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Abstract: Non-sustained ventricular tachycardia (NSVT) is a potentially lethal arrhythmia that is
most commonly attributed to coronary artery disease. We hypothesised that among patients with
NSVT and preserved ejection fraction, cardiovascular magnetic resonance (CMR) would identify a
different proportion of ischaemic/non-ischaemic arrhythmogenic substrates in those with and with-
out autoimmune rheumatic diseases (ARDs). In total, 80 consecutive patients (40 with ARDs, 40 with
non-ARD-related cardiac pathology) with NSVT in the past 15 days and preserved left ventricular
ejection fraction were examined using a 1.5-T system. Evaluated parameters included biventricular
volumes/ejection fractions, T2 signal ratio, early/late gadolinium enhancement (EGE/LGE), T1
and T2 mapping and extracellular volume fraction (ECV). Mean age did not differ across groups,
but patients with ARDs were more often women (32 (80%) vs. 15 (38%), p < 0.001). Biventricular
systolic function, T2 signal ratio and EGE and LGE extent did not differ significantly between groups.
Patients with ARDs had significantly higher median native T1 mapping (1078.5 (1049.0–1149.0) vs.
1041.5 (1014.0–1079.5), p = 0.003), higher ECV (31.0 (29.0–32.0) vs. 28.0 (26.5–30.0), p = 0.003) and
higher T2 mapping (57.5 (54.0–61.0) vs. 52.0 (48.0–55.5), p = 0.001). In patients with ARDs, the
distribution of cardiac fibrosis followed a predominantly non-ischaemic pattern, with ischaemic
patterns being more common in those without ARDs (p < 0.001). After accounting for age and cardio-
vascular comorbidities, most findings remained unaffected, while only tissue characterisation indices
remained significant after additionally correcting for sex. Patients with ARDs had a predominantly
non-ischaemic myocardial scar pattern and showed evidence of diffuse inflammatory/ischaemic
changes (elevated native T1-/T2-mapping and ECV values) independent of confounding factors.

Keywords: oedema; fibrosis; cardiovascular magnetic resonance; rhythm disturbance; myocarditis;
ischaemia; sudden cardiac death
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1. Introduction

In patients with autoimmune rheumatic diseases (ARDs), development of arrhyth-
mogenic inflammatory cardiomyopathy can lead to out-of-hospital cardiac arrest (OHCA)
and can also potentially cause sudden cardiac death (SCD) [1,2]. An important challenge
in the context of OHCA is that the majority of patients experience it as a first presenta-
tion, often without previous symptoms or a diagnosed cardiac condition [3]. This makes
primary prevention a daunting task. Different forms of ventricular tachycardia (VT) and
fibrillation (VF) reportedly account for ~75% of OHCA cases [4]. In patients with ARDs,
instances of VT/VF secondary to (occult) cardiac involvement are not uncommon. The
occurrence of VT/VF is prevalent in numerous ARDs and has been described, among
others, in systemic lupus erythematosus (SLE), rheumatoid arthritis (RA), polymyalgia
rheumatica (PMR), giant cell myocarditis (GCM) and systemic sclerosis (SSc) [5–9]. This
arrhythmogenicity was traditionally attributed to ventricular scarring leading to re-entrant
VT/VF [10]. However, a complex interplay between the immune system and the heart may
lead to arrhythmogenicity via other routes in patients with ARDs, namely microvascular
coronary artery disease, myocardial oedema, immune cell infiltration and direct effects of
cytokines and immunoglobulins on cardiac ion channels [1]. These factors may adversely
affect the conductive properties of the myocardium, thus causing pathological alterations
in excitability and subsequent arrhythmogenicity. Notably, OHCA in these cases may be
the first presentation of the disease or may occur after diagnosis, even if the underlying
ARD is quiescent or the left ventricular ejection fraction (LVEF) is preserved [10,11].

Cardiovascular magnetic resonance (CMR) is a non-invasive imaging modality that
does not utilise ionising radiation and excels in the cardiac evaluation of patients both
with and without ARDs. Specifically, CMR can characterise myocardial tissues with
regard to the presence of oedema and fibrosis, as well as more aspecific expansion of
the extracellular space [11], all of which may elucidate underlying ischaemic or non-
ischaemic/inflammatory pathologic changes based on the observed pattern. As already
stated, ischaemic heart disease is thought to pave the way for most cases of OHCA.
However, the relative contribution of other arrhythmogenic substrates in relation to cardiac
ischaemia, particularly in patients with ARDs, is not well described, even though non-
ischaemic substrates may require different therapeutic approaches [12,13]. We hypothesised
that in a mixed population of patients with a known occurrence of non-sustained VT
(NSVT) and a preserved LVEF, CMR would identify a significantly different proportion
of ischaemic and non-ischaemic arrhythmogenic substrates in patients with and without
ARDs. Therefore, by using CMR, we examined potential arrhythmogenic substrates leading
to NSVT in patients with and without ARDs and a preserved LVEF, while also aiming to
identify CMR indices that can optimally discriminate between the two groups.

