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Abstrakt

Po narozeni prodélava obéhovy systém nedonoseného novorozence vyrazné hemodynamické zmény.
DuleZitou roli vtomto obdobi maji intrakardialni a extrakardialni zkraty, predevsim tepenna ducej. Pri
poruse adaptace a perzistenci oteviené tepenné duceje (PDA) miZe dojit k obéhovému selhani
s hypoperfazi Zivotné dulezitych orgdnl se zavaznymi dusledky pro kratkodobou i dlouhodobou
morbiditu a mortalitu. Nejrizikovéjsi skupinou jsou novorozenci velmi nizké porodni hmotnosti.
Diagnostické moznosti obéhového selhdni jsou limitovany specifikami téchto pacient(. Klinicky stav
novorozence a fyzikalni vySetfeni jsou velice nespecifické a subjektivni. Echokardiografie umoznuje
vySetfeni systolické i diastolické funkce srdce a méreni obéhovych parametr( véetné srdecniho
vydeje a navratu horni dutou Zilou (SVC flow). Diagnostika i terapie se dosud soustredila na
systolickou funkci, o diastolické funkci je informaci méné. Near infrared spectroscopy (NIRS) je
neinvazivni metoda umozZiujici méreni oxygenace tkdané a umisténim sondy na hlavu lze mérit
oxygenaci mozku. Dalsi moZnosti jsou biochemické markery, které jsou dllezité v diagnostice
srde¢niho selhani u dospélych pacientu. V novorozeneckém véku jejich vyznam stoupa.

Cilem nasi prvni prace bylo popsat diastolickou funkci levé i pravé komory v prvnich 48 hodinach po
narozeni. Tato data dosud nikdo nepublikoval. Hodnoty po narozeni v porovnani splody a
donosenymi novorozenci odpovidaji dysfunkci myokardu. Béhem 48 hodin doslo k signifikantnim
zménam, které svédci o progresivnim zlepseni diastolické funkce komor. Zaroven vyznamné stoupl
srdecni vydej levé i pravé komory, pravdépodobné predevsim diky zkratlim v PDA a foramen ovale.
SVC flow, ukazatel pratoku horni casti téla a predevsim mozkem, béhem sledovaného obdobi
stoupal. 41% novorozenct mélo minimalné pfi jednom vySetfeni nizkou hodnotu SVC flow, nej¢asté;i
v6. a 12. hodiné. Vysoké procento nizkého SVC flow v porovnani sjinymi studiemi odpovida
extrémné nizké pridmérné porodni hmotnosti 850 grami v nasi skupiné pacientl. Oxygenace mozku,
udavana jako cTOl, klesla ve 12. hodiné a nasledné stoupla. Extrakce kysliku z krve (cFTOE) sledovala
opacny trend, s maximalni hodnotou ve 12. hodiné a poté klesla. Proti naSemu ocekavani nebyl
narust SVC flow doprovazen vyssimi hodnotami cTOI a v 6. hodiné byla dokonce korelace negativni.

V dalsi studii jsme zjistovali vztah mezi NT-proBNP, biochemickym parametrem pfretizeni srdce, a
velikosti oteviené tepenné duceje u novorozencll s porodni hmotnosti pod 1500 grami. Hodnoty NT-
proBNP byly signifikantné vyssi u déti s PDA v prvnich 2 tydnech, ve 3. tydnu byl rozdil signifikantni u
déti s velkym PDA (prGmér nad 2 mm). Maly pocet jedincd sPDA po 3. tydnu Zivota byl
pravdépodobné dlivodem nesignifikantnich rozdilG. NT-proBNP korelovalo s primérem PDA a pouZiti
v diagnostice oteviené tepenné duceje po prvnim tydnu se zda velice slibné.

Posledni prace je ucelenym pfehledem biochemickych marker( pouzitelnych v diagnostice dysfunkce

myokardu u kriticky nemocnych novorozencd.



Abstract

Preterm neonate is exposed to significant hemodynamic changes after delivery. Cardiac and
extracardiac shunts, especially ductus arteriosus, play an important role in this process. Failure of
postnatal adaptation and persistent patent ductus arteriosus (PDA) may lead to cardiac overload and
circulatory failure with hypoperfusion of vital organs and in turn adversely affect the short-term and
long-term morbidity and mortality of these patients. Newborns with very low birth weight are at
highest risk, however the possibilities for diagnosing circulatory failure in this patient group are
limited. Clinical presentation and physical examination are nonspecific and involve subjective
measures. Functional echocardiography provides information on systolic and diastolic heart function
as well as the possibility to measure cardiac output and superior vena cava flow (SVC flow). Much of
what is known about ventricular function pertains to systole rather than diastole. Near infrared
spectroscopy provides another noninvasive method, enabling the measurement of tissue
oxygenation including that of the brain. Cerebral oxygenation can be measured by placing the probe
on the head of the neonate. Further possibility to help diagnose circulatory system failure are
biochemical markers, commonly used in diagnosing myocardial failure in adults. Their importance in
neonatology is increasing.

The thesis comprises of four separate studies. Aim of the first study was to describe the diastolic
function of the left and right ventricle during the first 48 hours of life. These data have not been
published in existing literature. Values measured in the studied group of preterm newborns as
compared to fetal measurements and mesurements in term neonates are equivalent to values of
impaired myocardial function. During the first 48 hours of life however, the values of ventricular
function change significantly, representing a progressive improvement of the diastolic ventricular
function.

In the second study, we have shown the changes that occur in cardiac output and superior vena cava
flow and their relationship to cerebral tissue oxygenation as measured by near infrared
spectroscopy. Both left and right cardiac output increased significantly during the study period. SVC
flow, a parameter of perfusion of the upper half of the body, in particular of the brain, has also
increased but the change was not statistically significant. 41% of studied neonates had low SVC flow
during at least one of the performed measurements, mostly during the ones taken at 6 and 12 hours.
The relatively high percentage of babies with low SVC flow compared to other published studies is
explainable by the high number of neonates with extremely low birth weight in our group of patients
(mean birth weeight was 850 grams). Cerebral oxygenation, as represented by cerebral tissue
oxygenation index (cTOl), decreased at 12 hours of life followed by an increase at 24 hours. This was

accompanied by reciprocal changes in cerebral tissue oxygen extraction (cFTOE) with the maximum



value being reached at 12 hours and with decreasing values thereafter. On the contrary to our
expectation, an increase of SVC flow was not accompanied by higher values of cTOIl, moreover the
correlation between SVC flow and cTOl was negative at 6 hours of age. Low cerebral oxygenation
with higher value of oxygen extraction from blood is a known risk factor of hypoxic-reperfusion
cerebral injury.

The third study investigated the correlation between NT-proBNP, a biochemical parameter of cardiac
overload, and the size of patent ductus arteriosus in newborns with birth weight below 1500 grams.
Measured values of NT-proBNP were significantly higher in neonates with PDA during the first two
weeks of life. During the third week, the results were significantly different only in patients with PDA
of more than 2mm in diameter. This may have been due to the very small proportion of patients with
PDA after the third week of life. NT-proBNP value correlated well with the diameter of PDA and its
use as a diagnostic tool for patent ductus arteriosus in newborns after the first week of life looks
promising.

Last study aims to give a review of existing biochemical markers used to aid diagnosis of myocardial

dysfunction in critically ill neonates.



1. Uvod

Predkladand dizertacni prace je souborem 4 publikaci zaméfenych na myokardialni dysfunkci u
novorozencll s porodni hmotnosti pod 1500 gram.

Prvni dvé studie vychazeji zdat meérenych u skupiny nedonoSenych novorozencl v prvnich 48
hodinach po narozeni. V prvni studii popisujeme vysledky méreni diastolické funkce komor pomoci
vtokovych parametri. Ve druhé studii jsme popsali zmény srdecniho vydeje levé a pravé komory a
navratu horni dutou Zilou v porovnani s oxygenaci mozku pomoci near infrared spektroskopie.
Tématem treti publikace je oteviena tepenna ducej, dalsi mozna pfricina srdecniho selhani u
novorozenctl, a jeho diagnostika pomoci NT-proBNP u novorozenctd velmi nizké porodni hmotnosti
po prvnim tydnu od narozeni. Ctvrtd publikace je prehledovy ¢lanek o moznostech biochemické

diagnostiky myokardidlni dysfunkce u novorozencu.

2. Pfehled soucasnych poznatku

Navzdory rychlému rozvoji novorozenecké intenzivni mediciny jsou novorozenci velmi nizké porodni
hmotnosti (pod 1500 gram(l) nadale ohroZeni kratkodobou i dlouhodobou morbiditou a mortalitou.
Pfiblizné 30% téchto novorozencl je obéhové nestabilnich s naslednou hypoperflzi a ischémii
Zivotné dulezitych organl (1). Nejzavainéjsim nasledkem hypoperflze mozku je
periventrikularni/intraventrikularni krvaceni a periventrikularni leukomalacie. Mezi hlavni pficiny
obéhové nestability patfi infekce, krvaceni, myokardialni dysfunkce, intrakardidlni zkraty - oteviena
tepenna ducej a foramen ovale, hemodynamické zmény po porodu a iatrogenni faktory. Diagnostika
a terapie obéhového selhani je ovlivnéna specifikami nedonosenych novorozenct (velikost, vysoka
vulnerabilita, etické problémy) a polymorbiditou (respiratory distress syndrom, infekce, vrozené vady
atd.). Hlavni funkci kardiovaskuldarniho systému je zajisténi dostatecné perflze tkani za prijatelného
krevniho tlaku. Podminkou je dostatecny srdecni vydej, ktery je distribuovan do tkani a funkéni
mikrocirkulace.

Diagnostické mozZnosti obéhového selhani novorozencli velmi nizké porodni hmotnosti jsou
omezené. Klinicky stav pacienta a fyzikalni vySetfeni jsou nespecifické a subjektivni. Ze zobrazovacich
metod ma nejvétsi vyznam echokardiografie. DalSi moznosti je méreni biochemickych markert
obéhového selhani a stanoveni tkanové perflze, které mohou pomoci jak v diaghostice samotné

myokardialni dysfunkce, tak ischemie tkani.



2.1. Fyziologie a patofyziologie kardiovaskularniho systému novorozence

2.1.1. Postnatalni zmény cirkulace

Po narozeni dochazi u novorozence k vyraznym obéhovym zménam. Po odpojeni placenty z krevniho
obéhu stoupa systémova vaskularni rezistence. Zaroven s prvnimi naddechy novorozence klesa plicni
vaskularni rezistence. Tok krve v arteridlnim duktu se méni z fetalniho pravo-levého na bidirekéni a
dale na levo-pravy. Snizeni plicni vaskularni rezistence a levo-pravy zkrat v PDA zvysi preload levého
srdce. Zmény tlaku mezi levou a pravou sini vedou k uzavéru foramen ovale. S probihajicimi zménami
se stava dominantni leva komora oproti prenatalné dominantni pravé komore.

2.1.2. Tepenna ducej

Tepenna Botallova ducej (patent ductus arteriosus - PDA) je nezbytna pro fungujici cirkulaci plodu.
PDA se u donosenych novorozenc( uzavira do 48 hodin po narozeni. Nejprve dochazi k funkénimu
zuzeni PDA pfi kontrakci hladkého svalstva a v druhé fazi k anatomické remodelaci, ztlusténi intimy a
postupné ztraté tunica muscularis.

Mechanismus uzavéru PDA je pomérné dobie popsan. V pozdéjsich fazich gestace je tonus tepenné
duceje zavisly predevsim na vazodilatacnim efektu PGE,.

Prvni faze - po narozeni je prvni faze uzdvéru duceje zavisla na:

1. Zvyseni parcidlniho tlaku kysliku PO,. To zpUsobi vapnikem indukovanou konstrikci tfemi zplsoby
— otevieni Ca’ kanald hladkého svalstva, zvy$eni Ca ™ senzitizace mediovanou Rho kindzou a inhibici
draslikovych kanall hladkého svalstva.

2. Snizeni intraluminalniho tlaku diky postnatalnimu poklesu plicni vaskuldrni rezistence.

3. Snizeni cirkulujiciho PGE,. Roli hraje ztrata produkce placentou a zvySena degradace v plicich
novorozence.

4. Snizeni PGE, receptor(ll ve sténé duktu.

Druhd faze - anatomicky uzavér je zavisly na tkanové hypoxii stény duktu (131). Pfi funkénim uzavéru
dojde k obliteraci intramuralnich cév - vasa vasorum, zasobujicich zevni pulku stény cév. Hypoxie
snizuje produkci PGE, a oxidu dusnatého a zvySuje produkci hypoxii-inducibilnich faktori HIF-1a a
vaskularni endotelidlni rastovy faktor (VEGF). VEGF indukuje migraci bunék hladkého svalstva do
neointimy a apoptdézu vtunica media. Ddale hraji roli vremodelaci duktu buriky monocyto-
makrofagového systému adherujici na jeho sténu (132).

U nedonosSenych novorozencl se duktus uzavird pomaleji a incidence PDA je nepfimo Umérna
gestacnimu stari. Dvodem je nizky tonus nezralého duktu zpUsobeny nizsi aktivitou a expresi Rho
kinazy, vyssi zastoupeni nezralych izoforem myosinu které maiji nizsi kontraktilni schopnosti, nizsi
prostup kalciovych iontl L-typem kalciovych kandll a vyssi zastoupeni K, draslikovych kanald (které
nejsou regulovany PO,) oproti K, kanalim. Hlavnim divodem poruchy uzavéru duktu u nezralych

novorozencll je zvySena senzitivita k vazodilatacnim faktoridm PGE, a NO (133). Nezrali novorozenci
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maji také snizenou degradaci PGE, v plicich a hladina PGE, se zvySuje pti sepsi a nekrotizujici
enterokolitidé (134).

Oteviena tepenna ducej mlze zplsobit objemové pretizeni srdce, edém plic a hypoperflizi predevsim
dolni ¢asti téla (11). PDA je asociovdna s celou fadou komorbidit jako je plicni apoplexie, nekrotizujici
enterokolitida, intraventrikularni krvaceni, periventrikularni leukomalacie nebo ledvinné selhani.
Kauzalni vztah vSak nebyl prokazan (12). Diagnostika se opira o echokardiografii a klinické znamky
PDA, nezastupitelnou roli hraji biochemické markery, predevsim NT-proBNP. Informace o vztahu PDA
a NT-proBNP jsou vsak limitovany na prvni tyden Zivota (4,13). Terapie PDA je konzervativni,
farmakologickd nebo chirurgickd. Konzervativni terapie je omezena na restrikci tekutin a Upravu
ventilacniho rezimu. K farmakologické 1é¢bé se pouZivaji inhibitory prostaglandini indomethacin a
ibuprofen, novéji paracetamol, o kterém je oviem nedostatek evidence — based dat. Ucinek
farmakologického uzavéru klesa se stafim novorozence. Podstatou chirurgické 1é¢by u novorozencl
je ligace PDA thorakotomicky. Od vahy 3-4 kg je moZny katetriza¢ni uzavér.

Paradoxné vsak uzavér PDA nevede ke zlepSeni vyvoje u novorozencl a observacni postup

v managementu PDA je moZnou variantou (14).

2.1.3. Nezraly myokard

Fyziologické tlakové a objemové zmény po porodu kompenzuje myokard hyperplazii myocytd,
predevsim levé komory a roli hraje ristovy faktor aFGF a TGF. Pozdéjsi zmény v nar(stu svalové
hmoty jsou zpUsobeny hypertrofii kardiomyocytl (135). Postnatalni hypertrofie je stimulovana zatézi
komor, rastovymi faktory a katecholaminy (136).

Kardiomyocyt novorozence se strukturdlné lisi od zralého myocytu tvarem, nizsi denzitou myofibril,
které jsou uloZené vice periferné, ma méné mitochondrii, sarkomery jsou méné organizované a
v nezralém myokardu je nizsi denzita kapilar (137). Sarkolema a sarkoplazmatické retikulum obsahuje
méné vapnikovych kanall, které maiji snizenou aktivitu oproti zralému kardiomyocytu a rychleji se
deaktivuji (138). Myokard novorozence je tedy vice zavisly na extracelularnim influxu vdpnikovych
iontl coZz mlize omezovat kontraktilitu.

Nezraly myokard ma vyssi obsah extracelularni matrix, kolagenu a vyssi zastoupeni kolagenu typu |
(74). Vysledkem je nizsi compliance. Myokard novorozence ma nizsi schopnost zvysit kontraktilitu
(139)a je velmi citlivy na zvyseni afterloadu (140). Nejasny vliv na srde¢ni funkci ma vyssi obsah vody

v tkanich novorozence véetné myokardu.
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2.2. Echokardiografie
2.2.1. Zakladni principy echokardiografie
Ve vyzkumu i intenzivni mediciné dospélych se pouZiva fada méné i vice invazivnich metod k méreni
hemodynamiky. Patfi mezi né termodiluce, analyza kfivky krevniho tlaku, elektricka bioimpedance
nebo elektrickd kardiometrie. Zadna z téchto metod neni pouZitelnd u nezralych novorozencd kviili
jejich velikosti, invazivité a specifickym postnatalnim obé&hovym zménam. Echokardiografie je vici
pacientovi Setrnd metoda pouZitelna u lGzka bez nutnosti transportu. Pfinasi informace o strukture a
funkci myokardu.
Zakladni principy
Sonda ultrazvukového pfistroje se skladd z mnoha meénica, které generuji vinéni na zakladé
piezolektrické jevu. VInéni o vinové délce 3-12 MHz je emitovdno nékolik milisekund, poté se ménic
stdva detektorem a zachycuje odrazené vinéni. Vinéni se ¢astecné odrdzi od rozhrani s rozdilnou
akustickou impedanci. Rychlost pohybu vinéni v tkanich je 1540 m/s a dle doby, kterd uplyne od
vyslani signalu do detekce, Ize urcit v jaké hloubce doslo k odrazu. Srostouci frekvenci vin stoupa
rozliSeni obrazu ale klesa prinik do hloubky. V mediciné se pouziva fada metod ultrazvukového
zobrazeni:
A-mode — jednorozmérné zobrazeni, jde o signal z jednoho ménice. Jednotlivé odrazy jsou zobrazeny
jako impulzy na ¢asové ose. V ultrazvukovém zobrazeni srdce se nepouziva.
M-mode — jednorozmérné zobrazeni pohybu struktur v pribéhu casu. V kardiologii se pouziva
predevsim pro stanoveni velikosti srde¢nich komor a dynamické zmény komor a chlopni.
B-mode - sloZzenim signdald z mnoha ménicl jedné sondy ziskdme 2D obraz.
Dopplerovské vysetreni - funkéni vysetreni je vétsinou zaloZzené na principu Dopplerova jevu. Podle
tohoto principu se frekvence odrazenych vin méni podle rychlosti pohybu castic, od kterych se odrazi.
Pro vinovou délku detekovaného vinéni plati:

A=At Vzdr/fO
kde Aq je vinova délka vinéni opoustéjici zdroj, znaménko + nebo — smér pohybu zdroje odrazu oproti
detektoru, v,4 je rychlost zdroje odrazu a f; je plvodni frekvence vinéni. Pohyb mize byt vyjadren
barvou. Cervena barva zobrazuje smér pohybu k sondé&, modrd od sondy. U kontinualni Dopplerovské
metody (CW Doppler) je signal neustadle jednim piezoelektrickym krystalem wvysilan a druhym
prijiman. Umoznuje méreni vysokych rychlosti. U pulzni Dopplerovské metody (PW Doppler) se vysila
i prijima signal jednim krystalem. Frekvence vysilani pulzi je omezena dobou potiebnou k navratu
odrazeného signalu. Maximalni méritelna rychlost pohybu tkané je tedy u PW metody nizsi oproti CW

metodé, ale vyhodou je moZnost méreni v jasné definované hloubce.
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Speckle tracking — pti prichodu vinéni tkanémi dochazi také k rozptylu. Pfi interferenci jednotlivych
vin dochazi ke vzniku artefaktl, které maji charakteristicky vzor. Analyzou pohybu téchto artefakt(
mUiZe byt vypocitdna mira pohybu, jeho rychlost, deformace — strain a rychlost deformace — strain
rate. Speckle tracking nevyuziva Dopplerova jevu a neni tedy zavisly na insonacnim dhlu.

2.2.2. Systolicka funkce levé komory

Frakcni zkrdceni (FS): nejCastéji pouzivany parametr méreni kontraktility myokardu. Méreni musi byt
provadéno ve standardni a reprodukovatelné pozici (75), viz obr.1. Nevyhodou parametru je
zavislost na preloadu a afterloadu. Vysoky preload nadhodnocuje kontraktilitu mérenou pomoci FS,
vysoky afterload ji podhodnocuje (76). V novorozeneckém véku dochazi casto ke zvyseni preloadu pfi
perzistujici oteviené tepenné duceji. Dalsi nepfesnost v méreni vznika pfi plicni hypertenzi s dilataci

pravé komory a atypickém pohybu septa komor, casté situaci u kriticky nemocnych novorozenct

(77).

