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Abstract
Objectives  Antiphospholipid syndrome (APS) is multisystem autoimmune coagulopathy with antiphospholipid antibodies 
(aPL) in its ground, manifested as a primary disease (PAPS) or in the setting of other conditions, most commonly systemic 
lupus erythematosus. The objective of this cross-sectional study was to investigate various cardiac manifestations and their 
possible relation to aPL type and titer in a Serbian cohort of PAPS patients.
Methods  A total of 360 PAPS patients were analyzed and aPL analysis included detection of anticardiolipin antibodies (aCL: 
IgG/IgM), anti-ß2glycoprotein I (ß2GPI: IgG/IgM), and lupus anticoagulant (LA). Cardiac manifestations investigated were 
valvular lesions (comprehending valvular thickening and dysfunction not related to age and pseudoinfective endocarditis), 
coronary artery disease (CAD) with specific insight for myocardial infarction (MI), chronic cardiomyopathy (CMP), and 
acute decompensated heart failure (ADHF) as well as pulmonary hypertension (PH) and intracardiac thrombus presence.
Results  The prevalence of cardiac manifestations overall was 19.6%. There was a strong association between age and the 
majority of cardiac manifestations, as well as standard atherosclerotic risk factors. aCL IgG–positive patients had a higher 
prevalence of valvular lesions (p = 0.042). LA presence was significantly related to MI (p = 0.031) and PH (p = 0.044). CMP 
and ADHF were significantly related to higher titers of aCl IgG (p = 0.033, p = 0.025 respectively). Age and smoking were 
independent risk predictors for MI in PAPS with meaningful risk for LA positivity (OR 2.567 CI 0.671–9.820 p = 0.168).
Conclusions  Certain cardiac manifestations in PAPS were related to certain aPL type and/or titer levels, imposing confir-
mation in prospective studies. Preventive actions, comprehending proper anticoagulant/antithrombotic therapy, and intense 
action against standard atherosclerotic risk factors are of utmost importance in this group of patients.

Key Points
• In Serbian patients with primary antiphospholipid syndrome (PAPS), prevalence of non-criteria cardiac manifestations was 19.6% and they 

were significantly related to certain antiphospholipid antibodies and titers.
• Lupus anticoagulant was a meaningful predictor of myocardial infarction, enabling possible risk stratification and proper preventive and 

therapeutical strategies in this subgroup of PAPS patients.
• Patients with high titers of aCL IgG are more prone to acute decompensated heart failure occurence, imposing careful follow-up of these 

patients
• Based on the analysis of the Serbian PAPS cohort, even being non-criterial, cardiology manifestations are significantly present and inclusion 

of cardiologists in treatment and follow-up of these patients should be implied from the diagnosis establishment.
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Introduction

Antiphospholipid syndrome (APS) or Hughes syndrome 
represents a systemic autoimmune disorder characterized 
by arterial and/or venous thrombosis, multiple and recur-
rent fetal losses, often accompanied by thrombocytopenia 
and elevated levels of antiphospholipid antibodies (aPL), 
such as lupus anticoagulant (LA), anticardiolipin antibodies 
(aCL), and anti- ß2GPI antibodies [1–3]. This syndrome is 
considered primary (PAPS) if unassociated with any other 
disease, or secondary APS, if presented in the setting of 
other diseases, most commonly systemic lupus erythema-
tosus [4–13]. Considering its vascular pathogenesis, it may 
affect every organ and tissue. Cardiac manifestations are 
considerable, heterogeneous, and intriguing regarding early 
detection and treatment, especially in PAPS.

The objective of this cross-sectional study was to observe 
and investigate associations between various cardiac mani-
festations and aPL type, profile, and titer in a large cohort of 
Serbian PAPS patients.

Materials and methods

This study comprehends 360 PAPS patients (283 females 
and 77 males, mean age 44.0 ± 12.9) who were consecutively 
included in the national APS register, from the year 2000 
in University Hospital Center Bezanijska kosa. All patients 
have met 2006 revised Sydney criteria for APS which com-
prises the persistent presence of aPL along with arterial/
venous thrombosis (confirmed by peripheral vessels Dop-
pler ultrasound, computed tomography, or echocardiogra-
phy) and/or pregnancy morbidity (consisted of fetal losses, 
intrauterine growth restriction, early delivery, oligohydram-
nios, prematurity, fetal distress, fetal or neonatal thrombo-
sis, pre-eclampsia/eclampsia, HELLP syndrome, placental 
insufficiency) [14]. One patient in our cohort was diagnosed 
with catastrophic antiphospholipid syndrome [15]. All APS 
patients were treated according to current guidelines [16]. 
The presence of comorbidities, such as arterial systemic 
hypertension (blood pressure ≥ 140 × 90 mmHg or use of 
anti-hypertensive drugs) and diabetes (glycated hemoglobin 
7% or use of medication) as data on smoking habit, was also 
evaluated.