2. Significance and Innovation

In this manuscript, we present for the first time a comparison of patients with a recent
history of non-sustained ventricular tachycardia and a preserved left ventricular ejection
fraction with and without a diagnosis of ARDs. These were evaluated using CMR and X-ray
coronary angiography when necessary. CMR evaluation demonstrated that patients with
ARDs had a predominantly non-ischaemic myocardial scar pattern and showed evidence of
diffuse inflammatory/ischaemic changes (elevated native T1/T2 mapping and ECV values),
while patients without ARDs had myocardial fibrosis characteristic of macrovascular
coronary artery disease. These findings were independent of confounding factors and may
have significant implications for therapeutic approaches in patients with ARDs.

3. Patients and Methods
3.1. Patients

All participants with ARDs were prospectively recruited based on having experienced
a recent episode of NSVT (last 15 days), as assessed either by a 24-h Holter recording or by
electrocardiography upon presentation at their treating physician, and having a preserved
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LVEF (≥55%), based on bedside echocardiography. NSVT was defined as having three or
more consecutive ventricular beats at a rate of >100 beats per minute with a duration < 30 s.
In total, 40 consecutive patients with various ARDs were recruited. In addition, from a
pool of patients that met the aforementioned criteria, underwent CMR and were diagnosed
with non-ARD-related cardiac conditions, an additional 40 were 1:1 matched for age to
the 40 patients with ARDs. The exact composition of each group is presented in Table 1.
The median (interquartile range) values of QRS complexes associated with NSVT episodes
were 8.5 (7, 10.5) and 8 (7, 10.5) for the non-ARD and ARD groups, respectively (p = 0.534).
All participants reported palpitations at presentation and also presented with either angina
pectoris or atypical chest discomfort (ARD group: 12.5% (5) vs. 87.5% (35), respectively;
non-ARD group: 85% (34) vs. 15% (6), respectively). No participants reported a prior
history of syncope or presented to their treating physician due to syncope. In addition, no
participants experienced an OHCA, none had peripheral vascular disease or a previous
coronary artery revascularisation and none had a cardiac pacemaker implanted.

Table 1. Baseline characteristics compared between patients with NSVT and normal LVEF, with or without ARDs. * p ≤ 0.05.

Variables Patients with ARDs Patients without ARDs p-Value

Number of patients 40 40 N/A

Demographics
32 (80%)

48.5 (12.5)
15 (38%)

47.8 (15.7)
<0.001 *

0.83
Female Sex
Age (years)

Known ARD diagnosis

<0.001 *

Systemic Sclerosis 10 (25%) 0 (0%)
Systemic Lupus
Erythematosus 10 (25%) 0 (0%)

Sarcoidosis 4 (10%) 0 (0%)
Rheumatoid Arthritis 4 (10%) 0 (0%)
eGPA 4 (10%) 0 (0%)
Ankylosing Spondylitis 4 (10%) 0 (0%)
GPA 2 (5%) 0 (0%)
Takayasu Arteritis 1 (3%) 0 (0%)
Adamantiades–Behcet
Disease 1 (3%) 0 (0%)

Non-ARD Diagnosis Based on CMR and
Clinical Findings

<0.001 *

Infectious Myocarditis 0 (0%) 12 (31%)
CAD 0 (0%) 9 (23%)
Takotsubo
Cardiomyopathy 0 (0%) 4 (10%)

Dilated
Cardiomyopathy 0 (0%) 3 (8%)

Hypertrophic
Cardiomyopathy 0 (0%) 3 (8%)

ARVC 0 (0%) 2 (5%)
Myopericarditis 0 (0%) 2 (5%)
Non-Compaction
Cardiomyopathy 0 (0%) 2 (5%)

NSVT of Unknown
Aetiology 0 (0%) 1 (3%)

Aortic Stenosis 0 (0%) 1 (3%)
Mitral Regurgitation 0 (0%) 1 (3%)
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Table 1. Cont.

