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Myocardial tissue characterization in systemic lupus
erythematosus: value of a comprehensive cardiovascular

magnetic resonance approach
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Systemic lupus erythematosus (SLE) is a multi-organ inflammatory disorder mainly affecting
women and is associated with high cardiovascular morbidity and mortality. We tested the utility
of a comprehensive cardiovascular magnetic resonance approach to assess myocardial involvement
and to determine its relation to disease activity in SLE patients. We studied 20 SLE patients
(19 females, 35 ± 10 years) and 13 healthy volunteers (nine females, 28 ± 11 years). Classification
followed the criteria of the American College of Rheumatology and assessment of SLE activity was
based on the European Consensus Lupus Activity Measurement index. Cardiovascular magnetic
resonance (CMR) was performed on a 1.5T scanner and included the following sequences: steady-
state free precession, T2-weighted, early and late T1-weighted after gadolinium-DTPA (Diethylene
Triamine Pentaacetic Acid) injection. Ejection fraction was not significantly different between
groups (controls: 63 ± 6, inactive SLE: 67 ± 7, active SLE 64 ± 8; P = ns for all groups). In con-
trast, relative T2 ratio (myocardium to skeletal muscle) was significantly higher in active SLE than
in the other groups (controls: 1.7 ± 0.3, inactive: 1.8 ± 0.2, active: 2.1 ± 0.2; P = 0.003). Similarly,
early enhancement ratio was significantly higher in active SLE (controls: 2.4 ± 1.4, inactive:
2.8 ± 1.1, active: 4.5 ± 2.0, P = 0.039). Both relative T2 and early enhancement ratios significantly
correlated with disease activity. Intramural foci of late enhancement were observed in three of eight
patients (all with active SLE). Of the five patients with no late enhancement, only one had active
disease. An imaging approach combining T2-weighted, early and late enhancement imaging is a
useful tool to assess possible myocardial involvement in SLE. CMR parameters of global myocar-
dial involvement correlate well with disease activity, but not with usual clinical signs as summarized
in a cardiac score. Lupus (2008) 17, 561–567.
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Introduction

Myocardial involvement in systemic lupus erythe-
matosus (SLE) is frequent, but is difficult to assess.
The introduction of corticosteroids to SLE manage-
ment has decreased the incidence of autopsy-identified
lupus myocarditis from 50–75%1 to about 25–30%.2,3
Clinically, however, lupus myocarditis is identified in
only 9% of the cases4 with a significant fraction of

patients presenting with subclinical disease. Even when
manifestations develop, they are usually nonspecific or
subtle and may overlap with SLE clinical manifesta-
tions. Pericardial effusion is more frequently identified,
but it does not necessarily imply significant myocardial
involvement. Systolic function may be preserved until
late in the course of the disease limiting the potential
of echocardiography to screen for early involvement.
Endomyocardial biopsy cannot be used routinely and
repeatedly, particularly in subclinical cases. Patholog-
ically the disease is characterized by interstitial oedema,
focal necrosis/fibrosis as well as focal or diffuse inflam-
matory cellular infiltration.3,5 Cardiovascular magnetic
resonance (CMR) is sensitive to many of these injuries
through T2-weighted imaging (myocardial oedema),6,7
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early (hyperaemia and capillary leakage)8,9 and late
(necrosis/fibrosis) enhancement imaging10 mainly in
the myocardial infarction setting. Some reports have
already demonstrated the alteration of myocardial T1
and T2 relaxation times in lupus patients11,12. Yet, the
clinical utility of a comprehensive CMR approach13 to
assess lupusmyocarditis has not beenpreviously shown.

In this study, we attempt to explore the relationship
between disease activity and CMR parameters of
myocardial inflammation in a cohort of active and
inactive SLE patients. Additionally, we present pre-
liminary data demonstrating the clinical utility of
CMR to monitor the response of myocardial involve-
ment to therapy.

