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Speckle-tracking parameters as predictors of left ventricular systolic
dysfunction in patients with myocarditis
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Purpose. To evaluate the prognostic capabilities of speckle-tracking echocardiography for prediction of left ventricular systolic ~ Key words:
dysfunction persistence after 1-year follow-up of patients with myocarditis. myocarditis,
prognosis,

Methods. We included 58 patients with acute diffuse myocarditis and left ventricular (LV) systolic dysfunction —LV ejection fraction A
echocardiography.

(EF) <40 % who underwent examination 3 times: within the 1st month after the disease onset, at 6- and 12-month follow-up.
Transthoracic 2-dimensional echocardiography (EchoCG) and speckle-tracking echocardiography (STE) were performed with
the measurement of LV end-diastolic volume index (LV EDVi) and LV EF, longitudinal global systolic strain (LGSS) and strain rate ~ Zaporozhye

(LGSSr), circumferential global systolic strain (CGSS) and strain rate (CGSSr), radial global systolic strain (RGSS) and strain rate ~ Medical journal

(RGSSr). For better clarity, parameters of longitudinal and circumferential strain were presented in absolute values. 2018; 20 (4), 471-474

Results. After 12-month follow-up in comparison with the 1st month we observed improvement of LV EF 43.2 + 3.1 % vs. Il)g_ 24739 /2310-1210.

32.2+ 2.7 % (P < 0.02), respectively, and decrease of LV EDVi 91.1 £ 6.6 ml/m? vs. 112.2 £ 7.2 ml/m? (P < 0.05), respectively.  2018.4.135543

But statistically significant increase of STE parameters in comparison with their values in the 1st month was indicated after only o

6-month follow-up: the absolute value of LGSS increased from 5.40 + 0.41 % to 8.40 £ 0.63 % (P < 0.01) and the absolute value Sé'ng;ata@bi amirnet
of CGSS - from 6.60 + 0.73 to 10.40 + 0.90 % (P < 0.01). By the 12th month there was a further increase in the absolute values

of these indicators which corresponded to the statistically significant increase in LV EF and reduction in LV EDVi. By the use of

binary regression analysis we defined cut-off values for STE parameters, measured within the 1st month of myocarditis onset,

that with high sensitivity and specificity could predict LV systolic dysfunction persistence after 12 months: LGSS <8.6 %, LGSSr

<0.61 s and CGSS <8.3 %.

Conclusions. On the basis of dynamic observation we detected STE parameters that within the 1%t month of myocarditis
onset could be used for prognostication of LV systolic dysfunction persistence after 1-year follow-up: absolute values of LGSS
<8.6 %, LGSSr <0.61 s and CGSS <8.3 %.

CneKA-TpeKiHr exokapaiorpadiuHi napameTpu AK NPEAUKTOPU CUCTOAIUHOI AMCHYHKLIT Kntouosi crosa:
i i MiOKapAWT,

AIBOr0 LUAYHOUYKa@ Y XBOPUX Ha MIOKapAUT pOTHO3YBAHHS,

C. B. YepHiok CMIEKATPEKIHT -
exokapaiorpadis.

MeTa po6oTH — OLHATW MOXIIMBOCTI CNEKN-TPEKIHT exokapziorpadii Ans NPorHo3yBaHHs NEPCUCTEHLT CUCTOMIYHOT AnCyHKLi

NIBOTO LLTYHOYKA MPOTArOM OAHOPIYHOMO CMOCTEPEKEHHS MALIEHTIB i3 MiOKapaAUTOM. 3anopiaskui
MeAUYHUI

Marepianu Ta meToau. Y gocnigxeHHs 3anyumnm 58 nauieHTiB i3 rocTpum Andy3HUM MiOKapaUTOM i CUCTONIYHO ANCDYHKLIED

