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Pozvana Antalova prednaska na 96. Cesko-slovenskych Fyziologickych drioch 2020: Mokra
D: ,Akutne poskodenie pliuc — od patofyzioldgie k liecbe*

Uplatnenie vysledkov projektu

Z dovodu vyrazného zlep3enia perinatalnej starostlivosti a nasledného zvySenia poctu
pred€asne narodenych novorodencov sa zvySuje tlak na vyrobcov ventilatorov, ale aj na
vyskumnikov, aby sa rozsirili moznosti pouzitia a optimalizacie roznych ventilanych
rezimov, ktoré zabezpecia primeranu vymenu dychacich plynov a zaroven budu Setrné k
pfucam novorodencov.

Primarnym cielom projektu bolo zistit, i je neonatologicky ventilator Aura V od slovenského
vyrobcu Chirana, Stara Tura svojimi technickymi parametrami porovnatelny s inymi
neonatologickymi ventilatormi od zahrani¢nych vyrobcov. Merania na experimentalnych
modeloch respiraéného zlyhavania novorodencov (syndromu respiracnej tiesne
nedonosenych/syndrému akutnej respiracnej tiesne, RDS/ARDS a syndromu aspiracie
mekodnia, MAS) dokazali, Ze efektivita ventilatora Aura V je poCas aplikacie SV-CMV
ventilaéného rezimu plne porovnatelna s inymi ventilatormi, vdaka ¢omu by sa mohlo jeho
pouzitie v buducnosti rozSirit' aj do skupiny novorodeneckych pacientov. Okrem toho sme na
modeloch RDS/ARDS a MAS testovali nové a velmi sflubné, ale doteraz malo zname
ventilacné postupy (viacuroviovu ventilaciu a kombinovanu ventilaciu pomocou
vysokofrekvencénej oscilacnej ventilacie a konvenénej mechanickej ventilacie), ktoré by
mohli byt uzito€né aj pre ventilaciu novorodeneckych pacientov s respiranym zlyhavanim.
RieSenie projektu prinieslo viaceré nové poznatky o neStandardnych moznostiach ventilacie,
ale aj o neziaducom vplyve primarneho poSkodenia pluc na iné organy (srdce, pecen,
obli¢ky), €o by mohlo v buducnosti viest' k zlepSeniu prezivania pacientov s RDS/ARDS a
MAS a tiez k minimalizacii moznych nasledkov akutneho poskodenia plic ako aj pouzitia
réznych druhov ventilaénej lieby.

Ocakavame, Ze vyrobca ventilatora Aura V Chirana s.r.o. v kratkom ¢ase vyuzije vysledky
nasho projektu a nase skusenosti s ventilaciou experimentalnych modelov RDS/ARDS a
MAS a pouZzije ich pre zavedenie inovacii a zlepSeni na zéklade nasich poznatkov, o méze
vyznamnou mierou prispiet’ ku skvalitneniu technickych parametrov pristroja. Nase poznatky
z oblasti testovania novych spdsobov ventilacie mézu byt prinosom aj pre inych
vyskumnych a klinickych pracovnikov, nakolko prina$aju nové informéacie o neStandardnych
moznostiach ventilacie, ktoré mézu byt uplatnené nielen pri ventilacii novorodeneckych, ale
aj dospelych pacientov s akutnym poskodenim pluc.

Suhrn vysledkov rieSenia projektu a naplnenia ciel'ov projektu v slovenskom jazyku
(max. 20 riadkov)
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- Efektivita ventilacie pomocou ventilatora Aura V je pocas nizkoobjemovej konvenénej
mechanickej ventilacie (SV-CMV) pine porovnatefna s SV-CMV rezimom ventilatora
SLES5000, ¢o sme potvrdili nalezom podobnych hodndt nielen ventilanych parametrov a
indexov oxygenacie a vymeny plynov, ale aj podobnymi koncentraciami markerov zapalu,
oxida¢ného stresu, tvorby plucneho edému ¢&i poSkodenia plicneho tkaniva. Okrem toho ma
ventilator Aura V nizSiu spotrebu kyslika pri SV-CMV rezime ako iné ventilatory.

- Pri porovnani s dalSimi ventilatnymi rezimami, ktoré pouzivaju malé dychové objemy, t.j.
vysokofrekvenénou oscilaénou ventilaciou (VFOV) a vysokofrekvencnou tryskovou
ventilaciou (VFTV) sme zistili, ze v désledku vy$3ej minutovej ventilacie pri vyssich
frekvenciach ventilacie (f. 600/min pri VFOV a f. 150/min. pri VFTV) dochadza k
dodato€nému miernemu zlepSeniu oxygenacie (najma pri VFOV ventilacii) a tiez ku
zvySenej eliminacii CO2 (najma pri VFTV ventilacii) v porovnani s CMV rezimom.

