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• Primary myocardial disease, or cardiomyopathy:

• a disease of the heart muscle itself

• not associated with congenital, valvular, or coronary heart disease or systemic 

disorders
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• Cardiomyopathy:

• three types 

• based on anatomic and functional features

• hypertrophic, dilated (or congestive), and restrictive
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• 1.hypertrophic cardiomyopathy (HCM):

• massive ventricular hypertrophy with a smaller than normal ventricular cavity

• Contractile function of the ventricle is enhanced, but ventricular filling is 

impaired by relaxation abnormalities
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• 2. Dilated (or congestive) cardiomyopathy:

• decreased contractile function of the ventricle associated with ventricular 

dilatation

• Endocardial fibroelastosis and doxorubicin cardiomyopathy:

• clinical features similar to those of dilated cardiomyopathy
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• 3. Restrictive cardiomyopathy:

• a restriction of diastolic filling of the ventricles (usually infiltrative disease)

• Contractile function of the ventricle may be normal, but there is marked 

dilatation of both atria
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Hypertrophic Cardiomyopathy
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• heterogeneous

• usually familial disorder of heart muscle
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• In about 50% of cases:

• inherited as a mendelian autosomal dominant trait 

• mutations in one of 10 genes encoding protein components of the cardiac 

sarcomere
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• The remainder of the cases:

• occurs sporadically
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• usually seen in adolescents and young adults

• equal gender distribution

• in children with LEOPARD syndrome
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Dilated or Congestive Cardiomyopathy
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CAUSE

• the most common form of cardiomyopathy

• The most common cause of dilated cardiomyopathy:

• idiopathic (>60%)

• followed by familial cardiomyopathy, active myocarditis, and other causes 
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Many cases of unexplained dilated cardiomyopathy may, in fact, result 

from subclinical myocarditis 
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• familial type:

• an autosomal dominant inheritance pattern is most frequent
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Other causes of dilated cardiomyopathy:

1. infectious causes other than viral infection (bacterial, fungal, protozoal, 

rickettsial)

2. endocrine-metabolic disorders (hyper- and hypothyroidism, excessive 

catecholamines, diabetes, hypocalcemia)
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3. nutritional disorders (kwashiorkor, beriberi, carnitine deficiency) 

4. Cardiotoxic agents:

• such as doxorubicin

5. systemic diseases:

• such as connective tissue disease can also cause dilated cardiomyopathy
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PATHOLOGY AND PATHOPHYSIOLOGY

• weakening of systolic contraction

• dilatation of all four cardiac chambers

• dilatation of the atria is in proportion to ventricular dilatation

• the ventricular walls are not thickened

• heart weight is increased 
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Restrictive Cardiomyopathy

• PREVALENCE AND CAUSE

• extremely rare form of cardiomyopathy

• 5% of cardiomyopathy cases in children

3/27/2024 Ehsan Aghaei,MD 22



• may be idiopathic

• it may be associated with a systemic disease:

Scleroderma, amyloidosis, Sarcoidosis, an inborn error of metabolism 

(mucopolysaccharidosis), Malignancies or radiation therapy
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PATHOLOGY AND PATHOPHYSIOLOGY

• markedly dilated atria and generally normal ventricular dimensions 

• Ventricular diastolic filling is impaired:

• excessively stiff ventricular walls

• Contractile function of the ventricle:

• normal
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LV Hypertrabulation

• also known as left ventricular noncompaction

• an intrauterine arrest of normal compaction of the loose interwoven meshwork of 

the ventricular myocardium which normally occurs during the first month of fetal 

life
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• affects LV with or without concomitant RV involvement 

• systolic and diastolic ventricular dysfunction
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• Familial recurrence:

• up to 25% 

• with a less severe form of abnormalities 
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• The most common complication of the disease:

• heart failure

• Less commonly:

• thromboembolic events, ventricular arrhythmias, and Wolff-Parkinson White 

syndrome 
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Thanks for your attention
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Central illustration
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The most recent revision in adult patients
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Different points of CMP charactristics in 
children
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Different points of CMP charactristics in 
children
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Stages of CMP
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Screening for phenotype positive asymptomatic  
DCM patients
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Therapy in asymptomatic stage B DCM
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Therapy in asymptomatic stage B DCM
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Therapy in stage C DCM patients
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Therapy in stage D DCM patients
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Future directions
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Future directions
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Thanks for your attention
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AGE OF ONSET OF GENETIC DISORDERS

(redrawn  from  Gelherter et al.  2nd ed)
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Congenital Heart Defects

• The most common congenital anomaly

• Very heterogenic in ethiology:

– Genetic:

• Chromosomal, single gene, multifactorial

– Non-Genetic:

• Maternal factors, Teratogen exposure, …



Example of common CHDs

T21, T18, T13

Turner Syndrome

22q11.2DS 

Williams-Beuren Syndrome

Marfan Syndrome

Noonan syndrome

CardioMyopathy

Numerical chr. Abn.

Microdeletion syn.:

Structural chr. Abn.

