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Kontuzia pluc

= pacastejsim poranenim hrudnika u deti

= 50% - bez viditelného vonkajsieho poranenia

= na plucny parenchym pésobi velka tupa sila (tlakova trauma)

" poskodisa kapilarna siet dochadza k uniku tekutiny do okolitych tkaniv
= ventilaCno-perfuzny mismatch

= progresia edému vedie progresii PARDS



Kontuzia pluc
- zapalové zmeny a zmeny permeability

Topenie/aspiracia
- zapalové zmeny a zmena permeability

- PARDS - PARDS
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PARDS

Nizka poddajnost’ pluc

— narusenie funkcie endogénneho surfaktantu

.

Injured Alveolus during the Acute Phase

- znizenim tvorby s 5] s

Sloughing of bronchial epithelium

« zmenou zlozenia a struktury _— e

« zvySenim deaktivacie

e poruchou clearence




Priame poskodenie W > PARDS etiol6gia < W Nepriame poskodenie
plic pfuc

* Pneumonitis » Sepsa
* Aspiracia, utopenie @

* Trauma, polytrauma

* Sok

* Intoxikacie liekmi

* Kardiochirurgické vykony
* TRALI

*iné ...

» Trauma pluc

* Inhalacné poskodenie
* Termické poSkodenie
*iné ...

priebeh PARDS
 Zapal
* Pfucny edém

* \Wplavenie zapalovych markerov

Aplikacia exogénneho

Poruchasurfaktantu surfaktantu
- Atelekazy a hyperinfacia “off label”

* V/IQ nepomer
« W vymeny plynov, hypoxia

Obnovenie aktivheho

Systémova progresia e | g surfaktantového povrchu
* hypoxia « ZniZenie povrchovejtenzie v alveoloch
* hyperkapnia e 0 Wi » rovhomerna alveolarna expanzia

Obnova plucnych funkcii

. Komplikacie . = o « Znizenie edému pluc
) P.r og’reS|a,I’VIODS O » Uprava vymeny plynov
: FlbtroZa pldc T Ve « Minimalizovanie poskodenia pl'uc
* exitus




PARDS charkterizuje poskodenie:

Skora faza

» Arteriolo-kapilarny endotel
» Alveolarny epitel — Pneumocyty l. a ll. Typu
» Burlivy zapalovy proces v alveoloch

Neskora faza

» porucha endogénneho surfaktantu a vznik atelektaz
— Inhibicia, inaktivacia end.surfaktantu

Vysledok akutnej fazy
» kolaps alveolov a edém pluc

Normal Alveolus

Alveolar air space

Type | call

Epithelial
basement
membrane /

Injured Alveolus during the Acute Phase

Protein-rich edema fluid




Terapia Exogénnym Surfaktantom - ,premostiujlca liecba”

v" Poskytuje pacientovi a lekdrom cas potrebny na zvlddnutie kritického stavu,
v' ZlepSuje oxygendciu a znizuje V/Q pomer,

v UmoZni vyuzit’ Standardné terapeutické postupy a procediry na liecbu
hlavnej priciny ARDS.
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The effect of exogenous surfactantin patients with lung contusions and acute lung injury.

Tsangaris, 1., Galiatsou, E., Kostanti, E., Nakos, G.
Intensive Care Med. 2007 May;33(5):851.

Sixteen ventilated trauma patients with severe refractory hypoxemia (PaO(2)/FIO(2)<150 mmHg) and lung
contusions.

Conclusions: Surfactant replacement was well tolerated in patients with lung contusions and severe
hypoxemia and resulted in improved oxygenation and compliance.
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Surfactantdysfunction in lung contusion with and without superimposed gastric aspirationin a

rat model.
Raghavendran, K., et al.
Shock. 2008 Nov; 30(5): 508-517.

The results show that surfactant dysfunction is important in the pathophysiology of LC with or without
concurrent gastric aspiration and provides a rationale for surfactant replacement therapy in these prevalent
clinical conditions.
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Acute respiratory failure (ARDS) in a young child after drowning accident: therapy with

exogenous surfactantand high frequency oscillatory ventilation.
Marx, M., et al,,
Wiener Klinische Wochenschrift, 01 Jan 1995, 107(4):146-148

Treatment with exogenous surfactant and high frequency oscillatory ventilation, a well-established procedure in

neonatology, was responsible for the favorable outcome. The high cost of surfactant therapy, however, is the
main limiting factor for this kind of treatment in children beyond the neonatal period, but it may be the last
therapeutic resort in the management of severe ARDS.
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Exogénny surfaktant-
cesty aplikacie?