Variables Patients with ARDs Patients without ARDs p-Value

CMR Indices
LVEDV (mL) 121.0 (98.0, 137.5) 145.5 (119.0, 197.0) 0.001 *
LVESV (mL) 42.0 (32.0, 50.5) 52.0 (37.0, 78.5) 0.027 *
LVEF (%) 63.0 (60.5, 68.0) 62.5 (56.5, 68.5) 0.41
RVEDV (mL) 110.5 (86.5, 135.0) 148.5 (114.5, 188.5) 0.001 *
RVESV (mL) 39.0 (31.0, 53.5) 53.5 (38.5, 69.5) 0.010 *
RVEF (%) 63.5 (60.0, 68.5) 63.0 (60.0, 68.0) 0.86
T2 Signal Ratio 2.3 (0.5) 2.1 (0.6) 0.38
EGE 1.8 (1.1, 4.8) 2.1 (1.4, 3.0) 0.69
LGE (% of LV mass) 2.5 (0.0, 5.0) 5.0 (0.0, 5.0) 0.17
T2 Mapping (ms) 57.5 (54.0, 61.0) 52.0 (48.0, 55.5) 0.001 *
Native T1 Mapping
(ms) 1078.5 (1049.0, 1149.0) 1041.5 (1014.0, 1079.5) 0.003 *

Post-Contrast T1
Mapping (ms) 353.8 (59.5) 427.6 (59.2) <0.001 *

ECV (%) 31.0 (29.0, 32.0) 28.0 (26.5, 30.0) 0.003 *

Pathologic Cut-Off Points for CMR Tissue
Characterisation Indices

LGE > 0% of LV mass 21 (53%) 29 (73%) 0.065
EGE ≥ 4 11 (28%) 7 (18%) 0.28
Native T1 Mapping >
1050 ms 27 (68%) 18 (45%) 0.043 *

ECV ≥ 29% 32 (80%) 17 (43%) <0.001 *
T2 Mapping > 55 ms 27 (68%) 10 (25%) <0.001 *
T2 Signal Ratio > 1.9 28 (70%) 24 (60%) 0.35

Cardiovascular Risk Factors
Hypertension 4 (10%) 7 (18%) 0.33
Smoker (last 5 years) 5 (13%) 7 (18%) 0.53
CAD/CVD Family
History 3 (8%) 6 (15%) 0.29

Hyperlipidemia 6 (15%) 6 (15%) 0.99
Diabetes Mellitus (type
2) 4 (10%) 7 (18%) 0.330

ARD, autoimmune rheumatic disease; CMR, cardiovascular magnetic resonance; NSVT, non-sustained ventricular tachycardia; eGPA/GPA,
(eosinophilic) granulomatosis with polyangiitis; CAD, coronary artery disease; ARVC, arrhythmogenic right ventricular cardiomyopa-
thy; LV/RV, left/right ventricular; EDV/ESV, end-diastolic/-systolic volume; EF, ejection fraction; EGE/LGE, early/late gadolinium
enhancement; ECV, extracellular volume fraction; CVD, cardiovascular disease.

All participants were examined with CMR within 15 days of the NSVT episode, in
the context of evaluation for arrhythmogenic substrates. All patients with ARDs had
a previously established diagnosis of ARD, while all non-ARD patients presented with
NSVT without other known cardiac conditions. In the latter cases, CMR was used in
combination with clinical evaluation to diagnose the underlying cause of the NSVT. The
study was approved by the Onassis Cardiac Surgery Center’s medical ethics committee
(415/23.11.09, 23 November 2009) and all participants provided written informed consent
before study inclusion.

3.2. Methods

CMR examinations were performed using a 1.5-T scanner (Ingenia, Philips Medical
Systems, Best, The Netherlands). The CMR protocol included standard steady-state free-
precession cine CMR, black-blood T2-weighted short tau inversion recovery (STIR-T2)
images, T1-weighted spin-echo early gadolinium enhancement (EGE) images and phase-
sensitive inversion recovery late gadolinium enhancement (LGE) images, as described
previously [10]. A dose of 0.1 mmol/kg gadobenate dimeglumine contrast medium was
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injected for EGE images and another 0.1 mmol/kg for late LGE images, according to the
protocol suggested by the Lake Louise criteria [14].

