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Abstrakt
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Abstract

Introduction: Inflammatory cardiomyopathy (iCM) is a major cause of dilated
cardiomyopathy (DCM) and leading cause for heart transplantation. None of the routine noninvasive
methods is reliable enough in establishing the diagnosis of iCM-dimensional (2D) and three
dimensional (3D) speckle tracking echocardiography (Sariablean accurate assessment of minor
segmental alterations on myocardial contractilithe aim of our study was to assess the reliability
and diagnostic accuracy of 2D and 3D STE in patientsenttomyocardial biopsgroven iCM.

Methods: Two hundred fiftyfive patients with suspected iCM on whom endomyocardial
biopsies had been performed were included in study. All of them underwent echocardiographic
investigations and images of 2D longitudinabs and strain rate measurements were recorded. In
57 patients 3D echocardiographic datasets were obtained and analyzed. According to the results of
the histopathological and immunohistochemical analysis, the patients were classified into three
groups: @ myocardialinflammation, DCM and iCM.

Results In 57 patients, no myocardial inflammation was detected, 60 patients were with
DCM and 138 patients had iCM. 2D global longitudinal strain (GLS) was significantly attenuated in
patients with ICM compared tthe patients without myocardial inflammatiori4.50 5.40% vs.

-18.39 4.05%, p<0.001), the same was observedyfobal systolic longitudinal strain raed . 9 2 N
0.32 &', vs.-1.11K0.26 &', p<0.001)and global early diastolic longitudinal strain rétel6\D.45s*

vs. 415.34D.001)3D GLS was significantly reduced in iCM patients compared to those
without myocardial inflammatior{-1 2 . 7 3 N4 .-5 88#.34%s p=0.003)global area strain

(GAS), global circumferential strain (GCS) and global radial strain (GRS) were also significantly
attenuated in patients with iCM compared to patients without myocardial inflamma22 g
746%vs-30. 01 N6. 12 -19,. 2@=N04.. 660B3 ;3894%8,. p=0.013:; and 3
vs. 49 .9%, p=R.002, reSpectively)

STE parameters appeared highly predictive for detection of iCM. The 3D GRS showed the
highest predictive values (area under the receiver operating curve of 0.793), followed by 3D GLS

GAS and GCS (area under the receiver operating curve of 0.790; 0.773 and 0.773, respectively).



We found strong and significant correlations between 2D and 3D STE indexes and left
ventricular (LV) ejection fraction, LV dimensions and volumes, maximaldutflow tract velocity
and tissue Doppler parameters.

Conclusion: Our results showed that 2D and 3D STE indexes Haw@otential to facilitate

early prediction of myocardial inflammati@ndcould serve as useful noninvasive diagnostic tools.



1. Introduction

1.1. Inflammatory cardiomyopathy

1.1.1. Preamble

Based on the definition ofthe World Health OrganizationfWHO), myocarditis is an
inflammatory disease of the heamusclecaused by viral, bacteriar fungal infection, systemic
diseasesautoimmunedysregulation, drug®r toxins and diagnosed by established histological,
immunological, and immunohistochemical critefidnflammatory cardiomyopathy(iCM) is
myocarditis in association with cardiac dysfuncttofhe diagnosis ofCM can only be achievelly
analysis ofendomyocardial biopsyEMB), since none of the nenvasive methods is reliable
enough. Histological or immunohistological evidence of an inflammatory cell infiltrate with or
without myocyte damage, with or without viral persistence inniigecardium, is the gold standard
for the diagnosis of myocarditendiCM.? The actual incidence 6€M is urknown, as EMB the
diagnostic gold standd, is used infrequentlyFrom a clinical point of viewit has heterogeneous
clinical presentations rangingrom subclinical paucisyptomatic forms to Hfiereatening
arrhythmias, cardiogenic shock, and sudden dehttpatients presenting with mild symptoms and
minimal ventricular dysfunction, myocarditis ofteresolves spontanesly without specific
treatment. Myocarditis can result in dilated cardiomyopatifdCM) with progression to heart
failure (HF) in up to 30% of cases, where prognosis is poor, with a survival rate less than 40% after
10 years. Myocarditisis the major cause of sudden unexpected death in patients <40 years of age
and may account for up to 20% of mortality rfrccardiovascular caus@& he treatment of many
forms of myocarditis is symptomatidput immurohistochemicabhnd moécularbiological analysis
of EMB as well as autoantibody serum testing is important to identify those patients in whom
specific therapy is appropriatérognosis in myocarditis patients varies according to the underlying

aetiology clinical presentation ardisease stage
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1.1.2 Definition and classification

According to the Dallas criteriamplemented in 1986, myocarditis is defined an
finflammatory infiltrate of the myocardium with necrosis and/or degeneration of adjacent myocytes,
not typical ofischemic damage associdteith coronary artery disea§8AD)0.’

The 1995 repordf the WHQ International Society and Federation of Cardioldggk Force
on the Definition and Classification of Cardiomyopattgage the following definitions:

- Myocarditis: Inflammatory disease of the myocardium diagnosed by established
histologica)] immunological ad immunohistochemical criteria

- Inflammatory Cardiomyopathy : Myocarditis in association witeystolicand/or diastolic
cardiac dysfunction.

- Dilated Cardiomyopathy: DCM is characterized by dilation and impair@@htraction of the
left or both ventricles that is not explained by abnormadling condition®r CAD.!

Myocarditis can be classified by cause, histology, immunohistology, clinicopatholagidal
clinical criteria?

The histological diagnosis of myocarditis includes different forms, classified according to
the type of inflammatory cell infiltrate: lymphocytic, eosinophilic, polymorphic, giant cell
myocarditis, and cardiac sarcoidosiBhe following criteria for subsets of myocarditisiere
recommendedby the Working Group on Myocardial and Pericardial Diseases from the European
Society of CardiologyESC)

- Viral myocarditis: Histological evidence for myocarditis associated with positiral
polymerase chain reaction (PCR)

- Autoimmune myocarditis: Histological evidence formyocarditis with negative viral PCR,
with or without serum cardiaautoantibodies

- Viral and immune myocarditis: Histological evidence formyocarditis with positive val

PCR and positive cardiautoantibalies

A follow-up EMB may reveal persistent viral myocarditis, histological and virological
resolution, or persistent virurgegative myocarditis, with or without serum cardadoantibalies

e.g. postnfectiousautoimmune disease.
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1.1.3. Epidemiology

Due to the variable clinical manifestatighe unsatisfactorysensitivityand specificityof the
norrinvasivediagnostic tooland the infrequenisage ofEMB, the exact incidence of myocarditis
remains uncleat?

In a homogeneous population of young military service men, Karjalainen and colleagues
reported an incidence of myocarditis of 0.17 per 1.000-yeams’, but the real numbers are
expected to be substantially higher due to the often subclinical pa#eanof acute myocarditis
and misinterpretation of unspecific symptoth&iopsy-proven myocarditis is found ini 6% of
adult patients wittunexplained noiischaemic DCM. According toautopsy seriedi 10% of the
general population suffer froomdiagnosed myocarditfs*? In cases of unexplained deaths in young
adults aged 35 or youngdhe prevalence of myocarditis wagghly variable, ranging from 2@
42%>°

The disease may affect individuals of afies;although itis most frequent in the yourig.
Myocarditis has a slightlgreater prevalence in men than in women. Recent trials and registries of

myocarditis report a female to maleicabetween 1:1.5 and 1:1'7.

1.1.4. Etiology

Although the etiology of myocarditisoften remains undetermined, a largariety of
infectious agerst (viruses, bacteria, spirochetegckettsia, fungi, protozoa, helminthes, etc.) and
norrinfectious causessystemic diseasegutoimmune diseaseslirugs, and toxishave been
associated wit the deelopment ofthe diseasé * The spectrum of the infectious agents varies
with the geographical region, the age of the patient, application of different therapeutic procedures
andthe presence of concomitadiseases.Viral infection is themost common cause in Western
Europe and North America, with adenovirus and enterovirus (including coxsackievirus) historically
being the most frequently identified viruses. Recently, the most commonly detected viral genomes
in EMB samples were parvoviruslB (PVB19)and human herpesvirés(HHV6).*® Other viruses
associated with myocarditis less fusmtly include cytomegaloviru€MV) and EpsteirBarr virus

(EBV), hepatitis C virusCoinfection with twomore viruses has been found in more than 25% of
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myocarditis patient® Human immunodeficiency virus (HIV) has been associated with myocarditis
and DCM:®

Lymphocytic and giant cell myocarditis are presumed idiopathic or autoimmune if no viruses
are identified in EMB anather known causes are exclud@ditoimmune myocarditis may occur
with exclusive cardiac involvement or in the contextaotoimmune disorders with extardiac
manifestations,most frequently in sarcoidosishypereosinophilic syndrome, scleroderma, and

systemic lupus erythematosus.

1.1.5. Clinical presentation

The clinical presentation e€M is highly variable. It rangesom subclinical disease, chest
pain and arrhythmiat fulminant HFor sudden cardiadeath The large spectrum of clinical forms
depends on several factors, suhgenetic determinants of the infective agent, the genetics, age,
gender andmmunocompetence of the hasA viral prodrome,including fever, rash, myalgias,
arthralgias, fatigue, and respiratory or gastrointestinal symptomseinéy, but not always,rpcede
the onset of myocarditis by several days to a few weeks. Patients may present with chest pain,
dyspnea fatigue, palpitations, decreased exercise tolerance, or syné¢opl cases of suspected
myocarditis, it is mandatory toule out CAD and othercardiovasculardisease e.g. arterial
hypertension(AH), or extraardiac norAnflammatory diseases that could explain the clinical
presentation.

Chest pain in acute myocarditis may mimic typical angina and be associated with
electrocardiographichanges, including SSegment elevatioft. In patients with clinical signsfo
myocarditis and biopsproven PVB19 myocarditis in the absence of significd&@AD, coronary
vasospasm is one of the maiauses oftypical chest paiff Cardiac rhythndisturbances are not
uncommon and may include newaset atrial or ventricular arrhythmiaBisturbances in the
conduction system may cause higtade atrioventricular (AV) block leading to dizziness or
syncope Patients with fulminant myocarditis typicalpgresent with severe HBymptoms that may
rapidly lead to cardiogenic shock, whereas patients widint cell myocarditiommonly present

with HF symptoms that relentlessly progress to probable eagyhddespite optimal treatmént.
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1.1.6. Diagnosis

Patientswith suspectedmyocarditis should undergo a complete cardiological wgrk
including standard cardiological examinatioalectrocardiogram HCG), blood analyses with
standard cardiac enzymes, and serum tests forhaatt auteantibodies, imagig techniques
echocardiogram and especialgardiac magnetic resonance (CMR) imagirapnd EMBs for
histological, molecular red immunohistochemical analysisPatientswho meet the diagnostic
criteria for clinically suspected myocardifgoposed by the Wkimg Group on Myocardial and
Pericardial Diseases from the ESfould undergo CMR and EMB, or should be referred to tertiary

centers where these diagnostic procedures could be perfdrmed.

1.1.6.1. Electrocardiogram

The ECG of a patient with myocarditis can demonstrate a variety of abnormalities, none of
which are pathognomonid@.he sensitivity of theECG is lowin myocarditis(47%)® *’ Generally,
patients can exhibit dysrhythmias, coltlon system abnormalitiegr ST-segmentor T-wave
changes consistent with ischerfialThe most common ECG abnormality in myocarditis is sinus
tachycardia with nonspecific STMave change¥: '’ Supraventricular and ventricular
dysrhythmias can also hmbservedPossibledisturbancesn the conduction system myocarditis
may includeany of the following:sinus arresti, to 11l degreeAV block, orintraventricular (left or
right bundle branch) block The other primary ECG manifestation of myocarditis is theaited
pseudinfarction pattern which can manifest as SSegment elevation, S3egment depression; T
wave inversion, poor fvave progression d@ waves " '*Some ECG changes are more suggestive
of myocarditis than others. For example,-EBegment elevation in myocarditsstypically concave

(rather tharconvexin myocardial iscemia)and diffuse without reciprocal changes.

1.1.6.2. Laboratorybiomarkers

Inflammatory markers
Nonspecific serum markers of inflammation, including erythrocyte sedimentation rate, C
reactive protein (CRP) and lekocyte count, are often elevatedytbthey do not confirm the

diagnosis of acute myocarditis.
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Cardiac biomarkers

Cardiac biomarkers of myocardial injury are elevated in mipoof patients with
myocarditisbut, if elevated, may bielpful in confirming the diagnosis® The level of MB fraction
of creatine kinasg CK) has a high specificity, buta limited sensitivity for the diagnosis of
myocarditis?®® Cardiac troponins are more sensitive of myocyte injury in patients with clinically
suspectedanyocarditis than CHevels, but they are nomspecific andwhen normaldo not exclude
myocarditis’ Cardiac hormones such as brain natriuretic peptidiesulating cytokines,markers
related to extracellular matrix degradati@md rew biomarkers such as pentraxin, galecénd

growth differentiation factor 18re sensitive, but nespecific in patients with myocardit?s.

Viral antibodies

Serologic studies for detecting infections with cardiotropic viruses are frequently performed
in the clinical routine. However, concordance between results of serology and the reBMi3
only present in about 10% of casE®sitive viral serology desnot imply myocardial infectionbut
rather indicates the interaction of the peripheral immune system with an infectiou$’agieat.
serology is of limited utility in the diagnosis of viral myocarditiecause most viral infections
believed to be inelved in the pathogenesis of myocarditis are highly peswaln the general
population??

However, positive PCR results obtaineith EMB should always be accompanied by a
parallel investigation on blood samples collected at the time of the EMB. A sample of peripheral
blood from patients with suspected myocarditis allows molecular testing for the same viral genomes

as thosesought in tle myocardial tissu&

1.1.6.3 Echocardiography

In the workup of myocarditis, echocardiography still represents thecfiste imaging
modality, since it offers the acquisition of comprehensive anatomic and functional data very quickly
at t he pealdidé’eHowedes, onventional echocardiography has traditionally played a
limited role in the diagnosis ofuspected myocarditis due the lack of specific distinguishing
features low sensitivityand/or apprently normal examination resulemcountered in less severe

forms of myocarditig® 2°
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Echocardiography helps to rule oather cause®f HF, such as valvular, congenital, or
amyloid heart disease, to evaluate andnitor changes in cardiac chamber size, wall thickness,
systolic anddiastolic functions, the presence of intracavitary throndnd pericardiakffusion. The
echocardiographic findings of myocarditis may vavigely, showingmarked LV dilation, ¢pbal
ventricular dysfunctionwith or without pericardial effusignregional wé motion abnormalities
(WMASs), and diastolic dysfunction with eserved ejection fractio(EF). Histologically proven
myocarditis may resemble dilated, hypertrophic, and restricteveliomyopathy €M) and can
mimic ischaemic heart disead®iastolic filling patterns are abnormal in most patients, with a
restrictie pattern frequently preserfericardial effusion, typically small, is not uncomnion.
Echocardiographic features suggestive ofonarditis are often nonspecifibut can be helpful in
identfying a fulminant coursé® Felker et al.developed echocardiographic criteria to help
distinguish between fulminant and acute myocarditis. Patientls fuiminant myocarditis had
normal LV diastolic dimensionshypocontractile left ventricland increased septal thickness at
presentation, secondary tloe greater inflammatory response resulting in interseik@maand loss
of ventricular contractility while patients with acute myocarditis had increak®d dimensions
normal wall thicknesand decreased LV functiah’ 2’

In recent years, new methods, such as tissue Dopfld®), speckletracking
echocardiography (STE) armbntrastenhanced echocardiography, have broadened the diagnostic
possibilities of echocardiograpi§ 223’

However,2D STE parameters were evaluated in patients with acute myocarulitisnot
with iICM, and the diagnosis was established with CMR. We consider that these new
echocardiographic techniques should be prospectively studied algdBsin order to confirm their

clinical role in patients withCM and to testhe sensitivity and specificity of tse methods.

1.1.6.4.Nuclear imaging

K¢hl et al found that antimyosin scintigraphy had a high specifidiyt a lower sensitivity
for the detection of myocarditfé.Due to their limitedspecificity, radiation burden and the practical
difficulties of myocardial scintigraphy, the use of scintigraphic techniques has declined over the past
yearsand they are not routinely recommended for the diagnosis of myocarditistheithossible

exception of sarcoidosis®*
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1.1.6.5.Cardiovascular magnetic resonancé@naging

A recent white papefrom the International Consensus Group on Cardiovascular Magnetic
Resonance in Mycarditis states that a CM&udy should be performed in symptomatic patients
with clinical suspicionof myocarditis®® Three imaging criteria for confirming the diagnosis of
myocarditis (the fiCMRavelheenpiogosed:Cr it eriao) by

In the setting of clinically suspectethyocarditis, CMR findings are consistent with
myocardial inflammation, if at least two of the following criteria are present:

1. Regional or global myocardial signal intensity increase irwejhted images.

2. Increased global myocardial early gadolinium enleament ratio between myocardium

and skeletal muscle in gadolinivemhanced T-lveighted images.

3. There is at least onfocal lesion with norischemic regional distribution in inversion
recoveryprepared gadoliniurenhanced Tivei ght ed i mages (ol a
enhanceé®ment o) .

When two or more of the threeriteria are positive, myocardial inflammation can be
predicted with asensitivity of 67%, specificity of 91% ardlagnostic accuracy of 78%; if onlgte
gadolinium enhancement imaging is performed, tagriistic accuracy drops to 68%°

However, theutility of CMR in the diagnosis of chronic myocarditis a@M is still limited.

Lurz et al reported that the diagnostic performance of CMR in suspected chronic myocarditis was
unsatisfactory (sensitivity, 63%; specificity, 40%; and accuracy, 32%jrthermore CMR has
been found not to be accurate in patients \th-level or no inflammatiori® ** ' CMR does not
replace EMB in the diagnosis of myocarditis and should not delay EMB irthligatening

presentations.

1.1.6.6. Endomyocardial biopsy

In patients fulfilling the diagnostic criteria for clinically suspected myocardties Working
Group on Myocardial and Pericardial Diseases of HfC recommends selective coronary
angiography and EMB. This recommendation also applies to patients with an acute coronary
syndromelike presentation (with or without ST segment elevationyreased cardiac troponins,

preserved ventricular systolic function with or without features suggestive of myocarditis o CMR.
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EMBs can be obtained from the right ventricle, via the venous route through jugular,
subclavian, or femoral veins, or from tledt ventricle with transseptal puncture or by direct access
through a peripheral artery, usually the feal@r brachial artery

According to the recent Consensus statemenEMIB from the Association for European
Cardiovascular Pathology and the Society Cardiovascular Pathologynultiple biopsy specimens

from different sitesshould be taken in order to reduce the faisgative results.

Histopathological diagnosis
Histopathological assessment is not only the gold standarithé diagnosis of myocarditis,

but remains essential for tisssification of myocarditis based upon histological critétia.

Immunohistopathological diagnosis

Cardiac inflammation could be immunohistologically characterized by differerkensaof
cell activation andenhanced expression of histocompatibilitytigens andadhesion molecules
(AMs). The sensitivity and specificity of monoclonal antibodies, directed against specific epitopes
of immunocompetent cells, allow the identification, charazédion and quantification of

inflammatory cells infiltrating myocardial tissu&’s.

Molecular diagnosis

The molecular biological diagnosis of viral genomes comprBER for the qualitative
evduation, quantitative PCRor the determination of viral loads, and sequencing for the analysis of
viral genotyped? The development of molecular biological techniques, particularly amplification
methodslike PCRor nesteePCR, allows the detection of low copy viral genomes evem an
extremely small amount of tissue such as in EMB specimens.

