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The diagnostic value of three-dimensional echocardiography
and speckle tracking echocardiography in patients

Case report

after myocardial infarction with right ventricle involvement (clinical case)

M. Yu. Kolesnyk

Zaporizhzhia State Medical University, Ukraine

The inferior myocardial infarctions (MI) of left ventricle (LV) are often complicated with right ventricle (RV) involvement. The traditional
echocardiographic parameters lack diagnostic accuracy in assessment of RV function. Speckle tracking echocardiography and
three-dimensional echocardiography are promising diagnostic tools in quantification of RV.

The purpose of the study was to present the role of speckle tracking echocardiography and three-dimensional echocardiography
in patients after inferior Ml with RV involvement.

It was described a clinical case of a 67-year old male after recent inferior Ml with RV involvement. The speckle tracking analysis and
three-dimensional echocardiography was performed one and six months after coronary event. The initial study revealed decreased
longitudinal strain of RV free wall segments, especially in the apical region. The RV global longitudinal strain was -8,8 % (normal
range < -20 %). The RV end-diastolic volume index was 100.9 ml/m? (normal range <87 mi/m2) and RV end-systolic volume index
was 69.8 ml/m? (normal range <44 ml/m?), indicating its severe enlargement. The three-dimensional RV ejection fraction (EF)
was 31 % (normal range >45 %).The analysis on the sixth month revealed improvement of RV contractility in all segments with
global longitudinal strain of -14.2 %. The RV volumes decreased by 10 % and EF was raised from 31 to 33 %, reflecting positive
cardiac remodeling during follow-up period.

Conclusions. Speckle tracking echocardiography and three-dimensional echocardiography provide additional diagnostic
information in patients after Ml with RV involvement and can be used for patients’ follow-up.

AiarHocTMuHa LiHHiCTL TPUBUMIPHOI exoKapaiorpadii Ta cnekA-TpeKiHr exokapaiorpadii
B naujeHTiB nicAa iHGapKTy miokapaa 3 3aAy4eHHAM NPaBoOro LAYHOUKa
(KAIHIYHMI BUNAAOK)

M. 0. KonecHuk

IHcbapkTv miokapaa (IM) HuKHBOI CTiHKW niBoro WyHouka (JILL) yacTo ycknagHIoTbCs ypaxeHHsM npasoro LwnyHouka (M1LL).
CraHgapTHUM exokapaiorpad)iyHum nokasHukam Opakye AiarHoCTUYHOI TOYHOCTI B ouiHIoBaHHI doyHKUii M. Cnekn-TpekiHr
exokapgiorpadisi Ta TpUBUMIpHa exokapaiorpadisi — NepCnekTUBHI 4iarHOCTUYHI IHCTPYMEHTM ANt KiNbKICHOTO OLiHIOBaHHS
crany L.

MeTa po6oTu — NpeacTaBuTH Ponb CreKN-TPEKIHT exokapaiorpadii Ta TpMBUMIpHOT exokapaiorpadii y xeopux nicns IM HKHBOI
CTiHKM 3 3anyyeHHam ML,

Onwvcany KniHiYHe CriocTepexeHHs 67-piYHoro Yonosika nicns HeaasHLOro IM HkHBOT Nokaniaii 3 3anyyeHHsM MLL. Cnekn-TpekiHr
aHani3 i TpuBMMIpHy exokapaiorpadito BukoHanu vepes 16 micauis nicns kopoHapHoi nogii. [oyaTkoBe AOCTILKEHHS BU3HAYUIO
3HUKEHHS MO3AOBXHBOrO CTPENHY BinbHOI CcTiHk ML, 0cobnmnBo B anikanbHin 4insHui. FnobanbHuii no3goexHii ctpeitH ML cta-
HoBwB -8,8 % (Hopma <-20 %). KiHueBo-giactoniynmii inaekc ML craHoswms 100,9 mn/m? (Hopma <87 Mn/M2), KiHLIEBO-CUCTOMIHHIIA
iHoekc — 69,8 Mn/M2, WO CBIZYMIO NPO #Oro iCTOTHY Aunatadito. TpusumipHa dpakuis Bukugy (OB) ML nopisHioBana 31 % (Hopma
>45 %). AHania yepes 6 MicsLIB BU3HAYMB NOMINLIEHHS CKOPOTAMBOCTI BCiX cermeHTiB ML 3i 3HaueHHsAM rnobanbHOro no3noBx-
HbOro CTpeliHy -14,2 %. O6’'emu ML 3meHwmnmca maixe Ha 10 %, a ®B 36inslumnacs 3 31 % Ao 33 %, nokasytoum no3nTUBHE
pEMOAENtOBaHHS CepLst 3a NEePIof CNOCTEPEXEHHS.

