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Aim. Assessment of right ventricular function in preoperative and postoperative period by
using traditional transthoracic echocardiography in children with pulmonary hypertension
associated congenital heart defects.

Material and methods. From September 2022 to August 2023, echocardiographic measure-
ments were performed at the AKFA Medline University Hospital on 25 patients with congeni-
tal heart defects (17 girls and 8 boys) aged from 6 months to 2 years. Tricuspid annulus pla-
ne systolic excursion (TAPSE) in M mode and systolic pulmonary artery pressure (SPAP) was
obtained as a main diagnostic echocardiography parameter. All TAPSE results were compa-
red on 3 stage period: preoperative, early postoperative (1-2 days after surgical correction)
and late postoperative (1 month after discharge from hospital).

Results. Before the surgery in 12 children SPAP value ranged from 45-55 mm Hg and TAPSE
ranged from 12 - to 15 mm (mean 13,5 mm). In 13 children TAPSE ranged from 8-11 mm,
till - 2 by Z-score and SPAP was measured more than 55 mmHg. In the period of ICU in 17
children TAPSE consisted of 9-12 mm (more than -2,5 by Z-score) and SPAP decreased to
30 mmHg in early postoperative period after surgical correction of congenital heart defe-
cts. In 8 children TAPSE is showed 6-8 mm (more than -3,5 by Z-score) and SPAP 40 to 45
mmHg results. One months after discharging, TAPSE is gradually increased which TAPSE en-
hanced to 14-17 mm (0 or -1 by Z-score) in 20 children and in 5 patient TAPSE reached to
12-15 mm (till -2 by Z-score).

Conclusion. TAPSE is crucially dropped and well correlated with duration of ICU stay in
children after surgical correction of PH associated CHD and gradually increased in the late
post-operative period which indicates the risk of right ventricular failure in CHD with high
PH in early postoperative period.
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Henb. Onenka GpyHKLMM MPABOTO XeJyZ0uKa B MpeolepalMOHHOM U [0CAe0NeparuOHHOM
nepro/iax c MOMOLIbI0 TPAAULMOHHON TPaHCTOPAaKaJIbHOHW 3X0KapAHuorpadru y ieTel c ierod-
HOU runepTeH3uel, acCCOMUPOBAHHOM C BPOXKAEeHHBIMHU IOPOKAaMHU CepALaA.

