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Objective: The objective of this paper is to evaluate the diagnostic role of cardiac magnetic
resonance imaging (CMR) in detecting myocardial inflammation in systemic lupus erythema-
tosus (SLE) and its differentiation from viral myocarditis. Patients and methods: Fifty patients
with suspected infective myocarditis (IM), with chest pain, dyspnoea or altered ECG, increase
in troponin I and/or NT-pro BNP, with or without a history of flu-like syndrome or gastro-
enteritis and elevated C-reactive protein (CRP) within three to five (median four) weeks before
admission, 25 active SLE patients, aged 38� 3 years, and 20 age-matched controls were pro-
spectively evaluated by clinical assessment, ECG, echocardiogram and CMR. All patients
underwent coronary angiography, and those with significant coronary artery disease (CAD)
were excluded. CMR was performed using STIR T2-W (T2W), early T1-W (EGE) and late
T1-W (LGE). Endomyocardial biopsies were performed when clinically indicated by current
guidelines. Specimens were examined by immunohistological and polymerase chain reaction
(PCR) analysis. Results: Positive coronary angiography for CAD excluded 10/50 suspected
IM and 5/25 active SLE. Positive clinical criteria for acute myocarditis were fulfilled by 28/40
suspected IM and only 5/20 active SLE. CMR was positive for myocarditis in 35/40 suspected
IM and in 16/20 active SLE. Endomyocardial biopsy (EMB), performed in 25/35 suspected
IM and 7/16 active SLE with positive CMR, showed positive immunohistology in 18/25
suspected IM and 3/7 active SLE. Infectious genomes were identified in 24/25 suspected IM
and 1/7 active SLE. Conclusions: CMR-positive IM patients were more symptomatic than
active SLE. More than half of CMR-positive patients also had positive EMB. PCR was
positive in almost all IM, but unusual in SLE. Due to the subclinical presentation of SLE
myocarditis and the limitations of EMB, CMR presents the best alternative for the diagnosis
of SLE myocarditis. Lupus (2013) 22, 34–43.
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Introduction

Myocardial inflammation can be due to infectious,
toxic, or autoimmune factors. Although infective
myocarditis (IM) remains the clinical routine for
cardiologists, autoimmune diseases presented with
myocardial inflammation, like systemic lupus

erythematosus (SLE), should also be considered.
The clinical presentation of myocarditis, independ-
ently of causative factors, ranges from non-specific
systemic symptoms to sudden death.1,2 According
to recent data, the prevalence of IM myocarditis
was found to be up to 42% of unexplained deaths
in people aged 35 years or younger,3 and it was
documented as a cause of dilated cardiomyopathy
in 5–10% of patients in large prospective series.4,5

The clinical detection of SLE myocarditis ranges
from 3% to 15%, although its frequency in autopsy
studies is higher, suggesting the subclinical presen-
tation of the disease.6,7 Furthermore, the detection
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of myocarditis in SLE demands an aggressive treat-
ment to avoid acute and/or chronic complications.6

The early diagnosis of myocarditis, independently
of causative factors, is of great importance due to
its wide variety of presentation, the lack of standar-
dized diagnostic process and the differences in
therapeutic protocols that should be followed in
each case.

Cardiac magnetic resonance (CMR) is a promis-
ing tool for diagnosing myocarditis because of its
ability to detect early subtle tissue changes both in
subclinical and clinically overt cases.7 According to
recent data from the EuroCMR registry, myocar-
ditis was the most common indication for CMR.8

However, CMR findings need further validation
against clinical criteria and endomyocardial
biopsy (EMB). According to our knowledge, the
only known combination of CMR and EMB data
in Europe was a reference to infective myocarditis
in a German and a Greek population.9,10

The aim of our study was to evaluate the diag-
nostic role of CMR in detecting myocardial inflam-
mation in SLE and its differentiation from viral
myocarditis, comparing the expanded clinical cri-
teria, the CMR and the EMB data of these patients.