Projekce Dlouhd parasternalni osa a/nebo kratkd osa na urovni
cipl mitralni chlopné

Metodika méreni V M-mode s paprskem kolmym na komorové septum v
dlouhé ose a/nebo uprostied levé komory v kratké ose

Vypocet parametru FS = [(LVEDD-LVESD)/LVEDD] x 100

Normalni hodnoty Donoseni novorozenci: 25-41%
Nedonoseni novorozenci: 23-40%

Obrazek ¢.1: Méreni frakéniho zkraceni — projekce v dlouhé parasternalni ose na Urovni cipt mitralni
chlopné, zaznam v M-mode
LVEDD — rozmér levé komory na konci diastoly, LVESD — rozmér levé komory na konci systoly

Mean velocity of circumferential fiber shortening (mVCFs): oproti FS méné zavislé na nepravidelném

tvaru komory a abnormalnimu pohybu komorového septa (napt. plicni hypertenzi). Tento parametr
je také zavisly na preloadu a afterloadu. Vliv srdecni akce Ize omezit vydélenim LVET ¢tvercem doby

R-R intervalu.
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Projekce Dlouhd parasterndlni osa a/nebo kratkd osa na Udrovni cipl
mitralni chlopné

Metodika méreni M-Mode kolmy ke komorovému septu v dlouhé ose, uprostied
levé komory v kratké ose
Vypocet parametru mVCFs = mean [(LVEDD-LVESD)/LVEDD] x LVET
ev. mVCFs = mean [(LVEDD-LVESD)/LVEDD] x (LVET/R-R int?)
Normalni hodnoty 1,46-1,54 circum/s

0,91-1,05 circum/s pro korekci srde¢ni akce

Ejekcni frakce (EF): velmi Casto pouZivany parametr v kardiologii, ktery je narocny na presnost

méreni. U velkého srdce dospélého jedince jsou pripadné chyby méreni zanedbatelné, u novorozencu
vSak mohou byt signifikantni. Zmény ve tvaru komory také ovliviiuji vysledek. V novorozeneckém

véku se tedy preferuje méreni FS a mVCFs (78).

Projekce Dlouhd parasternalni osa

Metodika méreni M-Mode kolmy ke komorovému septu
Vypocet parametru EF = [(LVEDD? -LVESD?®)/LVEDD?] x 100%
Normalni hodnoty 50-75%

2.2.3. Diastolicka funkce levé komory

Vykonnost srde¢ni komory zavisi na jeji schopnosti cyklovat mezi dvéma stavy: (1) poddajna komora,
ktera umoznuje snadné plnéni pfi nizkém tlaku v sini a (2) tuhé komofre (rychle stoupajici tlak) béhem
systoly, ktera vytlaci krev pod arteridlnim tlakem. Tohoto stavu je docileno cyklickymi interakcemi
myofilament a predpoklada dobre fungujici chlopné. Diastola zacina pfi uzavieni aortalni chlopné a
sklada se z poklesu tlaku v komote, rychlém plnéni, diastazy a sekundarnim plnéni pfi kontrakci sini.
Cyklické interakce myofilament vedou ke kontrakci a relaxaci (79).

Relaxace je stav, kdy se myokard vraci po kontrakci do své klidové délky a sily. U zdravého srdce je
relaxace témér ukoncena pfi poklesu tlaku v komofe na minimum. Relaxace je zavisla na preloadu,
afterloadu, inaktivaci a asynchronii. Vysoky afterload a preload oddaluji relaxaci. BEhem inaktivace
dochazi k poklesu koncentrace kalcia v cytosolu a prodluzovani myofilament. Malé casové rozdily
pocatku kontrakce a relaxace v jednotlivych segmentech myokardu jsou fyziologické. P¥i
dyssynchronii jsou rozdily natolik vyznamné, Ze negativné ovlivni globalni relaxaci komory (79).
PInéni komory je zavislé na plnicim tlaku a schopnosti myokardu se naplnit. Schopnost myokardu se
naplnit se vyjadfuje jako tuhost (AP/AV) a nebo obracené jako poddajnost — compliance (AV/AP).
PInéni komory ovliviiuje mnoho vnéjsich a vnitfnich faktor. Vnéjsimi faktory jsou interakce mezi

komorami, vlastnosti perikardu a uméla plicni ventilace. Mezi vnitini faktory patfi myokardialni
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tuhost (kardiomyocyty a extraceluldrni matrix), myokardidlni tonus, geometrie a tloustka stény
komory (79).

Méreni plnéni komor na udrovni atrioventrikuldarni chlopné pomoci pulzniho Dopplerovského
mapovani je zakladnim vysetienim diastolické funkce a u novorozencl jedinym relativné dobre
popsanym (6-9,24). Referenc¢ni hodnoty pro novorozence velmi nizké porodni hmotnosti v kritickém
obdobi 48 hodin po narozeni ovsem chybi. Zaroveri nemame dostatek informaci o diastolické funkci
komor pfi patologickych stavech (obéhové selhani, pretizeni pfi perzistujici oteviené tepenné duceji,
hypertroficka diabetickd kardiomyopatie, kortikoidy a katecholaminy indukovana kardiomyopatie
atd). Posledni dobou se objevuji publikace popisujici diastolickou funkci pomoci metody tkanového
Doppleru (80,81), strain a strain rate (82,83) a speckle tracking (84,85).

Analyza pinéni levé komory pomoci Dopplerovského méreni. Méfeni se provadi v apikalni

Ctyrdutinové projekci pulznim Dopplerem na drovni cipl mitralni chlopné s velikosti vzorkovaciho
okna 1-3 mm. Zaznam se sklada ze 2 vin — tzv. ¢asné plnéni (vina E, early wave) a pozdni plnéni pfi
kontrakci siné (vina A, atrial wave) (obr. 3). Hodnoti se maximalni rychlosti vin, plochy pod kfivkou
(velocity time integral), poméry rychlosti a ploch a ¢asové intervaly. Pouziti této metody je omezené
pfi tachykardii, kdy dochazi ke splyvani vin. Pokud se viny E a A prekryvaji, ale je mozné identifikovat
sestupnou cast E viny, je tato ¢ast pri analyze extrapolovana rovnou linii pokracujici ve stejném uhlu
jako vizualizovana &ast viny (7,8). Casové intervaly se vzhledem k vysoké srdeéni akci méFi nejlépe pfi
maximalni rychlosti zaznamu.

U plodd a nedonosenych déti je dominantni vina A. S pfibyvajicim vékem se stava dominantni vina E
a roste pomeér E:A. V dospélosti se zhorsujici se relaxaci komory klesa vina E a stava se dominantni
opét vina A. U dospélych jedincu je pfi pocinajici diastolické dysfunkci primarné postiZzena relaxace
s poklesem viny E a mirnym vzestupem viny A. Pfi progresi dysfunkce se zvySuje preload, ktery
zpUsobi vétsi plnéni v ¢asné fazi diastoly a dominanci viny E. Stav se nazyva pseudonormalizace a
predstavuje stfedné zdvaznou diastolickou dysfunkci. Prokaze se pfi Valsalvové manévru, kdy se pfi
poklesu preloadu zméni charakter krivky na kfivku odpovidajici mirné dysfunkci, tedy poruse relaxace
(pokles E viny a ev. vzestup viny A). Tézka dysfunkce je charakterizovdna restriktivnimi priitoky a
dominantni vinou E (pomér E/A > 2). Toto hodnoceni diastolické funkce se pouzivd u dospélych
pacient(. U novorozencl vsak pravdépodobné nema vyznam, spiSe ndm muizZe pomoci v porozuméni
zavislosti mezi jednotlivymi hemodynamickymi parametry.

Riigs publikoval normativni data diastolickych parametr( levé i pravé komory pro donosené
novorozence (6). Schmitz popsal vyvoj diastolickych parametr(i levé komory novorozenc(, déti a
adolescentl (7) a u déti s porodni vahou pod 1500 gramti (8) ale po kritickém obdobi. Harada popsal
diastolické parametry levé i pravé komory u plodu (9). Diastolické parametry levé a pravé komory

v prvnich 48 hodinach po porodu dosud nebyly u nezralych novorozenct publikovany.
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Projekce CtyF-dutinova, méfeni pulznim Dopplerem na konci cipC mitralni

chlopné

Metodika méreni Nejcastéji pouzivany parametr je pomér maximalnich rychlosti
vinEaA

Normalni hodnoty Donoseni novorozenci: 1,1:1 (patologické hodnoty < 0,7:1)

Nedonoseni novorozenci: 1,0:1 (patologické hodnoty < 0,6:1)

Obrazek €. 2: Analyza plnéni levé komory pomoci Dopplerovského méreni
2.2.4. Systolicko/diastolicka funkce levé komory — Myocardial performance index (MPI, Tei index)

Ukazatel globdlni funkce komory (lze méfit levou i pravou komoru). Vychazi z méfeni casovych
intervald (obr. 3). Pfi systolicko-diastolické dysfunkci se prodluzuje izovolumicky kontrakéni a

relaxacni Cas, zkracuje se ejekcni ¢as a stoupa hodnota MPI.

Projekce Modifikovand ctyf-dutinovd s naklonénim sondy smérem
k vytokovému traktu komory

Metodika méreni Pulzni nebo kontinudlni Doppler se zaznamem plnéni i vydeje
komory

Vypocet parametru MPI = (ICT+IRT)/ET

Normalni hodnoty 0,25 - 0,38 (abnormalni > 0,38)
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ECG

Mitral Flow!

;ICT; b IRT:g
ICT= (a-b)-IRT ET IRT= c-d

LV Outflow

Obrazek €. 3: Schéma méreni systolicko-diastolické funkce komory
ICT = izovolumicky kontrakcni Cas, IRT = izovolumicky relaxacni Cas, ET = ejekcni ¢as

2.2.5. Funkce pravé komory

Vzhledem k nepravidelnosti tvaru a uloZeni pravé komory neni v novorozenecké echokardiografii
jednoduse pouZitelny parametr reprezentujici jeji funkci kromé MPI. Projekce a méreni viz méreni
MPI, normalni hodnoty: 0,24-0,38. Diastolické vtokové parametry pravé komory byly publikovany u

plodd a donosenych novorozenct (6,9).

2.2.6. Tkanovy Doppler — Tissue Doppler imaging (TDI)

Specifické nastaveni ultrazvukového pristroje na pomalé rychlosti svelkou intenzitou signalu
umoznuje méfit rychlost pohybu myokardu — tzv. tkanovy Doppler. Podobné jako pfi méreni toku
krve, i u pohybu myokardu vyuzivdme tzv. pulzni Doppler a barevné Dopplerovské mapovani.
V pripadé pohybu myokardu se metody nazyvaji tkariovy pulzni Doppler (spektralni Doppler nebo
spektralni analyza) a barevny tkanovy Doppler. Ziskana kfivka je sloZena pfi jednom srdecnim cyklu ze
3 vin. S” vina pfedstavuje pohyb myokardu pfi systole, E" a A" vina ¢asné a pozdni plnéni pfi diastole.
Vyhodou pulzniho Doppleru je wvyssi frame-rate a tedy rozliSeni. Z barevného tkanového
Dopplerovského vysetfeni mizZzeme méfit rychlost pohybu myokardu, tzv. displacement, strain a
strain rate. Velkou vyhodou je moZnost post-processingu.

Metoda tkanového Doppleru je ve srovnani s klasickym Dopplerovskym meérenim méné zavisla na

preloadu a afterloadu.

Projekce Apikalni ctyr-dutinova. Vzorkovaci okno umisténé na bazi
komorového septa, stény levé a pravé komory (viz obr. ¢. 4)

Metodika méreni Maximalni rychlosti vin S°, E" a A" (viz. obr. ¢. 5), ¢asové intervaly
—1IVC, IVR, MPI a dalsi

16



Obrazek €. 5: Znazornéniviny S’, E" a A" pfi méreni tkanového Dopplera
2.2.7. Oteviena tepenna ducej (patent ductus arteriosus, PDA)

Pti echokardiografickém stanoveni hemodynamické vyznamnosti oteviené tepenné duceje (PDA) je
nutné posoudit fadu anatomickych a funkénich parametra:

1. Primér PDA

Projekce e Suprasterndlni nebo parasterndlni kratka osa (tzv. ductal view).
Bifurkace plicnice s pravou a levou vétvi a ducej sméfujici do aorty tvofri
Htrojnozku”.

e Pro dobré zobrazeni je vhodné kombinovat barevné Dopplerovské
mapovani s 2D rezimem.

e QOjedinéle nelze PDA 1zvySe uvedenych projekci zobrazit (déti
s bronchopulmonalni dysplazii, pneumothoraxem atd.)

e Moznost pouZzit subkostalni projekci s vyraznym naklonénim sondy.

Metodika e Vnitfni pramér v nejuzsi casti PDA (obvykle pulmonalni konec nebo

méFeni stfed duceje). Pfi méfeni v barevném mapovani je nutné mit nastaveny
nizky barevny gain, jinak se naméri falesné vysoké hodnoty.

Klasifikace (pod e mald PDA< 1,5 mm

30. gest.tyden) e stfedné velkd PDA 1,5-2,0 mm

e velkd PDA>2 mm
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2. Charakter pritoku krve — méfime pulznim nebo kontinualnim Dopplerem s pokud mozno
minimalnim insonacnim Uhlem ze suprasternalni nebo parasternalni kratké osy (tzv. ductal view).

Tvary kfivek v jednotlivych klinickych situacich viz. Tabulka ¢.1

Pratok v PDA Charakteristika PDA

Typicky levo-pravy nerestriktivni
zkrat

Restriktivni levo-pravy zkrat

Vlysoce  restriktivni  zkrat u
uzavirajici se duceje
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Pulzatilni levo-pravy zkrat pres
Siroce otevienou ducej

Bidirekéni zkrat s arteridlnim
plicnim tlakem na Urovni
systémového tlaku

Pravo-levy  zkrat pfi plicni
hypertenzi

Tabulka ¢. 1: Charakter pratoku krve v ductus arteriosus

3. Pomér velikosti levé siné k aorté — La/Ao. Ukazatel levostranného objemového zatizeni. Metoda
ma nizkou sensitivitu a specificitu, predevsim v prvnich 48 hodinach po narozeni. Je vyrazné

ovlivnéna sinovymi zkraty — velky levo-pravy zkrat vede ke zmenseni levé siné a snizeni preloadu.
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Projekce

dlouha osa ve 3. - 4. mezizebfi, vlevo od sterna

Metodika méreni

M-mode, paprsek kolmy k aorté a prochazejici skrz cipy aortalni
chlopné. Primér aorty je nutné mérit od zacatku predni stény
k zacatku zadni stény (leading edge to leading edge) na konci
systoly a maximalni rozmér levé siné.

Vypocet parametru

Pomér LA/Ao

Klasifikace

e Malda PDA:<1,4:1
e Stfedné velka PDA:1,4:1-1,6
e Velkd PDA:>1,6

4. Pratoky v plicnici. Velky levo-pravy zkrat skrz PDA vede k turbulenci v plicnici, ktera je zobrazitelna

pomoci pulzniho Doppleru a/nebo v barevném Dopplerovském mapovani.

Projekce suprasternalni kratka osa nebo parasternaini projekce
Metodika méreni okno pulzniho Doppleru umistit nad plicni chlopen
Klasifikace Viz. tabulka ¢. 2

5. Diastolické toky ve vétvich plicnice. Pti velkém levo-pravém zkratu se zvysuje diastolicky pritok ve

vétvich plicnice. Nejcastéji se méfi pratok v levé plicnici.

Projekce suprasternalni nebo parasternalni kratka osa
Metodika méreni pulzni Doppler, maximalni rychlost na konci diastoly
Klasifikace e Mala PDA: 0-20 cm/s
e Stfedné velkd PDA: 20-40 cm/s
e Velkd PDA: 240 cm/s
Toky v plicnici Toky v levé vétvi plicnice (LPA) Vyznamnost PDA
(MPA)

Hemodynamicky
nevyznamna mald a/nebo
uzaviena ducej. Tok v plicnici
linedrni. Diastolicky tok v LPA
témér nulovy
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Stfedné vyznamna ducej.
Lehce  turbulentni  toky
v MPA. Rychlost toku
v diastole levé plicnice 20-40
cm/s

Velka hemodynamicky
vyznamna ducej. Vysoce
turbulentni  tok v MPA.
Rychlost toku v diastole levé
plicnice nad 40 cm/s

Tabulka ¢.2: Klasifikace vyznamnosti PDA ve vztahu k prlitokovym charakteristikam v plicnici a pravé
plicnici.

6. Tok v bfisni aorté na konci diastoly. Velky levo-pravy zkrat skrz PDA vede ke sniZeni, nulovym az

reverznim (tzv. steal) tok(im v diastole.

Projekce subkostélni s naklonénim sondy. Alternativné zlevého boku
pres retroperitoneum (eliminace ECHO stind zplsobenych
vzduchem v Zaludku a stfevech).

Metodika méreni pulznim Dopplerem uprostied aorty na Urovni branice

Klasifikace (viz. tabulka €. 3) e Mala PDA: antegradni pratok

e Stfedné velkd PDA: restriktivni a/nebo  kratky
retrogradni pritok

e Velkda PDA: holosystolicky retrogradni pritok

Toky v bfisni aorté Vyznamnost zkratu

Mald hemodynamicky nevyznamnd a/nebo
uzaviena ducej

Wiwa Wi i Wi
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Mirné hemodynamicky vyznamna duce;j

Stredni a/nebo velkd hemodynamicky vyznamna
ducej

Tabulka €. 3: Klasifikace vyznamnosti PDA ve vztahu k pritokovym charakteristikdm v abdominalni
aorté.

7. Pritoky na mitrdlni chlopni. Pfi objemovém pretizeni levé komory mize vznikat mitralni
insuficience i u konstitucné dobre vytvorené chlopné. Insuficience je velmi ¢asto pfitomna u déti po

prodélané hypoxii.

Projekce Apikalni ¢tyf-dutinova

Metodika méreni Z velikosti ,,jetu” v barevném Dopplerovském mapovani a/nebo
pulznim Doppleru pod mitralni chlopni v misté nejvétsi
insuficience

Klasifikace Mitralni insuficience pri PDA je témér vidy znamkou velkého a

hemodynamicky vyznamného zkratu

2.2.8. Sinové zkraty

Incidence sinovych zkratl (foramen ovale apertum — FOA, defekt sinového septa — ASD) je u
novorozencl velmi vysoka. Velky levo-pravy sifiovy zkrat zvySuje pravostranny srdec¢ni vydej a snizuje
objemové zatizeni levé siné a komory. Sifové zkraty detekujeme ze subkostalni /subxifoidalni

projekce (kratké nebo dlouhé osy). Méfime pritomnost, velikost a smér toku. Barevné Dopplerovské
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mapovani je nékdy nutné k identifikaci zkratu, ktery je za normalnich okolnosti levo-pravy a/nebo
bidirekéni s pravo-levym zkratem do 30%. Pfi normalni anatomii je pravo-levy zkrat zndmkou plicni

hypertenze nebo hypertrofie pravé komory.

4/0

Fitr Med

Obrazek €. 8: Méreni sinovych zkratl (barevné Dopplerovské mapovani)
2.2.9. Stanoveni tlaku v plicnim fecisti

NejCastéji se vyuzivd méreni pomoci trikuspidalni regurgitace nebo charakteristiky pritoku krve v

ductus arteriosus. Stanoveni tlaku pomoci regurgitace plicni chlopné se pouziva méné casto.

1. TrikuspiddlIni insuficience (TVI). Az 50% novorozenct nema trikuspidalni insuficienci i pfi zvySené
plicni vaskularni rezistenci. TVI diagnostikujeme ze ¢tyf-dutinové nebo dlouhé parasternalni projekce
s naklonénim ménice ktrikuspidalni chlopni. Méfime maximalni rychlost/gradient trikuspidalni
regurgitace pomoci pulzniho nebo kontinuadlniho Dopplerovského méreni. Hodnota gradientu + 5

(tlak v pravé sini) odpovida tlaku v plicnim recisti.

v

2. Charakter toku krve v ductus arteriosus. Z tzv. ductal view méfime pulzni nebo kontinudlni
Dopplerovské parametry. Bidirekéni tok vypovida o plicnim tlaku na drovni systémového. Pfi tézké
plicni hypertenzi je tok pravo-levy (cave: v barevném Dopplerovském mapovani Ize pravo-levy tok

snadno zaménit za tok v levé vétvi plicnice!).

3. Charakter toku krve v dalSich srdecnich zkratech. Zkrat ptez foramen ovale/defekt sifiového septa
vypovida o tlakovém gradientu na drovni sini. Pfi déle trvajici plicni hypertenzi se pretizeni pravé
komory projevi ve zvyseném tlaku v pravé sini a pravo-levém zkratu v sifovych komunikacich.
V pritomnosti komorového defektu lze o gradientu mezi komorami usuzovat z charakteru toku

v tomto defektu.
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2.2.10. Srdecni vydej

PFi znalosti rychlosti toku mGzeme poté pomoci Bernoulliho rovnice vypocitat pratok krve cévou, a
tedy srdecni vydej. Levostranny (LVO) i pravostranny (RVO) srdecni vydej jsou dulezité ukazatele
systémového pratoku. U nezralych novorozencl vsak diky pfitomnosti tepenné duceje a foramen
ovale srdec¢ni vydej neni roven mnozstvi krve, které protéka systémovym recistém. Méreni srdecniho
navratu je méné zavislé na téchto zkratech. Oba parametry stoupaji po porodu. Hodnoty LVO i RVO
jsou vyrazné ovlivnéné zkraty mezi systémovym a plicnim fecistém (LVO stoupa s nardstajicim

zkratem pres PDA, RVO stoupa s velikosti sifiovych zkrata).

