Abstract

Objective: To analyze the demographic, clinical, and laboratory characteristics of catastrophic
antiphospholipid syndrome (CAPS) patients with cardiac involvement, and to identify the factors

associated with this cardiac involvement.

Material and Methods: Based on the analysis of the “CAPS Registry”, the demographic, clinical,
and serological characteristics of patients with cardiac involvement were analyzed. Cardiac
involvement was defined as heatrt failure, valvular disease, acute myocardial infarction, pericardial
effusion, pulmonary arterial hypertension, systolic dysfunction, intracardiac thrombosis, and

microvascular disease. Univariate and multivariate analysis was used for multiple comparisons.

Results: 749 patients (293 [39%] women and mean age 38.1 £ 16.2 years) accounting for 778
CAPS events were included, of them 404 (52%) had cardiac involvement. The main cardiac
manifestations were heart failure in 185/377 (55%), valve disease in 116/377 (31%), and acute
myocardial infarction in 104/378 (28%). Of 58 patients with autopsy/biopsy, 48 (83%) had cardiac
thrombotic microangiopathy, Stroke (29% vs. 21%, p = 0.012), transient cerebral vascular
accident (2% vs. 1%, p = 0.005), pulmonary infarction (26% vs. 3%, p = 0.017), renal infarction
(46% vs. 35%, p = 0.006), acute kidney injury (70% vs. 53%, p <0.001), and livedo reticularis
(24% vs. 17%, p = 0.016) were significantly more frequent during CAPS events with versus
without heart involvement. Multivariate analysis identified acute kidney injury (OR 1.068, IC 95%
1.8-4.8, p <0.001) as the only clinical characteristics that were, independently, associated with

cardiac involvement in CAPS events. Cardiac involvement was not related to higher mortality.

Conclusions: Cardiac involvement is frequent in CAPS, with association with kidney involvement,
and it is not related to higher mortality. The presence of cardiac microthrombosis was

demonstrated in most biopsies/autopsies performed.
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1. Introduction

Classically, the antiphospholipid syndrome (APS) was defined by the development of
venous and/or arterial thrombosis, often multiple, and pregnancy morbidity in patients with
antiphospholipid antibodies (aPL), namely lupus anticoagulant (LA), anticardiolipin antibodies
(aCL), and/or anti-B2 glycoprotein-I (32GPI) antibodies [1]. Very recently, the 2023 ACR/EULAR

APS Classification Criteria were published, encompassing six clinical and two laboratory domains

[2].

Heart valve involvement (thickening and/or vegetation), one of the domains of the new
classification criteria, has a prevalence of 11.6% in large cohorts of patients with APS [3]. In the
Europhospholipid project cohort, valve thickening/dysfunction were observed in 4.6% of 1000

APS patients during a prospective follow-up of 10 years [4].

Approximately 1% of APS patients develop a severe form of APS defined by: a) clinical
evidence of multiple organ involvement developing over a short period of time; b)
histopathological evidence of small vessel occlusions; and c) laboratory confirmation of aPL [5].
In the first descriptions of this devastating type of APS, the mortality was 50%. Due to this poor
prognosis, the term “catastrophic” was introduced to describe this life-threatening form of APS
(CAPS) [6].

Based on a descriptive analysis of approximately 500 CAPS patients, the heart was one
of the most affected organs, reaching a prevalence of 50%, in the form of ischemic heart disease,
valvulopathy, heart failure, and/or non-bacterial thrombotic endocarditis [7]. Recent studies have
suggested that cardiac involvement in thrombotic critically ill APS patients is associated with a

worse prognosis [8].

The present study aims to describe the demographic, clinical and laboratory
characteristics, precipitating factors, treatment strategies, and outcomes of CAPS patients with

cardiac involvement included in the “CAPS Registry”.