T1 mapping was performed using a modified Look-Locker inversion recovery (MOLLI)
sequence with a 3(3)5 scheme on 3 representative short-axis positions immediately before
and 15 min after contrast medium administration. T2 mapping was performed on 3 cor-
responding LV short axes using a black-blood prepared, navigator-gated, free-breathing
hybrid gradient (echo planar imaging) and spin-echo multiecho sequences [15].

3.3. CMR Data Analysis

The short-axis steady-state free-precession cine CMR was used to evaluate biventricu-
lar function (volumes and ejection fractions) according to the standard protocol [14]. Global
myocardial inflammation was assessed on T2-weighted images by calculating the T2 signal
intensity ratio as signal intensity of myocardium divided by signal intensity of skeletal
muscle [14]. Global relative enhancement was calculated by measuring myocardial signal
intensity on pre- and post-contrast T1-weighted spin-echo images relative to skeletal mus-
cle [14]. The presence and pattern of LGE lesions were qualitatively assessed by consensus
agreement of 2 experienced observers and expressed as a percentage of left ventricular
mass (%LGE). Native and post-contrast T1 mapping, extracellular volume fraction (ECV),
and T2 mapping were calculated as described previously [15], based on the mean value of
3 short-axis slices. For ECV, a cut-off of >29% was used for defining abnormal values [16].

3.4. X-Ray Coronary Angiography (XCA)

XCA was performed in all patients with identified subendocardial or transmural LGE,
traditionally characterised as ischaemic patterns [17], to determine coronary artery patency.

3.5. Statistical Analysis

Statistical analyses were carried out with Stata SE v.16 (StataCorp. 2019. Stata Statisti-
cal Software: Release 16. StataCorp LLC., College Station, TX, USA). Normality of variables
was determined using Q-Q plots and histograms when necessary. Normally distributed
variables are presented as mean (standard deviation), not-normally distributed continuous
variables are presented as median (interquartile range) and binary/categorical variables
are presented as n (%). Differences in CMR variables between patients with and without
ARDs were investigated with independent sample t-tests for normally distributed variables,
Mann–Whitney U tests for continuous not-normally distributed variables and chi-square
tests for categorical or binary variables. Logistic regression analysis was used to exam-
ine the effect of confounding factors (demographics and cardiovascular comorbidities).
Statistical significance for all tests was considered for p ≤ 0.05.

4. Results

Baseline characteristics for the groups of patients with and without ARDs are pre-
sented in Table 1. The study population of 40 patients with and 40 without ARDs did
not differ significantly in age (48.5 (12.5) vs. 47.8 (15.7) years, p = 0.83), but the group
of ARD patients had a significantly higher proportion of females compared with those
without ARDs (32 (80%) vs. 15 (38%), p < 0.001). All patients were scored as class I or II
using the New York Heart Association (NYHA) functional classification. Median LVEF
based on CMR was 63.0% (IQR: 60.5, 68.0) in patients with ARDs vs. 62.5% (56.5, 68.5) in
patients without ARDs (p = 0.41). In the ARD group, the majority of patients had a known
diagnosis of either SSc, SLE (n = 10 (25%) for both) or small vessel vasculitis (n = 6 (15%)),
with less frequent cases of sarcoidosis, rheumatoid arthritis and ankylosing spondylitis
(n = 4 (10%) for all). In the non-ARD group, the combination of CMR and clinical findings
most frequently led to a diagnosis of infectious myocarditis in 12 (31%) patients, CAD in
nine (23%) patients, takotsubo cardiomyopathy in four (10%) patients and hypertrophic
or dilated cardiomyopathy in three (8%) patients each. Univariable comparisons of CMR
findings between the two groups (Table 1) identified significantly higher left and right
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ventricular volumes in patients with ARDs compared to those without ARDs. However, LV
and RV systolic function was comparable between the two groups. No changes in T2 signal
ratio, EGE or LGE were identified between the two groups. In contrast, all parametric CMR
indices differed significantly between the two groups. Namely, compared with patients
with ARDs, those without ARDs had significantly lower median native T1 mapping (1078.5
(1049.0–1149.0) vs. 1041.5 (1014.0–1079.5), p = 0.003), significantly higher post-contrast T1
mapping (353.8 (59.5) vs. 427.6 (59.2), p < 0.001), significantly lower ECV (31.0 (29.0–32.0)
vs. 28.0 (26.5–30.0), p = 0.003) and significantly lower T2 mapping (57.5 (54.0–61.0) vs. 52.0
(48.0–55.5), p = 0.001). Similarly, the proportion of patients with pathologic parametric
CMR indices based on locally determined cut-off values was significantly higher in the
ARD group, particularly for ECV and T2 mapping (Table 1).