Nebulizacia

len 5% surfaktantu sa dostane do alveolov

Trachealna instilacia

Potreba vyssich davok, necielena distribucia

Bronchoskopicky
BAL umozni vydcistit’ alveoly od inhibi¢nych /
proteinov a lipaz pred vlastnou surfaktantovou
terapiou.
Cielena instilacia a lepsia distribucia



Normal Alveolus

Alveolar mr space

Type 1 oell

Epithelind
baserment
membrane

Intarstitivm T'po Wl cell
Alveoctsr

( macrophage
"?
,3

, >

oell

Endothelial
basermnent

Red cell

Fibeohlast

lniund Alvooluo animtho Acute 'huo

Proteirrch edema Buad

oughing of bronchial epithelium

SOroli OF ppoptotic type | cell

wollen, injured
endothelinl celis

Preco BAL?

Najlepsi sposob na
mechanické preplachnutie
alveolov

Odstranit’ zdpalové
produkty z alveolov.

Ponechat’ tam malé
mnozstvo ex.surfaktantu

protein inhibition

a) Normal lung b) Injured lung
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Gommers, D. et al: Bronchoalveolar lavage with a diluted surfactant
suspension prior to surfactant instilation improves the effectiveness of
surfactant terapy in experimental ARDS. (intensive Care Med, 1998, 24: 495-500)
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Cochrane ChD. et al: Surfactant Lavage Treatmentin a Model of Respiratory
Distress Syndrome. Lavage vs bolus. (Chest, 1999, 116, 85-86)
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Untreated
Control

3h 3h+15' 4h 6 /

Bolus KL4-Surfactant Lavage with
(100 mg/kg) KLg4-Surfactant
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Strohmaier, W. et al: Bilateral bronchoalveolar lavage with diluted surfactant can
effectively improve lung function after experimental unilaterallung contusionin
PigS. (Crit Care Med 2005; 33: 2286-2293)

Broncoscopic BAL in piglets with ES:
25 mg/kg, concentration 5 mg/ml, dilution NS 5 ml/kg
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[ Lam, B, Yeung, CY: Surfactant Lavage for Meconium Aspiration Syndrome: A Pilot Study. (Pediatrics 1999; 1014-1018) \

(a) Fractional inspired oxygen concentration (b) Mean airway pressure
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Marraro, GA, et al: Selective medicated (normal saline and exogenous surfactant) BAL in severe aspiration
syndromein children (Pediatr Crit Care Med, 2007, 8, 5)
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Figure 1. Oxygenation index significantly reduced starting from *24 hrs (p = .0008) and after **36 hrs
(= 0001 and #*48 hrs (p < 0001,

Figure 2. Paco/Fros significantly improved starting from *24 hes (0 = 0018) and after **235 hrs (p <

0001) and **48 hrs (p =< 0015

Children <1y BFS BAL dose 240 mg ES/25 mI NS =10 mg/ml,
Children 1-6y BFS BAL dose 240 mg/50 ml NS = 5 mg/ml
Children > 6y BFS BAL dose 240 mg/100ml NS = 2,4 mg/ml

1 hour after BAL - supplementation dose ES 240 mg
1 hour after BAL - supplementation dose ES 240 mg
1 hour after BAL - supplementation dose ES 240 mg




Analyza suboru pacientov s PARDS na nasej klinike
2006 — 2020

203 deti s PARDS (lieCenych s exogénnym surfaktantom) — ,off label”

118 chlapcov — 85 dievcat

B 1m.-3y. 3-6y. E6-12y. 12-19v.

Vek
1 mesiac - 19 rokov
(priemerny vek - 5.1r.)