Single gene Disorders:

Point mutations/ Indel

Very heterogenic Single gene 

Disorders:

Point mutations/ Indel
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Karyotype is the best choice for postnatal diagnosis

Anuploidy syndromes



Microdeletion syndromes

22q11.2 deletion syndrome:

✓DiGeorge syndrome

✓Velocardiofacial syndrome

✓Conotruncal anomaly face syndrome

✓Autosomal dominant Opitz G/BBB syndrome

✓Sedlackova syndrome

✓Cayler cardiofacial syndrome

Williams-Beuren Syndrome



Del/Dup analysis for 22q11.2DS

Chromosomal microarray (CMA) (array CGH):

the most appropriate test to identify the 22q11.2 deletion in 

a proband because the phenotype is nonspecific and often performed 

as part of the evaluation of developmental delay or intellectual 

disability

FISH/MLPA:

rapid diagnosis if the syndrome is suspected clinically

confirmation of the deletion after CMA analysis

evaluating relatives of the proband for presence of the deletion
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MLPA
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DGS

Cat eye syndrome

Phelan/McDermid 

syndrome



Feuk L etal. Structural variation in the human genome. Nat Rev Genet 2006; 7: 85-97
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Chromosomal microarray analysis (CMA) (array CGH)



Marfan syndrome

Even in the presence of a FBN1 mutation known to be associated with 

Marfan syndrome, establishing the diagnosis of Marfan syndrome relies on 

documentation of significant clinical findings



Testing strategy (out of date)

• Single gene testing (FNB1)

• Multi-gene testing:

Clinical laboratories may offer a multi-gene 

Marfan syndrome/Loeys-Dietz 

syndrome/familial thoracic aortic aneurysms and 

dissections panel that includes FBN1 as well as a 

number of genes associated with disorders that 

include aortic aneurysms and dissections 

(Differential diagnosis)



Noonan Syndrome



Testing strategy (out of date)

• Sequential molecular genetic testing:
1. Sequence analysis of PTPN11 

2. If no mutation is identified, sequence 
analysis of SOS1 

3. (etc.) RAF1 

4. KRAS

5. NRAS

6. BRAF

7. MAP2K1



Testing strategy cont.

• Multigene panel:

in which some or all of the genes in the 
RasMAPK pathway that cause Noonan 
syndrome, cardiofaciocutaneous syndrome, 
and Costello syndrome are sequenced 
simultaneously



Hypertrophic Cardiomyopathy

• Mutation of one of the genes that encodes a 
component of the sarcomere are found in 
approximately 50%-60% of probands (adult and 
children) with a family history of HCM, and 
approximately 20%-30% of probands without a 
family history of HCM

• Approximately 6% of affected individuals have 
more than one sarcomere gene DNA variant

• More than 1500 individual mutations have 
been identified





Implication of Genetic Testing in HCM

• (1) Genetic testing recommended in 
patients fulfilling diagnostic criteria for or 
with signs or symptoms suggestive of HCM 
(class I).

• (2) In patients with suspected HCM, 
comprehensive physical examination and 
complete medical and three-generation 
family history are recommended as part of 
the initial diagnostic assessment (class I).

• (3) Pathogenic variant-specific cascade 
screening is recommended (class I).



Implication of Genetic Testing in HCM

• (4) In first-degree relatives of patients with 
HCM, both clinical screening (ECG and 
echocardiography) and cascade genetic 
testing should be offered (class I).

• (5) Genetic testing should be considered in 
deceased patients with pathologically 
confirmed HCM to facilitate cascade 
screening (class I).

• (6) In families affected by HCM, 
preconception and prenatal reproductive 
and genetic counseling should be offered.



Clinical evaluation for 1st

degree relatives



AD inheritance (one parent is affected)
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Channelopathies That Lead to 

Sudden Cardiac Death



Variant Classification

• Pathogenic: cascade screening

• Likely Pathogenic: cascade screening

• VUS

• Likely Benign

• Benign



Summary

• Genetic testing in heart failure clinics is useful for family 
screening and providing individual prognostic insight.

• Obtaining a family history of at least three generations is 
recommended for all patients with primary 
cardiomyopathy.

• Consultation with a genetic counsellor can aid in the 
success of a genetic evaluation. 

• Clinical screening should be performed on all first-degree 
relatives of patients with genetic cardiomyopathy.
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Thanks for your attention



In His Sublime Name

Role of MRI in myocarditis
diagnosis

Presented by:

Razieh Khazaei



Introduction
• Myocardial inflammation

– often from the host immune response triggered by 
– Infection
– autoimmune diseases
– ischemic injury
– Toxins

• Myocarditis
– more specific term

• a nonischemic inflammatory disease of the myocardium

– diagnosis on histologic evaluation of the myocardium showing 
inflammation and myocyte damage

• Cardiac MRI
– important role in assessment of suspected myocarditis

• identification can affect patient management and prognosis 

• The aim 
– an overview of the role of cardiac MRI
– typical findings in patients with nonischemic myocardial inflammation

• a focus on acute myocarditis after COVID-19 vaccination



Incidence and Pathophysiology

• Incidence 

– difficult to establish

• clinical symptoms are nonspecific
– chest pain

– shortness of breath

• endomyocardial biopsy is not frequently performed for 
definitive diagnosis
– one-third of patients with acute coronary syndrome without 

substantial coronary artery disease are ultimately diagnosed 
with acute myocarditis



• Myocarditis
– ultimately driven by an immune response

• acute myocarditis
– the initial trigger is either direct myocardial injury or immune dysregulation that induces 

inflammation by activating immune response

– a spectrum of clinical severity
• subclinical disease
• myocarditis with preserved cardiac function
• reduced systolic or diastolic function, arrhythmia, and rarely hemodynamic collapse and 

cardiogenic shock

– In most patients
• immune response is self-limited and downregulates with clearance of  initial trigger. 

