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of heart ventricles in newborns
by tissue Doppler imaging
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Abstract. Background. Tissue Doppler imaging allows improving diagnostic capabilities of ultrasound examina-
tion of the heart. In order to improve the diagnosis of myocardial dysfunction of heart ventricles in newborns in the
neonatal period, we have performed pulsed-wave tissue Doppler imaging with determination of diastolic dysfunc-
tion types. Materials and methods. The study involved 108 healthy infants in the early neonatal period, in whom
the diastolic ventricular function markers were determined by tissue Doppler imaging. Results. The study deter-
mined the types of diastolic dysfunction. Types of diastolic dysfunction (delayed relaxation, pseudo-normalization,
restrictive and undetermined ones) require comparison with the symptoms of cardiovascular dysfunction, taking
into account the child’s days of life and the functioning of the open arterial duct, its hemodynamic significance, and
also the open foramen ovale with the subsequent decision on patient’s management. Conclusions. It is advisable
to use all echocardiographic modes (double Doppler method) with a traditional assessment of diastolic profile of
transmitral/transtricuspid flow and the movement of fibrous rings according to tissue Doppler imaging findings,
which in their entirety will help to assess the degree of myocardial dysfunction.
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Introduction

Administration of echocardiography to assess the
state of cardiovascular system infull-term and pre-term
infants is undergoing significant progress. As is known,
the aim of echocardiography is to provide deployed he-
modynamic information in real time in order to help
make a clinical decision, as well as to provide a better
understanding of active physiological processes and
monitoring the response to treatment [1—3]. The com-
bination of clinical examination and echocardiography
findings has been shown to facilitate the adoption of a
therapeutic solution [4]. Routine use of echocardio-
graphy in the neonatal unit can lead to early detection
of cardiovascular abnormalities, which facilitates treat-
ment, potentially improving short-term results [ 5]. Cur-
rently there is even a concept of “bedside” echocardio-

graphy, the use of which is able to improve the quality of
diagnosis of cardiovascular disorders in newborns, ac-
cording to leading specialists. Based on the recommen-
dations for neonatologist performed echocardiography
in Europe: Consensus Statement endorsed by European
Society for Paediatric Research (ESPR) and European
Society for Neonatology (ESN) (2016), neonatologists
and pediatric cardiologists should master modern ad-
vanced functional methods of cardiac examination, in-
cluding tissue Doppler imaging (TDI), which proved to
be a valuable diagnostic tool in diagnosis of myocardial
abnormalities in adults [6]. TDI in newborns demon-
strates its usefulness in clinical conditions, but there is
lack of such studies [1, 7, 8, 10, 16, 17].

Tissue Doppler imaging helps to evaluate ven-
tricular mechanics by providing information on the
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movement of myocardium and fibrous rings, with the
assessment of time and velocity indices [9]. More-
over, spectral tissue Doppler imaging provides a more
accurate assessment of diastolic function of heart ven-
tricles [10].

In everyday clinical practice, modern diagnosis and
timely adequate correction of myocardial dysfunction
with the use of instrumental research methods is a key
to preventing the development of cardiovascular events
in future, starting from the first days of life.

The purpose of the study: in order to improve di-
agnosis of myocardial dysfunction of heart ventricles
in newborns in the neonatal period the study implied
administration of pulsed-wave tissue Doppler imaging
with determination of diastolic dysfunction types.

Materials and methods

The study involved 108 “conditionally” healthy
newborns (55.6 % — boys, 44.4 % — girls), gestation
period — 39.1 * 0.8 weeks, body weight at birth —
3334.4 + 405.2 g, height — 50.3 £ 1.6 cm, body sur-
face area — 0.21 £ 0.2 m?. Apgar score on the first and
fiftth minutes was 8—9 points. Clinical examination
showedsatisfactory condition of the newborns; they-
were first breastfed in the delivery room. Intrauterine
development and early neonatal period in the exa-
mined patients was without somatic and neurological
complications. All the newborns were discharged on
3rd_5t days of life.

