated
for each patient. Receiver operating
characteristic curve (ROC curve) was
drawn, sensitivity and specificity were
used to find the best cut-off of the scor-
ing system. The performance of the
model was assessed by Nagelkerke’s
R?, Omnibus test, and area under the
receiver operating characteristic curve
(AUC). The internal validation was
shown with calibration curve.
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Table I. Demographic and clinical characteristics of APS patients in PUMCH-APS cohort.

Total CAPS Non-CAPS P
(n=226) (n=27) (n=199)
Gender (M) (n/%) 78 (34.5) 14 (51.9) 64 (32.2) 0.043
Enrolment age (y) 362128 363+152 362125 0975
BMI (kg/m?) 23.8+42 228+45 240+3.8 0.133
Disease duration (m) 534+728 497 +£77.7 539+723 0.777
Secondary APS (n/%) 66 (29.2) 14 (51.9) 52 (26.1) 0.006
Cardiovascular risk factors
Smoking (n/%) 50 (22.1) 9 (33.3) 41 (20.6) 0.135
Hypertension (n/%) 52 (23.0) 16 (59.3) 36 (18.1) 0.000
Diabetes (n/%) 8 (3.5) 2 (74) 6 (3.0) 0.245%*
Hyperlipidaemia (n/%) 21 (9.3) 6 (22.2) 15 (7.5) 0.025%*
APS diagnosis (n/%)
Venous thrombosis 123 (54.4) 17 (63.0) 106 (53.3) 0.342
Arterial thrombosis 101 (44.7) 22 (81.5) 79 (39.7) 0.000
Pregnancy morbidity 73/148 (49.3) 5/13 (38.5) 68/135 (50.4) 0412
LA 177 (78.3) 22 (81.5) 155 (77.9) 0.671
aCL-IgG/M 144 (63.7) 21 (77.8) 123 (61.8) 0.105
anti-p2GP1-1gG/M 178 (78.8) 23 (85.2) 155 (77.9) 0.384
Triple aPL positivity 113 (50.0) 17 (63.0) 96 (48.2) 0.218
WBC (x10°/L) 70+3.6 90+£63 6.6+29 0.067
HGB (g/L) 1245 +28.0 82.7+204 130 +23.8 0.000
Anaemia(n/%) 79 (35.0) 26 (96.3) 53 (26.6) 0.000
PLT (x10°/L) 123.9+85.2 61.1 £67.1 132 +84.0 0.000
Thrombocytopenia (n/%) 104 (46.0) 24 (88.9) 80 (40.2) 0.000
1gG (g/L) 11.8+39 124+55 11.7+3.6 0.539
C3(g/L) 0.94 +0.28 0.72+0.32 0.96 +0.26 0.000
C4(g/L) 0.16 +£0.08 0.13 £0.06 0.17 £0.08 0.010
Hypocomplementaemia (n/%) 60 (26.5) 16 (59.3) 44 (22.1) 0.000
Cr (wmol/L) 923 +94.8 224.5+225.8 744 +28.4 0.002
Elevated Cr(n/%) 49 (21.7) 15 (55.6) 34 (17.1) 0.000
LDH (U/L) 256.7+ 1433 4764 +227.0 2269+92.3 0.000
Elevated LDH(n/%) 79 (35.0) 25 (92.6) 54 (27.1) 0.000
Proteinuria (n/%) 46 (204) 18 (66.7) 28 (14.1) 0.000
Haematuria (n/%) 35 (15.5) 15 (55.6) 20 (10.1) 0.000
aGAPSS 9.98 +4.026 11.81 +£3.253 9.73 +4.065 0.002
aGAPSS >10 123 (544) 21 (77.8) 102 (51.3) 0.009

*Fisher’s test.

CAPS: catastrophic antiphospholipid syndrome; APS: antiphospholipid syndrome; BMI: Body Mass
index; LA: lupus anticoagulation; aCL: anti-cardiolipin antibody; anti-32GP1: anti-$2 glycoprotein
1; aPL: antiphospholipid antibody; WBC: white blood cell; HGB: haemoglobulin; PLT: platelet; IgG:
immunoglobulin G; C3: complement 3; C4 complement 4; Cr: creatine; LDH: lactate dehydrogenase;
aGAPSS: adjusted Global Anti-Phospholipid Syndrome Score.