MaTepuaauMeToabl. C ceHTs6pst 2022 r.mo aBryct 2023 1. ByHUBEepCUTETCKOU KAnHUKe AKFA
Medline npoBegeHo 3xoKapanorpadruyeckoe o6cae0BaHue 25 NAMEHTOB C BPOXKAEHHbBIM M0-
pokoM cepana (17 neBoyek U 8 MaJbUYHMKOB) B BO3pacTe OT 6 MecsleB 0 2 jeT. CucToiunye-
CKYI0 3KCKYPCHUIO MJIOCKOCTH TpexcTBopuaToro KoJibla (TAPSE) B M-pexxuMe U cUCTOIMYECKOE
JlaBJieHue B JleroyHou aptepuu (SPAP) onpesensiv B KaueCcTBe OCHOBHOI'O JUarHOCTUYECKO-
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ro napamerpa sxokapauorpaduu. Bce pesysbratel TAPSE cpaBHUBaiNCh Ha TpeX 3Tanax: Jjo-
OMepaLOHHOM, PAHHEM MOC/Ie0NePaMOHHOM (1-2 AHS moc/ie XUPYPruieckoi KOpPeKL ) U
M03/iHEM MOC/IeONePalMOHHOM (depe3 1 Mecsl mocie BBIUCKY U3 CTalMOHapa).
PesyabraThl. [lo onepanuu y 12 netei 3HaueHue SPAP koJsiebasnoch B npefesax 45-55 MM pT.
cT., TAPSE - o1 12 510 15 MM (B cpeaneM 13,5 MM). Y 13 neteii 3HaueHue TAPSE kosie6asioch oT
8-11 MM n0 -2 1o Z-kputeputo, SPAP uamepsanoco 6oJiee 55 MM pT. CT. B nepuoj npe6GbIBaHUs
B OT/leJIEeHUU UHTEHCUBHOU Tepanuu y 17 aeteii 3HaueHue TAPSE cocTaBiisijio 9-12 mm (60osiee
-2,5 no Z-score), a SPAP cHmxanoch g0 30 MM pT.CT. B paHHEM IMOCJe0NepalMOHHOM MepPHO-
Jle TIocJie XMPYPru4eCcKor KOPPeKLUK BPOXK/AEHHBIX TOPOKOB cepAna. ¥ 8 feTed nokasaTeau
TAPSE coctaBuiu 6-8 mMm (60.tee -3,5 no Z-score), SPAP - 40-45 mM prT.cT. Yepes mMecs1| mocie
BbINUCKU NoKasaTesu TAPSE nocTeneHHo yBeJIMUMBAIOTCS, NPU 3TOM y 20 ieTel YBeJIMUUIUCh
710 14-17 mm (0 usm -1 o Z-score), a y 5 marueHTOoB gocTUT/Id 12-15 MM (0 -2 1o Z-score).
3akmouyeHue. TAPSE pe3ko cHMKaeTCsl M XOPOILO KOPPETUPYET C PO/ 0/HKUTETbHOCTBIO pe-
ObIBaHHS B OTZEJE€HUM MHTEHCUBHOM Tepanuu y JeTel Mocjae XUPYPruiecKod KOpPpPeKLHHU
JIErOYHOM runepTeH3uH, accouurpoBaHHoi ¢ BIIC, 1 mocTeneHHO yBeJMUYUBAaETCS B O3JJHEM
1oc/aeonepalluOHHOM NepUo/ie, YTO yKa3blBaeT HAa PUCK Pa3BUTHUS NpaBOXKeJNyJ0UKOBOU He-
foctatouyHocTu npu BIIC ¢ BbICOKOH J1ero4HOM rUNepTeH3uel B paHHEM 10C/Ie0NePaluOHHOM
nepuo/e.

Knawuesvlie caoea: sezouHasi eunepmensusi, sxokapduozpagusi, TAPSE, eposcdeHHble nopoKu
cepdya, SPAP.
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Introduction

Pulmonary arterial hypertension (PAH), or pre
capillary pulmonary hypertension (PH), congenital
heart disease (CHD) with biventricular hemodyna-
mics, according to the general definition, a condi-
tion in which the mean pressure in the pulmonary
artery (PA), measured by the method of cardiac
catheterization, is 25 mm Hg. and more, pulmo-
nary artery wedge pressure 15 mm Hg. Art. and
less, and pulmonary vascular resistance (PVR) —
3 units. Wood/m? and above [1-3]. Despite the
fact that there is currently no generally accepted
definition of PAH in CHD with univentricular he-
modynamics, half a century of world experience
in surgical and medical treatment of this category
of patients allows us to consider PAH in univen-
tricular hemodynamics as a condition in which
the average pressure in the pulmonary artery is
15 mm Hg. Art. and above, PVR — 3 units. Wood/
m? or more, and the transpulmonary pressure gra-
dient is 6 mm Hg. and higher [4-5]. In the inten-
sive care setting, especially in patients with CHD,
pulmonary vascular disease can complicate the
clinical course, even in the rest mean pulmonary
arterial pressure does not meet the definition of
PH [6]. In patients with a congenital heart disease
with an uncorrected left-to-right shunt, increased
pulmonary pressure leads to vascular remodeling
and dysfunction, resulting in a progressive increa-

se in pulmonary vascular resistance and an incre-
ased pressure in the right chambers of the heart
[7]. Postoperative PH is often diagnosed based on
the peak velocity of the pulse-Doppler in tricuspid
regurgitation on echocardiography and pulmo-
nary artery pressure on cardiac catheterization.
However, it is difficult to predict postoperative
PH after cardiac surgery in patients with CHD be-
cause their preoperative characteristics vary [8].
Awareness of the importance of right ventricular
function in PAH has increased significantly as it
determines the functional state, exercise toleran-
ce and disease outcome in patients. Non-invasive
imaging modalities such as echocardiography and
cardiac magnetic resonance imaging (MRI) are of
paramount importance in the assessment of the
right heart. Given the wide availability and low
cost, echocardiography is attractive to both pati-
ents with PAH and physicians. Tricuspid annulus
plane systolic excursion (TAPSE) in M mode is a
fairly simple method to calculate the amplitude of
systolic movement of the lateral tricuspid annu-
lus. TAPSE has been shown to correlate well with
EF RV and TAPSE>1.8 cm indicates more high eje-
ction fraction, fractional change in area and better
survival compared to TAPSE<1.8 cm [9].