Diagnosis of cardiac manifestations

Transthoracic echocardiography (TTE) was performed in 
all patients using a standardized protocol that included 
M-mode, 2-dimensional (2-D), and Doppler recordings. 
Valvular lesions comprehended amplified valvular thick-
ness and/or dysfunction and valvular vegetations, defined 

as precipitation of thrombus, not containing bacteria, 
on the valve cusps. The modified Duke criteria utilizing 
pathologic and clinical criteria were used to differentiate 
between true infective endocarditis and Libman-Sacks 
endocarditis [17]. A transesophageal echocardiographic 
(TEE) study has been performed in all patients with veg-
etations in order to confirm the diagnosis and establish the 
severity of the disease. TTE was also used as a diagnostic 
tool for assessment of left and right heart function, pres-
ence of segmental disorders in left ventricle kinetics due 
to coronary artery disease presence, and for the purpose of 
estimation of pressures in the pulmonary vasculature. The 
probability of pulmonary hypertension (PH) was derived 
comprehending data on tricuspid regurgitant velocity, right 
ventricular size, interventricular septal function, inferior 
vena cava diameter fluctuations with respiratory cycle, 
systolic right atrial area, the pattern of systolic flow veloc-
ity and early diastolic pulmonary regurgitant velocity, and 
diameter of the pulmonary artery [18, 19].

Chronic cardiomyopathy (CMP) was defined as the pres-
ence of a progressive disorder that impairs the structure and/
or function of the muscles in the ventricles of the heart. 
Data on the history of previous cardiovascular events were 
collected from patients’ medical records. The diagnoses 
of coronary artery disease (CAD) and myocardial infarc-
tion (MI) were made by integrating the typical symptoms 
with electrocardiogram ST-T changes and with the crucial 
differentiation rendered by troponin I levels: elevated sug-
gested myocardial necrosis, i.e., the establishment of a MI 
diagnosis. Acute decompensated heart failure (ADHF) was 
defined as a worsening of symptoms—typically shortness 
of breath (dyspnea), edema, and fatigue—in a patient with 
existing heart disease.

This study has been performed in accordance with the 
ethical standards of the institutional and national research 
committee and with the 1964 Helsinki declaration and its 
later amendments or comparable ethical standards. All 
patients have signed informed consent for participation in 
this study.

Laboratory tests

All patients were evaluated for the presence aPL, accom-
panied by routine biochemistry and complete blood cell 
counts. LA presence was based on the use of two different 
screening tests: diluted activated partial thromboplastin 
time and sensitive activated partial thromboplastin time 
according to ISHT recommendations [20]. aCL: IgG/IgM 
and aß2GPI: IgG/IgM antibodies were measured by an 
enzyme-linked immunosorbent assay (ELISA, Binding 
Site) and expressed in GPL or phospholipid (MPL) units 
(GPL-U and MPL-U). The level range was considered as 
low (11–40 PLU/ml), medium (41–99 PLU/ml), or high 
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(> 100 PLU/ml). Following revised laboratory criteria for 
APS, patients were considered positive as having persistent 
medium or high titers of aPL on two or more occasions 
at least 12 weeks apart [21, 22]. Antinuclear antibodies 
(ANA) were determined by indirect immunofluorescence 
on mouse liver and HEp-2 cell substrate. Anti-double-
stranded DNA (anti-dsDNA) antibodies were determined 
by ELISA, Binding Site. APS patients were classified into 
the following categories: category I, the presence of two 
or more laboratory criteria in combination; category IIa, 
where lupus anticoagulant is present alone; category IIb, 
where anticardiolipin antibodies are present alone; and cat-
egory IIc, where anti-β2GPI are present alone [23].

Statistics

Results are presented as mean ± standard deviation or count 
(percent) depending on the data type. Groups were compared 
using t test, Mann–Whitney U test, Pearson chi-square test, 
or Fisher’s exact test, depending on data type and distribu-
tion (for continuous data). Multivariate logistic regression 
was used to explore the association between a dependent 
variable and independent predictors. All data were analyzed 
using SPSS 20.0 (IBM corp.) statistical software. All p-val-
ues less than 0.05 were considered significant.