Patients and methods

Patient population

In this study, 50 (30 men (M)/20 women (W)) con-
secutive patients suspected of having IM and 25
(5M/20W) patients with active SLE (European
Consensus Lupus Activity Measurement
(ECLAM) >5, mean 18, range 8–30), aged 38� 8
years, were recruited in an inpatient setting and
were prospectively evaluated by clinical assessment,
electrocardiogram (ECG), echocardiogram and
CMR. Twenty age-matched volunteers without
any history of cardiac or systemic disease served
as controls. All patients underwent coronary angi-
ography as a prerequisite to be included in the
study. Those with coronary artery stenosis >70%
were excluded from analysis. EMB was performed
when clinically indicated by current clinical guide-
lines for myocarditis management.11

The inclusion criteria for IM were based on a
combination of chest pain, dyspnoea or altered
ECG, increase in troponin I and/or N-terminal
fragment pro-B-type natriuretic peptide (NT-pro
BNP), with or without a history of flu-like syn-
drome or gastroenteritis and elevated C-reactive
protein (CRP) within three to five (median four)

weeks before admission, and without evidence of
coronary artery disease (CAD) or spasm defined
by catheterization. Exclusion criteria for IM were:
the presence of CAD or spasm, the general contra-
indications to CMR and the presence of abnormal
renal function.

The inclusion criteria for SLE were the presence
of active disease with evidence of possible heart
involvement from clinical history, symptoms, phys-
ical examination, ECG, laboratory findings and
routine echocardiogram. SLE diagnosis followed
the American College of Rheumatology (ACR) cri-
teria;12 assessment of SLE activity was based on the
ECLAM index.13 All SLE patients in the study
were classified as active (ECLAM> 5). Baseline
clinical, laboratory characteristics and treatment
of active SLE patients are presented in Tables
1(a), (b) and (c). Exclusion criteria for SLE were:
the presence of CAD, a recent history suggestive of
viral myocarditis, SLE-like autoimmune disorders,
known congestive heart failure, pleuropericarditis,
conduction defects, cardiomyopathy or endocardi-
tis/valvular heart disease, general contraindications
to CMR and presence of abnormal renal function.
IM and SLE patients with low ejection fraction at
the time of diagnosis were treated with angiotensin-
converting enzyme (ACE) inhibitors, b-blockers
and diuretics immediately after the diagnosis.
Written informed consent was obtained from all
patients and controls, and the local ethics commit-
tee approved the study.

Methods

In all SLE patients anti-Ro, anti-La, anti-Sm, anti-
RNP, anti-double stranded DNA, lupus anticoagu-
lant, anticardiolipin IgM, C3, C4, urinalysis
and urine protein quantification were evaluated
(Table 1(b)).

A detailed clinical history and examination, an
ECG and a routine echocardiogram were per-
formed in all patients and controls (three to five
days before the CMR evaluation). Additionally,
all patients (IM and SLE) were catheterized to
exclude the possibility of CAD or spasm. Clinical
cardiac involvement was evaluated using the
expanded criteria for diagnosis of myocarditis.14

According to these criteria, patients fulfilling two
categories were considered as suspicious, three were
compatible and four were considered to have a high
probability of having myocarditis.14

The CMR study was performed five to seven
days after patients’ admission to the hospital.
Patients with evidence of CAD documented by
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coronary angiography were finally excluded from
the study. Patients who had a CMR study
positive for myocarditis were recommended for
EMB according to guidelines.11 The investigation
conforms to the principles of the Helsinki
Declaration.15

The presence of myocarditis and left ventricular
(LV) systolic function were evaluated by CMR.
Myocarditis was documented using short tau inver-
sion recovery (STIR) T2-weighted (T2-W),
T1-weighted before, early after contrast media
injection (EGE) and late gadolinium-enhanced
images (LGE). The study was considered positive
if two out three imaging sequences gave positive
results.16

CMR evaluation of inflammation
Cardiovascular magnetic resonance examination
was performed using a body coil in a 1.5 T Philips
Intera system. STIR T2-weighted (T2-W),
T1-weighted (T1-W) before, early (1min) (EGE)
and late (10–15min) enhanced images (LGE),
after contrast media injection, were evaluated in
each patient. ECG-triggered, STIR T2-W multislice
spin-echo sequence was performed in axial orienta-
tion and the signal ratio measured from the region
of interest covering the myocardium of the left ven-
tricle as well as within a skeletal muscle in the same
slice. ECG-triggered T1-W multislice spin-echo
images were also obtained in axial orientation
with identical parameters before and after an
intravenous bolus of 0.1mmol/kg gadolinium-
diethylenetriaminepentaacetic acid (Gd-DTPA).
Measurements after Gd-DTPA were started
within 1 minute of injection (EGE) in the same
area as in T2-W. Immediately after the second set
of T1-W images, 0.1mmol/kg Gd-DTPA was given
again and LGE images were taken 15min later,
using a three-dimensional-T1-TFE sequence, pre-
conditioned with a 180-degree inversion pulse (flip
angle¼ 15�, TE¼ 1.4 msec, TR¼ 5.5ms, TI 225
to 275ms as individually optimized to null
myocardial signal, matrix 256� 192 and slice
thickness¼ 5mm). Images were analysed according
to previously described protocols.6,16