However, depending on the degree of myocardial injury, patients may have residual 
myocardial dysfunction and fibrosis

– In a minority of patients
• inflammatory response can persist or recur, leading to chronic myocarditis

– Most patients recover completely after acute myocarditis
– less than 5% progress to dilated cardiomyopathy due to myocardial 

remodeling



• The most common trigger in developed countries

– viral infection 

• traditional serologic studies, viral cultures, and molecular 
techniques 

– lack both sensitivity and specificity

– COVID-19 

• elevated troponin levels in more than 60% of hospitalized 
patients 

– Directly by binding to the angiotensin-converting enzyme 2

– Indirectly by myocardial inflammation due to immune 
dysregulation



• Noninfectious causes
– autoimmune and immune-mediated disorders 

• Vasculitis

• connective tissue disorders (SLE …)

• granulomatous diseases (giant cell myocarditis)

– drugs
• Amphetamines

• immune check point inhibitors

– after immunization
• COVID-19 vaccination in a minority of patients



Diagnosis

• Establishing is important

– timely recognition can impact patient 
management and outcomes

– an important cause of sudden cardiac death in 
young adults

• up to 12% of sudden cardiac death cases



• Endomyocardial biopsy

– standard for definitive diagnosis

• not frequently performed 
– invasive nature and associated risks

• only indicated if the results will have a meaningful 
effect on therapeutic  decisions 



• Acute myocarditis is considered clinically 
suspected if
– at least one clinical criterion and at least one 

diagnostic 
• Clinical criteria

– acute chest pain
– new onset dyspnea
– Palpitations
– unexplained arrhythmia symptoms
– Syncope
– sudden cardiac death
– unexplained cardiogenic shock

• Diagnostic criteria 
– EKG,Holter monitor or stress test abnormalities
– elevated troponin levels
– functional and structural abnormalities at cardiac imaging
– typical tissue characterization features of edema and/ or late 

gadolinium enhancement (LGE) at cardiac MRI



• Cardiac MRI

– important role for diagnosis

– identifying or excluding other potential diagnoses 

• acute coronary syndrome or stress-induced 
cardiomyopathy

– may suggest a specific potential cause



Imaging Myocardial Inflammation

• Echocardiography
– often first imaging modality

• widely available 
• rapid assessment of cardiac size and function

– Typical findings
• increased myocardial wall thickness and echogenicity
• impaired global systolic function and strain
• regional wall motion abnormalities
• ventricular dilatation

– relatively nonspecific 

– important prognostic information
• increased LV size
• impaired function

– predictors of poor outcomes



• Coronary CT angiography

– noninvasive modality 

• excluding obstructive coronary artery disease in 
patients with acute chest pain and elevated troponin
levels

– Late iodine enhancement 

• useful in evaluating myocardial damage
– particularly in patients with a contraindication to MRI

• limited data specifically in acute myocarditis



• PET 
– well established in evaluation of active myocardial 

inflammation
• in the setting of cardiac  sarcoidosis

– Limited data demonstrate that PET can also 
identify inflammation in setting of acute 
myocarditis

– typically performed in conjunction with CT for 
anatomic localization

– more recently combined PET/MRI scanners



Cardiac MRI

• the most important noninvasive cardiac imaging 
modality
– diagnosis
– follow-up
– risk stratification of patients with nonischemic myocardial 

inflammation
– distinguishing myocarditis from other causes of acute 

chest pain in patients who have nonobstructive coronary 
arteries

– if there is diagnostic uncertainty 
– determine the presence and extent of myo/pericardial 

inflammation and fibrosis



Updated Lake Louise Criteria

• The LLC

– revised in 2018

• incorporate parametric mapping
– quantitative assessment of regional and global myocardial T1 

and T2 relaxation times and ECV

• In comparison to the original LLC
– significantly higher sensitivity (88% vs 73%) while maintaining 

very high specificity (96%) 



• According to the revised criteria
– cardiac MRI 

• strong evidence of acute myocardial inflammation in patients with 
high clinical pretest probability 
– if at least one criterion in each of the following two categories is positive

» a T2-based marker of myocardial edema

» a T1-based marker of myocardial damage

• The presence of only one marker 

• may support the diagnosis in the appropriate clinical 
context

• lower specificity

• these criteria were intended to be applied in patients with 
clinically suspected myocardial inflammation

• not applied broadly as a screening test for myocardial injury in 
asymptomatic patients



T2-based Criteria for Myocardial 
Edema

• Tissue edema 
– hallmark of inflammation 

• often focal
– although diffuse edema can also be identified 

• T2-based criteria for myocardial edema
– regional high T2 signal intensity
– global T2 signal intensity ratio (myocardium/skeletal muscle) ≥2
– increase of myocardial T2 relaxation time
– Assessment of myocardial edema 

• previously on T2-weighted imaging
– high diagnostic accuracy for focal edema

» although image quality can be degraded by artifact and signal 
inhomogeneity

• T2 mapping allows for direct quantification of T2 relaxation times 
» very high sensitivity (89%)

– High T2 signal is specific for increased tissue water 
» discriminate between active and healed myocarditis



T1-based Criteria for Myocardial Injury

• Severe inflammation

– myocardial injury and necrosis

• Fibrosis

– T1 criteria for myocardial injury

• LGE in a nonischemic pattern (subepicardial or mid-
myocardial)

• increase of myocardial native T1 or ECV values



• LGE imaging
– one of the most important MRI techniques

• Gadolinium-based contrast agents are retained within injured and 
necrotic tissue
– hyperintensity at T1-weighted inversion-recovery imaging

– The pattern is most commonly subepicardial or midwall
and often in a linear configuration
• the pattern of LGE in the setting of ischemic myocardial injury is 

subendocardial to transmural and corresponds to a coronary 
artery territory

– The most common location for LGE in viral myocarditis
• basal inferolateral wall
• basal anterior septum
• mid inferolateral wall
• basal to mid inferior wall
• Transmural enhancement and more diffuse LGE 

