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Abstract. To reveal hemodynamic peculiarities in apparently healthy children with cuspid
valvular dysfunctions or pulmonary arterial regurgitation, 76 children and juveniles, aged
6-18, were examined by Doppler echocardiography in supine and upright position.
Whereas an optimal coordination of intracardiac hemodynamic parameters at supine
position and minimum pronounced orthostatic response was observed in children with
normal valvular kinesis, the most tense orthostatic response occured in combined
prolapse of mitral, tricuspid and pulmonary arterial valves. We suppose, that certain
characteristics of valvular kinesis reflect tension of adaptation and can be used by
pediatricians and juvenile therapists in their clinical experience.
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Introduction

Although Doppler echocardiography is now a routine investigation technique, its diagnostic
potentialities, based on new approaches to obtaining and interpreting some parameters
characteristics of intracardiac hemodynamics, are far from being exhausted. The most
popular cardiological diagnosis in children and juveniles - mitral valve prolapse (MVP) - is
commonly associated with congenital or acquired connective tissue defects [1] , and no
clinical significance is usually attached to pulmonary arterial regurgitation (PAR), revealed by
color mapping in 98% of healthy individuals [2].

Cases of vasoneurosis accompanied by syncope, which are frequently encountered by
pediatricians and juvenile therapists, required clinical and prognostic assessment of regulation
mechanisms at postural changes, being a natural disturbance factor for circulation.
Mathematical analysis of cardiac rhythm, commonly used for this purpose, despite of its
obvious merits [3], gives no idea which specific autoregulation mechanisms are involved
during orthostatic response.

Since studies, investigating peculiarities of hemodynamics in children and juveniles
with cuspid valve prolapse, are not numerous [4-6], and, actually, no data is available
concerning changes in intracardiac flows during postural response, the main concern of the
present work was to study intracardiac hemodynamics in children and juveniles with various
valvular dysfunctions, both at rest and postural changes.

Materials and Methods
Using Doppler echocardiographic findings (Hewlett - Packard 77020A, Acuson
128XP) of 76 apparently healthy children and juveniles, aged from 6 to 18, without organic
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heart diseases and congenital/acquired connective tissue defects, 8 groups were distinguished
according to kinesis of cuspid valves and presence of PAR.

The following parameters were evaluated:

— atrial and ventricular dimensions at diastole, including the relative ones (by sg. m of body
surface area);

— left ventricular posterior wall thickness (LVPWT) and intraventricular septal thickness
(IVST) at diastole;

— relative dimensions of the aorta (Ao) and pulmonary artery (PA).

And some hemodynamic parameters, too:

—aortic and pulmonary arterial systolic flow velocities (including acceleration period, AP);

— left and right transatrioventricular flow velocities (V) and time (T) at early diastole (Ve) and
atrial systole (\a), and their ratio (Ve/Va);

— ejection period (E);

— isovolumic relaxation time (IVRT) of the left and right ventricles.

Atrial filling was estimated by trans-thoracic Doppler echocardiography on the basis
of forward flow velocities measured in ostia of the pulmonary vein and vena cava at systole
(Svp and Svc) and ventricular diastole (Dvp and Dvc), as well as a reverse flow velocities in
these veins at atrial systole (Vreg) obtained by placing a sample (volume 1-2 cm) proximal to
the junction of the veins into atrium [7, 8].

Immediately after changing to upright position (right and left chamber hemodynamic
parameters being previously evaluated) we measured peak atrial and ventricular filling
velocities, and PA and Ao flow velocities, noting whether regurgitation through cuspid valves
persists or emerges.

Along with determining the reliability of distinction using Student’s t-test,
correlational analysis was made.

Results and Discussion

Since morphometric dimensions of ventricles and atriums, Ao and PA diameters, and
LVPW and IVS thickness in all examined children were consistent with commonly accepted
age standards, and cardiac cycle duration in distinguished groups had no reliable distinction,
only Doppler echocardiographic findings were analysed. The efficiency of cardiac output
activity was estimated on the basis of flow velocity in the ascending Ao, which was the
highest (102.0+3.3 cm/s) in children with normal valvular kinesis.

Although in isolated PAR Ao flow velocity did not decrease, contribution of the right
atrium in RV filling was reliably higher (RV late diastolic filling velocities are 45.2+3.0 and
34.3+£3.5 cm/s, respectively), PA flow acceleration period was longer, the ratio of systolic to
diastolic flow velocities in pulmonary veins was less, and LV filling velocity at early diastole
was higher, - all these can be regarded as a result of systemic autoregulation, essentially
relevant to diastole.