2.2.10.1 Levostranny srdecni vydej (LVO)

Projekce Pramér aorty v dlouhé parasternalni ose (obr. 9). Pritok ze Ctyr-
dutinové projekce naklonéné smérem k aorté (tzv. péti-dutinova
projekce) nebo dlouhd osa posunuta smérem k hrotu. Dalsi
moznosti je suprasternalni projekce. Vidy je nutné zobrazit
ascendentni aortu pokud mozno paralelné se sondou

Metodika méreni Kontinualni nebo pulzni Doppler se zd&znamem pratoku v misté
méreni praméru aorty

Vypoclet parametru (idedlné | LVO = [ x (d2/4) x VTI x HR] / vdha

pramér 5 méreni) D=primeér, VTI=plocha pod kfivkou - velocity time integral
(obr.10), HR=srdecni akce
Normalni hodnoty 150-300 ml/kg/min

Obrazek €. 9: Méreni priiméru aorty z dlouhé parasternaini projekce
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Pediatric
v >
,69 mmHg t'
Mean PG = 1,32 mm

y

Obrazek €. 10: Méreni plochy pod kfivkou (velocity time integral, VTI)
2.2.10.2. Pravostranny srdecni vydej (RVO)

V pritomnosti PDA a siflovych zkrat( reprezentuje lépe systémovy krevni pratok nez LVO.

Projekce Nizka parasternalni

Metodika méreni Vnitfni pramér mezi cipy plicni chlopné na konci systoly (obr.
11), prltok - pulzni Doppler nad plicni chlopni (obr. 12)

Vypodet parametru (idedlné | RVO =[x (d2/4) x VTl x HR] / vdha

pramér 5 méreni) D=prameér, VTI=plocha pod kfivkou - velocity time integral
(obr.10), HR=srdecni akce
Normalni hodnoty 150-300 ml/kg/min

ECHO SIRC
£ +Length 0,516 an

Obrazek €. 11: Méfeni vnitfniho priiméru mezi cipy plicni chlopné na konci systoly
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Obrazek €. 12: Méreni pratoku nad plicni chlopni, stanoveni VTI

2.2.10.3. Méfeni prutoku v horni duté Zile (SVC flow)

Pratok horni dutou Zilou (superior vena cava flow — SVC flow) neni ve srovnani s LVO a RVO zavisly na

pfitomnosti extrapulmonalnich zkratd. Celkem 70-80% prltoku horni dutou Zilou je krev vracejici se

zmozku. Nizky pratok

v SVC

(pod 41 ml/kg/min) je asociovdn svy$sim  rizikem

peri/intraventrikularniho krvaceni (1,3) .

Projekce

Parasternalni osa. Podélné zobrazeni SVC pfi vstupu do pravé
siné (obr.13). Pritok — subkostalni projekce s naklonénim sondy
smérem k bfichu (obr.14)

Metodika méreni

Priamér — prdmérna hodnota z maximalniho a minimalniho
priméru horni duté Zily pred kénickym rozsifenim Zily pti vstupu
do siné vM-mode reZzimu (obr.15) nebo ze smycky 2D
zobrazeni. Prltok — méreni pulznim Dopplerem. Tvar kfivky je
obvykle sloZzen ze 3 vin — 2 pozitivnich a jedné negativni.
Negativni vina vSak mizZe chybét. (obr.16).

Vypocet parametru
pramér 5 méreni)

(idealné

SVC flow = [mu x (d2/4) x VTl x HR] / vdha
D=prumér, VTl=plocha pod kfivkou - velocity time integral,
HR=srdecni akce

Normalni hodnoty

40-120 ml/kg/min

+ Length = 0,503 cm

Obrazek €. 13: Podélné zobrazeni horni duté Zily pfi vstupu do pravé siné
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Slope 95,7 am/s
Py

node
4
00 mm/s

Obrazek ¢. 15: Méreni prliméru SVC — primérna hodnota z maximalniho a minimalniho prdméru
horni duté Zily pred kénickym rozsitenim Zily pfi vstupu do siné v M-mode rezimu

Pediatric

Obrazek ¢. 16: Méreni pritoku SVC pulznim Dopplerem. Tvar kfivky je obvykle slozen ze 3 vin (2
pozitivnich a jedné negativni). Negativni vina vS8ak mize chybét.

2.3. Near infrared spectroscopy
Perflze tkani je obtizné meéfitelnd in vivo u rizikovych novorozencll. Z hlediska progndzy je
hypoperflzi nejvice ohrozen mozek. Near infrared spectroscopy (NIRS) je neinvazivni bed-side

metoda kontinudlniho sledovani oxygenace a perflize tkané bez nezadoucich Gcinkd. NIRS mozku
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koreluje dobfre s invazivné méfenou saturaci ve vendznim bulbu (86) a odpovida dodavce kysliku do
mozku (87). Prvni pouziti v mediciné bylo posano v roce 1977 a u novorozenc( v roce 1985 (88).
NIRS je zaloZen na 3 zakladnich principech:

1. Lidska tkan je relativné transparentni pro svétlo v blizkém infracerveném spektru.

2. Pigmentované komponenty neboli chromofory absorbuji svétlo pfi jejim prichodu tkani.

3. Absorpce nékterych chromofori je zavisla na jejich oxygenaci.

Nejdulezitéjsi chromofory vyuzivané v NIRS jsou oxygenovany hemoglobin (HbO,), deoxyhemoglobin
(HbR) a oxidovany cytochrom oxidaza (Cyt aa3). Jejich koncentrace v tkani se méni dle oxygenace a
metabolického stavu. Kazdy chromofor ma maximalni absorpci svétla pti urcité vinové délce
pohybujici se mezi 700-1000 nm, napf. HbO, pfi 850 nm, HbR pti 775 nm atd. To ndm umozZiuje
rozlisit koncentraci jednotlivych komponent. Nejsilnéjsi signal NIRS je z hemoglobinu, absorpce
ostatnimi chromofory jako je karboxyhemoglobin muize zpUsobit chybu v méfeni, ktera je ale mensi
nez 1% (89).

Ve vyzkumu se pouzivaji tfi odliSné metody vyuzivajici NIRS ke stanoveni oxygenace:

1. Continuous wave method

2. Time-of-flight method / time-domain nebo time-resolved

3. Frequency domain method

Continuous wave metoda

Zména koncentrace chromoford se u této metody pocitd pomoci modifikovaného Beer-Lambertova
zakona. Podle tohoto zakona je zeslabeni svétla pfi prichodu latkou proporcionalni koncentraci
absorbujici latky rozpusténé v neabsorbujicim roztoku a délce optické drahy. Ve skutecnosti je
absorpce ovlivnéna rozptylem svétla ve tkani a okolnim svétlem. Hlavni pfi¢inou rozptylu svétla
v lidském téle jsou bunécné membrany, ze tkani je to u novorozencl klze a kost pokud se nachazi
méné neZ 2,5 cm od zdroje svétla (90). Proto byla zavedena konstanta K, udavajici rozptyl v dané
tkani. K zavisi na sloZeni a geometrii tkani, jeji hodnota diky individudlnim anatomickym rozdilim
nemusi zcela odpovidat vySetfované tkani. Pti konstantnich hodnotach K mizeme posuzovat relativni
zmény v Case, absolutni hodnoty ovsem nezjistime. To je zasadni nevyhoda této metody.

Spatially resolved spectroscopy

Tato metoda pouziva kontinualni metodu popsanou vySe, ale pomoci vice senzorll a detektoru
umoznuje korekci délky drahy a udava absolutni hodnotu. Vysledkem je saturace hemoglobinu
kyslikem ve vysSetfované tkani — tissue oxygenation index (TOI), ev. cTOI pokud je mérena mozkova
tkan. Predstavuje pramérnou hodnotu arteridlni a vendzni saturace, vétSina autord pouzivd pomér
25:75 (129,130) a je logicky individualni (91). Existuje nékolik vyrobcl pfistroji méfrici TOIl. Rozdily
hodnoty cTOI rliznych vyrobcli jsou mezi 10-15% a rozdily jsou i mezi druhy sond — mezi dospélou,

pediatrickou a novorozeneckou sondou (92). Rozdily mezi levou a pravou fronto-parietalni oblasti
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jsou do 7% a zavislé predevsim na vendzni saturaci kyslikem (93). Prlmérnd hodnota cTOIl pro
dono3ené novorozence je 62+2% (94). Sorensen (95) a dalsi autofi (129,130) popsali hodnoty u
nedonosenych novorozencd, které se pohybuji od 55% do 85% dle gestacniho stafi, postnatdiniho
stafi a klinického stavu.

Time-of-flight method

U této metody jsou emitovany kratké laserové pulzy a zaznamendvan cas dopadu svétla. Pfistroj
dokaze odlisit absorpci svétla od rozptylu a tim zobrazit rozdilné tkané. Jeho pouziti je limitovano
sloZitosti a nakladnosti. Vyhodou je zobrazeni struktury a funkce tkané.

Frequency domain method

Metoda je zaloZzena na modulaci laseru pfi danych frekvencich. PouZiti v neonatologii zatim nebylo

publikovano, ale diky malym rozmértim pfistroje se da ocekavat velky rozvoj.

2.3.1. Méreni fyziologickych proménnych NIRS metodou

Pfi méreni vyuZivajici continuous wave metodu neni vysledkem absolutni hodnota, k méreni je
potfeba zménit koncentraci chromoforli — napt. zvysit objem vendzni krve. Toho dosdhneme
parcialni vendzni okluzi, zménou polohy hlavy viéi télu nebo zménou Zilniho ndvratu pomoci
ventilace. Takto mlzZeme méfit periferni nebo cerebrdlni vendzni saturaci a perfizi. Alternativni
metodou méreni perflize je poutziti Fickova principu aplikaci oxygenovaného hemoglobinu.

Pfi znalosti vendzni a arterialni saturace (pulzni oxymetrii) Ize vypocitat tzv. frakci extrakce kysliku z
krve — fractional oxygen extraction (FTOE). Mnoho autor(l pouZiva misto vendzni saturace smiSenou
saturaci — TOIl surcitymi limity. Zmény cFTOE (FTOE mozkové tkané) vypovidaji o kyslikovych
narocich mozku a perflzi. Naulaers popsal dobrou korelaci mezi cFTOE méfenou pomoci NIRS a

cFTOE mérenou invazivné u zvireciho modelu.

2.4. Biochemické markery myokardialni dysfunkce

Biochemické markery maji nezastupitelnou roli v primarni diagnostice akutniho a chronického
srde¢niho selhani u dospélych pacientl (15,16). U nedonosenych novorozencl je malo informaci o
pouziti jednotlivych marker(, normalnich a patologickych hodnotach a senzitivité a specificité
jednotlivych vysetreni. Slibné je pouziti nékterych z nich v diagnostice oteviené tepenné duceje.
Detailni popis biochemickych markerd myokardialni dysfunkce pouZitelnych u novorozenc( popisuje

prehledovy c¢lanek publikovany nize.

29



3. Hypotézy

1. Predpokladame, Ze diastolické parametry myokardu nedonoSenych novorozencli po porodu
budou alterovany a jejich Uprava spolu s postnatalnimi zménami cirkulace bude provazena zvysenim
srde¢niho vydeje a navratu horni dutou Zilou.

2. Domnivame se, Ze se zvySenim srdec¢niho vydeje dojde k lepsi perflzi mozku a vyssi oxygenaci. U
Casti rizikovych pacientd mohou zmény kardiovaskularniho systému spolu s dalSimi patologickymi
mechanismy vést k hypoperflizi a ischemii mozku.

3. Predpokladame, Ze velikost oteviené tepenné duceje u novorozencl velmi nizké porodni
hmotnosti koreluje s hodnotou NT-proBNP. Novorozenci svysokou hodnotou NT-proBNP maji
hemodynamicky vyznamnou otevienou tepennou ducej a mensi pravdépodobnost jejiho
spontanniho uzavéru.

4. Biochemicka diagnostika akutniho i chronického selhani srdce je nezastupitelnd u dospélych
pacientld. Nedostatek informaci o pouZiti u nedonosenych novorozenct limituje jejich aplikaci v

neonatologii.

4. Cile

4.1. Popis diastolickych vtokovych parametri levé a pravé komory u novorozencld s porodni
hmotnosti pod 1250 gram v kritickém obdobi 48 hodin po porodu.

4.2. Popis zmén echokardiograficky méreného systémového pritoku a jeho vliv na oxygenaci mozku
u novorozencl s porodni hmotnosti pod 1250 gram( prvnich 48 hod po porodu.

4.3. Popis vztahQ mezi velikosti oteviené tepenné duceje a NT-proBNP u novorozencl s porodni
hmotnosti pod 1500 gram( od druhého tydne Zivota do uzadvéru duceje nebo do propusténi
z porodnice.

4.4. Popis mozZnosti biochemické diagnostiky dysfunkce myokardu u novorozencu.

5. Material, metodika, vysledky a diskuze k jednotlivym studiim

Metodika

Populace

Do prvnich dvou studii bylo zafazeno 22 déti s porodni hmotnosti pod 1250 grami bez vrozenych vad
mimo oteviené tepenné duceje a foramen ovale.

Do treti studie bylo zafazeno 69 novorozencl sporodni vahou pod 1500 gramu, ktefi pfi
ultrazvukovém vysetreni srdce sedmy den Zivota méli otevienou tepennou ducej.

Echokardiografie
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Ultrazvukovd vysetfeni se provadéla na pfristroji Philips HD11 XE s novorozeneckymi sondami
s pouzitim 2D anatomickym zobrazenim a barevného, pulzniho a kontinualniho Dopplerovského
mapovani. Pfi prvnim vySetieni byla vyloucena srdec¢ni vada (mimo pfitomnost PDA a forman ovale).
Pfi Dopplerovském vysetfeni nebyla pouZita uhlova korekce a snahou echokardiografisty bylo
zachovat smér pohybu krve pokud moZno rovnobéiny ke sméru paprsku sondy s maximalni
vychylkou do 20 stupnd. Pfi méreni byly pouZity metody publikované v literature (7,17,18) a pozdéji
v guidelines funkéni echokardiografie (4). Data byla uloZena a analyzovana offline.

Near infrared spectroscopy

Pro méreni byl pouZit pfistroj NIRO-200 (NIRO-200, Hamamatsu Photonics, Hamamatsu City, Japan).
Sonda byla umisténa vlevo fronto-parietalné na hlavu pokud mozno pod vlasovou hranici a kryta
stre¢ovym obvazem (Coban™ 3M™) kvilli lep$imu pFilnuti a ochrané pred vnéj$im svétlem. K analyze
byla pouzita primérna hodnota z 30 minut dlouhého Useku pred echokardiografickym vysetienim.
N-terminal pro-brain natriuretic peptide

Odbér krve na NT-proBNP byl proveden v den ultrazvukového vysetfeni pokud mozno s planovanymi
odbéry rutinné provadénymi vramci standardni péce o rizikové novorozence. Méfeni bylo
provedeno elektrochemiluminiscen¢ni imunoassay (ECLIA) analyzatorem Cobas e411 (Roche

Diagnostics, GmbH, Mannheim, Germany).

5.1. Zmény diastolické funkce komor béhem prvnich 48 hodin po porodu u

novorozencul s porodni vahou pod 1250 gramti

Obéhové selhani s poruchou perflze Zivotné dllezitych orgdn( je castou komplikaci u novorozenct
velmi nizké porodni hmotnosti v éasném postnatalnim obdobi s kratkodobou i dlouhodobou
morbiditou a mortalitou (19). Jednou z moznych pficin je myokardialni dysfunkce. Vétsina publikaci
vénujici se této problematice popisuje systolickou funkci, o diastolické funkci srdce je nedostatek
informaci. Cilem prace je popis diastolickych vtokovych parametri levé a pravé komory u
novorozencll s porodni vahou pod 1250 gramu v kritickém obdobi 48 hodin po porodu.

Metodika

Do studie byli zafazeni novorozenci s porodni hmotnosti pod 1250 gram(. Echokardiografické
vySetfeni bylo provedeno 6, 12, 24 a 48 hod po porodu bez sedace pacientll. BEhem prvniho
vySetfeni byla vyloucena vrozena vada srdce (novorozenci s otevienou tepennou duceji a foramen
ovale byli ve studii ponechani). Soucasti kazdého vysetreni byly diastolické parametry levé i pravé
komory mérené pulznim Dopplerem nad cipy atrioventrikularnich chlopni. Jednalo se o maximalni
rychlosti viny E a A (Evmax, Avmax) a plochy pod kfivkou viny E a A (E-VTI a A-VTI), frakci sinového

plnéni (atrial filling fraction - AFF) a akceleracni ¢as viny E. Maximalni rychlost je nejvyssi bod viny,
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akceleracni cas je interval mezi otevienim atrioventrikularni chlopné a Evmax. Hranice plochy pod
kfivkou byla oznacena manualné a automaticky vypoctena plocha (velocity time integral —
VTI)(obr.17). Pokud se viny E a A prekryvaly, hranice sestupné ¢asti E viny byla extrapolovana rovnou
linii pokracujici ve stejném uhlu jako vizualizovana cast viny (7,8). Kontinualnim Dopplerovskym
mapovanim byl na rozhrani vtokové a vytokové casti komor méren izovolumicky relaxac¢ni ¢as (cas
mezi uzavienim aortalni/pulmonaini chlopné a otevienim mitralni/trikuspidalni chlopné). Dale byl
zméren srdecni vydej levé (LVO) a pravé (RVO) komory, pritok horni dutou Zilou (SVC flow) a velikost

PDA a FOA (17,18,50).

E Avmax

Evmax

‘IVRT‘

ventricular ventricular
outflow inflow

Obr.17 Schématické zobrazeni vtokovych a vytokovych parametri diastolické funkce. Popis viz text

Soucasti klinickych dat zaznamenanych pred echokardiografickym vysetfenim byla ventilacni a
obéhova podpora a vysetreni krevnich plyn(.
Ke statistické analyze byl pouZit parovy t-test a Pearsonlv korelacni koeficient ve statistickém

softwaru StatsDirect verze 2.7.8. (StatsDirect Ltd, Altrincham, UK).

Vysledky

Celkem bylo do studie zafazeno 22 novorozenctl s priimérnym gestacnim stafim 25,9 tydne a porodni
hmotnosti 851 g. 4 novorozenci dostali volumoexpanzi v prvnich 6 hodinach véku a 4 byli |éCeni
katecholaminy. 16 déti bylo na umélé plicni ventilaci a 21 se doZilo do propusténi.

Diastolické parametry levé komory

Maximalni rychlost vin E i E-VTI signifikantné stouply. Avmax i A-VTI méli stoupajici trend, ale rozdily
nebyly signifikantni. Podil levé siné na plnéni komory (AFF) klesl. Izovolumicky relaxacni ¢as klesl, jen

rozdil mezi 24. a 48. hodinou nebyl signifikantni.
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Diastolické parametry pravé komory

Maximalni hodnoty E i A viny a plocha pod kfivkou E viny signifikantné stouply, A-VTI stouplo do 24.
hodiny a nasledné kleslo. Podil pravé siné na plnéni komory (AFF) se neménil. IVRT pravé komory
béhem 48 hodin klesl.

Levy srdecni vydej po celé sledované obdobi signifikantné stoupal, pravy jen do 24. hodiny, poté se
neménil. Navrat horni dutou Zilou nesignifikantné stoupl a prvnich 12 hodin koreloval s LVO a RVO.
Diskuze

Dle dostupnych informaci jsme jako prvni popsali diastolické vtokové parametry levé a pravé komory
u novorozencl velmi nizké porodni hmotnosti v prvnich 48 hodinach. Vstupni hodnoty levé komory
v 6. hodiné Zivota odpovidaji hodnotam u stejné starych plodd (9). Plody maji ovsem nizky preload
levého srdce (20). Mezi preloadem a Evmax je pravdépodobné pfimy vztah (21-23). Postnatalné, pfi
zvyseni preloadu bychom tedy predpokladali vyssi hodnoty E viny. Hodnoty Evmax jsou nizké i v
porovnani s nedonosenymi novorozenci 4. tyden Zivota (8). Velikost viny A zavisi na compliance
komory a sinové kontrakci. Nami namérené parametry viny A, Avmax a A-VTI jsou srovnatelné s
hodnotami u donosenych déti prvni den Zivota (70) a vyssi neZ u nedonosSenych novorozencl s
otevienou nebo uzavienou PDA (8,24). Charakter zmén E-VTI a A-VTI je podobny Evmax a Avmax.
Vzhledem k vzestupu hodnot parametrl, poklesu izovolumického relaxacniho ¢asu a poklesu AFF Ize
soudit na progresivni zlepseni diastolické funkce levé komory.

Parametry pravé komory vykazuji podobné zmény jako levé. Evmax postupné stoupa a IVRT klesa.
Oproti levé komore vyraznéji stoupa Avmax a A-VTI, coZ se projevuje na stacionarnich hodnotach
AFF. V diastolické funkci pravé komory mUze hrat roli pomaly pokles plicni vaskularni rezistence spolu
se zvysenim systémové rezistence. Vice nez polovina déti byla pfi vysetfeni na umélé plicni ventilaci.
Nenasli jsme vsak vztah mezi mean airway pressure (MAP) a parametry diastolické funkce.
Popisovany vztah mezi Avmax a preloadem se v jednotlivych publikacich lisi. Néktefi autofi nepopisuji
zmény Avmax pfi kolisani preloadu (21-23), jini pfi zvySeni preloadu popisuji elevaci Avmax i A-VTI
(24). Zmény Avmax mitralni chlopné nebyly v nasi kohorté pacient( signifikantni navzdory vyraznému
vzestupu levostranného srdec¢niho vydeje, naopak Avmax trikuspiddlni chlopné stouplo oproti
mensimu zvySeni vydeje pravé komory v porovnani s vydejem levé komory. Zmény Avmax tedy podle
nas reflektuji diastolickou funkci komory a pozitivni korelaci preloadu s Avmax a A-VTI nemizeme
potvrdit.

