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MYOCARDITIS

Myocarditis is collection of diseases of infectious,
toxic, and autoimmune etiologies characterized by
inflammation of the heart.

Subsequent myocardial destruction can lead to dilated
cardiomyopathy:.



Dallas Classification (1987)

Initial Biopsy

Myocarditis: Myocardial necrosis, degeneration, or both, in
the absence of significant coronary artery disease with
adjacent inflammatory infiltrate with or without fibrosis.

Borderline myocarditis: Inflammatory infiltrate too sparse or
myocyte damage not apparent.

No myocarditis

Subsequent Biopsies

Ongoing (persistent) myocarditis with or without fibrosis.
Resolving (healing) myocarditis with or without fibrosis.

Resolved (healed) myocarditis with or without fibrosis.
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CAUSES

Amongst the infectious causes, viral acute myocarditis is
by far the most common.

e [dentification of the coxsackie-adenovirus

e Other viruses implicated in myocarditis
include influenza virus, echovirus, herpes
simplex virus, varicella-zoster virus,
hepatitis, Epstein-Barr virus, and
cytomegalovirus.

e Human immunodeficiency virus (HIV)



CAUSES

Nonviral infectious causes are numerous and varied.

Bacteria: chlamydia (C. pneumonia/psittacosis) haemophilus
influence, legionella, pneumophilia, brucella clostridium,
francisella tularensis, neisseria meningitis, mycobacterium
(tuberculosis), salmonella, staphylococcus, streptococcus A, S.
pneumonia, tularemia, tetanus, syphilis, Vibrio cholera

Spirocheta: Borrelia recurrentis, leptospira, Treponema pallidum
Reckettsia: Coxiella burnetii, R. rickettsii/prowazekii

Protozoa: Entamoeba histolytica, leishmania, Plasmodium
falciparum, Trypanosoma cruzi, Trypanosoma brucei, Toxoplasma
gondii

Helmintic: ascaris, Echinococcus granulosus,

Schistosoma, Trichinella spiralis,Wuchereria bancrofti
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CAUSES
Toxic myocarditis has a number of etiologies including
both medical agents and environmental agents.
* Numerous medications (eg, lithium,
doxorubicin, cocaine, numerous
catecholamines, acetaminophen)

e Among the most common drugs that cause
hypersensitivity reactions are penicillin,
ampicillin, hydrochlorothiazide,
methyldopa, and sulfonamide drugs.



//

CAUSES

e Environmental toxins include lead, arsenic,
and carbon monoxide.
e Wasp, scorpion, and spider stings

e Radiation therapy may cause a myocarditis
with the development of a dilated
cardiomyopathy.
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CAUSES

Immunologic etiologies of myocarditis encompass a number
of clinical syndromes and include the following:

e Connective tissue disorders such as systemic
lupus erythematosus (SLE), rheumatoid
arthritis, and dermatomyositis.

Rejection of the post-transplant heart may present as
inflammatory myocarditis.



PATHOPHYSIOLOGY

Several mechanisms of myocardial damage

(1) Direct injury of myocytes by the infectious agent

(2) Myocyte injury caused by a toxin such as that
from Corynebacterium diphtheriae

(3) Myocyte injury as a result of infection-
induced immune reaction or autoimmunity
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~ Pathophysiology

Triphasic disease process

Acute Phase: Characterized by direct infiltration of cardiotropic virus

Into myocytes. There Is no histological evidence of myocarditis at this
point.

Subacute Phase: Host attempts to clear the virus. Natural Killer cells,
Macrophages, and Lymphoctes infiltrate infected heart tissue. Thee is
subseguent proginflammatory cytokine release, NO production,
antibody secretion, and upregulation of MHC

Chronic Myocarditis: Dilated heart with evidence of fibrrosis

Phase I: Viral Infection and Replication

Phase 2: Autoimmunity and injury

Phase 3: Dilated Cardiomyopathy



Genetic Background

Non-infectious
(drugs, toxins, venoms, SLE,
sarcoidosis, unknown antigens)

Pathogen Microbial infection
(viruses, bacteria, fungi, etc.)