According to modern requirements, the first echo-
cardiogram should be comprehensive in order to reli-
ably confirm the normal structural anatomy [6] with
the evaluation of systolic and diastolic functions of
the myocardium. The pulsed-wave spectral mode of
TDI allows to record the maximum movement rate of
separateportions of the myocardium that fall into the
control volume throughout the entire cardiac cycle, as
well as to determine the acceleration and deceleration
of the motion of the structure under investigation. The
main disadvantage of TDI is that only one part of the
myocardium can be visualized at the same time [11].
In neonatal practice, in our opinion, it is important to
investigate the motion of fibrous rings, which is infor-
mative for diagnosis of diastolic dysfunction.

The area of our research involved the study of the
movement of fibrous rings of mitral and tricuspid
valves. To evaluate diastolic function of heart ventricles
according tofindings of pulsed-wave TDIwe studied
the motion of atrioventricular rings, lateral ventricles
and interventricular septum (left and right ventricles).
We analyzedsuch indices as: S — peak systolic velocity,
cm/sec; E — maximum rate of early transmitral/trans-
tricuspid blood flow, cm/sec; E — rate of early diasto-
lic relaxation, cm/sec; A" — peak rate in atrial systole
phase, cm/sec; IVRT — isovolumic relaxation time,
ms and IVST — isovolumic contraction time for this
portion of myocardium, ms. We also calculated the ra-
tio of diastolic “peaks”of the motion of atriventricular
rings (E'/A") and the ratio of E/E' to maximum rate of
early transmitral or transcuspid blood flow to the rate
of early diastolic relaxation.

In orderto record the most reliable velocity and time
rates of fibrous rings motion, the study was conducted
in a state of rest with registration of the true heart rate,
that is, during physiological sleep of the children.

Statistical processing of the data was carried out
using software Microsoft Excel 2010 for Windows. The
difference in rates was considered to be significant at
p <0.05.

Results and discussion

Table 1 presents the results of longitudinal diastolic
function assessment of the left and right ventricles (LV
and RV, respectively) using pulsed-wave tissue Dop-
pler mapping in healthy patients during the first days of
life, which subsequently became reference indices and
helped to determine the types of diastolic dysfunction.

Thus, in early neonatal period pulsed-wave TDI
showed lower velocity of early diastolic relaxation (E)'
than peak velocity in the atrium systole (A'), which led
to E'/A' <1 (p < 0.05), which was probably less than
E / A ratio in the study of transmitral flow according
to traditional detection in pulsed-wave mode (E/A
LV =1.2 £ 0.2). E'/A’ ratio in lateral RV portion and
E/A of transcuspid flow (RV = 0.8 + 0.1, p > 0.05)
did not differ significantlyduring early neonatal pe-
riod. These data indicate the difference in adaptation
of heart ventricles to postnatal life of newborns. With

Table 1. Normal velocity and time rates of fibrous rings motion of mitral and tricuspid valves according
to tissue Doppler mapping in healthy newbornsduring early neonatal period (M = m), n = 108

Septum portion
S,cm/sec E',cm/sec A', cm/sec E'/A', unit IVRT, ms IVCT, ms E/E', unit
LV 590+095 | 65+11 | 82+14 | 08+02 | 547+76 | 348+46 | 81+1.1
Side (lateral) portion
61408 | 71+12 | 82+16 | 09402 | 565+7.0 | 37.6+42 | 75+11
Septum portion
o 590+0.95 | 61+10 | 90+18 | 07+02 | 57.5%69 | 3566+45 | 7.1+12
Side (lateral) portion
72+11 | 75+12 | 101+17 | 08+01 | 551460 | 357+48 | 65+12
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this end in view, we additionally determined time and
velocity parameters of the motion of fibrous ring of
the septum portion, both from the mitral and tricus-
pid valves, in order to compare the indices that indi-
rectly make it possible to estimate the contribution of
the altered hemodynamic load on heart ventricles. The
tendency to an increase in E/E' in the mitral valve is
especially noteworthy as a criterion indicating the like-
lihood of developing left ventricular diastolic dysfunc-
tion. E'/A' ratio (p < 0.05) in newborns is significantly
less than in adults, which indicates a lower rate of myo-
cardial relaxation and elastic propertiesof myocardium
in neonates.