Isovolumicky relaxacni cas je citlivy indikator poruchy relaxace (25). Shimizu (26) popsal zavislost IVRT
na afterloadu (pozitivni korelace) a srdecni frekvenci (negativni korelace), Harada (9) stoupajici trend
u plodd béhem téhotenstvi. V nasi populaci se srde¢ni frekvence oproti IVRT neménila a vliv
afterloadu je méné pravdépodobny, protoze IVRT levé komory klesd pfi vzestupu systémového

krevniho tlaku. Mauritz naopak u dospélych jedinct zdlvodruje prodlouzeni IVRT pravé komory u
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plicni hypertenze pokracovanim kontrakce po uzavieni plicni chlopné (postclosure isovolumic
contraction) a ne poruchou diastolické funkce (27). Rozdilné chovani komor v reakci na zvyseni
afterloadu je ovSsem nepravdépodobné. IVRT pravé komory je v nasi kohorté ve vSech mérenich vyssi
neZ IVRT levé komory. Vysvétlenim mlze byt nizsi preload pravé komory oproti levé (LVO je vidy

vys$si nez RVO).
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ABSTRACT

Aim: Few studies have focused on cardiac ventricular diastolic function in preterm
neonates in the immediate post-natal period. This study evaluated Doppler-derived
parameters of diastolic ventricular function in infants with birth weights of <1250 g during
the transitional period.

Methods: This was a prospective observational study conducted in the Coombe Women
and Infants University Hospital in Dublin, Ireland. Flow patterns on the mitral and tricuspid
valve, isovolumic relaxation time (IVRT), left and right ventricular output and superior vena
cava flow were measured in 22 infants with a birth weight of below 1250 g atsix, 12, 24
and 48 h of age.

Results: Early filing peak velocity of the left and right ventricle increased significantly from

accepted 20 August 2014,

DOE10.1111 fapa.1 2788

30.3 to 39.5 cm/sec and 26.6 t0 32.1 cm/sec, respectively. [VRT of the right ventricle
decreased from 70 to 57 ms, and there was a nonsignificant decrease in IVRT of the left

ventricle from 61.6 to 54 ms over the first 48 h.

Conclusion: We have demonstrated that parameters of diastolic ventricular function
change significantly over the first 48 h of life in preterm infants <1250 g and that these
changes may represent early diastolic dysfunction during the transitional period.

INTRODUCTION

Cardiovascular compromise is one of the most common
complications in very low birth weight infants during the
immediate transitional period of adaptation (1). They often
have to cope with significant changes in cardiac preload
and afterload, and the myocardium may have limited the
ability to maintain sufficient cardiac output. Low cardiac
output resulting in low systemic blood flow is associated
with increased risk of periventricular/intraventricular
haemorrhage (1), mortality and impaired neurodevelop-
mental outcome (2-4). Much of what is known about
ventricular function in the neonate pertains to systole rather
than diastole.

Diastolic function is an active process, and compromise
can have similar effects on cardiac output as that seen
with altered systolic function. Myocardial diastolic prop-
erties are age dependent, and the maturational process is
continuous, from foetal life through to adulthood (5-7).
The foetal and neonatal heart has a relatively high
content of total collagen, especially collagen type I, which
is related to the rigidity of the heart muscle. Endomysial
collagen type I is negatively cormrelated with gestational
age and thus provides the basis for the less compliant

E20714 Foundation Acta Paediatnica. Published by John Wiley & Sons Ltd

ventricle seen in immature and premature neonates (8).
Few studies addressing diastolic function have been
performed in neonates, particularly the preterm infant,
during the transitional period, and as such, normative
values are lacking (6,9,10).

Diastole can be divided into four phases, as shown in
Figure 1: isovolumic relaxation time (IVRT) (closure of
the aortic valve to opening of the mitral valve), rapid

Key notes

+ Few studies have focused on cardiac ventricular dia-
stolic function in preterm neonates in the immediate
post-natal period, and this study concentrated on
measurements of diastolic function in 22 infants with
birth weights of below 1250 g.

+ We demonstrated that parameters of diastolic ventric-
ular function changed significantly during the first 48 h
of life.

* Further studies are required to evaluate targeted
approaches to improve the relaxation properties of
the both ventricles.
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Figure 1 Doppler diastolic function measurements.

early filing (represented by E wave), diastasis (period of
low flow in mid-diastole) and atrial filling (represented by
A wave). Myocardial relaxation is an active process
influencing IVRT and part of the rapid early filling phase.
Major factors effecting relaxation include elastic recoil of
the myocardium, intracellular calcium overload and
asynchrony between contraction and relaxation events.
Ventricular compliance is a passive process influencing all
three filling phases of diastole, namely E wave, diastasis
and A wave. All diastolic parameters are influenced by
heart rate and loading conditions. They are also age
dependent.

The purpose of this study was to describe values of
diastolic flow parameters for preterm infants with birth
weights of <1250 g in the first 2 days of life. Cardiac output,
superior vena cava (SVC) flow, patency and flow direction
of patent ductus arteriosus (PDA) were measured to better
understand haemodynamic changes.

Table 1 Abbrewatons of diastolic doppler measurements

E wave Early wave — fist, passive filling of ventrice
A wave Atrial wave — secondary, active filling of ventricle during
atrial contraction

Evmnan Early filling peak velocty, em/sec

Avma Atrial filling peak velocty, om/sec

E-VTI Velocity time integral of early wave, cm

AATI Velodity time integral of atrial wave, cm

Atrial filling AFF, calculated as ratio of AT and the sum of EATI
fraction (AFF) and ANTI

tBacc Early filling acceleration time, msec

Isovolumic T, time between cessation of aortic/pulmonary
relaxation time outflow and the beginning of mital/tricuspid nflow,
(IVET) msec

2
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METHODS

This was a prospective observational study performed in a
level 111 intensive care unit in the Coombe Women and
Infants University Hospital, Dublin, Ireland, between
February 2010 and June 2010. Newborns with a birth
weight <1250 g were eligible for enrolment. Patients with
congenital heart disease, excluding PDA and foramen
ovale, or major congenital malformation were excluded.
Parental consent was obtained prior to enrolment. The
hospital research ethics committee approved the study.
Echocardiography was performed and clinical parameters
assessed at six, 12, 24 and 48 h of age. Infants were
examined in a supine position, in a quiet resting state and
without sedation.

Echocardiography
Examinations were performed using a Phillips HD11XE
ultrasound machine with curved array transducer (5-
8 MHz) or sector array transducer (4-12 MHz). Velocity
tracings were recorded at a chart speed 100 mm/sec
and saved on hard disk for offline evaluation. To record
the velocity flow patterns, an apical four-chamber view
was visualised and the Doppler sample volume was
placed between the tips of miiral and tricuspid valve.
The transducer beam was kept as close as possible to
the Doppler beam at <20 degrees in selected plains.
No angle correction of the Doppler signal was
applied. Structural normality of the heart was estab-
lished on the first measurement. A single investigator
examined the data and calculated offline diastolic param-
eters (JS). All parameters were calculated as an average
value of five consecutive heart cycles, as used by others
(5,6).

Superior vena cava flow, left ventricle cardiac output
(LVO) and right ventricle cardiac output (RVO) were
calculated using the following formula:

Figure 2 Echoaardiography doppler diastolic fundion measurement.

©2014 Foundation Acts Pasdiatrica. Published by John Wiley & Sore 1td
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Table 2 Clinical parsmeters of the cohort

Diastolic function in preterm infants

6h 2h 24 h 48 h

Ventilation (No) 16 13 14 10

Mean Ainway Pressure (om HyO) + 5D 76+ 2] 6120 68+ 14 6.7 L 3.7
Inotropic supp. (Nou) 2 4 3 1

Mean blood pressure (om Hg) + 5D 333 L 81 341 £ 80 Fax 395 £ 1000
Heart rmte (per min) + S0 156+ 13.5 | e 6] i TS 153 + 149
Patent ductus antenosus (PDA) patency (Mo.) 22 22 21 19

PDA diameter (mm) + 5D 20+ 08 13407 1.6+ 07 L s
PDA leftto-right flow (No.) 13 17 17 14

Time of measurement (h) 63+ 05 124 + 06 244 4 08 ABT L1

flow = (velocity time integral x {r x (mean diameter”/4)
« heart rate) /birth weight,

and all measurements were performed as described previ-
ously (11,12). Assessment of PDA included diameter, flow
pattern and left atrium to aorta ratio. Heart rate was
calculated using the interval between peak flow waves.

Diastolic function parameters

E- and A-wave parameters were calculated by manually
tracing the outmost border of the Doppler flow signal
(Table 1) (Figs 1 and 2). Peak flow velocity of early diastole
(Evmax) and peak flow velocity during atrial contraction
(Avmax) were measured as the highest point of the wave.
Early filling acceleration time (tEacc) is the time between
opening of atrioventricular valve and Evmax. Velocity time
integrals of early (E-VTI) and atrial wave (A-VTI) were
determined by the area under the diastolic flow curve. Atrial
filling fraction (AFF) was calculated as AFF = A-VTI/(E-
VTI + A-VTI) (6,9,10). If early and late waveforms over-
lapped, the descending part of E-VTI was extrapolated as a
straight line continuing to zero in the same slope (6,9,10).
When merging was total and two peaks were not detectable,
measurement was considered inaccurate and excluded from
statistics. Isovolumic relaxation time of left (LV-IVRT) and
right (RV-IVRT) ventricle is the time between closing of
aortic/pulmonary valve and opening of mitral/tricuspid
valve. IVRT was measured using pulsed-wave Doppler from

Table 3 Mitral valve measurements

a simultaneously recorded ventricular inflow and outflow
tract from the five-chamber subcostal view (6,9,10).

Clinical parameters

Ventilation and circulation support (catecholamine or
volumotherapy within the six h before examination) were
recorded before echocardiography. If invasive blood pres-
sure was not available, noninvasive blood pressure param-
eters were acquired using an appropriate sized cuff. The
blood gas prior to the examination, either arterial or
capillary sample, was recorded.

Statistical analysis

We analysed the data using a PC-based statistics package
(StatsDirect version 2.7.8, StatsDirect Ltd, Altrincham, UK)
using paired #-test and Pearson correlation as appropriate,
with p < 0.05 considered significant.

RESULTS

There were 22 preterm infants enrolled in the study, with a
mean birth weight of 851 g (SD + 201 g) and a mean
gestational age of 25.9 weeks (SD £ 1.7). Of these, 11 were
female infants and 11 were delivered by Caesarean section.
At least one dose of antenatal corticosteroids was admin-
istered to 17 mothers. Normal saline as a volume expansion
was administered to four infants (18%) within six h of birth,
and four infants (18%) were treated with catecholamines.
Three (14%) infants had a closed ductus arteriosus and two

Mitral valve 6h 12h 2h 48 h pValue (6 . 48 h)
E-VT {om) £+ 5D 23 115 22+ 06 281+ 06 281+ 08 003

Evmax (cm/sec) + SO 30372 31876 386 + 82 s S 0.002

Eacct (ms) + 5D A1 5 42 £ 13 43 L+ B 5T 0.36

AATI (’crrl) + 5D 31 +10 3009 AT 34413 Q15

Avmax (om/sec) £+ 5D 495 4+ 122 4377 £ 124 504 4+ 97 533+ 110 a7

Atrial filing fraction + SD 056 + 006 056 + 0.08 052 + 006 052 + 0.08 0oz

Isovolumic relaxation ime (ms) + 5D 624 18 58 £ 10 5044 54 +£ 10 al

0.03 (6 vs. 24 h)

Statistically Significant Results (p-Value) in Bold

&2014 Foundation Acta Paediatrica. Published by John Wiley & Sons Ltd
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Table 4 Tricuspid valve measurements
Tricuspid vahve &h izh 24h 4 h p-Value (6 vs. 48 h)
EVT {om) + 5D 18+03 20403 27405 22+ 04 0.03
Evmax (cm/sec) + 5D 266 + 35 283 £ 57 303 £ 46 32132 0.
Eac (ms) + 5D 44+ 7 3911 45 + 12 3619 014
AT (o) + SD Al 1 3408 40 £+ 1.1 36+ L1 007
0.0004 (6 vs. 24 h)
Avmax (omfsec) + 5D 425 £ 90 465 £ 80 519+ 100 498 £ 10.7 0.008
Atrial filling fraction + SD 058 + 005 059 + 004 058 £+ 007 058 £+ 005 036
Isovolumic relaxation time (ms) + SD 017 68 £ 21 ST 58 £ 17 0.04

Statistically Significant Results (p-Vialue) in Bold

(%) a closed foramen ovale at 48 h of life. Thirteen
neonates received conventional ventilation, and six neo-
nates were on noninvasive nasal continuous positive
pressure support at the time of the echocardiography.
Measurements were carried out at 6.3 (+0.5), 12.4 (+0.6),
24.4 (+0.8) and 48.7 (£1.1) hours of life (Table 2). In total,
21 (95%) babies survived to discharge.

Trans mitral flow parameters

Mitral valve Evmax significantly increased from 303
cm/sec at six h to 39.5 cm/sec at 48 h (p = 0.002). Mitral
valve Avmax also increased from 49.6 to 53.3 cm/sec;
however, it did not reach statistical significance (p = 0.17).
AFF, which is the fraction of atrial wave from total inflow,
decreased from 0.56 to 0.52 (p = 0.02). E-VTI and A-VTI
increased over the study period, and A-VTI was always
higher than E-VTL IVRT of the left heart decreased from
0.62 sec at six h to 0.5 sec at 24 h (p = 0.03) (Table 3).

Trans tricuspid flow parameters

Tricuspid valve Evmax and TV Avmax significantly
increased from six to 48 h (p = 0.01 and p = 0.008, respec-
tively). From the velocity time integrals, E-VTI increased
significantly between six and 48 h of age, A-VTI increased
significantly between six and 24 h of age (p = 0.0004) and
then decreased at 48 h of age and AFF remained stable.

300

250 i
200 ,..r/
150 /—

100

0 T T T 1
] 12 24 48

e SVC floOW ===l VO s RV O

Figure 3 Changes in cardiac output and superior vena cava flow.

IVRT of right ventricle constantly decreased throughout the
48-h period (Table 4).

From all ventricular inflow measurements, 18% were not
applicable for calculation as there was a high heart rate
(usually above 170 beats/min) resulting in totally merged
early and atrial wave components. One quarter of tricuspid
parameters were excluded compared to 11% of mitral
parameters. The overall results were similar after excluding
patients that received inotropic support at any stage of the
study.

Left ventricle cardiac output increased from 191
mL/kg/min at six h to 281 mL/kg/min at 48 h of age.
RVO increased during the first 24 h and remained constant
at 48 h. SVC flow increased during the study period, but the
difference was not statistically significant (Fig. 3). There
were nine infants (41%) with low SVC flow in at least one
measurement; six (27%) had low SVC flow at six h, five
(23%) at 12 h, one (5%) at 24 h and two (9%) at 48 h of
age. There was a significant correlation between LVO and
SVC flow at six and 12 h (r= 045, p-value 0.04 and
r = 0.67, p-value 0.001, respectively). RVO also correlated
with SVC flow at six and 12 h (r = 0.44, p-value 0.04 and
r = 0.71, p-value 0.0003). There was no correlation between
left or right cardiac output and SVC at 24 and 48 h of life.

All neonates had an open PDA at six and 12 h, and this
had closed in one infant at 24 and three infants at 48 h.
Transductal flow was predominantly left to right; no one
had pure right-to-left flow (Table 2).

DISCUSSION

To our knowledge, this is the first study describing diastolic
left and right ventricular flow parameters in very low birth
weight infants in the first 48 h of life. We have shown that
diastolic function of the left ventricle improves over the first
48 h of life as mitral valve Evmax significantly increased
during this period and IVRT decreased significantly
between six and 24 h of age. The initial mitral valve Evmax
in our cohort at six h of age was comparable to foetal data
at the same gestational age (5) despite reduced left ventric-
ular preload in the foetal period (13). The expected increase
in the left ventricular preload following delivery resulted in
an improved mitral valve Evinax at 48 h of life suggestive of
improved diastolic relaxation of the left ventricle. However,

©2014 Foundation At Pasdiatnica. Publshed by John Wiley & Sors Ltd
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mitral valve Evmax was still reduced compared to values
seen in four-week-old preterm infants without a PDA or in
term neonates (6). Mitral valve Avmax did not change
significantly over the first 48 h, but AFF decreased with
improving ventricle relaxation.

We observed a similar significant improvement in right
ventricle relaxation (as tricuspid valve Evmax significantly
improved over the first 48 h), together with a reduction in
the right ventricle IVRT. However, the AFF did not
change significantly as tricuspid valve Avmax increased
significantly within first 48 h. We speculate this was
related to improved right ventricle compliance rather than
atrial contraction. Compared to foetuses of the same
gestational age, tricuspid Evmax was reduced after deliv-
ery (5). There could be more reasons for decreased
relaxation properties of the right ventricle. Slow transition
from foetal to neonatal circulation with increased pulmo-
nary blood pressure and afterload is frequently observed
in preterm infants. Secondly, positive pressure ventilation
could influence diastolic function. However, we did not
observe any consistent significant relationship between
mean airway pressure and right ventricular diastolic
function.

Diastolic parameters are age dependent. The AFF
decreases from foetuses to infants and children and then
subsequently increases with advanced age (5,9,14). Evmax
is the main marker of diastolic relaxation, as it represents
the pressure gradient between the atrium and ventricle. It
increases when relaxation improves. A few studies have
addressed the effect of preload on Doppler atrioventricular
velocity pattern in adult humans, but the results are
conflicting. Decreasing preload leads to reduced peak
velocity and velocity time integral of E wave without
changes of A wave (15-17). However, in adults with
chronic heart failure, abnormally high preload leads to a
greater gradient between atrium and venfricle and a
dominant E wave. Preload increases after the birth (left
and right cardiac output and SVC flow steadily increase),
but atrial pressure is also influenced by other factors
including patency of foramen ovale and ductus arteriosus,
which are open in almost all very preterm neonates (18,19).
PDA increases preload of left ventricle, and atrial shunting
will increase preload of right ventricle. However, in preterm
newborns, it is difficult to measure volume or ratio of these
cardiac shunts, so we can just speculate about effects on
inflow parameters.

The physiological determinants of Avmax are more
complex than Evmax. The pressure gradient depends on
ventricular compliance and atrial contraction. As men-
tioned above, reduction of preload may not change the A
wave, On other hand, it has been shown that the strength
of atrial contraction is a direct function of preload (20).
Neonates with PDA and elevated preload have higher
mitral Avmax and also A-VTI than neonates without open
shunts (10). The mitral valve Avmax in our group is
comparable to term infants in the first day of life (21) and
higher than preterm healthy neonates with patent or
closed ductus arteriosus (6,10). The tricuspid Avmax does

&2014 Foundation Acta Paediatrica. Published by John Wiley & Sons Ltd
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not differ from foetuses of same gestational age. Elevated
left ventricular output is not the only explanation, because
increasing tricuspid valve Awvmax is more significant
compared to mitral valve Avmax despite smaller increase
of RVO and right ventricular preload. The improved
diastolic function is the second explanation of the
improved Avmax.

Isovolumic relaxation time is age dependent. In the foetal
period, IVRT steadily increases from 17 weeks gestation to
term (5). Post-natally, IVRT is lowest during the infancy. It
has been shown that an augmented preload causes a
decrease in IVRT (10). Mielke showed that combined left
and right ventricular output of the human foetus is 425
mL/kg/min and is not dependent on gestational age (13).
We have shown that the TVRT of both ventricles is elevated
after birth and decreases over the next 48 h. The combined
ventricular output of our cohort increases from 330
mL/kg/min at six h to 470 mL/kg/min at 48 h of life. It
means that at 48 h of life, when neonatal cardiac output is
higher compared to combined foetal cardiac output, neo-
natal IVRT remains higher than foetal IVRT. It is suggestive
of impaired ventricular relaxation. Higher values of the
right ventricular IVRT than the left ventricular IVRT might
explain why it was more difficult to obtain tricuspid
parameters. A prolonged IVRT shifts the E wave closer to
A wave and hence will overlap more frequently.

Myocardial tissue Doppler imaging is another method for
assessing diastolic function (22-24). Estimation of myocar-
dial velocity is based on the principles of pulsed-wave and
colour Doppler echocardiography. The combination of
tissue Doppler and atrioventricular flow Doppler, such as
E/E' parameter, is currently being used to assess diastolic
function in neonates (25,26), but data are limited to date in
this population, and a comparison with atrioventricular
flow parameters has not been performed.

There are some limitations of our study. Firstly, the
number of patients was small. Secondly, the gestational age
of the cohort was wide. Diastolic parameters depend on
gestational age, and there were gestational age differences
of up to six weeks. Another notable point was the hetero-
geneous clinical condition of the newboms, as there were
stable neonates with minimal support and also critically ill
patients. Finally, as we mentioned, 18% measurements were
not applicable for calculation because of totally merged
filling waves. This occurred most noticeably when the heart
rate was above 170/min.