– particularly in severe cases of fulminant and giant cell myocarditis



Updated Lake Louise Criteria

• T2-based criteria for myocardial edema
– regional high T2 signal intensity
– global T2 signal intensity ratio (myocardium/skeletal 

muscle) ≥2
– increase of myocardial T2 relaxation time

• T1 –based criteria for myocardial injury
– LGE in a nonischemic pattern (subepicardial or mid-

myocardial)
– increase of myocardial native T1 relaxation time or ECV 

values

• supportive criteria
– wall motion abnormalities
– signs of pericarditis

• effusion or pericardial late enhancement



• LGE both in the setting of
– acute inflammation

• myocyte necrosis and hyperemia

– fibrosis 
• expansion of the extracellular space

– cannot reliably differentiate between acute and healed myocarditis

• Over time, the extent of LGE usually decreases as 
inflammation resolves and scar contracts
– T1 and ECV are elevated in setting of replacement 

myocardial fibrosis
• Native T1

– a composite measurement reflecting signal from both the intracellular 
(mainly myocytes) and extracellular (mainly interstitial) myocardial 
compartments

• ECV 
– an estimate of proportion of the extracellular space only



• T1 and ECV 
– elevated in the setting of myocardial edema

• although unlike elevated T2, these changes are not 
specific for acute inflammation 

• in a patient with suspected myocarditis
– corresponding elevated T2, T1, and ECV values

• a high likelihood of myocardial edema

– elevated T1 and ECV in the setting of normal T2 
• presence of fibrosis or infiltration without acute 

inflammation



LV Dysfunction

• In more severe cases of myocarditis
– regional wall motion abnormalities

• Myocardial strain quantification
– has not been routinely implemented in clinical practice

– systolic LV dysfunction
• regional or global

– a supportive criterion for myocarditis but is not required to make the 
diagnosis according to the revised LLC

– After an acute episode of myocarditis
» global systolic function often improves rapidly and, in most cases, 

returns to normal

• more severe in fulminant myocarditis
– despite frequent improvement in the acute phase, LV function remains 

lower on average compared with nonfulminant cases at long-term follow-
up 



Pericardial Inflammation 

• supportive for the diagnosis of myocarditis

– pericardial enhancement

– high T1 or T2 mapping values

– pericardial effusion

• most commonly involving the pericardium adjacent to 
areas of inflamed myocardium, although it can also be 
diffuse



Adverse Risk Markers at MRI

• LGE
– a strong  independent predictor of mortality

• The risk of major adverse cardiovascular events increases by 
approximately 79% for every 10% increase in quantitative LGE 
extent

• presence of LGE with concomitant T2 hyperintensity
– better prognosis compared with isolated LGE without T2 

hyperintensity
» LGE without associated edema typically

• fibrosis(irreversible)
» LGE in the context of T2 hyperintensity

• at least partial recovery as edema improves over time

• Global systolic dysfunction (LV ejection fraction < 
40%)

• Higher T1 and ECV 



• In patients with acute myocarditis with 
evidence of myocardial edema and/or LV 
dysfunction

– follow-up cardiac MRI 3 to 6 months after the baseline study

» assess for functional recovery and the possibility of 
residual scarring



Cardiac MRI Protocol and Postprocessing

• MRI protocol

– short- and long-axis cine sequences(cine SSFP)

• assessment of ventricular volumes and function
– biventricular size

– EF

• Presence or absence of regional wall motion abnormalities
– common but nonspecific

– biventricular wall motion abnormality

» the main predictor of death or transplantation



• MRI protocol

– T2-based imaging (black blood T2-weighted 
imaging and/or T2 parametric maps)

• Presence or absence and distribution of focal 
myocardial edema 

• Presence or absence and distribution of pericardial 
edema



• MRI protocol

– T1-based imaging (LGE and/or pre– and post–
contrast-enhancement T1 mapping) 

• Necrosis and fibrosis

• Presence or absence, distribution and intensity of 
myocardial LGE 

• Optional quantification of myocardial LGE extent
– indication of irreversible myocardial necrosis and fibrosis

• Presence or absence and distribution of pericardial 
enhancement 



• MRI protocol(optional)
– EGE

• EGE ratio greater than or equal to 4
– regional vasodilatation and increased blood volume(Hyperemia)

– First pass perfusion
• Presence or absence and distribution of perfusion defect

– capillary leak

– ECV
• Presence or absence of elevated ECV values
• Extracellular edema and fibrosis



• values vary on the basis of technical and 
patient-specific factors

» field strength

• T2 values are higher at 1.5 T compared with 3 T, while 
T1 values are substantially higher at 3 T compared 
with 1.5 T

• mapping values should be compared with local 
reference ranges 



– For highest diagnostic performance, MRI should 
ideally be performed in the acute phase

– MRI markers of myocardial inflammation demonstrate rapid 
and continuous improvement during the first few weeks after 
the onset of symptoms 

» sensitivity for detection of myocardial edema is much 
lower if patients are imaged weeks after the initial clinical 
presentation

» Establishing a diagnosis of nonacute myocarditis is 
challenging, as findings are often nonspecific.



Cardiac MRI in Specific Causes of 
Myocarditis

• Cardiac MRI findings

– substantial overlap between different causes of 
myocarditis

• clinical features are taken into consideration



COVID-19  miocarditis

• A recent study 

– T1 and T2 values were diffusely elevated in 
patients recovered from COVID-19 compared with 
patients with non–COVID-19 myocarditis

– Other studies have reported more focal MRI 
abnormalities typical of non-COVID myocarditis

• subepicardial LGE



Myocarditis after COVID-19 
Vaccination

• Myocarditis
– in a minority of people following administration of mRNA-based 

COVID-19 vaccines
• Moderna
• PfizerBioNTech)

– symptom onset typically within a few days of vaccination (median, 2–3 days)

– 3-5 times more frequent after the second dose compared with 
the first

– patients with prior history of COVID-19 are at higher risk after 
the first dose

– 1903 reports of myopericarditis among people who received at 
least one dose of a COVID-19 vaccine as of August 18, 2021,in 
the context of nearly 360 million total doses administrated
• the risk of myocarditis following SARS-CoV-2 infection was much higher