Aim of the study is comparative assessment of
right ventricular function in preoperative and pos-
toperative period by using traditional transthora-
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cic echocardiography in children with pulmonary
hypertension associated congenital heart defects.

Material and methods

From September 2022 to August 2023, ec-
hocardiographic measurements were per-
formed at the AKFA Medline University Hos-
pital on 25 patients with congenital heart
defects (17 girls and 8 boys) aged from 6 mon-
ths to 2 years. Siemens Acuson 2000 Dopp-
ler ultrasound with a 2.0-5.0 MHz transdu-
cer was used as a diagnostic tool. Out of 25
children, 17 children suffered from ventricu-
lar septal defect (VSD) with high PAH, 3 child-
ren with double outlet right ventricle (DORV),
2 children with total anomalous pulmonary ve-
nous return (TAPVR) and 3 children was diagno-
sed with complete AV canal defects (fig. 1). Tri-
cuspid annulus plane systolic excursion (TAPSE)

in M mode was obtained as a main diagnostic
echocardiography parameter. The TAPSE measu-
rement involves obtaining an apical four-cham-
ber view, placing an M-mode line on the lateral
annulus of the tricuspid valve (where the leaflet
attaches to the right ventricular wall), obtaining
an M-mode that tracks and measures the he-
ight of the annulus of motion during systole. All
TAPSE results were compared on 3 stage peri-
od: preoperative, early postoperative (1-2 days
after surgical correction) and late postoperative
(1 month after discharge from hospital).

As an inclusion criteria only children with
45 mm Hg or above systolic pulmonary artery pres-
sure (SPAP) were included to the study. SPAP was
measured from apical four-chamber view via flow
of tricuspid regurgitation according to the equation’
Bernoulli on the basis that, in the absence of pulmo-
nary stenosis (fig. 2).

Complete AV
canal defect

TAPVR 12%

DORV
12%

VSD with high
PH
68%

Fig. 1. Pulmonary hypertension associated CHD

V1 =346.8cm/s
PG1 = 47.8mmHg

Freq1 = 8.98kHz

Fig. 2. Echocardiography measurement of TAPSE (a) and SPAP (b) from apical four-chamber view
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Results

There were significant statistical differences in
the values of TAPSE in the all three stages of exami-
nation (P<0,05). According to the echocardiograp-
hy results, when analyzing preoperative period of
trial, in 12 children (10 patient with VSD, 1 patient
with supra-cardiac form TAPVR and 1 patient who
suffered from complete AV canal defect) SPAP va-
lue ranged from 45-55 mm Hg and TAPSE ranged
from 12 — to 15 mm (mean 13,5 mm) till — 1,5 by
Z-score respectively. In 13 children (1 patient with
intra-cardiac form of TAPVR, 7 patient with VSD
and 2 patient with complete form AV canal defect)
TAPSE ranged from 8-11 mm, till — 2 by Z-score and
SPAP was measured more than 55 mmHg. In the
period of intensive care unit (ICU) stay of patients,
echocardiography measurements were performed
during average 3 hours after completing surgical
procedure. In 17 children TAPSE showed between
9—-12 mm result (more than — 2,5 by Z-score) and
SPAP decreased to 30 mmHg in early postoperative
period after surgical correction of congenital heart
defects. In 8 children TAPSE is significantly decre-
ased to 6-8 mm (more than — 3,5 by Z-score) and
SPAP decreased to 40 to 45 mmHg in the stay of
ICU. There were slight difference between the pa-
tients’ period of stay in ICU according to the TAPSE
results. The children those TAPSE is more than — 3,5
by Z-score are average from 3 to 5 days stayed in
ICU while the patient those TAPSE is more than —
2,5 by Z-score are 2—-3 days stayed in ICU depart-
ment. After 1 months discharge from hospital, all
patient came for follow up echocardiography exa-
mination to out-patient department. According to
the results, in 20 children who underwent surgical
correction, TAPSE is gradually increased in compari-
son to the results in ICU department, which TAPSE
enhanced to 14-17 mm (0 or — 1 by Z-score) and in
5 patient TAPSE reached to 12-15 mm (till — 2 by
Z-score).