Subjects and methods

Patients

Twenty SLE patients (19 females, 35 ± 10 years) were
prospectively enrolled. SLE classification followed the
American College of Rheumatology criteria.14 Assess-
ment of SLE activity was based on the European
Consensus Lupus Activity Measurement (ECLAM)
index.15 Patients were classified into active (n = 9,
ECLAM ≥5) or inactive (n = 11, ECLAM <5) by
investigators blinded to CMR findings. Clinical car-
diac involvement was assessed using a cardiac score
taking into account the New York Heart Association
(NYHA) class, Canadian Cardiovascular Society
(CCS) class, ECG changes and elevation of serum
markers of cardiac injury. Each criterion was scored
as 0 (absent) or 1 (present) resulting in a score range
of 0–4. A cardiac score equal to 2 or above was con-
sidered positive. Exclusion criteria were: a history sug-
gestive of viral myocarditis, SLE-like autoimmune
disorders and general contraindications to CMR.

Control group

Thirteen healthy volunteers (nine females, 28 ± 11
years) with no current or past evidence of cardio-
vascular disorders served as our control group.

A written informed consent was obtained from
each patient and control and the local ethics commit-
tee approved the study.

CMR

Cardiovascular magnetic resonance studies were
performed on a 1.5 Tesla system (Signa CV/i; GE
medical systems,Milwaukee, Wisconsin, USA). Local-
ization was performed using breath-hold real time and
steady-state free precession (SSFP) images of true

anatomical axes of the heart. For the T2-weighted and
T1-weighted spin-echo sequences, which were used for
a quantitative evaluation, the body coil was used. We
applied a breath-hold black-blood, T2-weighted triple
inversion recovery sequence16 (TR 2xRR, TE 65 ms,
TI 140 ms) in three (basal, midventricular and apical)
short axis slices (slice thickness 15 mm, gap 5 mm, field
of view (FOV) 34–38 cm, matrix: 256 × 256). Breath-
hold SSFP images (TR 3.8 ms, TE 1.6 ms) were
acquired in 2- and 4-chamber views to assess global
ventricular function. We then applied a free breathing
spin echo sequence (TR 1RR interval, TE 14, slice
thickness 8 mm,matrix 512 × 304, imaging during dias-
tole) in four identical axial slices both before and after
i.v. injection of 0.1 mmol Gadolinium-DTPA (Magne-
vist®, Schering, Germany) using an automated injector
(Medrad, Pittsburgh, Pennsylvania, USA). The
sequence was started immediately after injection and
lasted 3–4 min, thus the images reflect gadolinium
enhancement at a mean of 2 min. In eight patients,
late enhancement images were acquired after an addi-
tional dose (0.1 mmol) of gadolinium-DTPA was
injected using an inversion-recovery T1-weighted
gradient-echo sequence (TR 5.5 ms, TE 1.4 ms, TI
225–275 ms as individually optimized to null myocar-
dial signal) applied after a delay of 10 min.

Image analysis

All analyses were performed by observers blinded to
subjects’ clinical profile using dedicated software
(Mass, Medis, the Netherlands).

Spin-echo images
Regions of interest (ROIs) covering the left ventricular
myocardium as well as within a skeletal muscle (erec-
tor spinae or lattisimus dorsi) in the same slice were
manually drawn in the pre-contrast images and were
copied to the post-contrast images and global relative
enhancement (gRE) was calculated as previously
described.8

T2-weighted images
Quantitative analysis: ROIs were drawn covering
the left ventricular myocardium and within a skele-
tal muscle in the same slice. The myocardial signal
intensity (SI) was related to that of the skeletal
muscle13: relative myocardial T2 SI = SImyocardium/
SIskeletal muscle.

Late gadolinium enhancement
Two independent observers assessed the presence,
number and transmurality of late gadolinium enhan-
cement (LGE) foci.

Myocardial tissue characterization in systemic lupus erythematosus
H Abdel-Aty, et al.

