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Abstract
Purpose of Review Vasculitis can cause heart disease and are associated with premature atherosclerosis, causing increased
morbidity and mortality. Consequently, it is important to know how they can affect the cardiovascular system in order to detect
and treat the abnormalities in earlier phases.
Recent Findings A clear increasing trend of inpatient burden of myocardial infarction and thromboembolic events in granulo-
matosis with polyangiitis has been observed lately. Behçet’s disease has been linked to an increased risk of atrial fibrillation.
Studies showing increased atherosclerosis and thromboembolic phenomena in vasculitis are continuously published.
Improvement in imaging techniques has consistently showed that subclinical cardiovascular involvement is frequent.
Summary Vasculitis may affect seriously the cardiovascular system causing an important increase in morbidity and mortality.
Subclinical involvement is frequent. Early treatment with immunosuppression and sometimes surgery, is of paramount impor-
tance to improve the prognosis.
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Behcet’s disease

Introduction

Systemic vasculitides are rarely associated with cardiac
disease; less than 10% of patients are affected overall
[1]. However, most of the vasculitic entities can cause
heart disease and the frequency of affection varies among
them. Takayasu arteritis (TA) and eosinophilic granulo-
matosis with polyangiitis (EGPA) are the most frequently
affected by heart disease. The early detection of these
abnormalities is of paramount importance since they are
associated with increased morbidity and mortality and
treatment should be started as soon as they are detected.
Vasculitides are related to cardiovascular risk by means
of the severe inflammatory process in the vessel wall [2].
Moreover, they are also associated with premature ath-
erosclerosis [3].

I will review the cardiovascular manifestations observed in
the different adult primary vasculitides according to the vessel
size involved.

Large-Vessel Vasculitis

Takayasu Arteritis Cardiac abnormalities are very frequent in
TA, around 40% of patients have them. They are associated
with increased morbidity and mortality and are related to poor
prognosis [4••]. Cardiovascular manifestations have also been
linked to disease activity [5]. The most frequent structures
involved are the valves, the coronary arteries, the myocardi-
um, and the pericardium (Table 1).

Valvular abnormalities are the most common cardiac man-
ifestations in TA. Aortic insufficiency (AI) has been present in
15 to 50% of patients [1, 4••, 5, 6•, 7, 8, 9, 10]. Li et al. found in
a retrospective study that 164 of 411 (39.9%) Chinese patients
with TA had heart involvement [4••]. Valvular affection was
described in 134 (32.6%) patients; AI was the most common
abnormality (84/134, 62.7%; 20.4% overall), followed by mi-
tral insufficiency (MI) (55/134, 41.0%), tricuspid insufficien-
cy (TI) (19/134, 14.2%), thickening of aortic valve (12/134,
9.0%), anterior mitral valve prolapse (8/134, 6.0%),
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pulmonary insufficiency (PI) (7/134, 5.2%), and aortic steno-
sis (AS) plus MI (1/134, 0.6%). Most of the valvular insuffi-
ciency cases were mild (80.6%). Another retrospective study
found that 414 of the 1069 (38.7%) Chinese patients had valve
abnormalities [6•]; the most frequent were AI (373 patients,
34.9%; 69.7% of the patients affected by valve abnormalities),
followed by MI (39.1%), TI (34.6%), PI (11.8%), and AS
(2.7%). Almost half of the patients with AI (49.6%) had mod-
erate to severe involvement. In a study performed in our hos-
pital (National Institute of Cardiology inMexico City) by Soto
and colleagues, AI was found in 31 of the 76 TA patients
(40.8%) seen in our Aorta Clinic and studied by transthoracic
echocardiography (TTE) [7].

TA is a vasculitis that involves the aorta and its main
branches; consequently, the aortic is expected to be the most
frequently affected valve. AI occurs as a consequence of an-
nular dilatation and valvular leaflet separation produced by
ascending aortitis and aneurysm formation, and occasionally
as a consequence of an inflammatory retraction of the aortic
valve [1]. Symptomatology varies from no symptoms to rap-
idly progressive congestive heart failure (CHF). AI was found
more frequently in patients with active disease in a Korean
study [5]. Appropriate treatment will depend on the severity of
the AI, the grade of activity of the disease, and the ventricular
function. Pharmacological treatment with glucocorticoids and
immunosuppresives, mainly methotrexate, is indicated.
Surgical treatment is necessary when AI is symptomatic or
causes ventricular dysfunction. A retrospective Chinese study
that included 46 patients showed that treatment with those
agents before the surgery can effectively control the patient’s
condition, improve the rate of remission, and effectively re-
duce the incidence of postoperative complications [10].
Ideally, surgery should be performed when the disease is in-
active [10-12]. Aortic valve replacement and composite graft
replacement (CGR) are the main options available. A recent
retrospective Chinese study in 41 patients has found that CGR
was associated with fewer adverse events; paravalvular leak
was the main postoperative complication [13].