The assessment of time and velocity indices of the
motion of fibrous rings of the mitral and tricuspid valve
did not show any significant differences. At the same
time, analysis showed an increase in velocity rate cha-
racteristics of the lateral portion of the right ventricle
as compared to the left, which suggested certain diffe-
rences in the development of diastolic function of the
ventricles. As early as from the second week of life at
the end of hemodynamic adaptation stage, DTI fin-
dings showed that the ratio E'/A'LV was 1.21 *+ 0.30,
and E'/A' RV = 0.9 + 0.3, which corresponded to nor-
mal indices in older children. E/E' ratio in lateral por-
tion of the mitral valve in newborns in the early neona-
tal period tended to increase as compared to the data
obtained in the adult population (norm < 8.0) [12, 13].
This fact can be explained by an increase in the average
pressure in the trunk of the pulmonary artery (pulmo-
nary circulation) in newborns at the stage of hemody-
namic formation.

In literature, there are reports on the use of TDI
in neonatal practice in order to obtain additional in-
formation on myocardium functioning in newborns.
Thus, the first article on the study of the function
of the right and left ventricles in newborns using
TDI, belongs to K. Mori, R. Nakagawa at al. (2004)
who found differences in normal echocardiogra-
phic values of the both ventricles, which may reflect
the differences in ventricular adaptation after birth
[14]. F. Ekici, S. Atalay et al. (2007) investigated the
velocity indices E' and A' [15]. R.J. Negrine et al.
(2012) examined 43 newborns of all gestation ages
and recommended TDI along with standard echo-
cardiography [16].

According to V.M. Dudnik, V.P. Popov et al.
(2014) diastolic dysfunction in newborns during neo-
natal period is characterized by disruption of relaxation
[17]. The issue of norm and pathology at the stage of
hemodynamic formation in postnatal life is disputable.
In our view, such a hemodynamic condition can be
considered as a variant of norm at this stage of adapta-
tion, taking into account the features of the structure of
myocardium in newborns.

Thus, to date, there is no universal method for
diagnosis of diastolic dysfunction of the ventricles
in newborns, so interpretation of findings should be
based on the child’s age and functioning of the open
arterial duct, its hemodynamic significance, as well
as the open oval window. It is advisable to use all
echocardiographic modes (double Doppler method)
with a traditional assessment of diastolic profile of
transmitral/transcuspid flow and the movement of fi-
brous rings according to TDI findings, which in their
entirety will help to assess the degree of myocardial
dysfunction. In practice, the diagnostic value, in our
opinion, has the following indices: E' is the speed of
early diastolic relaxation, cm/sec, the ratio of dia-
stolic “peaks” of the motion of atrioventricular rings
(E'/A") and E/E' is the ratio of maximum velocity of
earlytransmitral/transcuspidflow to early diastolic re-
laxation rate as a factor that correlates with median
pressure in the left atrium. Taking into account the
obtained data, pulsed-wave TDI helped to distin-
guish the following gradations of diastolic dysfunction
(table 2).

The types of diastolic dysfunction were deter-
mined by empirical and practical methods, taking
into account clinical status, age, features of post-
partum hemodynamic adaptation, presence of fetal
communications with their hemodynamic signifi-
cance and morphofunctional state of the myocar-
dium with features of the pattern of diastolic func-
tion complexes using double Doppler method. The
distribution of types of diastolic dysfunction, on the
one hand, can be considered as “conditional” and
disputable, due to the lack of clear gradations in
pediatric population, and on the other hand, there
are informative findings indicating a disruption of
relaxation processes and requiring pathogenic cor-
rection or metabolic support.

Table 2. Types of diastolic dysfunctions in newborns according

to pulsed-waved tissue Doppler imaging

Diastolic dysfunction | Delayed relaxation Pseudonormalization Restrictive Undetermined
tpel 1y RV Lv RV LV RV Lv RV
Indices
E'max, cm/sec >6.0 >7.0 <6.0 <7.0 <4.0 <4.0 >6.0 >7.0
(lateral portion)
E'/A' <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 Different pattern
E/E' <7.0 <80 | 7.0-10.0 | 8.0-10.0 | >10.0 | »100 | Ofcomplexesin
different heart
IVRT >62.3 >61.1 >62.3 >61.1 <47.0 | <49.0 cycles
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Thus, TDI employment can move to a qualita-
tively new level of diagnostic capabilities of ultrasound
examination of the heart.