The proportion of patients with identified LGE during their CMR examination trended
towards lower values in the ARD group compared with the non-ARD group but did not
reach statistical significance (21 (53%) vs. 29 (73%), p = 0.065). Nevertheless, in patients
without ARDs, the pattern of LGE lesions was most commonly suggestive of an ischaemic
lesion (transmural or subendocardial LGE following the distribution of coronary arteries),
while in patients with ARDs, the LGE patterns were most commonly suggestive of a non-
ischaemic distribution (Table 2). Namely, 13/21 (61.9%) patients with ARDs and identified
LGE during CMR had a patchy inferolateral LGE pattern, 6/21 (28.6%) had a diffuse
subendocardial fibrosis pattern and only 2/21 (9.5%) had a typical transmural (ischaemic)
LGE pattern. Of the 29 patients without ARDs and identified LGE during CMR, 13 (44.8%)
had transmural LGE, while the remainder had either subepicardial (12 patients (41.4%)) or
diffuse subendocardial LGE (6 patients (20.7%)). The XCA revealed CAD in all participants
of either group with transmural LGE. The two patients with ARDs and transmural LGE
had significant left anterior descending (LAD) or right coronary artery (RCA) stenosis.
Of the 13 patients without ARDs and transmural LGE, 10 had both significant LAD and
RCA stenosis while three had significant left circumflex (LCx) coronary artery stenosis.
However, no participants with diffuse subendocardial fibrosis presented evidence of CAD.

Univariable and multivariable logistic regression analyses for discriminating between
the two groups were performed to investigate the effect of potential confounding and the
results are presented in Table 3. All available CMR indices were examined in univariable
analysis and subsequently corrected in a stepwise manner, first for age, hypertension,
smoking (last 5 years), family history of CAD/CVD and hypercholesterolemia, and subse-
quently for the latter variables with the addition of sex. In the first step of multivariable
corrections, biventricular volumes as well as native T1 mapping, post-contrast T1 mapping,
ECV and T2 mapping remained significant predictors of group membership. However,
when also corrected for sex, native T1 mapping and post-contrast T1 mapping were the only
indices that significantly predicted group membership independent of the aforementioned
confounding factors. When, instead of ECV as a continuous variable, we investigated the
locally used cut-off value (>29%) for determining pathologic ECV values as a variable
for determining group membership, this remained significant even after correction for all
aforementioned confounding factors, including sex (Table 3). In addition, correcting for sex
also led to RVEF reaching statistical significance, even though no differences were iden-
tified in univariable analyses. We additionally investigated whether native T1 mapping,
post-contrast T1 mapping, ECV and T2 mapping showed incremental discriminatory value
independent of LVEDV, LVESV and LVEF. Only native T1 mapping and post-contrast T1
mapping significantly discriminated between the two groups independent of the afore-
mentioned indices (odds ratio (OR) (95% confidence interval) per 10-unit change: 1.09
(1.01–1.19), p = 0.030 and 0.82 (0.73–0.92), p = 0.001, respectively). T2 mapping had a
non-significant trend towards group discrimination when correcting for these indices (1.08
(1.00–1.16), p = 0.054), while ECV did not significantly discriminate between the two groups
when corrected for these indices (1.02 (0.92–1.11), p = 0.733).
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Table 2. Prevalence of different patterns of myocardial fibrosis in patients with LGE with and without ARDs. The proportion
of LGE patterns was significantly different between the groups (p < 0.0001). The vast majority of patients with ARDs and
identified myocardial fibrosis on CMR had no evidence of CAD.

LGE Pattern CMR Appearance

Patients with ARDs and LGE
(n = 21/40)

Patients without ARDs and LGE
(n = 29/40)

Proportion
Identified

CAD
Confirmed

by XCA

Proportion
Identified

CAD Confirmed
by XCA

Patchy
Inferolateral
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0 (0%) N/A 12 (41.4%) N/A

LGE, late gadolinium enhancement; CMR, cardiovascular magnetic resonance; ARD, autoimmune rheumatic disease; CAD, coronary artery
disease; XCA, X-ray coronary angiography; LAD, left anterior descending coronary artery; RCA, right coronary artery; LCx left circumflex
coronary artery.