. . . . . XypHaa. - 2018. -
nisoro wriyHouka (J1LU) — dopakuist sukugy (SB) JILL <40 %, sikux obcTexuny Tpudi (poTsroM 1 Micsus nicna nodarky 3ax8opio- 150 e 4(109). -
BaHHs1, Yepe3 6 i 12 micAuiB cnoctepexerHs). 3a LONOMOrok ABOBUMIPHOI exokapaiorpadii Ta cnekn-TpekiHr exokapgiorpadii ¢, 471-474
(CTE) ycim navuieHTam BUMIptoBanu iHaekc kiHueso-giactoniyHoro 06'emy (IKAO) Ta B JLL, BenuumHmu NoB3RoBXHLOI rnobanbHoi
cucToniuHoi pedpopmaui (MIFCH), umpkynsipHoi rmobanbHoi cucToniuHoi aedopmaii (LIFCH), pagiansHoi rmobanbHoi cucToniyHoi
nedopmavii (PFCA) i wemnakocti MICA (WNICH), wawnakocti LICA (LWUICA) i wemnakocti PICA (LWPICh). Ans 6inbLuioi HaouHocTi
napametpu CTE HaBefeHi B abCOMIOTHIX BENNYMHAX.

PesyniktaTtu. Yepes 12 micauis cnoctepexenHst BctaHounm BiporigHui npupict ®B 1L i ameHwenHs IKOO JILL nopieHsiHO 3
BUXiOHUMM 3Ha4YeHHsMKM B 1 micsiub —43,2 £ 3,1 % T1a 32,2 £ 2,7 % (p < 0,02), 91,1 £ 6,6 mn/m2Ta 112,2 £ 7,2 mn/m? BignosigHo
(p < 0,05). OpHak cTaTMCTUYHO BiporiaHe 36inbLueHHs nokasHukie CTE BM3HaumnM Bxe Yepes 6 MicsLiB cnocTepexeHHst. Tak,
abcontotHa Benumnna MICL spocna 3 5,40 £ 0,41 % 8o 8,4 0,63 % (p < 0,01), a abcontotHa BennumHa LIFCA — 3 6,60 £ 0,73 %
no 10,40 + 0,90 % (p < 0,01). Yepes 12 micsLiB TeHAEHLIS [0 3pOCTaHHs LMx nokasHukie CTE 36epiranack, Lo Bignosigano
36inbLeHHo OB LU i 3meHLweHHI0 po3MipiB MOro NopoXHUHK. 3a AONOMOrol GiHapHOMO NOTICTUYHOTO PerpecinHoro aHanisy
BCTAHOBMWNW rPaHNyHi 3Ha4eHHs Ans nokasHukis CTE, Lo oTpumanu B NepLunii Micsub Big AeboTy MiokapauTy, 3a SKUMU MOXHA
3 BMCOKOIO YYTMMBICTIO, CNELMDIYHICTIO CyanTh Npo 306epexeHHs cuctoniuHoi amcdyHkuii ML (OB <40 %) yepes 12 micsiuis
crocTepexeHHs: abcontoTHi sHaueHHs MICL, <8,6 %, LUMNFCA <0,61 ¢ i LIrCA <8,3 %.

BucHoBku. Ha nigcTtaBi AMHamiYHOMO cnocTepexXeHHst BcTaHoBuM napametpu CTE, siki npoTarom nepLioro micsus micns
noyaTky MiokapauTy MOXyTb ByT1 BUKOPUCTaHI ANns NPOrHo3yBaHHs HasiBHOCTI cuctoniyHoi ancdyHkuii JLL yepes 1 pik cno-
cTepexeHHs: abcontoTHi 3HaueHHst MICL <8,6 %, LWMNICA <0,61 ¢ i LMCA <8,3 %.