BucHoBku. Criekn-TpekiHr exokapgiorpadis Ta TpMBMMIpHa exokapgaiorpadis MatoTb 40AaTKOBY AiarHOCTUYHY iHGhopMaTyB-
HiCTb y NauieHTiB nicns nepeHeceHoro IM i3 3any4eHHsam ML i MoxyTb ByTh BUKOPUCTaHI ANst AVHAMIYHOTO CIOCTEPEXEHHS.

AvarHocTHuecKas LeHHOCTb TpEXMEepPHON aXoKapAuorpaduu U CNEKA-TPEKUHT
axokapauorpadum y nauMeHToB nocae HHGapKTa MUOKapAa C BOBAEYEHHEM NPaBoOro
YKEeAYAOUKa (KAMHUYECKUM CAyYai)

M. 0. KonecHUK

WHdbapkTbl Mokapaa (MM) HukHelh cTeHkn nesoro xenynodka (JK) yacto ocroxXHSKTCS nopaxeHMeM npasoro xenynouka
(MK). CTanaapTHBIM axokapavorpadnyeckiM nokasatensm He XBaTaeT AWNarHOCTUYECKOW TOYHOCTM B OLeHKe doyHKUmmM K.
Cnekn-TpeknHr axokapavorpacus 1 TpexmepHast axokapanorpadus — nepenekTUBHbIE UarHOCTUYECKNE UHCTPYMEHTbI KOnu-
YeCTBEHHOW OLIeHKM cocTosiHus XK.

Lienb paboTbl — NpeacTaBnTb Porb CNEKIT-TPEKVHI aXoKapanorpacuy u TpexmepHoi axokapanorpaduy y 6onbHbIx nocne M
HWKHEN CTeHKM C BoBneveHnem K.
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KAMHUYECKMI CAyYan

OnucaHo KnuHnyeckoe HabnogeHe 67-NeTHErO My4nHbI nocne HepasHero M HikHel nokanuaauum ¢ BoenedeHnem MX.
CneKn-TPeKVHr aHanu3 1 TPEXMEPHYI0 axokapauorpaduio nposoannu Yepes 1 1 6 MecsaueB Nocne KOPOHApPHOTO COBbITHS.
HauanbHoe nccnenoBaHne onpeaenuno CHMKEHE NPOLOSIbHOMO CTperHa cBoboaHow cTeHkn MK, ocobeHHo B anukanbHon
30He. InobanbHbIN NpogonbHbI CTpeiH MK coctasun -8,8 % (Hopma <-20 %). KoHeuHo-guactonuueckuii uHaexc MK coctasun
100,9 mn/m2 (Hopma <87 M1/M?), KOHEYHO-CUCTONMYECKUI MHAEKC — 69,8 MIN/M?, YTO CBUAETENLCTBOBASIO O Er0 3HAUUTENBHON
Aunataumu. TpexmepHas pakums Beibpoca (PB) MK coctasuna 31 % (Hopma >45 %). AHanus yepes 6 MecsLeB onpeaenun
ynyJLleHne coKpaTUMOCTH Bcex cermeHToB MK co 3HayeHnem rnobanbHoOro npoporbHoro crpeiiHa -14,2 %. O6bembl MK
ymeHbLuMnuck Ha 10 %, a PB yBenuunnacs ¢ 31 % o 33 %, oTpaxas nonoxuTensHoe peMoaenMpoBaHue cepala 3a nepuos
HabntoaeHus.