CMR functional study
For each subject, localizing scans were obtained to
define the long (two-chamber) axis of the LV. A
mid-ventricular short axis view was prescribed
and used to plan a four-chamber view. The short

Table 1(a) Baseline clinical characteristics of active SLE
patients

Clinical characteristics Mean (SD)

Disease duration (months) 15 (5)

Myocarditis after SLE diagnosis (months) 9 (2)

ECLAM 18 (2)

SLAM-R at diagnosis (without myoc/tis) 14 (7)

Patients’ global assessment, 0–10 cm 2.5 (2)

Physicians’ global assessment, 0–10 cm 3.1 (2)

SLICC Damage Index (SDI) 1.3 (1.2)

ACR criteria at diagnosis 6 (1.3)

Clinical manifestations (% of patients)

Skin involvement 80

Musculoskeletal involvement 95

Pulmonary involvement 12

Renal involvement 30

Neuropsychiatric involvement 40

Haematological involvement 75

Hypothyroidism 8

Coronary artery disease 0

Hypertension 35

Diabetes mellitus 8

SLE: systemic lupus erythematosus; SD: standard deviation; ECLAM:

European Consensus Lupus Activity Measurement; SLAM-R:

Systemic Lupus Activity Measure, Revised; Myoc/tis: Myocarditis;

SLICC: Systemic Lupus International Collaborating Clinic; ACR:

American College of Rheumatology.

Table 1(b) Laboratory characteristics of active SLE patients

Laboratory characteristics
Mean
(SD)

Normal
range

ESR (mm/h) 80 (5) <5

Anti-dsDNA (WHO U/ml) 670 (10) 0–93

Complement 3 (mg/dl) 20 (5) 50–120

Complement 4 (mg/dl) 8 (3) 20–50

Lupus anticoagulant Negative Negative

Anti-phospholipid IgM (MPl/ml) 3 (1) 0–10

Fluorescent antinuclear antibody test (titre) 1: 640 Negative

p-anti-neutrophil antibody Negative Negative

c-anti-neutrophil antibody Negative Negative

Anti-Sjögren’s syndrome A (Ro) antibody (U/ml) 120 (2) 0–20

Anti-Sjögren’s syndrome B (La) antibody (U/ml) 99 (3) 0–20

Anti-Smith antibody (U/ml) 8 (2) 0–20

Anti-Smith/ribonucleoprotein antibody (U/ml) 26 (5) 0–20

SLE: systemic lupus erythematosus; SD: standard deviation; ESR:

erythrocyte sedimentation rate; Anti-dsDNA: anti-double-stranded

DNA; WHO: World Health Organization.

Table 1(c) Treatment of SLE patients

Glucocorticoids (%) 90

Hydroxychloroquine (%) 10

Cyclophosphamide (%) 20

Azathioprine (%) 20

Mycophenolate mofetil (%) 30

SLE: systemic lupus erythematosus.
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axis orientation was then defined accurately, per-
pendicular to both the two- and four-chamber
views. To cover the entire LV, 10 contiguous
(gap¼ 0mm) short axis slices were acquired in
each study. The imaging sequence was a two-
dimensional, multi-phase (16 cardiac phases were
acquired per cardiac cycle resulting in a temporal
resolution of 47ms for a heart rate of 80 beats/
min), steady-state free-precession (SSFP) sequence
(TE¼ 1.5ms, TR¼ 3.1ms, flip angle¼ 70�, slice
thickness¼ 8mm, acquired in-plane spatial reso-
lution¼ 1.8mm� 2.0mm) characterized by the
application of balanced gradients in all directions.

Image analysis
In T2-W STIR images the T2 ratio was derived by
dividing the signal measured from the region of
interest covering the LV myocardium over the
signal of a skeletal muscle in the same slice.

In T1-W the signal enhancement was calculated
by the following formula: intensity after Gd-DTPA
minus the intensity before Gd-DTPA divided by
the intensity before Gd-DTPA. The early myocar-
dial enhancement (EGE) was measured from the
region of interest covering the LV myocardium as
well as within a skeletal muscle in the same slice.
Latissimus dorsi muscle was used as an internal
standard. EGE was calculated by dividing the
enhancement of the myocardium by the enhance-
ment of skeletal muscle.