Results

Structure of cardiac manifestations in PAPS 
and their relationship to standard atherosclerotic 
risk factors

Cardiac manifestations were observed in almost 20% of 
patients and the most frequent were valvular lesions and 
CAD (Table 1). Almost all cardiac manifestations ana-
lyzed increased their prevalence with age and the differ-
ence between different age groups is highly significant as 
presented in Table 2. Also, other standard atherosclerotic 
risk factors were significantly related to the majority of 
cardiac manifestations. Diabetic PAPS patients were more 
prone to CAD and CMP (p = 0.026, p = 0.020, respec-
tively), smokers to MI, CAD, CMP, intracardiac thrombus 
presence, and overall cardiac manifestations (p = 0.018, 
p = 0.039, p = 0.016, p = 0.009, p = 0.005 respectively), 
hypertensive PAPS patients to CAD and CMP (p = 0.034, 
p = 0.022, respectively) while PAPS patients with high lev-
els of serum lipids had significantly higher prevalence of 
MI and CAD (p = 0.029, p = 0.004, respectively). Valvular 
lesions were not related to standard atherosclerotic risk 
factors, except age.

aPL type and profile and their association to cardiac 
manifestations

The distribution of aPL types and their category in our 
PAPS cohort is presented in Table 1. LA was with the 
highest prevalence and the majority of patients were 

Table 1   Demographic, clinical, and laboratory characteristics of the 
cohort

PAPS primary antiphospholipid syndrome, N number of patients, 
CAPS catastrophic antiphospholipid syndrome, aCL anticardiolipin 
antibodies, ß2GPI anti− ß2 glycoprotein 1 antibodies, LA lupus anti-
coagulant, aPL antiphospholipid antibodies, MI myocardial infarc-
tion, CAD coronary artery disease, CMP cardiomyopathy, ADHF 
acute decompensated heart failure, PH pulmonary hypertension

PAPS N = 360
Patients characteristics N (%)

Female sex 283 (79.0)
Age, mean (S.D.), years 44.0 ± 12.9
Venous thrombosis 92 (25.6)
Arterial thrombosis 143 (39.7)
CAPS 1 (0.3)
Pregnancy morbidity 286 (72.2)
Arterial hypertension 20 (5.80)
Hyperlipidemia 51 (14.20)
Smoking 142 (39.40)
Diabetes 8 (2.20)
aPL profile

  aCL IgG 107 (29.7)
  aCL IgM 172 (47.8)
  ß2GPI IgG 109 (30.3)
  ß2GPI IgM 147 (40.8)
  LA 198 (55.0)
  Category I 210 (58.4)
  Category IIa 66 (18.4)
  Category IIb 54 (14.8)
  Category IIc 30 (8.4)
  Double positivity 156 (43.3)
  Triple positivity 53 (14.7)

Cardiac manifestations
  Overall cardac manifestations 77 (19.4)
  Intracardiac thrombus 5 (1.3)
  Valvular lesions 33 (8.9)
  MI 16 (4.4)
  CAD 37 (10.2)
  CMP 19 (5.4)
  ADHF 6 (1.6)
  PH 13 (3.6)

Therapeutic regime
  Aspirin 360 (100)
  Hydroxychloroquine 360 (100)
  Anticoagulant (vitamin K antagonist) 24 (6.7)
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diagnosed with more than one laboratory criterion pre-
sent (category I).

Furthermore, the association between aPL type presence 
and certain cardiac manifestations was analyzed. In our study 
group, aCL IgG–positive patients had a higher prevalence of 
valvular lesions (p = 0.042). LA presence was significantly 
related to MI (p = 0.031) and PH (p = 0.044). There was no 
significant relationship between aPL category and all cardiac 
manifestations analyzed. Results are presented in Table 3.

Relationship between aPL titers and cardiac 
manifestations

CMP was significantly positively related to aCl IgG titer 
(p = 0.033) as well as ADHF (p = 0.025) (Fig. 1), and intra-
cardiac thrombus presence (p = 0.006). After distribution of 
PAPS patients into different groups of low, medium, and high 
levels of aPL titer, ADHF was significantly related to high titer 
of aCL IgG (p = 0.001). PAPS patients in this group were also 
at higher risk for intracardiac thrombus presence (p = 0.014) 
(Table 4).

Predictors of MI in PAPS

We sought possible predictors of MI development in PAPS. 
As presented in Table 5, after adjustment for age, gender, LA 
positivity, smoking, and hyperlipidemia (variables included in 
the model revealed p values of 0.05 and bellow in univariate 
analyses), age and smoking were independent predictors for 
MI presence in PAPS patients. However, LA positivity brought 
significant risk but without statistical significance in our multi-
variate model (OR 2.567 CI 0.671–9.820 p = 0.168).

Discussion

The field of PAPS seems to be still intriguing. The possibil-
ity that this syndrome might be a part of an autoimmune 
continuum as early presentation of another autoimmune 

disease is still under debate. Even without full knowledge 
of the real nature and course of this multisystem disorder, 
the presence of various cardiac manifestations is indisput-
able [24]. Though not fulfilling clinical diagnostic criteria, 
recently valvular lesions have been accepted as an integral 
part of PAPS [3]. Furthermore, evidence of CAD in APS is 
well known and, according to recent studies of Euro-Phos-
pholipid Project Group on 1000 APS patients, the prevalence 
of acute MI in APS is ranging from 4 to 7%, usually associ-
ated with SLE [25].