Coronary arteries involvement has varied among reports in
TA patients. It is a mortality predictor [7]. Li found that 19 of
the 164 TA patients with heart involvement (11.6%) had cor-
onary abnormalities (4.64% of the total 411 patients). All of
them, detected by catheter angiography or computed tomog-
raphy angiography (CTA), were not secondary to the expan-
sion of the aortic root. Clinical manifestations consisted of
angina pectoris in 14 (73.7%) of the 19 patients and myocar-
dial infarction (MI) in 3 (15.8%). Patients may also have
arrythmia, conduction abnormalities, and congestive heart
failure (CHF). A very recent Chinese retrospective study that
included 143 patients confirmed that TA patients are more
prone to have coronary artery involvement [14]. This abnor-
mality was more frequent in patients with Numano type V TA
than patients with non-type V TA (33.8% vs 17.4%, p =

0.025). Lesions in the left anterior descending (LAD) and left
circumflex (LCx) coronary arteries were more frequent in pa-
tients with Numano type V TA patients tan in non-type V TA.
A meta-analysis of 35 studies that included 3262 patients
found a pooled prevalence of stroke in TA of 8.9% (95%
CI: 7.0-10.9%) and of MI of 3.4% (95% CI: 2.1-4.8%),
confirming that stroke and MI are frequent in TA [15]. A
systematic review of 59 articles, looking for coronary involve-
ment, found 141 patients with 276 coronary lesions [16••].
Patients mean age was 35.7 ± 16.9 (0.58-73) years; most of
them were younger than 40 years (63.3%). Right coronary
artery was the most commonly affected (31.5%) followed by
the left main coronary artery (28.6%); 17 (12.1%) patients had
acute MI.

Acute MI has been occasionally found as the first manifes-
tation of TA [17-19]. Cavalli et al. investigated the prevalence
of TA in young Italian women (< 40 years old) presenting
with ischemic heart disease (IHD) to the Emergency
Department in a retrospective study [20]. Overall, 1950 wom-
en were studied; 40 had acute IHD and TAwas diagnosed in 4
cases (10%). MI is very rare in young women; however, when
it occurs, the diagnosis of TA should not be overlooked. An
atypical presentation, not previously described, was reported
in a 19-year-old Japanese woman who had ischemic cardio-
myopathy after an acute MI induced by ostial stenosis of the
left main coronary trunk due to localized TA and who was
successfully treated with heart transplantation [21].

Stenosis and occlusions usually occur in the coronary ostia
and proximal segments [1, 16••]. The mechanisms involved in
coronary arteriopathy are vascular inflammation, extension of
the adjacent aortic process (intimal proliferation and fibrotic
retraction), and atherosclerosis. Patients with TA have acceler-
ated and premature atherosclerosis [22]. This has been con-
firmed in a recent French prospective study, that included 64
TA patients [23••]. Subclinical atherosclerosis was found in
87% of TA patients versus 76% in RA patients (p = 0.088)
and 48% of controls (p < 0.001). Arterial stiffness measured
by brachial-ankle pulse wave velocity (baPWV), a simple and
useful indicator for evaluating atherosclerosis, was performed
in 240 Chinese patients in a cross-sectional study [24]. Seventy
four (30.8%) patients had cardiovascular events (CVE);
baPWV was independently associated with CVE and may be
a potential marker to predict them in patients with TA.

C-reactive protein (CRP) has been linked to CVE in TA.
A retrospective Chinese study that included 60 patients
with coronary artery involvement with TA and 60 patients
with coronary disease without TA found that high-
sensitive CRP was a significant and independent predictor
of major adverse cardiovascular events (MACE) in patients
with TA coronary arteritis [25]. Furthermore, Li found that
CRP levels were higher in patients with heart involvement
(10.0 mg/L) than in patients without heart involvement
(7.0 mg/L) (p = 0.017) [4••].
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Treatment of coronary arteries involvement in TA includes
pharmacologic and surgical options. Pharmacological treat-
ment involves glucocorticoids and immunosuppressive
agents, including methotrexate, mycophenolate mofetil, and
cyclophosphamide. In a very recent Chinese retrospective
study, involving 22 TA patients with coronary disease, toci-
lizumab decreased TA activity, improved lumen stenosis
caused by coronary artery wall inflammation, and reduced
GC dosage [26]. Moreover, pharmacological treatment with
prednisone, methotrexate, and tocilizumab, regressed coro-
nary ostial stenosis in an 18-year-old Japanese woman with
TA [27].