-------------------------------------------------------

Direct microbial damage Diractindirect toxic damage
Activation of cross- or autoreactve
T cells, induction of autoantibodies
Phase Il
* Mcrobial agents eliminaled * No microbial agents or drugs
Healed myocarditis ~ fo-r Chronic myocarditis
PhﬂSOm Mcrobisd agents prigasl |* Microdisl ageets presenl | No microbinl igends Microbisl ageets paesent of a0l
No ausanibades Aatosstisodies prosert  |* Ausansbodies presant |* Autoantivodies sreseet or nat
Ongoing nfanmation  |* Orgoing infammasion  |* Ongolg inflanmation  |* No Soeid inflammaion
Ongoing éestcion | Orguing destruction’  |* Ongoing dastruction/  |* Oegeing destruction’
neroieing rencdeing remoceling rencdeing
v '

microbial microbial autoreactive | | cardio-
myocarditis | | & immune myocarditis myopathy

Figure 2 The picture shows the pathogenetic mechanisms involved in myocarditis and progression to dilated cardiomyopathy.
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Histopathological image of viral myocarditis at
autopsy In a patient with acute onset of congestive

heart failure. Viral etiology, however, failed to be
determined in postmortem serological study.
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Symptoms and Signs

Patients(59%) frequently present days to weeks after an acute
febrile illness, particularly a flu-like syndrome

Myocarditis is most commonly asymptomatic, with no evidence

of left ventricular dysfunction _ _
- fever, malaise, fatigue, arthralgias, myalgias, and skin rash.

-Cardiac symptoms may result from systolic or diastolic left
ventricular dysfunction or from tachyarrhythmias or
bradyarrnythmias (dyspnea, fatigue, decreased exercise
tolerance, palpitations )
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Table 3 Clinical presentations of patients with biopsy-proven inflammatory heart muscle disease

(1) Acute coronary syndrame-like
{a) Acute chest pain
- Frequently starting within 1—4 weeks of a respiratory or gastrointestinal infection
- Frequently associated with severe and recurrent symiptoms
- In thie absence of angiographic evidence of CAD
(b} 5T/T wawe changes
- 5T-segment elevation or depression
- T-weave inversions
{c) With or without normal global or regional L' and/or RW dysfunction on echocardiography or CHA

{d}) With orwithoutincreased TnT/Tnl that may have a time course similar to acute ryocardial infarction or a prolonged and sustained release over several
weeks or months

:1] r"-.le-w onEet or wurserung he-art fall-urE i the abﬁ.enne n‘FCﬁ.D aru:l Iu'u::wn CALFEES c:fheart ﬁlll.ure
{a) Mew onset or progressive heart failure over 2 weeks to 3 months
- Dyspnoea
- Peripheral cedema
- Chest discomfort
- Fatigue
{b} Impaired systolic LYV and/or RV function, with orwithout an increasein wall thickness, with orwithout dilated L andfor RV on echocardiography or CHMR
{c) Symptoms possibly started after a respiratory or gastrointestinal infection, or in the peri-partum period
{l:l} Nm-spenfu: ECG mgnﬁ bundle branch block, A"ul'-l:-l.ﬂck_. and/or ventricular a.rrh:,-’th‘n

13] Chrmc he-.a.rt fa.llure i d'ue abﬁ.El‘n:E cnfCAD and Iu'u::wn CALSES nfheart 'hll-ure {zea p-umt 2 al::-n-'-.re}
{a) Heart failure symptoms {(with recurrent exacerbations) of =3 months duration
{b} Fatigue, palpitation, dysprnoea, atypical chest pain, arrhythmiza in an ambulant patient
{c) Impaired systolic L% andfor RV function on echocardiography or CHMR suggestive of CHCM or non-ischaemic cardiormyopathny
{d} Hnn-speufu: ECG mgns sometines bundle branch block andlor ventricwlar a.rrh‘;.-thrruas andlor AY-block

IH-] hfe-—ﬂ'lre-atemng r:n::nn:litlﬂn in ﬂ'lE abseru:e E:'FCAD aru:l knuwn Causes nf heart 'E.ulure comprising
{a) Life-threatening arrhythrmizas and aborted sudden death
{b} Cardiogenic shock
{c) Severaly impaired LV function

R
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Symptoms and Signs

In cases where a dilated cardiomyopathy has developed,
signs of peripheral or pulmonary thromboembolism may

be found.

Diffuse inflammation may develop leading to pericardial
effusion, without tamponade, and pericardial and pleural
friction rub as the inflammatory process involves
surrounding structures.
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Clinical Findings

Physical Examination
-Tachycardia, hypotension, fever and tachycardia
may be disproportionate to the degree of fever

-Bradycardia is seen rarely, and a narrow pulse
pressure Is occasionally detected

-Murmurs of mitral or tricuspid regurgitation are
common , S3 and S4 gallops may also be heard.

-Distended neck veins, pulmonary rales, wheezes,
gallops, and peripheral edema may be detected
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Diagnostic Studies =

Electrocardiography

-The most common abnormality is sinus tachycardia.