CneKA-TPeKUHT 3xoKapauorpaduueckue napameTpbl Kak NPeAUKTOPbI CUCTOAMYECKOM
AUCOYHKLUM A€BOTO XXEAYAOUKA Y NALMEHTOB C MUOKaPAUTOM

C. B. YepHiok

Llenb paboThl — OLIEHUTL BO3MOXHOCTY CMEKI-TPEKUHT 3X0Kapauorpaduy Ans nporHo3vpoBaHus NEPCUCTEHLIMM CUCTONNYECKON
ONCYHKLMN NTEBOTO Xeryao4Kka B X0A€e OAHONETHEro HabMioAeHNs NaLMEHTOB C M1OKapAUTOM.
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Marepuans U MeTogbl. B nccnenoBaHne BKMtoYeHbl 58 nauneHToB ¢ ocTpbiM AnddY3HEIM MUOKAPAUTOM W CUCTOMMYECKOI
ancdyHkumen nesoro xenynodka (JOK) — dpakums eibpoca ($B) JIK < 40%, koTopble npoxoannu o6cneaoBaHmne Tpukas! (B
TeyeHve 1 mecsLa nocne Havana 3abonesaHus, Yepes 6 1 12 mecsues HabntoaeHrs). C NOMOLLb AByXMEPHOW aXokapavorpadum
1 CMeKn-TPekuHr axokapamorpadum (CTI) Bcem nauyeHTaMm U3Mepsnn MHAEKC KOHEYHOro auactonnyeckoro obbema (MKOO) n
®B DK, BennumHbl npofonsHoi rnobansHoi cuctonnyeckoin aedopmauium (MICLH), umpkynsipHoit rnobansHoi CUCTONMYeCcKon
fecopmaumu (LIFC), pagraneHoi rmobanbHom cuctonuyeckon aecopmaum (PFCL) v ckopoctu MTCH (CMMCA), ckopoctv LIFCA
(Cyrepn) v ckopoctv PICh (CPIrCA). Ans 6onblueit HarnsaHocty napameTpel CTO npefcTtaBnerbl B abCOMOTHBIX BEMMYMHAX.

Pesynirathl. Yepes 12 Mecsies HabntopeHWs ycTaHoBUmM oCToBepHbIn npupocT OB K n ymeHbluenne KOO JIK B cpaBHeHun ¢
McxonHbIMY 3HadeHsaMmn B 1 Mecsi—43,2+ 3,1 % 1 32,2+2,7 % (p < 0,02) n 91,1 £ 6,6 Mn/m? n 112,2 £ 7,2 Mn/mM? COOTBETCTBEHHO
(p < 0,05). OpgHako cTaTUCTUYECKM LOCTOBEPHOE yBenuyeHue nokasarteneit CTO 0TMeYEHO yxe Yepes 6 MecsLeB HabnogeHus.
Tak, abcontotHast BennunHa MICL Beipocna ¢ 5,40 + 0,41 % po 8,40 + 0,63 % (p < 0,01), a abcontotHas BennumHa LIFCL — ¢
6,60 £ 0,73 % po 10,40 £ 0,90 % (p < 0,01). Yepes 12 mecsLEB TEHAEHLMS K pOCTY aTux nokasateneit CTO coxpaHsnack, YTo
COOTBETCTBOBANO yBenuyeHnto ®B JIXK 1 ymeHbLUeHMI0 pazMepoB ero nonocty. C NOMOLLbo GUHAPHOTO PErPECCHOHHOTO aHanm3a
YCTaHOBMEHbI NPeAenbHble 3Ha4eHus Ans nokasatenet CT3, nonyyeHHbIX B NepBbIi Mecsl, oT 4ebtoTa M1okapauTa, no KOTopbIM
MOXHO C BbICOKOW 4yBCTBUTENBHOCTBIO U CELMANYHOCTBIO CYANUTb O COXPaHEHUM CUCTOMMYeCckon aucyHkumm JDK (OB <40 %)
yepes 12 mecsLeB HabnogeHns: abcontoTHble 3HaueHns MICL <8,6 %, CMICA <0,61 ¢! n LIrCh <8,3 %.

BeiBoakl. Ha ocHoBe anHamudeckoro HabntogeHus yctaHosneHsl napameTpbl CTE, koTopble B TedeHne 1 mecsua nocne
Hayana muokapauTa MoryT ObiTb MCMOMNb30BaHbI A4St TPOTHO3UPOBAHMWS HAMMYWS CUCTONMUYECKO ancdyHkumm JK vepes 1
rofl HabntopeHust: abcontoTHble 3HadYeHust MIFC <8,6 %, CMIrCh <0,61 ¢ n LIrCh <8,3 %.