All tests were two-tailed, and p<0.05
was considered statistically significant.
All analyses were performed using
SPSS v. 22.0 and R software (3.6.1).

Results

Baseline characteristics

A total of 226 APS patients were en-
rolled in this study, 11.9% (27 cases)
were CAPS. Baseline characteristics
were listed in Table I. CAPS group had
more male patients than non-CAPS
group (51.9% vs. 322%, p=0.043).
Secondary APS was dominant in CAPS
patients (51.9% vs. 26.1%, p=0.006).
Hypertension (59.3% vs. 18.1%,
p=0.000), hyperlipidaecmia (22.2% vs.

7.5%, p=0.025) and arterial thrombosis
(81.5% vs. 39.7%, p=0.000) were more
common in CAPS patients. Most of the
laboratory results were statistically sig-
nificant between CAPS and non-CAPS
patients. CAPS patients had lower HGB
(82.7£204 vs. 130+£23.8 g/L), lower
platelet count (61.1£67.1 vs. 132+84.0
x10%L), lower C3 (0.72+0.32 vs.
0.96+0.26 g/L), lower C4 (0.13+0.06 vs.
0.17+0.08 g/L), higher Cr (224.5+225.8
vs. 744+28.4 umol/L), higher LDH
(476.4+227.0 vs. 226.9+92.3 U/L) lev-
el, more proteinuria (66.7% vs. 14.1%)
and more haematuria (55.6% vs. 10.1%)
than non-CAPS patients. aGAPSS was
higher in CAPS patients (11.81+£3.253)
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than non-CAPS patients (9.73+4.065).
When converting continuous variables
into categorical variables, anaemia
(96.3% vs. 26.6%), thrombocytope-
nia (88.9% vs. 40.2%), hypocomple-
mentemia (59.3% vs. 22.1%), elevated
Cr (55.6% vs. 17.1%), elevated LDH
(92.6% vs. 27.1%), and aGAPSS>10
(77.8% vs. 51.3%) were more prevalent
in CAPS patients.

Predictors of CAPS in APS patients

A univariate binary logistic regression
was performed. Gender, secondary
APS , history of hypertension and hyper-
lipidaemia, arterial thrombosis, anae-
mia, thrombocytopenia, hypocomple-
mentaemia, elevated creatine and LDH,
proteinuria, haematuria, and aGAPSS
were all significantly associated with
CAPS in APS patients. The OR of each
variable and p-value were shown in
Table II. The variables in univariate lo-
gistic regression analyses were further
performed with multivariate logistic re-
gression analysis (forward LR stepwise
method) to evaluate independent pre-
dictors for CAPS. History of hyperten-
sion (OR 5.091,95% CI 1.119-23.147),
anaemia (OR 116.231,95% CI 10.512—
1285.142), elevated LDH (OR 59.743,
95% CI 7.439-479.815) and proteinu-
ria (OR 11.265, 95% CI 2.118-59.930)
were independent predictors for CAPS
and selected for the development of
predictive model.

The prediction model of

CAPS and internal validation

The OR and B regression coefficient in
the multivariable analysis model was
shown in Table III. The score of each
variable was calculated as |IB/Bminl,
thus the scores of hypertension, anae-
mia, elevated LDH and proteinuria
were 1, 3, 3 and 2 points, respectively.
The CAPS risk score was calculated for
each APS patient, and the ROC curve
of the predictive model was drawn
(Fig. 1A). A score of 5 was the best cut-
off point with the sensitivity of 0.963
and the specificity of 0.886. Figure 1B
shows the cumulative risk score and
the number of CAPS patients and non-
CAPS patients, as shown in the figure,
the CAPS rate generally increased
when the risk score rose.
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Table II. Predicting factors for CAPS in APS patients.