In conclusion, this study identifies changes of filling
parameters in the first 48 h of life, which we believe
demonstrates impaired diastolic function in preterm infants
during the first 48 h of life with diminished relaxation of the
both ventricles. This presumed dysfunction improves over
the 48-h study period. This data can help with understand-
ing the post-natal circulatory transition of extremely pre-
term infants, and targeted approaches to improve relaxation
properties of the both ventricles should be evaluated in the
future studies. These parameters may provide further insight
into the management of circulatory failure in the preterm
infant in the first 48 h of life.
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5.2. Oxygenacni index mozkové tkané, srdecni vydej a navrat horni dutou
zZilou u novorozenci s porodni hmotnosti pod 1250 gramui v prvnich 48

hodinach

Obéhové selhani je castou komplikaci nedonosenych novorozencu. Incidence stoupa s klesajici
porodni hmotnosti (28). Diagnostické moznosti jsou u této rizikové skupiny pacientll omezené. Near
infrared spectroscopy (NIRS) je neinvazivni metoda s moZnosti kontinualniho méreni oxygenace
tkané. Funkcni echokardiografie (bed-side ultrazvukové vysetteni srdce novorozence se zamérenim
na funkéni zmény provadéné neonatologem) se jiz standardné pouzZivd v diagnostice a terapii
srde¢niho selhani (4,29). Cilem studie je popis zmén systémového pritoku a jeho vliv na oxygenaci
mozku.

Metodika

Jedna se o prospektivni observacni studii. Zafazeni byli novorozenci s porodni hmotnosti pod 1250
gramu. Echokadiografické vysetfeni bylo provedeno 6, 12, 24 a 48 hod po porodu. Pfi prvnim
vySetfeni byla vyloucena vrozena vada srdce (novorozenci s otevienou tepennou duceji a foramen
ovale byli ve studii ponechani). Srdecni vydej levé (LVO) a pravé (RVO) komory a navrat horni dutou
Zilou (SVC flow) jsme meéfily dle popsané metodiky (17,18). Pratok horni dutou Zilou pod 41
ml/kg/min byl definovan jako nizky (1). NIRS sonda k méfeni oxygenace mozkové tkané (cerebral
tissue oxygenation index - cTOl) byla umisténa vlevo frontoparietalné. 30 minut dlouhy zdznam se
zaznamendval v 5-ti sekundovém intervalu pred echokardiografickym vysSetfenim. Z priimérné
hodnoty cTOIl a periferni saturace se vypocitala tkanova extrakce kysliku (cerebral fractional tissue
oxygen extraction — cFTOE). Po echokardiografii a nasledné kaZzdych 14 dni do propusténi
novorozence jsme provedli ultrazvukové vysetfeni mozku. Intraventrikularni/periventrikularni
krvaceni (IVH) a periventrikularni leukomaldacie (PVL) byli klasifikovany podle Papila (30) a de Vries
(31).

Béhem NIRS vysetfeni jsme zaznamenavaly klinickd data o ventilacni a obéhové podpore. Pfred nebo
po méreni byla vySetfena hladina krevnich plyni a acidobazicka rovnovaha.

Ke statistické analyze byl pouZit parovy t-test, Mann-Whitney U test a Pearson(v korelac¢ni koeficient

ve statistickém softwaru StatsDirect verze 2.7.8. (StatsDirect Ltd, Altrincham, UK).

Vysledky

Celkem bylo do studie zafazeno 22 novorozencl s priimérnym gestacnim stafim 25,9 tydne a porodni
hmotnosti 851 g. 4 novorozenci dostali volumoexpanzi v prvnich 6 hodinach véku a 4 byli |éCeni
katecholaminy. 16 déti bylo na umélé plicni ventilaci, z toho 3 na inhalacni terapii oxidem dusnatym.

U 4 déti jsme diagnostikovali IVH 2. a vyssiho stupné. 21 se doZilo do propusténi.
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cTOl kleslo ve 12. hodiné s naslednym signifikantnim vzestupem ve 24. hodiné a zlstalo bez zmény ve
48. hodiné. cFTOE stouplo ve 12. hodiné snaslednym poklesem ve 24. hodiné. SVC flow
nesignifikantné stoupalo béhem prvnich 48 hodin (p = 0,07). 9 déti mélo nizky SVC flow alespon pfi
jednom vysetreni, nejcastéji v 6. hodiné. SVC flow negativné korelovalo s cTOIl v 6. hodiné, pozdéji
mezi témito parametry korelace nebyla. Srde¢ni vydej levé komory vyrazné stoupl z191 na 281
ml/kg/min, srdecni vydej pravé komory stoupal do 24. hodiny, poté se neménil. Krevni tlak stoupal
béhem sledovaného obdobi.

Diskuze

Meek (32) a Naulaers (33) popisuji vzestup cTOI v prvnich 3 dnech u nedonosenych novorozenct.
Takami (34) konzistentné s nami popsal u extrémné nedonoSenych novorozencll pokles cTOI
v prvnich 12 hodinach s naslednym vzestupem. Pokles byl provazen vyssi extrakci kysliku (cFTOE) z
krve. Domnivame se, Ze tyto zmény reflektuji poruchu prokrveni mozku u extrémné nedonosenych
novorozencll kratce po porodu. Je to kritické obdobi, kdy mizZe dojit ke krvaceni do mozku v rdmci
reperflzniho poskozeni (35). Hodnoty cTOIl jsou srovnatelné sjiz publikovanymi na mensich
skupinach pacientt (32,33). Sorensen (36) publikoval normativni data mérena jinym typem pfistroje
(NIRO-300), ktera jsou vyssi nez nase. Nami publikované hodnoty mohou reprezentovat normativni
data pro pfistroj NIRO-200 u extrémné nedonosenych novorozencu.

41% novorozencl mélo alespon pfi jednom vySetfeni nizky priatok horni dutou Zilou. Je to vice nez v
dosud publikovanych studiich (1,3,37). Nejvétsi incidence nizkého SVC flow byla v prvnich 12
hodinach, kdy se nejcastéji klinicky projevi obéhova nestabilita. SVC flow pozitivné koreluje
s gestacnim starim novorozencl v prvnich 24 hodinach (1). Predpokladame, Ze nizké gestacni stafi a
nizkd hmotnost pacientll v porovnani sostatnimi studiemi je vysvétlenim vysokého zastoupeni
pacientl s nizkym SVC flow.

Z vysledk( predchozi studii popisujicich slabou korelaci mezi SVC flow a cTOI vyplyva, Ze autoregulace
pratoku krve mozkem u extrémné nedonosenych novorozencll je porusena (34,38). My jsme nenasli
korelaci mezi SVC flow a cTOIl ve 12., 24. a 48. hodiné, naopak v 6. hodiné byla korelace negativni.
Moznym vysvétlenim je, Ze SVC flow nereprezentuje dobie prltok krve mozkem, ale predevsim
pratok horni c¢asti téla vcéetné hornich koncetin. DalSim vysvétlenim muiZe byt nepresnost
echokardiografického méreni pritoku horni dutou Zilou. Kluckow prvni popsal SVC flow jako mozny
parametr prltoku krve mozkem s pfijatelnou intra i interobservacni variabilitou (18). Novorozenci
s nizkym SVC fow maji také castéji intraventrikuldrni/periventrikularni krvaceni (1). Porovnani meszi
echokardiograficky méfenym SVC flow a presnéjsi funkéni magnetickou rezonanci ovsem odhalilo jen
slabou korelaci. Pravdépodobna chyba pfi ultrazvukovém vysSetfeni vznika pfi nepresném zméreni
prafezu zily v sagitdlnim zobrazeni, protoZe jeji primér je Casto nepravidelny a podléha tlaku

naléhajici vysokotlaké aorty (39).
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Bockground: Near-infrared spectroscopy is a non-invasive method of assessing cerebral oxygenation. Func-
tional echocardiography is increasingly used by neonatologists in the assessment of cardiovascular function,
Aims: To correlate cerebral tissue oxygenation index (¢TOI) and cardiac output in infants less than 1250 g at
6, 12, 24 and 48 hours of age.

Study design: A prospective observational study.

Subjects: Newboms with birth weight < 1250 g.

COutcome measures; Serial assessments of superior vena cava (SVC) flow, right and left ventricular outputs,
ductus arteriosus and cTOl were performed at 6, 12, 24 and 48 hours of age. Clinical parameters, including
mean blood pressure, mean airway pressure, blood gas parameters and oxygen saturations were recorded.
Results: 22 neonates were enrolled following parental consent. The mean birth weight was 851 g (5D + 201,
mean gestational age was 25.9 weeks (5D + 1.7). Mean SVC flow at 6 hours of age was 56.8 ml/kg/min and
increased to 68.6 ml/kg/min at 48 hours of age. 9 infants (41%) had at least one measurement of low SVC
flow [<41 ml/kg/min) in the first 48 hours Mean cTOl was 65.2% at 6 hours of age, 63.9% at 12 hours of
age, 68.8% at 24 hours of age and 67.2% at 48 hours of age. Cerebral fractional tissue oxygen extraction values
were highest at 12 hours (0.31 £+ 0.09). There was no correlation between SVC flow and cTOI values.
Conclusion: SVC flow, left and right ventricular output increased during first 48 hours of life. cTOI decreased
at 12 hours of age with a concomitant increase in fractionated oxygen extraction. These changes reflect tran-
sitional changes in both cardiac and cerebral hemodynamics in extremely low gestational age newborns dur-
ing the first 48 hours.
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1. Introduction Near-infrared spectroscopy (NIRS) is a relatively non-invasive

bedside method to measure tissue oxygenation continuously. Spatial-

Despite continued advances in neonatal intensive care very pre-
term and extremely preterm infants remain at risk of short and long
term morbidity. Approximately one third are affected by cardiovascu-
lar insufficiency resulting in systemic hypoperfusion and ischemia
of vital organs [1]. Periventricular/intraventricular haemorrhage and
periventricular leucomalada are major complications of cerebral ische-
mia [2]. The critical period remains the first 48 hours of life; however,
the ability to recognize infants with systemic or cerebral hypoperfusion
remains limited.

* Corresponding author at: Depl of Neonatology, Coombe Women and Infants Uni-
versity Hospital, Cork Street, Dublin 8, Ireland. Tel.: +353 1 4085654; fax + 353 1
40852049,

E-mail address: miletinj@yahoo.com (]. Miletn).
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Iy resolved spectroscopy makes it possible to measure ratio of absolute
oxygenated haemoglobin to total haemoglobin (tissue oxygenation
index) and represents an average of arterial and venous blood oxygena-
tion [3,4]. When measured in the brain this is referred to as the cerebral
tissue oxygenation index (cTOI), A previous study has documented an
increase in cTOI during the first 3 days of life in preterm infants [5].
Functional echocardiography is increasingly used by neonatologists
in the assessment of cardiovascular status of the newborn in neonatal
intensive care unit. It provides information on both heart structure
and function. With Doppler techniques, it is possible to measure cardiac
output, superior vena cava (SVC) flow and shunts, including the patent
ductus arteriosus. It is estimated that approximately 80% of u pper body
blood flow goes to the brain [G], suggesting that SVC flow may be a sur-
rogate marker of cerebral perfusion. Low SVC flow has been associated

Please cite this artidle as: Sirc ], et al, Cerebral tissue oxygenation index, cardiac output and superior vena cava flow in infants with birth weight
less than 1250 grams in the first 48 hours of life, Early Hum Dev (2013), http: //dx.doi.org/10.1016/j.earlhumdev.2013.04.004
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with an increased risk of peri/intraventricular haemorrhage in preterm
neonates [1,7].

We previously identified a weak correlation between SVC flow
and cTOI in very low birth weight infants on the day 1 of life [8].
The aim of this study was to validate these findings in a similar, but
lower birth weight and more immature group, utilising serial mea-
surement of cerebral oxygenation by near infrared spectroscopy and
echocardiographically measured cardiac output and input at predefined
times over the first 48 hrs of life.

2. Methods

We conducted a prospective observational study at a level 111
neonatal intensive care unit (Coombe Women and Infants University
Hospital, Dublin, Ireland) between February and June 2010. The
study was approved by research ethics committee of the hospital. Ne-
onates with birth weight less than 1250 g admitted to neonatal inten-
sive care unit were eligible for enrolment and informed parental
consent was obtained. Patients with congenital heart disease (excud-
ing patent ductus arteriosus and foramen ovale) or major congenital
malformations were excluded. All echocardiography and NIRS mea-
surements as well as physiological data were recorded at 6, 12, 24
and 48 hours of age. Attending physicians were blinded to data from
the study and values obtained (SVC flow and cTOl measurements)
were not used in the management of infants.

2.1. Echocardiography studies

Phillips HD11XE ultrasound machine with 5-8 MHz transducer
incorporating colour flow and pulsed wave Doppler with adaptive
Doppler technology was used. A complete two-dimensional echocar-
diography examination was performed and structural normality of
the heart was established on the first measurement Infants were in
supine position and were not sedated. No angle correction was used
for Doppler measurements. We used methods described previously
in the literature [9,10]. All parameters were calculated as an average
value of five consecutive heart cycles, Velocity time integrals of SVC
flow are influenced by respiration. If obvious pattern of size or shape
of velocity time integrals was seen, we calculated consecutive com-
plexes to cover all shapes equally. SVC flow, left and right cardiac out-
put (LVO, RVO) were calculated using formula: flow = (velodty time
integral x (JI x (mean diameter?/4) = heart rate )/birth weight. A sin-
gle investigator [JS] performed all examinations. JS is experienced in
targeted neonatal echocardiography and obtained formal training su-
pervised by a paediatric cardiologist. All scans were recorded on the
hard disk and values were calculated at a later stage. Low SVC flow
was defined as flow less than 41 ml/kg/min [1,7].

2.2, Cranial ultrasound

We used a 7.5 MHz mransducer for the aanial ultrasound, which
was performed after all echocardiography examinations, then serially
every 2 weeks and before discharge from the hospital. IVH was das-
sified according to Papile grading [11] and PVL according to the defi-
nition by de Vries et al. [12].

2.3. NIRS

All measurements were done using the NIRO-200 machine
{Hamamatsu Photonics, Hamamatsu City, Japan). The probe was se-
cured on the fronto-parietal region and shaded against ambient light.
Mean cTOI from the 30 min period prior the echocardiography was cal-
culated. The sample time was one every 5 second. Cerebral fractional
tissue oxygen extraction (cFTOE) was calculated as cFTOE = (periph.
5a0; - cTOI)/periph. Sa0;.

2.4. Clinical parameters

Parameters of ventilation support (ventilation mode, mean airway
pressure, fraction of inspired oxygen ), invasive blood pressure (if in-
vasive measurement was not available, non-invasive blood pressure
with pressure cuff of appropriate size was used) and circulatory sup-
port (catecholamine, volumotherapy in 6 hours before examination)
were recorded before echocardiography. Arterial blood gas or capil-
lary sample was obtained at the time of echocardiography.

2.5. Statistical analyses

We analysed the data using a PC-based statistics package (StatsDirect
version 2.7.8) using paired t-test, Mann-Whitney U test and Pearson
correlation as appropriate, p < 0.05 was considered significant.

3. Results

The study population consisted of 22 preterm infants with mean
birth weight 851 grams (SD + 201 g) and mean gestation age
25.9 weeks (SD + 1.7). There were 11 female infants and 11 infants
were delivered by caesarean section. The mothers of 17 infants re-
ceived at least one dose of antenatal corticosteroids. 13 neonates
received conventional ventilation, 3 high frequency oscllation and
6 neonates were on non-invasive nasal continuous positive airway
pressure support at the time of the echocardiography. There were 3
infants on inhaled nitric oxide during the first 48 hours. A bolus of
normal saline was administered to 4 infants (18%) within 6 hours of
birth and 4 infants (18%) were treated with catecholamine. 21 (95%)
babies survived to discharge. There were 4 infants who developed an
intracranial haemorrhage grade 2 or more (Table 1). There were no in-
fants excluded from the study.

cTOl decreased at 12 hours of age followed by a statistically signif-
icant increase at 24 hours of age (p = 0.008) and remained stable
at 48 hours of age; mean values (+SD) were 65.2% (4 1005) at
& hours, 63.9% (+ 5.93) at 12 hours, 68.8% ( +5.65) at 24 hours and
67.2% (4 7.15) at 48 hours of life. This was accompanied by recprocal
changes in cFTOE values. There wasa non significant increase from 6 to
12 hours followed by a statistically significantly decrease at 24 hours of
age (p = 0.05) which remained stable at 48 hours (Table 2).

SVC flow increased during the study period; mean values (+5D)
were 56.8 ml/kg/min (+26.1) at 6 hours, 61.8 ml/kg/min (+28.8) at
12 hours, 64.9 mlkg/min (+19.1) at 24 hours and 68.6 ml/kg/min
(+26.5) at48 hours of life, however this did not reach statistical signif-
icance (p = 0.07). 9infants (41%) had low SVC flow in at least one mea-
surement, the majority [ 6] of whom (27%) had low SVC flow at 6 hours,
5 (23%) at 12 hours, 1 (5%) at 24 hours and 2 (9%) neonates had low
SVC flow at 48 hours of age. One infant had three recordings of low
SVC flow and 3 infants had low SVC flow in two consecutive measure-
ments. SVC flow negatively correlated with ¢TOI at 6 hours (p-value
0.02, correlation coefficient r = — 0.49) (Fig. 1). There was no statisti-
cally significant correlation between SVC flow and cTOI at 12, 24 and
48 hours of age.

Four infants in our cohort developed severe IVH. One with a grade
IV haemorrhage had severe pulmonary hypertension treated by

Table 1
Demographic data.
Mean 5D
Birth weight (g) B519 2019
Gestational age (week) 259 1.7
Female no. (%) 1 (50)
Anteratal steroids no. (%) 17 (77)
Vaginal delivery no. (%) 11 (50)
IVH = grade 2 no. () 4(18)
Survival no. (%) 21 (95)

Please cite this article as: Sirc ], et al, Cerebral tissue oxygenation index, cardiac output and superior vena cava flow in infants with birth weight
less than 1250 grams in the first 48 hours of life, Early Hum Dev (2013), http://dxdoiorg/10.1016/j.eadhumdev.2013.04.004
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Tabile 2
Echocardiography, MIRS measurements and clinical parameters.

6 hours 12 hours 24 hours 48 hours
CTOI (%) (mean + SD) 652 + 100 639 + 59 688 + 57 672 +72
cFTOE [ mean 4 SD) 029 + 01 031 + 0,08 026 + 007 027 4 008
SVC flow (ml/kg/min) (mean + 50) 568 4 26.1 618 4 288 649 4 19.1 686 + 265
Mumber low SVC flow 6 5 1 2
LVO [ ml/kg/min) (mean + SD) 1913 + 529 2224 + 71 2528 + 545 281.2 + 882
RVO ( mil/kg/min) (mean + SD) 1303 + 644 1391 + 655 1934 + 87.2 190.7 + 738
pH (mean + SD) 733 4+ 006 733 + 006 732 4+ 008 728 + 0,09
pO2 (kPa) (mean + SD) 63+ 1.1 62+ 10 63+ 16 62+ 10
pCO2 (kPa) (mean + SD) 56 + 09 554 09 58412 61+ 14
Hgb (gadl) (mean + SD) 157 + 22 N/A N/A 146 + 2.4
Peripheral saturation (%){ mean 4+ 5D) 917 + 39 922 + 45 935 + 38 925 + 38
Mean blood pressure (mem Hg) (mean + S0) 333 + &1 341 + 89 352 4 70 95 4+ 101
Inatropic support no. (%) 3(14) 4(18) 3(14) 1(5)
Volumotherapy within 6 hours Mo. (%) 3 (14) 2(9) 0(0) 3(14)
Steroid for hy pote nsion no. (%) o {0y o(0) o (0) 1(5)
Persistent ductus artedosus Mo, (%) 22 (100) 22 (100) 21(95) 19 (86)
Persistent foramen ovale No. (%) 20 (91) 20 (91) 20(91) 20 (91)

inhaled nitric oxide. SVC flow was very low at 6 and 12 hours (8 and
17 ml/kg/min) with subsequent improvement (61 and 59 ml,/kg/min
at 24 and 48 hours). LVO was also markedly low (35 ml/kg/min at
6 hours) and increased to 339 ml/kg/min at 48 hours. cTOI was in
normal range (62%, 61%, 63%) and increased to 80% at 48 hours. IVH
was diagnosed on day 4 of life. A second infant with grade IV IVH
had a pulmonary haemorrhage at 30 hours of life. SVC flow was
high in all measurements (between 85 and 135 ml/kg/min) and
cTOlIvalues were in normal range. A third infant was treated with cat-
echolamines and volume infusion in the first 24 hours because of low
blood pressure and poor perfusion. Flow parameters and cTOl were
all normal. A grade Ill IVH was diagnosed at 24 hours. The final infant
with a grade Il IVH was born at home, SVC flow was low only at
6 hours (32 ml/kg/min) and cTOl was always in normal range. One
infant born at 24 weeks gestation with birth weight 670 g died day
20 of life. cTOI and SVC flow were also in the normal range.