The main viruses to be considered when performing molecular pathology studies in the
myocardium of patients with a suspicion of myocarditis are adenovirus, entessvidMV, EBV,
hepatitis C virus, herpes simplex w& 1 and 2, HHVGinfluenza wuses A and B, PVB19and

rhinovirus

18



On the basis ofecent study of Bock et ait was suggested that PVB19 load of more than
500 genome equivalents (ge) per microgram of isolated nucleic acids of in EMB specimens is a

clinically relevant threshold for the maintenance of myocardial inflammétith,

Complicatiors of EMB

Major complications of EMB included pericardial tamponade with need for
pericardiocentesis, hemand pneumopericardiumpermanent AV block requiring permanent
pacemaker implantatiorgrteriovenous fistulamyocardial infarction, transient cerebral ischemic
attack and strokejnfection, pneumothorax, pulmonary emboligharing RV biopsy or systemic
embolism during LVbiopsy, severe valular damage, and deathinor complications included
hematoma,transient chest pain, transient ECG abnormalities, transient tlamtas, transient
hypotension,vasovagal reactiorand small pericardial effusions. The rate adéjon complication
ranged from 0.12% to 84% in experienced centersinor complication rate varied beter 0.64%
and 510%53 **

1.1.7.Prognosis

Outcome and progrsis of myocarditis depends agtiology, clinical presentation, and
disease stag¥’' '* Acute myocarditis resolves in about 50% of cases in the firdtv@eeks, but
about 25% of the patients will develop persistent cardiac dysfunction with progresgi@ement
of LV function, anotherlZi 25% may acutely deteriorate and either die or progress testage
DCM with a need for heart transplantatibfhe progressive impairment of the LV functinoften
linked to chronic inflammation and viral persistertige to an inadequate immune response after
AMC.* The persistence of enterovirus, adenovjri®/B19, and HHV6 in the myocardium of
patients with LV dysfunction was associated with a progressive impairmelgftoéentricular
ejection fraction (VEF), wheeas spontaneous viral elimination was associated with a significant
improvement in LV functiorf®

Patients with fulminant myocarditis who survive the acute phase have an excelletdriong
prognosis compared with patients with acute myocardifise surwal rates in giantell
myocarditis in children and adults are markedly worse withedian survival of less tham@onths.

These patientssually require cardiac transplantatidfr
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1.2.Speckle tracking echocardiography

1.2.1. Preamble

Speckle tracking echocardiography (STE) is a novel methadhich can be applied to
quantitatively characterize myocardial deformation in longitudinal, radial eincumferential
directions STE is especially suited for the assessment of global and regional syfstetition in
patients with apparently normal EF

STE has several advantages compared to other modalities which are used for the diagnosis of
ICM. STE is much more availabl e, cost efficient
and postprocessing time in cotrast to MRI It is noninvasive and does not bear any risk for the
patient in compason with EMB

There are only few reports about the diagnoatid prognostic importance oD2STE in
patients with myocarditi& 3* ". No biopsycortrolled studies, in which thelBBSTE is compared to
immunohistological criteria of myocarditisave been published to date

Area tracking, expressed agobal area strain(GAS) is a novel parameter, which is
guantified by the percentage of deformationhalV endocardial surface area usi8i STE Itis a
parameter integrating longitudinal and circumferential deformation, theratfonégght decrease the
tracking error and emphasize synergistically the magnitude of deformation and could provide a more

global and comprehensive evaluationLaf systolic function.

1.2.2. Definitions

STEis a promising new, largely angiedependent imaging modality used for the evaluation
of myocardial function. It is an offline technique that is applied to previously acquireor 2D
images and permits offline calculation of myocardial velocities aefrchation parameters. It
provides a quantitative regional and global LV assessment and is an independent supplement to wall
motion analysigor evaluating LV mechanic¥: *®

STE has been validated for the assessment of myocardial deformation against

50, 51

sonanicrometry®, tagged magnetic resonance imaginyIR!) and clinically againsttissue

11, 49

Doppler imaging TDI).

20



Strain describes the fractional change in the length of a myocardial segment. It
quantitatively characterizes myocardial deformation in longitudinal, radidl @rcumferential
directions.Strain is unitless and is expressed as a percentage. Strain can h#ve posiegative
values, which reflect lengthening or shortening, respectively. In its simplestimeasional
manifestation, a 1@m string stretched to 12 cm would have 20% positive stPaline secalled
Langrangian strain (e) is mathematically defirees the change of myocardial fibre length during
stress at endystole compared to its original length in a relaxed state atliastble (figure 112
Applied to a single segment of the heart, systolic strain is simply the standardized change in length
in a segment. The change in length is standardized, or divided, by tastalic length:

Strain=((enes y st ol i ¢ -diastoliglength)/endlé mast ol i ¢ . engt h) T

Strain rate is the rate of change in strain and is expressed as 1/sec'df $iewould also be
defined as the speed at which deformatiom étrain) occurs. Mathematically, it is calculated as the
change in velocity betweed points divided by the distance between the 2 points with a Unit s
When acquired at the LV apex, normal ventricular mydicem has a negative SR systole and a
positive SRduring diastolé® As a spatial dévative of velocity, SRprovides increased spatial

resolution for precise localization of diseased segnténts.

== jul fm
=1 |2

Strain = (L-1s)/1oc = AL/I o
Strain rate (SR) = (v,-v.)/d

Figure 1. Elastic deformation properties. Strain=change of fibre length compared to original
length, strain rate=difference of tissue velocitiesveo distinctivepoints relativeto their distance.
oL i n dchaoge bféesgth; &i unstressed original length;iLlength at theend of contraction;
blue arrowi direction of contraction; V1 velocity point 1; V2i velocity point 2; di distance
(modified after Bledserger, 2010).
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Strain and SRcan be obtained from eithdD or STE Because Doppler is velocity or
distance divided by time, the initial measurement is strain rate. Integrating the strain rate gives
strain*’ The other way of recording strain uses the principle of speckle trackinge2D echo is

distance, the initial measurement is strain. The derivative of strain will give the straffi rate

1.2.3 3D speckle tracking echocardiography

3D STE wasdeveloped as a new application that can be used for regional wall motion
analysis of the entire left ventricle and allows us to obtain real 3D indices and to assess 3D wall
motion precisely? 3D STE combines the measurement of all three stréiosgitudinal,
circumferential, and radial) as it tracks speckles in three dimensions. With this new technique
different components of myocardial deformation could be measured in one cardiac cycle, which
should overcome the limitations of TDI and 2D STBD strain is clearly superior to other kinds of

strain, as it is independent of geometric assumpftions.

1.2.4. Types of myocardial strairs and strain rates

NnSegment al straino is the strain value for
is the strain for each of the theoretical vascular distribution 4fé2mak strain, peak systolic strain
and SR are the more commonly used parameters. Peak istthe maximum strain, which may
occur during LV ejection (defined as the interval between aortic valve opening and closure) or after,
whereas the peak systolic strain is the maximum strain that occurs during the LV ejection period
only. End systolic tsain (strain at the time of aortic valve closure), posttolic thickening, and the
postsystolic index (ratio of postystolic increment to the end systolic strain) have also been used.
Furthermore, timing of events can be obtained such as time tepst@hic strair?

Depending on spatial resolution, selective analysis of epicardial, midwall, and endocardial
function may be possible as wéfl.

Since contraction is three dimensional and myocardial fibres are oriented differently
throughout the myocara layers, deformation can also be described with respect to the different

directional components of myocardial contracttn
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Three different components of contraction have been defined: longitudinal, eadtial

circumferential (figure 2):

U Longitudinalcontraction represents motioroin the base to the apex. Longitudinal strain is

tangential to the endocardial contour and usually has negative values for the left v&htricle.
*% |t is measured in apical loraxis views to capture the longitudinal movernehthe heart.
There is a progressive increase in ligjnal strain from base to apgk>*

Radial contraction in the short axis is perpendicular to both long axis and epicardium. Thus,
radial strain represents myocardial thickening and thinifaymal radial strain is positive

in ventricular systole and negative in ventricular diastb®.It is estimatedby measuring

the radialchange in length between endocardium and epicardium in-gkisrviews. Radial
strain is analogous to percentagekkning in traditionategional wall motion analysi¥. It
decreases from subendocarito subepicardium?

Circumferential contraction is defined as the change of the radius in the short axis,
perpendicular to the radial and long axes. Circumferergtein is strain which is
circumferential to the endocardial contdfir®® It is measured in shogxis views by
measuring the change in length along the circumference of myocartiommally it also

increases from base apex>*>*

. A 4 3
o P e N //.A.\\
] A \‘\‘ 4 e
P 4 A { *
b $ ® \

. ’4 : . )‘/ J,i 7‘ .\‘
; \
© : e/ 1 |

radial circumferential longitudinal

Figure 2. Longitudinal, circumferential and radidlV myocardial wall straingmodified

after Blessberger, 2010)
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The term figlobal l ongi tudi nal strain (GLS
ngl obal radi al strain ( GRSJgrrcumferenfiakar mdiat component a v
of strain in the entire myocardium, which can be approximated by the averaged segmental strain
components in individual myocardial wall segments.

The general state of strain at a point in a body is composed of 3 compoafh@ormal strain
(e, 8, and @), and 3 components of shear straig,(e, and ¢,). Therefore, for the left ventricle, 3
normal strains (longitudinal, circumferential, and radial) and 3 shear strains (circumferential
longitudinal, circumferentialradial, and longitudinatadial) are ued to describe L\dleformation in
3 dimensions’

The degree of shearing increases talvdre subendocardium, therefotggher velocities
and strains are recorded at the subendocardium resulting smbepicardiato-subendocardial
thickening strain gradient. Subendocardial strains are higher in magnitude than subepicardial

strains>?

1.25. STE indexes normal ranges

It is quite difficult to define normal values of Siderived strain and strairate, since
several factors influenced the valudstained Normal deformation values vary among publications
and importantly depend on the brand of imaging equipment, which does not use the same algorithms
to process measured data acressdors’ Thereis little informationregarding the equivalency of
the normal range of LV 2D strain comparing ultrasound systems from diffeeadbrs Clear cut
offs for peak systolic strain to define pathologic conditions are still mi48ibgtil standardization
is achieved, echocardiography labs should identify-dpécific normal values with each vendor
analysis package and use the same software in serial stldies.

In the different studies performed in healtimgividuals the GLSvalues varied between
15.9% and-23.8%6%°* 8 %9 peak systolic SR1 . 1 NO', Oofpeask early di d&stol i
and peak late di*dstolic SR 1.02N0.01 s

3D STEderived LV deformation parameters are highiendordependent™® The
following 3D strain ranges in healthy subjects were obtained irseékieral studieperformed for
GAS from -319%" to -43,19%7, for GLS from-15.5% to-21%* °, for GCS from -17%" to -
31.69* and for 3D GRSrom 33.7%to 59%°* °®
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1.26. Factors affecting STE imaging parameters

A variety of parameters might potentially influence the measurement of atrdistrain rate
including features specific to patients (age, gender, race, ethnicity, anthropometric variables),
hemodynamic factors (heart eatblood pressure), and cardiac factors (LV size, wall thickie§3).
Speckletracking echocardiographic measurements are dependent on image®gufalimd on
excellent endocardial border detectf3rAll TD-derived data on wall motion ardkformation are
argle-dependent® As described by a cosine function, the greater the insonation angle, the lower the
detectedDoppler shift and the lower thraeasured velocity? The advantage of 2D speckle tracking
derived strain is that it tracks in dwmdimensions, along the direction of the wall, not along the
ultrasound bea, and thus is angiedependentThis allows angle independent quantification of LV
strain/ strain rate alon@ll three orthogonal axes (circumferential, radial and longitudihal) &re
obtainable only in limited LV segments by TDI. Furthermore, due to the automatic-frgifneme
tracking of the myocardium, translational movement due to respiration and tethering from adjacent
myocardium would not affect the 2D speckle trackingasugementsAccording to some authars
both strain and displacement showed no significantralgeed changé¥ however, otheauthors
reported that &locities and deformation parameteincluding strain wereaffected by agé’
Loading conditions andheart rate need to be taken into account when interpreting all functional
data’® Compared with stia rate, strain is more loading conditiolependent, increasing with
increased preload and decreasing with increased aftéfload.

In a metaanalysis Yingchoncharoen found that systolic blood pressure is an important
determinant of straiff Another study found that female gentiés associated with lowesLS.>®

Significant age dependency was observed for 3D longitudinal $trafhAge could also
influence 3D strains it was reported that men had lower 3D longitudinal, area and radial strain than
women. LV 3D strain parameters wexkso influencedy LV volumes and mass, image quality, and
temporal resolutiofi*

The presence of sanconditions likeAH®®, CAD™, cardiac amyloidosis, valvular heart
disease (aortic stenoSismitral regurgitatioff) HF, HCM, DCM"3, stressCM’* ’® restrictiveCM’®
" type 2 diabetes mellit®M)’® decrease the value of tEd.S.>’
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1.2.7. Advantages and disadvantages G TE

1.2.7.1.2D STE versus TDI

STE has several important advantages comparedlDederived strain imaging. In
comparison to TDI, STE is insonation angle independent and does not require such high frame
rates® STEderived strain in contrast to TD| reflects only ative contractionsince the STE
derived deformation parameters are not influenced by passive traction of scar tissue by adjacent vital
myocardium (tethering effect) or cardiac translaffb®’The TDstrain raé sample volume is fixed
while the myocardium is moving. Thus the sample volume may not stay within the myocardium
throughout the cardiac cycté.Color Dopplerderived strain and SR are noisy, and as a result,
training and experience are neededdmper interpretation and recognition of artifatt8oth TDI
and STE measure motion against a fixed external point in space (i.e., the transducer). However, STE
has the advantage of being able to measure this motion in any direction within the image plan
whereas TDI is limited to the velocity component toward or away from the probe. This property of
STE allows measurement of circumferential and radial components irrespective of the direction of
the bean?

TDi derived strain variables faced a numbercaficisms, not only in relation to angle
dependency, noise interference, but also because of substantial intraolaservieterobserver
variability.>° Furthermore, it showed high inteendor variability. Therefore, for study purposte
echocardiographimvestigations are performed on one tyjeltrasoundnachine

Although STEderived stra is superior to TDstrain particularly with regard to noise and
angle dependengyhe accuracy of speckle tracking is dependent on 2D image qaalityframe
rates. Low frame rates result in unstable speckle patterns, whereas high frame rates redinee scan
density and reduce image resolutin.

STE, however, is not completely angle independent, because ultrasound images normally
have better resotion along the ultrasound beam compared with the perpendicular direction.
Therefore, in principle, speckle tracking works better for measurements of motion and deformation
in the direction along the ultrasound beam than in other directions. Becauses dpsaikihg relies
on sufficiently high temporal resolutionfDI may prove advantageous when evaluating patients
with higher heart rates (e.g., during stress echocardiography) or itlsteaitevents need to be

tracked (isovolumic phases, diastole, eft.)
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Speckletracking strain results correlatégsificantly with TDi derived measurements. In
comparison withTDI, ROC curve analysis has shown that longitudinal and radial strain measured
using STE has a significantly grer area under the cur¢g&UC) than TDI strain in differentiating
normal and dysfunctional segments.

Overall, STE proved to be highly robust and reprodudbletra- as well as inteobserver
variability in 2D STEbetween skilled echo examiners was negligibléowever, some studidsve

suggested underestimation of longitudinal strain with &TE.

1.2.7.2. Limitations of 2D STE

Similar to other 2D imaging technique&) STE relies on good image qualityD STE is
sensitiveto acoustic shadowing or reverberations, which can result in underestimation of the true
deformation”® The accurate estimation of strain is limited by frame rate and heart rate. With
variable heart rates, the bublye recording may not be generatéénother limitation of STE is its
poor intervendor agreement? It is unclear how values from different scanners and software
versions could be compar&iSuboptimal tracking of the endocardial border is one of the major
limitations of 2D STE. In additighassessment of strain and SR also requires definition of the
epicardial borders. In most software versicamsiniform thickness of the myocardium is assumed
an assumption which is not tréfeGlobal strain might be inaccurate if too many segmesttain
values are discarded because of suboptimal tracking. This is particularly true in localized myocardial
diseaseswhere strain values are unevenly distributed. A further limitation, encountered in large
ventricles, is that it is often difficult to iage the entire myocardium, especially the apical
segmenté® Ventricular remodelling and wall thinning of myocardial segments may affect the

accuracy of strain measuremerfts.

1.2.7.3.2D versus 3DSTE

Although 2D STE is a useful technique, it has the intrinsic limitations of 2D imaging, such
as the use of foreshortened views that affect the accuracy of the quantification of individual
components of myocardial motion. In addition, the assumption thaklggeremain within the 2D

imaging plane and can be adequately tracked throughout the cardiac cycle may not always be valid,
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because of the complex 3D motion of the heart chambers. The inability of 2D STE to measure one
of the three components of the loch$placement vector is an important limitation, which affects
the accuracy of the derived indices of local dynamics. This shortcoming could be overcome by the
use of 3D STE?®

3D STEis a promising tool for an objective, accurate, comprehensive anddtejiote
quantification of regional and global LV function. Technical developments in 3D speckle tracking
with superior temporal and spatial resolution could theoretically civeminhe limitations of owt
of-plare motion inherent in 2D imagingAnother adantage of 3DSTE is the evaluation of the
motion of all myocardial segments in a single analysis step, which significantly reduces analysis
time>°

With the addition of the third componeot motion vectorwh i ch i s fADlmn2Ds i bl e
STE, 3D STHEpromises to allow accurate assessment of regional ventricular dynamics. Nevertheless,
it still requires rigorous validation and testing. The major pitfall of 3D STE is its dependency on
good apical acoustic window, image quality and a regular cardiac mhy®andom noise and
relatively low temporal and spatial resolution affect its ability to define the endocardial and
epicardial boundaries. These issues likely affect the framrfime correlation of local image
features and contribute to suboptimal myadéartracking?®

Another limitationof 3D STE is the lack chitrudy noni nvasi ve figol d st an
that can be used in humans to validate regional ventricular function in three dimensions. As a result,
most of the literaturerothis topicrepresats feasibility studies and potential advantages of 3D,STE
but does not establish the accuracy of the method. The clinical value of this new technology in a
wide variety of clinical scenarios suels chamber volume measuremesetsluation of global and
regional WMAs, and othersremains to be determined in future studies. Extensive clinical research

to test the accuracy and prognostic value of 3D strain agaiesence standard is need&d.
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2. Aim

The aim of our study was to performyocardial deformation analysising both 2D and 3D
speckle tracking imagint patients withsuspectedCM in order totest the utility, reliability and
diagnostic accuracy of these STE parameidisaimed to

1) searchfor STE parameters witha sufficient sensitivity and specificity to allow

reliable recognition of myocardial inflammatiamd could help us the selection
of patients, who would need further invasive diagnostic vk

2) test the relation between 2D and 3D STE parameters and the myocardial

inflammation as defined by immunohistolggy

3) compareand searchfor correlatiors between2D and 3D STEparametersand

conventiondechocardiographic parametarsorder to evaluate the usefulness of

deformation analysis in patients witGM.
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3. Materials and nethods

3.1. Patient ppulation

Threehundred and fitenpatients admitted to our departmémthe period from July 2012
to July 2013with a clinical diagnosis of suspectgdM in whom endomyocardial biopsidgEMBS)
were taken werecreenedThe clinical diagnosis of suspectédM was based on the following
criteria: 1. history of a former myocarditis; 2. one of the following clinical symptoms: fatigue,
dyspnea, peripheral edema, chest pain, viral prodrome, presyncope, syncop@fiqradpi3.
presence of ST/T wave abnormalities and/or increased TnT/Tnl levels, and/or elevated inflammation
markers (CRP); 4. echocardiographic data for diastolic and/ or systolic cardiac dysfunction. Patients
with severe heart valve disease, sewdH HCM, cardiac amyloidosis or sarcoidosis, significant
CAD and lung disease, severe metabolid andocrine diseases (DMere extuded from the study
based orechocardiography, laboratory values, angiography, chestyXxandEMB results.EMB
was performed within the first three days after the patient had been admitted to our department.
Echocardiographic examinations were performed 1 to 24 hours prieMi®. Antihypertensive
and/or antidibetic medical treatment was not stoppAt patientsgave written informed consents
for invasive diagnostic procedures.

A total of 255 patients fulfilled the abovmentioned criteria and were included in the study.