Univariable analysis

Multivariable analysis

Odds ratio P Odds ratio P
Gender (M) 2272 (1.009-5.114) 0.047
Secondary APS 3.044 (1.343-6.902) 0.008
Hypertension 6.586 (2.820-15.382) 0.000 5.091 (1.119-23.147) 0.035
Hyperlipidaemia 3.505 (1.228-10.004) 0.019
Arterial thrombosis 6.684 (2.430-18.382) 0.000
Anaemia 71.623 (9.483-540.931) 0.000 116.231 (10.512-1285.142) 0.000
Thrombocytopenia 11.900 (3.467-40.844) 0.000
Hypocomplementaemia  5.124 (2.218-11.839) 0.000
Elevated creatine 6.066 (2.608-14.109) 0.000
Elevated LDH 33.565 (7.688-146.534)  0.000  59.743 (7.439-479.815) 0.000
Proteinuria 12.214 (4.994-29.874) 0.000 11265 (2.118-59.930) 0.005
Haematuria 11.187 (4.600-27.207) 0.000
aGAPSS >10 3.328 (1.289-8.597) 0013

Table III. Odds ratio and B coefficient with multivariable logistic regression model and

corresponding risk score.

Variables Odds ratio B coefficient Score
Hypertension 5.091 (1.119-23.147) 1.627 1
Anaemia 116231 (10.512-1285.142) 4.759 3
Elevated LDH 59.743 (7.439-479.815) 4.090 3
Proteinuria 11.265 (2.118-59.930) 2422 2
Table IV. The risk stratification for CAPS according to the risk score system.

Risk stratification Number of patients CAPS (N) CAPS (%)
High risk (6-9) 48 26 54.1
Low risk (0-5) 178 1 0.6
Total 226 27 11.9

The risk stratification for CAPS accord-
ing to the risk score system was shown
in Table IV. The risk score was divided
into high-risk (6-9) and low risk (0-5),
and the risk for CAPS were 54.1% and
0.6%. The Nagelkerke’s R? (0.739)
and the Omnibus test (x> =109.231,
df=4, p=0.000) indicated the logistic
regression model had a good fit. The
AUC was 0.971 (95% C10.942-0.999,
SE=0.014, p=0.000) indicated the
model had good discrimination.

The calibration curve in internal vali-
dation showed good calibration of this
predictive model (Fig. 1C).

Discussion

CAPS is a life-threating form of APS,
with multiple organ dysfunction in
a short time. We conducted a cohort
study to establish a predictive model
for CAPS diagnosis, hope to achieve
early diagnosis and start-up early in-
tervention to improve final prognosis.
In this study, we found CAPS patients
were more likely to present in male

secondary APS patients, with hyper-
tension and hyperlipidaemia, with
arterial thrombosis history, with hae-
matological (anaemia, thrombocyto-
penia, elevated LDH), nephrological
(proteinuria, haematuria, elevated Cr)
and immunological (hypocomplemen-
taemia) abnormalities simultaneously.
The final predictive model consisted
of hypertension (1 point), anaemia (3
points), elevated LDH (3 points) and
proteinuria (2 points). The risk strati-
fication was based on the risk scores,
0-5 were low risk (0.6%) and 6-9 were
high risk (54.1%). The sensitivity and
specificity of this predictive model
were 0.963 and 0.886, and showed
good discrimination and calibration.

The frequency of CAPS in APS is 1%
in European cohort (7), and is 12% in
PUMCH-APS cohort. Since PUMCH
is a tertiary referral centre for APS,
the occurrence of CAPS is higher. In
PUMCH CAPS cohort, 51.9% were
male patients, and 51.9% were second-
ary APS, nephrological abnormality

Clinical and Experimental Rheumatology 2023
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was in 66.7% patients, anaemia and
thrombocytopenia occurred in almost
90% CAPS patients, indicating multi-
ple organs involvement in CAPS pa-
tients and the severity of the disease.

APS secondary to SLE consisted 40%
in CAPS Registry and 50% in PUMCH-
CAPS cohort. Previous studies have
shown that APS secondary to SLE were
more likely to have poorer outcome (8),
higher long-term damage (9) than PAPS
patients. The comparison of secondary
and primary APS in literature suggested
arterial thrombosis had higher frequen-
cy in PAPS, while non-thrombotic man-

Clinical and Experimental Rheumatology 2023

ifestations including thrombocytopenia,
haemolytic anaemia, livedo reticularis,
valve heart disease were more prevalent
in APS secondary to SLE (10, 11). Here
we found secondary APS were more
likely to have CAPS. Since CAPS as-
sociated with SLE were more likely to
have severe cardiac and brain involve-
ment leading to a higher mortality (48%
vs. 33%) (3), we should be alert for
CAPS in aPL positive lupus patients
when there are multiple organs involve-
ment, not just consider lupus flare.