2. Material and Methods

We performed a retrospective cross-sectional study that included all patients enrolled in
the "CAPS Registry", a registry developed in 2000 by the European Forum on Antiphospholipid
Antibodies [5, 9]. This database contains data collected from patients with CAPS between April
1992 to August 2023. Patients in the "CAPS Registry" were personally reported to the registry
coordinators by their physicians or included based on published reports. Data standardization
was achieved through the utilization of anonymous data collection forms. Published case reports
are identified through periodic systematic reviews of PubMed. All patients met the current
classification criteria for definite or probable CAPS [10]. The “CAPS Registry” project obtained

approval from the ethical committee for clinical research at Hospital Clinic, Barcelona.



Systematic data collection includes demographic variables (gender, age, diagnosis of the
underlying disorder), precipitating factors, main clinical manifestations, immunologic features,
histologic and imaging technique findings, treatment, and outcome. Patients with definite and
probable CAPS classification (those with evidence of involvement of at least two organs in a short

period of time with laboratory evidence of circulating aPL) were included in this review [5].

In this retrospective analysis, CAPS patients with cardiac involvement were compared
with patients without cardiac involvement. Cardiac involvement was defined as the presence of
heart failure, valvular disease, acute myocardial infarction, pericardial effusion, pulmonary arterial
hypertension, systolic dysfunction, intracardiac thrombosis, and microvascular disease. Heart
failure and acute myocardial infarction were defined, according to the definitions in the most
recent consensus [11,12]. Pericardial effusion, pulmonary arterial hypertension, systolic
dysfunction, intracardiac thrombosis and microvascular disease were recorded according to the
authors' description in each case. When available, biopsies or necropsies of CAPS patients with
cardiac involvement have also been analyzed, as well as echocardiographic data and

hemodynamic studies.

The statistical analysis was performed with SPSS statistical software (version 23.0) and
considering the CAPS episodes. Continuous variables were reported as mean value with 95%
confidence interval (IC 95%) while frequency as a percentage for categorical variables. T-test
was calculated to detect differences between groups in continuous variables while ANOVA was
used when more than two groups existed. Chi-square was performed to evaluate differences
between categorical data and Fisher's exact tests when the former was not applicable. For
multivariate analysis, logistic regression was used with Bonferroni correction for multiple
comparisons. All statistical tests were two-tailed and only differences with a p value less than 0.05

were considered statistically significant.

3. Results
3.1. General characteristics

Overall, we identified 765 patients, but 16 were excluded because no data of cardiac
involvement were available. Of remaining 749, 725 (97%) had a single CAPS episode, 19 (33%)
had two, and five (0.7%) had three, accounting for a total of 778 events. Of them, 404 (52%) had
cardiac involvement. One hundred and ten (27%) events occurred in patients with a previous

diagnosis of systemic lupus erythematous (SLE) and 175 (43%) with primary APS (PAPS).
3.2. Type of cardiac involvement

3.2.1. Cardiac manifestations



The main cardiac manifestations were heart failure present in 185 (49%) events, valve
involvement in 116 (31%), and acute myocardial infarction in 104 (27%). Considering valve heart
disease, mitral in 55/124 (44%) and aortic 20/124 (16%) valves were the most frequently affected,
with a predominant functional alteration in the form of regurgitation, 36/55 (65%) in the mitral
valve and 12/20 (60%) in the aortic valve. Fifty-six (14%) events presented with Libman-Sacks
endocarditis [13], mostly on the mitral valve presentin 11 (61%) events. All cardiac manifestations

are shown in Table 1.
3.2.2. Imaging technique findings

Data from echocardiography were available in 124 (16%) events being normal in 61
(49%) of them (Table 1). Ejection fraction (<40%) was decreased in 56 (45%).

Coronary angiography was only performed in 29 (3.7%) events; mostly without
angiographically significant lesions, but in only 6 (20.7%) events a coronary artery disease of one

vessel was disclosed (Table 1)
3.2.2. Histologic findings

Cardiac tissue samples were available only in 58 (14.4%) events. Cardiac thrombotic
microangiopathy was the most frequent finding described in histological samples, present in 48

(82.8%) of them. The description of the cardiac pathological samples is shown in Table 2.