A sensitivity analysis was performed for T1-based indices (native/post-contrast T1
mapping, ECV) by excluding patients with XCA-confirmed CAD; these were two (5%) pa-
tients from the ARD group and 13 (32.5%) patients from the non-ARD group. The analysis
confirmed that native and post-contrast T1 mapping values remained significant univari-
able discriminators between the two groups even when patients with XCA-confirmed
CAD were excluded (OR (95% CI) per 10-unit change: 1.11 (1.02–1.21), p = 0.012 and
0.79 (0.70–0.90), p < 0.001, respectively). These findings also remained significant after
multivariable correction for age, hypertension, smoking, family history of CAD/CVD and
hypercholesterolemia (1.12 (1.03–1.22), p = 0.010 and 0.79 (0.69–0.90), p < 0.001, respectively).
However, ECV showed only a non-significant trend towards significant prediction of group
membership in this sensitivity analysis, in both univariable (1.09 (0.97–1.22), p = 0.166) and
multivariable (1.09 (0.96–1.22), p = 0.175) testing.
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Table 3. Logistic regression analyses for discriminating between ARD and non-ARD patients with NSVT (odds ratio > 1
means higher values more likely in patients with ARDs). All available CMR variables were individually examined and
subsequently corrected first for age, hypertension, smoking, family history of CAD/CVD and hypercholesterolemia and
subsequently for the same variables but with the addition of sex. * p ≤ 0.05.

Variable
Univariable Logistic

Regression
Multivariable Logistic

Regression
Multivariable Logistic

Regression (+Sex)

OR (95% CI) p-Value OR (95% CI) p-Value OR (95% CI) p-Value

LVEDV (per 5 mL) 0.90 (0.84–0.96) 0.001 * 0.90 (0.84–0.96) 0.001 * 0.93 (0.87–1.00) 0.061
LVESV (per 5 mL) 0.89 (0.80–0.98) 0.020 * 0.89 (0.80–0.99) 0.029 * 0.96 (0.86–1.08) 0.537

LVEF (per 5%) 1.06 (0.77–1.47) 0.718 1.05 (0.74–1.49) 0.766 0.86 (0.58–1.27) 0.449
RVEDV (per 5 mL) 0.91 (0.86–0.97) 0.002 * 0.90 (0.85–0.96) 0.001 * 0.95 (0.88–1.02) 0.185
RVESV (per 5 mL) 0.86 (0.77–0.97) 0.013 * 0.86 (0.76–0.97) 0.014 * 1.00 (0.85–1.17) 0.995

RVEF (per 5%) 0.89 (0.63–1.23) 0.472 0.84 (0.59–1.20) 0.342 0.59 (0.37–0.94) 0.026 *
Nat. T1 Map. (per 10 ms) 1.12 (1.04–1.21) 0.003 * 1.13 (1.05–1.23) 0.002 * 1.09 (1.01–1.18) 0.033 *
PC. T1 Map. (per 10 ms) 0.80 (0.72–0.89) <0.001 * 0.79 (0.70–0.88) <0.001 * 0.81 (0.72–0.91) 0.001 *

ECV (per 1%) 1.15 (1.02–1.31) 0.023 * 1.18 (1.04–1.34) 0.013 * 1.09 (0.94–1.25) 0.269
ECV > 29% 5.41 (2.00–14.66) 0.001 * 7.53 (2.51–22.6) <0.001 * 4.90 (1.53–15.6) 0.007 *

T2 Signal Ratio (per 0.2 units) 1.07 (0.91–1.26) 0.378 1.10 (0.93–1.30) 0.284 1.04 (0.85–1.26) 0.706
T2 Mapping (per 1 ms) 1.10 (1.02–1.18) 0.009 * 1.12 (1.03–1.22) 0.005 * 1.07 (0.97–1.17) 0.165

EGE (per 1 unit) 1.10 (0.94–1.28) 0.221 1.10 (0.94–1.29) 0.247 1.13 (0.94–1.35) 0.202
LGE (per 1% of LV mass) 0.96 (0.85–1.09) 0.519 0.96 (0.85–1.09) 0.541 0.96 (0.83–1.10) 0.516

ARD, autoimmune rheumatic disease; NSVT, non-sustained ventricular tachycardia; LV/RV, left/right ventricular; EDV/ESV, end-
diastolic/-systolic volume; EF, ejection fraction; Nat. T1 Map., native T1 mapping; PC. T1 Map., post-contrast T1 mapping; ECV,
extracellular volume fraction; EGE/LGE, early/late gadolinium enhancement.