Hypertension and hyperlipidaemia are
traditional risk factors in cardiovascu-

lar disease. The pathogenesis of APS
has a “second-hit” theory (12), the
“first hit” injury induces endothelial
dysfunction, the “second hit” potenti-
ates thrombus formation (13). Infec-
tion (14) or surgery might be a “third
hit” in the development of CAPS (15).
Hypertension and hyperlipidaemia (16)
could constitute a substantial first hit
and activate the endothelium, allow-
ing the promotion of thrombosis by
aPLs. The important role of hyperten-
sion and hyperlipidaemia in pathogen-
esis of APS has been revealed by the
aGAPSS (17) and validated in different
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cohorts (18), hypertension was also in-
cluded in our CAPS model (1 point).
Hypertension was risk factor for arte-
rial thrombosis in APS (19) but not for
venous thrombosis (20), also explained
the higher proportion of arterial throm-
bosis (81.5%) than venous thrombosis
(63.0%) in our CAPS cohort.

CAPS is characterised with “throm-
botic storm” and “cytokine storm”, re-
sult a dramatic systemic inflammatory
response syndrome (SIRS) and multi-
ple organ dysfunction (21). CAPS be-
longs to a spectrum of disorders called
“thrombotic microangiopathy (TMA)
syndrome”, presented with thrombocy-
topenia, microangiopathic haemolytic
anaemia (MAHA), and acute kidney in-
jury (22). The diagnosis of CAPS should
be considered in patients with MAHA
plus acute multisystem involvement
and double or triple aPLs at high titres
(22), and the treatment should be more
aggressive to reduce poor outcome. In
our predictive model for CAPS, anae-
mia (3 points), elevated LDH (3 points)
and proteinuria (1 point) was incorpo-
rated into the equation, indicating the
sign of TMA should be valued as pre-
dictors for CAPS. To be noted, the labo-
ratory results we collected were at base-
line, which was the time of admission
because of APS or CAPS. One reason
was most patients were referred to our
centre thus clinical data was thorough
at admission. The other reason was that
causes for anaemia in APS were various
including haemolytic anaemia, lupus
flare, chronic disease anaemia, or renal
anaemia, mostly were not single factor.
We believe the advantage of a predic-
tive model is the integration of pre-
dictors, so the indicators at admission
can reflect patients’ disease risk status
with the equation and given different
weights for each predictor.
Hypocomplementaemia was more sig-
nificant in CAPS patients, reflecting
complement activation and consump-
tion in CAPS. The activation of comple-
ment system plays a role in APS patho-
genesis, and there is a crosstalk between
complement and coagulation system
(23), complement inhibition, for exam-
ple eculizumab, is a promising treat-
ment for APS and CAPS (24). Recent
study has found CAPS patients have
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mutations in complement regulatory
gene like atypic haemolytic uraemia
syndrome (25), the triggers including
infection pregnancy or surgery might
lead to uncontrolled complement activa-
tion, and hypocomplementaemia might
be an early sign for CAPS diagnosis.
Our study is noteworthy for several rea-
sons. Firstly, the innovation of our study
is worthy of attention. Risk stratification
of APS patients will help physicians to
identify CAPS in high-risk patients,
recognise CAPS in an early stage and
start intervention to improve prognosis.
This is the first study focusing on pre-
dictors and risk stratification of CAPS
in literature by far. The reason might be
the rarity of this catastrophic disease,
and the lack of a long-term follow-up
APS cohort as control. Our CAPS study
based on PUMCH-APS cohort, and the
single-centre source ensured the intact
medical records and the consistency of
diagnosis. Additionally, the risk score
stratification based on our predictive
model is clinically practical, the model
is simple, and the included variables
are routinely collected, they will help
rheumatologist recognise CAPS early.
Finally, the predictive model has a good
fit and discrimination.

Nevertheless, there are some limitations
of our study. Firstly, the limited number
of CAPS cases affect the stability of
the model. Secondly, the single-centre
study could not perform the external
validation of this predictive model and
we can only validate internally, dataset
for external validation might be ob-
tained in the future by conducting multi-
centre study.