562

Lupus

 at MCGILL UNIVERSITY LIBRARY on January 1, 2015lup.sagepub.comDownloaded from 

http://lup.sagepub.com/
wenwanzhou
Highlight

wenwanzhou
Highlight

wenwanzhou
Highlight

wenwanzhou
Highlight



Statistics

All statistical tests were performed using a commer-
cially available statistical program (SPSS 11 for Mac-
intosh, Chicago, Illinois, USA). Data were presented
as mean ± standard deviation. Continuous variables
were compared using the Mann–Whitney U-test and
non-continuous data using the chi-squared test. Dif-
ferences among groups were evaluated using theKrus-
kal–Wallis test. Data were correlated using the Spear-
man’s correlation. A P-value <0.05 was considered
significant.

Results

Table 1 summarizes the characteristics and findings of
the study’s population whereas Table 2 addresses the
details of cardiac score and ECLAM index of the
study’s patients population.

Left ventricular function

Ejection fraction (EF) was not significantly different
between groups (controls: 63 ± 6, inactive: 67 ± 7,
active: 64 ± 8; P = ns for all groups, Figure 1).

T2-weighted imaging

Relative T2 ratio was significantly higher in active
SLE (controls: 1.7 ± 0.3, inactive: 1.8 ± 0.2, active:
2.1 ± 0.2; P = 0.003, Figures 1 and 2) and signifi-
cantly correlated with the ECLAM score (r = 0.49;
P = 0.037). T2 ratio did not significantly differ based
on cardiac score (positive: 2.1 ± 0.3, negative:
1.9 ± 0.2). The ratio did not correlate to EF,
anti-nuclear antibody (ANA), C-Reactive Protein
(CRP) or anti-double stranded DNA (Anti-
ds-DNA).

Global relative enhancement (gRE)

Global relative enhancement was significantly higher in
active SLE (controls: 2.4 ± 1.4, inactive: 2.8 ± 1.1,
active: 4.5 ± 2.0, P = 0.039, Figure 1) and significantly
correlated with the ECLAM score (r = 0.57; P = 0.009)
but not to EF, ANA, CRP or Anti-ds-DNA. gRE did
not significantly differ based on cardiac score (negative:
4.0 ± 1.8, positive: 2.4 ± 1.0, P = ns).

Late gadolinium enhancement (LGE)

Late gadolinium enhancement was observed in three of
eight patients and characteristically involved the

Table 1 Summary of patients’ demographics and characteristics

Number 20
Age 35 ± 10 years
Gender: female/male 19/1
EF 65 ± 8
Active SLE (%) 45%
Positive cardiac score 30%
ANA Value: 888 ± 470

ANA-positive patients: 100%
Anti-ds-DNA Value: 225 ± 316

Anti-ds-DNA positive patients: 76%

Table 2 Detailed characteristics of the study’s patient population

Patient no. Age Cardiac score CK elevation ECG changes NYHA class >1 CCS class >1 ECLAM index

1 21 0 Absent Absent Absent Absent 10
2 36 1 Absent Absent Absent Present 4
3 34 1 Absent Absent Present Absent 2
4 35 0 Absent Absent Absent Absent 2
5 36 2 Present Absent Present Absent 4
6 26 2 Absent Present Absent Present 5
7 33 1 Absent Absent Present Absent 8
8 19 0 Absent Absent Absent Absent 2
9 40 0 Absent Absent Absent Absent 4
10 50 0 Absent Absent Absent Absent 7
11 28 0 Absent Absent Absent Absent 1
12 33 3 Present Present Present Absent 5
13 24 3 Absent Present Present Present 6
14 40 0 Absent Absent Absent Absent 5
15 60 1 Absent Absent Present Absent 1
16 51 1 Absent Absent Absent Present 3
17 33 1 Absent Absent Present Absent 4
18 34 3 Present Present Absent Present 10
19 43 1 Absent Absent Present Absent 7
20 32 3 Present Present Present Absent 3

Abreviations: CK: creatine kinase; NYHA: New York Heart Association class; CCS: Canadian Society of Cardiology class; ECLAM: European Con-
sensus Lupus Activity Measurement index.
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Figure 1 Cardiovascular magnetic resonance functional and tissue characterization parameters in patients and controls. Box plots of
ejection fraction, relative T2 ratio and global relative enhancement in controls, inactive and active SLE patients.