3.2. Echocardiography

3.2.1.Conventional echocardiography

One to 24 hours before performiigVB, transhoracic echocardiography was performed
using GE VingMed Vivid 7 or VIVID E9 ultrasound machine (Horten, Norway). LVEF was
measured from 2D apical i mages according to t
dimensions, including LV endiastolic andendsystolic diameters, septal and posterior WwaW)
thicknesses, lefand right atrial sizevere performed. Regional wall motion analysis was carried out.
In the parasternal lorgxis view, the thickness of the interventricular sep{ivis) and the LV PW

thicknesswere measured at esliastole, while LV diameters were measured at bothdeastole
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and endsystole. For the assessment of diastolic function, the early (E) and late (A) diastolic peak
velocities of mitral inflow were recorded amdeasured using pulsedave Doppler in apical 4
chamber view. The E/A ratimas calculatedTDI of the mitral annulus movements was obtained

from the apical £hamber view. A 1.5 mm sample volume was placed sequentially at the lateral and
the septal st Anal ysi s was performed by pul sed wave I
early diastolic | ateral (EG6I at) peak tissue Vv
| ater al ( A 6 Ivaotit)es. phe &\ fillingiinglices( eE /) ©106 septal and lateral sites,

calculated by the ratio of transmitral flovelecity to annular velocity, wergetermined.

3.2.2.2D speckle tacking echocardiography

For myocardial deformation analysis, 2D grey scale-tmiog clips were selected frothree
apical views (4, 2- and 3chamber viars) obtained by VIVID 7 or VIVID9 ultrasound system (GE
Vingmed, Horta, Norway) usinga 2.5 MHz transduceprobe. A sector scan angle 0’36 60° was
chosen, and frame rates of 50 to 70 Hz were USkedtro@ardiograms were recorded simultaneously
during the examinationfata were stored and then tréersed to a workstation for dihe analysis.
Postacquisition 2D specklgracking analysis was performed using the software for
echocardiographic quantificatioat the EchoPAC PC Workstation (GE Vingmed Ultrasound AS,
Horten, Norway).Endomyocardial borders of the left ventricheere manually traced at the end
systolic frame. Six to 10 points were placed, starting from the mitral annulus. Epicardial tracing was
automatically performed by the computer algorithm and, when necessary, manually adjusted to
cover the whole myocardial wall. Along the cardiac cycle, visual assessment and adjustment of the
tracing was performed until optimal tracking was obtained. Thevieritricle was automatically
divided into six equally distributed segmen(septal, lateral, anterior, inferior, anteroseptal and
posterior) and each segment was subdivided into three segments (basal, medial and apical). The
basal, middle and apical segm of the septal and lateral walls were analyzedchamber view,
the anterior and inferior walls in-éhamber view, and the posterior and anteroseptal walls in 3
chamber view.GLS, GLSR global longitudinal early diastolic strain rate (GLESR), and glob
longitudinal late diastolic strain rate (GLASR) were determined by averaging all 18 wall segments
analyzed from the 3 apical views. All the echocardiographic investigations were performed prior to

obtaining the results frolBMB analyses.
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3.2.3.3D speckle tra&ing echocardiography

In 57 patients full-volume 3D datasets were obtained with a commercially available
ultrasound system Vivid 9 (GE Vingmed; Horten, Norway) with aNFbz matrix array transducer.
Electrocardiograms were recorded simultaneously during the examina@mtisnal ransducer
position and angle weradjusted using the-Blane imaging modeA 3D dataset was obtained by
scanning multiple sectors from the cardiac apex, which were integrated wideangle pyramidal
data image covering the entire left ventricle has been already established that low frame rate
results in higher speckle decorrelation between subsequent frames, whereas too high frame rate
results in a loss of spatial régtion and an associated coarser speckle p&ttetrereforejmages
were acquired at lame rate of @ to40 Hz. The 3D datasets were displaysccanventional apical
and shoraxis views ora single screeniVhen optimal endocardium delineation was aebd, the
patient was asked to hold the breath as long as possibtder to recordhe best imaging planes in
which all regions of interest of the LMvalls could be well visualized. A fullvolume
electroardiographygated data set throughto 6 cardiac cycles was sampled during apQGeae
was taken to optimize the temporal and spatial resolution of images by decreasing depth and sector
width as much as poss$gwhile retaining the entire left ventrickthin the pyramidal volume. Data
were stord digitally and analyzed dffie usig EchoPAC Clinical Workstationoftware. Two
orientation points were designated to the mitral valve level and the LV apex-thastdle aneénd
systole. Endocardial contours, myocardial thickness and epatattbrders were detected
automatically and adjusted manually if necessary. The motion of the 3D myocardium was tracked
throughout the cardiac cycle and deformation parameters were calculated for each segment.
Tracking was proved visually and, if not acderarepeated after manual adjustment. The system
automatically performed segmental strain analysis through an entire cardiac cycle and provided
continuous values of global and segmental strain, includingl8Bal longitudinal strainGLS), 3D
global ciraimferential strainGCS), 3D global area strainGAS), and 3Dglobal radial strainGRS),
for all 17 segments simultaneously. Esyktolic and endliastolic LV volume, mass, and sphericity
index were generated automatically. LVEF was calculated fromdestolic and endystolic
estimates of these virtual L-¥avity casts. Completing the analysis, a 17 segments-dydisvith

global results was displayed.
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3.3. Endomyocardial biopsy

All patients underwent heart catheterization for evaluation of their coronaiyss After
angiographic exclusion dEAD and other possible causes of LV dysfuncti&MBs were taken
from the left anflor right ventricle using a flexible bmiome (Westmed, St Ingbert, Germany) via
femoral vein approacif. At least 6 biopsy samplesere collected from 2 to 3 different sites of the
ventricle. Three endomyocardial fragments were immediately fixed in 10% buffered formalin at
room temperature for light microscopic examination. Additional tissues pieces were immediately
snapfrozenin liquid nitrogen and stored e80°C until processing. Specimens were cut serially into
cryosections of 5 e m t hi-lclksimesprecoated slides, pvhichoverd i n
subsequentlyanalyzed in a blinded fashio® sample of peripheral blood in EDTAvas also

collected.

3.3.1 Histopathological assessmentf the endomyocardial biopsies

The histological sections were parafémbeddedand haematoxylheosin stained and
examined accaling to the Dallas criterialThey were analysed by light microscojoy evidence of
myocardial necrosis and presence of fibor8%ighe distribution, type and extent of fibrosis were

described.

3.3.2.Immunohistochemicalanalysis

Inflammatory infiltrates andcell adhesion moleculesCAMs) were characterized by
immunohistochemistry. Immunohistological staining was carried out and the immunoreactivity was
quantified by digital image analysis (urdirea fraction) at 206ld magnification®* %A large panel
of monoclonal and polyclonal ahbodies (including antCD3, anttCD8, anttCD45RO, ant
CD54/ICAM-1, antiCD68, anttCD106/VCAM-1, antiLFAL, anti HLA-I and antiHLA-DR) was
utilized for the identification and characterization of the inflammatory infiltrates and for the

detection of HLAupregulation on EMB tissue sections.
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3.3.3.Detection of viral genomes in the endomyocardial biggy specimens

According to the published technigd®sspecimens were subjected to molecular biological
investigation of cardiotropic viral genomes, performing nACRPCR on RNA extracted from the
biopskes for Enteroviruses (Coxsackirises and Echoviruseand on DNA for EBVY PVvB19 and

HHV6. Analysis of the detected viral genotypes and determination of the viral loads was performed.

3.4. Definition of groups

According to the findingglerived from the analysis of thEMB samples, patients were
divided into three groups:

1. No inflammationgroup infiltrating CD3 lymphocytesz.0 cells/mm (median cell count),
infiltrating CD45RO  lymphocytesk4.0 cells/mm (medan @l count) and
macrophages35.0 cells/mrf (median cell count), absence of myocyte lysisd preserved
LVEF.

2. DilatedcardiomyopathyDCM) group infiltrating CD3 lymphocytes?7.0 cells/mm (median
cell count), infiltrating CD45RO lymphocytesk4.0 cells/mm (median cell count) and
macrophages35.0 cells/mrh (median cell count), absence of myocyte lysind reduced
LVEF.

3. Inflammatory cardiomyopathyiCM) group infiltrating CD3 lymphocyte®7.0 cells/mm
(median cell count) nffiltrating CD45R0O lymphocyt&€d.4.0 cells/mr (median cell count)
and macrophagé€85.0 cells/mr (median cell count), and/ or presence of myocyte lysis,

and/or detection of viral genomes.
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3.5. Statistical analysis

The statistical analysis was performed using SRB3Vindows \ersion 15.0. Descriptive
statistics were obtained and a value for every paramsttdiedwas achievedContinuousvariables
were expressed as mrevaluelN st andard deviation (SD), and
of subjects and percentages. For unat&rianalysis, a-8ample t test was used for continuous
values, and thehi-squaretest or the Fisher exact test was used for categorical dhesaormality
of distribution was evaluated using the Kolmogoef@mirnov test.Comparisons between groups
were povided using AIOVA if variables were normallgistributed, the Mamwhitney U test was
performed if the data were not normyaldistributed Correlations between the variables were
calculated using the Pearson methR@C curves analysi was used andn AUC were measured.
Cut-off values for2D and 3D STE parametensith the bestsensitivity and specificitywere

determinedA value of p<0.05 was considered statisticalgnificant in all analyses.
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4. Results

4.1. Patient$characteristics

The study included 255 subjects with suspedtel. According to the histological and
immunohistological findings frorEMB analysesthe study population wadivided into three
groups: 57 patient§22.4%) showed no myocardial inflammation, §atients(235%) were with
DCM and 138oatientg54.1%) hadCM.

4.1.1 Age and gender

One hundred fifty six of th@55 patientsncludedin studywere men(61.2%) the rest 99
(38.8%) were women. The sex distribution of the patients included in the study istpdeseable
1. The men in the DCMyroup and in theCM group were proportionally more than the women
compared tdhe no inflammation groupdble 1. The mean agef all patients included in the study
was 49 N 13 years (rangeffrntdm W& mteoyeais@nthes T h &\
mean age of t hegeamerm hwaameddn Mge3in the no infl
yearsinthe DCMgroupi 52 N 13 vyear s ani€Mdgré@up (fblelp3rheypatiantss i n
were dividel into three age grougsyounger than 40 years of age, older than 60 years of age and
aged betweertO and 60 years. In all groupgbe middle-aged groupi betweerd0 and 60 years of
agewas predominantable 3).

According to thebody mass indexBMI), the patients from all thregroups vere slightly

overweight (table ¥ There were no significant differencesrgspect tahe BMI between the three
groups(p=0.06).
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Table 1 Distribution of patients Y gender in the groupstudied

Groups Groupl, n=57 Group 2, n=60 Group 3, n=138
Gender N % N % N %
Men 25 43.86 45 75.00 86 62.32
Women 32 56.14 15 25.00 52 37.68
Men:women ratio 1:1.28 31 1.65:1
Group 1=no myocardial inflammatia@roup group 2-DCM group group 3%CM group
Overall Chisquargest=12.10; p=0@2.Groupl vs Group2 Fi sher 6 s exact test
GrouplvsGroup8 Fi sher 6 s ex aGroup2vseGsoupBpEroOh O8RS exact
Table 2 Distribution of patients by agend gendein the groupstudied
Groups| Groupl, n=57 | Group 2, n=60 | Group 3, n=138 F P
Age value
Memd s a gse,, nyeeaanr 44.31 N 50.31 N 49.07 N 1.88]|0.158
Womeds age, vyeal] 49.29 N 56.94 N 49.75 N 1.78/0.172
Overallage year s, n 47.1°13.81 51.97°12.67 49.33°13.44 | 1.95| 0.144
SD indicates standard deviation.
Table 3. Distribution of patients fromhe groupstudiedinto age groups
t i groupss Group 1, n=57| Group 2, n=60| Group 3, n=138| Total, n=255| P value
Age groups
<40 yearsn (%) 14 (24.6) 8 (13.3) 32 (23.2) 54 (21.2)
40-60 yearsn (%) 33(57.9) 37 (61.7) 75 (54.3) 145 (56.9) 0.478
O 60 year 10 (17.5) 15 (25) 31 (22.5) 56 (21.9)
Table 4. Distribution of patiets by BMI in the groupstudied
Groups| Group 1, n=57| Group 2, n=60] Group 3,n=138| F P value
BMI
Male BMI, kg/nf, mean | 26. 53 27.99 27.41 NO0.631| 0534
Female BMI, kg/i mean 25. 62 29.57 26. 08 N 2675 0.075
Overall BMI, kg/nf, me ar 26.01°533 | 28.38°5.94 26.66°5.05 | 2.855| 0.060
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4.1.2. Clinical symptoms

Dyspneawasthe prevalent clinical symptorih 54.9% of allpatientspresented with dyspnea.

This symptom was mosiommon among thpatients from te DCM-groupi 60% of these patients

had dyspnea followed by the patients from theCM groupi 53.6% of them presented with this

symptomandthe patients from the Aimflammation group 52.6% of them complained of dyspnea

The patents with moderate and severe K{mptoms (lll and I\Vfunctional classaccording to the

NYHA classificatior) were equally distributedimong the three groupsithout any statistically

significant difference (p=0.352). The second most commoncaliriymptom wagalpitation Upon

their admission to the clini@8.2% all patients complained of palpitation. Other frequently observed

clinical symptoms were angina pectofAP) (21.6%) and fatigue (21.2%). Dizziness and syncope

occurred in 6.7% and 5.5% of the patientsspectivelyprior to hospitalization. The su of the

clinical symptoms exceeded 100%, because some of the pgtiessnted withmore than one

symptom. No significant difference was obseraedongthe three grouprsegarding thalistribution

of the clinical symptoms (tableg &igure 3.

Table 5. Clinical symptoms in the groupstudied

Groups Group 1, | Group 2, | Group 3, P value
n=57 n=60 n=138

Symptoms 1:2 1:3 2:3 Overall
AP, n (%) 17(29.8) | 7(11.7) | 31(22.5)| 0.015*| 0.278 | 0.076 | 0.054
Fatigue, n (%) 13(22.8) | 15(25) | 26 (18.8)| 0.781 | 0.529 | 0.326 | 0.586
Dyspnea, n (%) 30(52.6) | 36(60) | 74(53.6)| 0.422 | 0.900 | 0.407 | 0.657
Peripheral edema, n (%) 4 (7) 6 (10) 10(7.2) | 0.564 | 0.955 | 0.514 | 0.776
NYHA lll and IV functional | 15 (26.3) | 14 (23.3) | 31(22.5) | 0.619 | 0.790 | 0.765 | 0.872
class of HF, n (%)

Palpitations, n (%) 13(22.8) | 16(26.7) | 43 (31.2)| 0.629 | 0.241 | 0.525 | 0.476
Dizziness, n (%) 4 (7) 3(5) 10(7.2) | 0.646 | 0.955 | 0.558 | 0.838
Syncope, n (%) 3(5.3) 0 (0) 11 (8) 0.072 | 0.505 | 0.024*| 0.077

Asterisk indicatesstatisticdly significant difference inthe frequency

of symptom in a definite

group.AP indicates angina pectoris; HFheart failure; NYHAT New York Heart Association.
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Figure 3. Incidence of symptoms in the grouptidied (Group ® no myocardial inflammation
group group 2 DCM group group 3 iCM group

4.1.3. Concomitant diseasesnd risk factors

Arterial hypertensiorwas the most common concomitant disea$5% of the patients had
AH. The highest proportion of patients wi#tH was observed in thBCM group (43%), followed
by theiCM group (33%) and the Rrimflammation group (30%) (table) 6The seconanost frequent
concomitant cardiovascular disease was atrial fibrilla(idR). Persstent or permanemAF was
observed in 7.1% othe patientsfrom the three groupsAmongthe noncardiovascular diseases,
anemia was most frequent was detected in 22% of the patigntsost of themhad mild anemia
Chronic obstructive pulmonary disea@@OPD) was present in 6.3% of all patientBiabetes
mellitus was the most commatiseaseanong the endocrine disordeirs3.2% of all patients were
affected followed by hypothyroidisnii 4.7% and hyperthyroidisiin 1.6% (table 7.

According to the glometar filtration rate(GFR), calculated with the ARD equation, the
patients were classified as aving preserved renal functiorGFR> 9Gnl/min/1.73m% mildly
impaired renal functionGFR: 6689 ml/min/1.73n%, modeately impaired renal functierGFR: 30
59 ml/min/1.73 r and severely impaired renal functioBFR<30ml/min/1.73 ni. Most of the
patients hadnild or more severe renal impairmeb6.1%of the no inflammation group, 71.7%f

the DCM group and 68.% of theiCM group (table 8 The patents with preserved renal function
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and those with different stages of renal dysfunction were equally distributed between the study
groups.

The most common cardiovascular risk facarong the patients from the growgisdiedwas
dyslipidemiai it was presnt in 21.2% of all patients. Most often it was found init@® groupi
23.9% (table 9. Eighteen percent of all patients ngesmokers, 3.5% had alcohol abuse. With
respect to concomitant diseases and risk facharsignificant differences were determined between
the three subgrougtables 69).

Table 6. Concomitant cardiovascular diseases in the grstymied

Groups Group 1, | Group 2, | Group 3, P value
_ n=57 n=60 =138 ™12 7 1:3 [ 2:3 | Overall
Concomitant
diseases
AH, n (%) 17 (29.8) | 26 (43.3) | 46(33.3)| 0.130| 0.634| 0.179| 0.263
Persistent or permanent AF, n (%9 6 (10.5) 3(5) 9 (6.5) | 0.262| 0.340| 0.680| 0.474

AF indicatesatrial fibrillation.

Table 7. Concomitant nofcardiovascular diseases in t@upsstudied

Groups Group 1, Group 2, Group 3, P value

n=s7 n=60 n=138 1:2 | 13 | 2:3 | Overall
Concomitant
diseases
Anemia, n (%) 11(19.3) | 14(23.3) | 31(22.5) | 0.595| 0.614 | 0.907 | 0.848
COPD, n(%) 2 (3.5) 5 (8.3) 9 (6.5) 0.271| 0.407 | 0.648 | 0.552
DM, n (%) 5 (8.8) 7 (11.7) 9 (6.5) 0.606| 0.580 | 0.222 | 0.474
Hyperthyreoidism, n (%) 2 (3.5) 0 (0 2(1.4) 0.130| 0.330| 0.344 | 0.281
Hypothyreoidism, n (%) 2 (3.5) 2 (3.3) 8 (5.8) 0.877| 0.590 | 0.459 | 0.703

COPD indicates chronic obstructive pulmonary diseB#¢ indicated diabetes mellitus.
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Table 8 Presencef renal dysfunction in the grougtudied

Groups Group 1, | Group 2, Group 3,
Renal n=57 n=60 n=138 P value
dysfunction

Patients with preserved renal function, n (% wit] 25(43.9) | 17(28.3) | 43(31.2)
the group)

Patients with mildly impaired renal function, n ( 26 (45.6) | 29 (48.4) | 75 (54.3) 0.160
within the group)

Patients with moderately and severely impaired r¢ 6 (10.5) 14 (23.3) | 20(14.5)
function, n (% within the group)

Patients were classified according to the glomerular filtration rate (GFRjulatd with the
MDRD equationas follows:preserved renaluhctioni G F RO ml/min/1.73m? mildly impaired
renal functioni GFR: 6089 ml/min/1.73n% moderately impaired renalrictioni GFR: 30659
ml/min/1.73n” and severelympaired renal function GFR<30 ml/min/1.73r.