Surgical treatment is mandatory when there is no response
to pharmacological treatment or the coronary artery disease
(CAD) is severe. Revascularization can be obtained with cor-
onary artery bypass grafting (CABG), balloon angioplasty
followed by stenting, and transaortic endarterectomy [1].
Ideally, surgery must be performed when TA is inactive since
activity favors restenosis [10, 12]. Several studies have shown
that CABG is superior to percutaneous interventional therapy
(PCI), mainly because restenosis is more common in the latter
(50-78%) than in the former (9.5-36%) [16••, 28, 29, 30, 31].
Moreover, risk of MACE was 9.9-fold higher in PCI than in
CABG in one study [29], although risk of stroke was higher
with CABG than with PCI in a meta-analysis (OR 5.18 95%
CI: 2.78-9.62) [30]. The use of drug-eluting stents (with
sirolimus or paclitaxel) might decrease or delay the occurrence
of restenosis according to some reports [32-34]; however, this
was not confirmed by recent studies [28, 29]. Some other
techniques can be used in selected cases. Recently, a success-
ful case of an arterioplasty of the left main coronary artery
using a glutaraldehyde-fixed autologous pericardial patch per-
formed in a 24-year-old Chinese woman has been reported;
10 years of follow-up demonstrated the patency of the ostium
of the artery [35].

Myocardial involvement, including myocarditis, can also
be present. Li reported myocardial abnormalities in 26 (6.3%)
of the 411 patients in his study, including diffusely decreased
ventricular wall motion, cardiac chambers enlargement, and
decreased contractility [4••].Myocarditis is rare in TA, and it is
only reported as single case reports, including silent disease
[36, 37]. Bechman et al. retrospectively reviewed a British
database to identify TA and giant cell arteritis (GCA) patients
with cardiac involvement at presentation [38]. There were 139
patients with TA; they found myocarditis in 3 (2.15%). Non-
invasive techniques, TTE, and cardiac magnetic resonance
(CMR), were sufficient for diagnosis of clinically significant
myocarditis. Two patients significantly improved with pred-
nisolone plus cyclophosphamide and one with tocilizumab.
CMR is very useful to reach the diagnosis since late gadolin-
ium enhancement suggests myocardial damage [1, 2].
Cardiomyopathy may also be secondary to valvulopathy, is-
chemic heart disease, and hypertension [1].

Pericardium may be rarely affected in TA. Li found peri-
cardial effusion in 30 (6.32%) of the 411 patients in his study
[4••]. Pericardial involvement can be occasionally the first
manifestation of TA [39].

Pulmonary arteries (PA) involvement has been reported in
up to 88% of TA patients [2]. However, recent studies found a
frequency of affection of 6.25-25.93% [40, 41•, 42••]. PA in-
volvement is usually silent, but may manifest as pulmonary
hypertension (PH) in 10.5-58.8% of cases [7, 40, 41•, 42••,
43]. PH is associated with longer disease duration, more se-
vere symptoms [44], higher mortality [42••, 44], and poor
prognosis [40, 41•].

Finally, systemic arterial hypertension (SAH), second-
ary to aortic or renal artery stenosis, is very frequent in
patients with TA. Soto found a frequency of 53% in her
study conducted at our center [7]. SAH and its compli-
cations are some of the problems that we constantly con-
front in our clinic.

Giant Cell Arteritis Cardiac involvement is rare in GCA.
Coronary arteries, pericardium, and myocardium may be af-
fected (Table 1). GCA-increased risk for IHD has been
established. Amiri et al. conducted a matched cohort analysis
of 809 Canadian patients and 8577 controls; 83 (10.25%)
patients developed MI and 60 (7.41%) developed stroke
[45]. They found a threefold increased risk of MI and a two-
fold increased risk of stroke compared with controls. The risk
was highest during the first year of the diagnosis of GCA,
although it remained significant after 5 years of follow-up. A
cross-sectional study that used the database of the largest
healthcare provider in Israel, that included 5659 GCA patients
and 28,621 controls, found a higher proportion of IHD in
patients (27.5%) than in controls (12.5%) (p < 0.001) [46].
Diabetes mellitus, hypertension, hiperlipidemias, and
smoking were more prevalent in GCA; however, after strati-
fying for those comorbidities using logistic regression, GCA
kept its independent association with IHD, OR 1.247
(p < 0.001).