To assess the LGE images, all short-axis slices
from base to apex were inspected visually to iden-
tify areas of normal (completely nulled) myocar-
dium. Mean signal intensity and standard
deviation (SD) was derived and a threshold of
>2 SD exceeding the mean was used to define
areas of LGE. Summing the planimetered areas of
LGE in all short-axis slices yielded the total
volume, which was also expressed as a proportion
of total LV myocardium (% LGE). The LGE ana-
lysis was performed by one experienced reader and
reviewed and confirmed by a second expert reader
with both of the independent readers blinded to
patient identity and clinical profile. Any discrepan-
cies in analysis between the two readers was then
adjudicated by a senior reader with >10 years of
CMR experience, also blinded to patient identity
and clinical profile.

Cine images were used for the evaluation of left
ventricular ejection fraction (LVEF). LV endocar-
dial borders were outlined on the end-systolic and
end-diastolic short axis view images covering the
entire LV. Papillary muscles were considered myo-
cardium. LVEF was calculated as follows:
LVEF¼ [(volume at end-diastole� volume at

end-systole)/volume at end-diastole]. MRI-MASS
(Medis, Leiden, the Netherlands) software was
used and the readers were blinded to the clinical
data.

EMB
In patients with CMR study positive for myocardi-
tis who presented with reduced LVEF, recent
increase in troponin with normal coronary angio-
gram and/or ventricular tachycardia, an EMB was
performed according to guidelines of myocardial
biopsy.11 Eight EMBs were obtained from the
right side of the ventricular septum of each patient
with clinical suspicion of myocarditis, using a flex-
ible bioptome (Westmed, Germany) via the femoral
vein approach. Four specimens were used for the
histological evaluation, whereas the remaining four
specimens were subjected to DNA and RNA
extraction, using commercially prepared protocols,
to detect viral or microbial genomes. Post-biopsy
pericarditis without significant haemodynamic
deterioration was developed in two IM patients.

Histopathological analysis
EMBs were stained with Masson’s trichrome as
well as Giemsa stain and examined by light micros-
copy.17 For immunohistological identification
of cardiac immune cells, tissue sections were
treated with an avidin-biotin-immunoperoxidase
method according to the manufacturer’s protocol
(Vectastain Elite ABC Kit, Vector Lab,
Burlingame, CA, USA), applying the following
monoclonal antibodies: CD3 (T cells, Novocastra
Laboratories, UK) and PGM1 (macrophages,
Dako, Carpinteria, CA, USA).

The detection of >14 infiltrating leucocytes/mm2

in the presence of myocyte damage and/or fibrosis
in addition to enhanced human leucocyte antigen
(HLA) class II expression in professional antigen-
presenting immune cells and endothelium was used
for the diagnosis of active myocarditis. Healing
myocarditis was considered if the inflammation
was less extensive (<14 leucocytes/mm2), whereas
healed myocarditis was characterized by multifocal
fibrosis or scarring without inflammation (0 to 3
leucocytes/mm2), which is identical to normal
myocardium.17–19

Detection of viral genomes

DNAandRNAwere extracted simultaneously from
frozen heart muscle tissue probes. Polymerase chain
reaction (PCR)/reverse transcriptase (RT)-PCRwas
performed for the detection of enteroviruses (EVs)
(including coxsackieviruses and echoviruses),
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adenoviruses (ADVs), parvovirus B19 (PVB19),
human cytomegalovirus, Epstein–Barr virus,
herpes virus 1–6, chlamydia pneumoniae and tra-
chomatis.10,20–23 The quality (purity) and quantity
of the extracted nucleic acids (DNA, RNA) was
evaluated on a Nanodrop 2000c spectrophotometer
(ThermoScientific,Mannheim,Germany). As a con-
trol for the successful extraction of RNAs, as well as
for the presence of PCR inhibitors, an RT real-time
PCR assay was designed with primer/probe
sequences from the glucose-6-phosphate dehydro-
genase (G-6PDH) or b2-microglobulin or human
acidic ribosomal protein cDNAs (data not shown).
For the verification of the DNA extraction, a con-
ventional PCR assay was designed with specific
primers for the human b-globin gene (IVS-2, data
not shown). During the initial application of the
experiment, the specificity of the assay was ensured
by checking the primers/probes sequences for pos-
sible homologies in the gene banks against all pub-
lished sequences by sequence comparison analysis.

Statistical analysis
All measurements were expressed as mean� SD.
Statistical significance of the differences was inves-
tigated using the unpaired Student’s t test.
Correlation between variables was sought with
Pearson’s correlation coefficient. For non-para-
metric data, the Mann–Whitney test and
Spearman’s correlation coefficient were used,
respectively. Statistical significance was considered
as p< 0.05.