In episodes of cardiac involvement of CAPS with the histological finding of thrombotic
microangiopathy, the most frequent clinical manifestation was systolic dysfunction present in
46.7% (7/15) followed by heart failure in 40% (18/45), valve involvement in 38.6% (17/44),
nonbacterial thrombotic endocarditis in 35.7% (15/42), and acute myocardial infarction in 24.4%
(10/41) of the episodes. The presence of pericardial effusion and pulmonary arterial hypertension
(PAH) were recorded in 12.5% (2/16) and 8.3% (1/12) of the episodes in which this information

was available.
3.3. Features associated with cardiac involvement

The previous diagnosis of PAPS (43% versus 54%, p = 0.003) and the presence of
neoplasia (6% versus 11%, p = 0.021) or consumption of oral contraceptives (3% versus 8%, p
= 0.011), as precipitating factors, were less frequent during CAPS events with cardiac

involvement, compared with those without cardiac involvement (Table 3).

Stroke (29% versus 21%, p = 0.012), transient cerebral vascular accident (2% versus
1%, p = 0.005), pulmonary infarction (26% versus 3%, p = 0.017), renal infarction (46% versus
35%, p = 0.006), acute kidney injury (70% versus 53%, p <0.001) and livedo reticularis (24%
versus 17%, p = 0.016) were significantly more frequentin CAPS events with cardiac involvement.
In contrast, digital gangrene (8% versus 3%, p = 0.001), gastrointestinal bleeding (7% versus 3%,

p = 0.026), paralytic ileus (3% versus 0.8%, p = 0.028) and histological findings of intestinal



thrombotic microangiopathy (36% versus 19%, p = 0.036) were more frequent in CAPS events
without cardiac involvement. No statistically significant differences were found in mortality

between the two groups (Table 4).

There was no difference between single/double/triple positivity between events with or
without cardiac involvement. Supplementary Table S1 shows all the laboratory features and aPL

profiles analyzed in patients according to the presence of cardiac involvement.

In CAPS episodes with cardiac involvement, we have tried to identify whether the aPL
profile and the presence of laboratory data suggestive of thrombotic microangiopathy
(thrombocytopenia, hemolysis parameters, and the presence of schistocytes) could be related to
any specific clinical manifestation or with systolic dysfunction observed by echocardiogram
(Supplementary Table S2). Only the isolated positivity of LA, in the acute phase of CAPS event,
was related to the presence of valve involvement (45% versus 28%, p = 0.12), while the rest of
the aPL profile and the analytical data suggestive of thrombotic microangiopathy were not related

to any of the cardiac manifestations.

One hundred and ten (27%) events occurred in patients with a previous diagnosis of SLE.
In this group, valve involvement (41% versus 27%, p = 0.009) was more frequent than in patients
without a prior diagnosis of SLE, while acute myocardial infarction (19% versus 31%, p = 0.028%)
was more frequent in those without previous SLE diagnosis. Supplementary Table S3 shows the

frequencies of different cardiac manifestations according to a prior diagnosis of SLE.

Antiplatelet therapy (18% versus 12%, p = 0.022) was the only treatment used more
frequently in CAPS patients with cardiac involvement, with no differences in the frequency of use
of other treatments. This treatment was always performed in combination with at least one other

treatment, with anticoagulation being the most common, in 60/67 (89.5%) CAPS events.

The different treatments received, including immunosuppressive therapy, biological

treatment, and haemodialysis, are descripted in the Supplementary Table S4.

Multivariate analysis using the variables with significant results in the univariate analysis
identified acute kidney injury (OR 1.068, IC 95% 1.8-4.8, p <0.001) as the only clinical
characteristic that were, independently, significant statistically associated with cardiac
involvement in CAPS events. On the other hand, the presence of paralytic ileus (OR -2.413, IC
95% 0.01-0.77, p 0.028) was independently associated with the group of CAPS events without

cardiac involvement (Supplementary Table S5).