Table 1 Cardiovascular
manifestations in large-
vessel vasculitis

Takayasu arteritis

Valvular abnormalities (mainly aortic
insufficiency)

Coronary arteritis

Myocarditis

Pericarditis

Pulmonary arteries involvement

Systemic arterial hypertension

Giant cell arteritis

Coronary arteritis

Pericarditis

Myocarditis
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The IHD in GCA might be secondary to vasculitis or to
atherosclerosis, since traditional cardiovascular risk factors
are frequent in this group of age [1]. The presence of clinical
manifestations of GCA activity may suggest coronary vascu-
litis. Treatment with glucocorticoids at high doses and an im-
munosuppressant (usually methotrexate) should be started in
addition to treatment of the IHD.

The association of GCA with vascular diseases has also
been reported. Li et al. identified 9778 newly diagnosed
GCA patients and compared them with 92,268 non-
vasculitis patients, using a British ongoing longitudinal data-
base [47••]. Patients with GCA had more prior vascular dis-
eases and other comorbidities before the diagnosis. They also
had increased risk for all types of incident vascular disease
compared with non-vasculitis patients after the diagnosis:
MI, stroke, peripheral vascular disease, aortic aneurysm, and
venous thromboembolism (VTE). They had increased risk for
other incident comorbidities (type 2 diabetes, obesity, hyper-
tension, dyslipidemias, and depression) too.

Pericarditis is unfrequent in GCA. A cross-sectional study
that also utilized the database of the largest healthcare provider
in Israel included 4329 GCA patients and 21,611 controls
[48]. Pericarditis was found in 53 GCA patients (1.22%) and
72 controls (0.33%) (p < 0.001). There was an independent
association between GCA and pericarditis, especially in pa-
tients younger than 70 years old.

Myocarditis is very rare in GCA; it is reported as single
cases [49]. In the previously mentioned retrospective study by
Bechman, there were 24 patients with GCA and cardiac dis-
ease at presentation, and only one had myocarditis (4.16%)
[38]. This is a very serious complication that can cause CHF.
CMR (late gadolimium enhancement) is a very useful diag-
nostic aid. Treatment with high-dose glucocorticoids and im-
munosuppressives is indicated.

Medium-Vessel Vasculitis

Polyarteritis Nodosa (PAN) Frequency of heart involvement in
PAN has been difficult to establish since populations of pa-
tients described in the past were not homogeneous because
PAN and microscopic polyangiitis (MPA) had not yet been
differentiated. Heart abnormalities consisting of coronary ar-
teritis, pericarditis, and myocarditis, occur in 5 to 22.4% of
patients [1, 50].

Coronary arteritis in the main coronary arteries and their
proximal branches has been found in old series in 40 to 50%
of the patients, and vasculitis limited to the small myocardial
arterioles in a smaller percentage, but clinical MI is present in
less than 5% of patients [1, 51]. Clinical manifestations are not
different from the traditional IHD. Consequently, differential
diagnosis with atherosclerotic coronary artery disease may be
difficult, and the presence of some manifestations suggestive

of vasculitis activity should direct the diagnosis [52].
Coronary angiography may show focal and diffuse areas of
narrowing and occlusion or the typical “beads on a string”
pattern. Treatment with high-dose glucocorticoids and cyclo-
phosphamide should be used. Sometimes, revascularization
with CABG is necessary.

Coronary arteritis and hypertension can cause CHF [1].
The French Vasculitis Study Group published a systematic
retrospective study that included 1628 patients with systemic
vasculitis, 348 with PAN (21.4%); 78 (22.4%) had cardiac
and/or vascular manifestations [50]. Patients with PAN were
classified as non-HBV-related PAN and HBV-related PAN;
vasculitis-related cardiomyopathy was found in 26 (7.5%) pa-
tients, more frequently in HBV-related PAN (12.3% vs 4.4%
in non-HBV-related PAN). Severe hypertension was detected
in 24 (6.9%) patients, more frequently in HBV-related PAN
(10.6% vs 4.9%). MI, sudden death, and hypertension were
important causes of mortality. This has been confirmed in
other studies; cardiac involvement is associatedwith increased
risk of mortality within the first year and on follow-up in
patients with PAN [2, 53]. Hypertension can be caused by
renal artery stenosis. Cardiomyopathy should be treated with
immunosuppression when the vasculitis is active [1].