In this cross-sectional study of a large cohort of Serbian 
PAPS patients, we analyzed cardiac manifestations and their 
possible relationship to aPL type, category, and titer. This 
is the continuation of our previous work, this time focused 
on PAPS only [26].

Our study revealed that almost one-fifth of all PAPS 
patients had some manifestation of cardiac involvement. 
Among them, CAD had the highest prevalence (10.2%), 
followed by valvular lesions (8.9%). We confirmed that age 
was significantly related to almost all cardiac manifesta-
tions analyzed and that standard atherosclerotic risk factors 
(smoking predominantly) had a significant impact on some 
cardiac manifestation in PAPS patients too.

Analyzing aPL profile of the Serbian PAPS population, 
we revealed that this syndrome is most commonly diagnosed 
with LA presence (55%) and in the setting of more than 
one laboratory criterion present (category I, 58.4% PAPS 
patients). Further analysis revealed that there is a signifi-
cant relationship between LA presence and MI occurrence 
a well as PH presence (p = 0.031, p = 0.044 respectively) 
and a possible link between aCl IgG positivity and valvular 
lesions (p = 0.041).

According to available literature data, cardiac manifes-
tations are associated with aPL, not fundamentally related 
to thrombosis, but mechanisms such as inflammation, 
complement pathway, and platelet activation as well. It is 
shown that IgG anti-CL/anti-β2GPI antibodies correlate 
with thrombosis and that there might be some relationship 
between different aPL types and manifestations [27–30]. 

Table 2   Distribution of cardiac 
manifestations in different age 
groups

MI myocardial infarction, CAD coronary artery disease, CMP chronic cardiomyopathy, ADHF acute 
decompensated heart failure, PH pulmonary hypertension, **highly statistically significant difference

 < 35 year (%) 35–55 year (%)  > 55 year (%) p

Overall cardiac manifestations 8.5 20.3 41.4 0.0001**
Intracardiac thrombus 1.0 1.0 2.8 0.503
Valvular lesions 5.0 7.1 19.4 0.002**
MI 0.0 4.0 11.1 0.002**
CAD 0.0 8.4 22.4 0.0001**
CMP 1.7 4.9 15.5 0.005**
ADHF 0.0 0.7 6.9 0.007**
PH 3.0 4.1 2.8 0.830
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Moreover, in a case–control RATIO study published by 
Urbanus R et al., aPL were analyzed in young women with 
different ischemic events. It was concluded that LA was a 
major risk factor for arterial thrombotic events and that pres-
ence of other cardiovascular risk factors increased the risk 
even further [31]. Indeed, LA represents the most controver-
sial antibody population, illuminating well-known paradox 
of in vitro prolongation of clotting time connected to the 
risk of thrombosis rather than bleeding tendency [32]. In 
our study, age and smoking were significant independent 
risk factors for MI occurrence but LA positivity brought two 
and half times higher risk for its development (OR 2.567 CI 
0.671–9.820 p = 0.168). Interestingly, different categories 
of PAPS patients according to Pengo et al. [23] based on 
laboratory criteria used for establishing APS diagnosis were 
not significantly related to any of the cardiac manifestations 
analyzed.

Data regarding the impact of titer levels on cardiac 
manifestations are scarce. Erkan D et al. analyzed the rel-
evance of high aPL titer for non-criteria APS manifestation 
occurrence, concluding that patients with high aCL titers 
are more likely to have a higher prevalence of non-criteria 

manifestations [33]. This was confirmed in a recent prospec-
tive study, emphasizing the relationship of high aPL titers to 
the extra-criteria phenomenon of APS [34].

Our analysis showed that PAPS patients with CMP and 
ADHF were significantly positively related to titers of aCL-
IgG, which, regarding ADHF, was confirmed after distribu-
tion of patients into groups with low, medium, and high aPL 
levels (p = 0.0001).

There are several limitations to the present study. This is 
a single-center, cross-sectional study which has no insight to 
the sequence of events and advanced causatives in the devel-
opment of various cardiac manifestations. Nevertheless, the 
sample of APS patients studied is meaningful, giving more 
certainty to provided findings.

To conclude, cardiac manifestations in PAPS are various 
and meaningful. Some manifestations are related to certain 
aPL types and/or levels, which has to be confirmed in pro-
spective studies. Our findings open the door for future PAPS 
patients’ randomization, regarding the risk of certain cardiac 
involvement development. At this very moment, proper anti-
coagulant/antithrombotic therapy, as well as intense action 
against standard atherosclerotic risk factors, is crucial.

Fig. 1   aCL IgG titer and heart 
failure in PAPS. aCL IgG—
anticardiolipin IgG antibody, 
ADHF—acute decompensated 
heart failure
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