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ABSTRACT:

Lupic myocarditis is a rare but serious cardiac manifestation of systemic lupus erythematosus (SLE). It results from autoimmune inflammation of the
myocardium, leading to potential complications such as arrhythmias, heart failure, and sudden cardiac death. Cardiac magnetic resonance imaging (CMR) is a
key non-invasive tool for diagnosing lupic myocarditis. Early diagnosis using CMR improves prognosis by enabling timely immunosuppressive therapy,
preventing long-term cardiac dysfunction. Regular cardiac monitoring remains essential in SLE patients at risk.

Objective:
The objective of our study is to highlight the involvement of the left ventricle in cases of SLE, assess its morphology and function, and emphasize the
contribution of MRI in the evaluation and diagnostic guidance.

Methods:
This is a descriptive retrospective study of a series of 5 patients with SLE, referred to our MRI unit from various departments, particularly internal medicine, for
suspected lupic myocarditis.

Results:
The study and the review of literature demonstrate that cardiac MRI is an indispensable tool in the diagnosis, management, and follow-up of lupic myocarditis,
offering superior sensitivity and specificity compared to other imaging modalities.

Conclusion:
Lupic myocarditis is a serious condition with pancarditis, often affecting ventricular function. Diagnosis relies on clinical suspicion and echocardiography, with
cardiac MRI being the most effective non-invasive tool. The prognosis can be poor in severe cases, and treatment remains unclear.
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3. Indication for MRI

4. Summary of epidemiological, clinical, and echocardiographic parameters

5. ECG shows upward concave ST-segment elevation

6. Short-axis T2-weighted sequence: No hyper intensity observed, indicating the absence of edema.

7. Short-axis view in late gadolinium enhancement sequence: reveals sub epicardial contrast uptake in the inferior wall and
patchy intra myocardial nodular enhancement in the infero septal wall.

INTRODUCTION

Acute myocarditis is defined as myocardial inflammation caused by a wide range of infectious agents (viruses, bacteria, and others), systemic diseases,
medications, and toxins. Clinical presentation can vary from asymptomatic forms to acute fulminant cases, as well as sub-acute or chronic presentations.

The European Society of Cardiology's expert group emphasizes the importance of myocardial biopsy for a definitive diagnosis, though imaging
methods are often secondary. However, in practice, biopsy is rarely performed due to associated risks.

Histologically, acute myocarditis is characterized by inflammatory infiltrates in the myocardium with necrosis and/or myocyte damage, explaining the
myocardial dysfunction seen with imaging methods.

Echocardiography is typically the first-line exam, but findings such as left ventricular dilation and segmental hypokinesis/akinesis are non-specific.

Cardiac MRI is the key diagnostic tool for confirming acute myocarditis, revealing inflammatory lesions with contrast uptake, often in the subepicardial
region. T2-weighted imaging sequences help identify edematous segments that appear as hyperintense areas in the myocardium. Dynamic sequences
assess left ventricular systolic function, segmental motion, and heart cavity sizes, thicknesses, and volumes. After gadolinium injection, late gadolinium
enhancement (LGE) highlights myocardial damage, typically subepicardial or mid-ventricular in location, distinguishing it from ischemic processes
(which typically show endocardial involvement).

This work will focus on myocarditis in systemic lupus erythematosus (SLE). We will present literature data on the primary pathophysiological
mechanisms, the role of cardiac MRI in diagnosis and management, through 5 patient cases with suspected acute myocarditis based on clinical,
biological, and/or echocardiographic findings.

MATERIALS AND METHODS

The objective of our study is to highlight left ventricular involvement in systemic lupus erythematous (SLE), assess its morphology and function, and
emphasize the role of MRI in evaluation and diagnostic orientation.

Through five cases of patients with lupus erythematous referred to our MRI unit from various departments, notably internal medicine for suspected
lupus myocarditis, we investigated:

 The confirmed diagnosis of disseminated lupus erythematous in all patients

 The presence of a clinical context suggestive of myocarditis

 Suspected diastolic or systolic dysfunction of the left ventricle on echocardiography

All patients meeting these criteria were included and underwent cardiac MRI.