Pericarditis is unfrequent in PAN. In the previously men-
tioned French study, it was found in 19 of the 348 (5.5%)
patients with PAN [50]. It was reported in 10 of 36 (27.7%)
patients in an autopsy series [51]. Mild interstitial myocarditis
was seen in 6 (16.6%) patients.

Small-Vessel Vasculitis

Eosinophilic Granulomatosis with Polyangiitis EGPA is the
least frequent small-vessel or ANCA-associated vasculitis
(AAV), but it is the most frequently affected by heart abnor-
malities, which occur in 15 to 62% of cases [1, 54-56].
Cardiomyopathy, pericarditis, and valvular abnormalities are
the most common manifestations (Table 2). Cardiomyopathy
may cause arrhythmia and CHF, but a good proportion of
patients with heart involvement are asymptomatic.

Comarmond and colleagues conducted a systematic retro-
spective French study of 383 patients with EGPA classified as
ANCA-positive and ANCA-negative [54]. Cardiac manifes-
tations were diagnosed with clinical findings, echocardio-
gram, and electrocardiogram (ECG); 105 (27.4%) patients
had cardiovascular manifestations, which were more frequent
in ANCA-negative patients (30.4%) than in ANCA-positive
patients (18.5%) (p = 0.02). Cardiomyopathy was found in 63
(16.4%) patients, and it was also more frequent in ANCA-
negative patients (19.2%) than in ANCA-positive patients
(8.3%) (p = 0.01). Pericarditis was detected in 58 (15.1%) pa-
tients; there was no significant difference between patients
with positive and negative ANCA. Finally, deep venous
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thrombosis (DVT)/pulmonary embolism (PE) was found in
29 (7.6%) patients. Cardiomyopathy was associated with mor-
tality. A Dutch group published two prospective studies, one
with 32 and the other with 50 patients with EGPA in sustained
remission, who had detailed cardiac evaluation with ECG,
echocardiography, and CMR [55, 56]. They found that 62%
of patients in one study and 66% in the other study had cardiac
abnormalities in comparison to 3% in one study and 20% in
the other study of controls (p < 0.001, p = 0.104, respectively).
They concluded that cardiac involvement in EGPA patients
with sustained remission is high, even if symptoms are absent
and ECG is normal, and that cardiac involvement is a strong
predictor of mortality. Other studies have confirmed the role
of CMR in the detection of cardiac involvement in EGPA,
mainly in patients with no cardiac symptoms [57, 58]. Late
gadolinium enhancement suggests myocarditis or fibrosis and
correlates with echocardiographic findings, mainly diastolic
dysfunction [57]. A French prospective study with 20 patients
found that fluoro-2-deoxyglucose positron-emission tomogra-
phy (PET) may help in the evaluation of patients with late
gadolinium enhancement since PET might help to distinguish
between inflammation and fibrosis [59].Myocarditis and peri-
carditis may occasionally be the first manifestation of EGPA
[60-64].

Valvular lesions are present in 7 to 13% of cases [55, 56].
The most frequent abnormality isMI, followed byAI; they are
usually subclinical or asymptomatic. Coronary vasculitis,
heart block, intraventricular thrombus, and ventricular masses
are rarely seen [1].

The mechanism of cardiac injury, mainly myocardial, is
eosinophilic tissue infiltration with the subsequent release
of intracelullar enzymes that cause tissue injury; vasculitis
is rarely seen as it is seen in some other organs in EGPA [1,
2].

Severe cardiac disease should be treated with high-dose
glucocorticoids and an immunosuppressant, usually cyclo-
phosphamide [1]. These patients may very rarely need cardiac
transplantation [2, 65]. Groh and colleagues conducted a ret-
rospective international multicenter study [65]. They identi-
fied 9 patients that received a heart transplant; 7 of them had
active vasculitis despite ongoing immunosuppression. The
overall 5-year survival rate was 56%; 4 patients (44%) suf-
fered sudden death after survival lasting 3 to 60 months (mean
32 ± 29 months). The survivors had been followed up for a
mean of 6 years.