5. Discussion

In this study, we evaluated a cohort of 80 consecutive patients with NSVT and pre-
served LVEF, 40 with various previously diagnosed ARDs and 40 with non-ARD-related
cardiac conditions. Biventricular systolic function was preserved and did not differ sig-
nificantly between the two groups. We identified numerous differences in CMR indices
between the groups in univariable analyses, including biventricular volumes, native T1
mapping, post-contrast T1 mapping, T2 mapping and ECV. Furthermore, we identified sig-
nificant differences in the pattern of myocardial fibrosis between the two groups, with the
predominant pattern being non-ischaemic in patients with ARDs. Lastly, we investigated
the effect of confounding. When accounting for age and cardiovascular comorbidities,
most findings remained unaffected. When additionally corrected for sex, only native T1
mapping, post-contrast T1 mapping and ECV >29% remained significant predictors of
group membership; RVEF became a significant predictor only after correcting for sex. It
should be noted, however, that a higher proportion of females among patients with ARDs
is not an unexpected finding, which is why the correction for sex was performed as a
second, independent step.

There is increasing scientific interest regarding the use of CMR in non-ARDs with
concomitant VT [18,19]. However, studies with CMR in the context of arrhythmogenicity
in ARDs are less common. To our knowledge, most of the available literature on this topic
has been published by our group and supports the notion that both myocardial oedema
and fibrosis, as assessed by T1/T2 mapping and ECV, offer additional utility beyond LVEF
in the evaluation of patients with ARDs who are at risk for VT [10], while also having
significant predictive value for future high-risk arrhythmic events [20]. The findings of
this investigation add to this expanding evidence pool and have important implications
for the therapeutic considerations in patients with ARDs. Namely, according to current
practice guidelines, prophylactic implantable cardioverter defibrillator implantation is
indicated in patients with VT and an LVEF < 35% [21]. However, there is no guarantee
that potentially lethal cardiac rhythm disturbances will not manifest in the presence of
preserved LVEF, as was the case in all recruited patients with ARDs in this study. Our study
demonstrates that the arrhythmogenic substrate in patients with ARDs and a preserved
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LVEF is mainly due to diffuse inflammatory/ischaemic fibrotic lesions and not classical
CAD, as exemplified by significantly higher native T1 mapping, T2 mapping and ECV
values in the ARD group, independent of confounding factors. In addition, the most
prevalent myocardial fibrosis patterns observed in the ARD group are characteristic of
diffuse microvascular disease, as is commonly seen in small-vessel vasculitis, SSc and SLE
with anti-phospholipid syndrome [22]. The finding that patients with ARDs and NSVT
have, on average, higher T1 mapping and ECV values compared with non-ARD patients
with NSVT is important in the clinical context. This is because it emphasises the need
for stricter control of systemic inflammation using immunomodulatory treatment, as well
as the need for timely introduction of cardioprotective medication that can ameliorate
microvascular disease in the heart. The finding that ECV values have only a non-significant
trend towards predicting group membership in a separate sensitivity analysis excluding
patients with confirmed CAD is probably attributable to insufficient statistical power
resulting from the exclusion of ~19% of the study population, as this was not the case for
native and post-contrast T1 mapping.

Interestingly, patients with ARDs are traditionally thought to primarily have a high
incidence of classical CAD and most therapeutic approaches are focused on modifying car-
diovascular risk factors [23]. However, numerous studies with CMR in various ARDs have
already reported that cardiac lesions in these patients are indeed primarily of non-ischaemic
aetiology [24–26], a finding which is expanded to ARDs with concomitant VTs specifically,
based on our results. Without undermining the role of traditional preventive approaches
for classical CAD in patients with ARDs, the development of novel and more efficient diag-
nostic and therapeutic protocols for better identification and control of arrhythmogenesis
in these patients needs to be emphasised. Furthermore, this study, taken together with
existing evidence, suggests that any VT episode in patients with ARDs should motivate
additional testing with CMR, particularly including LGE and novel tissue characterisation
indices, in order to identify the corresponding arrhythmogenic substrate and take addi-
tional preventive measures [15]. Lastly, autonomic neuropathy should be considered as a
potential cause for rhythm disturbances leading to SCD in such cases [27]. This disorder
manifests as sweating disturbances, gastrointestinal abnormalities and bladder and/or
erectile dysfunction [27]. However, no patients in our study experienced similar symptoms
and therefore autonomic neuropathy was not considered as a potential diagnosis.