Figure 2 T2-weighted imaging in patients and controls. Representative T2-weighted images from a control subject, a patient with
inactive SLE (ECLAM = 1) and a patient with active SLE (ECLAM = 10). Endo- and epicardial contours together with a region of
interest within a skeletal muscle are shown. Analysis was made quantitatively but even visually the myocardial SI appears similar to
that of the skeletal muscle in the control and inactive SLE patient (T2 ratio = 1.8). In the active SLE patient, however, the
myocardium exhibits a diffusely high T2 SI (T2 ratio = 2.3). Note that the myocardium appears thickened as well (all images are
acquired within diastole, same window settings). Arrows point to mild pericardial effusion in the SLE active patient.

Figure 3 Cardiovascular magnetic resonance tissue characterization in active SLE. T2-weighted, pre-, early and late post-
enhancement images from patient no. 18. The 30-year-old female presented with high SLE activity (ECLAM 10) together with severe
glomerulonephritis and angina pectoris. The myocardium appears homogenously bright compared with the skeletal muscle (same
patient as in Figure 2). Intense early enhancement is even visually appreciable (exact value: 6.8). Minute intramural focus of late
gadolinium enhancement is seen within the lateral wall (circle).
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inferolateral segments sparing the subendocardium
(Figures 3 and 4). All three patients had active SLE
and two had a positive cardiac score as well. Only one
(patient no. 10) of the five patients with no LGE had
active disease (ECLAM = 7).

Follow-up evaluations

Eight patients (five active and three inactive SLE)
returned for a follow-up evaluation. The average
follow-up duration was 6 ± 4 months. For the five
originally active patients, the ECLAM decreased from
7 ± 2 to 2 ± 0.7 (P = 0.039) and this was associated
with a reduction in T2 ratio from 2.2 ± 0.2 to
1.7 ± 0.3 (P = 0.043) and gRE from 4.2 ± 2.1 to
3.4 ± 1.3 (P = ns).

Discussion

The exact pathophysiological mechanisms underlying
the development of lupus myocarditis are not clear,
but the disease most likely represents immune
complex–mediated vascular phenomenon resulting in
interstitial inflammation and secondary myocyte
injury.17,18 Circulating antibodies, such as antimyocar-
dial or anticardiolipin antibodies, may also contribute
to lupus myocarditis.19 The imaging approach we
implemented was designed to capture three basic phe-
nomena of the myocardial inflammatory response
namely oedema, increased capillary leakage and focal
necrosis/fibrosis.

Early studies of lupus myocarditis demonstrated the
prolonged myocardial T1 relaxation time11 and a recent
report suggested that T2 relaxation time is elevated as

well.12 We used a T2-weighted sequence able to detect
tissues with long T1 and T2 simultaneously.16 In the set-
ting ofmyocarditis, only free water protons are known to
exhibit such a relaxation pattern suggesting that myocar-
dial oedema is the underlying mechanism behind the SI
differences, we observed between lupus patients and
healthy controls. Indeed, Sakaguchi, et al.5 found that
interstitial oedemawas a consistent histopathological fea-
ture of lupusmyocarditis. The presence of global oedema,
which is known to increase myocardial stiffness,20 may
offer an interesting link to the diastolic dysfunction often
observed in SLE patients,21 although this notion remains
speculative because we did not assess its validity in this
study.