• Typical cardiac MRI findings
– similar to findings in nonvaccine myocarditis

– subepicardial LGE with a predilection for the basal 
inferolateral wall 

– corresponding myocardial edema

– pericardial enhancement

– axillary lymphadenopathy ipsilateral to the vaccine 
administration site

– impaired LV ejection fraction 
• in 14%–25% of patients



• Differentiating vaccine-associated myocarditis from other causes of 
myocardial injury at cardiac MRI 
– a challenge

• the pattern of findings is similar
• there are no longitudinal imaging studies to suggest how long abnormalities 

persist

– accurate diagnosis is important
• this could impact patient treatment
• individuals who develop myocarditis or pericarditis after a dose of an mRNA 

vaccine defer receiving a subsequent dose until additional data are available 

– In patients with signs or symptoms suggestive of myocarditis following 
vaccination
• cardiac MRI should ideally be performed as soon as possible after the onset of 

symptoms
– maximize the likelihood of detecting myocardial edema, which would suggest an acute 

process



• If MRI is performed several weeks to months after symptom onset 
– No T2 abnormality

• it is difficult to attribute myocardial tissue changes to a specific cause
– a particular challenge in symptomatic patients who have received an mRNA vaccine and 

have a prior history of COVID-19

• No routine imaging of asymptomatic individuals after COVID-19 
vaccination

• In most reported cases of myocarditis following COVID-19 
vaccination
– rapid resolution of symptoms and corresponding decreases in 

troponin levels over short-term follow-up
• good long-term prognosis

– the risk of myocardial injury and other severe outcomes after COVID-19 is higher
» current data are supportive of continued COVID-19 immunization on the basis of 

the balance of risks and benefits



Conclusion

• Cardiac MRI 
– an important imaging modality in patients with 

suspected myocarditis
• noninvasive assessment of myocardial edema and injury

• identification of potentially treatable underlying causes of 
inflammation
– guide management and improve patient outcomes

– particularly useful in patients presenting with signs 
and symptoms suggestive of myocarditis after COVID-
19 vaccine administration, although further study is 
needed



Causes of Myocardial Inflammation and Typical MRI 
Findings
infection

• Viral myocarditis

– Linear subepicardial or midwall LGE

– commonly involving

• basal inferolateral wall

• basal anterior septum

• mid inferolateral wall

• basal to mid inferior wall

– corresponding T2 hyperintensity



• Chagas disease

– LGE in up to 70% of patients

• usually midwall or subepicardial

• less commonly subendocardial or transmural with 
apical aneurysms

• most commonly at 
– left ventricular apex

– apical inferior and lateral wall

– basal to mid inferolateral wall



• Bacterial and parasitic myocarditis

– no specific pattern

• COVID-19

– similar to non-COVID viral myocarditis

• higher prevalence of diffuse myocardial edema

• global elevation of T1 and T2 mapping values



Causes of Myocardial Inflammation and Typical 
MRI Findings

Postvaccination
• limited MRI data, mostly from case series 

• typical for viral myocarditis

– severity and extent of MRI abnormalities relatively 
mild

– axillary LAP ipsilateral to the vaccination site

• a useful clue, particularly if a history of recent vaccine 
administration is not provided



Causes of Myocardial Inflammation and Typical 
MRI Findings :

systemic disease

• EGPA

– patchy midwall and subepicardial LGE 

– corresponding T2 hyperintensity

– subendocardial apical LGE with or without apical 
thrombus

– concomitant pulmonary opacities



• SLE

– Patchy or linear midwall and subepicardial LGE 

– elevated T1 and T2 value decrease following anti-
inflammatory treatment

– higher prevalence of pericardial and pleural 
effusion and thickening



• Sarcoidosis

– Patchy and nodular LGE with associated high T2

– most common at the basal septum and basal 
inferolateral segment

– associated findings

• mediastinal and hilar LAP

• pulmonary opacities



Causes of Myocardial Inflammation and Typical 
MRI Findings :
Drug related

• ICI-related 

– Diffusely elevated T1 and T2 values

– LGE present in 48% of patients

• most commonly
– subepicardial

– midmyocardial

– in the basal and mid inferior and inferolateral segments



Causes of Myocardial Inflammation 
and Typical MRI Findings :

others

• Hypereosinophilic syndrome

– Similar MRI findings to EGPA

• higher prevalence of subendocardial LGE 

• Giant cell myocarditis

– similar to cardiac sarcoidosis

• LGE tends to be more extensive

• right ventricular involvement more common















Cardiovascular magnetic resonance criteria for myocarditis (Lake Louise Criteria) : 
regional myocardial edema (top left), hyperemia in images acquired early after 

contrast injection (top right), and inflammatory necrosis in images acquired late (>10 
minutes) after contrast injection (bottom). All 3 criteria are positive



Myocardial edema in a patient with clinically acute myocarditis. Left, Water-
sensitive cardiovascular magnetic resonance image in a midventricular short-axis 
view as acquired with the body coil (note the homogeneous signal distribution in 
the field of view). There is increased signal intensity in the anterior anterolateral, 
lateral, inferolateral, and inferior segments, which seems more pronounced in 
the subepicardial layer. Right, signal intensity ratio map showing pixels with a 
ratio of ≥2.0 (compared with the region of interest in the skeletal muscle marked 
by the yellow contour) as blue. The normal signal intensity in the septal
segments (≈1.6) indicates absence of a low–signal intensity artifact. Note that 
there is mild pericardial effusion that seems black because of the flow 
suppression pulse of this sequence