Discussions

In this trial, our results are demonstrated that
TAPSE is decreased in the preoperative period in
children who suffer from pulmonary hypertension
associated CHD and well corellated with the results
of SPAP. During the early post-operative period the
TAPSE is significantly decreasing in comparison to
the results of before the operation, which indicates
higher risk of right ventricular dysfunction, while
SPAP is gradually decreasing to the normal valu-
es. In the follow up echocardiography examination
after 1 months discharging from hospital TAPSE is
gradually increasing comparing to the results in ICU

department and SPAP is decreased to the normal
values. Open cardiac surgery requiring CPB may be
an important factor contributing to RV longitudinal
function in children with PH. These findings have
not been previously reported in this population,
and whether this effect is related to CPB or other
surgical factors is yet undetermined. Whatever the
cause, the altered RV mechanics following repair
of CHD may become clinically important in the fa-
iling RV and contribute to the poorest outcomes
that have been described in this group [10]. Studies
investigating tricuspid annular motion specifically
in children with PH have shown reduced tricuspid
annular displacement in patients with PH and both
repaired CHD and structurally normal hearts when
compared with age-matched infants and children.
TAPSE has been predictive of outcomes in paediat-
ric patients with idiopathic PH but not PH-repaired
CHD in studies by Kassem et al. and Okumura et al.
These results contrast with our findings and may
reflect a difference in disease severity, manage-
ment, or patient population [11]. In adults with PH,
TAPSE has been shown to be an effective marker of
RV function and predictor of outcome, correlating
with hemodynamic measures, exercise capacity,
and NYHA class. Importantly, TAPSE <1.8 cm is a
strong predictor of mortality in adults with PH [12].
Compared with adult studies evaluating TAPSE, our
patients have similar baseline hemodynamic mea-
surements, the dosage of inotropic support and in
terms of the duration in ICU stay. In patients with
hypoplastic left heart syndrome, TAPSE is signifi-
cantly reduced following the Norwood procedure
despite preserved RV FAC. Cardiac surgery thus re-
sults in reduced tricuspid annular motion without
obligate reduction in RV performance in hearts ex-
posed to normal PAPs. It is unclear whether expo-
sure of the RV to elevated afterload further reduces
TAPSE beyond the effects of surgery alone, and this
should be investigated further [13].

Conclusion

Echocardiography is most important,easily
obtained and cost reduced diagnostic method in
children with CHD. In our study TAPSE is conside-
rably reduced in children after surgical correction
of PH associated CHD and gradually increased in
the late post-operative period which indicates the
risk of right ventricular failure in CHD with high
PH.
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BOJIAJIAPJIATY YIIKA TUTIEPTEH3USCYU BUJIAH KEYYBYHY TYFMA IOPAK

HYKCOHJIAPYA KOPPEKIIUSICUJA ONEPALIUATAYA BA ONEPALIMANAH KEWUHT U

JIABPJIA YHT KOPUHYA ®YHKIMACUHU 3XOKAPANOTPA®UK BAXOJIALL
P.A. PAXUMOBA, H.K. 30KHUPOB, b.U. IYKYPOB, [XX.T. IMPHA3APOB

Pecny6/ivika WOMKUANHY TUOOUN épAaM UIMUUM Mapkasy, TolkeHT, Y36eKHUCTOH
«AKFA Medline University Hospital» kniuHukacu, TolikeHT, Y36€KUCTOH

Makcaa. Ynka runepTeH3MsACH 6UJIaH KeuyyB4M TyFMa I0paK HyKCOHJApH Gy/iraH 6oJajnapza
aH'baHAaBUU TpaHCTOpakKas 3Xokapauorpadus épamMu/ia onepanusrada Ba onepaunusiiaH Ke-
WUHTY AaBp/Ja YHT KOpUHYa QYHKIMACUHU 6axoJialll.