Results

Ten out of 50 suspected IM and five out of 25 SLE
patients were excluded from the study because of
CAD assessed by X-ray coronary angiography.

Chest pain and palpitations were the main rea-
sons to seek medical attention for the majority of
IM patients, followed by dyspnoea. In contrast, in
active SLE patients only a minority presented with
palpitations and chest pain. Sinus tachycardia was
the main ECG finding in IM as well as SLE
patients. ST elevation was identified in 10/40 IM
but in none with active SLE, negative T waves in
3/40 IM and in 2/20 SLE and Q waves in 8/40 IM
and in 1/20 SLE. According to expanded clinical
criteria for diagnosis of myocarditis,14 28/40 sus-
pected IM patients and 5/20 active SLE patients
were positive for myocarditis (Table 2).

Anti-SSA/Ro antibodies were positive in 18/25
and anti-phospholipid antibodies in 10/25 of

active SLE patients. An increase in troponin I
levels was found in 13/40 suspected IM and in
1/20 active SLE patients, with a range of
10–15 mg/l (normal values: <0.1 mg/l); in NT-pro
BNP in 8/40 IM and in 2/20 SLE patients, with a
range of 500–900 ng/l (normal values <125 ng/l); in
CRP in 9/40 IM and in 18/20 SLE patients, with a
range of 50–90mg/l (normal values <5mg/l).

CMR was positive for myocarditis in 35/40
(87.5%) of suspected IM and in 16/20 (80%) of
active SLE patients according to criteria proposed
by a white paper of the Journal of the American
College of Cardiology.16 T2 and EGE in IM
and SLE were increased compared to controls
(2.1� 0.54 and 2.4� 0.4 vs 1.6� 0.1 and
5.35� 2.3 and 5.8� 2 vs 3.6� 0.08, p< 0.001,
respectively). LGE, compatible with myocarditis,
was identified in 28/35 IM and in only five of 16
SLE patients. LGE was located in the posterolat-
eral wall (PS) of the LV in 20/35 and in the intra-
ventricular septum (IVS) in 8/35 IM patients. In all
SLE patients with myocarditis, the LGE was iden-
tified in the PS of LV. LGE extent was 8� 4.4% of
myocardial mass in IM and 3.5� 5.5% of myocar-
dial mass in SLE patients (p< 0.001) (Table 3). A
positive correlation was identified only between
anti-SSA/Ro antibodies and SLE myocarditis diag-
nosed by CMR.

LVEF in the whole population of IM and SLE
did not differ from that of controls (Table 3).
However, it was significantly decreased compared
to controls in 10/35 with IM, but in only 2/16 with

Table 2 Presenting symptoms and clinical findings of patients
with suspected IM and active SLE. (LV dilation, regional

hypertrophy and Wall motion changes were identified
by CMR)

IM
(n¼ 40)

SLE
(n¼ 20) p value

Fatigue 0 0 NS

Dyspnoea 10 2 <0.001

Chest pain 20 3 <0.001

Palpitations 25 8 <0.001

Syncope 0 0 NS

Viral prodrome 8 0 <0.001

Fever 5 0 <0.001

ECG 23 3 <0.001

Wall motion changes 12 2 <0.001

LV dilation 10 2 <0.001

Regional hypertrophy 0 0 NS

Troponine I 13 1 <0.001

Clinical criteria (þ) for myocarditis 28 5 <0.001

IM: infective myocarditis; SLE: systemic lupus erythematosus; LV: left

ventricle; CMR: cardiac magnetic resonance imaging; ECG: electro-

cardiogram; NS: not significant.
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SLE (p< 0.001). No correlation was found between
T2, EGE, LGE and LVEF. Concurrent pericarditis
was not identified in any of the patients.

EMB performed in 25/35 IM with positive CMR
showed positive immunohistology in 18/25 (15 with
active and three with healing myocarditis) and
infectious genomes in 24/25, while in 7/16 CMR-
positive SLE, a positive immunohistology was iden-
tified in 3/7 (all with active myocarditis) and an
infectious genome in only 1/7. Herpes 1 and 2,
Parvo B19 and CMV were the most commonly
detected viral genomes in IM (Parvo B19 in
12/25, herpes 1 and 2 in 8/25 and CMV in 4/25)
while CMV was detected in only one SLE patient.

Detailed clinical, CMR and biopsy findings of
suspected IM and active SLE patients are presented
in Table 4. CMR images from IM and active SLE
are presented in Figures 1 and 2.