Granulomatosis with Polyangiitis (GPA) Heart involvement in
GPA is rare. Pericarditis and cardiomyopathy are the most
common manifestations [1]. Arrhythmias, coronary arteritis,
cardiac thrombus, valvular lesions, and intracardiac masses
are less frequently observed (Table 2). Arrhythmias consist
of atrioventricular block (AVB), usually together with supra-
ventricular tachycardias. McGeoch and colleagues conducted
a longitudinal study using data obtained from the Vasculitis
Clinical Research Consortium (United States and Canada)
[66]. A large cohort of 517 patients was obtained; 17 (3.3%)
had cardiac manifestations as follows: pericarditis (n = 6,
35%; 1.16% overall), cardiomyopathy (n = 5, 30%; 0.96%
overall), CAD (n = 2, 12%; 0.38% overall), valvular disease
(n = 1, 6%; 0.19% overall), concomitant CAD and valvular
disease (n = 1, 6%), concomitant pericarditis and cardiomyop-
athy (n = 1, 6%), and severe conduction disorder (n = 1, 6%).
Cardiac involvement was not associated neither with poorer
outcomes nor with other disease manifestations. In a prospec-
tive Polish study, 88 patients with GPA in remission were
evaluated by echocardiography [67]. The only abnormality
that occurred significantly more often in the GPA group than
in controls (28% vs 7.5%; p = 0.03) was AI. This study shows
that the frequency of abnormalities can vary importantly
among series and that the majority of clinical cardiac manifes-
tations are asymptomatic.

CMR has also showed that it is a very important instrument
to evaluate GPA patients and detect cardiac abnormalities in
early stages. A previously mentioned Dutch prospective study
also included 41 GPA patients in sustained remission [54].
They found that 61% of patients had cardiac abnormalities
in CMR in comparison to 20% of controls; abnormalities
had been found by ECG and echocardiography in only 46%
of patients. They concluded that cardiac involvement in GPA
patients with sustained remission is also high (as in EGPA),
even if symptoms are absent and ECG is normal, and that
cardiac involvement is a strong predictor of mortality. In a
cross-sectional study, 31 consecutive, unselected, active or
in remission patients, followed up at the French Reference
Center for Necrotizing Vasculitis, underwent cardiac MRI
[68]. At least one abnormality was observed in 19 (61%) pa-
tients. The most frequent abnormalities were left ventricle

Table 2 Cardiovascular
manifestations in small-
vessel vasculitis

Eosinophilic granulomatosis with
polyangiitis

Cardiomyopathy

Pericarditis

Valvular abnormalities (mainly mitral
insufficiency)

Granulomatosis with polyangiitis

Pericarditis

Cardiomyopathy

Coronary arteritis

Valvular abnormalities (mainly aortic
insufficiency)

Microscopic polyangiitis

Pericarditis

Cardiomyopathy

Valvular abnormalities (mainly aortic
insufficiency)
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regional wall motion abnormalities in 11 patients (35%), late
gadolinium enhancement in 10 patients (32%), pericarditis in
8 (26%), and impaired left ventricle ejection fraction in 4
(13%) patients.

We can conclude that clinical heart involvement in GPA is
low, but there are many subclinical cases [1]. There are also
some isolated case reports of low frequency manifestations
such as pericardial tamponade as the first manifestation [69]
or complete AVB with ocular manifestations (bilateral
panuveitis and exudative retinal detachment) as the only man-
ifestations of GPA [70].

Microscopic Polyangiitis (MPA) Cardiac involvement in MPA
is rare, although it has been rarely studied [1, 2]. Pericarditis,
cardiomyopathy, and valvular disease, are the most frequent
abnormalities (Table 2). Shuai and colleagues published a
prospective Chinese study with 132 patients with AAV; 128
of them had MPA [71]. Heart involvement was found in 26
(19.7%) patients; 12 (9.1%) patients had pericarditis, 9 (6.8%)
patients had chronic heart failure/cardiomyopathy, one patient
had AI, and another patient had new onset arrhythmia. They
only report the findings in the whole group of patients. A
retrospective series of 85 patients from de French Vasculitis
Study Group reported cardiac failure in 15 (17.6%) patients,
pericarditis in 9 (10.6%) patients, and MI in 2 (2.4%) patients
[72]. Both studies reported only clinical manifestations. Heart
involvement seems to be more frequent if imaging is used to
detect subclinical disease. A Greek study utilized CMR to
investigate 39 patients with systemic vasculitides; 16 of them
had MPA. They found fusiform coronary aneurysms in 4
(25%) patients, coronary ectasias in 14 (87.5%) patients, and
myocardial necrosis in 2 (12.5%) patients [73]. Case reports of
unstable angina with a subarachnoid hemorrhage and nonin-
fective endocarditis in the mitral valve have been published
[74, 75].