The data collected from the study population are as follows:

a) Epidemiological Data:

Demographic data:

 Name

 Sex

 Age

 Circumstances of discovery

 Signs of heart failure

Complementary examination data:

 ECG abnormalities
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 Echocardiographic results

b) Imaging Data (Cross-sectional Imaging):

Cardiac MRI:

 Cardiac chambers: analysis of the ventricles (end-diastolic volume, end-systolic volume, ejection fraction), ventricular and atrial diameters.

 Tagging: assessment of intrinsic contractility abnormalities

 Detection of myocardial edema

 Early enhancement (hyperemia)

 Late enhancement following gadolinium injection

Regarding MRI characteristics, an examination protocol was established: all examinations were performed on a Philips 3T MRI system, synchronized
with the electrocardiogram and retrospective acquisition. Sequences were acquired during apnea.

We used Gadovist® as the gadolinium chelate.

As for the acquisition protocol, as in any cardiac MRI examination, we began with a series of topograms and localization of the three reference cardiac
planes (long axis, short axis, and four-chamber view).

For CINE sequences, a classic multiplanar CINE MRI study was conducted using balanced steady-state free precession (Balanced FFE®) sequences,
with slices acquired from the base to the apex along the short axis covering the entire heart, as well as 2-chamber views of the left and right ventricles,
and 3- and 4-chamber views.

For T2-weighted sequences, we used specific sequences to evaluate myocardial edema, which appears as hyperintense, particularly the STIR sequence
(rapid spin-echo sequence with triple inversion recovery to suppress signals from fat and circulating blood, thereby enhancing the contrast between
edema, healthy myocardium, and the left ventricular cavity).

Additionally, a first-pass perfusion study was performed to assess early enhancement, followed by the study of late enhancement 5 to 10 minutes after
gadolinium injection.

Regarding MRI data analysis, it was performed using Philips-provided software. The measured covariates included the size of both atria, end-diastolic
and end-systolic diameters, end-diastolic and end-systolic volumes, and the ejection fraction of both ventricles. Myocardial wall thickness and cardiac
mass were also measured. For each patient, any abnormalities in global or segmental cardiac kinetics were specified, along with the analysis of intrinsic
contractility of the ventricular walls, ventricular chamber geometry, presence or absence of myocardial edema, hyperemia (early enhancement), and late
enhancement, with detailed description of the segmental location and extent.

RESULTS:

A. Clinical, Electrical, and Echocardiographic Characteristics:

1. Age and Sex

We present 5 cases. The reference characteristics of the study groups are shown in Table 3.

The mean age of our patients was 37.6 years. The youngest patient was 20 years old, and the oldest patient was 55 years old. There is a notable female
predominance, with 80% of patients being female (4 out of 5).

Figure 1: Distribution of patients by sexe Figure 2: Distribution of patients by age

Clinical Data
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All our patients had a confirmed diagnosis of disseminated lupus erythematous, with two patients having mixed connective tissue diseases. One case
(Patient No. 3) presented with lupus erythematous associated with thrombocytopenic purpura, while another case (Patient No. 4) had lupus
erythematous associated with rheumatoid arthritis.

Clinically, the main symptom was dyspnea in 3 cases, followed by chest pain and palpitations. All our patients had coronary artery disease excluded as
a criterion.

Figure 3: Indication for MRI

An electrocardiogram was performed on all cases and was abnormal in 2 cases. It showed repolarization disturbances in Patient No. 1 and ventricular
and supraventricular hyper excitability with numerous premature ventricular beats and supraventricular premature beats in Patient No. 3.
All our patients underwent transthoracic echocardiography, which was abnormal in 3 patients. It revealed left ventricular dysfunction, severe
pulmonary hypertension, and in Patient No. 5, mobile elements at the level of the aortic valve, suggestive of Libman-Sacks endocarditis in the context
of SLE.

Parameters Case n°1 Case n°2 Case n°3 Case n°4 Case n°5

Age 36 20 27 50 55

Sexe Female Female Female Female Masculine

Lupus Confirmed Confirmed Confirmed +
thrombocytopenic
purpura

Confirmed + RA Confirmed

Clinique atypical chest pain Dyspnea Palpitation Dyspnea Dyspnea

ECG Repolarization
Abnormalities

Normal Ventricular and
supraventricular
hyperexcitability

Not provided Normal

ETT Not provided LV Dysfunction Normal Severe PAH Element in the
aortic valve

Figure 4: Summary of epidemiological, clinical, and echocardiographic parameters

B.MRI Data

The cardiac MRI data of our patients are detailed in the tables below.