Table 9. Cardiovascular risk factors e groupstudied

Groups Group 1, Group 2, Group 3, P value
Risk n=57 n=60 n=138 1:2 1:3 2:3 | Overall
factors
Dyslipidemia, n (%) 10 (17.5) 11 (18.3) 33(23.9) | 0.911 | 0.329 | 0.385 | 0.507
Smoking, n (%) 10 (17.5) 13 (21.7) 23(16.7) | 0575 | 0.882 | 0.402 | 0.651
Alcohol abuse, n (%) 2 (3.5) 3(5) 4 (2.9) 0.690 | 0.822 | 0.462 | 0.765

4.1.4ECG changes

The most common conductiatisorderwas the left bundle branch blogkBBB). It was
present in 16.47% of theatients. It was significantly more frequent in th€M group (32%) in
comparison with theCM (13%) group and the no inflammation group (9%) (p=0.0@4ble 10.
AV -block (first and second degreejas the second @st common conduction disordé.27% ofall
patients had Avblock. Right bundle branchldck (RBBB) was detected in 3.92% of tipatients.
There was no statistlly significant difference irthe incidence of Avblock and RBBB between

the three groupstudied
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Table 10. Distribution ofconduction disorders in the grougtsidied

Group 1, n=57 Group 2, n=60 Group 3, n=138 P value
AV -block, n (%) 4 (7) 2 (3) 10 (7) 0.561
LBBB, n (%) 5(9) 19 (32) 18 (13) 0.001*
RBBB, n (%) 1) 1) 8 (6) 0.246

Asterisk indicates statisticalgnificance.

Among the repolaration abnormalitiesnegative Fwaves were mostommonly observed
among thepatients(table 1). These ECG changes were observed in 25.49% of the patsinits.
segment depression was prdsen7.8% of allpatients it wasmost frequently found in patients
from theiCM groupi 11% Elevation of the STsegment wasletectedupon admission in 7.06% of
all patients; it was most common in patients fromitBM group 9%. ECG diagnostic criteria for
LV hypertrophy were present i8.92% of all patients. There was no statistically significant
difference between the three groups in relation to the incidefimepolarization abnormalitiesy to
the electrocardiographic signs of Lhypertrophy(table 11).

Table 11. Repolarizatiorabnormalities and signs of LV hypertropimythe groupstudied

Group 1, n=57| Group 2, n=60| Group 3, n=138| P value
ST-segment depression, n (%) 1(2) 4 (7) 15 (11) 0.091
ST-segment elevation, n (%) 4 (7) 2 (3) 12 (9) 0.400
Negative Fwaves, n (%) 13(23) 17 (28) 35 (25) 0.790
ECG signs for LV hypertrophy, n (%) 2 (4) 4 (7) 4 (3) 0.447

LV indicates left ventricular.

4.1.5. Laboratory tests

The complete blood count results of all patients are presented in ablehd leukocyte
count was highest in tH€M group (8.4 x 18L), followed by theDCM group (8.16 x 1¥L) and
lowest in the no inflammation group (6.75 x°AQ (table 13 Leukocytosis was defined as
leukocyte countgreaterthan 11.00 x 1UL. We found that leusicytosis was significantly more
frequently detected in th€€M group compared tthe other two groups (p=0.008pble 13. The

CRP level was considered elevated when it was more than 5 Elgitation of the CRP level was
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significantly more frequently observed among the patients fromQGiMe group compared to the
other two groupqp=0.046) (table 14

Table 12. Complete blood count

Groups Group 1, | Group2,| Group 3, P value
CBC n=57 n=60 n=138 1.2 13 2:3 Overall
Parameters
Hemoglobin, 13.82 14.73 14.16 0.007* 0.544 | 0.060 | 0.007*
(meari SD) g/dL (°1.62) (°1.42) (°1.66)
Hematocrit, 0.41 0.43 0.42 0.001* 0.333 | 0.023*| 0.001*
(meari SD) L/L (°0.04) (°0.04) (°0.04)
Erythrocytesount 4.59 4.97 4.76 <0.001* | 0.082 | 0.024* | <0.001*
x 10"/L (meari SD) (°0.48) (°0.47) (°0.51)
Leukocytecount 6.75 8.16 8.4 0.004* | <0.001* | 1.000 | <0.001*
x 10°/L, (meani SD) (°2.32) (°2.03) (°2.44)
Thrombocytesount 235.23 236.60 261.55 1.000 0.104 0.124 | 0.036*
x107 L, (meal (N51.,) (N62. (N92.
Asterisk indicates statistical significance.
Table 13. Prevalence of leuwdcytoss in the groupstudied

Groups| Group 1, n=57| Group 2, n=60 | Group 3, n=138  Total, P

Leu count n=255 value
NLC, n (%) 54 (94.7) 48 (80.0) 101 (73.2) 203 (79.6) 0.003*
Leukocytosis, n (%) 3 (5.3) 12 (20) 37 (26.8) 52 (20.4) '

Leu indicates lekiocytes, NLC indicates normal leakyte count.Asterisk indicates statistical

significance.

Table 14 Prevalence oélevation of CRP in the grouptudied

Groups| Group 1, n=57 Group 2, n=60 Group 3, n=138| Total, n=255| P value
CRP level
Normal CRP level, n (%) 50 (87.7) 51 (85.0) 102 (73.9) 203 (79.6)
. 0.046*
High CRP level, n (%) 7 (12.3) 9 (15.0) 36 (26.1) 52(20.4)

Asterisk indicates statistical significance.
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The ardiac biomarker levels were not significantly different in the three groups, excluding
the N-terminal pro Btype natriuretic peptideNTproBNP level (table 15. The level of the latter

biomarker was significantly higher in th€M groupcomparedd the other two groups (table)15

Table 15. Level of cardiac biomarkers in the growgtadied

Groups Group 1 Group 2 Group3 P value
;i:gfrf(ers n Value mean n Value mean n Value mean
( NSD) ( NSD) ( NSD)
CK, U/L 47 | 124.50111.5)| 46 | 143.9 (273.3)| 114| 129.4 ¢150.2)| 0.857

CKi MB fraction, U/L | 39 | 17.61 ¢15.11)| 38 | 17.47 10.21)| 94 | 16.27¢9.35) | 0.757

Troponin T  high] 11 | 0.011¢0.005)| 9 | 0.038 (0.047)| 40 | 0.074(¢0.14) | 0.269
sensitiveg g/ L

NTproBNP, pg/mL 17 | 267(254) | 19 | 1052 €915) | 52 | 1509 ¢2220) | 0.046*

Asterisk denotesstatistical significance, n indicates the rien of patients from each growgho

were testedCK indicates creatine kinase.

The cholesterol levels were tested in less than hathefatients. The total cholesterol,
LDL -cholesterol and triglyceride levels were not significantly different between the threesgroup
Only the HDL-cholesterol levels differ significantly between the three groups, being highest in the
no inflammation groug 59.77 mg/dL and lowest in thBCM groupi 48.35 mg/dL (p=0.01}1
(table 1§. The patients from the three groups did not differ digantly in relation to heir
creatinine level (p=0.079jable 16)
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Table 16 Cholesterolnd creatininéevels in the groupstudied

Groups Group 1 Group 2 Group 3 P value
Cholesterol
levels n Value~ mean | n VaIueN mean n Value~ mean
(NSD) ( NSD) (NSD)
Total cholesterol, mg/dL 24 190.54 23 194.17 61 197.84 0.809
(°45.92) (°33.94) (°52.31)
LDL-cholesterolmg/dL | 27 112.48 23 117.13 60 125.5 0.381
(°39.2) (°29.35) (°47.51)
HDL-cholesterolmg/dL | 26 59.77 23 48.35 60 | 49.1 ¢15.47)| 0.011*
(°14.94) (°17.25)
Triglyceride, mg/dL 26 130.08 23 189.48 59 151.36 0.139
(°85.29) (°160.32) (°83.91)
Creatinine, mg/dL 57 | 0.94¢0.31) | 60 | 1.08 €0.25) | 138 | 1.05¢0.41) | 0.079

Asterisk denotesstatistical significance, n indicates the number of patienuis) feach groupvho

were tested

4.2. Endomyocardial biopsy

4.2.1 Site of endomyocardial biopsy

Endomyocardial biopsiesere performed in all 255 patients. Madtthe patients underwent
LV EMBs (r=20771 81.18%), wheeas selective rightentricular(RV) EMBs were performed in 43
patients (16.8%), and biventricular EMBs were performed in another 5 (1.9G&ble 17.

Table 17. Ste of theEMB

Group 1, n=57 Group 2, n=60 | Group 3, n=138 Total
LV EMB, n (%) 51 (89.47) 46 (76.67) 110 (79.71) 207 (81.18)
RV EMB, n (%) 4 (7.02) 13 (21.67) 26 (18.84) 43 (16.86)
Biventricular EMB, n (%) 2 (3.51) 1(1.66) 2 (1.45) 5(1.96)

EMB denotesendomyocardial biopsy, LV indicates lettntricular, RVindicates rightventricular.
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4.2.2. Detection of viral genomes

On the basis of the PCR analysis, 52 of the biopsied pa{j2di8%)were virusnegative.
PVB19 genomes were detected in 163 of the pati@89%) Sincea PVB19 load ofmore than
500 geper microgram of isolated nucleic acids in EMB specimen is a clinically relevant threshold
for the maintenance of myocardial inflammaff§rwe should notéhatin 104 of these 163 patients,
the PVB19 load wakess than 500 géMore than 500 gevere foundin 59 (23.1%) of the biopsied
patients. HHV6 type B genomes were detected in 11 pat{ér8%6) HHV6 type B and PVB19
genomes were found in 22 patief®s6%) Genomes of both HHV6 type B and Hepatitis B virus
were found in 1 patier(0.4%) Enterovirus gnomes were detected irpatients(0.8%).Combined
Enterovirus and PVB19 genomes were found in 1 patient. EBV genomes were detected in 1 patient
and combined EBV and PVB10 in 1 patient. The frequencies of viral genant®yy PCR are
detailed in table 180verall, 98 of the 25%iopsied patients(38.4%) were viruspositive; in 73
patients one virus was isolated and25 patients more than one virus was deted®(B19 with
more than 50@e per microgram of isolated nucleic acids in an EMB specimen wasfregsiently
detected 29 patients from théCM group (55.77% of all patients with detected virus within this
group), 16 patients from the no inflammation group (64% of all patients with detected virus within
this group) and 14 patients in tD&€M group (66.67% of all patients with detected virus within this
group).The PCR analyses revealed the presendeMB19 and HHV6 type B in 14 patients from
theiCM group, in 5 patients from the no inflammation group and in 3 patients fromGMegroup.
Single infection with HHV6 type B was detected in 6 patients fromi@M group, in 4 patients
from the no inflammation group and in 1 patient from @M group. There was no statistically
significant difference in thedistribution of PCRpositive samles béween the three groups
(p=0.511)(table 19.
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Table 18 Results of PCR analysis of the biopsied material

Group 1, n=57| Group 2, n=60| Group 3, n=138 Total, n=255
No virus, n (%) 13 (22.8) 15 (25.0) 25(18.1) 53 (20.8)
PVB19<500 gen (%) 19 (33.3) 24 (40.0) 61 (44.2) 104 (40.8)
PVB19>500 gen (%) 16 (28.1) 14 (23.3) 29 (21.0) 59 (23.1)
HHV6 type B, n (%) 4 (7.0) 1(1.7) 6 (4.9 11 (4.3)
HHV6 type B + PVB19, n (%) 5 (8.8) 3 (5.0 14 (10.2 22 (8.6)
HHV6 type B + HBV, n (%) 0 117 0 1(0.4)
Enterovirus, n (%) 0 1(1.7) 1(0.7) 2(0.8)
Enterovirus + PVB19, n (%) 0 0 1(0.7) 1(0.4)
EBV, n (%) 0 0 1(0.7) 1(0.4)
EBV + PVB19, n (%) 0 1(1.7) 0 1 (0.4)

HBV indicates Hepatitis B virus

Table 19 Patients from the groupstudiedwith virusdetectedn the biopsied material

Group 1, n=25| Group 2, n=21| Group 3, n=52 Total, n=98 P

value

PVB19>500 gen (%) 16 (64.@) 14 (6667) 29 (5577) 59 (60.D)

HHV6 type B, n (%) 4 (16.m) 1 (476) 6 (11.51) 11 (11.3)

HHV6 type B + PVB19, n (%) 5 (20.M) 3 (14.29 14 26.93 | 22 (22.45

HHV6 type B + HBV, n (%) 0 1 @4.76) 0 1(1.09

Enterovirus, n (%) 0 1@4.79 1@2.92 2.049 | 0511

Enterovirus + PVB19, n (%) 0 0 1@2.92 1 (102

EBV, n (%) 0 0 1@2.92 1@.02

EBV + PVB19, n (%) 0 1@.76 0 1 (1.02)

Total, n (%) 25 (100) 21 (100) 52 (100) 98 (100)

n indicates the number of patients from each group, who have pasiaV/®CR test
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4.2.3. Histopathology and immunohistochemistry

Inflammatorycellularinfiltrates were detecteish 138 of 255 patients (54.1% of all patients)
via immunohistological methodsAmong the patients from theCM group the macrophageal

infiltratesweremost frequently detected, followed by CD45RO lymphocytic @8 lymphocytic

infiltrates (table B).

Table 20 Inflammatory cells detected in ti@opsy specimens

Groups| Group 1, Group 2, Group 3, df | P value
Immunecells n=57 n=60 n=138
Increased CD3 lymphocytes, n (%) 0(0) 00 67 (48.6) 2 | <0.00r
Increased CD45R@mphocytesn (%) 0(0) 0 (0 88(63.8) 2 | <0.00r
Increased macrophages, n (%) 0(0) 0 (0 100 (72.5) 2 | <0.00r

Asterisk indicates statistical significance, df indicates degrees of freedmdicates the number of

patients, who have increased inflammatory cells irBW@& specimen

Semigiantitative immunohistochemical analysisas performed fordetection of AMs 1
intercellular adhesion molecule ICAM-1) andvascular cell adhesion molecule IQAM-1) and
HLA class l,in frozen sections of theEMBs. Thefrequency of high expressiorf €CAM-1 and
VCAM-1 on the endotheligind interstitial cells, and dfiLA class | on the cardiomyocytes was
greater in theCM group (95.7%, 26.8%, and 84.8%, respectively), compared to no inflammation
group (84.2%, 19.3%, and 71.9%, respectively) anthédICM group (66.7%, 10.0%, and 6343
respectively) (table 211n addition, no statistically significamifference was detected inlagon to

thepresence of interstitial or perivascular fibrasishe threggroups (table 2

Table 21. Expression oAMs and HLAclass lin EMBs

Group 1, Group 2, Group 3, | df | P value
n=57 n=60 n=138
Increased expression of HLA class I, n (%] 41 (71.9) 38 (63.3) 117 (84.8)| 2 | 0.00%
Increased expression of ICAY, n (%) 48 (84.2) 40 (66.7) 132 (95.7)| 2 | <0.001
Increased expression of VCAIY n (%) 11 (19.3) 6 (10.0) 37(26.8) | 2 | 0.027

Asteriskdenotesstatistical significance
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Table 22 Presence of interstitial and perivasculérdisis in the biopsied material

Group 1, n=57| Group 2, n=60 Group 3,n=138 df P value
Interstitial fibrosis, n (%) 23 (40.4) 30 (50.0) 54 (39.1) 2 0.349
Perivascular fibrosis, n (%) 44 (77.2) 38 (63.3) 95 (68.8) 2 0.260

Significant differences were founggarding the cardiomyocyte diamegmong the three
groups.More than the half of the patients from th€EM and from theCM grouphad hypertrophied
cardiomyocytes (table 3. The patients sm the no inflammation group hathe smallest
(20. 6 3DAW gy 7 B8 largesh)

cardiomyocyte diameters

~

(23.88 N

4 . 4 (table29.)

Table 23 Cardiomyocyte diameter

(p=0.001)

Group 1, n=57, Group 2, Group 3, df | P value
n=60 n=138
Hypertrophied cardiomyocytes, n (%) 19 (33.3) 40 (66.7) 74 (53.6)
Atrophied cardiomyocytes, n (%) 14 (24.6) 7 (11.7) 32 (23.2) 4 | 0.003
Normal cardiomyocyte diameter, n (%) 24 (42.1) 13 (21.6) 32 (23.2)
Average cardiomyocyte diameter, 20. 63 23.88 21. 74 - | 0.00F
mean (N SD), em

Asterisk indicates statistical significance.

4.3. Echocardiographic parameters

4.3.1 Conventional e&éhocardiography and tissue Doppler maging

Results from conventional echocargiiaphy are presented tables 2428. The LVEF was
highest in the no inflammation grotp57.8%, followed by theCM groupi 46.8% and théCM
group 30.3%table 24. However, significant difference was observed between the three groups in
respect taheLV diameters and volumétable 5).

No significant differences were observedragard tothe IVS thicknessand the LVPW
thicknessbetween the three groufis=0.581 and p=0.518, resp.) (tali6). The left atrial diameter

and volume did not differ significantly between the no inflammation andGMegroups (p=0317
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and p=0.137, resp.put appeared to be sidicantly higher in theDCM group compared to the no
inflammation grop (p=0.019 and p<0.001) (table)27

Table 24. LV systolc function

Groups Group 1, | Group?2, | Group 3, P value
Echo n=57 n=60 n=138 1:2 1:3 2:3 Overall
parameters
LVEF, mean {SD) % 57.79 30.32 46.8 <0.00F | <0.00F | <0.00F% | <0.00F
(°10.11) (°8.12) (°16.96)
LVSF, mean {SD) % 32.97 15.59 2747 | <0.00¥ | 0.007 | <0.00r | <0.00F
(°8.72) (°5.16) (°10.82)

Asterisk denotesstatistical significancet.VEF indicates LVejection fraction; LVSHndicatesLV

shortening fraction

Table 25 LV dimensionsand volumes in the grougsudied

Groupl | Group?2 | Group 3 P value

Echo

parameters 1.2 13 2:3 Overall

LVEDV, mean ¢ SD) ml 122.98 203.17 | 154.66 | <0.00% | 0.00& | <0.00F | <0.00%
(N37, (N55,(N62

LVESV, mean {SD) ml 55.19 141.71 89.57 | <0.00F | <0.00F | <0.00% | <0.00F
(°24.05) | (°45.06) | (°57.98)

LVEDD, mean { SD) mm 51.43 64.77 55.92 | <0.00F¥ | 0.00& | <0.00% | <0.00F
(°7.48) | (°7.47) | ( N9.

LVESD, mean{SD) mm 35.05 55.93 415 | <0.00% | 0.005 | <0.00F | <0.00F
( N8 (N7 .| (N12

Asterisk indicates statistical significandeyEDD indicates LV enddiastolic dimension; LVEDV

indicates LVenddiastolc volume; LVESD indicates L\éndsystolicdimension; LVESV indicates

LV endsystolic volume.

Table 26.LV wall thickness of the patients in the growghsdied

Groups Group 1, Group 2, Group 3, P value
n=57 n=60 n=138 1.2 1:3 2:3 | Overall
Echqarameters
IVS, mean {SD) mm 10.50 10.55 10.78 1.000 | 1.000 | 1.000 | 0.581
(N1.5 (N1.6 (N2.
PW, mean{SD) mm 10.24 10.30 10.52 1.000 | 0.923 | 1.000 | 0.518
(°1.37) (°1.66) (°1.80)
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Table 27. Left and right atrial dimensions of the patients in the gratpdied

roups Groupl | Group?2 | Group 3 P value
1.2 13 2:3 | Overall
Echgarameters
LA diameter, mean°SD) mm| 37.14 41.59 39.43 0.019* | 0.317| 0.292 | 0.024*
(°6.52) (°8.00) (°8.32)
LA volume, meanqSD) ml 57.17 81.52 66.64 | <0.001*| 0.137| 0.005*| <0.001*
(°24.12) | (°22.52) | (°30.53)
RA volume, mean°(SD) ml 45.61 58.87 52.40 0.056 | 0.437| 0.563 | 0.062
(°25.74) | (°22.69) | (°25.95)

Asteriskdenotesstatisticd significance;LA indicates left atrial, RA indicates right atrial.

RV diameter, tricuspid annular plane systolic excursibARSE) and PARIid not differ
significantly between the three grougsidied(p=0.809; p=0.381 ang=0.139, respectively) (table
28). The sysplic PAP was significantly higher in thBCM and in theeCM group compared to the

no inflammation goup (table28).