Cardiovascular Risk in AAV The risk for CVE and thromboem-
bolism (TEB) is clearly increased in patients with AAV. Béjot
and colleagues conducted a retrospective study in 125 patients
with AAV, 99 (79.2%) with GPA, and 26 (20.8%) withMPA,
at Touluse University Hospital [76•]. The ischemic stroke in-
cidence and the CAD incidence were 4 times higher in vascu-
litis patients than in the general population (comparative
morbidity/mortality figure [CMR], 4.65 and 4.22, respective-
ly). Mortality in AAV was 1.5 times higher in patients than in
the general population (CMF, 1.56). A comprehensive sys-
tematic review that included almost 14,000 patients with
AAV found that patients had a relative risk of 1.65 for all
CVE, 1.60 for IHD, and 1.20 for cerebrovascular accidents
(CVA). There was an increased cardiovascular risk in patients
with AAV of ˜ 65% [77••]. A very recent retrospective cross-
sectional study that used the National Inpatient Sample data-
base in the USA explored the trends in the inpatient burden of

CAD in GPA and compare it with non-GPA, between 2005
and 2014 [78••]. The proportion of CAD in GPA hospitaliza-
tions increased significantly from 16.6 in 2005 to 22.7% in
2014 and CAD with heart failure from 4.3 in 2005 to 9.9% in
2014. The difference in trends for acute MI (1.2 in 2005 to
1.1% in 2014) and for non-GPA hospitalizations were not
significant. This observed trend might be explained by the
advances in treatment and improved survival en GPA patients.

The increased risk for TEB has also been demonstrated by
several studies [79••, 80•, 81•]. Kronbichler and colleagues
conducted a study with patients recruited in 4 randomized
controlled trials from 70 hospitals in 15 countries of the
European Vasculitis Society (EUVAS) between 1995 and
2002 [79••]. VTE occurred in 41 of 417 (9.8%) patients. C-
reactive protein, cutaneous involvement, gastrointestinal in-
volvement, and baseline creatinine levels were associatedwith
VTE. A retrospective population-based incident AAV cohort
of 58 patients diagnosed between 1996 and 2015 in Olmsted
County, Minnesota, was identified by medical record review
[80•]. Despite a similar prevalence of cardiovascular risk fac-
tors at baseline, the risk of cardiovascular disease was three-
fold higher, and the risk of CVA was eightfold higher in pa-
tients with incident AAV than in matched comparator sub-
jects. Kang et al. identified 204 patients with AAV in a retro-
spective observational study at the Imperial College Renal and
Transplant Centre in London [81•]. Event rates were 15 times
higher for coronary events, 11 times higher for incident stroke,
and 20 times higher for VTE, in patients with AAV in com-
parison to reported rates for the UK population.

Finally, a study conducted, with a cohort of 484 patients of
the Partners Healthcare System (2012-2017) in Boston, found
that cardiovascular disease was the most common cause of
death in patients. MPO-ANCA+ patients were at a fivefold
higher risk of cardiovascular death than PR3-ANCA+ patients
[82••]. The increased risk for CVE and TEB in AAV patients
seems to contribute very importantly to the mortality observed
in these patients.

Variable-Size Vasculitis

Behçet’s Disease (BD) Cardiac involvement has been reported
to be between 2.4 and 6.4% of patients with BD in 2 large
series [83, 84•]. Geri and colleagues found 52 (6.4%) patients
with cardiac lesions out of a large French cohort (Pitié-
Salpetrière Hospital) of 807 patients with BD [83].
Pericarditis was seen in 20 (2.5%) patients, valvular insuffi-
ciency (mostly AI) in 14 (1.7%) patients, intracardiac throm-
bosis in 10 (1.2%) patients, MI in 9 (1.1%) patients,
endomyocardial fibrosis in 4 (0.5%) patients, and myocardial
aneurysm in one (0.1%) patient. Patients with cardiac involve-
ment were more frequently male and had more arterial (42.3%
vs 11.1%; p < 0.01) and venous lesions (59.6% vs 35.8%;
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p < 0.01) compared to those without cardiac manifestations.
Cardiac disease was the first manifestation of BD in 17
(32.7%) patients. The prognosis of BD was poorer in patients
with cardiac involvement and was improved with the use of
immunosuppressants, colchicine, and anticoagulants. In a ret-
rospective study of 213 Tunisian patients, vascular involve-
ment was found in 64 (30%) patients; 40 (18.8%) patients had
DVT, 15 (7%) patients had superficial venous thrombosis, 6
(2.8%) patients had pulmonary embolism, and one (0.5%)
patient had ascending aorta aneurysm [84•]. Cardiac involve-
ment was only seen in 5 (2.4%) patients; 2 (0.9%) of them had
cardiac thrombosis, and pericarditis, myocarditis, and MI was
seen in one patient (0.5%) each. Predictive factors associated
with vascular and cardiac involvement were male gender, er-
ythema nodosum, and neurologic involvement. In summary,
vascular manifestations seem to me more frequent than cardi-
ac manifestations; both are more frequent in men, and both are
associated with poor prognosis.