Mean left ventricular output (LVO) increased from 191 ml/kg/min
at 6 hours to 281 ml/kg/min at 48 hours of age (p = 0.002). Right
ventricular output (RVO) increased in the first 24 hours and remained
constant at 48 hours. There was a significant correlation between LVO
and SVC flow at 6 and 12 hours respectively (r = 045, p-value 0.04
and r = 0.67, p-value 0.001 respectively). RVO also correlated with
SVC flow at 6 and 12 hours (r = 0.44, p-value 004 and r = 0.71,
p-value 0.0003). Mean blood pressure increased during the study pe-
riod from 33 mmHg at 6 hours to 40 mmHg at 48 hours (p = 0.02).
All infants had a patent ductus arteriosus present at 6 hours of age,
with 3 infants closing the duct at the 48 hours evaluation, There was

cTOl (%)
100

00 -

80+ *
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SVC
0 20 40 60 80 100 120 (ml/kgimin]

Fig 1 Correlation between SV flow and €T0l at 6 hours of age.

no correlation between ¢TOI and pulse oximetry values at any given
time point. There were no differences in SVC flow or cTOI values be-
tween infants with haemorrhage/death and infants without serious
complications. Qutcome of infants with low SVC flow (<41 ml/kg/min)
was not different from outcome of infants with values in normal range,
a reflection of the small sample size.

4. Discussion

Previous studies have shown that cerebral oxygen delivery in-
creases during the first days after delivery. Meek described an in-
crease in cerebral blood flow using NIRS in the first few days of life
[13] and others have shown increasing cerebral tissue oxygenation
values during first 72 hours of life in preterm infants [5]. cFTOE de-
creases during this time period [14]. However, a more recent study
by Takami et al. [15] has questioned these previous findings. They
identified a decrease in cTOI in the first 12 hours of life in a cohort
of 16 extremely low birth weight infants. We identified a decrease
in cTOI from 6 to 12 hours of age in a similar cohort of immature
babies. These changes were accompanied by a reciprocal increase in
cFTOE at 12 hours of age. We suggest that these changes reflect alter-
ation in the cerebral droulation in the extreme preterm infant during
this transitional period, whereby cerebral oxygen delivery appears to
decrease between six and twelve hours. This time period may repre-
sent a critical period whereby brain injury occurs, and clinical studies
aimed at intervention to improve cerebral tissue oxygenation during
this time period are now warranted and are underway [ 16].

Mean values of ¢TOl are comparable with previously published
studies [5,15]. Despite significant changes of cTOI, values remain stable
and there were no infants with very high or low oxygenation index
in our group and thus our results most likely represent normal values
for this population measured by NIRO-200. Sorensen et al. described
normative data for comparable group measured with NIRD-300 [17]
(higher than our values), however normative data for NIRO-200 have
not been published yet.

We have shown that SVC flow increases during the first 48 hours
of age and although this increase did not reach statistical significance,
the trend is clearly present and in agreement with previous studies
[18,19]. We did identify a higher inddence of low SVC flow compared
to previous studies [1,7,20]. There are a few possible explanations for
this finding, SVC flow positively correlates with gestational age in the
first 24 hours [1] and we explored these changes in a cohort of more
immature babies than previous studies. We included all babies, some
of whom required a significant amount of cardio respiratory support.
More frequent measurements were performed, thereby increasing
the likelihood of identifying lower flow states, espedally in the first

Please cite this article as; Sirc |, et al, Cerebral tissue oxygenation index, cardiac output and superior vena cava flow in infants with birth weight
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45



4 J. Sirc et al. [ Early Human Development o (200 3) s

18 hours. The greatest incide nce of low SVC flow in this cohort was in
the first 12 hours of age, when most hemodynamic instability occurs.
Despite the presence of a patent ductus arteriosus and persistent
foramen ovale, our measurements of cardiac output (LVD and RVO)
correlated with SVC flow measurements within first 12 hours of age,
suggesting that flow across these structures, in particular the ductus,
may not have been significant to alter systemic parameters at this
time. Whilst we did not definitively measure pulmonary pressures, it
is likely that they remained elevated during this time period [21]
and would explain the good correlation.

Previous studies have shown evidence of a positive correlation be-
tween cTOI and SVC flow [8,14], suggestive of a pressure passive brain
circulation. These two previous studies identified a weak positive cor-
relation within first 24 hours of age. However, we found no correla-
tion between SVC flow and cTOI at 12, 24 and 48 hours of age in
this cohort and to the contrary, found evidence of a negative correla-
tion at 6 hours of age. One possible explanation for the lack of corre-
lation is that SVC flow is a poor surrogate estimate of cerebral blood
flow in more immature newborns, The SVC is formed from the right
and left brachiocephalic veins. Drainage from the venous sinuses ter-
minates into the internal jugular veins, which also receive blood flow
from the facial and superficial temporal veins. The external jugular
vein also joins subclavian and the internal jugular then unites with
the subdavian vein to form the brachiocephalic vein. Therefore the
SVC receives a combination of blood flow from upper limbs, the
upper body, head and neck vessels and brain, and is a reflection of
overall upper body systemic blood flow rather than cerebral blood
flow. The previous positive correlations identified between SVC and
cTOI may be a result of the relationship between two rather inexact
measurements. However, an assodation does exist between low
SVC flow and brain injury [1,7], similar to the relationship that exists
between blood pressure and brain injury [22]. We did not confirm
these findings in our cohort. Future studies involving utilisation of
both flow measurements and NIRS assessment of cerebral oxygena-
tion in babies at greatest risk of brain injury are requirned.

We recognize that there are some limitations to our study. Up to
20% of our cohort received cardiovascular support with a possible in-
fluence on cardiac output and brain oxygenation. Different modes of
ventilation were used, including high frequency osdllation, which
can influence cardiac output measurements [1]. Measurements were
done at given time points and possible hemodynamic changes be-
tween them would not be detected. Whilst the overall number of pa-
tients is low, this study represents one of the largest cohorts of
extreme preterm infants evaluating both these parameters [15].

In summary SVC flow, left and right ventricular increased during
first 48 hours of life whilst ¢TOI decreased at 12 hours of age in a co-
hort of preterm babies less than 28 weeks. There was a negative cor-
relation between cTOl and SVC flow at 6 hours of life.
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5.3. Moinosti N-terminal pro-brain natriuretického peptidu v predikci
signifikantni oteviené tepenné duceje u nedonosenych novorozencl po

prvnim tydnu zivota

Brain natriuretic peptide (BNP) je vazoregulacni peptid vylucovany myokardem komor pfi pretizeni
srdce (40). U novorozencd mize dojit k objemovému pretizeni pfi zkratu otevienou tepennou duceji.
BNP vznikd Stépenim inaktivniho prekurzoru ProBNP, vedlejSim produktem je inaktivni N-Terminal
proBNP (NT-proBNP). Ten ma delsi biologicky polocas oproti BNP (60-120 min versus 20 min) a je
tedy vhodnéjsi pro klinické pouziti (41). Rada studii popsala moZnosti predikce uzavieni PDA pomoci
BNP nebo NT-proBNP béhem prvniho tydne po narozeni (42,43). U vice nez 30% novorozencu
narozenych pred 32. gestacnim tydnem se tepennd ducej neuzavie (44). Diagnostika perzistujici
oteviené tepenné duceje je snadna pomoci echokardiografie, dilezZitou ulohu hraje klinicky stav a
biochemické markery. Chybi ovsem mezindrodné uznavana klasifikace a definice hemodynamicky
signifikantniho PDA (hsPDA) i pfes snahu nékterych autor( (45). Terapie PDA je farmakologicka
pomoci ibuprofenu a indomethacinu, nebo chirurgicka ligace v pfipadé selhani farmakologické. Lécba
ma vsak fadu nezddoucich ucinkd (46,47) a nezlepsuje psychomotoricky vyvoj (48). Konzervativni
postup s restrikci tekutin a Upravou ventilacniho reZimu nebo observacni pfistup je dalsi moznosti
v managementu PDA (49,14).

Cilem studie je popis vztahll mezi velikosti oteviené tepenné duceje a NT-proBNP u novorozencl
s porodni vahou pod 1500 gram( od 2. tydne Zivota do uzavéru duceje nebo do propusténi doma.
Metodika

Do této prospektivni observacni studie byli zafazeni novorozenci s porodni hmotnosti pod 1500
gramUl bez zdvainé vrozené vady, ktefi 7. den Zivota méli otevienou tepennou ducej a rodice
podepsali informovany souhlas.

Echokardiografie se provadéla na pfistroji Philips HD11XE se sektorovou sondou S12-4. Pfi prvnim
vySetfeni byla vyloucena srdecni vada. Soucasti vSech vysSetfeni byly parametry velikosti PDA -
pramér, smér toku krve v PDA, pomér levé siné k aorté (LA/Ao)(50), pomér prdméru PDA k levé plicni
arterii (PDA/LPA)(51) a eventualni end-diastolicky reverzni tok v truncus coeliacus (52). Prdmér 2 mm
byl zvolen jako hranice vyznamné duceje dle Skinnera (53). Novorozenci sPDA méli
echokardiografické vysetreni kazdy tyden do uzdvéru PDA nebo do propusténi. Soucasné byla
odebrana krev na NT-proBNP, kterd se analyzovala elektrochemiluminiscen¢ni imunoassay na
pfistroji Cobas e411. Rozhodnuti o lécbé zaviselo na oSetfujicim lékafi, ale pristup byl vétsinou

observacni.
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Ke statistické analyze byl pouZit neparovy t-test, Mann-Whitney U test, FisherQv exaktni test,
Pearsonlv korela¢ni koeficient a ROC kfivka ve statistickém softwaru StatsDirect verze 2.7.8.
(StatsDirect Ltd, Altrincham, UK).

Vysledky

69 déti bylo zarazeno do studie. 5 nesplriovalo vstupni kritéria (2 x nepodepsany inf. souhlas, 2 x
srdecni vada, 1 x trisomie 21. chromosomu). 49% novorozencl mélo PDA 7.den Zivota. Tito déti méli
signifikantné mensi porodni hmotnost, gestacni stari, byli castéji na umélé plicni ventilaci a
oxygenoterapii 28. den. NT-proBNP déti s PDA bylo signifikantné vyssi 7. a 14. den oproti détem
s uzavienou duceji. Rozdil byl vyznamny i 21. den mezi détmi s PDA nad 2 mm a bez PDA.
V subanalyze jsme rozdélili kohortu na novorozence narozeni pod a nad 28. gestacni tyden (hranice
tézké a stfedni nezralosti). Jediny statisticky signifikantni rozdil byl 7. den, kdy novorozenci pod 28.
tyden méli vys$si NT-proBNP (27739 vs 11558 ng/l). NT-proBNP nekoreloval s jinymi mérenymi
parametry PDA.

NT-proBNP korelovalo s primérem PDA prvni 3 tydny. Pocet novorozencl s PDA klesal kazdym
tydnem. Maly pocet pripad( s PDA je moznym dlivodem proc¢ hodnoty nekorelovaly po tfetim tydnu.
1 dité s PDA bylo propusténo a 1 preloZzeno na jiné pracovisté. 1 dité zemrelo na nekrotizujici
enterokolitidu.

Diskuze

V ndmi popsané skupiné méli novorozenci s PDA signifikantné vyssi NT-proBNP 7. a 14. den Zivota ale
ne 21. den. V tfetim tydnu byl rozdil signifikantni u déti s PDA nad 2 mm. Po tfetim tydnu rozdily
nebyly signifikantni, coz bylo nejspiSe dano malym poctem pacientld. NT-proBNP je tedy pouZitelny
jako marker hemodynamicky signifikantniho PDA po prvnim tydnu. Dosud publikované studie se
vyrazné liSily v hladiné NT-proBNP nebo BNP diagnostikujici hemodynamicky signifikantni PDA
(13,54,55). Mezikvartilové rozpéti NT-proBNP pro novorozence bez PDA v nasi skupiné pacientl 7.
den je 649-2524 ng/| a tato hodnota lze pouZit jako referencni rozmezi. Jedna se o pacienty u kterych
se uzaviela ducCej do 7. dne. Oproti predchozim studiim jsme neprokazali korelaci ostatnich
parametrd vyznamnosti PDA s NT-proBNP.

| pfes konzervativni a observacni pfistup k managementu tepenné duceje doslo aZ na jeden pfipad ke
spontannimu uzavéru PDA. Jen 5 novorozencl bylo lé¢eno lbuprofenem. Incidence nejcastéjsich
zavaznych morbidit (intraventrikularni krvaceni, bronchopulmonalni dysplazie, nekrotizujici
enterokolitida, retinopatie z nedonosenosti a smrt) je srovnatelna s mezinarodni databazi Vermont-
Oxford (56).

Navzdory korelaci priméru PDA a NT-proBNP zlstava definice hemodynamicky zdvainého PDA

nejasna. Pfi rozhodovani o managementu PDA je potfeba posoudit echokardiografické parametry,
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klinicky stav pacienta a opakované hodnoty NT-proBNP. | vysoké hodnoty NT-proBNP vySetrené

izolované bez dalsich znalosti nevypovidaji o hemodynamicky signifikantni oteviené tepenné duceji.
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Abstract The aim of the study was to assess the role of plasma
N-terminal pro-brain natriuretic peptide (NT-proBNP) concen-
tration as a predictor of patent ductus arteriosus (PDA) in very
low birth weight infants beyond the first week of life. This wasa
prospective observational study; newboms with a birth weight <
1500 g were eligible for enrolment. Enrolled infants were
screened by echocardiography on day seven of life for the
presence of a PDA. This was paired with a blood sample for
NT-proBNP level. Echocardiography and NT-proBNP levels
were repeated at weekly mtervals. The primary outcome was
correlation between PDA and NT-proBNP level and between
measurements of PDA significance and NT-proBNP. Sixty-nine
neonates were enrolled following parental consent. The mean
birth weight was 1119+257 g and mean gestational age was 28.6
+2.6 weeks. Median NT-proBNP level on day seven was
11469 ng/l in infants with a PDA vs. 898 ng/l in infants without
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a PDA (p=0.0001). There was a statistically significant correla-
tion between PDA diameter and NT-proBNP level on day seven,
day 14 and day 21.Conclusion: NT-proBNP concentration is
significantly increased in infants with a PDA and comrelates well
with PDA diameter in the first three weeks of life.

Key words N-teminal pro-brain natriuretic peptide - Patent
ductus arteriosus - Prematurity - Very low birth weight infant

Abbreviations

BPD bronchopulmonary dysplasia

BNP B-type natriuretic peptide

ECLIA Electrochemiluminescence Immunoassay
hsPDA haemodynamically significant PDA

IVH intraventricular haesmorrhage

LA/Ao Left Atrium to Aorta ratio

PDA/LPA  PDA to Left Pulmonary Artery ratio
NEC necrotising enterocolitis

NT-proBNP  N-terminal pro-brain natriuretic peptide
PDA patent ductus arteriosus

PEEP positive end expiratory pressure

ROC receiver operator characteristic

ROP retinopathy of prematurity

VLBW very low birth weight

Introduction

B-type natriuretic peptide (BNP) is a vasoregulatory pep-
tide that is synthesised and secreted by the ventricular
myocardium in response to pressure or volume overload
[5]. In premature infants, its release may be related to
volume overload from a patent ductus arteriosus (PDA)
[1]. ProBNP, the inactive precursor, is cleaved into BNP
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and N-terminal proBNP (NT-proBNP), the remaining by-
product. NT-proBNP has a longer half-life than BNP (60
to 120 minutes vs. 20 minutes) and is therefore preferred
for clinical use [24]. Natriuretic peptides are cleared from
plasma by binding to the natriuretic peptide receptors, but
also through proteolysis by peptidases. Renal excretion is
currently regarded as its main clearance mechanism.[11]
Several studies have examined whether BNP or NT-
proBNP concentrations predict the presence of a PDA or
its response to therapy [10, 4, 19]. A more recent study
evaluated whether BNP or NT-proBNP concentrations
could be used to guide the duration of indomethacin
treatment for a PDA [1].

More than 30 % of preterm infants born before 32 weeks of
gestation have a PDA that fails to close after birth [3]. The
definition of a haemodynamically significant PDA (hsPDA)
in very low birth weight (VLBW) infants remains contentious.
Echocardiography remains the gold standard for the diagnosis
of a PDA but the parameters that define a hsPDA remain
unclear, although scoring systems have been proposed previ-
ously [14, 21]. Clinical and echocardiography criteria are used
in the definition of a hsPDA. The clinical criteria include
respiratory signs (increased respiratory support, inability to
wean ventilatory support or oxygen requirements), physical
signs (heart murmur, hyperdynamic praecordium, bounding
pulses), blood pressure problems (decreased mean or diastolic
pressure) and signs of congestive heart failure (cardiomegaly,
hepatomegaly, pulmonary congestion).[25] The echocardiog-
raphy criteria include ductal diameter, left heart dimensions
(most used left atrium to Aorta ratio), Doppler parameters
(ductal flow, reversed flow in abdominal arteries, turbulence
in the main pulmonary artery) and assessment of the left to
right shunting.[25] Unfortunately an international consensus
on the definition of a hsPDA is still lacking.

Medical treatment with either ibuprofen or indomethacin,
and surgical closure with PDA ligation, have been the main-
stay in the management of PDA. All these treatments have
recognised side effects and careful assessment of which babies
may require treatment is vital. Ibuprofen has been shown to be
associated with fewer side effects than indomethacin [16, 22]
Conservative treatment with fluid restriction and adjustment
of ventilation was described as a feasible option.[23] Timing
of the PDA treatment varies from prophylactic treatment to
early targeted treatment to late (symptomatic) treatment. In-
domethacin prophylaxis is associated with a reduced risk of
intraventricular haemormhage (IVH) or IVH greater than grade
II, but this does not result in better long-term
neurodevelopmental outcomes.[2] A recent trial of the early
targeted approach showed a decreased incidence of early
pulmonary haemorrhage.[13].

A plasma NT-proBNP level is a highly sensitive and spe-
cific indicator of a hsPDA in a pretemm infant [9] and can
easily be measured at the bedside. It has been proposed as a

@ Springer

complementary, or perhaps even as an alternative to echocar-
diography to help define a hsPDA. BNP and NT-proBNP use
in neonates for the diagnosis and monitoring of a PDA has
been extensively examined during the first week of life in
almost all of the previous studies. We aimed to ascertain the
role of NT-proBNP concentration as a predictor of a hsPDA,
beyond the first week of life.

Methods

This was a single-centre prospective observational study
carried out in the Coombe Women and Infants University
Hospital, Dublin, Ireland. All infants with a birth weight
less than 1500 g born between April 2010 and February
2011 were eligible for enrolment. Newbormns with congen-
ital heart disease or major congenital malformations were
excluded. The protocol for the study was approved by the
institutional research ethics committee. Written informed
consent was obtained from parents of eligible infants.
VLBW neonates enrolled in the study were initially
screened on day seven of life and those with a PDA were
subsequently followed up weekly until the PDA closed or
the patient was discharged.

Measurements

Functional echocardiography was performed on day seven
of life using a Philips HDI11XE ultrasound scanner with
sector array transducer (8 to 12 MHz) incorporating col-
our flow, pulse wave and continuous wave Doppler with
adaptive Doppler technology. All scans were performed
by one of two operators (JS, JM), trained in neonatal
functional echocardiography. Normal anatomy of the
heart was established and specific measurements relating
to the significance of the patent ductus arteriosus were
performed. These included PDA diameter (measured at
the narrowest point using Doppler technique, the 2 mm
cut off was chosen based on the grading by Skinner et al.
where a 2 mm PDA represents a large duct [21]), PDA
flow direction, Left Atrium to Aorta ratio (LA/Ao0)[20],
PDA to Left Pulmonary Artery ratio (PDA/LPA)[18] and
flow in the Celiac Artery with possible end diastolic
steal[7]. Infants with a PDA had further echocardiography
weekly until the PDA closed or until discharge (if the
PDA was still present at discharge). These follow up
echocardiography studies included PDA evaluation as
described above.

All echocardiograms were paired with serum NT-proBNP
samples which were collected in an EDTA tube at the time of
imaging. NT-proBNP samples were immediately assessed on
reaching the labomtory to facilitate repeat of unsuitable sam-
ples. Analysis was performed in an external laboratory (St
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James’s Hospital, Dublin, Ireland) and NT-proBNP levels
were measured by Electrochemiluminescence Imnunoassay
(ECLIA)using Cobas e Analyser (Roche Diagnostics, GmbH,
Mannheim, Germany). The NT-proBNP tests were un singly
and the measurable range for NT-proBNP was 5 - 35000 ng/L.

Results of the echocardiography were available to the
attending physicians. The decision to treat the PDA in all
cases was at the discretion of the consultant neonatologist
responsible for the infant, but the overall approach was
conservative.

Clinical parameters

Need for mechanical ventilation, full course of antenatal ste-
roids for lung maturation and Apgar scores were recorded for
all infants enrolled in the study.

Quicomes

Our primary outcome was comelation between PDA and NT-
proBNP concentration and between measurements of PDA
significance and NT-proBNP. The secondary outcomes in-
chided IVH, bronchopulmonary dysplasia (BPD), necrotising
enterocolitis (NEC), retinopathy of prematurity (ROP) and
death. We also documented any medical or surgical treatment
ofthe PDA.

Data were analyzed with a PC based statistics package
(StatsDirect version 2.7.8) using Fisher’s exact test, unpaired
t-test, Mann-Whitney U test, Pearson’s correlation and ROC
curves as appropriate. P<0.05 was accepted as significant.

Results

There were 74 VLBW infants born during the study period
with 69 infants included in the final analysis (Fig. 1). The
characteristics of the study population with secondary out-
comes are presented in Table 1. Almost half of the babies had
aPDA at the end of the first week of life. We compared infants
diagnosed with a PDA on day seven with infants with a closed
ductus; infants with a PDA had a significantly lower birth
weight and gestational age, higher need for mechanical ven-
tilation and higher risk of oxygen/respiratory requirements at
day 28 of life (Table 1).