The relevance of myocarditis problem is primarily due to
the fact that the disease is more often observed among
young people of working age and its severe course can
lead to persistent disability, progressive heart failure and
death [1-3]. Clinical manifestations of myocarditis are
characterized by significant heterogeneity; the disease is
distinguished by an unpredictable course of cardiac events
and complications, and in many cases necessitates the use
of a complex diagnostic approach with high-value diagnostic
methods [4,5]. Nevertheless, in modern conditions none of
the diagnostic techniques has absolute accuracy, and even
an integrated approach to the diagnosis of myocarditis does
not always guarantee the correct diagnosis [6-8].

During last years among the novel diagnostic techniques
speckle-tracking echocardiography (STE) has established
itself as one of the most sensitive for the assessment of
myocardial contractile function, particularly in myocarditis
and cardiomyopathies [2,4,6]. Taking into account the lack
of studies related to the myocarditis outcome prediction,
our investigation was focused on the detection of STE
parameters that could be used for the early prognostication
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Fig. 1. Impairment of left ventricular global longitudinal strain in patient with acute myocarditis.
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of left ventricular (LV) systolic dysfunction after 1-year
follow-up.

Purpose

To evaluate the prognostic capabilities of speckle-tracking
echocardiography for prediction of left ventricular systolic
dysfunction persistence after 1-year follow-up of patients
with myocarditis.

Materials and methods

We enrolled 58 patients — 34 males and 24 females with
acute diffuse myocarditis and left ventricular (LV) systolic
dysfunction — LV ejection fraction (EF) <40 % in the study.
The average age was 38.2 + 2.8 years. All enrolled patients
had heart failure (HF) functional class (FC) 2 Il according
to New York Heart Association (NYHA) classification. Al
patients underwent examinations 3 times: within the 1st
month after the disease onset, after 6- and 12-month follo-
w-up. Myocarditis was diagnosed according to the position
statement of the ESC Working Group on myocardial and
pericardial diseases [7]. The diagnosis of myocarditis was
confirmed by cardiac MRI, coronary artery disease was
excluded by coronary angiography [8].

Enrolled patients had sinus rhythm and received
standard therapies for HF according to the present
guidelines which comprised angiotensin-converting enzyme
(ACE) inhibitors, comparable doses of beta-blockers,
diuretics, mineralocorticoid receptor antagonists [9]. Anti-
arrhythmic drugs and anticoagulants were used in case of
appropriate indications.

Transthoracic 2-dimensional echocardiography
(EchoCG) and speckle-tracking echocardiography (STE)
were performed on an ultrasound apparatus Aplio Artida
SSH - 880 CV, Toshiba Medical System Corporation
(Japan). LV end-diastolic volume index (LV EDVi) and LV
EF were measured in four chamber position by Simpson
method [10]. By the use of STE according to recent
guidelines we studied LV global systolic deformation
parameters: longitudinal global systolic strain (LGSS) and
strain rate (LGSSr), circumferential global systolic strain
(CGSS) and strain rate (CGSSr), radial global systolic

3anopoxckuii MeguumnHekuin xypHan. Tom 20, Ne 4(109), uons — asryct 2018 1.



strain (RGSS) and strain rate (RGSSr) [10]. For better
clarity, parameters of longitudinal and circumferential strain
were presented in absolute values, so the closer to zero
the parameter value is, the worse contractile function will be.

Statistic processing was performed using Microsoft
Office Excel 2007 and SPSS 24.0 software including
analysis of Student’s test, statistical analysis of contingency
tables, binary regression analysis and cut-off values of
parameter identification.

Results and discussion

During the 1st month of myocarditis onset studied patients
were characterized by the pronounced impairment of
LGSS and CGSS. Fig. 1 and 2 demonstrate STE images
with significant decrease in the absolute LGSS and CGSS
values in patient with acute myocarditis after 2 weeks since
disease onset.