Spésoby aplikacie Ne

1. Bronchoskopicka aplikacia 51
BAL s riedenym ES + suplementacna davka ES
’ 2. Bronchoskopicka aplikacia
HmOtnOSt bez BAL — len podanie suplementacnej davky riedeného ES 68
2_’1 kg - 92 kg 3. Aplikacia do endotrachealnej kanyly 84
(prlemer 26.3 kg) bez BAL — len podanie suplementaénej davky riedeného ES

Department of Pediatric Anesthesiology and Intensive Care, JLF UK Martin, Slovakia
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Etiologia PARDS

Etiolégia N©°
Sepsa 64
Pneumonia, bronchiolitida 42
Aspiracia 27
Kontuzia pluc 23
Topenie/utopenie 20
Sok 13
SARS, MERS, SARS-CoV-2 6
Abdominal compartment sy. (MODS) 4

Department of Pediatric Anesthesiology and Intensive Care, JLF UK Martin, Slovakia



Davka N° davok Timing Cesta aplikacie

Podanie do
ETK

Posledna
Terapeuticka

100 mg/kg 2 davky

moznost’

BSK

malym objemom
50 mg/kg 2 davky skoér

BSK
Vaésim objemom

. . BSK
2 O O 9 25 mg/kg 1 davka Takrychlo _Novy protokol

ako sada

----- Novy protokol aplikdcie exogénneho surfaktantu



Dni na UPV PICU dni outcome mortalita

2006

2008

2020




17 r.chlapecs
PARDS

-utopenie,
-po BLS + PALS

16.7.07 22.% g 17.7.07 08.%

Department of
ped.anesth.
and Intensive care

JLF UK Martin, 00
Slovakia 17.7.07 22.% : 18.7.07 12.




3 r. chlapecs
PARDS

-Kontazia pl'ac
-autonehoda

22.5.201006.%

Department of
ped.anesth.

and Intensive care
JLF UK Martin,
Slovakia

24.5.201018.90 =

22.5.201012.%¢
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Vysledky — zmeny po aplikacii exogénneho surfaktantu
(priemerné hodnoty od v&etkych pacientov)
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Department of Pediatric Anesthesiology and Intensive Care, JLF UK Martin, Slovakia
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Department of Pediatric Anesthesiology and Intensive Care, JLF UK Martin, Slovakia
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’ - bronchoskopicky BAL s riedenym ES + suplementaéna davka ES (ASAP) (N° 51)

B bronchoskopicky bez BAL len suplementaéna davka ES (ASAP) (N° 68)

A - aplikacia riedeného ES priamo do endotrachealnej kanyly (ASAP) (N° 75)

. - aplikacia riedeného ES priamo do endotrachealnej kanyly (the last therapeutic option) (N° 11)

Department of Pediatric Anesthesiology and Intensive Care, JLF UK Martin, Slovakia



Mortalita deti s PARDS

Timing podania exogénneho surfaktantu

Posledna terapeuticka moznost  30,8% | Co najskér po stanoveni Dg PARDS 10,3%

$ ¥

Pricina mortality

nonrespiraéna 12% nonrespiraéna 87%
P

respiraéna 28% respiraéna 13%

Department of Pediatric Anesthesiology and Intensive Care, JLF UK Martin, Slovakia



Protokol pre aplikaciu exogénneho surfaktantu
priamo do endotrachealnej kanyly

Celkova Celkova davka

davka Davka ES Supplementacna tekutiny na
exogénneho pre BAL davka ES riedenie ES
surfaktantu (max.)

Pocet
Sposob aplikacie Pocet BAL  suplementacnych
davok ES

do15 kg 50 mg/kg 0 50 mg/kg 0,5-1,25 Priamo do ETK 0x 1x denne
mi/kg
nad 15 kg 25 mg/kg 0 25 mg/kg 0,5-1,25 Priamo do ETK Ox 1x denne

mi/kg




Protokol pre bronchoskopicku aplikaciu

Celkova

davka Davka pre = Suplementacna Celkovy Sposob aplikacie Pocet Pocet

exogénneho BAL davka objem BAL suplementacii
surfaktantu roztokov

dol5 kg 50 mg/kg 20 mg/kg 30 mg/kg 5 ml/kg Bronchoskopom 2x 1x

nadl5 kg 25 mg/kg 10 mg/kg 15 mg/kg 5 ml/kg Bronchoskopom 2x 1x




Protokol pre deti do 15 kg (bronchoskopom)