When we analysed all infants with a PDA, the NT-proBNP
level was significantly higher on days seven and 14, but not on
day 21 in those with a PDA when compared to those without
one. However in those infants with a PDA diameter greater
than 2 mm the NT-proBNP level was significantly higher on
day seven, day 14 and also on day 21. The receiver-operator-
characteristic (ROC) curves were constructed and are
summarised together with our primary outcomes in Table 2.

We performed sub analysis for two different gestational
groups. For the purpose of this sub analysis we divided our
cohort into infants less than 28+0 weeks of gestation and
infants from 28+ 0 weeks of gestation on. The only statistical-
ly significant difference was between infants with a PDA
more than 2 mm on day seven of life, where infants over
28 weeks of gestation produced higher levels of NT-proBNP
(median 27 739 ng/l vs. 11 558 ng/l; p=0.05). There were no
other differences between the groups in the first three weeks.

NT-proBNP levels correlated well with PDA diameter
measurements during the first three weeks of life (p-vahies
0.0007, 0.03 and 0.03 for weeks one, two and three, respec-
tively). The number of infants with an open PDA declined
every week and this may therefore explain the lack of this
correlation beyond the third week. We did not observe any
significant correlation between NT-proBNP measurements
and either PDA/LPA or LA/Ao ratios (Table 3).

The median concentration of NT-proBNP for infants re-
ceiving Ibuprofen for a PDA was 13 983 ng/l (interquartile
range 11 469 — 19358) at the time of treatment.

Of all the infants diagnosed with a PDA on day seven
only one had a PDA which had failed to close prior to
discharge, despite limited interventions. That infant had a
small PDA less than 1 mm in diameter with a NT-proBNP
of less than 1000 ng/l at discharge. Another infant was
transferred to a different hospital with a small PDA. There
was one death in our cohort. The cause-of-death was
perforated necrotising enterocolitis with multi organ fail-
ure syndrome. This infant had a PDA of 2.6 mm on day
seven of life and 2.64 mm on day 14 of life. NT-proBNP
for this patient was 15331 ng/l on day seven of life and
19358 ng/l on day 14. This patient received Ibuprofen for
the treatment of the PDA.

Discussion
In our study NT-proBNP levels were significantly higher in

the group of pretemm neonates with any PDA on day seven and
14 but not day 21. This observation is not surprising as many

74 infansborn
during study period
2 Unableto obtain
consent

1 Trisomy 21
1 Ventricular Sepeal Defect
1 Tetralogy of Faliot

68 Infants includedin
the finalanalyss

Fig.1 Diagram of the study enrolment
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Table 1 Demographics and secondary outcomes

Enrolled cohort PDA Day 7 No PDA Day 7 P

n=69 n=34 n=35
Birth Weight — mean (£3D) 1119 (257) 1010(253) 1225 (212) 0.0004
Gestational Age — mean (+5D) 28.6(2.6) 274(27) 20.8(1.9) <0.0001
Gender — female (%) 36 (52) 18(53) 18 (51) NS
Full course of antenatal steroids — cases (%) 53(77) 25(74) 28 (BD) NS
Apgar scores | min median (range) 6(1-9) 6(1-9) 6(2-9) NS
Apgar scores 5 min median (range) 9(3-10) 9(3-10) 96— 10) NS
Need for mechanical ventilation - cases (%) 32 (46) 23 (68) 9(26) 0.0006
IVH Grade ITT-IV — cases (%) 34 3(9) 0(0) NS
CLD (28 days) — cases (%) 21 (30) 17 (50) 4(11) 0.0006
CLD (36/40) —cases (%) T(10) 6 (18) 1(3) 0.055
NEC [TA or more — cases (%) 34) 2(6) 1(3) NS
ROP II/Laser - cases (%a) 0(0) 0(0) 0(0) NS
Tbuprofen — cases (24) 5(7) 5(15) 0(0) 0.03
Ligation — cases (%) 00y 0(0) 0(0) NS
Mortality — cases (%) 1(1) 1(3) 0(0) NS

infants have small, haemodynamically insignificant PDAs at
that stage. Infants with a PDA diameter of more than 2 mm on
echocardiography, however, had significantly higher levels of
NT-proBNP on day seven, 14 and 21, suggesting a good
correlation between NT-proBNP levels and a potentially hae-
modynamically significant PDA beyond the first week of life.
Previously published data on NT-proBNP cut-off values to
identify a haemodynamically significant PDA vary widely
throughout the literature [9, 15, 17, 19, 8] and have been
performed within the first week of life. At the presented cut-
off points, NT-proBNP performed well as a sensitive tool to
identify a PDA with a diameter more than 2 mm, confiming
the usefulness of NT-proBNP as a good marker to follow the
evohition or resolution of a PDA. The interquartile range of
NT-proBNP level among non-PDA infants at initial screening
(day seven) in our study was 649 ng/l to 2524 ng/l. This
represents babies who had never had a PDA or those who
had a PDA which had closed by the end of the first week of
life. These values might represent useful reference ranges for
NT-proBNP levels at day seven of life.

Previous studies have demonstrated a correlation between
NT-proBNP and/or BNP and ductal size, LA/Ao and magni-
tude of shunting [6, 8]. We demonstrated a significant corre-
lation between NT-proBNP and ductal diameter in the first
21 days of life. In fact, the same trend was observed in most of
the weeks, however probably as a result of the small sample
size, the results did not reach statistical significance. Rather
surprisingly, we did not confim any correlation between LA/
Ao ratio and NT-proBNP. We also used one of the newly
suggested markers of ductal significance, PDA/LPA ratio;
again we did not find any significant correlation. We
hypothesise that this was a reflection of our conservative

@ Springer

therapy, mainly restriction of fluid intake when the presence
of a PDA was confirmed. With this approach we observed a
very low rate of Ibuprofen use and in fact PDA ligation was
not required in any of our cohort. Reassuringly, our short term
secondary outcomes are comparable to Vermont-Oxford Da-
tabase results, even in the PDA group.[12] A conservative
management approach to PDA was shown to be feasible
management in a small prospective study of Vanhaesebrouck
et al.. This included adjustment of ventilation parameters
(inspiratory time as low as .35 sec and positive end expira-
tory pressure (PEEP) as high as 4.5 mbar) and fluid restriction
(130 ml’kg/day beyond day 3).[23] We used a very similar
approach with fluid restriction to 130 to 140 mlkg/day. In
infants on mechanical ventilation we used short inspiratory
times (0.35 sec) and PEEP between 4 and 6 cm of H,O
according to the clinical situation. We also used non-
invasive forms of ventilation (nasal continuous positive air-
way pressure - nCPAP) with PEEP for infants with moderate
to large PDAs where feasible. We did not encounter any
problems with diuresis in fluid restricted patients.

Despite the correlation between PDA diameter and NT-
proBNP level, the definition of a haemodynamically signifi-
cant PDA remains contentious in neonatology. Very high
levels of NT-proBNP, proved unhelpful at times when taken
in isolation, in deciding the optimal management of a PDA
during the study period. Serial NT-proBNP measurements and
following the trend of these values (rather than absolute num-
bers) seemed helpful in addition to the trend of echocardio-
graphic markers of ductal significance. A combination of
these with the clinical condition of the neonate might be useful
in determining a haemodynamically significant PDA which
may be considered for treatment after the first week of life.
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Table 2 NT-ProBNP measwrements in the first three weeks of life -
mfants with PDA presentvs. infants with no PDA and infants with PDA >
2 mm vs. infants with PDA=2 mm or no PDA present; ROC curves

constructed. (1 infant with PDA was transferred between week 1 and
week 2, 1 infant with PDA died between week 2 and 3)

PDA No PDA P ROC
Threshold
Sensitivity
Specificity
Area under ROC curve
Week 1 NT-proBNP median 11 469 (2971 — 19299) 808 (649 - 2524) <0.0001 2507
(interquartile ranges) n=33* n=335 85 0
mumber of infants (ng/1) 749
0.86
Week 2 NT-proBNP median 6041 (2402 - 135%4) n=27 1350 (717 - 1851) 0.005 2402
(interquartile ranges) n=5%* 78 %
mumber of mfants (ng/1) 100 %
0.88
Week 3 NT-proBNP median 3165.5 (1342 - 9330.5) 945 (876 - 1763) 0.34 2076
(interquartile ranges) n=20%** n=5 65 %
number of infants (ng/1) 80 9%
0.65
PDA>2 mm NoPDA or PDA=2 mm
Week 1 NT-proBNP median 14500.5 (84985 — 20203) 1034 (709 - 3091) <0.0001 3587
(interquartile ranges) n=20 n=48 100 %
mumber of infants (ng/T) 799
0.93
Week 2 NT-proBNP median 8406 (3314 - 19358) 1633 (717 -2717) <0.0001 2402
(interquartile ranges) n=18 n=14 049
mumber of infants (ng/1) 7%
0.90
Week 3 NT-proBNP median 7270 (3587 - 10937) 1068 (581 —1661) 0.0008 2076
(imterquartile ranges) n=13 n=12 92 o
mumber of mfants (ng/1) 839
0.88

* 34 infants diagnosed with PDA, 1 NT-proBNP measurement missing
** 6 infants diagnosed with no PDA, 1 NT-proBNP measurement missing
**%* 21 infants diagnosed with PDA, 1 NT-proBNP measurement missing

Serial NT-proBNP measurements would also be helpful in
neonatal units where functional echocardiography is not read-

ily available.

Table 3 Comelation coefficient
between NT-proBNP and Diame-
ter, LA/Aoratio and ratio of PDAS

LPA in infants with diagnosed
FDA

There are some limitations to our study. The diameter
chosen (2 mm) as a marker of a large PDA is somewhat
artificial and the haemodynamic significance could differ in

Diameter p La/Ao p LPA/PDA P
Week 1 NT-proBNP - 1* 032 0.0007 0.01 0.57 0.01 0.57
Week 2 NT-proBNP -r 0.17 0.03 0.05 0.26 0.06 023
Week 3 NT-proBNP - 1* 023 0.03 0.11 0.15 0.18 0.06
Week 4 NT-proBNP - 0.12 0.18 0.0002 0.96 0.005 0.79
Week 5 NT-proBNP -7 022 0.09 0.009 0.74 0.1 03
Week 6 NT-proBNP - P 041 0.03 0.0002 0.97 0.02 0.67
Week 7 NT-proBNP -r 032 0.07 0.01 0.74 0.05 0.53
Week 8 NT-proBNP -F 0.51 0.03 0.54 0.02 0.35 0.09
Week 9 NT-proBNP S 023 0.41 0.35 03 0.24 0.4
&) springer
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different weight categories. PDA measurement by echocardi-
ography used in the study is a standard measurement de-
scribed in the literature, however this measurement defiitely
has limitations and intra and inter observer variability, that we
did not test for.

In conclusion, NT-proBNP levels correlate well with PDA
diameter during the first three weeks of life and the levels are
also significantly higher among patients with a PDA larger
than 2 mm compared with those without a PDA orwitha PDA
less than 2 mm. The failure to demonstrate a significant
correlation of this biochemical marker with PDA presence in
subsequent weeks may be explained by the diminishing num-
ber of patients with a PDA with each passing week.

Conflict of interests  Authors have no conflict of nterest. This study
was not supported or sponsored by any manufacturer or industrial body.
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5.4. Soucasné moznosti biochemické analyzy myokardidlni dysfunkce u

kriticky nemocnych novorozencu

V diagnostice myokardialni dysfunkce novorozencll jsou biochemické markery spiSe doplriujicim
vySetifenim. U dospélych pacientl se jiz béZzné pouzivaji v diagnostice akutniho i chronického selhani
srdce (15,16). Cilem tohoto souborného referatu je poskytnout prehled o soucasnych moznostech
biochemické diagnostiky myokardialni dysfunkce u kriticky nemocnych novorozenca. Informace jsou
zaméreny na funkéni zmény, pouziti v détské kardiologii a u déti s vrozenymi vadami neni cilem této

publikace.
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UvoD

Myokardidlni dysfunkce z rznych pficin (nedonosenost, asfyxie,
sepse) je zavazna komplikace s vysokou morbiditou a mortalitou. Dia-
gnostické moznosti myokardialni dysfunkce (myocardial dysfunction,
MD) jsou velmi omezené. Klinicky stav pacienta a fyzikalni vySetieni
jsou velice nespecifické a subjektivni. V diagnostice MD ziskava stile
vetsi vyznam funkéni echokardiografie, ktera viak vyZaduje adekvatni
technické a persondlni vybaveni. Ostatni zobrazovaci metody se téméf
nepouzivaji. Invazivni metody jsou limitované velikosti pacienti a jejich
misto je spiSe na irovni experimentalni mediciny. Hodnoceni zavaznosti
MD je komplikovino variabilnimi klinickymi parametry novorozenci:
nizka porodni hmotnost, vysoka vulnerabilita, casta polymorbidita (syn-
drom dechové tisné — RDS, pretrvivajici oteviend tepenna ducej — PDA,
obéhova nestabilita, infekce, vrozené vady apod.). Biochemické mar-
kery maji hlavni misto v diagnostice ischemického poskozeni myokar-
du u dospélych pacienti. V neonatologii bylo jejich pouziti doposud
omezené a méné roziifend.

Cilem souborného referitu je poskytnout pfehled o soucasnych moz-
nostech biochemické diagnostiky myokardialni dysfunkce u kriticky
nemocnych novorozenci.

BRAIN NATRIURETIC PEPTIDE (BNP),
N-TERMINAL BRAIN NATRIURETIC PEPTIDE
(NTproBNP)

Brain natriuretic peptide (BNP) byl poprvé popsén v extraktu z pra-
seciho mozku, ale vyskytuje se také v lidském mozku. BNP je vyluco-
vin predevsim pii tlakovém a objemovém pretizeni myocyta srdecnich
komor a sini. BNP pisobi jako antagonista renin-angiotensin-aldoste-
ronoveho systému a ma diuretické, natriureticke a vasodilatacni Gcinky.
Vysledkem piisobeni BNP je sniZeni intravaskuldrniho objemu, snize-
ni preloadu a afterloadu.

BNP je syntetizovin jako pre-prohormon, sloZeny ze 134 aminoky-
selin, a metabolizovan na proBNP (108 aminokyselin), ktery je nasled-
né metabolizovin na biologicky aktivni BNP (32 aminokyselin, polo-
¢as 20 min) a inaktivni fragment N-terminal proBNP s polocasem 60
min (1).

BNP a NTproBNP jsou u dospélych pacientd pouzivany v bioche-
micke diagnostice chronické ventrikularni dysfunkce. Specificita vyset-
feni je vy3si ve srovnani s klinickymi a radiologickymi metodami (2).
Rekombinantni forma BNP (nesiritide) se pouziva k lécbé akutniho
a dekompenzovaného srdecniho selhani u dospélych pacienta (13).

Plasmatické hladiny BNP koreluji u novorozencu s velikosti levo-pra-
veho zkratu a systolického tlaku pravé komory, negativné koreluji
s ejekeni frakei levé komory (3). Po narozeni BNP a NTproBNP stou-
paji, dosahuji maxima 3.—4. den a poté postupné klesaji (4). Pravdépo-
dobné je to reakce na objemové a tlakové zatiZeni pfi inicidlnim vyso-
kém plicnim tlaku a ukonceni metabolizmu téchto peptida placentou —
snizeni clearence (5).

Problematika méreni Brain natriuretic peptide (BNP) a N-terminal
brain natriuretic peptide (NTproBNP) u pacientii s otevienou tepennou
duceji (patent ductus arteriosus, PDA):

Nejcastéji jsou BNP a NTproBNP citovany v souvislosti s hemody-
namickou problematikou persistujici oteviené tepenné duceje (patent
ductus arteriosus, PDA). Na zvifecich modelech byl popsan vliv uve-
denych peptidi na PDA. U plodi mysi je vy$si pomér NPR-A/B recep-
torll (atrial natriuretic factor receptor A/B), jejichz stimulace udrzuje
PDA otevieny oproti NPR-C receptoru (odpovédny za endocytozu
a degradaci BNP). Po narozeni se pomér obraci, zacne pievazovat vliv
NPR-C receptoru, coz vede k vétsimu odbouravani BNP a mensi sti-
mulaci NPR-A/B receptoru. Vysledkem je uzavér PDA. Pretrvavajici
vysoké hodnoty BNP tedy mohou vést k neuzavieni tepenné duceje (6).
Hladina BNP koreluje s primérem PDA, plicnim pritokem a velikosti
stealu v abdominalni aorté a arteria mesenterica superior (7). Nizka kore-
lace byla nalezena s LA/Ao pomérem (pomér priméru levé siné a aor-
ty v podélné dvoudutinové projekei pii echokardiografii, r=0,33). V dal-
§i prici (8) viak byla korelace vy&si (r = 0,73).

Srovnatelné NTproBNP je pfi oteviené PDA a sepsi signifikantné vys-
s (9, 10). El-Khuffash (11) sledoval hladiny NTproBNP a troponinu
T u 80 nedonosenych déti pod 32. gestacni tyden, s primérnou porod-
ni hmotnosti 1006 grama. Déti s PDA mély signifikantné vyssi hladiny
NTproBNP i troponinu T oproti détem bez PDA (p < 0,001) ve 48. hodi-
né Zivota. Déle déti s PDA a intrakranidlnim krvacenim IIL a IV. st.
(PIVH IIL —IV. stupné podle Papila), nebo ktefi zemfely béhem hospi-
talizace, mély vyssi hladiny NTproBNP (p < 0,001) a troponinu T (p <
0,001) ve srovnani s détmi bez PDA. Signifikantni rozdil byl i mezi sku-
pinou s PDA + PIVH III. — IV. stupné/zemfeli a déti s PDA bez kom-
plikaci. Hemodynamické parametry PDA (LA/Ao, steal v abdomindlni
aorté, pramér PDA) se mezi skupinami nelisily.

Soucasna klasifikace PDA podle praméru je, s ohledem na uvedené
skute¢nosti, nedostate¢nd a nebere v tivahu velikost, stafi a klinicky stav
pacienta. Dalsi stratifikace déti a grading PDA je logickym a nutnym
krokem (12). NTproBNP a troponin T u hemodynamicky signifikant-
niho PDA mohou spolec¢né s echokardiografickymi a klinickymi znam-
kami pomoci diagnostikovat a v¢as lé€it vysoce rizikové pacienty s PDA.

TROPONIN I, TROPONIN T A TROPONIN C

Troponinovy komplex je spolu s kontraktilnimi proteiny soucasti sva-
lové sarkomery. Tento komplex je slozen z 3 komponent — troponinu
I (Tnl), ktery inhibuje Mg-ATPasu a tim inhibuje tvorbu mistkd mezi
aktinem a myosinem, troponinu T (TnT), ktery se vaZe na tropomyosin
a troponinu C (TnC), ktery vazbou Ca ++ méni svoji konformaci a tim
pasobi proti inhibicni funkci Tnl. VEtSina troponinu je vizana v kon-
traktilnim aparatu, 3-7 % je rozpusténych v cytosolu (14).

Cardiac troponin I (cTnl)
Existuji 3 isoformy Troponinu I: 2 isoformy se nachazi v pricné pru-
hovaném svalstvu a 1 v srdecni svaloviné (cardiac Troponin I, cTnl).
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cTnl je uvoliovan do cirkulace do 4 hodin po ischemickém i neische-
mickém poskozeni srdecni svaloviny. Sérova hladina je vysoce sensi-
tivnim a specifickym parametrem srdecniho poskozeni u dospélych paci-
entl. U novorozenct stoupd hladina ¢ Tnl predeviim po asfyxii. Quivers
(15) popisuje signifikantné vyssi hladiny u nedonoSenych déti a déti
s nizkou porodni hmotnosti. Bader (16) uvadi trend k vy3sim hladinam
cTnl u téchto déti a vy3si hodnoty u déti porozenych cisafskym fezem,
oproti détem po vaginalnim porodu (miize byt zptisobeno vy$sim stre-
sem u plodu pfed provedenim cisafského fezu). Obé studie jsou oviem
limitované malym mnoZstvim sledovanych déti.

Referencni hodnoty pro cTnl neexistuji, ale hodnoty u zdravych novo-
rozenc narozenych v terminu se ve studiich pohybuji do 1.8 ng/ml,
medidn 0,2-0,7 ng/ml. 95. percentil se pohybuje kolem 1,8-2.0 ng/ml,
hodnoty nad touto hranici jsou popisovany pfedeviim u asfyktickych
déti a sveédci pro myokardialni dysfunkei. Pfi ¢Tnl nad 4,5-5 ng/ml je
vysoké riziko dmrti (15,16,17,18,19). Hodnoty mohou byt samoziejmé
vyrazné ovlivnéné poctem déti ve studiich, metodologii vySetfeni a cit-
livosti testu (komercnich testi existuje minimdlné 9, rozeznavaji rizné
epitopy — vazebna mista, a také troponinové komplexy nebo degradac-
ni produkty). Napfiklad McAuliffe (20) a Trevisanuto (21) udavaji niz-
§i hodnoty na hranici citlivosti testu u vétsiny donoSenych déti (0,03-
0,04 ng/ml). U stabilnich nedono$enych déti je median kolem 1,5 ng/ml
(15,16).