Table 28 RV functional echocardiographic parameters and pulmonary artery pressures

Group 1 Group 2 Group 3
P value
Groups
1:2 1:3 2:3 Overall
n Mean n Mean n Mean
Echo value value value
parameters ( Nst ( NsSD ( NS
RV diameter, 19 2221 | 14 27.29 38 26.11 | 1.000 | 1.000 | 1.000 | 0.809
mm (°6.65) (°5.76) (°7.51)
TAPSE, mm 52 2496 55 2184 129| 2278 1.000 | 0.563 | 1.000 | 0.381
(°4.59) (°4.02 (°5.22)
Sysblic PAP,| 39 2756 30 36.33 73 | 3162 | 0.038*| 0.014*| 1.000 | 0.011*
mmHg (°6.57) (°12.02) (°9.96)

Asterisk indicates statistical significancey indicates the number of patient from each group in

whom the echocardiographic parameter was measured

The transmitral E and A wave velocities and tato of transmitraE and A waverelocities
(E/A) did not differ significantly beveen the three groups (p=0.3%850.310 and p=0.284 resp.)
(table 29. The early diastolic mitral annulus velocity from the lateral ann(luE 6 | at ) W

significantly higherin the no inflammation group in comparisaith the DCM group and theCM
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(p=0.04) .
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significantly between the three grou@s0 . 0 0 1) .
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ndex

(E/ EGI at)
group (p=0.002 and p=0.001, resp.), but not in compatistmeiCM group (p=0.221 and p=1.000,
resp.)(table 29.

di

The

wer e

astol

Table 29 Conventional Doppler and TBchocardiographic parameters

c mi

sept al

Groups Group 1 Group 2 Group 3 P value
1:2 1:3 2:3 | Overall
n Mean n Mean n Mean

Echo

parameters val~ue val~ue val~ue
( NstC ( NS ( Ns

E, m/s 53 0.83 54 0.80 |133| 0.78 1.000 | 0.502 | 1.000 | 0.378
(°0.20) (°0.22) (°0.21)

A, m/s 46 0.70 | 49 0.64 |123| 0.69 0.511 | 1.000 | 0.526 | 0.310
(°0.23) (°0.26) (°0.23)

E/A 46 137 | 49 156 |123| 1.33 0.872 | 1.000 | 0.344 | 0.284
(°0.80) (°1.07) ( NO.

EO6 sep, 49 0.09 | 38 0.07 |108| 0.08 | <0.001*|0.022*| 0.074 | <0.001*
( No. ( No. ( No.

E6 | at ,| 48 0.15 | 44 0.09 |108| 0.10 0.069 | 0.078 | 1.000 | 0.040*
( No. ( No. ( No.

E/ E6 se€ 49 949 | 38| 1288 | 95 | 10.89 | 0.002* | 0.221 | 0.062 | 0.002*
(°3.30) (°4.61) (°4.84)

E/ EO6 | ¢ 48 772 | 44| 1132 |108| 8.32 0.001* | 1.000 | 0.001*| <0.001*
(°2.90) (°7.82) (°3.53)

Asterisk denotesstatistical significance. E indicates early diastolic mitral inflow velocity, A

indicates |l ate diastolic mitral infl ow vel

from the septal annul us, E 6 Ilusavebcity fiothithe daterals

annulus.

Pericardial effusion was present in 44 patients (17.3%). There was no significant difference

in the frequency ofletection ofpericardial effusion between the three groups (p=0.28B)e 30.

52

t red |
filldl
significamCMy




Table 30. Pericardial effusion

Group 1, n=57

Group 2, n=60

Group 3, n=138

df

P value

Presence of

pericardi

13 (22.8)

7 (11.7)

24 (17.4)

0.297

effusion, n (%)

Assessment of diastolic function of the left ventricle showed i@t of the patients fra
each group had diastolic dysfunctiorDiastolic function abnormalities were divided into mild
diastolic dysfunction (impaired relaxation), moderate diastolic dysfunction (pseudonormalization)
and severe diastolic dysfunction (restrictive filliig reversible ad fixed). Mild diastolic
dysfunction was detected 114 patients, 18 patienhad moderate diadio dysfunction and 9

patients’ severe diastolic dysfunctiqiteble 3).

Table 31 Types of diastolic dysfunction

Groups Group 1, n=57| Group 2, n=60| Group 3, n=138 df | P value
Types of
diastolic dysfunction
Impaired relaxation, n (%) 25 (44.9) 29 (48.3) 60 (43.5)
Pseudonormalization, n (%) 2 (3.5 5(8.3) 11 (8.0) 6 0.297
Restriction, n (%) 00 3 (5) 6 (4.3)

4.3.2. Speckle trackingechocardiography

4.3.2.1. 2D global longudinal strain and strain rate parameters

Systolic and diastoliendices provided by2D STE are presented in table. 32atients with
iCM showed reduce®LS in comparisomo those without igocardialinflammation(-14.50 5.40%
vs. -18.39 4.09%, p<0.001).Representative images are showrfigures 46. GLSR andGLESR
were also significantly reduced ithe iCM group compared to the no inflammation gro(p
0.920.32 &, vs.-1.11°0.26 &, p<0.001; andl.16°0.45 §" vs. 1.530.41 &', p<0.001 resp).
However, here was no significant difference in GLASR between itG®& group and no

inflammation group .820.32 &, vs. 0.890.29 p=0.509). The mtients with DCM had
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significantly lower GLS, GLSR, GLESRind GLASR compared to those without mamdial
inflammation 0<0.001 for &).

GS=-9.4%

Peak Systolic Strain [

ES=00F ™

Peak Systolic Strain |

(b)
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©S=-10.3%
Poak Systolic Sirs

Figure 4. 2D STEderived left ventricular longitudinal strain showing parametric image and
segmental strain values/curves in a patient v@tkl in a (a) 4chamber view, (b) hamber view

and (c) 3chamber view.

Peak Systolic Strain

Figure 5. B u | | édssplag gf 2D STHlerived LVlongitudinal strairof the same patient as in Fig.
4. The percent values of longitudinal strain for the individual segmentprasented and color
coded. Different shades of red represent negative strain. Slightly to moderately attenuated

longitudinal strain is present in the anteroseptal, anterior, septal, inferior and lateral segments.
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Figure6.Bul | 0 s

eye

Peak Systolic Strain

Table 32.2D GLS, GLSR, SLESR and GLASR among the grostpsied

d i udimal sayn of@ patiehtvitHoud mygpacardial inflammation.

Groups Group 1, Group 2, Group 3,
g n=5p7 n=6p0 n=128 P value
2D strai 1:2 1:3 2:3 Overall
parameters
2D GLS, % -18.39 -11.52 -14.50 <0.001* | <0.001* | 0.001* | <0.001*
(°4.05) (°3.49) (°5.40)
2D GLSR,s? -1.11 €0.26) -0.74 -0.92 £0.32) | <0.001* | <0.001* | <0.001* | <0.001*
(°0.17)
2D GLESR;s? 1.53 £0.41) 0.89 1.16 €0.45) | <0.001* | <0.001* | <0.001* | <0.001*
(°0.27)
2D GLASR,s! 0.89 ¢0.29) 0.65 0.82 00.32) | <0.001*| 0.509 0.005* | <0.001*
(°0.30)

Variables are expressed as measD). Asterisk indicates statistical significance.

An independent sampletest was conducted twomparethe 2D GLS GLSR GLESR and
GLASR between different subgroups of patients viAZiv.
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Primarily, we compared th@D longitudinal strain and strain rate parameters in female and

male patients from theECM group. Although 2Dlongitudinal strain and strain rates were higher in

womenthan in men, the difference did not reach statistical significance for the strany of the
strain rategtables 3334).

Table 33 2D GLSandGLSRin male and female patients from tit&M group

2D GLS % 2D GLSR s?
Gender n meanNg t Pvalue| n me a n N § t P value
Women 40 -15. 09N 40 0. 95N
Men 73 14 20K -0.840 0.403 73 0 90K -0.771 0.443
Table 34. 2D GLESR and GLASRn male and femalpatients withCM
2D GLESR s* 2D GLASR, s*
Gender n meanN§g t Pvalue| n me an N ¢ t P value
Women 40 1.25N0 38| 0. 84N(
Men 73 1 11R0 1.450 0.152 71 0 81K 0.466 0.642

We compared the 2D strain and strain rates parametpedients withCM and presrvedor
reduced_VEF and found that the patients with preserk&dEF had higher 2D GL$-1 8 . 7 8%l 4 . 3 8
vs.-1 1. 5 7%)] B<0.80T), GLSR(-1 . 1 9 bvs.D8 7 4 Hp<@D1), GLESR 1. 47 NO . 4.

stvs.

0. ¢,49490.001)3R0AGLASR( 1. 0280 s 2 90 . &, 6<0.001)2dbles 35, 36.

2D GLSR was significantlyimpaired in patients with LVhypertrophyin comparison to those
without LV hypertrophy 0 . 8 2 N v2 ® . 9 5 N, .p30430). The patients with LV
hypertrophyalso hadlower 2D GLESR( 0. 958N 0 s 3 3 1. & 208DmM09% (Gble 3% 2D

GLS and GLSR weresignificantly impaired in patiens with WMAS, detected by transthoracic

echocardiography, in comparista patientswithout WMAs (p=0.031, andp=0.013 resp) (table

35).
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Table 35. 2D GLSandGLSRin different subgroups of patientstiviCM

2D GLS % 2D GLSR s*

n me a n N t Pvalue| n | meanN t P value
LVEF
Preserved 48 | -1 8. 781 -9.428| <0.001*| 48 | -1 . 1 9 N| -10.063 | <0.001*
Reduced 70 -11. 571 70| -0. 74N
Pericardialeffusion
Not present 99 | -14. 521 -0060| 0952 | 99 | -0. 92N -0.004 0.997
Present 19| -14. 44 19| -0. 92N
LV hypertrophy
Not present 91| -14. 901 -1475| 0143 | 91| -0. 95N -2.237 | 0.030*
Present 24 | -13. 071 24| 0. 82N
WMASs
Not present 68| -15. 681 -2.188| 0.031* | 68 | -1. 00N -2537 | 0.013*
Present 39| -13. 331 39| -0. 84N
Asteriskindicates statistical significance.
Table 36. 2D GLESR andGLASR in different subgroups of patientstiviCM

2D GLESR s* 2D GLASR, s*

n me a n N t Pvalue| n me an N ¢ t P value
LVEF
Preserved 48 1. 47NK( 7.337 | <0.001*| 48 1. 02NKN( 6.896 | <0.001*
Reduced 70| 0. 94N 61 0.66 NI
Pericardial effusion
Not present 99 1. 15N 93 0. 83 NI
Present 19 1. 18RN( 0207 087 g5 7 0612 0542
LV hypertrophy
Not present o1 1.22 'SI 2.659 | 0.009* 83 0.82 ’S“ -0.130| 0.897
Present 241 0. 95N 23 0. 83 NI
WMASs
Not present 68| 1.24N( 1.708| 0.091 | 65| 0. 85 N( 0.724| 0471
Present 39| 1. 08N 35| 0. 80 N{

Asterisk denotesstatistical significance.

2D GLSwas significantlyreducedn patients withiCM, who hadmitral regurgitation (mild
or moderate) in comparison toode without mitral regurgitation (p<0.00{fable 37. The same
tendency was observed for ZBLSR (p<0.001), 2DGLESR (p<0.001) and 2DGLASR (p=0.005)
(tables 37, 39. The patients with theCM who hal tricuspid regugitation (mild or moderate) had
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significartly impaired 2D GLS GLSR GLESR and GLASRcompard to the patients without
tricuspid regurgitation (p<OQl; p<0.01; p=0.033 andp=0.004 resp) (tables 37, 38) No
statistically significant differences in glob&bngitudinal strain or strain rate parameters were

detected in patients with amdthout aortic vitium (table 37, 39.

Table 37. 2D GLS and GLSRin subgroups of patients wittCM in relation to the presence of

valvular heart disease

2D GLS, % 2D GLSR, s*

n meanN{§ t P value N me an N t P value
AR or AS
No ARorAS | 107 | -14. 6 9 -0.708| 0.480 107 | -0. 9 3 N| -0.644| 0.521
AR or AS 7 | -13. 181 7 -0. 85N
MR
No MR 57 | -17. 07HK -5411| <0.001* | 57 | -1. 0 8 N| -5.815| <0.001*
MR 57 |-12. 12N 57 | 0. 77N
TR
No TR 74| -15. 911 -3.670| <0.001* | 74 | -1. 01 N| -4.014| <0.001*
TR 40 | -12. 181 40 | -0. 77N
PR
No PR 110| -14. 781 -1.832| 0.070 110 | -0 . 94 N| -1.935| 0.055
PR 4 9. 74N/ 4 0.62N

Asterisk indicates statistical significance. AR indicates aortic regurgitation, AS indicates aortic
stenosis, MR indicates mitral regurgitation, TR indicates tricuspid regurgitation, PR indicates

pulmonary regurgitation

59



Table 38. 2D GLESRand GLASRIn subgroups of patients wiilM in relation tothe presence of

valvular heart disease

2D GLESR s* 2D GLASR s*

n me an N t P value n me an N t P value
AR or AS
NoARorAS | 107 | 1. 17 N| 0.479 0.633 100 | 0. 81 N| -1.148 | 0.253
AR or AS 7 1.09N 5 0.98N
MR
No MR 57 | 1. 34N| 4439 | <0.001* | 55 0.91RK| 2904 | 0.005*
MR 57| 1. 00N 50 0.73N
TR
No TR 74 | 1. 24 N| 2.157 | 0.033* 70 0. 89N| 2914 | 0.004*
TR 40 | 1. 05N 35 0. 70N
PR
No PR 110 | 1. 18 N| 0.930 0.354 102 | 0. 83 N| 1.995 | 0.049*
PR 4 | 0.96N 3 0. 46K

Asterik denotesstatistical significance. AR indicates aortic regurgitation, AS indicates aortic
stenosis, MR indicates mitral regurgitation, TR indicates tricuspid regurgitation, PR indicates

pulmonary regurgitation.
No statistically significant differences in thalues of 2Dlongitudinalstrain and strain rates

were detected between the patients with and without conduction or repolarization abnormalities
(tables 39, 40.
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Table 39. 2D GLSand GLSR in subgroups of patients wittCM in relation tothe presence of

conduction or repolarizatiogisorders

2D GLS % 2D GLSR s*

n me an N t Pvalue| n | meanN| t P value
LBBB
Not present 101 | -14. 701 -0942| 0348 |101| -0. 9 3 N -1.542| 0.132
Present 17 | -13. 361 17| -0. 84N
RBBB
Not present 111 | -1 4. 681 -1.422| 0.158 |111| -0. 9 3 N| -1.185| 0.238
Present 7 -11. 701 7 1-0. 78N
AV block
Not present 108 | -14. 441 0415| 0.653 | 108| -0. 92 N 0.136 | 0.892
Present 10 | -15. 241 10| -0. 93N
ST-segment
depression
Not present 104 | -14. 631 -0695| 0488 |104| -0. 9 3 N| -0.876| 0.383
Present 14 | -13. 561 14| -0. 85N
ST-segment
elevation
Not present 107 | -14. 351 0988 | 0.325 |107| -0. 9 2 N 0.533 | 0.595
Present 11 | -16. 041 11]-0. 97N
Negative Fwaves
Not present 87 -14. 811 87| -0. 94N
Present 31 | 13, 651 021 0309 g g 090 0341
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Table 40. 2D GLESR and GLASRnN subgroups of patients wiilM in relation tothe presence of

conduction and repolarizatiatisorders

2D GLESR s* 2D GLASR, s*

n| meanN| t Pvalue| n | meanN| t P value
LBBB
Not present 101 1. 18N| 1.203| 0232 | 93| 0. 82 N| 0.327 | 0.745
Present 171 1. 04N 16| 0. 80N
RBBB
Not present 111 1. 17 N| 1.059 | 0.292 | 103| 0. 8 3 N| 1.417 | 0.159
Present 71 0.98N 6 | 0. 64N
AV block
Not present 108 1. 16 N| 0011 | 0991 [100| 0. 82 N| -0.291| 0.772
Present 10 1. 16N 9 | 0.85N
ST-segment depression
Not present 104 1. 17N 96 | 0. 83 N
Present 14| 1. 07N 0.982 ) 0.337 13|/ 0. 73N 1.129 1 0.262
ST-segment elevation
Not present 107 1. 14 N 98| 0. 81N
Present 11 1. 30R 143 025 g gy 090 0983
Negative Fwaves
Not present 871 1. 18N 79| 0. 84N
Present 31| 1.09N 0.942 ) 0348 30/ 0. 77N 1.102 1 0273

2D GLS was signiicantly lower in patiers with elevated LVenddiastolic pressure
(LVEDP) (measured during LVcatheterization) compared to patientsthwinormal LVEDP
(p=0.014)(table 41.

Table 41. 2D GLS and GLSRn patients withiCM in relation tothe LVEDP measured duringV

catheterization

2D GLS % 2D GLS s
n meanNS t Pvalue | n meanNg t P value
LVEDP
Normal 80 -15. 54 N| -2502| 0.014* | 80 0.97N(Q -1.871| 0.073
Elevated | 21 -12. 36N 21 0. 79N(

Asterisk indicates statistical significance. LVEDP indicates left ventriculardastolic pressure
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Table 42. 2D GLESRandGLASR in patients withCM in relation to the LVEDHneasured during

LV catheterization

2D GLESR s* 2D GLASR s*
n meanNS t Pvalue| n meanNg t P value
LVEDP
Normal 80 1.21N0| 1119 | 0.266 | 75 0. 88NO0 -0604| 0.547
Elevated | 21 1.08NO 18 0.63NO

LVEDP indicates left ventriculagnddiastolic pressure

Thepresence of myocardial scar, intramyocardial fibrosithe expression of ABldetected
with immunohistological analysis of thEMB specimengdid not influence significantly the 2D

longiutudinalstrain and strain ratesluesin patients withCM (tables 43, 44).

Table 43. 2D GLS and GLSR in different subgroups of patients willCM in relation tothe

detection of fibrosis, myocardial scar or expressioANMfs in the EMBspecimens

2D GLS, % 2D GLS, s*

n me an N t Pvalue| N | meanN t P value
Expression of AM
Normal 5 |-14.921-0177| 080 | 5 | -0. 97N -0.315| 0.753
Enhanced 112 -1 4. 481 112 -0. 92 N
Perivascular fibrosis
Not present 38| -15.201 38|-0.97N
Present 75 14 . 26 0861 039 ooy gg 099t 0324
Interstitial fibrosis
Not present 72| -15. 071 721 -0. 95K
Present 39 -13. 961 L0151 0312 4 0.88N -1.109) 0.270
Myocardial scar
Not present 9 | -14. 771 99 | -0. 93K
Present 19 -13. 111 -1075) 0.293 19| 0. 86K 0.733) 0471

AM indicates adhesion molecules.
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Table 44. 2D GLESRandGLASR in different subgroups of patients witEM in relation tothe

detection of fibrosis, myocardial scar or expressioANMfs in he EMBspecimens

2D GLESR s* 2D GLASR s*

n me an N t Pvalue| n | meanN| t P value
Expression of AM
Normal 5 1. 10K 5 0.92N
Enhanced 112 1. 16N 06801 0.520 103| 0. 82 N 0.707 ) 0.481
Perivascular fibrosis
Not present 38| 1.20N( 0647 | 0519 | 36| 0. 84 N| 0.442 | 0.660
Present 75| 1. 14N 68 0. 82N
Interstitial fibrosis
Not present 72 1. 18N(0584| 0560 | 68| 0. 85 N| 1.123 | 0.264
Present 39 1. 13N 35| 0. 78N
Myocardial scar
Not present 99| 1. 16N( 0435 | 0665 | 93| 0. 8 3 N| 0.754 | 0.452
Present 19 1. 12N 16| 0. 76N

AM indicates adhesion molecules.