Reversible myocardial injury in a patient with 
clinically acute myocarditis. Upper, short-axis 
view before (left) and early after (right) 
injection of gadolinium showing myocardial 
hyperemia with regionally more pronounced 
uptake in the anteroseptal segment 
(arrows). Lower, myocardial edema 
(arrows; left); late gadolinium enhancement 
image without apparent high–signal intensity 
areas indicating the absence of necrosis in the 
edematous regions (right). The quantitative 
evaluation (early gadolinium enhancement 
ratio) indicated a globally increased early 
gadolinium uptake. Thus, 2 of 3 Lake Louise 
Criteria are positive in this patient (regional 
edema and increased global early gadolinium 
enhancement ratio)



Cine cardiovascular magnetic resonance 
(CMR) images in 3 short-axis views in diastole 
(top) and systole (bottom) in a patient with 
suspected active myocarditis. Note 
multiregional hypokinesis/lack of systolic wall 
thickening (arrowheads) and mild pericardial 
effusion (arrows). A movie is available in the 
online-only Data Supplement. B, Rotational 
long-axis cine CMR images of the same patient 
in diastole (top) and systole (bottom). Arrows 
indicate areas with regional hypokinesis of 
various degrees of severity



MRI vs. Echo

• In recent years

– cardiac MRI

• gold standard for EF

• the best modality for calculating EF
– range of hemodynamic measurements

– 3D representation of images 

– high contrast resolution

» a well-defined endocardial border that is important for 
measuring EF



• Limitations of MRI

– patients with ectopic beats or cardiac arrhythmias

• degraded image quality

– patients with implantable devices causing metallic 
susceptibility artifacts 

• cardioverter defibrillators and pacemakers



• Echocardiography

– low cost, portability, and lack of ionizing radiation

– more geometric assumptions than MRI

– insufficient acoustic windows that lead to poor 
image quality

– Underestimate LVEF



• 2D echocardiography 
– need for significant geometrical assumptions

• Limitation in 
– asymmetry of contraction, such as wall motion abnormalities

• 3D echocardiography
– image data is typically obtained over several 

heartbeats
• breathing or an ectopic beat lead to artifacts that may 

change the endocardial border, with segments of the 
left ventricle appearing to contract at different times



• cardiac MRI

– low variability

• superior to echo volumetric imaging techniques



• Thanks



Dilated cardiomyopathy

• left heart

– markedly dilated and thinned

– mid-wall enhancement especially in the septum

• in more than 50% of patients

• LGE

– characteristically in mid- or subepicardial
myocardium

• differentiation from ischemic cardiomyopathy



Hypertrophic cardiomyopathy

• superior to echocardiography
– identifying areas of segmental hypertrophy not reliably visualized or 

underestimated by echocardiography 
• anterolateral and apical segments

• left ventricular systolic dysfunction
• left ventricular hypertrophy

– with or without right ventricular hypertrophy
– predilection for the basal interventricular septum

• Systolic anterior motion (SAM) of mitral valve
– mitral regurgitation

• left ventricular apical aneurysms
• morphologic variations involving mitral valve (e.g. papillary muscles)
• in asymptomatic HCM mutation carriers

– myocardial crypts
– elongated mitral valve leaflets



Hypertrophic cardiomyopathy

• LGE
– patchy/streaky intramyocardial patterns at right 

ventricular insertion sites within the hypertrophied 
myocardium

• differentiating the mass-like HCM variant from a discrete 
cardiac mass
– presence of contractility
– iso-intense to myocardium on T1- and T2-weighted 

images
– first-pass enhancement
– patchy and midventricular type of delayed enhancement

https://radiopaedia.org/articles/late-gadolinium-enhancement-2?lang=us


Restrictive cardiomyopathy

• Biatrial enlargement

• minimal or no ventricular enlargement 

• Cine MRI 

– altered diastolic filling



Arrhythmogenic right ventricular 
cardiomyopathy

• Major  diagnostic criteria
– regional RV akinesia or dyskinesia or dyssynchronous RV contraction and 1 of 

the following:
• ratio of RV end-diastolic volume to BSA ≥110 mL/m2 (male) or ≥100 mL/m2 (female)
• RV EF ≤40%

• Minor diagnostic criteria:
– regional RV akinesia or dyskinesia or dyssynchronous RV contraction and 1 of 

the following:
– ratio of RV end-diastolic volume to BSA ≥100 to <110 mL/m2 (male) or ≥90 to 

<100 mL/m2 (female)
– RV EF>40% to ≤45%

• fatty infiltration in the right ventricle (and occasionally in the left ventricle)
• A corrugated pattern to the right ventricular wall 

– “accordion sign”

• Focal left ventricular dyskinesia with fatty infiltration within the left 
ventricle

• evaluation of myocardial fibrosis and scarring



Endocardial fibroelastosis

• endocardial thickening

• apical filling defect

• atrial or ventricular thrombus formation

• diffuse endocardial LGE



Takotsubo cardiomyopathy

• four distinct patterns of dyskinesia and ballooning 
– apical (most common)
– biventricular
– mid-ventricular
– basal

• absence of late enhancement on delayed contrast sequences, 
which differentiates takotsubo cardiomyopathy from anterior STEMI

• high T2 intensity signal (directly relating to water content in the 
myocardial wall)

• apical mid-ventricular planes and spares the basal plane, and 
matches the wall-motion abnormalities seen on cine MRI.

• MR perfusion
– usually normal



Marjan Hajahmadi, MD.

Advanced Heart failure and transplant cardiologists

Assistant professor of medicine

IUMS

What is new about 

Heart Failure 

In early 2024



HF Is A Public Health Emergency

• 64.3 million people are living with heart failure worldwide

• 1 million new HF occur annually in people more than 55 

of age

46% increase in HF 

population
50% mortality in 5 years 60% increase in cost 

From 2020 to 2030



HF Is Progressive





ACC/AHA Stages of HF



Trajectory of Class C HF

The trajectory of

stage C HF is

displayed. Patients

whose symptoms

and signs of HF are

resolved are still

stage C and should

be treated

accordingly. If all

HF symptoms,

signs, and

structural

abnormalities

resolve, the patient

is considered to

have HF in

remission.

