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Abstract
Ventricular tachycardia (VT) and sudden cardiac death (SCD) are deleterious manifestations of cardiac
involvement in connective tissue diseases (CTD). In rheumatoid arthritis (RA), the commonest cause of SCD is
coronary artery disease that may lead to acute coronary syndrome and VT. In systemic lupus erythematosus (SLE),
VT is due either to coronary artery disease or to acute myocarditis. VT/SCD can be also assessed in polymyostis
(PM) and dermatomyositis (DM). Finally, VT was described in 7-13%, while SCD in 5-21% of unselected SSc
patients.
Cardiovascular magnetic resonance (CMR) has been already used as screening tool in CTDs, because of its
capability to evaluate noninvasively and without radiation, function, inflammation, perfusion defects and fibrosis.
Apart of the impaired ventricular function, which can be by itself a predisposing factor for VT/SCD, the commonest
causes that can potentially lead to VT/SCD in CTDs are myocarditis, coronary artery disease with ischemic type
fibrosis, microvascular disease, nonischemic type fibrosis and heart failure.
The detection of perfusion defects by CMR can be served as a tool to select those patients, who should undergo
x ray coronary angiography and/or angioplasty. The location and extent of myocardial scar can guide further
electrophysiologic study and/or intervention. On the other hand, in those with myocarditis, microvascular disease
and/or heart failure, a modification in both cardiac and rheumatic medication may be recommended after evaluation
of CMR findings.
CMR in CTDs with VT/SCD may guide risk stratification, rheumatic and cardiac therapeutic decision making and
therefore it should be included as a reliable adjunct in the evaluation of these patients.
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Introduction
Ventricular tachycardia (VT) and sudden cardiac death (SCD) are
deleterious manifestations of cardiac involvement in connective tissue
diseases (CTD) [1]. However, multicenter studies about VT and SCD
in CTDs are still missing.
In rheumatoid arthritis (RA), the commonest cause of SCD is
atherosclerotic coronary artery disease (CAD) that may lead to acute
coronary syndrome and VT [1]. Additionally, VT was detected after
low dose methotrexate [2] and intravenous infusion of infliximab [3].
Finally, giant cell myocarditis (GCM), a rare, frequently fatal cardiac
inflammation of unknown origin, characterized by degeneration and
necrosis of myocardial fibers, can be also presented as VT with or
without congestive heart failure (CHF), during the course of RA, with
poor prognosis, despite partial responsiveness to immunosuppressive
medications [4].
In systemic lupus erythematosus (SLE), although supraventricular
tachycardia is the commonest finding, VT is not uncommon and is
mainly due to CAD [1]. Chloroquine plays a protective role in the
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unexpected high rate of cardiac arrhythmias and conduction
disturbances, observed in SLE [2]. Acute myocarditis
and ventricular arrhythmia can be also documented at the initial
presentation of SLE in children. Early diagnosis and a combination
treatment for heart failure, arrhythmias and immunosuppression may
lead to a favorable prognosis [3]. Acute myocarditis in SLE may
present with VT as a first manifestation [4]. Long QT syndrome with
atrioventricular block and VT can be also developed in neonates of
mothers with SLE [5]. Finally, the chronic use of antimalarial drugs
may lead to potentially lethal VT [6]. In the current era of implanted
devices, an implantable defibrillator is a necessary adjunct to medical
treatment in CTDs with lethal arrhythmias [7].
In systemic sclerosis (SSc), the most frequent
premature ventricular contractions (PVCs),
monomorphic, single PVCs, bigeminy, trigeminy
sustained VT was described in 7-13%, while SCD
5-21% of unselected SSc patients [8].

arrhythmias are
appearing as
or pairs. Nonwas reported in

VT and SCD can be also assessed during polymyostis (PM) and
dermato-myositis (DM), although their incidence has been poorly
defined [9-13].
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How can Cardiovascular Magnetic Resonance Imaging
Clarify the Pathophysiologic Background of VT/SCD
in CTDs?
VT in CTDs can be due to various pathologies including myocardial
inflammation, myocardial ischemia due to obstructive disease of
epicardial coronary arteries, coronary artery spasm, microvascular
disease and myocardial scar, either of ischemic or non-ischemic origin.
CMR has been already used as the ideal screening tool in CTDs,
because of the advantage to evaluate noninvasively and without
radiation, function, inflammation, perfusion defects and fibrosis
[14-18]. Apart of the impaired ventricular function, which can be by
itself a predisposing factor for VT/SCD, the commonest
pathophysiologic processes, detected by CMR that can potentially lead
to VT/SCD in CTDs, are the following:

Myocardial inflammation
Myocardial inflammation (myocarditis) in CTDs can be due either
to the disease per se or to infectious causes [19]. CMR is the ideal
technique for the evaluation of inflammation involving the heart.
Myocarditis usually has a subclinical course, which cannot be easily
detected with standard blood inflammatory indices (ESR, CRP etc.)
and can potentially lead to dilated cardiomyopathy and heart failure
[20]. It may remain undetectable by the routine used imaging
techniques, because these techniques are unable to distinguish various
tissue changes, such as edema, cell infiltration, fibrosis that may occur
without concurrent changes in left ventricular ejection fraction, the
most often evaluated parameter by echocardiography. According to the
current experience, in myocarditis, due to infectious causes, a decrease
in left ventricular ejection fraction was not evident during the course
of the disease, while an increase in cardiac troponin was found in only
20% of cases [20]. Myocardial biopsy, considered as the gold standard
for diagnosis of myocarditis, is an invasive procedure and according to
ACC/ AHA guidelines should be kept only for patients with
unexplained new-onset heart failure < 2 weeks associated with a
normal-sized or dilated left ventricle in addition to haemodynamic
compromise and cannot be used for screening or follow-up tool [20].
Furthermore its diagnostic value is limited due to a number of reasons,
such as sampling error, variation in observer expertise etc. [20].
CMR contributes to the diagnosis of myocarditis using 3 types of
images: T2-weighted (T2-W), early T1- weighted (T1-W) images taken
1 min (EGE) and delayed enhanced images (LGE) taken 15 minutes
after the injection of contrast agent. T2-W is an indicator of tissue
water content, which is increased during inflammation and/or
necrosis. However, the differentiation between necrosis and
inflammation needs other parameters, such as EGE and LGE.
Myocardial necrosis in the acute phase of myocarditis plays a major
role in LGE formation, but also severe oedema could increase the
gadolinium distribution and cause LGE. A combined CMR approach
using T2-W, early and late gadolinium enhancement has a sensitivity
of 76%, a specificity of 95.5% and a diagnostic accuracy of 85% for the
detection of myocardial inflammation [19-21]. Initial NYHA
functional class >II and LGE are independent predictive factors of
MACE during long-term follow-up after acute myocarditis [22].
Furthermore, according to recent data, in consecutive patients
suspected for no ischemic cardiomyopathy, LGE volume and
sustained VT were independent predictors of severe cardiac
inflammation [23]. CMR becomes more valuable, if we take under
consideration that in postmyocarditis patients with only epicardial
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scar, the automatic voltage mapping may miss the electrical VT
substrate. In these cases, LGE is absolutely necessary to optimize the
scar delineation and facilitate ablation [24,25]. Finally, giant cell
myocarditis (GCM) has a characteristic CMR pattern of LGE, cineMRI and myocardial strain that are related to the clinical and
pathology findings. In GCM, LGE reflects areas of fibrosis,
inflammation and oedema that are specific for this type of myocarditis;
additionally, the diffuse LV hypokinesis and the impaired longitudinal
strain reflect the area with extensive nonspecific cellular infiltration
[26]. Finally, a mixture of ischemic and no ischemic LGE patterns is
typical of GCM [27].