Only after 12-month follow-up in comparison with the 1st
month we observed improvement of LV EF 43.2 +3.1 % vs.
32.2+2.7 % (P <0.02), respectively, and decrease of LV
EDVi-91.1 £ 6.6 mi/m?vs. 112.2 + 7.2 ml/m? (P < 0.05).
But statistically significant increase of STE parameters in
comparison with their values in the 1st month was indicated
after only 6-month follow-up: the absolute value of LGSS
increased from 5.40 + 0.41 % to 8.40 + 0.63 % (P < 0.01)
and the absolute value of CGSS - from 7.70 + 0.73 to
10.40 £ 0.90 % (P < 0.05) (Fig. 3). By the 12th month there
was a further increase in the absolute values of these
indicators which corresponded to the statistically significant
increase in LV EF and reduction in LV EDVi.

Assessment of LGSSr also showed its increase from
0.56+0.04s"t00.67+0.04s"(P<0.05)and 0.73£0.05s™
(P < 0.01) within the 1st month, after 6- and 12-months
follow-up, respectively. These results are consistent with
the view of some investigators that STE parameters,
particularly LGSS, CGSS and LGSSr, could be even more
informative for guiding the management of LV contractile
function in patients with myocarditis then LV EF and LV
EDVi[6,11,12].

Having the obtained results of dynamic follow-up by
statistical contingency tables construction we assessed
the role of studied STE parameters, measured within
the 1st month, in the presence of LV systolic dysfunction
after 12-month follow-up and LGSS, LGSSr as also CGSS
were considered as the most significant (Table 1).

Than by the use of binary regression analysis we
defined cut-off values for LGSS, LGSSr and CGSS,
measured within the 1st month after myocarditis onset that
with high sensitivity and specificity could predict LV systolic
dysfunction persistence after 12 months (Table 2).

Conclusions

We suppose that speckle-tracking echocardiography
is a highly sensitive visualization technique for guiding
the management of patients with myocarditis.

1. Acute diffuse myocarditis within the 1st month after
its onset was manifested by pronounced impairment of LV
contractile function that was characterized by the marked
decrease of LGSS, LGSSr and CGSS. Then after 6- and
12-month follow-up we observed gradual recovery of these
indicators which corresponded to the increase in LV EF and

Zaporozhye medical journal. Volume 20. No. 4, July — August 2018

Original research

Circum, Strain Mid
ime: 328 msec

S e e et W
Circurm, Strain Mid

40,00

Fig. 2. Impairment of left ventricular global circumferential strain in patient with acute myocarditis.
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Fig. 3. Increase of global longitudinal and circumferential left ventricular strain in 6 and
12 months after myocarditis onset.

The differences are significant in comparison with the 1st month: *: P < 0.05; **: P < 0.01.

Table 1. The role of speckle-tracking parameters in the presence of left ventricular
systolic dysfunction in 12 months after myocarditis onset

Parameter OR 95 % CI

LGSS 313 1.95-4.71; P =0.01
CGSS 2.33 1.62-3.12; P =0.04
RGSS 0.65 0.64-1.55; P = 0.07
LGSSr 2.71 1.82-3.36; P = 0.02
CGSSr 0.88 0.91-2.10; P = 0.06
RGSSr 0.61 0.70-1.76, P = 0.09

Table 2. The role of speckle tracking parameters as predictors of left ventricular
systolic dysfunction in 12 months after myocarditis onset

Parameter Cut-off value Sens., % Spec., %
LGSS, % <86 84 68
LGSSr, s <0.61 76 78
CGSS, % <83 80 64
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reduction in LV EDVi, but was detected earlier.

2. On the basis of dynamic observation we detected
STE parameters that within the 1st month after myocarditis
onset could be used for prognostication of LV systolic
dysfunction persistence after 1-year follow-up: absolute
values of LGSS <8.6 %, LGSSr<0.61s"' and CGSS <8.3 %.

Perspectives of further scientific research include
the arrangement of complex studies which could comprise
novel visualization techniques in addition to speckle-
tracking, such as cardiac magnetic resonance imaging end
positron-emission tomography, for guiding the management
of patients with myocarditis.
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