Coronary involvement is rare in BD. Chen and colleagues
conducted a retrospective, case-control study with 476
Chinese patients with BD; 19 (4%) had coronary involvement
(17 males) [85•]. Multiple coronary stenoses, multiple aneu-
rysms, and occlusion were described. Clinical manifestations
were angina, acute MI, and arrhythmias. The most frequently
affected arteries were the LAD, the right coronary, and the
LCx coronary arteries. Pathergy reaction was the independent
risk factor. In an Israeli case-control, cross-sectional study that
utilized the largest health services database, 817 patients with
BD and 4349 controls were compared [86]. IHD was present
in 95 patients (10.9%) with BD and in 307 (7.52%) controls
(p = 0.001). BD was associated with IHD on multivariable
analysis. Age younger than 70 and male gender were in-
creased in BD. Coronary involvement might be very serious.
A case of a 29-year-old Turkish man with acute MI was re-
ported [87]. He developed an aneurysm in the right coronary
artery, that later ruptured and caused tamponade. A 30-year-
old Chinese man with BD had aneurysms in the LAD coro-
nary artery that caused recurrent MI was also reported; he was
successfully treated with a covered stent, immunosuppressive
therapy, and anticoagulation regimen [88].

Intracardiac thrombosis is another rare manifestation of
BD, that was found in 1.2% [83] and 0.94% [84•] of patients
in previously mentioned series. Two studies look specifically
for the prevalence and characteristics of this manifestation. A
Chinese retrospective study found intracardiac thrombus in 12
(1.9%) of the 626 patients with BD and a retrospective
Tunisian study found thrombus in 8 (1.5%) of the 518 patients
with BD [89, 90]. The great majority of patients were male,
young, had the thrombus in the right heart, and had frequently
associated pulmonary aneurysm and/or thrombosis [89, 90].

Sun and colleagues conducted a prospective Korean study
looking for early cardiac manifestations of BD in patients who
had no history of heart disease, using speckle-tracking

echocardiography [91]. They recruited 85 patients and 145
controls. Patients showed intrinsic left ventricular dysfunction
despite no apparent abnormality on routine echocardiography.
A meta-analysis that included 22 studies with 1624 subjects
found that diastolic dysfunction, detected by echocardiogra-
phy, was increased in patients in comparison to controls [92].
Other findings found in patients were increased left atrial di-
mension, lower ejection fraction, and increased aortic
diameter.

Arrhythmia can also be present occasionally in pa-
tients with BD. Lee et al. used a Korean nationwide
population database and compared 6635 newly diag-
nosed BD patients with 31,040 controls [93••]. After
adjustment, BD patients showed a 1.8-fold higher risk
of atrial fibrillation than controls. Patients aged ≤
40 years and men had a higher risk (2.5-fold compared
to women). Complete AVB has been described in iso-
lated case reports [94]. Another manifestation that has
been rarely reported is interventricular septal dissection,
that appears as a cystic-like mass in the TTE [95, 96].

Treatment of cardiac manifestations of BD includes the use
of low-dose aspirin, colchicine, as well as glucocorticoids and
immunosuppressants for active lesions. Some cases of IHD
and valvular lesions might need revascularization and surgical
valve replacement [1]. Successful postoperative outcomeswill
depend on the appropriate perioperative immunosuppressive
treatment. A Brazilian study suggests that CABG is a proce-
dure with high mortality, especially in the acute period, and
that the on-pump surgery technique is safe in case multiple
bypasses are required and in patients older than 40 years [97].
Another study, conducted in Korea, suggests that valve re-
placement for AI has a better outcome when it is combined
with mechanical aortic root replacement and a low postoper-
ative CRP level is maintained [98]. Intracardiac thrombosis
treatment requires immunosuppression and surgery [1].
Anticoagulation is controversial and implies extreme caution
due to the possibility of pulmonary aneurysms.

Conclusions

Vasculitides are a group of serious diseases that can affect the
cardiovascular system. These entities may involve the heart,
and by means of the severe inflammatory process they cause
in the vessel wall, and its association with premature athero-
sclerosis, they increase morbidity and mortality and shadow
the prognosis. Pathology and imaging studies have shown that
subclinical involvement is frequent. Treatment consists of im-
munosuppression, and sometimes surgery, for coronary and
valvular involvement. An increasing trend of inpatient burden
of MI and TE phenomena in GPA has been observed lately,
and this is probably related to the increased patient survival.
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