- may show ventricular arrhythmias or heart block, or it
may mimic the findings in acute myocardial infarction or
pericarditis with ST segment elevation, ST segment
depression, PR segment depression, and pathological
Q-waves

-Relations between these clinical and laboratory findings
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Diagnostic Studies

Echocardiography - to exclude other causes of heart failure and
identify ventricular thrombi.

There are no specific echocardiographic features of
myocarditis.

Segmental or global wall motion abnormalities can mimic
myocardial infarction.

Patients with fulminant myocarditis tend to present with more
normal cardiac chamber dimensions and thickened walls,
compared with patients with less acute myocarditis who have
greater left ventricular dilation and normal wall thickness.

Right ventricular dysfunction is an uncommon but important
predictor of death or cardiac transplantation.




ey RCLEES




/\ — B

IMAGING STUDIES

Chest radiography

MRI is capable of showing abnormal signal intensity
In the affected myocardium.



Table5 Diagnostic cardiac magnetic resonance criteria for myocarditis

Inthe setting of clinically suspected myocarditis ( Tables 3-4), CMR findings are consistent with myocardial inflammation, if t least twio of the following criteria

are present:

(1) Regional or global myocardial signal intensity increase in T2-weighted cedema images”
(2) Increased global myocardial early gadolinium enhancement ratio between myocardium and skeletal musclein gadolinium-enhanced T1-weighted irr1..1,ge:'.EI

(3) There sat least one focal lesion with non-ischaemic regional distribution in inversion recovery-prepared gadolinium-enhanced T1-weighted images (late
grdolinium enhancement)®

A CMR study is consistent with myocyte injury and/or scar caused by myocardial inflammation if Criterion 3 is present
A repeat CMR study between 1 and 2 weeks after the initial CMR study is recommended if

# None of the criteria are present, but the onset of symptoms has been very recent and there is strong clinical evidence for myocardial inflammation
* One of the criteria & present

The presence of LY dysfunction or pericardial effusion provides additional, supportive evidence for myocarditis

Table repeintad with permission from (10).
*Global signal irtensity (S1) increass has to be quantifiad by an 5 ratio of myocardium over skeletal muscle of 2 2.0, If the adema is more subendocardial or transmural in combination

with 2 eolocalized ischasmic (necluding the subsndocardial layer) pattern of lte gadolinium enhancement, acute myocardial infaretion i more Bkely and should be raparted.

®A global 51 enhancament ratia of myocardium over skelatal muscls of >4.0 or an absolute myocardial enhancemant of >45% i consistent with myocarditie.

“Images should be obtained at least 5 min after gadalinium injection; foci typically exchude the subsndocardial biyer, are often multifoeal, and invalve the subspicardaim. If the late
gadalintum enhancament pattern chearly indicates myocardial infarction and is colocalized with a transmural regional edema, acute myocardial infarction is more likely and should be

reported.







Cardiac catheterization

-elevated left ventricular end-diastolic pressure,
a depressed cardiac output, and increased
ventricular volumes

-Coronary angiogram typically demonstrates
normal coronary arteries.
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Endomyocardial biopsy

- gold standard for the diagnosis of myocarditis

-Dallas criteria (an inflammatory infiltrate of the
myocardium +injury to the adjacent myocytes)

-borderline myocarditis iIs made when the infiltrate
IS not accompanied by myocyte injury






orderline yocarditis
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Active Myocarditis
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| ABORATORY STUDIES

Cardiac troponin | may be more sensitive because it is
present for longer periods after myocardial damage from
any cause.

Erythrocyte sedimentation rate (ESR) is elevated in 60%
of patients with acute myocarditis.

Leukocytosis is present in 25% of cases.
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OTHER TESTS

If a systemic disorder (eg, SLE) Is suspected,
antinuclear antibody (ANA) and other collagen
vascular disorder laboratory investigations may be

useful.




Table 4 Diagnostic criteria for clinically suspected myocarditis

Clinical presentations™
Acute chest pain, pericarditic, or pseudo-ischaemic
Mew-onset (days up to 3 months) or worsening of: dyspnoea at rest or exercise, and/or fatigue, with or without left and/or right heart failure signs
Subacutefchronic (=3 months) or worsening of: dyspnoea at rest or exercise, and/or fatigue, with or without left andfor right heart failure signs
Palpitation, and/or unexplained arrhythmia symptoms and/or syncope, and/or aborted sudden cardiac death
Unexplained cardiogenic shock

Diagnostic criteria
|. ECG/Molter/stress test features

Mewlyabnormal 12 lead ECG and/or Holter andfor stress testing, any of the following: | to Il degree atrioventricular block, or bundle branch blodk, ST/T
wave change (5T elevation or non 5T elevation, T wave inversion), sinus arrest, ventricular tachycardia or fibrillation and asystole, atrial fibrillation,

reduced R wave height, intraventricular conduction delay (widened QRS complex), abnormal Q waves, low voltage, frequent premature beats,
supraventricular tachycardia