Case N° 1

Left Cavities Right Cavities

EDD 44 mm EDD 24mm

ESD 27 mm RA 34 mm

EDV 63 ml Segmental kinetics Normal

ESV 24ml Late enhancement 10
minutes after

Absent

Ejection Fraction 62%
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GadoliniumLA 27mm

Segmental kinetics Normal

Edema: PD Absent

Late enhancement Inferior anterior medial-parietal

inferoseptal antero-lateral

Case N° 2

Left Cavities Right Cavities

EDD 56 mm EDD 29 mm

ESD 40 mm RA 36 mm

EDV 149 ml Segmental kinetics Normal

ESV 79 ml Late enhancement 10
minutes after
Gadolinium

Absent

Ejection Fraction 45%

LA 35 mm

Segmental Kinetics Global hypokinesia

Perfusion Delay Absent

Late enhancement Absent

Cas N° 3

Cavités gauche Cavités droites

EDD 51 mm EDD 26 mm

ESD 31 mm RA 35 mm

EDV 105 ml Segmental kinetics Normal

ESV 42 ml Late enhancement 10
minutes after
Gadolinium

Absent

Ejection fraction 60 %

LA 31 mm

Segmental kinetics Normal

Perfusion Delay Absent

Late enhancement Absent

Case N° 4

Left Cavities Right Cavities

EDD 42 mm EDD 51 mm

ESD 24 mm RA 55 mm

EDV 108 ml Segmental kinetics Normal

ESV 39 ml Late enhancement 10
minutes after
Gadolinium

Absent

Ejection Fraction 63%

LA 31 mm

Segmental Kinetics Paradoxical septum with altered
tagging
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Perfusion delay Absent

Late enhancement Absent

Case N° 5

Left Cavities Right Cavities

EDD 53 mm EDD 29 mm

ESD 35 mm RA 38 mm

EDV 122 ml Segmental kinetics Normal

ESV 43 ml Late enhancement 10
minutes after
Gadolinium

Absent

Ejection Fraction 65%

LA 36 mm

Segmental kinetics Normal

Perfusion Delay Absent

Late enhancement Absent

1. Analysis of Left Cavities:

Cardiac MRI in myocarditis primarily assesses left ventricular function. It looks for systolic dysfunction and impaired contractility, along with
possible myocardial enhancement. Myocardial edema is rarely found due to late imaging. The mean end-diastolic diameter was 49.2 mm. The
mean end-systolic diameter was 31.4 mm. The mean left ventricular end-diastolic volume (VTDVG) was 109.4 ml. The mean end-systolic
volume (VTSVG) was 45.4 ml.

Four patients had left ventricular diameters and volumes within normal limits. Case No. 2 showed a dilated left ventricle with a DTDVG of 56
mm, DTSVG of 40 mm, VTDVG of 149 ml, and VTSVG of 79 ml.

The ejection fraction was preserved in four cases (>60%) with normal wall kinetics. Case No. 2 had an impaired ejection fraction of 45% with
global hypokinesis.

The left atrium was of normal size in all patients.

2. Analysis of Right Cavities:

The analysis of right cavities assesses myocarditis extension and associated pathologies.

The mean right ventricular end-diastolic diameter (DTDVD) was 31.8 mm. The mean right atrial diameter was 39.6 mm.

The right ventricle was normal in size and volume in four cases. In Case No. 3, the right atrium was dilated at 55 mm, with a DTDVD of 51 mm.
The septum showed a paradoxical movement, and intrinsic contractility was impaired in the septum. A massive tricuspid regurgitation was observed in
this patient. These findings suggest severe pulmonary hypertension, likely due to mixed connective tissue disease.

3. Study of Enhancement:

Late enhancement was present only in Case No. 1. It showed diffuse myocardial fibrosis in the inferior, anterior, and anterolateral walls, indicative of
lupus myocarditis.