Oneway analyses of variancerere conducted tdeterminewhethersignificant differences
existedin relation to 2DGLS, GLSR, GLESR, GLASRaluesamongthe patients from theCM

group with different stages of interstitial and perivascular fibrosis. The results revealed that the

patients with moderate interstitial fibrosis had significantly lo@BrGLS, GLSR and GLASR in

comparison to those withoot with mild interstitial fibrosigtable 45. No significant differences in

relation to the GLS, GLSR, GLESR and GLASR were detected in patients with slight, moderate or

without perivascular fibrosis (tabl46).
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Table 45 2D GLS, GLSR, GLESR and GLASR in patients from theCM group with different
stage of interstitial fibrosis

Interstitial fibrosis P value
n | NIFlb(1) | n | SIFib(2) | n | MiIFib 1.2 1:3 2:3 | Overall
3)

2D GLS, | 72 -15.07 33 -15.02 | 6 -8.16 1.000 | 0.008* | 0.013*| 0.010*
me an NG [ N5 . 4 N5. 3 N1. 1
GLSR 72 -0.95 33 -0.94 6 -0.54 1.000 | 0.010*| 0.018*| 0.012*
me a n N5 [0 NO. 3 NO. 3 NO. 1
GLESR 72 1.18 33 1.20 6 0.77 1.000| 0.097 | 0.104 | 0.090
me a n 5 [ NO. 4 NO. 4 NO. 2
GLASR, 68 0.85 30 0.83 5 0.46 1.000| 0.028*| 0.056 | 0.033*
me a n NS [ ND0.33 NO. 3 NO . 1

Asterisk denotesstatistical significance MIFib indicates moderate interstitial fibrosi®NIFib

indicates no interstitial fibrosis, SIFib indicates slight interstitial fibrosis.

Table 46. 2D GLS, GLSR, GLESRand GLASR in patients from theCM group with different

stages of perivascular fibrosis

Perivascular fibrosis
n NPFib n SPFib
2DGLS me a n NG D 38| -15. 201 68 -14.68\5 . 2
2DGLSRme an NsSD| 38 | -09MNO0. ¢ 68| -09NO. 3
2DGLESRme an 650 38 1.20NO0 . 4 68 1.1eNO0 . 4 0ONO. 4 0.349
2DGLASR, me an 650 36 0.84NO . 3 62 0.84NO . 3 0.6ONO . 3 0.156
MPFib indicates moderate perivascular fibrosis NPFib indicates no perivascular fil3B§id)

P value

MPFib
-10.1N 5 . 0.079
06N 0.  0.091

o Nl Nl N S5

indicates slight perivascular fibrosis.

Patients withiCM who hadanincreased level of NTproBNBhowedsigificantly impaired
2D GLS, GLSR GLESR and GLASR in comparison to patients with normal NTproBNP level
(p=0.001; p<0.001;%0.022 and 0.001,resp.)(tables47, 48)
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Table 47. 2D GLS andGLSRin different subgroups of patients witGM in relation tothe level of

inflammatory,cardiacand longterm glicemic contromarkers

2D GLS, % 2DGLSR s*

n me an N g t Pvalue| n me a n N { t P value
CRP level
Not elevated 3| -15. 11N-0281| 0779 | 36 | -0. 96 N| -0.045| 0.964
Elevated 30| -14. 72N 30| 0. 96N
NTproBNP level
Not elevated 12 -18. 18N 12| 1. 20N
Elevated 34| -12. 03N -3.744) 0001 3| 0. 79N -3.952 <0.001*
HbA1lc level
Normal 29 -15. 23N -1.180| 0246 | 29| -0. 98 N| -1.502| 0.142
Elevated 8 | -12. 62N 8 | 0. 79N

Asterisk indicates statistical sisgnificanddbAlci indicates glycated hemoglobin.

Table 48. 2D GLESRandGLASR in different subgroups of patients witGM in relation to the

level of inflammatory, cardiac and lonterm glycemic control markers

2D GLESR s* 2D GLASR s*

n me an N S t Pvalue| n me an N ¢ t P value
CRP level
Not elevated 36 1.20NQ0 -0.078| 0.938 | 33 0. 93N( 1.266 0.210
Elevated 30 1.21NQ0Q 27 | 0. 83 N{
NTproBNP level
Not elevated 12 1.37NQ0 2371 0.022* | 12 1. 08 N( 4.045| <0.001*
Elevated 34 1.04N(Q 28 0. 69 N{
HbA1lc level
Normal 29 1.19KN0 0.728| 0471 | 27 0.89N( 0.331 0.743
Elevated 8 1.06NQ(Q 6 0. 84N

Asterik denotesstatistical significance.

We found no significant difference in the level of 2D GLS, GLSR, GLESR and GLASR in
the patients fromhe iCM group with or without AH, with and withoutOM, with or without
dyslipidemia, with or without COP}tables 49 and 50The patients withCM, who hadformer
infections showed lower, although not significantly, 2D GLS, GLSR, GLESR and GLASR,
compared to those who did riwdve a history oiihfections (takes 49 and 50 However the patients
with iCM and chronic kidney disease (CKD) (eGFR<90 ml/min./1,73 mad significantly lower
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2DGLS(-13. 66 N41 8.94 A N®.0I®)72DGhR (0. 87 NO0-12D3WO. 37, p-=(
and 2DGLESR (1. 0 8 Ni10.. 3421N 0W.€0D),, conmpaed to the patients without CKD
(p=0.019; p=0.017 and p=007) (tables 4and D).

Table 49. 2D GLS and GLSR in subgroups of patients wittCM according to the presence of

former infections or concomitant diseases

2D GLS, % 2D GLSR s*

N me a n N ¢ t Pvalue| n me a n N t P value
DM
Not present 110 -14. 59K -0.645 0.520 110 | -0 . 9 3 N| -0.606 | 0.546
Present 8 -13. 31N 8 0. 85N
AH
Not present 79 | -15. 14K -1829 | 0070 | 79 | -0. 94N| -1.213| 0.228
Present 39| -13.22HK 39 | 0. 87K
Dyslipidemia
Not present 89| -14.57HK -0253 | 0801 | 89 | -0. 93N| -0376| 0.708
Present 29 | -14. 31K 29 | -0. 90K
COPD
Not present | 110 | -14 . 44 RN 0465 | 0643 | 110 | -0. 92 N| 0.185 | 0.853
Present 8 | -15. 36K 8 | -0.94N
Former
infections
Not present 83 | -14. 94N 83 -0. 95N
Present 35 [ 13, a7f 30 08 e g e 1298 0197
CKD
Not present 36 | -16. 428 -2411 | 0.01% 36 | -1. 03N| -2412| 0.017
Present 82 | -13. 660N 82 | -0. 87N

Asterik indicates statististical significanc€KD indicates chronic kidney disease, COPD indicates

chronic dstructive pulmonary diseadeM indicates diabetes mellitus
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Table 50. 2D GLESRandGLASR in subgroups opatients withiCM according to the presence of

former infections oconcomitantiseases

2D GLESR s* 2D GLASR, s*

n me an N T Pvalue | n me an N t P value
DM
Not present 110 1. 17 N( 1.047 0297 |102| 0. 82 N{( -0259| 0.796
Present 8 1.00N 7 0. 85N
AH
Not present 79 | 1. 21N/( 1.778 0078 | 75 | 0. 85 N( 1.462 0.147
Present 39| 1.05N 34| 0. 75N
Dyslipidemia
Not present 89 1. 18N| 1.029 0.306 83 0. 82N( -0.097 0.923
Present 29 1.08N 26 0. 83N
COPD
Not present 110| 1. 16 N{ 0.149 0882 |[100| 0. 82N( -0.002| 0.998
Present 8 1. 13N 8 0.82NK
Former
infections
Not present 83| 1. 19N{( 1.223 0224 | 76 | 0. 84 N( 0.804 | 0.423
Present 35 1.08N 33| 0.78N
CKD
Not present 36 | 1.32N( 2757 | 0007 | 35 | 0. 86 N( 0973 | 0.333
Present 82 1.08N 74 | 0. 80N

Asterisk denotesstatistical significance. CKD indicates chronic kidney disease, COPD indicates

chronic ostructive pulmonary diseageM indicatediabetes mellitus

The patients withCM, who had no symptoms of HF showed significantly higher 2D GLS
compared to the patients with severe HF (NYHA functional class IV) (table 51). This relation was
not observed for 2D GLSR, GLESR GLASR (table 51).
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Table 51. 2D GLS, GLSR, GLESR and GLASR in subgroups of patients wiiiM, divided

accordingto the presence argkveity of symptoms of HF

Symptoms of HF
n No symptoms| n NYHA II N NYHA I n| NYHAIV | P value
of HF class class class

GLS, 73| -15. 14 |17 -1409 |25| -139N 5.,3|-6.10N 1| 0.032*
me a n NG N5.32
GLSR, 73| -095N 0. 17|-093ND.31| 25| -087N 0. 3|-051N 0| 0.108
me a n R&5
GLESR, 73 120N 0 .|17| 1.12Np.42 | 25| 1.07N 0 ./3| 094N 0] 0.503
me a n R&5
GLASR, 67 086N O0.|17| 081INO. 24| 075N 0.1 0.27 0.160
me a n R&5

Asterisk indicates statistical significance.

Oneway analyses of variance were conducted to determine whether significant differences
existed in relation to 2D GLS, GLSR, GLESR, GLASR values among the patients frai@Nhe
group with different virus detectedy EMB. The results revealed netatistically significant
differenceqtables 2 and 33).

Table 52 2D GLS and GLSR in patients witftCM according tothe presence and type efrus
detectecby EMB

2D GLS % 2D GLSR s*

n me a n N F Pvalue| n | meanN| F P value
No virus 23 | -14.48\ 6 . 23 | -0.90N O .
PVB19<500 DNA | 51 | -14.96\5 . 51 | -0.9N O .
copies
PVB19>500 DNA| 23 | -14.94 5 . 23 | -094N 0 .
copies or mMRNA copieg
HHV6 type B 6 | -15.0M5 . | 9| 0314 e, | 1152 | 0337
PVB19 + HHV6 type B| 12 | -11.3N 3 . 12 | -0.740 .
Enterovirus 1 -12.78 1 -0.99
Enterovirus + PVB19 1 -20.72 1 -1.21
EBV 1 -7.26 1 -0.51

MRNA indicates messenger ribonucleic acid
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Table 53. 2D GLESR and GLASR in patients wit&M according to the presence and type of virus
detectel by EMB

2D GLESR s* 2D GLASR, s*

n meanNyg F Pvalue| n fmeanN F P value
No virus 23 1.2INO0 . 5 22 | 0.7NO .
PVB19<500 DNA| 51 116N 0 . 4 46 | 0.8N O .
copies
PVB19>500 DNA | 23 12N0. 4 22 | 0.8NO0 .
copies or mRNA copieg
HHV6 type B 6 | 120N0. 4] 337 0240 Moo | 2144 | 0055
PVB19 + HHV6 type B| 12 0.84N0 . 3 11 | 06N 0 .
Enterovirus 1 1.28 1 0.54
Enterovirus + PVB19 1 1.81 1 1.21
EBV 1 1.11 0 -

The smokers from theECM group did not showrgy significantdifferences inregard to2D
GLS, GLSR, GLESR and GLASRalues compaed to the norsmokers (table 54

Table 54 2D GLS, GLSR, GLESR and GLASR in patients wi@M according tasmoking habits

Smoking habits E P
n Non smoker| n | Former smoker| n Smoker value
GL S, mean 93| -14. 4615 -1458N7 . 5/ 20 | -146MWN5 . | 0.013 | 0.988
GLSR, me| 93| -09NO0. I 5 08NO0. 4| 20| -09INO. 1 0.043 | 0.958

GLESR, meg 93| 11MNO0. 45 1.1N0. 6{ 20| 1.1INO. 4 0.151 | 0.860

GLASR, meg 8 | 08INO. 35 08NO. 4! 19| 088N0O. 3 0.533 | 0.589
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4.3.2.2 3D speckle trackingparameters

The 3D STEparameter$ GAS, GCS, GLS and GR&e presented itable55. 3D data sets
were acquired usin@ wideangle pyramidal volume acquisih mode in which wedgshaped
subvolumes were obtainad four or six consecutive cardiac cycldRepresentative images are
shown on figure 7.

Compared to the no inflammation group, tpatients from theiCM group showed
significantly impaired 3D strainsobtained from four consecutive cardiac cycleGAS
(2 2. DBWvs-3 0. 0 19\ p=0.002)GCS(-13.284.53% vs-1 7 . BSAHK, p=0.018 GLS
(-12.73%.58% vs.-17.88W.34%, p=0.003), an@GRS(32.89N14.14% vs. 49.1814.01%, p=0.002)

(table 55) The 3D strais of the patients from thH€M group, obtained from six consecudicardiac

cycles, were alssignificantly lower compared to the no inflammation groG&S (-22.76%6.59%
vs. -29. 0 0 %G . p402011), GCS (-13.1MW3 . 74 % -1 & s 2 3%| 2 p=6.08), GLS
((12. 89 N4 .-106.% 8%sp=001), andGRS(33.71N12.03% v s. 45% DR . 29
(table 55 figures 811).

Most impaired were the values of 3D GAS, GCS, GLS and &R&ng he patients from the
DCM group(table 59.
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(d)
Figure 7. Impaired3D strains:GAS (a), GCS (b), GLS (c) and GRS (d)a patient with iCM. The

3D strains wereneasuredn 6 consecutive cardiac cycles.
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Table 55 3D speckletrackingparameters among the grougiadied(variable expressed as mean

SD deviatior)

Groups Group 1 Group 2 Group 3

P value

3D ) 1:2 1:3 2:3 Overall
strain n Mean n Mean n Mean
parameter ( NsSD ( NSD (NsD
GAS 4|15| -30.01 | 9 -19.76 | 20| -22.09 | 0.002* | 0.003*| 1.000 | 0.001*
cycles, % (°6.12) (°5.15) (°7.46)
GCS4 cycles,| 15| -17.39 | 9 -10.80 | 20| -13.22 | 0.001* | 0.013*| 0.429 | 0.001*
% (°3.84) (°3.02) (°4.53)
GLS4 cycles,| 15| -17.88 | 9 -12.22 | 20| -12.73 | 0.009* | 0.003*| 1.000 | 0.001*
% (°4.34) (°3.22) (°4.58)
GRS4 cycles,| 15 49.18 9 28.17 | 20 32.89 0.001* | 0.002* | 1.000 | <0.001*
% (°14.01) (°8.44) (°14.14)
GAS 6|13| -29.00 | 11| -16.69 | 24| -22.76 | <0.001*| 0.011*| 0.021* | <0.001*
cycles,% (°5.49) (°4.48) (°6.59)
GCS6 cycles,| 13| -16.23 | 11 -9.01 24| -13.17 | <0.001*| 0.030*| 0.003* | <0.001*
% (°2.65) (°2.88) (°3.74)
GLS6 cycles,| 13| -16.78 |11| -10.12 | 24| -12.89 | <0.001*| 0.010*| 0.126 | <0.001*
% (°3.62) (°2.49) (°4.05)
GRS6 cycles,| 13 4587 |11| 2234 | 23 33.71 | <0.001*| 0.007*| 0.019* | <0.001*
% (°11.29) (°6.96) (°12.03)

Asterisk denotesstatistical significance4 cycles indicates 3D strain parameteneasured in 4
consecutive cardiac cycles, 6 cycles indicates 3D strain parametasured in 6 consecutive

cardiac cycles.

The 3D GLS measured in patients witlCM in four consecutive cardiac cycles were
insignificantly lower(as an absolute valu#)an the 2DGLS measured in the same patierts2(73
4.58% vs.-13.41°4.91%, p=0.292) (table 56) The same situation was observed 8» GLS
measured in six cardiac cycles versus @DS (-12.89 4.05% vs.-13.96"4.73%, p=0.089) (table
56). In the DCM group no statistically significant difference was observed between 3D and 2D
GLS. In the no inflammation groyghe 3D GLS measured in 4 consecutive heart cycless
insignificantly lower than the 2D GL$%17.884.34% vs.-19.599% 3.35%, 0.221). However,
statistically significant diftrence was detected betwedh GLS measured in @onsecutive cardiac

cycles and 205LS (-16.78° 3.62% vs-19.27 3.48%, 3-0.042)(table 56.
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Table 56 Comparison of 2D and 3BLSin thepopulationstudied

Group 1 Group 2 Group 3
n MeanNSD P n MeanNSD P n | MeanNSD P
value value value
2D GLS 15 | -1 9. B.35K 9 | -12. 3K 20 | -1 3. 4.91K
0.221 1 0.878 1 0.292
3D GLS 15 17 . 834N 9 -1 2. 3.2\ 20 | -1 2. Z.38N\
4 cycles
2D GLS 13 -19. 27K 11|-11. 671 24| -13. 961
0.042* 0.066 0.089
3D GLS 13| -16. 78N 11| -10. 12N 24| -1 2. 89 N
6 cycles

Asterisk indicates statistical significanc&@D GLS 4 cycles indicate§&LS measured with3D
speckle tracking in 4 consecutive cardiac cycles, 3D GLS 6 cycles indi@a&sneasured with 3D

speckle tracking in 6 consecutive cardiac cycles

3D GAS 4 cycls, %
o
0
|
|7

T T T
No inflammation DCM INnflammatory
cardiomyopathy

Figure 8. 3D GAS amonghe groupsstudied 3D GAS 4cycles indicates GAgeasured with 3D
speckle trackingn 4 consecutive cardiac cyclddCM indicatesdilated cardiomyopathy group.

Inflammatory cardiomyopathyndicatesiCM group. No inflammation indicates no inflammation

group.
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3DGCS 4 cycles, %

o

I I I
No inflammation DCM INnflammatory
cardiomyopathy

Figure 9. 3D GCS among the groupdudied 3D GCS 4 cycles indicates GC#&easured with 3D
speckle tracking in 4 consecutive cardiac cycl2€M indicaes dilated cardiomyopathy group.

Inflammatory cardiomyopathy indicaté€M group No inflammation indicates no inflammation

group.
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Figure 10. 3D GLS among the groumsudied 3D GLS 4 cycles indicates GL$#easured with 3D
speckle tracking in 4 consecutive cardiac cycles, DCM indicates dilated cardiomyopathy group,

Inflammatory cardiomyopathy indicate€M group, No inflammation indicates no inflammation
group.
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Figure 11. 3D GRS among the groupstudied 3D GRS 4 cycles indicates GR8easured with 3D
speckle tracking in 4 consecutive cardiac cycles, DCM indicates dilated cardiomyopathy group,

Inflammatory cardiomyopathy indicaté€EM group, No inflammation indicates no inflammation

group.

4.32.3. Correlations between 2D longitudinal strain, strain rate parameters and other

guantitative indicators

2D and 3DSTE parameters were further analyzed. To investigate the independent clinical
determinants 02D GLS, GLSR, GLESR and GLASRvivariatecorrelation analysis was performed.
The age, height, weight, BMI and some echocardiographic parameteremtered as covariates
(tables 57-64). Significant and strong agoelation was found between 2D Gla®d LVEF (r=0.789,
p<0.001) (figure 12, LVSF (r=-0.744, 50.001), LVESD (r=0.719, g0.001), LVEDD (r=0.601,
p<0.001), LVESV (r9.674, x0.001) (table 59. 2D GLSRcorrelated very strongly with LVEF
(r=-0.829, p<0.001). Strong correlation was detected between 2D GLSRL&SF (r=-0.779,
p<0.001), LVESD (r=0.775, p<0001), LVEDD (=0.676,p<0.001),LVESV (r=0.725, p0.001)and
LVEDV (r=0.622, p0.001) (table 59. Sgnificanty strong correlation was found between 2D
GLESR and LVEF (r9.713, g0.001), LVSF (r=0.712,p<0.001), LVESD (r=0.711, p<0.001)
LVEDD (r=0.616, 0.001), LVESV (r9.657, p<@01) (table 6Q and withearly diastolic mitral
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annulus velocity from the septal annulus€ 6 s e0p/b2, £0r001)(table 64. Strong correlation
was observed between GLASR abdEF (r=-0.654, 0.001),and LVESD (r=-0.607,p<0.001)
(table 60)

Table 57. Correlatiors between 2D GLSGLSRand age, height, weight, BM&nd BSA in patients
with iCM

2D GLS 2D GLSR
n Pearson correlation | P value n Pearson correlation P value
coefficient, r coefficient, r
Age 118 0.040 0.665 118 0.001 0.992
Height 109 0.201* 0.036 109 0.181 0.060
Weight 111 0.167 0.079 111 0.207* 0.030
BMI 108 0.086 0.377 108 0.148 0.126
BSA 108 0.190* 0.049 108 0.215* 0.025

Asteriskdenotesstatisti@ally significant correlation.