BbiBogbl. CNekn-TpekUHr axokapamorpacust v TpexMepHasi axokapanorpadust IMEroT JOMOMHUTENbHYH AUAarHOCTUYECKYHO
MH(OPMATUBHOCTb Y NaLMeHTOB nocne nepeHeceHHoro MM ¢ BoBneyeHnem MK v MoryT ucnonb3oBathes Ans AvHamude-
CKoro HabrofeHus.

The signs of right ventricle (RV) involvement are present  with appropriate 3D platforms and experience [3]. Speckle
in up to 40 % of patients with inferior myocardial infarction tracking echocardiography might be another useful tech-
(MI) [1]. However, the diagnosis of right ventricle (RV) nique, which allows to quantify global and regional RV
infarction is a challenging task. The use of additional right contractility.
precordial leads (V,R and V,R) should be considered to
identify concomitant RV infarction according to the 2017
European Society of Cardiology (ESC) guidelines on The purpose
acute Ml in patients presenting with ST-segment eleva-  The purpose of the study was to present the role of speckle
tion [2]. Despite these recommendations, the RV acute  tracking echocardiography and three-dimensional echocar-
ischemia often remains underdiagnosed in a real clinical  diography in patient with inferior Ml and RV involvement.
practice.

Another important issue is the echocardiographic evalu- .. .
ation of RV systolic function. The 2015 guidelines for cardiac Clinical case presentation

chamber quantification by echocardiography suggestusing  67-year old male was admitted to the catheterization labo-
at least one or a combination of several parameters for RV ratory of Zaporizhzhia Regional Center of Cardiovascular
function assessment (Table 1) [3]. Diseases with severe chest pain, lasting for 6 hours. His

Most of these parameters reflect only longitudinal con-  ECG showed ST elevation in II, 11l aVF leads up to 10 mm
tractility that can lead to inappropriate assessment of RV and V,R - VR right precordial leads up to 4 mm. Urgent
condition. MOreOVer, itis impOSSible to perform volumetric coronary angiography revealed proximal nght coronary
measurements and to calculate ejection fraction (EF)using  artery occlusion, which was successfully treated with bare
two-dimensional echocardiography. The explanationisthat  metal stent. His past medical history was positive for arterial
no geometric assumption can be made for RV due toits  hypertension and gout for 15 years. The patient was treat-

complex structure. ed with valsartan 160 mg, bisoprolol 5 mg and allopurinol
Advanced ultrasound techniques might overcome these 200 mg before admission.
limitations. It is mentioned in the guidelines, that 3D-echo- The early rehabilitation period passed without signifi-

cardiography-derived RV EF should be considered as a  cant complications. The patient was examined twice — on
method of quantifying RV systolic function in laboratories  tne first and the sixth month after coronary event in the Uni-
versity Clinic of Zaporizhzhia State Medical University. His
clinical condition was stable. The patient didn’t suffer from

e ot Calculation Py heart attacks. His ECG showgd pathological Q-waves in Il
threshold Ill, aVF, VR, V,Rand VR (Fig. 7).
TAPSE, mm Tricuspid annular longitudinal excursion <17 mm The conventional echocardiography was performed

gm"'g‘aokd: (STO'B measured between end-diastole on Vivid E9 XD Clear (GE Vingmed Ultrasound, Horten,
peat 8y Norway) equipped with matrix phased array probe M5Sc.

Table 1. Parameters for the echocardiographic assessment of RV function

Pulsed tissue Peak systolic velocity of tricuspid annulus by pulsed- <9.5 cm/sec e C e \
Doppler S wave, cm/sec  wave DTI (cm/sec), obtained from the apical approach The main findings of the examination included increased
Pulsed Doppler RIMP ~ RIMP (Tei index) by pulsed Doppler: >0.43 left ventricle (LV) wall thickness and enlarged left atrium
RIMP = (TCO - ET)ET volume index. The LV EF was 52 % by Simpson method.
FAC, % RV FAC in RV-focused apical four-chamber view: <35% The wall motion abnormalities consisted of basal septal,
RV FAC (%) = 100 x(EDA - ESAYEDA e : o
basal inferior and medium basal hypokinesia. The LV global
TAPSE: tricuspid annulus peak systolic excursion; DTI: Doppler tissue imaging; Iongitudinal strainwas -15.2 % (norma| range < -20 %). The
RIMP: right ventricle index of myocardial performance; TCO: tricuspid valve closure-to-opening time; IRV di 2 | 41
ET: ejection time; FAC: fraction area change; EDA: end-diastolic area; ESA: end-systolic area. basal RV diameter was 5.2 cm (normal range <4.1 cm) and

mid-cavity diameter was 4.9 cm (normal range > 3.5 cm)
in RV-focused apical view (Fig. 2). The conventional para-
meters of RV systolic function revealed preserved tricuspid