Efficiency of LV output activity in MVP, MVP+PAR, tricuspid valve prolapse
TVP+PAR and MVP+TVP does not decrease either, being ensured by various autoregulation
mechanisms: the increase in LV Ve in MVP, MVP+PAR and TVP+PAR, and PA V in
TVP+MVP; the increase in time parameters: late diastolic filling flow acceleration and PA
flow acceleration periods in TVP+PAR, as well as the decrease in RV Ve/Va ratio in
MVP+TVP. The increase in RV isovolumic relaxation time in children with MVP+TVP may
manifest the presence of a moderate pulmonary hypertension in this group.

In TVP the decrease in LV activity effectiveness is observed: Ao flow velocity is
lower (88.3+2.3 cm/s), as well as Dvp (35.3+2.3 cm/s vs 44.3£2.4 cm/s), RV Ve (57.6+ 3.0
cm/s vs 68.4 £2.6 cm/s) and LV Va (40.1+2.6 cm/s vs 53.3+3.8 cm/s). The decrease in Ao

40



Russian Journal of Biomechanics, Vol. 3, Ne 3: 39-44, 1999

flow velocity (88.5+2.5) and absence of compensation is indicative of a significant reduction
of functional reserves in children and juveniles with MVP+TVP+PAR.

It should be noted, that, whereas RV Ve/Va ratio in children without valvular
dysfunctions was 2.04+0.20, in children with PAR and MVP+TVP it was reliably lower
(1.504+0.13 and 1.50+0.15) due to the increase in Va, that indicates RV diastolic dysfunction.
Values of LV ve/Va ratio had no differences in all groups.

Correlational analyses revealed different density and direction of correlations between
systemic elements at rest in different groups. Thus, the greatest quantity of correlations (121)
was observed in children without valvular dysfunctions, 45 - in PAR, 32 - in MVP, 36 - in
MVP+PAR, 13 - TVP, 64 - in TVP+PAR, 21 - in MVP+TVP and 38 - in MVP+TVP+PAR.
Although a large quantity of positive correlations may reduce a number of degrees of freedom
in the system, close interrelations between venous returns (RA filling velocity at diastole) and
RV Ve, and temporal and velocity parameters of the left chambers (both atrium and ventricle)
probably suggest, that optimal regulation of intracardiac hemodynamics does exist.

In children with PAR, which causes some changes in RV filling, RV Ve is not
connected with left chamber hemodynamic parameters, though RV Va positively relates to
diastolic flow velocity in pulmonary veins and LV Va. The higher systolic flow velocity in
vena cava in children with MVP, the lower Ao flow velocity; on the contrary, the higher RV
Va (as in TVP+PAR), the higher Ao flow velocity. However, in MVP+PAR, TVP and
MVP+TVP+PAR venous returns and RV filling velocities have no effect on left chamber
hemodynamics. Probably hemodynamic mechanisms of pulmonary circulation appear to take
more significant part in cardiac output autoregulation.

The best regulation at orthostasis was observed in children without valvular
dysfunctions: cardiac cycle was moderately reduced from 83.1+6.2 s to 74.845.1 s, and
hemodynamic parameters, which have changed (decreasing Ve of both ventricles, Dvp and
Vel/Va, and increasing S/Dvp), was less in number, compared with other groups (Tables 1 and
2). In this group 161 correlations between different hemodynamic parameters at orthostasis
were revealed, in PAR - 74, in MVP - 68, MVP+PAR - 76, TVP - 55, TVP+PAR - 72,
MVP+TVP - 46 and MVP+TVP+PAR - 100.

Table 1. Right chamber hemodynamic parameters in children and juveniles
with various valvular dysfunctions (M+m).

Group/parameter | RV Ve, supine | RV Ve, upright | RV Va, supine | RV Va, upright
position position position

Withouth

valvular

dysfunction, 68.4+1.6 49, 442 .8* 71.245.8 67.1+4.3

(n=6)

PAR (n=9) 66.4+6.2 57.5+3.5 78.945.5 63.8+2.8*

MVP (n=7) 65.0+5.8 54.5+3.5 75.8+£3.1 65.1+3.2*

MVP+PAR (n=7) | 74.545.3 50.5+5.1** 76.8+4.9 79.746.2

TVP(n=10) 62.4+4.4 59.946.0 69.8+2.0 61.4+2.6*

&ZXI;AR 66.7+3.7 57.2+3.6 80.2+4.8 71.3+2.8

('\r’]';/fg;wp 61.242.3 49.8+2.5* 77.6+3.9 71.6+4.7

('\r’]'l/lFSTVPWAR 63.3+3.3 52.1+2.4* 76.143.3 69.4+1.9

Reliability of distinction compared to supine position: *-P <0.05; ** - P<0.01.
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Table2. Left chamber hemodynamic parameters in children and juveniles with various
valvular dysfunctions (M+m).