- V modeli MAS s heterogénnym poskodenim pfuc viedla viacurovriova (MLV) ventilacia v
porovnani s jednouroviovou CMV ventilaciou pri porovnatelnych hodnotach pH a PaCO2 v
arterialnej krvi k miernemu zlepSeniu oxygenacie, k znizeniu celkového poctu buniek a %
neutrofilov v BAL tekutine, redukcii tvorby plicneho edému ako aj znizeniu koncentracii
niektorych markerov zapalu a oxidacného stresu. Naopak, v modeli RDS/ARDS s
homogénnejSim poskodenim pfuc sa pouZitie MLV ventilacie ukazalo ako nevhodné, kedze
nezlepsilo alebo dokonca zhorsSilo parametre vymeny dychacich plynov a zvysilo riziko
vzniku pneumotoraxu. Rozdielne vysledky pre pouzitie MLV ventilacie v modeloch
RDS/ARDS a MAS pravdepodobne suvisia s odliSnymi charakteristikami poSkodenia pluc
pri tychto modeloch. Pouzitie viacuroviovych rezimov by pri heterogénnom poskodeni pluc
mohlo zlepsit distribuciu plynov do jednotlivych regidnov pluc s rozdielnymi vlastnostami a
réznym stupfiom poskodenia tkaniva. Ventilacia na viacerych hladinach tlaku pri MLV
ventilacii by tak mohla zlepsit' distribuciu plynov do pomalych bronchoalveolarnych
kompartmentov bez rizikovej zmeny objemoveého zatazZenia rychlych kompartmentov.

- Kombinovany VFOV+CMV rezim ventilatora SLE5000 sme testovali na modeli MAS s
nehomogénnym poskodenim pluc, kde sme predpokladali vyraznejSie pozitivne efekty
kombinovanej ventilatnej lieCby. Pri porovnani 3 réznych nastaveni VFOV+CMV rezimu
(1.skupina: frekvencia CMV 4/min., frekvencia VFOV 8 Hz, 2. skupina: frekvencia CMV
30/min., frekvencia VFOV 10 Hz a 3. skupina: frekvencia CMV 50/min., frekvencia VFOV 10
Hz) sme zistili najvyraznejSie zlepSenie respiraénych, ale aj zapalovych parametrov v 1.
skupine. Nasledné pilotné experimenty ukazali, ze vdaka zlepSeniu respiracnych
parametrov pri tomto type ventilacie je mozné zabezpedit dostato€nu vymenu plynov aj pri
pouziti len 35% koncentracie kyslika, €im je mozné redukovat’ poskodenie tkaniv kyslikom.
- Na overenie hypotézy, Ze aj pri CMV ventilacii je mozné vytvorit asymetricky profil prietoku
ventilacie, ktory méze ufahdit podavanie latok (tzv. inpulzny efekt) alebo zlepsit ich
odstrafiovanie (tzv. expulzny efekt), sme pouzili zdravé zvierata a zvierata s modelom
RDS/ARDS a modelom MAS. Efektivitu distribucie podanej latky resp. jej odstrafiovanie
sme hodnotili pomocou planimetrického a spektrofotometrického merania distribucie
zeleného histologického farbiva a inpulzny efekt aj pomocou zobrazovania magnetickou
rezonanciou (MRI) s viacerymi kontrastnymi latkami. Kym inpulzny reZzim mierne, ale
nesignifikantne zvysil mnozZstvo diagnostickych médii v pfucach a zlepsil homogenitu
distribucie v jednotlivych segmentoch pluc, vyssiu efektivitu expulzného rezimu v porovnani
s neutralnym rezimom sa nam nepodarilo dokazat. Pri oboch modeloch poSkodenia pfuc sa
mierne zhorsila distribucia podanej latky (inpulzny rezim) resp. jej odstrafiovanie (expulzny
efekt) v porovnani so zdravymi kontrolami.

- Pripravili sme spolahlivi metodiku na hodnotenie priestorovej distriblcie umelo vhananych
kontrastnych latok do plfic pomocou MRI, pri ktorej sa pluca Standardne nevysetruju,
nakolko su pre vysoky obsah vzduchu touto vySetrovacou metodou tazko zobrazitelné.
Metodika, ktoru sme pripravili a testovali v naSich experimentoch, by tak mohla v buducnosti
predstavovat’ dalSiu potencialnu moznost pre hodnotenie distribucie lie€iv v pfucach, ktora
by mohla ngjst’ aj SirSie laboratorne €i klinické uplatnenie.

- Akutne poSkodenie pluc, ktoré sme vyvolali u experimentalnych zvierat, viedlo v priebehu
niekolkych hodin k indukcii systémového zapalu, oxidaéného stresu a detekovatelnym
zmenam hladin markerov poskodenia tkaniva inych organov (srdca, pecene, obliciek).