Discussion

In this study we evaluated the diagnostic role of
CMR in detecting myocardial inflammation in
SLE and its differentiation from viral myocarditis,
comparing the expanded clinical criteria, the CMR
and the EMB data. We found that patients with
positive CMR in the setting of IM were more
likely to be symptomatic than those with positive
CMR during active SLE. High T2 and EGE values
were the main CMR findings of IM and SLE
patients. However, LGE was positive in the major-
ity of IM, but only in the minority of SLE patients.
EMB identified myocarditis in more than half of
CMR-positive patients. However, PCR was posi-
tive in almost all IM, but negative in the majority
of SLE patients. A positive correlation was identi-
fied between anti-SSA/Ro antibodies and SLE
myocarditis diagnosed by CMR. Due to subclinical
presentation of SLE myocarditis and the limita-
tions of EMB, CMR seems to be the best alterna-
tive for assessment of myocardial inflammation
during active SLE.

In myocarditis, independently of causative
factor, local myocardial inflammation takes place
at the site of injury as an effort of the immune
system to eliminate the disturbing agent. This pro-
cess can be induced by bacteria, viruses and/or
parasites in IM.24,25 The initial reaction is charac-
terized by accumulation of leucocytes and specific
serum factors at the site of injury (acute phase). If
the innate defence mechanisms cannot successfully
cope with the pathogenic factor, then inflammation
may persist (chronic phase) and contribute to
dilated cardiomyopathy.25 In SLE, immune com-
plex mediated vascular disease results in interstitial
inflammation and secondary myocyte injury.26

Circulating antibodies such as antimyocardial or
anticardiolipin antibodies may also contribute to
this process.26 These autoantibodies can directly
affect heart tissue or, alternatively, trigger mechan-
isms able to cause heart damage. The consequences
of autoantibodies’ damage have been reported in
several heart structures such as valves, myocar-
dium, pericardium, conduction tissue and coronary
arteries in SLE, anti-phospholipid syndrome
(APS), Sjögren’s syndrome and other autoimmune
rheumatic diseases (ARD).26 The clinical

Table 4 Numbers of suspected IM and active SLE patients,
presenting how many had coronary angiography (CA), endo-
myocardial biopsy, clinical diagnosis of myocarditis as well as
the major CMR findings

X-ray CA 50 25 NS

Diagnosed CAD 10/50 5/25 p< 0.001

Clinical criteria (þ) for myocarditis 28/40 5/20 p< 0.001

CMR (þ) for myocarditis 35/40 16/20 p< 0.001

T2þEGE 7/35 11/16 p< 0.001

T2þLGE 12/35 3/16 p< 0.001

EGEþLGE 16/35 2/16 p< 0.001

Biopsy performed 25/35 7/16 p< 0.001

Histology (þ) 18/25 3/7 <0.001

PCR (þ) 24/25 1/7 <0.001

IM: infective myocarditis; SLE: systemic lupus erythematosus; CMR:

cardiac magnetic resonance imaging; NS: not significant; CAD: cor-

onary artery disease; EGE: early gadolinium-enhanced image; LGE:

late gadolinium-enhanced image; PCR: polymerase chain reaction.

Table 3 CMR measurements in patients with suspected IM,
active SLE and controls

CMR parameters
IM
(n¼ 40)

SLE
(n¼ 20)

Controls
(n¼ 20) p value

T2 ratio 2.12� 0.54a 2.4� 0.4a 1.9� 0.1 <0.001

EGE ratio 8� 4.4a 7.8� 4.8a 3.5� 0.2 <0.001

LGE (%) 8� 4.4a,b 3.5� 5.5a 0 <0.001

LVEDV (ml) 161.5� 48.9 146� 49.3 135� 15.72 NS

LVESV (ml) 78.4� 49.1 64� 53.8 54.6� 6.16 NS

LVEF (%) 55.3� 16.5 60.7� 17.2 62� 0.2 NS

CMR: cardiac magnetic resonance imaging; IM: infective myocarditis;

SLE: systemic lupus erythematosus; EGE: early gadolinium-enhanced

image; LGE: late gadolinium-enhanced image; LVEDV: left ventricu-

lar end-diastolic volume; LVESV: left ventricle end-systolic volume;

LVEF: left ventricular ejection fraction.
ap< 0.001 vs controls.
bp< 0.001 vs SLE.
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presentation of SLE myocarditis ranges from 3%
to 15%, although it is more common in autopsy
studies, suggesting the largely subclinical presenta-
tion of the disease.26 Some reports support an asso-
ciation between anti-SSA/Ro antibodies and
myocarditis.26 SLE myocarditis should be treated
immediately with high-dose steroids to avoid early
and/or late complications.