4. Discussion

Our analysis of the CAPS registry demonstrated that 404/778 (52%) of CAPS events

patients have cardiac involvement in the form of heart failure in 185/377 (55%), valve disease in



116/377 (31%), and acute myocardial infarction in 104/378 (28%). Cardiac involvement was
already described for the first time in cases and series of patients with PAPS and heart valve
involvement in the early years of the 1990s [14-20], when two-dimensional and Doppler
echocardiography studies revealed a 32% to 38% prevalence of valvular defect. Since then,
numerous authors have reported their experience describing different clinical [21-23] and
analytical associations [23-28] with valve involvement in patients with APS, as well as their
evolution or response to different treatments [21, 23-25, 30-32]. If fact, cardiac involvement in
APS has been included in the recent 2023 ACR/EULAR APS classification criteria [2] as: a)
established microvascular myocardial disease (5 points); and b) valve disease (2 points for

thickening and 4 for vegetation).

Considering its multiorgan involvement as well as its clinical severity, a more detailed
description of cardiac involvement in CAPS patients is less common. Even so, different authors
have published their experience with valve involvement [33-38], heart failure and/or cardiogenic
shock [39-46], and intracardiac thrombosis [47-51]. There are some cases described with ST-
segment elevation myocardial infarction with non-obstructive coronary arteries [52] and sudden
death as the only cardiac manifestation of CAPS [53]. Like previous studies, we have found a
high frequency of cardiac involvement (>50%) in the 778 CAPS events registered to date in the
CAPS Registry. Its predominant effects have also been described in the form of heart failure,
valve involvement and acute myocardial infarction, being the pericardial effusion,
echocardiographic findings of PAH, Libman-Sacks endocarditis, and intracavitary thrombosis,

less frequent findings.

A recent review on valve disease in autoimmune diseases [54] concluded that that the
presence of antiphospholipid antibodies increases the risk of valvular disease and thrombotic
complications in these patients, with thickened and fibrous valves being the most frequent
findings, and mitral and aortic regurgitation as the most common sequelae. These two disorders,
together with tricuspid regurgitation, are also valvular diseases more frequent in our cohort, and
cerebral, pulmonary, and renal embolic complications have been related to cardiac involvement

in our patients.

Microvascular myocardial involvement without epicardial macrovascular distribution has
been described in APS patients [55], suggesting the presence of myocardial thrombotic
microangiopathy with a highly variable spectrum of clinical manifestations. In the previously
described cases of cardiac involvement in CAPS, only anatomopathological samples were
described in two of them [41,43], showing thrombotic microangiopathy. In our review,
histopathological confirmation of the occlusion of a small vessel at the cardiac level, as a
classifying criterion for CAPS, was obtained in 83% of the cardiac anatomopathological samples
analyzed, indicating the presence of thrombotic microangiopathy. It is important to note that
cardiac tissue was available in only 11% of cardiac CAPS events. This may represent a selection
bias for the most serious events and may not be extrapolated to all cardiac CAPS. Even with this

fact, the findings described could justify the etiology of heart failure or ischemic cardiomyopathy,



being mediated by microcirculation involvement. It presents with normal coronary arteries, and
although it can be suspected by a Doppler echocardiographic study, its confirmation requires
cardiac magnetic resonance, which has superior performance to perfusion studies with single-

photon emission computed tomography (SPECT).

Some authors have reported a differentiated clinical profile of patients with APS and
cardiac involvement [56-58], highlighting a higher frequency of arterial thrombotic events,
cardiovascular risk factors and cutaneous and neurological involvement, mainly livedo reticularis
and stroke. Unlike what happened with APS, to date there is no described association between
the presence of cardiac involvement in CAPS and other clinical manifestations. The present
analysis from the data of CAPS Registry shows a significant association between cardiac
involvement and the presence of stroke and transient ischemic attack, probably greatly influenced
by valve involvement and embolic phenomena. Pulmonary and kidney ischemic involvement, and
acute kidney injury, were also more frequent in patients with cardiac involvement, again in the
context of probable emboligenic phenomena +/- hemodynamic instability and tissue
hypoperfusion due to the severity of the disease itself. On the contrary, skin involvement in the
form of gangrene and gastrointestinal involvement, with bleeding, paralytic ileus, and findings of
gastrointestinal thrombotic microangiopathy, were more frequent in patients with CAPS without
cardiac involvement. However, these differences were minimized in the multivariate analysis, with
transient cerebral vascular accident and acute kidney injury as the clinical characteristics
associated with patients with CAPS and cardiac involvement, and only the presence of paralytic

ileus as a clinical finding associated with CAPS patients without cardiac involvement.