Conclusions

1) Tissue Doppler imaging expands capabilities in
diagnosis of diastolic dysfunction of heart ventricles
at preclinical stage; 2) employment of double Doppler
method provides additional information on myocardial
relaxation; 3) such types of diastolic dysfunction as de-
layed relaxation, pseudonormalization, restrictive and
undetermined type, require a comparison with presen-
tation and decision on further patient management.

Research perspectives

Diagnosis of myocardial dysfunction and determi-
nation of diastolic dysfunction types in newborns with
delayed fetal development and after asphyxia in neona-
tal period in order to prevent the development of car-
diovascular events.
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XQPKIBCbKK HALIOHOABHUA MEAMNYHM YHIBEPCUTET, M. XOpKiB, YKpQiHQ

Y AOCKOHOAEHHS AiOrHOCTUKU AIOCTOAIMHOT AUCOYHKLiT LUAYHOUKIB CepLsi B HOBOHOPOAXXEHUX
30 ACGHUMU TKAHUHHOT AOMMNAepoMeTpil

Pesome. AkryanbnicTs. BUKoprcTaHHS TEXHOIOTIT TKAHWH -
HOI JOMIIJIEpOMETPii J03BOJISIE TIEPEeTH Ha SKICHO HOBMIA
piBeHb iarHOCTUYHUX MOXJIMBOCTEH YIbTPAa3BYKOBOTO J0-
CJTDKEHHS ceplisl. 3 METO BIOCKOHAJECHHS JiarHOCTUKU
MioKapaiaabHOI TMCOYHKIIT HITYHOUYKIB ceplid B HOBOHA-

POIKEHUX Y HeoHATaJbHUI TMepiof MpoBeneHa TKaHWHHA
nonruieporpadist B iMIyJbCHO-XBUJILOBOMY PEXUMi 3 BU-
3HAUEHHSM TUIIIB JiacTosiyHOi AucdyHkuii. MaTepiaan ta
Metoau. O6¢cTexxeHo 108 3M0poBUX HOBOHAPOIKEHUX Y paH-
Hili HeOHATaJbHUI MepPioj i3 BU3HAYEHHSIM MTOKA3HUKIB Jia-
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Ha aAonomory neaiartpy / To Help the Pediatrician

CTOJIIYHOI (hYHKIIIT IIJIYHOUKIB ceplls 3a JaHUMU TKAaHUHHOIL
JIOTIJIEPOMETPii, 1[0 CTaJM OMOPHUMMU Ta IO3BOJUIU BU-
3HAYUTU TUIMU JiacTONiuyHOI AucyHkuii. PesyabraTtun. Tunu
JiacToivyHOl nuCcYHKIII (YMoBiJIbHEHA pesakcallisi, MceB-
JIOHOpMaJli3allisi, pECTPUKTUBHUI Ta HEBU3HAYEHMI) MOTpe-
OyI0Th 3iCTaBJIEHHS 3 KJIiHIKOIO 3 YpaXyBaHHSIM J00U XUTTS
IUTVUHKA Ta (QYHKIIIOHYBaHHSI BiIKPUTOI apTepiaabHOI IMpO-
TOKH, ii TeMOIMHAMIYHOI 3HAYYIIOCTi, a TAKOX BiIKPUTOTO
OBAJIbHOTO BiKHA 3 MPUIHSATTSIM PillleHHs PO MOAAJIbIIE Be-

FoH4Yyapb M.A., bonyeHko A.A.

NeHHs naiieHta. BucHoBku. baxkaHo BUKOPUCTOBYBAaTH BCi
exokapaiorpadiuHi pexumu (MeToJ MOABIHHOro AOMILIepa)
i3 TpaAuLiiiHOIO OLIHKOMI AiaCTOJIYHOTO MpOo@ilo TpaHC-
MiTpaJbHOTO/TPAHCTPUKYCITiNAJbHOTO MOTOKIB Ta pyxy ¢i-
OpO3HMX KiJiellb 3a JaHMMU TKAHUHHOI AOTIIEPOMETPii, 110
B CYKYIHOCTi JIOTIOMOX€ OLIHWUTU CTYMiHb MiOKapjiajabHOL
IHUCHYHKIIII.