Priame poskodenie AR DS OI > 15 Nepriame poskodenie
Pneumoénia Sepsa
Aspiracia . Tazka trauma
Kontuzia plic paOZ/FI 02<3OO Cardiopulmonamy bypass
Tukova embdlia Intoxikacia liekmi

Utopenie Akutna pankreatitida
Inhalaéné poskodenie ‘ TRALI

BAL bronchoskopom

BAL -rozried 20 mg/kg exogénneho surfaktantu do 3,75 mi/kg FR

1x BAL na pravom boku - 1/2 objemu BAL (BSK) do pravého hlavhého bronchu
1x BAL na Pavom boku - 1/2 objemu BAL (BSK) do Pavého hlavhého bronchu

SUPPLEMENTACIA - bronchoskopom

Maximalne do 24 hodin od za¢atia mechanickej ventilacie

rozried’ 30 mg/kg exogénneho surfaktantu do 1,25 ml/kg FR

1/2 objemu podaj do pravého hlavhého bronchu (bronchoskopom)
1/2 objemu podaj do Favého hlavhého bronchu (bronchoskopom)

Ak je to mozné — neodsavat’ DC 4 hodiny



Protokol pre deti nad 15 kg (bronchoskopom)

Priame poskodenie AR DS OI > 15 Nepriame poskodenie
Pneumoénia Sepsa
Aspiracia . Tazka trauma
Kontuzia plic paOZ/FI 02<3OO Cardiopulmonamy bypass
Tukova embdlia Intoxikacia liekmi

Utopenie Akutna pankreatitida
Inhalaéné poskodenie ‘ TRALI

BAL bronchoskopom

BAL -rozried 10 mg/kg exogénneho surfaktantu do 3,75 mi/kg FR

1x BAL na pravom boku - 1/2 objemu BAL (BSK) do pravého hlavhého bronchu
1x BAL na Pavom boku - 1/2 objemu BAL (BSK) do Pavého hlavhého bronchu

SUPPLEMENTACIA - bronchoskopom

Maximalne do 24 hodin od za¢atia mechanickej ventilacie

rozried’ 15 mg/kg exogénneho surfaktantu do 1,25 ml/kg FR

1/2 objemu podaj do pravého hlavného bronchu (bronchoskopom)
1/2 objemu podaj do avého hlavného bronchu (bronchoskopom)

Ak je to mozné — neodsavat’ DC 4 hodiny



Protokol pre deti nad 40 kg (bronchoskopom)

Priame poskodenie Nepriame poskodenie
Pneumoénia ARDS OI > 15 Sepsa

Aspiracia . Tazka trauma
Kontuzia plic paOZ/FI 02<3OO Cardiopulmonamy bypass
Tukova embdlia Intoxikacia liekmi

Utopenie Akutna pankreatitida
Inhalaéné poskodenie TRALI

BAL bronchoskopom

BAL - rozried’10 mg/kg exogénneho surfaktantuv 3,75 ml/kg FR

3x BAL napravom boku
1x- 1/5 objemu BAL pravy apikalny bronchus (bronchoskopom)
1x- 1/5 objemu BAL pravy stredny bronchus (bronchoskopom)
1x- 1/5 objemu BAL pravy dolny bronchus (bronchoskopom)

2x BAL nalavom boku

1x- 1/5 objemu BAL Favy horny bronchus (bronchoskopom)
1x- 1/5 objemu BAL Favy dolny bronchus (bronchoskopom)

SUPPLEMENTACIA - bronchoskopom

Maximalne do 24 hodin od za¢atia mechanickej ventilacie

rozried’ 15 mg/kg exogénneho surfaktantu v 1,25 ml/kg FR

1/5 objemu podaj do pravého apikalneho bronchu (bronchoskopom)
1/5 objemu podaj do pravého stredného bronchu (bronchoskopom)
1/5 objemu podaj do pravého dolného bronchu (bronchoskopom)

1/5 objemu podaj do ravého horného bronchu (bronchoskopom)
1/5 objemu podaj do ravého dolného bronchu (bronchoskopom)

Ak je to mozné — neodsavat’ DC 4 hodiny



A to je kruta realita dnesnych dni
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