During the 10-year follow-up of 1000 patients with APS [4], myocardial infarction was
second cause of death, occurring in 13.9% of the patients. In the previous analysis of all patients
in the CAPS registry [7], those who previously had a diagnosis of SLE had higher mortality along
with a higher frequency of cardiac, cerebral, and cranial events. However, as previous studies
have reported [8], we do not find significant differences in terms of mortality between patients with

and without cardiac involvement.

In patients with cardiac CAPS, LA, IgG aCL and IgG af2GPI antibodies were the most
often implicated aPL (83%, 77% and 78% respectively). This pattern of antibodies is like that
described in the overall CAPS series, without differences between the groups with cardiac
involvement [7]. Isolated LA positivity was associated to an increased prevalence of valve
involvement. However, these data probably cannot be considered reliable or useful, since not all
patients were tested to detect the three aPL and, probably, some of the LA determinations were
made under decoagulant treatment. Added to these limitations is the fact that current guidelines
recommend avoiding LA determination in patients during acute thrombotic events [59], since
some of the coagulation factors are also acute phase reactive and, therefore, increase during

acute thrombosis.



The positivity in one or more antibody patterns was not related to other types of cardiac
involvement such as acute myocardial infarction or systolic ventricular dysfunction. Analytical
parameters compatible with thrombotic microangiopathy such as thrombocytopenia, hemolytic
anemia and/or presence of schistocytes were not related to any of the cardiac conditions. The
lack of association of any cardiac involvement with thrombotic microangiopathy parameters even
though this is the most common histological lesion can be explained by the low number of
samples available and by the fact that thrombotic microangiopathy parameters were not available
in all CAPS episodes. Furthermore, in some cases, the information available was according to

the criteria of each author.

In our series, prior diagnosis of SLE has been related to a higher frequency of valvular
involvement in CAPS cardiac events, suggesting a dual etiopathogenic mechanism of valvular
injury. However, these results should be interpreted with caution due to the limitations in aPL

determination mentioned above.

The retrospective nature of the registry, the participation of numerous groups of different
nationalities in it, and the fact that not all variables are recorded in each CAPS event are the main
limitations of this study. This heterogeneous approach to patients with CAPS entails a difficulty in
the organization of information and probably leading to some reporting and publication bias, as
our cohort is established primarily based on reports or case series. Another limitation of the study
is that, in the CAPS registry, the presence of previous heart disease is not recorded. Therefore,
we could not identify a subgroup of patients with CAPS more susceptible to suffering cardiac
events due to previous pathology, beyond the event itself. In summary, the present study is based
on existing knowledge in CAPS with the largest cohort of cases published to date. Despite several
limitations of the CAPS Registry, it represents an image of the real world and offers a complete
perspective of the disease. Therefore, cardiac involvement is frequent in CAPS, with histological
involvement such as thrombotic microangiopathy, with a certain association with brain, lung, and
kidney involvement. On the contrary, the previous diagnosis of PAPS and gastrointestinal

involvement would act as a protective factor for cardiac involvement in CAPS.

5. Conclusions

Cardiac involvement is a frequent manifestation of CAPS, mainly as heart failure, valvular
involvement, and acute myocardial infarction, and it is not related to higher mortality. It is more
frequent in patients with PAPS and clinically associated to neurological involvement, and
pulmonary and renal infarcts The presence of cardiac microthrombosis was demonstrated in most

biopsies/autopsies performed.
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