Cardiac troponin T (c¢TnT)

Cardiac Troponi T (¢TnT) je vysoce sensitivni a specificky marker
myokardidlniho poskozeni. Jeho koncentrace stoupd jiz 2 hod po inzul-
tu. Maxima dosahuje ve 12. hod a vysoké hodnoty jsou méfitelné jesté
2 tydny (22). U zdravych donoSenych déti jsou jeho hladiny nizké a mir-
né stoupaji do 3.-4. dne, poté klesaji. Ve vétsiné praci se stfedni hodnoty
pohybuji do 0,05 ug/l. Hodnoty jsou signifikantné vyssi u nedonoSe-
nych déti s RDS a s RDS + inotropni podporou (stfedni hodnoty do 0,15
resp. 0,3 ug/l) (24,25.26,27). Ve studii Cruze (27) mélo dokonce 89%
novorozenct hodnoty odpovidajici srdecnimu infarktu u dospélych paci-
entd. Jedna se o vysledky testi 3. generace, které nejsou ovlivnéné hla-
dinou bilirubinu, hemolyzou, renalnim poskozenim a minimalné rea-
guji s cTnl a kosternim troponinem T (23). Jsou tedy vysoce senzitivni
pro poskozeni bunék myokardu.

Vyssi hladina ¢TnT je pravdépodobné zpisobena ischemii, apopto-
zou, nebo obojim. Apoptoza je velice Castd predeviim v prvnim tri-
mestru, ale Fisher (29) popsal na mySich modelech vysoké mnozstvi
apoptoz i dva tydny po porodu. Je tedy mozné, Ze u pfedCasné naroze-
nych déti je frekvence apoptozy vyssi, nez u donosenych déti. Hypoté-
zy o toxickém pusobeni katecholaminii na myokard, matefském ptivo-
du ¢TnT a snizeném rendlnim clearence, jako pficin vyssich hladin
cTnT, se nepotvrdily. Nebyla nalezena korelace mezi gestacnim stafim
a cTnT (28, 25) a/nebo korelace hladin ¢TnT s echokardiografickym
méfenim myokardialni dysfunkce — frakénim zkrdcenim (SF), wall stres
testem (WS) a stfedni rychlosti obvodového zkraceni (VcFs) (27).

Vysledky studie El-Khuffashe (11) byly popsany v odstavci o NTp-
roBNP a popsaly ¢TnT jako moZny marker hemodynamicky signifi-
kantniho PDA se $patnym outcomem. Pfi¢inou muze byt velky levo-
pravy zkrat, ktery vede ke snizeni koronarniho prutoku, zvyseni svalové
price a nisledné hypoperfizi myokardu. Trevisanuto (30) porovndval
hladiny ¢TnT u 11 nedonoSenych déti s PDA a 12 déti bez PDA (stej-
ny gestacni tyden a hmotnost) s rozdilnymi vysledky (nebyly nalezeny
signifikantni rozdily mezi skupinami). Vysledky jsou viak limitoviny
malym poctem pacienti.

Poskozeni bunék myokardu je pravdépodobné u nedonosenych déti
velice Casté a je jednou z hlavnich pricin systémové hypoperfize krat-
ce po porodu. cTnT by mohl byt prediktor Spatného outcomu u nedo-
nosenych déti s hemodynamicky signifikantnim PDA, ale jsou nutné
dalsi studie k ovéfeni této teorie.

KREATINKINASA (CK)

Enzym kreatinkinasa katalyzuje reverzibilni fosforylaci kreatinu. Je
pritomny predevsim v mitochondriich a cytosolu bunék kosterniho sval-
stva, myokardu, CNS a v hladke svaloviné. CK je dimer, sloZeny z poly-
peptidovych jednotek M (muscle) a B (brain), z kterych jsou tvoreny
izoenzymy BB (pfitomny v mozku, prostaté a hladkém svalu), MB (pie-
devsim kosterni sval, ale také myokard) a MM (kosterni sval a myo-
kard). Dile se rozlisuji izoformy téchto izoenzymi. Z hlediska myo-
kardidlni dysfunkce je dialezita CK-MB. V krvi stanovujeme bud
enzymatickou aktivitu CK-MB, nebo hmotnostni koncentraci (CK-MB
mass), ktera ma vy$Si senzitivitu a specificitu (31). Celkovi CK se tedy
zvysuje u onemocnéni a poskozeni kosternich svali a myokardu. CK-
MB se zvysuje jak u poskozeni bunék kosterniho svalstva, tak bunck
myokardu, pokud je ale jeji pomér k celkové CK > 0,1 a/nebo CK-MB
mass nad 5 ug/l, je nalez specificky pro poskozeni myokardu. Problé-
mem CK-MB jako markeru myokardialniho poskozeni je jeho nizka
specificita udéti do 4 let. Nem-Yun Boo (32) méril CK-MB mass u dono-
senych asfyktickych déti. Hladina po porodu byla u asfyktickych déti
signifikantné vyssi, nez u zdravych donoSenych (30,0 ug/l vs 6.4 ug/l).
Koncentrace dosdhla maxima za 12 hod po inzultu (median v astyktic-
kych novorozenci: 51.8 ug/l), poté klesala a téméf puvodni hodnoty
dosdhla za 48 hod. Hodnoty CK-MB byly signifikantné vyssi oproti
kontrolni skupiné (p < 0,001). Nebyly oviem signifikantni rozdily mezi
skupinou se srde¢nim selhianim a bez srde¢niho selhani (stanoveno echo-
kardiograficky pomoci ejekéni frakee), ani mezi asfyktickymi zemiely-
mi détmi a témi, ktefi pfezily. Nebyl hodnocen pomér CK-MB a cel-
kové CK. Vysledky tedy potvrzuji nizkou kardiospecificitu CK-MB
u asfyktickych déti. Trevisanuto (21) méfil CK-MB u zdravych dono-
senych déti z pupecnikové krve. Medidn byl 4,9 ug/l. 45 % déti mélo
hodnotu nad 5 ug/l (odpovida cut-off hodnoté pro myokardidlni posko-
zeni u dospélych pacientd).

CK ani CK-MB tedy neni u novorozencii vhodny biochemicky mar-
ker myokardidlniho poskozeni pro svoji nizkou specificitu.

HEART-TYPE FATTY ACID-BINDING PROTEIN
(H-FABP)

Fatty acid-binding proteins jsou pfitomné predevsim v bunécnych
membrindch a v cytosolu. Zajistuji rozpustnost a transport mastnych
kyselin pfes membrianu a uvnitf bunék. Je popsino celkem 8 typi.
V myokardu jsou 2 — epidermal fatty acid-binding protein (E-FABP)
a kardio-specificky (H-FABP). Ten je vyplavovin do cirkulace pfi
poskozeni myokardu (35). Jeho hladina je zvySend predevsim v prvnich
6 hodindch u dospélych pacientt s akutnim koronarnim syndromem. Pfi
srovnani s ostatnimi, bézné uzivanymi markery (cTnl, CK-MB, myog-
lobin) ma nejvyssi sensitivitu pro detekei nekrozy myokardu (33). Zku-
senosti s FABP u novorozenct jsou vSak minimalni, publikované jsou
studie s intestinal fatty acid-binding protein (I-FABP), ktery je slibnym
markerem v diagnostice nekrotizujici enterokolitidy, resp. poskozeni
enterocyti (34).

OSTATNI BIOCHEMICKE MARKERY
MYOKARDIALNIHO POSKOZENI

Ischémii modifikovany albumin (IMA). Pfi tkafové hypoxii
a nasledné reperfiizi vznikaji volné kyslikové radikély, které méni N-
termindlni konec albuminu a tim jeho vazebnou schopnost pro kation-
ty (proto nékdy ndzev ,.albumin cobalt binding™ — test s kobaltovym
kationtem). IMA je nepfimo iméma hladiné albuminu. U akutniho
infarktu myokardu (AIM) stoupa jiZ po nékolika minutich a maxima
dosahuje za 1 a vice hodin. Neni oviem specificky pro hypoxii myo-
kardu a dulezita je spiSe jeho negativni vypovédni hodnota (36). Je zatim
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publikovino milo studii na novorozencich. Gugliucci (37) méfil hladi-
ny IMA u déti po komplikovanych porodech (nedonoSenost, distress
plodu, pfedcasny odtok plodové vody, ristova retardace plodu a pree-
klampsie), nekomplikovanych porodech a u zdravych dospélych dob-
rovolniki. Hodnoty po nekomplikovanych porodech byly signifikantné
vyssi (0 45%) nez u dospélych a po komplikovanych porodech signifi-
kantné vyssi (o 50%) nez po porodech nekomplikovanych. U novoro-
zenct byla vyznamné nizsi hladina albuminu, ale vysoky rozdil nelze
vysvétlit pouze timto mechanizmem. Zda se, ze IMA muZe slouZit spi-
Se jako marker asfyxie a jeho pouZiti v diagnostice myokardidlni ische-
mie novorozenci je omezenc.

Myoglobin. Myoglobin se uvoliiuje pfi poskozeni kosterniho, srdec-
niho i hladkého svalstva. Ma vysokou citlivost, negativni predikéni hod-
notu a nizkou specificitu pro AIM u dospélych. Jeho hladina stoupa jiz
za | hod po inzultu, maxima dosahuje za 6-7 hod a normalizuje se za
24 hod (36). Rozmezi hladin u dospélych muzi je 17-106 ng/ml, Zen
14-66 ng/ml, u novorozenci nejsou referencni hodnoty. Lipshultz (38)
popisuje median v pupecnikoveé krvi 30,15 resp. 43.97 ng/ml u novoro-
zenct do 48 hodin po porodu. U novorozenci po porodu nelze nikdy
vylou¢it jako zdroj myoglobinu poikozeni kosterniho svalstva (ische-
micke nebo traumatické piciny), eventuelné snizenou clearence ledvi-
nami. Hladina myoglobinu mé tedy pfedeviim v prvnich 24 hodinich
po porodu spise negativni prediktivni hodnotu. Dile je zdroj v koster-
nim a hladkém svalstvu méné pravdépodobny. Jeho pouziti v neonato-
logii je tedy diskutabilni.

Glykogenfosforyliza (izoenzym BB), cholin. VySetieni téchto enzy-
mil se v praxi u dospélych pacienti nepouziva a neni zniamo jejich pou-
Ziti u novorozenci.

Jaterni testy. K poikozeni jater charakterizované elevaci aminotran-
sferaz (ALT, AST) dochizi az u 80 % asfyktickych déti (39). V prvnich
72 hodinach koreluji hladiny ALT a AST se stfedni az tézkou hypoxic-
ko-ischemickou encefalopatii (HIE). Stoupa také hladina laktat-dehyd-
rogenazy (LDH), stoupa INR (Quickuv test) a klesa albumin (40). Pato-
logické vysledky jaternich testd vypovidaji o hypoxickém poskozeni
jaternich bunék pii hypoperfizi perifernich organu, ale nefikaji nic kon-
krétniho o poskozeni myokardu.

ZAVER

Pii poskozeni myokardu se vyplavuje celd fada latek, které jsou vice
¢i méné specifické pro srdecni svalovinu. V kardiologii se jejich séro-
vi hladina pouzivd k diagnostice ischemického poskozeni myokardu
a maji vyssi specificitu 1 sensitivitu neZ ostatni vySetfovaci metody.
V neonatologii je jejich vyznam limitovany, ale s narGstajicim poctem
studii kontinudlné roste. Myokardialni dysfunkce je Castéjsi, nez se
puvodné myslelo, pfedeviim u déti velmi nizké porodni hmotnosti.
U novorozenci jsou urcita specifika, kterd pouziti téchto markerti limi-
tuji — nizsi specificita pro ischemii myokardu, mensi zkuSenosti, absen-
ce referencnich hodnot, omezené terapeutické moznosti apod.

Nejvice zkusenosti je s méfenim ¢TnT a ¢Tnl. Hodnoty cTnT a ¢Tnl
stoupaji kratce po inzultu, jsou specifické pro myokard a existuje mno-
ho komercnich testd pro jejich stanoveni. Vysoké hladiny BNP, NTp-
roBNP a také cTnT jsou charakteristické pfi oteviené tepenné duceji.
K pouziti dalsich biochemickych markert je zatim malo dikazt a pub-
likovanych studii.

Biochemicka analyza nim mize pomoci v diagnostice a ¢asné
terapii novorozencu s myokardialni dysfunkei a s hemodynamicky
signifikantnim PDA se Spatnou prognozou.
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6. Souhrnna diskuze k publikacim

Novorozenci velmi nizké porodni hmotnosti jsou vysoce vulnerabilni skupinou pacientd. Kritickym a
nejrizikovéjsim obdobim je prvnich 48-72 hodin po narozeni. S klesajicim gestacnim starfim a porodni
hmotnosti stoupa riziko obéhového selhdni s naslednou morbiditou a mortalitou (1). Diagnostické i
terapeutické moznosti jsou vzhledem ke specifikiim téchto pacientd omezené. VSeobecné uznavany
princip minimalni manipulace komplikuje i vyzkumné moZnosti u téchto pacientll. Prezentované
studie proto byly odsouhlaseny etickou komisi pracovisté (Coombe Women and Infants University
Hospital, Dublin, Irsko) a rodi¢e podepsaly informovany souhlas s pfitomnosti novorozence ve studii.
Prvni dvé studie Cerpaji z dat na jednom souboru novorozencl s porodni hmotnosti pod 1250 gram.
V prvnich 48 hodindach jsme v pravidelnych intervalech méfili oxygenaci mozku pomoci near infrared
spektroskopie nasledovanou echokardiografickym vysSetfenim srdce a ultrazvukem mozku. Zaroven
byly zaznamenany klinické udaje o pacientech.

Soucasti echokardiografie bylo méreni diastolickych parametr(i levé i pravé komory pomoci
Dopplerovského mapovani. Nami prezentované hodnoty, v porovnani s publikovanymi daty u plodd,
donosenych a nedonosenych novorozencl pozdéji po porodu, odpovidaji diastolické dysfunkci,
poruse relaxace a plnéni komor. Pfedpokladame, Ze zmény béhem vySetfovaného obdobi, tedy od 6.
do 48. hodiny, reflektuji zlepseni diastolické funkce myokardu. Nami publikované vysledky jsou,
pokud je ndm znamo, prvni prezentaci diastolické funkce myokardu u novorozenct pod 1250 grama v
prvnich 48 hodinach véku mérenych pomoci vtokovych parametrd.

Dalsi soucasti funkéni echokardiografie bylo méreni srdecniho vydeje levé (LVO) a pravé (RVO)
komory a navratu honi dutou Zilou (SVC flow). Je mnoho studii popisujici tyto parametry u
nedonosenych déti (3,17,18). Nasim 1. dlvodem k tomuto méreni bylo lepsSi porozuméni
postnatalnich hemodynamickych zmén a interpretace diastolickych parametr(, protoze informace o
jejich zavislosti na preloadu a afterloadu nejsou konzistentni (21-24,26). DalSim dlvodem a tématem
druhé prezentované publikace bylo popsat vztah mezi oxygenaci mozku a srde¢nim vydejem u téchto
novorozenc(.

Srdecni vydej levé komory po celé sledované obdobi stoupal, vydej pravé komory stoupal jen do 24.
hod. Navrat horni dutou Zilou, parametr pratoku horni ¢asti téla a predevsim mozku, také stoupal,
zmény vsak nebyly signifikantni. Vysledky jsou v souladu s jiz publikovanymi (3,17,18). Divodem
vzestupu LVO a RVO je pfitomnost PDA, foramen ovale (FOA) a pravdépodobné lepsi systolicka i
diastolicka funkce komor. Levo-pravy zkrat pres PDA zvysuje LVO a zkrat pres FOA zvysuje RVO. Vétsi
zkrat otevienou tepennou duceji oproti sinovym zkratlim vysvétluje vyssi hodnoty LVO neZ RVO.
Srdce je tedy po porodu vyrazné objemové zatizené. Navic stoupa systémova vaskularni rezistence a

krevni tlak, ktery jsme popsali i my. Nezralé srdce ma vSak mensi kontraktilni schopnost pti vzestupu
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afterloadu (71). Dlvodem je mensi mnozZstvi kontraktilnich elementd, vyssi obsah vody, vétsi pomér
povrchu k objemu a nezralé sarkoplazmatické retikulum (72,73). Relativné vétsi zastoupeni
endomysidlniho kolagenu l.typu navic snizuje compliance srdce (74). Vysledkem mize byt nizsi
systémovy pratok a tedy nizky navrat horni dutou Zilou. V ndmi sledované kohorté mélo dokonce
41% novorozencl alespon v jednom méreni nizky SVC flow, nejcastéji v 6., respektive 12. hodiné. SVC
flow proti nasemu ocekavani nekorelovalo pozitivné s oxygenaci mozku, tedy cTOIl. Naopak, v 6.
hodiné byla korelace negativni a ve 12. hodiné cTOI dale kleslo. Zaroven extrakce kysliku z krve,
cFTOE, stoupla ve 12. hodiné s naslednym poklesem. Mozek byl tedy nucen ve 12. hodiné extrahovat
vice kysliku. Vysvétlenim nulové nebo dokonce negativni korelace mezi cTOl a SVC flow mohou byt
nepresnosti v echokardiografickém méreni SVC flow, jak ukazal Broadhouse v porovnani s funkéni
magnetickou rezonanci (11). Druhym vysvétlenim muze byt fakt, Ze SVC flow neni presnym
ukazatelem prltoku krve mozkem, ale reprezentuje spiSe prokrveni horni ¢asti téla. Referencni cTOI
data zmérend pfistrojem NIRO-300 u velmi nezralych novorozencl v postnatalnim obdobi jiz byla
publikovana (36), nase vysledky vSsak mohou slouzit jako referencni data pro NIRO-200.

V treti studii jsme zjistovali vztah krevnich hodnot NT-proBNP a velikosti oteviené tepenné duceje u
novorozencl velmi nizké porodni hmotnosti po prvnim tydnu po narozeni. Dosud publikované studie
popisuji tento vztah vprvnim tydnu (13,54,55). Dlvodem je snaha vétsiny pracovist uzavfit
(farmakologicky nebo chirurgicky) PDA a predejit pfipadnym komplikacim souvisejicich
s hemodynamicky vyznamnym PDA. Kauzdlni vztah mezi PDA a komplikacemi ani pozitivni vliv
uzdvéru duceje na psychomotoricky vyvoj vsak nebyl prokazan. Stale castéji akceptovany
konzervativni a observacni pfistup vede k vétSimu mnozstvi pacientl s PDA po prvnim tydnu. V nasi
kohorté pacientli NT-proBNP koreluje s primérem PDA prvni 3 tydny, ddle rozdily nebyly signifikantni
pravdépodobné diky malému mnoZzstvi pacinet(. V klinické praxi se pfi posuzovani vyznamnosti PDA
ultrazvukem hodnoti kromé priiméru celd fada parametr(i — charakter toku v PDA, pomér velikosti
levé siné k aorté, priimér PDA k praméru levé vétve plicnice, retrogradni toky ve velkych arteriich
atd. Zadny z nami sledovanych parametr( nekoreloval s NT-proBNP. Vysvétlenim je pravdépodobné
vliv jinych faktor( — velikost foramen ovale, schopnost srdce zvysit srde¢ni vydej, rozdily v systémové
a plicni vaskularni rezistenci u pacientt, uméla plicni ventilace a mnoho dalsich faktor(.

Ctvrtd publikace je soubornym referdtem popisujici dnedni znalosti a moZnosti biochemickych
markerl v diagnostice myokardiadlniho selhani. PouZiti vétSiny z nich limituje mala specificita a
nedostatek informaci z dobfe provedenych studii u novorozencu. Nejvice zkuSenosti je se skupinou
troponinu, cTnT a cTnl a dale NT-proBNP nebo BNP u diagnostiky oteviené tepenné duceje a jeji

hemodynamické vyznamnosti.
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7. Zavéry

7.1. Parametry diastolické funkce komor se u novorozencli s porodni hmotnosti pod 1250 gramu
béhem 48 hodin po narozeni signifikantné méni a tyto zmény mohou reprezentovat diastolickou

myokardialni dysfunkci.

7.2. Navrat horni dutou Zilou, levostranny a pravostranny srdecni vydej stoupaji v prvnich 48
hodinach. Oxygenace mozku reprezentovand cTOIl ve 12. hodiné klesla se sou¢asnym vzestupem

extrakce kysliku z krve. cTOI negativné korelovalo s pritokem horni dutou Zilou v 6. hodiné.

7.3. Koncentrace NT-proBNP je signifikantné zvySena u nedonosSenych novorozencl s otevienou

tepennou duceji a koreluje s primérem duceje v prvnich 3 tydnech po narozeni.

7.4. V biochemické diagnostice myokardialni dysfunkce je nejvice zkuSenosti scTnl, cTnT a NT-
proBNP. Z(stavaji ale komplementarnim vySetfenim k ostatnim metodam vysSetfeni myokardialni

dysfunkce.

8. Conclusions

8.1. Parameters of diastolic ventricular function change significantly over the first 48 hours of life in
neonates with birth weight less than 1250 grams. These changes may represent early diastolic

dysfunction.

8.2. Superior vena cava flow, left and right ventricular output increased during the first 48 hours of
life. Cerebral oxygenation represented by cTOl decreased at 12 hours of life with concomitant
increased blood oxygen extraction. There was a negative correlation between cTOl and SVC flow at 6

hours of life.

8.3. Concentration of NT-proBNP is significantly increased in preterm newborns with a patent ductus

arteriosus and correlates with diameter in the first three weeks of life.

8.4. There are most experiences with cTnl, cTnl and NT-proBNP in biochemical diagnosis of
myocardial dysfunction. There useability remains as complementary tests to other methods of

myocardial dysfunction assessment.
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