In conclusion, a predictive model of
CAPS was developed with history of
hypertension, anaemia, elevated LDH
and proteinuria. This predictive model
showed good discrimination and cali-
bration, could help early recognition of
CAPS.

References

1. GARCIA D, ERKAN D: Diagnosis and man-
agement of the antiphospholipid syndrome.
N Engl J Med 2018; 378(21): 2010-21.
https://doi.org/10.1056/nejmral 705454

2. CERVERA R, RODRIGUEZ-PINTO I, LEGAULT
K, ERKAN D: 16" International Congress on
Antiphospholipid Antibodies Task Force
Report on Catastrophic Antiphospholipid
Syndrome. Lupus 2020; 29812): 1594-600.

11.

12.

13.

https://doi.org/10.1177/0961203320951260

. RODRIGUEZ-PINTO I, MOITINHO M, SANTA-

CREU 1 et al.: Catastrophic antiphospholipid
syndrome (CAPS): Descriptive analysis of
500 patients from the International CAPS Reg-
istry. Autoimmun Rev 2016; 15(12): 1120-4.
https://doi.org/10.1016/j.autrev.2016.09.010

. CERVERA R, BUCCIARELLI S, PLASIN MA et

al.: Catastrophic antiphospholipid syndrome
(CAPS): descriptive analysis of a series of
280 patients from the CAPS Registry. J Auto-
immun 2009; 32(3-4): 240-5.
https://doi.org/10.1016/j.jaut.2009.02.008

. MIYAKIS S, LOCKSHIN MD, ATSUMI T et al.:

International consensus statement on an up-
date of the classification criteria for definite
antiphospholipid syndrome (APS). J Thromb
Haemost 2006; 4(2): 295-306. https://
doi.org/10.1111/§.1538-7836.2006.01753 x

. ASHERSON RA, CERVERA R, DE GROOT PG et

al.: Catastrophic antiphospholipid syndrome:
international consensus statement on classifi-
cation criteria and treatment guidelines. Lupus
2003; 12(7): 530-4.
https://doi.org/10.1191/09612033031u3940a

. CERVERA R, PIETTE JC, FONT J et al.: Anti-

phospholipid syndrome: clinical and immu-
nologic manifestations and patterns of dis-
ease expression in a cohort of 1,000 patients.
Arthritis Rheum 2002; 46(4)
https://doi.org/10.1002/art.10187: 1019-27.

. GRIKA EP, ZIAKAS PD, ZINTZARAS E, MOUT-

SOPOULOS HM, VLACHOYIANNOPOULOS
PG: Morbidity, mortality, and organ damage
in patients with antiphospholipid syndrome.
J Rheumatol 2012; 39(3): 516-23.
https://doi.org/10.3899/jrheum.110800

. TORRICELLI AK, UGOLINI-LOPES MR, BONFA

E, ANDRADE D: Antiphospholipid syndrome
damage index (DIAPS): distinct long-term
kinetic in primary antiphospholipid syndrome
and antiphospholipid syndrome related to
systemic lupus erythematosus. Lupus 2020;
29(3): 256-62.
https://doi.org/10.1177/0961203320901598

. VIANNA JL, KHAMASHTA MA, ORDI-ROS J et

al.: Comparison of the primary and second-
ary antiphospholipid syndrome: a European
Multicenter Study of 114 patients. Am J Med
1994; 96(1): 3-9. https://
doi.org/10.1016/0002-9343(94)90108-2
BELIZNA C, STOJANOVICH L, COHEN-TER-
VAERT JW et al.: Primary antiphospholipid
syndrome and antiphospholipid syndrome as-
sociated to systemic lupus: are they different
entities? Autoimmun Rev 2018; 17(8): 739-45.
https://doi.org/10.1016/j.autrev.2018.01.027
MERONI PL, BORGHI MO, RASCHI E, TED-
ESCO F: Pathogenesis of antiphospholipid
syndrome: understanding the antibodies. Nat
Rev Rheumatol 2011; 7(6): 330-9.
https://doi.org/10.1038/nrrheum.2011.52
GIANNAKOPOULOS B, KRILIS SA: The patho-
genesis of the antiphospholipid syndrome.
N Engl J Med 2013; 368(111): 1033-44.
https://doi.org/10.1056/nejmral 112830

. ORTEGA-HERNANDEZ OD, AGMON-LEVIN

N, BLANK M, ASHERSON RA, SHOENFELD Y:
The physiopathology of the catastrophic anti-
phospholipid (Asherson’s) syndrome: com-
pelling evidence. J Autoimmun 2009; 32(1):
1-6.