*Full resolution of

structural and

functional cardiac

abnormalities is

uncommon.



The algorithm for a diagnosis of 
HF and EF-based classification is 
shown.
BNP indicates B-type natriuretic 
peptide; ECG, 
electrocardiogram; EF, ejection 
fraction; HF, heart failure; 
HFmrEF, heart failure with 
mildly reduced ejection fraction; 
HFpEF, heart failure with 
preserved ejection fraction; 
HFrEF, heart failure with 
reduced ejection fraction; LVEF, 
left ventricular ejection fraction; 
LV, left ventricular; NP, 
natriuretic peptides; and NT-
proBNP, N-terminal pro-B type 
natriuretic peptide.

Diagnostic 
Algorithm for HF 

and EF-Based 
Classification



Figure 3. Classification and Trajectories of HF Based on 
LVEF 
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Value statements were 

created for select 

recommendations where 

high-quality, cost-

effectiveness studies of the 

intervention have been 

published.



Improve 
functional 
capacity

Improve 
survival

Proactive 
clinical care

Reduce 
heart failure-

related 
hospitalizati

ons

Improve 
symptoms 
and health 

status

Therapeutic Objectives: 

Clinical



Changing management of heart failure over the past 50 years. 

Arnold M. Katz Circ Heart Fail. 2008;1:63-71

Copyright © American Heart Association, Inc. All rights reserved.

















Renin-Angiotensin System Inhibition With ACEi or ARB or 

ARNi

COR LOE Recommendations

1 A

• In patients with HFrEF and NYHA class II to III symptoms, the use of ARNi is recommended to

reduce morbidity and mortality.

1 A

• In patients with previous or current symptoms of chronic HFrEF, the use of ACEi is beneficial

to reduce morbidity and mortality when the use of ARNi is not feasible.

1 A

• In patients with previous or current symptoms of chronic HFrEF who are intolerant to ACEi

because of cough or angioedema and when the use of ARNi is not feasible, the use of ARB is

recommended to reduce morbidity and mortality.

Value Statement: 

High Value (A)

• In patients with previous or current symptoms of chronic HFrEF, in whom ARNi is not feasible,

treatment with an ACEi or ARB provides high economic value.

1 B-R

• In patients with chronic symptomatic HFrEF NYHA class II or III who tolerate an ACEi or ARB,

replacement by an ARNi is recommended to further reduce morbidity and mortality.

In patients with chronic symptomatic HFrEF, treatment with an ARNi instead of an ACEi

provides high economic value.



21

Multiple model-based analyses evaluated the economic value of ARNi therapy 

compared with ACEi therapy using the results of PARADIGM-HF. Three high-

quality analyses consistently found costs per QALY <$60,000, which provides 

high value according to the benchmarks adopted for the current clinical practice 

guideline





HFmrEF 2021



HFpEF 2021









HFmrEF 2023

A A



HFpEF 2023



HF Prevention 2021

Asymptomatic



31

Recommendations (Class 1 
and 2a) for Patients at Risk 
of HF (Stage A) and Those 
With Pre-HF (Stage B) 

Colors correspond to COR
Class 1 and Class 2a recommendations for 
patients at risk for HF (stage A) and those with 
pre-HF (stage B) are shown. Management 
strategies implemented in patients at risk for HF 
(stage A) should be continued though stage B.
ACEi indicates angiotensin-converting enzyme 
inhibitor; ARB, angiotensin receptor blocker; BP, 
blood pressure; CVD, cardiovascular disease; HF, 
heart failure; ICD, implantable cardioverter-
defibrillator; LVEF, left ventricular ejection 
fraction; MI, myocardial infarction; and SGLT2i, 
sodium glucose cotransporter 2 inhibitor.





Fidelity



HF Prevention 2023

Asymptomatic



Pre discharge 2021





Strong HF





Pre discharge 2023

During the follow-up visits, particular attention needs to be paid to 

symptoms and signs of congestion, blood pressure, heart rate, NT-

proBNP values, potassium concentrations, and estimated glomerular 

filtration rate (eGFR).



What tomorrow brings us
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Myocarditis and Heart failure

Clinic & lab 

Ali Akbar Zeinaloo , Professor of Pediatric cardiology

TUMS



شاملمکانیسم های بیماری زا در التهاب میوکارد •

فعال سازی اینفلامازوم و به دنبال آن تخریب میوسیت، میوکاردیت و•
.  پریکاردیت می باشد

یمنی ها، گروهی از پروتئین های الیگومر سیتوزولی سیستم ااینفلامازوم •
ذاتی هستند که میکروارگانیسم های بیماری زا و عوامل استرس زای 

. استریل را شناسایی می کنند

ی ها متشکل از پروتئین های وابسته به آپوپتو  و حسگرهااینفلامازوم •
که باعث فعال می باشند NLR (NOD-like receptor)پروتینی خانواده 
دشونمی IL-1βو سیتوکاین پیش التهابی ( IL-18)18شدن اینترلوکین 



در التهاب میوکارد

ا، تحریک تخریب میوسیت ها می تواند نتیجه عفونت ویروسی، باکتریایی، تروم، •
.باشددر مرحله اولیه فاز ایمنی ذاتی و یا دیرهنگام ایمنی اکتسابی    

T,I (TnI)نکروز میوسیت در میوکاردیت با اندازه گیری سطح سرمی تروپونین •
در میوکاردیت CK-MBکه با علائم نارسایی قلبی  ارتباط دارد و معمولاً زودتر از 

.، مشخص می گرددحاد کودکان و بزرگسالان قابل ارزیابی است

که ( ESR)و میزان رسوب گلبول های قرمز  CRPوhs-CRPاندازه گیری   •
ی نشانگرهای سرمی غیر اختصاصی التهاب سیستمیک هستند، برای ارزیاب