Visit RV free wall Interventricular septum annulus peak systolic excursion (16 mm) and pulsed tissue
Basal Medium | Apical Basal Medium | Apical Doppler S wave (9 cm/s), whereas fractional area change
segment |segment |segment |segment [segment |segment was decreased (28 %).

-14 -10 5 3 -10 11

The speckle tracking analysis was performed off-line
6 month A7 A7 13 13 12 13 with 2D Strain software on Echopac 113 work station (Gen-

Table 2. Segmental values of RV longitudinal strain

1 month
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Fig. 1.

Surface 12-lead ECG
with right precordial leads
(V1R-V6R).

Description is in the text.
Voltage — 10 mm/mV,
speed — 50 mm/s.

aVL

Vi o A A
g EnEET ST RSl s E s e EE aaEE
e e

' | i i '
00:01 00:02 00:03 00:04 00:08

eral Electric, USA). We used recently published consensus
document on standardization of left atrial, right ventricular
and right atrial deformation imaging using two-dimensional
speckle tracking echocardiography [4]. This paper suggests
using RV focused apical four-chamber view forimage aqui-
sition. Global RV longitudinal strain was reported as average
of 6 segments of the RV free wall and the interventricular
septum (Fig. 3).

The segmental values of RV free wall longitudinal strain
were decreased, especially in the apical region (Table 2).
The apical segment of the interventricular septum had po-
sitive strain, reflecting pathological systolic elongation due to
tethering effect of the adjustment segments. The RV global
longitudinal strain was — 8.8 % (normal range < -20 %). The
strain analysis on the sixth month revealed improvement in
the RV contractility in all segments with calculated global

Fig. 2. The RV-focused apical view, end-diastolic frame. Two-dimensional standard echocardio-
graphy, gray scale mode.

Fig. 3.
2018/01/22-10:28:08 & > The RV Iongitudinal
s strain analysis
HR= 68 bpm 8 (the first month
after MI).
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Volume

Fig. 6.

The generated 3D
surface model of the RV,
end-systolic frame.

The fish-net white
contour indicates end-
diastolic frame. The
longitudinal contractility
remains preserved
(white arrow), whereas
radial contraction of

RV free wall is severely
decreased (red arrows).

Fig. 4.

The RV longitudinal
strain analysis

(the sixth month after MI).

Fig. 5.

The generated

3D surface model

of the RV, end-diastolic
frame (upper panel).
The volume loop during
the whole cardiac cycle
(lower left panel).

The calculated

RV volumes, SV and EF.

ESV: end-systolic volume;
EDV: end-diastolic
volume;

EF: ejection fraction,

SV: stroke volume.

longitudinal strain of — 14.2 % (normal range < -20 %)
(Fig. 4).

Six-beat full-volume 3D data set was obtained during
breathhold using Vivid E9 (GE Vingmed Ultrasound, Horten,
Norway) equipped with 4V probe. The calculation of RV vol-
umes and EF was performed off-line using 4D RV-Function
1.2 software package (TomTec Imaging Systems GmbH,
Germany). The RV endocardium was manually traced in
four-chamber, sagittal (short-axis), and coronal planes, at
end-diastole and end-systole. The alignment of the three
planes required manipulation by slicing, rotating, and an-
gulating in any of these three displayed orthogonal planes
using a combination of software controls. Manual correc-
tions of the RV contours were performed. The trabecular
layer of the RV walll, papillary muscles, and moderator band
were included in the RV cavity [5].
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The RV end-diastolic and end-systolic volumes were
211.9 and 146 ml, respectively (Fig. 5). It is recommended
to use parameters, indexed to body surface area (BSA)
[3]. The RV end-diastolic volume index was 100.9 ml/m?
(normal range <87 ml/m?) and RV end-systolic volume index
was 69.8 ml/m? (normal range <44 ml/m?), indicating its
enlargement. The RV EF was 31 %. Roughly, an RV EF of
<45 % usually reflects abnormal RV systolic function, though
some laboratories use age- and gender-specific values.