Table 58. Correlatiors between 2D GLESR, GLASR and age, height, weight, BMI and BSA in
patients withCM

2D GLESR 2D GLASR
n Pearson correlation P value n Pearson correlation | P value

coefficient, r coefficient, r
Age 118 -0.089 0.339 109 0.142 0.140
Height 109 -0.239* 0.012 100 -0.080 0.426
Weight 111 -0.290* 0.002 102 -0.133 0.183
BMI 108 -0.216* 0.025 99 -0.116 0.254
BSA 108 -0.297* 0.002 99 -0.120 0.237

Asterisk indicates statistically significant correlation.
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Table 59 Correlatiors between 2DGLS, GLSR and echocardiographic markers for LV systolic
function, LV dimensions and volumes, lefatrial sizes and volunge RV function&

echocardiographic paramaters.

2D GLS 2D GLSR
n Pearson correlation| P value n Pearson correlation| P value
coefficient, r coefficient, r
LVEF 118 -0.789* <0.001 | 118 -0.829* <0.001
LVSF 89 -0.744* <0.001 89 -0.779*% <0.001
IVS thickness 115 0.117 0.214 115 0.116 0.218
PWthickness 114 0.096 0.310 114 0.117 0.217
LVEDD 115 0.601* <0.001 | 115 0.676* <0.001
LVESD 89 0.719* <0.001 | 89 0.775* <0.001
LVEDV 105 0.537* <0.001 | 105 0.622* <0.001
LVESV 105 0.674* <0.001 | 105 0.725* <0.001
LA diameter 103 0.504* <0.001 | 103 0.562* <0.001
LA volume 102 0.492* <0.001 | 102 0.542* <0.001
TAPSE 112 -0.582* <0.001 | 112 0.575* <0.001

Asterisk denotesstatistically significant correlation, Pearson correlattmefficientsare bolded in
thecase okignificant andstrong or very strongorrelation (=0.60-0.79indicates strong correlation

andr=0.801.00indicates very strong correlatipn

LVEF,20

Figure 12. Negative correlation betweeleft ventricular ejection fractionLVEF) and two-
dimensional2D) global longitudinal strainGLS) in patients withCM (squared Pearson correlation

coefficienti R?=0.623, p9.001) R Sq linear indicates squared Pearson correlation coefficient.
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Table 60. Correlatiors between 2D GLESR, GLASR aneéchocardiographic markers for LV
systolic function, LV dimensions and volumes, left atrial sizes and volumes, RV functiona

echocardigraphic paramaters.

2D GLESR 2D GLASR
n Pearson correlation| P value n Pearson correlation| P value
coefficient, r coefficient, r

LVEF 118 0.713* <0.001 | 109 0.654* <0.001
LVSF 89 0.712* <0.001 83 0.578* <0.001
IVS thickness 115 -0.239% 0.010 106 0.044 0.657
PWthickness 114 -0.181 0.054 105 0.112 0.256
LVEDD 115 -0.616* <0.001 | 106 -0.552* <0.001
LVESD 89 -0.711* <0.001 83 -0.607* <0.001
LVEDV 105 -0.576* <0.001 97 -0.442* <0.001
LVESV 105 -0.657* <0.001 97 -0.573* <0.001
LA diameter 103 -0.488* <0.001 96 -0.452* <0.001
LA volume 102 -0.430% <0.001 94 -0.475* <0.001
TAPSE 112 047F <0.001 | 103 0.506* <0.001

Asterisk indicates statistically significant correlation, Pearson correlatiefficientsare bolded in

the case ofsignificant and strongorrelation (=0.60-0.79 indicates strong correlatijon

2D GLS correlated strongly with the maximal velocity across the LVOT0(642, p<0.001)
(table 61), and with the early diastolic mitr
(r=-0.675, p<0.001) (table 63). GLSR correlated strongly with the maximal velocity across the
LVOT (r=-0.671, p<0.001) (table 61), and with the early diastolic mitral annulus velocity from the
septal annul -0.6896,pdMO01l)stabetty).l ) (r =

Table 61. Correlations between 2BLS, GLSRand maximalLV outflow tractvelocity (LVOT

Vmax), andmaximal velocity(Vmax) acrosgheaortig tricuspid and pulmonary valse

2D GLS 2D GLSR
n Pearson correlation | P value n Pearson correlation| P value
coefficient, r coefficient, r
LVOT Vmax 112 -0.642* <0.001 | 112 -0.671* <0.001
AoV Vmax 109 -0.113 0.244 109 -0.113 0.244
TV Vmax 69 -0.225 0.063 69 -0.251* 0.037
PV Vmax 87 0.365* 0.001 87 -0.306* 0.004

Asteriskdenotesstatistically significant correlatiorAoV indicates aortic valve, LVOT indicates left
ventricular outflow tract, PV indicates pulmonary valve, TV indicates tricuspid valve, Vmax
indicates maximal velocityacrossthe valvé outflow tract Pearson correlation coefficientge

bolded inthe caseof significant and strong correlation (r=0-6.79 indicates strong correlation).
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Table 62. Correlatiors between 2D GLESR, GLASR amdaximal LVOT velocity (LVOT Vmax),

and maximal velocity (Vmaxacrosghe aortc, tricuspid and pulmonary valves

2D GLESR 2D GLASR
n Pearson correlation| P value n Pearson correlation| P value
coefficient, r coefficient, r
LVOT Vmax 112 0.560* <0.001 104 0.569* <0.001
AoV Vmax 109 0.059 0.544 101 0.290* 0.003
TV Vmax 69 0.267* 0.027 61 0.160 0.218
PV Vmax 87 0.215* 0.045 81 0.339* 0.002

Asterisk indicates statisgally significant correlation.

Table 63. Correlatims between 2D GLS 2D GLSR, conventional Doppler andTD
echocardiographic parameters

2D GLS 2D GLSR
n Pearson correlation| P value n Pearsortorrelation | P value

coefficient, r coefficient, r
VE 115 0.083 0.379 115 0.042 0.655
VA 106 -0.196* 0.044 106 -0.190 0.051
E/A ratio 106 0.284* 0.003 106 0.265* 0.006
E6 septal 83 -0.657* <0.001 83 -0.696* <0.001
E6 | ater g 93 -0.439* <0.001 93 -0.410* <0.001
E / Beptal ratio 83 0.580* <0.001 83 0.571* <0.001
E/E6 | at ¢ 93 0.435* <0.001 93 0.435* <0.001

VE T indicates early diastolic mitral inflow velocity/A indicates late diastolic mitral inflow
velocity, E6 sep indicatveed oeatlyy fdioanstt dlei cs emi
indicates early diastolic mitral annulus velocity from the lateral annuPesrson correlation
coefficients are bolded ithe case of significant and strong correlation (r€000679 indicates strong

correlation).
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Table 64. Correlatiors between 2D GLESR GLASR, conventional Doppler and TD

echocardiographic parameters

2D GLESR 2D GLASR
n Pearson correlation| P value n Pearson correlation | P value

coefficient, r coefficient, r
VE 115 0.127 0.175 107 -0.296* 0.002
VA 106 0.001 0.993 104 0.465* <0.001
E/A ratio 106 -0.029 0.765 104 -0.556* <0.001
E6 septal 83 0.752* <0.001 78 0.237* 0.037
E6 | ater g 93 0.564* <0.001 88 0.051 0.637
E/ E6 sept 83 -0.492* <0.001 78 -0.410* <0.001
E/ E6 | at ¢ 93 -0.394* <0.001 88 -0.284* 0.007

Asterisk denotesstatistically significant correlatiorRearson correlation coefficients are bolded in

the case of significant and strong correlation (r€B0679 indicates strong correlationyYE i
indicatesearhdi ast ol i ¢ mi tr al inflow velocity, VA in
sep indicates early diastolic mitral annul us

diastolic mitral annulus velocity from the lateral annulus

4.32.4. Correlations between 2D longitudinal strain, strain rate parameters and EMB

quantitative indicators in patients with iCM

Bivariate correlation analysis was performed in order to detect the correteioneen 2D
GLS, GLSR, GLESRGLASR andEMB quantitative rarkers in patients withCM (tables 65, 6B
Statistically significant correlation was detected between @ISR, GLESR,GLASR and the
cardiomyocyte diameter, althougihe strength of th&@earson corration coefficient was moderate
and weakresp.(r = 0.455, g0.001; r =-0.456, p<0.001; r =0.368, p0.007, resp) (tables 65, 66).

Table 65 Correlatiors between 2D GLS, GLSBndEMB immunohistological findingsn patients
with iCM

2D GLS 2D GLSR
n | Pearson correlation P n | Pearson correlation P value
coefficient, r value coefficient, r
CD3 lymphocyte count 112 0.110 0.247 | 112 0.133 0.163
Macrophagesount 115 -0.013 0.891 | 115 -0.004 0.964
CD45 RO memory cettount | 81 0.095 0.398 | 81 0.112 0.320
Cardionyocyte diameter 115 -0.161 0.086 | 115 0.455* <0.001

Asterisk indicates statistically significant correlation.
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Table 66 Correlatiors between 2D GLESR, GLASRnd EMB immunohistological findingsn
patients withCM

2D GLESR 2D GLASR
n | Pearson correlatiof P value| n | Pearsorcorrelation| P value
coefficient, r coefficient, r

CD3 lymphocytecount 112 0.003 0.976 | 103 -0.039 0.692
Macrophagesount 115 0.115 0.220 | 106 0.045 0.644
CD45 RO memory cel 81 0.054 0.630 | 74 -0.021 0.859
count
Cardionyocyte diameter 115 -0.456* <0.001 | 106 -0.368* <0.001

Asteriskdenotesstatistically significant correlation.

4.3.2.5 Correlations between 2Dlongitudinal strain, strain rate parameters and laboratory
markers in patients with iCM

Significant correlations were detected betw@8hGLS andtroponin T level, NTproBNP
level and HDl-cholesterol leve(r=-0.330, p=0.046; ~0.582,p<0.001; r=0.334, p9.013, resp.)
(table 67. 2D GLSRcorrelatedsignificantly with NTproBNP level (=-0.505,p<0.001)(table 69.
2D GLESR correlatedsignificantly with troponin T level antiTproBNP level (=0.328,p=0.047;
r=-0.365,p=0.013) (table 6§. 2D GLASR correlatedsignificantly with NTproBNP level (=-0.554,
p<0.001)(table 68.

Table 67. Correlatiors between 2D GLS, GLSRcardiac biomarkers and cholesterol levels in
patients withCM

2D GLS 2D GLSR
n | Pearson correlatiof P value n Pearson correlation P value
coefficient, r coefficient, r
Troponin Tlevel 37 -0.330* 0.046 37 -0.219 0.192
CK level 96 -0.063 0.540 96 -0.048 0.646
CK MB fraction level | 81 -0.092 0.416 81 -0.117 0.298
NTproBNP level 46 0.582* <0.001 46 0.505* <0.001
Total cholesterol level 55 -0.215 0.116 55 -0.125 0.364
LDL cholesterol level | 54 -0.192 0.165 54 -0.110 0.431
HDL cholesterol level| 54 -0.334* 0.013 54 -0.279* 0.041

Asterisk indicates statistically significant correlation

82



Table 68. Correlatiors between 2D GLESR, GLASRardiac biomarkers and cholesterol levels in
patients withCM

2D GLESR 2D GLASR
n | Pearson correlatiof P value n Pearson correlation P value
coefficient, r coefficient, r

Troponin Tlevel 37 0.328* 0.047 33 0.258 0.146
CK level 96 0.006 0.952 89 0.118 0.270
CK MB fraction level | 81 0.089 0.430 75 0.109 0.351
NTproBNP level 46 -0.365* 0.013 40 -0.554* <0.001
Total cholesterol level 55 0.070 0.611 51 0.184 0.195
LDL cholesterol level | 54 0.076 0.587 50 0.149 0.302
HDL cholesterol level| 54 0.291* 0.033 50 0.27& 0.050

Asteriskdenotesstatistically significant correlation

4.3.2.6.Correlations between 3D strairs and otherquantitative indicators

To investigate the independent clinical determinants of @GBS, GCS, GLS and GRS
correlation analysis was performéables 69-76). Strong correlations were observed betwez
GAS and the maximal velaty acrossthe LVOT (r = -0.744,p<0.001)(table B), LVEF (r=-0.623,
p=0.003), LVEDD (r=0.642, p=0.003), LVESD (r=0.625, p=0.010), TAPSEQ(622, p=0.006)
(table 71) and early diastolic mitral annulus velocifyom the septal annulus (18660, p=0.003)
(table 79. 3D GCScorrelatedstrongly with the maximal velocity acrosee LVOT (r = -0.748,
P<0.001)(table B), LVEF (r=-0.653, p=0.002)LV SF (r=-0.611, p=0.012), LVEDD (r=0.699,
p=0.001), LVESD (r=0.680, p=0.004)able 71, early diastolic mitral annulus velocitiyom the
lateral annulus (r€.623, p=0.008) (table/5). 3D GLS and GRScorrelated strongly and
significantly with the maximal velocity acrosket LVOT (r = -0.700, 0,001 and r = 0.756,
p<0.001, resp.)(table 74. 3D GLS correlated stronglwith early diastolic mitral annulus velocity
from the septal annulus E 6 s e p0)711( i<0.031)(table ®), with TAPSE (r=0.648, p=0.004)
(table 2). Strong correlation was detected between 306GRd LVEF (r=0.638, p=0.002)V SF
(r=0.634, p=0.008), LVEDD (r6.677, p=0.001), LVESD (r8.676, p=0.004), TRSE (r=0.625,
p=0.006) (table Z), and withearly diastolic mitral annulus velocity from the septal and lateral
annulugr=0.686, p=0.002 and 6=615, p=0.009, resp.) (tablé).
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Table 69. Carrelatiors between 3D GAS, 3D GC@ cycles) and age, height, weight, BMI and BSA
in patients witiCM
3D GAS 3D GCS
n Pearson correlation P value N Pearson correlation P value

coefficient, r coefficient, r
Age 20 0.286 0.221 20 0.241 0.306
Height 18 0.410 0.091 18 0.314 0.204
Weight 18 0.360 0.142 18 0.196 0.435
BMI 18 0.030 0.905 18 -0.069 0.786
BSA 18 0.434 0.072 18 0.274 0.271

Table 70. Correlatiors between 3D GLS, 3D GRS (4 cycles) and age, height, weight, BMI and BSA

in patients witiCM

3D GLS 3D GRS
n Pearson correlation P value n Pearson correlation | P value

coefficient, r coefficient, r
Age 20 0.291 0.214 20 -0.302 0.196
Height 18 0.440 0.068 18 -0.427 0.077
Weight 18 0.483* 0.042 18 -0.403 0.097
BMI 18 0.144 0.569 18 -0.067 0.792
BSA 18 0.535* 0.022 18 -0.472* 0.048

Asterisk indicates statistically significant correlation.
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Table 71. Carrelatiors between 3D GAS3D GCS(4 cycles) aneéchocardiographic markers for LV
systolic function, LV dimensions and volumes, lefdaight atrial sizes and voluregRV functional

echocardiographic paramaters, dimensiand PAP

3D GAS 3D GCS
n Pearson correlation P value n Pearson correlation | P value

coefficient, r coefficient, r
LVEF 20 -0.623* 0.003 20 -0.653* 0.002
LVSF 16 -0.578* 0.019 16 -0.611* 0.012
IVS thickness 19 0.362 0.128 19 0.318 0.184
PWthickness 19 0.354 0.137 19 0.269 0.266
LVEDD 19 0.642* 0.003 19 0.699* 0.001
LVESD 16 0.625* 0.010 16 0.680* 0.004
LVEDV 17 0.205 0.429 17 0.182 0.484
LVESV 17 0.465 0.060 17 0.470 0.057
Aortic root 18 0.561* 0.015 18 0.418 0.085
LA diameter 18 0.518* 0.028 18 0.465 0.052
LA volume 18 0.586* 0.011 18 0.556* 0.017
RA volume 14 0.363 0.202 14 0.211 0.468
RV diameter 9 0.237 0.540 9 0.230 0.551
TAPSE 18 -0.622* 0.006 18 -0.578* 0.012
Systolic PAP 14 0.418 0.137 14 0.491 0.075
Mean PAP 14 0.427 0.128 14 0.495 0.072

Asterisk denotesstatistically significant correlatiorPearson correlation coefficients are bolded in

the case of significant and strong correlation (r=0.89 indicates strong correlation).
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Table 72. Correlatiors between 3D GLS, 3D BS (4 cycles) andchocardiographic markers for LV

systolic function, LV dimensions and volumes, lefdaight atrial sizes and voluregRV functional

echocardiographic paramaters, dimensiand PAP

3D GLS 3D GRS
n Pearson correlation Pvalue| n Pearsorcorrelation P value
coefficient, r coefficient, r
LVEF 20 -0.590* 0.006 20 0.638* 0.002
LVSF 16 -0.555* 0.026 16 0.634* 0.008
IVS thickness 19 0.433 0.064 19 -0.404 0.086
PW thickness 19 0.472* 0.042 19 -0.391 0.098
LVEDD 19 0.580* 0.009 19 -0.677* 0.001
LVESD 16 0.570* 0.021 16 -0.676* 0.004
LVEDV 17 0.224 0.387 17 -0.244 0.346
LVESV 17 0.451 0.069 17 -0.495* 0.043
Aortic root 18 0.590* 0.010 18 -0.565* 0.015
LA diameter 18 0.546* 0.019 18 -0.523* 0.026
LA volume 18 0.581* 0.011 18 -0.578* 0.012
RA volume 14 0.458 0.099 14 -0.342 0.231
RV diameter 9 0.174 0.655 9 -0.237 0.538
TAPSE 18 -0.648* 0.004 18 0.625* 0.006
Systolic PAP 14 0.411 0.145 14 -0.402 0.154
Mean PAP 14 0.423 0.132 14 -0.413 0.142

Asterisk indicates statisally significant correlationPearson correlation coefficients are bolded in

the case of significant and strong correlation (r=0.89 indicates strong correlation).

Table 73. Correlatiors between 3D GAS, 3D GC@! cycles) andVmax across th&VOT, aortig

tricuspid and pulmonaryalves

3D GAS 3D GCS
n Pearson correlation P value n Pearson correlation | P value
coefficient, r coefficient, r
LVOT Vmax 20 -0.744~ <0.001 | 20 -0.748* <0.001
AV Vmax 18 -0.461 0.054 18 -0.361 0.141
TV Vmax 9 -0.441 0.235 9 -0.312 0.414
PV Vmax 14 -0.507 0.064 14 -0.422 0.133

Asterisk denotesstatistically significant correlatiorRearson correlation coefficients are bolded in

thecase of significant and strong correlation (r=0.89 indicates strong correlation).
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Table 74. Correlatiors between 3D GLS, 3D GR (4 cycles) and/max across the LVOT, aodij

tricuspid and pulmonary valves

3D GLS 3D GRS
n Pearson correlation Pvalue| n Pearson correlation | P value
coefficient, r coefficient, r
LVOT Vmax 20 -0.700* 0.001 | 20 0.756* <0.001
AV Vmax 18 -0.485* 0.041 18 0.453 0.059
TV Vmax 9 -0.507 0.164 9 0.402 0.284
PV Vmax 14 -0.539* 0.047 14 0.521 0.056

Asterisk indicates statistically significant correlati®tearson correlation coefficients are bolded in

thecase of significant and stromgrrelation (r=0.60.79 indicates strong correlation).