.نارسایی قلبی مفید باشند

یک مارکر ( NT-pro BNP)ترمینال -Nاندازه گیری پپتید ناتریورتیک مغزی •
.سرمی مناسب برای تشخیص نارسایی قلبی محسوب می گردد



لولی بیوپسی میوکارد درتشخیص این بیماری و علل ایجاد آن از نظر نوع س•
و ایمونولوژیکی بسیار ضروری،حیاتی و PCRهای التهابی و تغییرات بافتی 

.تعیین کننده است و بر اساس آن درمان طراحی می گردد

•MRI استاندارد طلایی غیر تهاجمی  تشخیصی است



.شایعترین علت میوکاردیت التهابی در سطح جهان عفونتهای ویروسی است •

Parvovirusدر سال های اخیر عوامل ویروس ایجاد کننده تغییر یافته است بطوریکه •
B19 وHuman Herpes virus 6 را گرفته استآدنوویروس و انتروویروس جای  .

 Dilatedبیماران باعلائم بالینی  % 50مطالعات جدید نشان می دهد که تقریبا •
cardiomyopathy (DCM) نشانه ایمونوهیستوکمیکال میوکاردیت یا

inflammatory cardiomyopathy(ICM) دارند و شایعترین علتDCM همان
می باشدICMمیوکاردیت 



از نظر بالینی 

ای بیماری ممکن است بدون علامت باشد یا بصورت برق آسا ظاهر شود و یا فاز هاین •
بدیل به مختلف التهابی و اختلال عملکرد قلب و سیستم هدایتی وآریتمی را طی نموده وت

.کاردیو مایوپاتی اتساعی در سنین مختلف شود

ال بهر ح. بیوپسی میوکاردیت میتواند سیر و ایمونولوژی بیماری را تعیین نماید•
حتقانی شایعترین تظاهر این بیماری نارسایی قلبی است، که عمدتا بصورت نارسایی ا

لینیک اما ممکن است بیمار با درد سینه یا تابلوی آریتمی به ک.  نشانه های بالینی دارد
.مراجعه نماید

.از نظر تشخیص به معیارهای تشخیصی و نشانه های بالینی بستگی دارد•

نشانه های -نارسایی حاد یا مزمن قلبی-نشانه های بالینی شامل دردسینه•
سنکوپ،تاکیکاردی  ومرگ ناگهان قلبی)آریتمی



:معیارهای تشخیص

در نوار قلب RST Qدر فواصل و ریتم و امواج -تعداد ضربان-ولتاژتغییرات •

 CPK-MBو T,Iمارکرهای نکروزمیوکارد مثل افزایش تروپونین•

hs-CRP,CRP: افزایش مارکرهای التهاب قلبی وتغییر شکل قلب و فشار قلب•
NT-proBبه عنوان مارکر التهاب و  NP که وجودشان بدتربودن بیماری

را تأیید می کند

CMRIتغییرات ساختاری و عملکردی در اکوکاردیوگرافی و •

در این MRI (Lake Louise Criteria)تغییرات اختصاصی سلولی در •
ر بالاتر و بیشتر باشد پیشگوی مرگ و میLEGمطالعه با گادولینیوم هرچه 

.بیشتر قلبی میباشد

س وجود بعضی آنتی بادی های ضدمیوسیت که در صورت مثبت بودن شان•
.پاسخ بیمار به ایمونوسوپرسیو رابالا میبرد



متدهای جدید و رضایت بخش و کم تهاجمی و یا 
غیرتهاجمی 

تشخیص میوکاردیت نقش برجسته ای پیدا کرده در •

است که بعلت حساسیت و different gene Transcriptionمتد کشف •
. دقت بالا در تشخیص این بیماری جایگاه مناسبی پیدا کرده ست

زمینه با است که در تشخیص میوکاردیت miRNAدیگر ارزیابی سطح متد •
،ارزشمند است و سطح این ذره ی ژنتیکی افزایش می یابد PV B19ی

و تصمیم گیری درمانی Prognostic stratificationاین متد می تواند در •
.مورد استفاده قرارگیرد



درمان بیماری 

رف مرحله حاد میوکاردیت با زمینه التهابی و ویروسی و اتوایمیون مصدر •
IVIG توصیه می شود

به طور کامل مشخص نشده IVIGکه هنوز مکانیسم های عملکردی هرچند •
د در طی یک دهه گذشته، تحولات بزرگی در درک مکانیسم عملکراما است

.  آن رخ داده است

عملکرد خود را بر چندین مؤلفه انتی بادی ها از جمله مناطق IVIGاحتمالا •
اعمال می نماید  Fc-کمپلکس کمپلمانو Fc، گیرنده F (ab) 2متغیر 



، آنتی آیدیوتایپ ها، آنتی بادی IgGاین ماده حاوی ترکیبی از آنتی بادی های طبیعی •
طح علیه پاتوژن ها و مولکول های تعدیل کننده سیستم ایمنی است و سبب کاهش س

.سایتوکاین ها می گردد

، اثرات درمانی آنرا در IVIGنشان می دهد که شروع زود هنگام درمان با  مطالعات •
میوکاردیت افزایش می دهد ولی در بزرگسالان اثر آن کمتر است



به عنوان داروی ضدویروس در IFN(IFN-ß1)مصرف اینترفرون •
انتروویروس و کوکساکی با دوز-درمان  میوکاردیت آدنوویروس

4*106-8*106IU کاهش التهاب میوکارد و –در حدف ژنوم ویروس
در پریکارد و بهبود همودینامیک قلب تأیید شده است ولی اثر آن

.تأیید نشده استHHV6وPVB19ویروس های 