Group/parameter | LV Ve, supine | LV Ve, upright | LV Va, supine | LV Va, upright
position position position

Withouth

valvular *

dysfunction, 87.446.2 69.4+4.1 47.746.3 44.8+2.9

(n=6)

PAR (n=9) 102.0+3.6 71.1+£7.3*%* 46.5+4.8 57.0+4.8

MVP (n=7) 101.747.3 70.942.7** 50.0+2.9 50.1+4.0

MVP+PAR (n=7) | 106.0+4.5 74.6+1.9%** 46.0+4.7 48.8+5.2

TVP(n=10) 93.1+2.1 64.2+4.2%** 44.2+1.8 52.3+2.8*

(TnP:\ﬂ)P AR 104.415.1 78.7£2.9%%* | 50.043.0 60.8+2.8%

I(\r/]ll/lPO;TVP 90.4+£3.5 67.8+£3.2%** 50.7+4.2 55.5+4.1

'(\Ql/lpgTVPJ’PAR 94.045.2 7474455 | 457438 58.5+3.0%

Reliability of distinction compared to supine position: #-P < 0.05; ** - P<0.01; *** - P<0.001.
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position position

Fig. 1. Dynamics of aortic flow velocity in upright and supine position in children with various valvular
dysfunctions.

In children and juveniles with TVP and TVP+PAR an excessive vegetal
responsiveness, accompanied by further shortening of RR at orthostasis and deceleration of
Svp (venous return), was observed, and Dvp and LV Va reduction was highly reliable
(P<0.001), as well as AP and Ao V shortening. These can form a pathophysiologic basis for
syncope and indicate poor regulation.

For children and juveniles with MVP+TVP+PAR changing from supine to upright
position (*“getting up”) is a stressful disturbance, resulting in marked changes in intracardiac
parameters: the decrease in Ve of both ventricles and drastic intensification of hemodynamic
activity of right and left atriums, followed by the reduction of cardiac output.

The fact, that in 3 of 7 children with MVP regurgitation through the tricuspid valve
emerged in upright position at rest, seems to be rather important: this may indicate locus
minoris resistentiae in autoregulation at rest. In 4 of 11 children withTVP+PAR regurgitation
through the tricuspid valve persisted also at orthostasis, in 2 - through PA. This phenomenon
with similar frequency (in 4 of 10 children) occured in MVP+TVP and in MVP+TVP+PAR
(in 7 of 15). In children with persisted regurgitation through the tricuspid valve more
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pronounced changes in all parameters of both right and left chambers were observed, that can
be treated as a reduction of functional reserves.

Orthotest gave the opportunity to get an exact idea of the significance of isolated PAR
in children without any signs of organic heart deseases. A marked disturbance of left
ventricular hemodynamics (pronounced diastolic dysfunction) and the decrease in aortic flow
velocity from 100.0+0.8 to 75.4+2.7 cm/s (P<0.01) at upright position manifest reduction of
adaptation reserves and necesitate recuperative measures.

Thus, kinesis of cuspid valves and PAR not only characterizes a certain hemodynamic
status, but also reflects the function of systemic autoregulation mechanisms, and Doppler
echocardiographic assessment of orthotest can give pediatricians, juvenile and sport therapists
valuable clinical information.
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®YHKUNOHAJIbHAA OOMNMJIEP3XOKAPANOIPA®UA B OLIEHKE
YPOBHA U HANPAXEHHOCTU AQOANTALUAN

C.B. XpyuweB (MockBa, Poccus), 10.J1. BeHeBueBa, A.X. MenbHukoB, B.B. PeBsikuHa,
T.A. l'omoBa, H.A. lNyxaHoBa (Tyna, Poccus)