The clinical presentation of IM and SLE myo-
carditis may be similar and could progress to ven-
tricular dysfunction, dilated cardiomyopathy
(DCM) and heart failure. Recently, CMR has
been proposed as the best non-invasive technique
for diagnosis of myocarditis.16 However, to our
knowledge, there are no studies evaluating the diag-
nostic role of CMR in the detection of myocardial
inflammation in SLE and its differentiation from
viral myocarditis. In our study, using the expanded

clinical criteria and performing CMR and EMB in
a population of active SLE and suspected IM
patients, we identified that although the clinical
diagnosis was of high probability in the majority
of IM patients, SLE myocarditis was mainly
subclinical.

CMR is inherently very attractive for the detec-
tion of myocarditis because of its sensitivity in
detecting tissue changes taking place during inflam-
mation. T2 is increased during inflammation or
necrosis because of the development of oedema.
Data comparing the T2 values with myocardial
biopsy are rather rare.10,27 In our patients, T2
values did not correlate with the EMB results
nor with the LVEF values in IM and SLE patients
as we documented in our previous studies.10

Previous studies of SLE myocarditis demonstrated
an increase of myocardial T126 and T2 relaxation

Figure 2 Cardiac magnetic resonance (CMR) images (T2, left, with evidence of high signal due to oedema and late gadolinium-
enhanced image (LGE), right, without the presence of gadolinium enhancement) from a patient with systemic lupus
erythematosus (SLE).

Figure 1 Cardiac magnetic resonance (CMR) images (T2, left, with evidence of high signal due to oedema and late gadolinium-
enhanced image (LGE), right, with epicardial LGE in apicolateral area of left ventricle (LV)) from a patient with infective
myocarditis (IM).
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time.27 According to these studies, T1 calculated
from magnetic resonance imaging (MRI) is often
abnormal in SLE and probably indicates myocar-
dial involvement.26 Additionally, the increase in T2
relaxation is a sensitive indicator of myocardial dis-
ease in active SLE, even in the absence of myocar-
dial involvement by clinical criteria.27 Since it is
well known that free water protons exhibit such a
pattern in myocarditis, oedema was considered as
the pathophysiological mechanism behind this phe-
nomenon. This finding has also been documented
by myocardium histopathological evaluation in
SLE myocarditis.28 The detection of oedema in
our patients was in agreement with previous studies
in SLE myocarditis.6,7,26–28

EGE reflects increased capillary leakage, and
LGE is indicative of myocardial fibrosis, according
to the previous experience from both infective and
SLE myocarditis.7,16,27–29 However, studies with
both EGE and LGE in SLE myocarditis are
rather limited in the literature.7,27,29 Our results
were in agreement with these studies, documenting
their important role in the CMR detection of SLE
myocarditis.7,27 Furthermore, we also assessed that
positive LGE was not the dominant finding, at least
at the early stages of SLE myocarditis, as in our
patients. Our findings about LGE were in agree-
ment with those of Edwards et al., who also did
not identify LGE areas during the course of SLE
myocarditis.30

The presence of decreased LVEF, documented in
10/35 with IM and in 2/16 with SLE, is another
interesting finding. The high percentage of IM,
with decreased LVEF in our IM suspected patients,
may be due to the fact that, as a tertiary cardiac
centre, we accept the most complicated cases. On
the other hand, the low percentage of decreased
LVEF in active SLE was expected because usually
only a small percentage of SLE myocarditis pre-
sents clinically with low LVEF.26

In EMB, a positive histology was identified in
72% of IM, but only in 42.6% of SLE patients.
Our data were in agreement with previous studies,
finding that the sensitivity of EMB even after the
application of immunohistological techniques
remains low.31 According to some studies, the
histological evaluation of myocardial specimens
yields diagnosis in only 10–20% of cases.32

Although biopsy provides crucial information
regarding the type of inflammatory infiltrates
(lymphocytic, neutrophilic, eosinophilic, granu-
lomatous and giant cell), the sampling error still
remains a serious limitation.31 It is also important
to note that only four to six biopsy samples are
routinely performed, and a careful post-mortem

analysis of proven myocarditis cases demonstrated
that >17 samples were necessary to correctly diag-
nose myocarditis in >80% of cases.33,34 Recently,
the cardioscope-guided biopsy has been success-
fully used to increase the accuracy of histological
diagnosis.35 Additionally, EMB is of value to iden-
tify different types of myocarditis before starting
specific anti-inflammatory treatment.36 However,
it is an invasive technique and cannot be routinely
used for patient follow-up.