MaTepua/iap Ba TaAKUKOT ycyJuiapu. 2022 iui ceHTA6pb odngan 2023 HWua aBrycTyurada
«AKFA Medline University Hospital» kinHukacuza 6 odJuKAaH 2 émrada 6ysaraH 25 Hadap
TyFMa I0paK HYKCOHHU 60p Gosanapaa (17 Hadap Ku3 Ba 8 Hadap yFus 60/1a) sXOKapaAruorpa-
bUK TeKIUpyBaap YTKasuIgu. Acocuil axokapAauorpaduk JUAarHoCTUK NapaMeTpu cudpaTu/ia
M pexxuMu/la OJTMHTaH TPUKYCIHUAJ KiaanaH GUOPo3 XaaKacu TeKUCIAUTUHUHT CUCTOJIMK 3KC-
kypcusicu (TAPSE) Ba ynka apTepusijiapu cuctoauk 6ocumu (SPAP) onunran. bapya TAPSE Ba
SPAP HaTuxasiapu 3 60CKHUY/la TaKKOCJAaH/U: ONepalUsaiaH OJJUHTH, ollepalUsiilaH KeHrnHr
3pTa (XMpYpPruK KOppeKIuaAaH KeluH 1-2 KyH yTrad) Ba onepanusiad KeHUHTH Ked JIJaBpJiap
(kacasixoHalaH YMKKaH/AH KelnH 1 o).
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HaTumxkasnap.Onepanusganonaud 12 6oaagaSPAPkuiiMatu45-55mmHgBaTAPSE12-15 MM
(¥pravyal3,5MMm)opanurugasaun. 13 ta6onanapaa TAPSE8-11 MM gaH, Z-score 6yiinya -2 rava
kuiimat Ba SPAP 55 mmHg nan roKopu 6y/irad KHMMaTHY TalIKWJI KUIAW. UHTeHCHUB Tepanus
6yIMMUAArU TYFMa I0paK HYKCOHJIApUHU XUPYPTUK KOPPEKIUACU/IaH CYHT oNlepalusa/iaH Ke-
WUHTY 3pTa AaBpaa 17 6osaga TAPSE 9-12 MM HaTHKaHU KypcaTraH 6yJica (Z-score 6yiuya —
2,5 faH 6ananpg), SPAP kuitmatu 30 mmHg ra kamaiigu. 8 tTa 6os1aaa TAPSE 6-8 MM (Z-score
6yiuua - 3,5 gaH 6ananj) Ba SPAP 40 gan 45 mmHg rava 6yran HaTHXKajJapHU KypcaT/u.
KacanxoHaziaH YMKKaHJaH CYHT AWHaMUKaja 6up ol yrray, TAPSE acra-cekuH ycub 60p-
au, 6ynaa TAPSE 20 Ta 6osaga 14-17 mMm (0 éxku - 1 Z-score 6yiiuya), 5 6emopaa TAPSE
12-15 MM rayva (Z-score 6y¥inya — 2 raya) KyTapuazu.

XyJuioca. TAPSE Gosanapzaru ynka runepTeH3UsICH OWJIaH KeYyBYHM TYFMa I0paK HyKCOHJIapHu
XUPYPrUK KOPPEKIUSCUJAH KEWWH Ce3WJiapJid Jlapakajla nacalii Ba UHTEHCHUB Tepanus
OYJIMMH/IA JABOJIAHHUII JABOMUHJIUTH OUJIaH CTATUCTHUK OOFTUKJINK XOCHJI KWUJITAH X0J1/]a oTle-
pauusaaH KEWUHTM KeYKHU JaBp/a acTa-CeKHWH ycub 6opau. By onmepanusjaH KeluHru apta
JlaBp/ia IOKOPH YTIKa rMIepTeH3UsICH OWIaH Ke4yyBYH TYFMa I0paK HYKCOHJIapHU/a YHT KOPHHYA
eTHULIMOBYWJIMTY XaBPHHU KypcaTaau.

Kasaum cy3aap: ynka 2unepmensusicu, s3xokapoduozpagus, TAPSE, myrma ropak HykcoHaapu, SPAP.
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