Experience with LGE in SLE is limited to one case
report.22 Similar to our findings, LGE was intramural
and spared the subendocardium. The exact patho-
physiological backgrounds of LGE in this setting
arenot clearbut, similar toviralmyocarditis, focal fibrosis
appears to play amajor role.5 The predilection to involve
theposterolateral segments, similar to viralmyocarditis, is
intriguing and warrants further research.

Early myocardial enhancement reflects increased
capillary leakage23 a substantial feature of acute inflam-
mation. As such combining those three sequences offers
several advantages: firstly, both focal ‘LGE’ and global
(T2 and early enhancement) myocardial involvement can
be assessed; secondly, in the setting of acute myocarditis
the ‘age’ of injury can be estimated because T2 and early
enhancement abnormalities normalize in the subacute or
chronic stages of myocardial inflammation8,24 whereas
LGEgenerally persists.10Finally andas shown in the sub-
group we followed up in this report, this approach may
offer a potentialmeans of noninvasive diseasemonitoring
in this clinical setting.

Figure 4 Sub-clinical myocardial involvement detected by cardiovascular magnetic resonance. T2-weighted and late enhancement
images from a 21-year-old female patient (no. 1) presenting with nephritis, polyarthritis and polyserositis in the absence of any cardiac
symptoms, ECG changes or elevated markers of acute myocardial injury. The inferior, inferolateral and inferoseptal walls exhibit a
diffuse transmural high T2 signal (arrows). Corresponding late gadolinium enhancement is seen transmurally (inferolateral),
subepicardially (inferior) as well as patchy (inferoseptal). Arrowheads refer to pericardial enhancement in relation to the inferolateral
myocardial enhancement.

Myocardial tissue characterization in systemic lupus erythematosus
H Abdel-Aty, et al.

565

Lupus

 at MCGILL UNIVERSITY LIBRARY on January 1, 2015lup.sagepub.comDownloaded from 

http://lup.sagepub.com/


Cardiovascular magnetic resonance parameters of
myocardial inflammation did not correlate with a
cardiac score representing overt clinical myocardial
involvement or with left ventricular dysfunction. This
comes in agreement with recent reports12 and likely
reflects the high incidence of sub-clinical lupus myocar-
ditis previously observed applying other imaging
modalities.25 In fact, clinical myocardial involvement
is identified in <10%,4 whereas a recent autopsy study
found myocarditis in 33%3 of lupus patients. This dis-
crepancy together with the fact that cardiovascular
complications are a leading cause of death in SLE4

imply that identifying subclinical myocardial disease
may have an additional prognostic value.

ECLAM is a global disease activity score combining
several clinical and laboratory parameters routinely
assessed in SLE, but does not address possible myocar-
dial involvement.15 The correlation between ECLAM
andmyocarditis is a novel finding suggesting that global
disease activity may be accompanied by sub-clinical
end-organ injury. Indeed, focal sub-clinical cerebral
lesions were found to relate to disease activity in SLE
patients.26

Limitations and technical considerations

Themain limitation of this study is the lack of histopath-
ological correlation through endomyocardial biopsy.
Endomyocardial biopsy is not routinely performed in
this setting. Furthermore, the procedure was deemed
hazardous in this young population with preserved EF
and no clinical evidence of cardiac disease. Finally, the
validity of endomyocardial biopsy as a gold standard is
questioned.27 Late enhancement imaging was per-
formed in only 40% of the patients because a late
enhancement sequence was not available in our scanner
during the first 2 years of the study. Follow-up data
were available in only 40% of the patients. Despite the
limited number, we could show the preliminary value of
CMR as a tool monitoring myocardial tissue changes in
response to therapy. Future studies with larger follow-
up series are definitely warranted to systematically
address this issue.

Conclusion

A cardiovascular magnetic resonance comprehensive
approach combining T2-weighted, early and late
enhancement imaging is a useful tool to assess myocar-
dial involvement in lupus patients with preserved left
ventricular function.
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