The analysis of generated 3D surface model revealed
that longitudinal contractility was preserved, so the reduc-
tion in RV EF was mainly influenced by radial component
of contractility (Fig. 6). The RV end-diastolic volume index
decreased to 91.3 ml/m?and RV end-systolic volume index
to 61.1 mi/m? with calculated EF about 33 % during the fol-
low-up period. It indicates some degree of RV recovery
after myocardial infarction. It's worth mentioning, that both
speckle tracking and three-dimensional echocardiography
demonstrated these positive trends of RV remodeling.

Discussion

The RV infarction is often underdiagnosed despite its
frequent association with inferior-wall Ml [6]. The presence
of RV involvement leads to unfavorable prognosis. Recent
meta-analysis compared the in-hospital mortality in patients
with RV involvement in fibrinolytic and mechanical reper-
fusion era [7]. It was shown that the presence of the RV
infarction leads to 3-fold higher risk of mortality despite new
reperfusion technologies.

The two-dimensional echocardiography has some im-
portant limitations in the assessment of RV [8]. This cardiac
chamber has a unique crescent shape and no geometrical
assumption can be made. Therefore, it is impossible to
calculate RV volumes using Simpson method. RV consists
of three parts (inflow tract, apex and outflow tract), which
can never be visualized in the same acoustic plane. There
are several parameters for RV systolic function evaluation
and there is no agreement, which of them is preferable.

Obviously, echocardiography should not delay the in-
vasive treatment in patients with acute coronary syndrome
with ST segment elevation. However, echocardiographic
evaluation should be done in early perspective after primary
percutaneous intervention. Speckle tracking echocardiog-
raphy is a new promising technique, which might improve
quantification of RV. Some studies confirmed the prognostic
importance of this technology in patient with RV infarction.
Particularly, Park S. J. et al. (2015) showed that RV global
longitudinal strain had better sensitivity and specificity in
prediction of major adverse cardiac events, than TAPSE
and FAC [9]. Patients with strain value > -15,5 % showed
significantly lower 5-year survival rate. In the recent study
RV free wall longitudinal strain 2 -22 % was an important
predictor of malignant arrhythmias independent of LV func-
tion in patients after acute Ml [10].

Three-dimensional echocardiography could be another
important diagnostic tool for RV assessment. It is the only
technique, besides magnetic resonance imaging, which
allows to calculate RV volumes and EF. There is a lack
of prospective data confirming the prognostic role of this
diagnostic modality. However, the previous studies with
cardiac magnetic resonance estimated that RVEF <40 %

Zaporozhye medical journal. Volume 20. No. 6, November — December 2018
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was strongly associated with mortality [11, 12]. Considering
good agreement between two methods, 3D echocardiogra-
phy may potentially become the first-choice diagnostic tool
for assessment of RV volumes and EF [5].

To sum up, the main finding of presented clinical case
is significant RV injury in patient with inferior MI, despite
preserved LV EF, which was diagnosed by new ultrasound
imaging modalities. Speckle tracking echocardiography and
three-dimensional echocardiography improve diagnostic
accuracy in field of quantitative assessment of the RV
ischemic damage.

Conclusions

The standard echocardiographic parameters of the RV
quantification lack diagnostic accuracy in patients after Ml
with the RV involvement. Speckle tracking echocardiogra-
phy and three-dimensional echocardiography provide addi-
tional diagnostic and prognostic information in patients after
acute myocardial ischemia with the RV involvement. These
diagnostic modalities can be used for patients’ follow-up to
assess cardiac remodeling process.

Prospects for further research. It is planned to work
out the criteria of positive and negative remodeling of
the RV after MI using speckle tracking echocardiography
and three-dimensional echocardiography.
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