B nHacrosiiee Bpemst JoNIiepIxokapAauorpadusi MUpoKo IPUMEHSETCS IS U3YUEeHUSI
napamMeTpoB, XapaKTEPU3YIOIIUX BHYTPHUCEPJCYHYIO TeMoauHaMuky. OJIHaKO MOKHO
YTBEpXkAaTh, YTO IUAarHOCTUYECKHE BO3MOXKHOCTH 3TOTO METOJla JallekO HE HCYEpIIaHBbI,
BO3MOXKHO HCIIOJIb30BAaHWE HOBBIX TIOJIXOJIOB K TOJYYCHUI0O M HMHTEpPIpETaluu psja
napaMeTpoB cepAeuHoil AestenbHOCTH. CaMblii MOMYJISPHBIN KapAHOIOTHUECKUN THarHo3 B
JIETCKOM M TIOJJPOCTKOBOM BO3pacTe — IPOJanc MHUTPAIBHOrO KiamaHa (T.e. M30BITOYHOE
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IIPOrudaHne ero CTBOPOK B MOJIOCTh JIEBOIO MIPEICEPANS C UX PA3MbIKAHUEM B OIIPEIEICHHBIN
MOMEHT CHCTOJIbl) OOBIYHO CBSI3bIBAETCSI C BPOXKACHHBIM WM MPUOOPETEHHBIM MOpaKEHUEM
COEJIUHUTENIHOM TKaHU, a BhIABIsIEMON Y 98% 310pOBBIX JIMI] PETYPrUTALUU (BBIPAXKEHHOMY
00paTHOMY TEYEHHIO KpOBM) Ha JIETOYHOM apTepuH OOBIYHO HE MPUIAETCS KIMHMYECKOTO
3HauYeHMs. B paae ciydaeB I KIMHUYECKOM M IPOTHOCTMYECKOM OLEHKM KayecTBa
peryaupoBaHus KpoOBOOOpallleHUs] TpeOyeTcsl pacCMOTPETh M3MEHEHHE IMOJIOXKEHUs Tela B
IIPOCTPAHCTBE, YTO AJII CUCTEMBI KPOBOOOPAIICHUS SIBIISIETCS €CTECTBEHHBIM BO3MYILIEHHUEM.
[ensro HACTOSILETO UCCIIEIOBaHMS ABJISAJIOCH IPUMEHEHNE MeTo1a
JOMIUIepIXOKapaAnorpaguu i U3y4deHHsl BHYTPUCEPACYHOW TE€MOJWHAMHKH Y JeTell H
MOJIPOCTKOB € PAa3JIMYHBIMU KJIAMIAHHBIMU AUCHYHKIMSMU KaK B IIOKOE, TaK U IIPH U3MEHEHUH
MI0JIOXKEHHUS Tea.

beimu o6cienoBaHbl 76 IPaKTUYECKH 3/I0POBBIX JETEH W MOJIPOCTKOB B BO3pacTe OT 6
10 18 et 6e3 MpU3HAKOB OPraHMYECKOTO TOPAKEHHS CepAla, a TAK)KE HACIEICTBEHHON WIIH
PUOOPETEHHON HETOIHOIIEHHOCTH COEIMHUTEIBHON TKaHH.

Onpenensinch AMarHOCTUYECKUE pa3Mephl IpeIcepInil U KEIyA0YKOB, B TOM UHCIE
OTHOCHTENBHBIE (Ha M° TUIOMAAM MOBEPXHOCTH TeNa) TOJNIIMHA 3aJHEH CTEHKH JIEBOTO
KEITy104YKa U MEXOKENyI0UKOBON NEPErOpOAKHY B IMACTOJIE, OTHOCUTENIBHBIE pa3Mephl A0PThI
U JIETOYHOU apTEpHH, a TAKKE CKOPOCTH CHCTOJINYECKUX IOTOKOB B 3TUX COCYHAaxX, CKOPOCTh
U JUIMTENBHOCTh ITOTOKOB 4Yepe3 JIEBBIM U NPaBbIi aTPUOBEHTPUKYJISIPHBIN KIIallaHbl B paHHEH
JUacToJIE U T.J.

Cpa3y mnocie nepexojia U3 TOPU30HTAIBHOIO B BEPTUKAIBHOE IOJIOKEHUE U3MEPSIIN
IIUKOBBIE CKOPOCTH HAIOJIHEHUs MPEACEPAN U KEIyJOUYKOB, a TAK)KE€ CKOPOCTH IIOTOKOB B
JIETOYHYIO apTEepUI0 U a0pTy, MPHU 3TOM OOpamasd oco00e BHUMaHUE HAa COXpPAHEHHE HITH
BO3HUKHOBEHHE PETYPrUTALMN HA CTBOPYATHIX KJIallaHax.

HccnenoBanne B MOJNOXKEHUM JIeKa W CTOS IIOKA3ajlo, YTO ONTHUMAalbHas
COIIACOBAHHOCTH MapaMeTPOB BHYTPHUCEPAEYHOM TIeMOJMHAMHKHA M MEHEe HalpsyKeHHas
peakiys ajanTalyuy HaOII0JAIUCh y 1eTe ¢ HOpMaJIbHON KMHETUKOW KJIallaHOB, B TO BpEMsI
KaKk HanOoJsiee HamNpsDKeHHas — y JIETEH ¢ COUETAaHHBIM MOPAKEHUEM CTBOPOK MUTPAIBHOTO,
TPUKYCIIMJAIBHOIO M KJalaHa JIero4yHoud aprepuu. [losydeHbl  KONMYECTBEHHBIE
3aKOHOMEPHOCTH yKa3aHHbIX HaOmroneHuil. butn. 8.

KiroueBple  cioBa:  momruiepIxokapauorpadus, BHYTPHUCEpIAEYHOE KpOBOOOpalieHHe,
aJlanTaIys CUCTEMbI KpPOBOOOpAIeHHUS, KJIATTaHHbIE TUCHYHKINU
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