Kim09oBi ciioBa: noBoHapomxkeHi; TKAHMHHA JONILIEPOME-
Tpis; JiacTojliyHa AMchYHKILIsS

XAPbKOBCKUA HALUMOHQABHBIVI MEANLIMHCKUA YHUBEPCUTET, I XQPbKOB, YKPAMHA

CoBepLUEeHCTBOBAHUE AUArHOCTUKU AUCACTOAMYECKON AUCHYHKLMM XKEAYAOUKOB CEPALIQ
Y HOBOPOXXAEHHbIX MO ACGHHBIM TKOHEBOW AOMMNAEPOMETPUN

Pesiome. Akryanbhoctb. Vcrioib3oBaHue TKaHEBOW IOTIIIIE-
pOMEeTpUH TTO3BOJISIET TIePEH T Ha KAUeCTBEHHO HOBBIN yPOBEHD
JIMATHOCTUYECKUX BO3MOXHOCTEN YJIbTPa3BYKOBOTO MCCIIENO-
BaHus cepaua. C 1e7bl0 COBEPLICHCTBOBAHMSI TUATHOCTUKU
MUOKapIUaTbHON TUCHYHKIIMU KeTyI0UKOB cep/iia Y HOBO-
POXIIEHHBIX B HEOHATATbHBIN TEPHOMA TPOBeIeHa TKaHeBas
Jornrieporpadusi B UMITYJIbCHO-BOJTHOBOM PEXMME C OTIpe/ie-
JIEHUeM THUIIOB IMACTONIMYEeCKON AuCcHYHKIMU. Matepuansi
u Metoapl. O6cnenoBaHo 108 310pOBBIX HOBOPOXIECHHBIX B
paHHUI HEOHATATTLHBIN TIEPUO]T C OTIPe/IeIeHeM TIoKa3aTeieit
JIMACTOTMYECKON (DYHKIIMU KEeTyI0YKOB Cepla Mo AaHHBIM
TKaHEBOI JOMIJIEPOMETPUH, KOTOPbIE CTAIX OMIOPHBIMU U MO~
3BOJIMJIA  OTIPEACIUTD THUIIbl AMACTOIMYECKON IUCHYHKLMU.
PesyabraTel. Tumbl muactonmyeckoir AUChYHKIIUU (3aMefi-

JIEHHAsT peJlakcaliusi, TICeBIOHOPMATN3aIusI, PeCTPUKTUBHBIN
U HEOTIpelIeIEHHBI) TPeOYIOT COMOCTABICHMS C KIMHUKOM C
YYETOM CYTOK KM3HU peOeHKa 1 (PYHKIIMOHUPOBAHUS OTKPbI-
TOT0 apTEePUAILHOTO MPOTOKA, €0 FreMOAMHAMUYECKOI 3HAYM -
MOCTH, a TaKKe OTKPBITOTO OBaJIbHOTO OKHA C ITOCJIEMYIOIINM
TMPUHSITUEM PELIECHUS O JaJbHEeiIeM BeeHUH TallieHTa. Boi-
BObI. ZKeJ1aTeIbHO UCIOJIb30BaTh BCe IXOKapauorpacduieckue
PEXUMBI (METOJ IBOMHOTO JOMIIIepa) C TPAAUIIMOHHON OLIeH-
KO JMacTOIMYECKOTO TPOMWIS TpaHCMUTPAILHOTO/TPaHC-
TPUKYCIIUIATLHOTO TTOTOKOB U JIBMKEHMSI (DMOPO3HBIX KOJIEIT
10 TaHHBIM TKAHEBOU MOMIIJIEPOMETPUH, YTO B COBOKYITHOCTH
TTOMOXKET OIIEHUTD CTEeITeHb MUOKAPIUATLHOM TNCHOYHKITNN.
KiioueBbie €10Ba: HOBOPOXIEHHBIE; TKaHeBasH HOMILIEPO-
METpUsI; AMacToIndecKast TUCHYHKITUS
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