Table 75. Corelatiors between 3D GAS, 3D GCS (4 cyclegonventional Doppler and TD

echocardiographic parameters

3D GAS 3D GCS
n Pearson correlation | P value | n Pearson correlation| P value

coefficient, r coefficient, r
VE 20 -0.018 0.938 20 0.047 0.844
VA 19 -0.144 0.558 19 -0.064 0.796
E/A ratio 19 0.144 0.557 19 0.104 0.671
E6 septal] 18 -0.660* 0.003 | 18 -0.587* 0.011
E6 | ater a 17 -0.584* 0.014 | 17 -0.623* 0.008
E/ E6 sept| 18 0.409 0.092 | 18 0.394 0.106
E/ E6 | at e 17 0.352 0.166 | 17 0.446 0.072

Asterisk denotesstatistically significant correlatiorPearson correlation coefficients are bolded in

the case of significant and strong correlation (r=0.89 indicates strongorrelation). VE i
indicates early diastolic mitral infl ow vel oci
sep indicates early diastolic mitral annul us

diastolic mitral annulus velday from the lateral annulus.
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Table 76. Carelatiors between 3D GLS, 3D GR (4 cycles),conventional Doppler and TD

echocardiographic parameters

3D GLS 3D GRS
n Pearson correlation | P value| n Pearson correlation| P value

coefficient, r coefficient, r
VE 20 -0.026 0913 | 20 0.020 0.933
VA 19 -0.175 0.473 | 19 0.114 0.644
E/A ratio 19 0.175 0.473 | 19 -0.122 0.620
E6 septal| 18 -0.711* 0.001 | 18 0.686* 0.002
E6 | atera 17 -0.591* 0.012 | 17 0.615* 0.009
E/ E6 sept 18 0.426 0.078 | 18 -0.409 0.092
E/EO6 | at e 17 0.317 0.215 | 17 -0.377 0.136

Asterisk indicates statistically significant correlatié®tearson correlation coefficients are bolded in

the case of significant and strong correlation (r=0.89 indicates strong correlationYE 1
indicates early diastolic mitral infl ow vel oci
sep indicates early diastolic mitral annul us

diastolic mitral annulus velocity from thateral annulus.

4.3.27. Correlations between 3D strains andEMB quantitative indicators in patients with
iCM
No significant corelations were found between 3D GAGCS, GLS, GRSand EMB

guantitative markerm patients withCM (tables 7778).

Table 77. Correlatiors between 3D GAS, GCS and EMBmunohistological findingsn patients
with iCM

3D GAS 3D GCS
n Pearson correlation P n | Pearson correlatiof P
coefficient, r value coefficient, r value
CD3 lymphocyte count 19 0.003 0.991 | 19 -0.167 0.493
Macrophagesount 20 0.038 0.874 | 20 -0.116 0.625
CD45 RO memory cell count| 15 -0.064 0.821 | 15 -0.298 0.280
Cardionyocyte diameter 20 0.287 0.220 | 20 0.255 0.341
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Table 78 Correlatiors between 3D GLS, GR&dEMB immunohistological findingsn patients
with iCM

3D GLS 3D GRS
n | Pearson correlatiof P n | Pearson correlationr P
coefficient, r value coefficient, r value
CD3 lymphocyte count 19 0.134 0.585 | 19 0.006 0.980
Macrophagesount 20 0.150 0.527 | 20 -0.023 0.924
CD45 RO memory cettount 15 0.136 0.628 | 15 0.101 0.721
Cardionyocyte diameter 20 0.325 0.162 | 20 -0.306 0.189

4.3.2.8. Correlations between 3D strains and laboratory markers in patients withCM

Significant correlations were detected betw8&nGAS andcreatnine level, GFRHbAlc,
TSH and with HDL-cholesterol level (r6.484,p=0.030; ~-0.582,p=0.007; r=0.875,p= 0.002
r=0.472, p=0.04&nd r=0.557, p=0.048, resp.jtable 79, 8L 3D GCScorrelatedsignificantly with
creatnine level, GFRHbA1c andwith TSH level (r.466,p=0.038; ~-0.573,p=0.008; r=0.807,
p=0.009 and r=0.469,90.050, resp.)table 79. 3D GLS correlatedsignificantly with creatinine
level, GFR HbAlc level andwith HDL-cholesterol level r€0.446,p=0.049; ~-0.541,p=0.014;
r=0.884, p=0.002 and=-0.587, p9.035, resp.|table 80, 82 3D GRS correlatedsignificantly with
creatinine ével, GFRand with HbAlc level rE-0.516, p=0.002; r=0.607, p=0.005 and r=0.873,
p=0.002, resp.ftable 8Q.

Table 79 Correlatiors betveen 3D GAS, GCS (4ycles), leubcyte count andsomebiochemical

parameters in patients witE@M

3D GAS 3D GCS
n Pearson correlation| P value | n Pearson correlation| P value

coefficient, r coefficient, r
Leukocyte count 20 -0.008 0.973 | 20 -0.049 0.836
CRP level 15 0.091 0.747 15 0.173 0.538
Creatinine level 20 0.484* 0.030 | 20 0.466* 0.038
GFR MDRD 20 -0.582* 0.007 | 20 -0.573* 0.008
HbAlc 9 0.875* 0.002 9 0.807* 0.009
TSH level 18 0472 0.048 18 0.469* 0.050

Asterisk denotesstatistically significant correlatiorRearson correlation coefficients are bolded in

the case of significant andery strongcorrelation (r=0.8€1.00 indicates very strong correlation).
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Table 80. Correlations between 3DGLS, GRS (4cycleg, leukocyte count and some biochemical

parameters in patients witGM

3D GLS 3D GRS
n Pearson correlation| P value | n Pearson correlation| P value

coefficient, r coefficient, r
Leukocyte count 20 0.006 0.980 20 0.016 0.948
CRP level 15 0.046 0.871 15 -0.071 0.800
Creatinine level 20 0.446* 0.049 20 -0.516* 0.020
GFR MDRD 20 -0.541* 0.014 20 0.607* 0.005
HbAlc 9 0.884* 0.002 9 0.873* 0.002
TSH level 18 0.392 0.108 18 -0.442 0.066

Asterisk indicates statistically significant correlation, Pearson correlation coefficients are bolded in

the case of significanand strong or very strongprrelation (r=0.60.79 indicates strong correlation;

r=0.801.00 indicates very strong correlation).

Table 81. Correlatiors between 3D GAS, GCS (Jcles),cardiac biomarkers and cholesterol levels

in patients witiCM

3D GAS 3D GCS
N Pearsortorrelation | P value| n Pearson correlation| P value

coefficient, r coefficient, r
Troponin T level 10 -0.104 0.775 | 10 0.076 0.836
CK level 18 0.165 0.514 | 18 0.270 0.279
CK MB fraction level 16 -0.141 0.603 | 16 0.096 0.722
NTproBNP level 10 0.494 0.147 | 10 0.432 0.212
Total cholesterol level 13 -0.361 0.225 | 13 -0.277 0.360
LDL cholesterol level 13 -0.234 0.442 | 13 -0.172 0.573
HDL cholesteral level 13 -0.557* 0.048 | 13 -0.433 0.139

Asteriskdenotesstatistically significant correlation.

Table 82. Correlations between 3D GLS, GRS §4cles),cardiac biomarkers and cholesterol levels

in patients withCM

3D GLS 3D GRS
N Pearson correlation| P value| n Pearson correlation| P value
coefficient, r coefficient, r
Troponin T level 10 -0.166 0.646 | 10 0.049 0.894
CK level 18 0.089 0.726 | 18 -0.187 0.458
CK MB fraction level 16 -0.234 0.383 | 16 0.035 0.899
NTproBNP level 10 0.452 0.190 | 10 -0.439 0.205
Total cholesterol level 13 -0.378 0.203 | 13 0.333 0.267
LDL cholesterol level 13 -0.266 0.380 | 13 0.219 0.471
HDL cholesterol level 13 -0.587* 0.035 | 13 0.512 0.074

Asterisk indicates statistically significant correlation.
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4.32.9. Correlations between 2DGLS and 3D strains in patients vith iCM

We evaluated the correlatisibetween 2DGLS, 3D GLS and 3DGAS, since the latter
presentsthe variation in the surface area defined by the longitudinal and circumferential strain
vectors. Very strong correlation coefficisntvere found for botBD drains. Interesting is the fact
thatthe 3DGLS andGAS measuredr 4 consecutive cardiac beats showed stronger correlation than
those ohldined in 6 consecutive cardidmeats The strongest correlatiocoefficient was detected
between 3D GASmeasured in 4 consecutive cardigcles and 2D GLSfollowed by 3D GLS
measurd in 4 cardiac ycles and 2D GLS (table 83

Table 83. Correlatons between 2D GLS, 3D GL&d3D GASin patients withCM

2D GLS
n Pearson correlation coefficient, r P value
3D GLS(4 cycles) 20 0.829 <0.001
3D GLS(6 cycles) 24 0.784 <0.001
3D GAS (4 cycles) 20 0.834 <0.001
3D GAS(6 cycles) 24 0.780 <0.001
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4.3.3 Predictive value of conventional echocardiography, 2Dongitudinal strain,

strain rates and 3D strains

4.3.31. Predictive value of conventional echocardiographic parameters fofCM

We selected the conventional echocardiographic parameters, that were found to differ
significantly between th@o inflammation group andCM group Then we usedROC curvesto

determine theliagnostic valuef these parametefsr iCM (table84).

Table 84. The ROC analysis of conventional echocardiographic parameters for prediction of
iCM (groupl:3)

AUC 95% ClI P value | Cut-off Sensitivity(%) Specificity(%)
LVEF, % 0.705 | 0.6340.776 | <0.001 52.5 63.2 62.3
LVSF, % 0.653 | 0.5590.746 0.006 29.5 60.5 57.1
IVS, mm 0.525 | 0.4390.612 0.589 105 52.3 53.7
PW, mm 0.522 | 0.4340.610 0.635 105 41.2 53.7
LVEDD, mm 0.637 0.5520.723 0.003 525 624 604
LVESD, mm 0.652 0.5560.747 0.006 36.5 61.2 60.5
LVEDV, mi 0.647 | 0.5600.735 0.003 128.5 60.9 55.3
LVESV, ml 0.675 0.5930.756 <0.001 59.5 62.6 61.7

Cli confidence interval

The LVEFshowedthe highest AUCHowever, thesensitivity and specificityvere not quite
satisfactory The diagnosti@accuracy of the other conventional echocardiographic parameters was
poor (table 84.

4.3.3.2 Predictive value of 2D longiudinal strain and strain rates

ROC curves for all evaluated 2Iongitudinal strain and strain rates were obtained to test
their accuracy in diagnosingCM. Sensitivity, specificity, 95% confidence interval (Cl) were
calculated for the chosen eatf points (tableB5).

The ROC analysis of the 2D STderivedparameters showed thab GLS and 2DGLESR
had a moderate predictive value (area under the ROC curve: 0.71, 95%CD.0%3<0.001 and
0.73, 95%CI: 0.660.81, p<0.001resp). A 2D GLS cut-off value ofi 17.57% yielded the best result
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in terms ofa combined sensitivity (72%&gnd specificity (66%). When we chose a-ofit value of
-17.90% we observea slightly greater sensitity (73.7%), buta lower specificity (62%) and when
we chose17.39% as a cubff valug we hada lower sensitivity (69.5%) and greaterspecificity
(68%). 2DGLESR cut-off point of 1.36 & hada sensitivity of 67% and specificity of 63%. A eut
off point of 1.39 & showeda sensitivity of 70.6% and specificity of 60.9%, aadut-off value of
1.34 §' had a sensitivity of 66.1% and speitity of 69.6%. 2DGLSR also had relatively high
predictive value wh an AUC of 0.685(95%Cl: 0.600.77, p<0.00), a cutoff point of -1.06 s*
showeda sensitivity of 69% andspecificity of 64%.For GLASR, thep-value was above 0.05
therefore,we could conclude that this STE parameter did hreote significant diagnostic value in
patients withiCM and could not be used to distinguish these patients from the patientaitwith
myocardial inflammationThe results of ROC analysesth an AUC for the 2D longitudinal strain

and strain rateare shown ifigures 1315 andtable 85

Table 85. ROC analysis of 20BELS, GLSR, GLESR and GLASRor prediction oiCM

AUC 95% Cl P value | Cutoff Sensitivity (%) | Specificity (%)

2D GLS % 0.713 | 0.6330.793 | <0.001 -17.90 73.7 62
-17.57 72 66
-17.39 69.5 68
2D GLSR s! 0.685 | 0.6030.767 | <0.001 -1.09 71.2 60
-1.08 70.3 62
-1.06 68.6 64

2D GLESRs? 0.727 | 0.6470.807 | <0.001 1.39 70.6 60.9
1.36 67 63

1.34 66.1 69.6
2D GLASR, s* 0.573 | 0.4750.671 0.153 0.93 60.6 50

0.89 56 56.5

0.85 51.4 58.7
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Figure 13. Receiver operating characteristic (ROC) curve of QLS for prediction oiCM. The
valueof thearea under the curv&UC) indicates thesignificanceof 2D GLS in identifying patients
with iCM (AUC=0.713 p<0.001.
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Figure 14. Receiver operating characteristR@C) curve of 2DGLSR for prediction ofCM. The
value of the area under the curvAUC) indicates thesignificanceof 2D GLSR in identifying
patients withCM (AUC=0.685 p<0.00).
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Figure 15. Receiver operating characteristR@C) curve of 2DGLESR for prediction ofCM. The
value ofthe area under the curvi@dUC) indicates thesignificanceof 2D GLESR in identifying
patients withCM (AUC=0.727, p<0.00).

4.3.3.3 Predictive value of D strains

The ROC analysis showethat 3D strains could better predict the presencaGi,
compared to 2D longitudinal strain and strain rétasle 89.

The 3D strain parameters measuredtisonsecutive cardiac cycles showssdter predictive
value than those measured in 6 consge cardiac cycles. 3D GR®easured in 4 consecutive
cardiac cycleshowedthe highest diagnostic valuteamong the tested 3D strairfey prediction of
iCM (AUC 0.790, 95%CI: 0.640.95, p#9.003)(table 8§. 3D GRScut-off point of 45.43% showed
anoptimal sensitivity of 8% and specificity of 66% in the detection afCM. A cutoff value of
49.88% showed better sensitivityf 85%, buta lower specificityi 60%, and the cubff point of
38.19% showedh better specificityy 80% buta lower sensitivityi 75% The ROC curve is shown
in figure 16.

3D GLS measured in 4 consecutive cardiac cy@és had a very high predictive value
(AUC 0.790, 95%CI: 0.640.95, p=0.004), followed by 3DGAS and GCS measured in 4
consecutive cardiac cycles, which have equal predictive values (AUC 0.773, 95%C0.93%2
p=0.006 for both). A cuoff point for 3D GLSof -15.79% showed sensitivity of 80% and
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specificity of 73.3%. When we chosk4.22% as a dtoff valug we observe greater specificity
87% anda lower sensitivityi 70% The cutoff point of -16.87% showea sensitivity of 85% and
specificity of 67%. A cubff point for 3D GCS 0f-16.10% showedn optimal sensitivity of 75%
and specificity 673% in the detection afCM. The cutoff value of-16.31% @&monstratec better
sensitivityT 80% anda lower specificityi 67% and the cubff value of-15.02% revealda lower
sensitivity T 65% anda better specificityi 80%. 3D GAS cu-off point of -28.77% showed
sensitivity of 80% andpecificity of 67%, and a cudff point of -25.09% demonstrateasensitivity
of 70% aml specificity of 87% (table §6 The results of ROC analyses widin AUC are shown in
figures 1619.

Table 86. ROC analysis 8D GAS, GCS, GLS and GRf8r prediction oiCM

AUC 95% ClI P value | Cutoff Sensitivity (%) | Specificity (%)
4 cycles

3D GAS, % 0.773 0.6150.932 0.006 -28.77 80 66.7
-25.09 70 86.7

3D GCS, % 0.773 0.6170.930 0.006 -16.31 80 66.7
-16.10 75 73.3
-15.02 65 80

3DGLS, % 0.790 0.6350.945 0.004 -16.87 85 66.7
-15.79 80 73.3
-14.22 70 86.7

3D GRS, % 0.793 0.6410.946 0.003 49.88 85 60
45.43 80 66.7
38.19 75 80

6 cycles

3D GAS, % 0.766 0.6090.923 0.008 -28.47 79.2 69.2
-24.92 66.7 76.9

3D GCS, % 0.750 0.5870.913 0.013 -15.62 83.3 61.5
-15.19 75 69.2
-14.82 70.8 84.6

3DGLS, % 0.747 0.5860.907 0.014 -16.03 75 69.2
-13.84 66.7 84.6

3D GRS, % 0.772 0.6180.927 0.007 42.73 79.2 69.2
36.94 66.7 76.9

4 cycles indicates that the 3D strmiweremeasured in 4 consecutive cardiac cycles, 6 cycles

indicates that the 3D strains were measured in 6 consecutive cardiac cycles.
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Figure 16. Receiver operating characteristR@C) curve of D GAS, measured in 4 consecutive
cardiac cyclesfor prediction ofiCM. The high value for tharea under the curvéUC) indicates
the value oBD GAS in identifying patients with€CM (AUC=0.773 p=0.00§.

o — 3D GCcs

— Reference
Line

Sensiiviy

.o 1 T T T
o.o 0.2 o.a o.6 o.s 1,0

1 - Specificity

Figure 17. Receiver operating characteristR@C) curve of 3D GCS measured in 4 consecutive
cadiac cyclesfor prediction ofiCM. The high value for tharea under the curv@UC) indicates
the value of 3D GCS in idenyiing patients with@CM (AUC=0.773 p=0.00§.
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Figure 18. Receiver operating characteristR@C) curve of3D GLS, measuredn 4 consecutive
cardiac cyclesfor prediction ofiCM. The high value for tharea under the curV@UC) indicates
the value of 3D GLS in identifying patients witdiM (AUC=0.79Q p=0.004.
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Figure 19. Receiver operating characteristR@C) curve of 3DGRS measuredn 4 consecutive
cardiac cyclesfor prediction ofiCM. The high value for tharea under the curyf@UC) indicates

the value of 3D GRS in identifying patients wittM (AUC=0.793 p=0.003.
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5. Discussion

The aim of thestudy was tgerform myocardial deformation analysis using both 2D and 3D
STE in patients withsuspectedCM and to testhe diagnostic accuraayf these echocardiographic
parametersWe aimed to search for parameters vetsufficient sensitivity and specificity to allow
reliable recognition of myocardial inflammation and could helpgaiselectpatients, who would
need further invasive diagnostic weulp.

The highly variable clinical manifestation, the unsatisfactory seitgiind specificity of the
norrinvasive diagnostic methods and the reliance on myocardial biopsies for pathological
confirmation lead to significant difficulties in establishing the diagnosisCM. EMB is still the
gold standard for diagnosin@M. However, it hasa high specificity, buta low sensitivity, due to
the patchy involvement of the myocardium and the high interobserver variability in interpréfation.
Furthermore, it is not performed routinely due to many inherent®fisksd fears of possible
complications. The availability of new diagnostic modalities suah CMR imaging and
echocardiographic strain and strain rate imaging will help to increase the appropriate identification
of suspected cases. However, CMR has been found net acduraten patients with lowlevel or

no inflammatior® andin borderline myocarditi&’

Echocardiographic straiand strain rate imaging by 2Bnd 3D STE are novel methods,
which quantitatively characterize myocardial deformation in longitudinal, radial and circumferential
directions, which is not detectable by conventional echocardiography.

Cardiac strain imaging is less resource intensive, less expgpsiiable, easilyperformed
by a skilled operatoproviding diagnostic quality images. 2BTE is adopted by different vendors.
Postprocessing of 2E5TE is automated requiring minimal interpreter adjustment; however, the

fi n or waluéséarybetween theendors™®

Our studydiffered from other studies in this field in thatintcluded patients with suspected
iICM, because the lattémclude predominantly patients with acute myocarditis.

We should state the fact that all patients inctudeour study had suspectgcM, i.e. every
patient had someymptoms or signsuggestive ofCM. The patients were divided into three groups
according to the redt of the EMB Thereforethe individuals in the group with noflammation are

not theclassichealthy controls. This is the explanation for having similar distribution of clinical
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