According to previous studies, the definite diag-
nosis of lupus myocarditis is histological, with typ-
ical features being interstitial oedema, focal
necrosis/fibrosis, and focal or diffuse inflammatory
cellular infiltrates.37 However, despite being
the gold standard for diagnosis, EMB cannot be
used routinely or repeatedly, particularly in asymp-
tomatic patients. CMR is sensitive to many of the
changes that characterize lupus myocarditis and
can be used as a non-invasive alternative in these
cases.38

Infectious genomes were identified in the major-
ity of IM patients, and herpes 1 and 2, Parvo B19
and CMV were the most commonly detected viral
genomes. Our results in IM were in agreement with
previous studies7,10,17,29 indicating the high fre-
quency of these viruses in the myocardium.
Furthermore, the addition of PCR techniques can
offer important information. However, a positive
PCR by itself is not obligatory proof of myocarditis
because viral genomes without positive histology
have already been identified in otherwise healthy
people.3 Different infectious agents can be innocent
bystanders in myocardium and only under special
conditions, such as immune defects, can they con-
tribute to clinically overt myocarditis. A combin-
ation of a CMR approach and PCR evaluation of
myocardial specimens seems to be more sensitive
for the diagnosis of myocarditis than the currently
used gold standard of myocardial histology.17

Interestingly, CMV was also identified in the myo-
cardial specimens of one SLE patient. There are in
the literature some sporadic cases referring to CMV
myocarditis in SLE.29,39–43 However, in all of them
the clinical presentation was dramatic, with rapid
LV deterioration. In contrast, our SLE patient had
mild symptomatology, positive CMR and negative
immunohistology of myocardial specimens. Under
these circumstances, we may assume that CMV was
not involved in the aetiology of myocarditis, but it
was in the myocardium because of a previous sub-
clinical infection, unnoticed by the patient.

The current study presents several limitations:
a) lack of a true gold standard for myocarditis detec-
tion because of sampling error of biopsy; b) small
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patient number and small biopsy number, especially
in SLE; c) lack of targeted biopsy in the area of LGE
because of higher number of complications; d) lack
of biopsy in controls (ethical reasons); e) lack of T2
and T1 mapping for quantification of oedema and
diffuse, interstitial fibrosis; f) possible referral bias
because, as a tertiary centre, we admit the most
severe cases; g) catheterization laboratory referral
bias because all subjects were catheterized presum-
ably because of clinical indications; h) biopsy refer-
ral bias because biopsy was performed only on
patients who fulfilled the criteria given by guidelines
about myocardial biopsy;11 i) lack of short- and
long-term follow-up; and j) lack of CMR evaluation
in completely asymptomatic active SLE in order to
identify the possibility of clinically silent lupus
myocarditis.

Clinical implications of our findings

Our findings may have some important clinical
implications in the diagnosis of myocarditis.
Although an overt clinical presentation contributes
to a definite diagnosis in the majority of IM
patients, a positive CMR can strengthen the diag-
nosis in clinically uncertain cases. In contrast,
active SLE patients with atypical cardiac involve-
ment may have a CMR positive for myocarditis
although they are under immunosuppressive treat-
ment and considered as being under control. The
diagnosis of SLE myocarditis may suggest a differ-
ent therapeutic approach and application of more
cardio-specific immunosuppressive treatment. At
the moment it is unknown if subclinical SLE myo-
carditis should be treated as aggressively as the clin-
ically overt kind. Furthermore, there are no data
about the possible evolution of subclinical myocar-
ditis to heart failure, as it is observed in IM.10,44,45

Results coming from a recent study indicated that
ethnicity and disease activity at diagnosis were
associated with the occurrence of myocarditis in
SLE and also that myocarditis did not significantly
affect disease activity over time, but has some
impact on damage accrual and survival, reflecting
overall the more severe disease in these SLE
patients.46 Further multicentre studies with short-
and long-term follow-up are needed before we will
be able to present final statements.

In conclusion, after evaluation of the diagnostic
role of CMR in a population of suspected IM and
active SLE patients, we proved that high T2 and
EGE values were the main characteristics of IM
and SLE patients. LGE was positive in the majority
of IM patients and only in the minority of active
SLE patients. EMB identified myocarditis in more

than half of CMR-positive patients. However, PCR
was positive in almost all IM, but unusual in SLE.
Due to subclinical presentation of SLE myocarditis
and the limitations of EMB, CMR seems to be the
best alternative for assessment of myocardial
inflammation during active SLE.
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