IL Myocardiocytolysis markers
Elevated TnT/Tnl
lll. Functional and structural abnormalities on cardiac imaging (echo/angia/CMR)

Mew, otherwise unexplained LV andior RV structure and function abnormality (including incidental finding in apparently asymptomatic subjects k. regional
wall motion or global systolic or diastolic function abnormality, with or without ventricular dilatation, with or without increased wall thickness, with or
without pericardial effusion, with or without endocavitary thrombi

V. Tisswe characterization by CMR
Oedema and/or LGE of classical myocarditic pattern (see text)

Clinically suspected myocarditis ¥ > 1 cinical presentation and 21 disgnostic criteria from different catepories. in the absence of: (1) angiographically detectable coronary artery
dizease (eoronary stenasis > S0%): (2) known pre-existing cardiovascular dsease or extri-cardis causes that eould explain the syndrome (2.5 valve deease congenital heart diseass,
hyperthyroidism, ate.) (see text). Suspicion is higher with higher number of fulfilled criteria

i the patient is ssymptomatic =2 diagnostic eriteria should be met.



— Differential diagnosis

» Dilative cardiomyopathy
» Secondary cardiomyopathy

» Electrolyte disturbance



Non-pharmacological treatment

Bed rest
Reducing salt and liquids intake

No training for athletes — 6 months



~ Therapeutic options

® treatment of heart failure

* treatment of arrhythmias

 treatment of conduction abnormalities —
heart blocks
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Therapeutic options

Intravenous gamma - globulin in children
Antibiotics in bacterial myocarditis
Anti-lymphocyte monoclonal antibodies

Alfa and beta interferon (positive viral PCR reaction)

Immunosupresion in giant cell myocarditis and
autoimmune myocarditis

Glucocorticoids and azathioprine — debatable
(negative viral PCR reactiony

NSAIDs are contraindicated in the ACUTE PHASE
(increase cardiomyocyte lesion and necrosis).
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— Treatment of-heartfailure—

Vasodilators (nitroglycerin, sodium nitroprusside)

Angiotensin Il converting enzyme inhibitors ( enalapril, lisinopril, ramipril)
or angiotensin II receptor blockers ( valsartan, losartan, candesartan)

Loop diuretics ( furosemide, torasemide)
Mineralocorticoid receptor antagonists (spironolactone, eplerenone)
Beta-blockers (metoprolol succinate, bisoprolol, nebivolol, carvedilol)

Drugs with positive inotropic effect (dobutamine, milrinone)



Surgical treatment in Myocarditis

Implantation of pacemaker in patients with complete heart block

Cardiac transplantation

Left ventricular assist devices




Cardiac pacemaker implantation

Unicameral

Vena Generatorul
subclaviculara de puls

Sonda de
stimulare

Bicameral Biventricular

Sonda VS

Sonda AD

Sonda VD







] Sudden death
] Heart failure

d Arrhythmias
1 Progression to dilative
cardiomyopathy




e —————
MYOCARDITIS ALGORITHM

Active myocarditis

L

L

Virus ©
Inflammation @

L

Healed myocarditis/
dilated cardiomyopathy

l

No specific therapy

{ Fulluw-l.q:u ‘

v

Virus ©
Inflammation ®

L)

Inflammatory cardiomyopathy L

(autoimmune type)

l

I Immunsupression

|

Virus @
Inflammation &/ ®

L

Viral heart
disease

l

Anti-viral therapy



PROPHYLAXIS

Prevention of infectious diseases by means of
appropriate Immunizations and early treatment appears

to be important in decreasing the incidence of
myocarditis.




References

Heinz-Peter Schultheiss1,2*, Uwe Ku hli,2, and Leslie
T. Cooperi,Charite Hospital, Berlin, Germany e.al.The
management of myocarditis .January 2011

Advances in the understanding of myocarditis.
Feldman AM, McNamara D: Myocarditis.

Diagnosis and presentation of fatal myocarditis
Human Pathology (2005) 36, 1003 1007



http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&defaultField=Title+Word&term=Circulation[jour]+AND+104[volume]+AND+1076[page]+AND+2001[pdat]+AND+Liu+PP[auth]
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&defaultField=Title+Word&term=N+Engl+J+Med[jour]+AND+19[volume]+AND+1388[page]+AND+2000[pdat]+AND+Feldman+AM[auth]
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&defaultField=Title+Word&term=N+Engl+J+Med[jour]+AND+19[volume]+AND+1388[page]+AND+2000[pdat]+AND+Feldman+AM[auth]