- Podavanie 100% kyslika zdravym zvieratdm viedlo uz po 4 hodinach k zvySeniu
koncentracii hladin prozapalovych mediatorov, markerov oxidaného stresu a apoptdzy v
krvi, ale aj v inych organoch (srdce, pecen, oblicky).
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Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

- Effectivity of ventilation by ventilator Aura V during small-volume conventional mechanical
ventilation (SV-CMV) was fully comparable with SV-CMV regime of ventilator SLE5000 what
was confirmed by similar values of ventilatory parameters, indexes of oxygenation and gas
exchange but also by comparable concentrations of markers of inflammation, oxidative
stress, lung edema formation or lung tissue injury. In addition, comsuption of oxygen in SV-
CMV regime by ventilator Aura V was lower than by other ventilators.

- Comparison with other ventilation regimes using small volumes, such as high-frequency
oscillatory ventilation (HFOV) or high-frequency jet ventilation (HFJV) revealed that due to
higher minute ventilation in higher frequencies of ventilation (f. 600/min in HFOV and f.
150/min. in HFJV), the additional improvement in oxygenation (particularly in HFOV
ventilation) and more intensive elimination of CO2 (mainly in HFJV ventilation) in
comparison with CMV regime can be found.

- In model of MAS with heterogenous lung injury, multi-level (MLV) ventilation in
comparison to one-level CMV ventilation led in comparable values of pH and PaCO2 in
arterial blood to slight improvement of oxygenation, to decrease of total number of cells and
% of neutrophils in BAL fluid, to reduction of lung edema formation and to decrease in
concentrations of several markers of inflammation and oxidative stress. However, in
RDS/ARDS model with more homogenous lung injury the use of MLV ventilation was
unsuitable, while it did not improve or even worsened the parameters of gas exchange and
increased the risk of pneumothorax. Different results from the use of MLV ventilation in
RDS/ARDS and MAS models are likely caused by different characteristics of the lung injury
in these models. The use of MLV ventilation in heterogenous lung injury could enhance the
gas distribution into the individual lung regions characterized by different properties and
various extent of the tissue damage. Ventilation on several levels of pressure in MLV
ventilation could improve the gas distribution into the slow bronchoalveolar compartments
without the risk of volume overload in the rapid compartments.

- Combined HFOV+CMYV regime of ventilator SLE5000 was tested on MAS model with
nonhomogenous lung injury where we expected more obvious positive effects of the
combined ventilation. In comparison of 3 various settings of HFOV+CMV regime (1st group:
frequency CMV 4/min., f. HFOV 8 Hz, 2nd group: f. CMV 30/min., f. HFOV 10 Hz and 3rd
group: f. CMV 50/min., f. HFOV 10 Hz) the most significant improvement in respiratory and
inflammatory parameters was observed in the 1st group. Subsequent pilot experiments
showed that thanks to enhanced respiratory parameters, this combination is able to supply
adequate gas exchange even in 35% oxygen concentration, what might reduce the injury of
tissues by oxygen.

- To evaluate the hypothesis that also in CMV ventilation the asymmetric profile of the gas
flow can be elicited what can enhance delivery of substances into the lung (so-called
inpulsion effect) or to improve its removal (i.e. expulsion effect) we have used healthy
animals as well as animals with RDS/ARDS and MAS models. Effectivity of distribution of
delivered substance or its removal was evaluated by planimetric and spectrophotometric
measurement of distribution of histological green dye and inpulsion effect was also
evaluated by magnetic resonance imaging (MRI) with several contrast substances. While
the inpulsion regime was able to enhance slightly, but nonsignificantly the amount of
diagnostic media in the lung and improve slightly the homogeneity of distribution in the
individual lung segments, we were not able to demonstrate higher effectivity of expulsion
regime compared to neutral regime. In both lung injury models, the distribution (inpulsion
regime) and the removal (expulsion regime) have worsened in comparison to healthy
controls.

- We have prepared the reliable methods for evaluation of space distribution of artificially
delivered constrast substances into the lung using MRI by which the lung is standardly not
investigated because the lung is hardly visible due to high amount of air present in the lung
tissue. The methods which was prepared and tested in our experiments could in future
represent an other alternative for evaluation of distribution of drugs throughout the lung, with
more wide laboratory and clinical use.

- Acute lung injury evoked in experimental animals led within several hours to induction of
systemic inflammation, oxidative stress and detectable changes in markers of injury of other
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organs (heart, liver, kidneys).

- Inhalation of 100% oxygen by healthy animals caused within 4 hours an increase in
concentrations of proinflammatory mediators, markers of oxidative stress and apoptosis in
the blood but also in other organs (heart, liver, kidneys).
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