DISCUSSION

A. Epidemiological Data on Age and Sex:

Few studies have focused on lupus myocarditis, with most research addressing cardiac involvement in the three cardiac layers in cases of systemic
lupus erythematosus (SLE), predominantly highlighting pericardial involvement.

The most recent Moroccan study was conducted in 2016 by Harouna H. et al. [1], which included 31 patients with cardiac involvement out of 121
SLE cases. Cardiac involvement was predominantly pericarditis of low abundance in 27 cases, while myocarditis was present in only 4 cases.
Another Moroccan study conducted in 2015 by Oubelkacem et al. [2], on 165 lupus patients, found that 11 had myocardial involvement. Ten of
these patients were female, with an average age of 35 years, ranging from 16 to 49 years.

These national data align with our findings, showing a clear female predominance (80%) and a young age at the time of diagnosis.
Internationally, the largest series in the literature was conducted by the Mayo Clinic, published in 2012 by Zawadowski et al. [3], which included
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24 cases with inclusion criteria of a confirmed diagnosis of SLE associated with clinical symptoms and abnormalities on echocardiography (ETT)
or cardiac MRI, excluding coronary artery disease. The study showed a female predominance of 79%, with a mean age of 47.6 years.

Another Chinese study, conducted between 2001 and 2012 by Li Zhang et al. [4], published in 2015, and focused on 25 patients with lupus
myocarditis. Twenty-two of the patients were female (88%), and the average age was 28.0 ± 12.28 years.

B. Positive Diagnosis

1. Clinical Manifestations:

Clinical signs of acute myocarditis are numerous and nonspecific. The diagnosis should be considered in the presence of recent signs of
heart failure or supraventricular or ventricular arrhythmias in the absence of coronary or valvular disease. At the time of diagnosis, patients
may present with chest pain, arthralgia, fever, or a general feeling of malaise. The signs of heart failure can be subtle or, conversely, quite
prominent [5, 6].

2. Physical Examination:

The clinical examination may be normal, and the patient’s hemodynamic status is usually stable, though signs of instability and shock can be present.
Heart failure signs may also be found, including tachycardia, a gallop rhythm, and crackles. Signs of right heart failure may include jugular venous
distension and peripheral edema. Furthermore, patients with ventricular dilation may have a mitral regurgitation murmur, typically described as a
holosystolic apical murmur. A pericardial friction rub may also be appreciated, especially in cases of concomitant pericarditis [5, 6].

3. Electrocardiogram (ECG):

The ECG can show arrhythmias at all levels, intraventricular or atrioventricular conduction disturbances. Sometimes, systematic repolarization
disturbances are observed, which are compatible with a myocardial infarction diagnosis and can lead to unnecessary urgent revascularization
discussions [5, 6].

Figure 5: ECG shows upward concave ST-segment elevation

4. Biological Assessment

The serum levels of cardiac enzymes, particularly Troponin Ic, are frequently elevated and are proportional to the severity of the disease [7, 8].
Occasionally, leukocytosis (or leukopenia), elevated serum C-reactive protein (CRP), and an increased erythrocyte sedimentation rate (ESR) may be
observed.

5. Role of Echocardiography

Conventional transthoracic echocardiography (TTE) is often the first imaging test. It can reveal left ventricular dilation to varying degrees, alterations
in segmental kinetics, such as hypokinesis or akinesis, although it’s diagnostic utility remains limited in cases of preserved left ventricular ejection
fraction. Additionally, echocardiography can show an associated pericardial effusion and provides an estimation of systolic pulmonary pressure and
diastolic function [9].The analysis of myocardial deformation (strain) through automated pixel tracking (speckle tracking) offers a more detailed
exploration of myocardial systolic function [10, 11]. Two-dimensional strain (2D strain), using adjacent myocardium as a reference point, allows for
angle-independent quantification along three orthogonal axes (circumferential, radial, and longitudinal). Several studies [12, 13] have shown that global
and regional myocardial deformation is decreased in myocarditis. Strain longitudinal grading (SLG) is effective in identifying myocardial abnormalities
in young populations with suspected myocarditis and preserved left ventricular ejection fraction.