Although the significantly higher tissue characterisation indices in patients with ARDs
in our study, as well as the predominantly non-ischaemic myocardial fibrosis pattern, give
an indication as to the nature of the underlying arrhythmogenic substrate, the exact aetiol-
ogy of arrhythmogenicity in ARDs is not very well understood. Current evidence robustly
indicates that, in ischaemic heart disease (IHD), strands of surviving myocardium at the
periphery of the infarct region promote arrhythmogenicity via re-entry and have a hetero-
geneous appearance on CMR [28–30]. The aetiology of VT in non-ischaemic heart disease
(NIHD) is less well understood, primarily due to the underlying pathology resulting from
a variety of pathophysiological processes rather than a more uniform cause as in the case
of ischaemia. The combination of focal myocardial fibrosis creating regions of conduction
block, with non-uniform anisotropy and slow conduction through interstitial fibrosis, may
promote re-entry and result in sustained ventricular arrhythmias [31]. Furthermore, my-
ocytes within areas of interstitial fibrosis may spontaneously depolarise during diastole,
resulting in abnormal automaticity and arrhythmia [31]. More recently, a plethora of addi-
tional interweaving mechanisms, such as immune cell infiltration of the myocardium and
pro-arrhythmogenic effects of cytokines and antibodies, have been recognised as additional
facets of the underlying multifactorial pathophysiology of arrhythmogenicity in NIHD [1].
In these patients, there is often mid-wall or subepicardial fibrosis, making ablation of
arrhythmogenic loci challenging and potentially explaining why outcomes of ablation for
control of arrhythmogenicity in NIHD are worse compared with IHD [32].

Previous studies have already demonstrated the added utility of novel tissue charac-
terisation indices. In both IHD and NIHD, myocardial T1 mapping incrementally improved
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risk stratification in a model including LVEF, QRS duration and LGE [33]. In a similar
study using ECV, high ECV values were associated with mortality [34]. Furthermore,
ECV is of particular interest in patients with NIHD but without identifiable LGE, since
it is a surrogate marker of diffuse interstitial fibrosis [10], and may also have value in
further characterising the density of discrete scars, although robust data are still limited.
In addition, acute damage to the myocardium may lead to myocardial oedema, which
can be identified using both native T1 and T2 mapping. T1 mapping was recently also
proven to be a valuable index in the evaluation of patients with ARDs and various sys-
temic diseases [10] as well as cardiac sarcoidosis in particular [35]. Regarding the role
of RVEF, previous studies suggest that RVEF may be impaired in various ARDs [36,37].
However, data regarding the predictive capacity of RVEF for mortality in patients with
ARDs are rather scarce. According to a CMR study in patients with sarcoidosis, RV systolic
dysfunction but not RV LGE was independently associated with all-cause mortality [38].
Nevertheless, it should be kept in mind that there were no differences in biventricular
function in our study population after univariable testing, and RVEF could only signifi-
cantly discriminate between the two groups when correcting for sex. Thus, the reliability
of this association should be taken into account when interpreting these findings. Lastly,
the identified differences in biventricular volumes can probably be attributed to the larger
proportion of female patients in the ARD group.

6. Limitations

This study had the following limitations:

1. NSVT was an inclusion criterion. Evaluation of de novo VT occurrence after CMR is
required to provide more robust evidence in support of the findings observed in this
study. Our group has already published similar work in patients with SSc [20].

2. Potential differences between groups in some CMR indices might have not been
identified due to insufficient statistical power, as in the case of LGE. In addition, the
study did not include any patients with psoriatic arthritis.

3. A referral bias may have occurred since only severely ill patients with a well-documented
history of NSVT were referred to our tertiary centre.

4. This study was performed in a population made up of patients with different ARDs.
Further studies in uniform populations with individual ARDs should be performed
before final conclusions can be drawn. Again, our group has already published similar
work in patients with SSc [20].

5. The evaluation of myocardial strain in non-contrast CMR scans was not a part of this
investigation.

6. The prevalence of CAD-related LGE might have been underestimated due to the
relatively young age of the examined patient group.

7. Conclusions

In a cohort of 80 consecutive patients with NSVT and preserved LVEF, 40 with various
previously diagnosed ARDs and 40 with non-ARD-related cardiac conditions, character-
isation of myocardial fibrosis with CMR identified a non-ischaemic and ischaemic LGE
pattern as the most predominantly occurring fibrotic pattern in the former and latter,
respectively. Patients with ARDs were found to have significantly elevated native/post-
contrast T1 mapping and ECV, which persisted in statistical significance after adjustment
for confounding factors.
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