Clinical and Experimental Rheumatology 2023



Early recognition of CAPS in APS / C. Huang et al

https://doi.org/10.1016/j.jaut.2008.10.003

15. ASHERSON RA: The catastrophic antiphos-
pholipid syndrome, 1998. A review of the
clinical features, possible pathogenesis and
treatment. Lupus 1998; 7 (Suppl. 2): S55-62.
https://doi.org/10.1177/096120339800700214

16. CHAPMAN MIJ, SPOSITO AC: Hypertension
and dyslipidaemia in obesity and insulin
resistance: pathophysiology, impact on ath-
erosclerotic disease and pharmacotherapy.
Pharmacol Ther 2008; 117(3): 354-73. https://

doi.org/10.1016/j.pharmthera.2007.10.004

17. SCIASCIA S, SANNA G, MURRU V, ROCCA-
TELLO D, KHAMASHTA MA, BERTOLACCINI
ML: GAPSS: the Global Anti-Phospholipid
Syndrome Score. Rheumatology (Oxford)

2013; 52(8): 1397-403.

https://doi.org/10.1093/rheumatology/kes388
18. RADIN M, SCIASCIA S, ERKAN D et al.:
The adjusted global antiphospholipid syn-
drome score (aGAPSS) and the risk of recur-
rent thrombosis: Results from the APS AC-
TION cohort. Semin Arthritis Rheum 2019;

49(3): 464-8. https://

Clinical and Experimental Rheumatology 2023

19.

20.

21.

22.

doi.org/10.1016/j.semarthrit.2019.04.009
BUCCI T, AMES PRJ, TRIGGIANI M et al.:
Cardiac and vascular features of arterial and
venous primary antiphospholipid syndrome.
The multicenter ATHERO-APS  study.
Thromb Res 2022; 209: 69-74. https://
doi.org/10.1016/j.thromres.2021.12.001
DANOWSKI A, DE AZEVEDO MN, DE SOUZA
PAPI JA, PETRI M: Determinants of risk for
venous and arterial thrombosis in primary
antiphospholipid syndrome and in antiphos-
pholipid syndrome with systemic lupus ery-
thematosus. J Rheumatol 2009; 36(6): 1195-
9. https://doi.org/10.3899/jrheum.081194
CERVERA R, RODRIGUEZ-PINTO I, COLA-
FRANCESCO S et al.: 14th International Con-
gress on Antiphospholipid Antibodies Task
Force Report on Catastrophic Antiphospho-
lipid Syndrome. Autoimmun Rev 2014; 13(7):
699-707.
https://doi.org/10.1016/j.autrev.2014.03.002
CERVERAR,RODRIGUEZ-PINTO I, ESPINOSA
G: The diagnosis and clinical management of
the catastrophic antiphospholipid syndrome:

23.

24.

25.

a comprehensive review. J Autoimmun 2018;
92: 1-11.
https://doi.org/10.1016/j.jaut.2018.05.007
CHATURVEDI S, BRAUNSTEIN EM, BROD-
SKY RA: Antiphospholipid syndrome: com-
plement activation, complement gene muta-
tions, and therapeutic implications. J Thromb
Haemost 2021; 19(3): 607-16.
https://doi.org/10.1111/jth.15082

KELLO N, KHOURY LE, MARDER G, FURIE
R, ZAPANTIS E, HOROWITZ DL: Secondary
thrombotic microangiopathy in systemic
lupus erythematosus and antiphospholipid
syndrome, the role of complement and use
of eculizumab: case series and review of lit-
erature. Semin Arthritis Rheum 2019; 49(1):
74-83. https://
doi.org/10.1016/j.semarthrit.2018.11.005
CHATURVEDI S, BRAUNSTEIN EM, YUAN X
et al.: Complement activity and complement
regulatory gene mutations are associated
with thrombosis in APS and CAPS. Blood
2020; 135(4): 239-51.
https://doi.org/10.1182/blood.2019003863

1023