6. Cardiac MRI

a) Indications for Cardiac MRI

b)

Recent or Persistent Recent Signs of Myocardial Injury Suspected Viral Etiology
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Suggestive Symptoms

Dyspnea Ventricular dysfunction on imaging Recent history of viral infection or recent
myocarditis

Or orthopnea Or recent or persistent ECG repolarization
abnormalities

Or absence of vascular risk factors

Or palpitations Or Troponin elevation Or age under 35 years

Or exertional malaise Or symptoms unexplained by documented
coronary artery disease

Or chest pain Or normal myocardial ischemia detection tests

Cardiac MRI should only be performed in symptomatic patients when there is sufficient clinical evidence of myocarditis and if the MRI findings are
expected to optimize diagnostic and therapeutic management [14]. It is particularly indicated in patients with recent or persistent symptoms suggestive
of myocardial injury, especially in cases of chest pain with elevated troponin levels and normal coronary arteries. Studies have shown that myocarditis
is identified in over 30% of such patients [15].

Relative indications may extend to individuals suspected of having myocarditis who are engaged in intense physical activity, particularly athletes, or to
patients with unexplained ECG abnormalities suggestive of myocarditis, even in the absence of symptoms [14].

b) MRI Diagnostic Criteria for Myocarditis ("Lake Louise Criteria")

Due to the lack of large-scale multicenter data, current recommendations reflect the best possible expert consensus. The Lake Louise Criteria combine
three tissue markers, and in cases of clinically suspected myocarditis, MRI findings are considered indicative of myocardial inflammation if at least two
of the following criteria are present:

 Increased myocardial T2 signal (regional or global):

o Myocardial edema

o Reversible myocardial injury

 Early gadolinium enhancement (T1-weighted imaging):

o Marker of myocardial vasodilation

 Late gadolinium enhancement (T1-weighted imaging):

o At least one focal lesion with a non-ischemic regional distribution

o Irreversible myocardial injury

 Additional supportive findings:

 Left ventricular dysfunction

 Pericardial effusion

When all imaging sequences are performed, the presence of two or all three tissue criteria allows myocarditis to be diagnosed or excluded with a
diagnostic accuracy of 78%. If only late gadolinium enhancement is observed, the diagnostic accuracy is reduced to 68%.

Figure 6: Short-axis T2-weighted sequence: No hyper intensity observed, indicating the absence of edema.
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Figure 7: Short-axis view in late gadolinium enhancement sequence: reveals sub epicardial contrast uptake in the inferior wall and patchy
intramyocardial nodular enhancement in the inferoseptal wall.

A follow-up MRI between one and two weeks is recommended when only one criterion is present or when all criteria are absent, especially if the
clinical presentation is highly suggestive of myocarditis [14]. In our study, only one patient had a single positive Lake Louise criterion, which was mid-
wall late gadolinium enhancement.

7. Myocardial Biopsy

A myocardial biopsy is recommended in cases of acute heart failure persisting for more than two weeks, the recent onset of arrhythmias or conduction
disorders, and/or suspicion of a specific disease (connective tissue disease, immunoallergic reaction, sarcoidosis) [16].

Myocardial biopsy is particularly useful in the assessment of unexplained cardiomyopathy that cannot be diagnosed through conventional cardiac
examinations. In a series of 845 patients, a definitive diagnosis was established in 75% of cases [17]. However, the sensitivity and specificity of the
procedure are limited due to the often focal and subendocardial nature of the histological lesions [18]. Furthermore, the severity of histological
involvement was not correlated with prognosis in one of the largest published series to date [19].

8. Diagnostic Criteria in the Literature

In the two Moroccan series by Haroun [1] and Oubelkacem [2], the diagnosis was established based on clinical criteria, particularly chest pain in the
absence of coronary artery disease, biological markers such as elevated cardiac enzymes (especially troponin), and echocardiographic findings showing
segmental wall motion abnormalities or left ventricular dysfunction. Notably, no patient in these studies underwent cardiac MRI or myocardial biopsy
to confirm the diagnosis.

Zawadowski [3] identified the diagnosis based on echocardiography, which demonstrated left ventricular dysfunction and segmental wall motion
abnormalities. Cardiac MRI was performed in only six patients, with late gadolinium enhancement observed in just two cases. Myocardial biopsy was
performed postmortem in a single patient who died of cardiogenic shock, revealing histological findings consistent with myocarditis.