Coronary artery disease with ischemic type fibrosis
CMR can detect myocardial ischemia, due to atherosclerotic disease
(CAD) of the epicardial coronary arteries or due to disease of small
intramyocardial coronary arteries. Myocardial ischemia can be
detected by two different ways:
•

•

Observation of wall motion abnormalities using the stress factor
dobutamine, as in stress echo, but without the limitation of
acoustic window. Compared to stress echo, dobutamine stress
CMR has better sensitivity (86% vs 74%) and specificity (86% vs
70%) [28,29].
Evaluation of myocardial perfusion using the first pass of a T1shortening contrast agent (first-pass gadolinium) [30,31]. Data,
acquired during intravenous vasodilator-stress usually adenosine,
delineate the underperfused regions and are indicators of
myocardial ischemia. The spatial resolution of CMR myocardial
perfusion is 2- 3 mm. It is superior to other imaging modalities,
such as nuclear techniques and therefore, CMR can easily reveal
subendocardial ischemia missed by these techniques [32,33]. The
recent MR-IMPACT study in 234 patients reported improved
detection of epicardial coronary artery stenosis by CMR compared
with SPECT in the first multi-centre, multi-vendor comparison
[34].

Myocardial scar, due to CAD, is either subendocardial or transmural
and follows the distribution of the occluded epicardial coronary artery.
The amount of fibrotic tissue, as assessed by LGE, is an independent
predictor for future cardiac events [35].

Micro vascular disease (MVD)
Micro vascular cardiac disease is a common finding in CTDs
[14-17]. Vasodilator stress CMR, using myocardial perfusion reserve
index (MPRI) has a good correlation with the invasive coronary
reactivity testing (CRT) and has been proposed as a reliable index to
detect MVD [36].

Non-ischemic type fibrosis
In contrary to ischemic type fibrosis that follows the distribution of
obstructed epicardial coronary artery, the non-ischemic type is patchy,
intramyocardial or subepicardial and is not related with the
distribution of epicardial coronary arteries. It can be found in any kind
of myocarditis (infective or autoimmune) and in small vessels
vasculitis either primary or secondary [14-17]. Additionally, diffuse
subendocardial fibrosis, detected by CMR, is a common finding in
CTDs and carries increased risk for future cardiac events and heart
failure [14-17,37,38]. The quantification of the LGE extent may
facilitate risk stratification in patients with indication for implantable
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cardioverter-defibrillator (ICD) for the primary prevention of SCD
[39].

4.
5.

Heart failure
Heart failure is a common cause predisposing to VT/SCD [40].
However, in CTDs, heart failure with preserved ejection fraction
(LVPEF) is more common than overt left ventricular failure [41]. In a
study of sarcoid patients, it was documented that patients with LGE
were at significant risk for VT/SCD, even if they had preserved left
ventricular ejection fraction. In these patients, increased LGE burden
and right ventricular dysfunction identified those at highest risk of
death/VT [41]. Additionally, RV involvement in CTDs facilitate the
development of VT/SCD [42].

Clinical Implications of CMR Findings
The routine non-invasive evaluation of CTDs includes clinical, ECG
and echocardiographic assessment. However, cardiac involvement in
CTDs remains clinically silent until the latest stages of the disease;
ECG findings maybe non-specific and echocardiography is an operator
depended technique, limited by acoustic window and unable to
perform tissue characterization [43].
Recently, CMR has been proposed as the ideal diagnostic adjunct
for CTDs [43]. The detection of stress myocardial perfusion defects by
CMR is more reliable compared with SPECT and can be used to select
those patients, who should undergo X-ray coronary angiography and
potentially angioplasty [44]. Additionally, the location and extent of
myocardial scar can guide further electrophysiologic evaluation and/or
intervention [38,42,45]. It was also documented that in those with
myocardial inflammation, microvascular disease and/or heart failure, a
modification of both cardiac and rheumatic medication may be
recommended after the CMR evaluation [15,16,19,37,44,45]. However,
all CMR advantages are usually hampered by the increased cost, lack of
availability and expertise. Additionally, the use of CMR in patients
with pacemakers/defibrillators demands CMR conditionel devices,
because otherwise these patients cannot be scanned. Finally, renal
failure is also an important contraindication for paramagnetic contrast
agent use in these patients.

Conclusions
CMR, by identifying various pathologic processes taking place in
CTDs with VT/SCD, is an important player in the assessment of
pathophysiologic background of VT/SCD and may guide risk
stratification, suggest a change in rheumatic and/or cardiac treatment
and be used as a powerful adjunct in the routine diagnostic evaluation
of these patients.
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