In the Chinese study by Li Zhang [4], the diagnosis was based solely on echocardiographic criteria, with no patient undergoing cardiac MRI.
Beyond these series, a few case reports in the literature describe lupus myocarditis, with or without complications [20-21].

C. Treatment

Myocarditis is a rare but potentially fatal complication of systemic lupus erythematosus (SLE). Few controlled trials have been conducted, and most
reports are based on isolated case studies. High-dose corticosteroid therapy remains the most commonly used treatment for lupus myocarditis [4, 22]. It
appears to be an effective approach, leading to improved left ventricular function in hemodynamically stable patients. However, cases of lupus
myocarditis presenting with cardiogenic shock requiring mechanical support are rare.

Immunosuppressive agents such as azathioprine, cyclophosphamide, and Mizoribine have shown benefits in both acute and chronic lupus myocarditis,
with significant improvement in systolic function observed within six months of treatment initiation [23, 24]. Biologic therapies, including Rituximab
and Belimumab, may also be beneficial in SLE management [25, 26]. Belimumab was approved by the U.S. Food and Drug Administration (FDA) in
2011 for SLE patients receiving optimal standard therapy, including non-steroidal anti-inflammatory drugs (NSAIDs), corticosteroids, synthetic anti
malarials, and immunosuppressants.

Studies have demonstrated that this biologic therapy reduces disease severity and the recurrence of severe disease flares [27, 28].

However, these agents have not been specifically tested in lupus myocarditis, and no cases in the literature support their role in its treatment. Some
anecdotal cases have reported the use of intravenous immunoglobulins (IVIG) and plasmapheresis [29, 30].

Although treatment options for lupus myocarditis remain limited, biologic agents have shown promising results and may be valuable for managing
refractory cases, particularly those unresponsive to high-dose corticosteroids.
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D. Cardiac MRI Follow-up

The decision regarding the follow-up of myocarditis patients is not well standardized and is made on a case-by-case basis. Myocardial assessment in the
early stages of myocarditis may be less sensitive compared to evaluations conducted seven days after symptom onset [31]. This may be due to the focal
nature of inflammatory lesions in the early stages of the disease.

Thus, in cases where there is strong clinical suspicion of myocarditis but initial cardiac MRI findings are negative, repeat imaging is justified to
establish the diagnosis.

Follow-up imaging at least four weeks after disease onset may be beneficial, as tissue inflammation should not persist beyond 2 to 3 weeks. Persistent
inflammatory markers on MRI four weeks after symptom onset are considered a relevant prognostic factor [18].

E. Prognosis and Evolution

Myocarditis in SLE patients is a rare but potentially life-threatening complication.

The relative rarity of this condition limits the feasibility of controlled trials to determine optimal management and treatment strategies. Current clinical
decisions are largely based on anecdotal case reports. Additionally, long-term outcomes in patients who initially respond to treatment remain poorly
understood.

Life-threatening complications include ventricular arrhythmias leading to cardiac arrest or sudden death [20]. Other significant complications involve
the rapid onset of heart failure due to severe left ventricular dysfunction, as highlighted in multiple case reports. This condition can further deteriorate
into cardiogenic shock [32, 33, 34].

CONCLUSION

Lupus myocarditis, unlike viral myocarditis, is characterized by pancarditis with pericardial and valvular involvement. It frequently affects ventricular
function and can be a potentially life-threatening complication.

Diagnosis is primarily based on clinical suspicion, after excluding other etiologies, particularly coronary artery disease. Echocardiographic findings
confirming myocardial involvement include left ventricular systolic dysfunction, segmental wall motion abnormalities, and alterations in global
longitudinal strain.

The most specific and relevant diagnostic tool remains histology; however, myocardial biopsy is not commonly performed in routine practice. Instead,
cardiac MRI has emerged as the most effective imaging modality for myocarditis diagnosis, with well-established criteria.

The prognosis can be poor in the presence of ventricular arrhythmias or severe heart failure. Furthermore, an optimal treatment strategy for lupus
myocarditis has yet to be clearly defined.
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