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Osnova prednasky

* Néco malo z fyziologie PK a patofyziologie PHT

* Mechanismus ucinku inhala¢nich prostacyklinti/analog
* Hemodynamicky efekt

* Evidence klinického efektu - muj skepticky pohled

* Technika podavani iPG

* Jak to delame ve VFN

* Troufalé doporuceni



Systemic venous congestion

Increased wall stress
+ O, demand

LV underl'llling

rrrrr
......

\/
1CO
v
Hypotension

'

u\

Organ

malfunction
A

Hypoperfusion
European Heart Journal (2025) 46, 2520-2535
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Co neumerne zvysuje afterload PK?

Mimotelni Podani Mechanicka
obéeh (CPB) protaminu ventilace
Spousti endotelialni Vyvolava akutni plicni Zvyseny intratorakalni
dysfunkci, vazokonstrikci tlak a neadekvatni
generalizovanou zprostredkovanou PEEP
zanetlivou kaskadu a masivnim uvolnenim primo komprimuiyji
tvorbu mikrotrombu tromboxanu. kapilarni recCiste a
v plicnim recisti. zvysuji plicni cevni
rezistenci (PVR).




Kaskada kardiogenniho soku pravé komory

1. Tlakové
pretizeni
(PVR 1)

5. Snizeni perfuze E-SE:?EC; l:flfeio
koronarnich tepen P (Ventr?cular
(Ischemie myokardu PK) o ecieissrciamal
4. Systémova 3. Urjderﬂllmg

levé komory

hypotenze : (€O L)
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Vazodilatancia v plicnim recisti

Systémova cesta Inhalacni cesta

Vazodilatace i v neventilovanych oblastech Selektivni vazodilatace pouze ve ventilovanych
(narast intrapulmonalniho zkratu). alveolech. Zlepseni V/Q poméru.

Klicovy benefit: Pokles PVR bez systémové hypotenze a zachovani koronarni perfuze. ]

M Gemini Notebook




Mechanismus 1: lloprost

) lloprost
Aktivace receptoru:

Analog prostacyklinu se vaze

, m
svaloviny plicnich cev.

na IP receptory hladke

Adenylylcyklaza o'

Produkce: Stimulace
adenylatcyklazy prudce
zvysuje tvorbu cAMP




Zrejmy hemodynamicky profit

 Selektivni plicni vazodilatace:
Okamazité snizeni PVR a stredniho tlaku
v plicnici (mPAP).

 ZlepSeni oxygenace: Redukce
intrapulmonalnich zkratu diky cileni na
ventilované oblasti (V/Q matching).

* Ochrana pravé komory: Nahly pokles
afterloadu brani dalsi dilataci a ischemii
myokardu.

* Klinicka realita: Efekt je masivni a
meéritelny v realném Case na sale.

Pred inhalaci (PVR) Po inhalaci (PVR)



Dotaznik

Ma pouziti inhalacnich vazodilatancii néjaky klinicky benefit pro
pacienta?

ANO / NE



Aerosolized Vasodilators for the Treatment of

Pulmonary Hypertension in Cardiac Surgical Patients:
A Systematic Review and IV Comparison of inhaled nitric oxide with aerosolized prostacyclin or
analogues for the postoperative management of pulmonary hypertension: a
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Meta-Analysis
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EVIDENCE BASED MEDICINE

Table 2. Meta-analysis Results

Inhaled Aerosolized Vasodilators Inhaled Aerosolized Vasodilators Versus
Versus Placebo IV Vasodilators
P Value P Value
Qutcome N2 ES" (95% CI) (12 %) N@ ES® (95% ClI) 12 (%)
Hemodynamic variables
MAP 4 (90/86) —2.56 (-10.51 to 5.39) .53 (55%) 5 (144/76) 8.24 (1.44-15.03) .02 (81%)
(mm Hg)
MPAP 4 (90/86) —1.10 (-5.74 to 3.53) .64 (42%) 5 (144/76) -2.57 (-7.8bto 2.71) .34 (90%)
(mm Hg)
PVR 3 (88/86) —22.64 (-80.80 to 35.53) A5 (61%) 4 (134/66) —41.36 (-79.06 to —3.65) .03 (37%)
(dyne-sec/cm?®)
RVEF 4 (80/43) 7.29 (4.70-9.88) =.00001* (0%)

Mortality 4 (98/96) 0.68 (0.21-2.17) .51 (0%)
Length of stay in 3 (8B8/86) 0.66 (0.13-1.19) .01 (0%)
ICU (days)

Length of stay in hospital 3 (88/86) 1.04 (-2.65 to 4.74) .58 (42%)
(days)

Anesth Analg 2017;125:393-402



lloprost vs placebo

Risk Ratio (95% Crl)
Compared with usual_care_or_placebo
DBT_NTG < > 0.0502 (1.36e-12, 2.28e+08)
ENOX < > 6.93e-05 (4.65e-21,2.41e+10)
enter_SILD < 0.000524 (1.86e-12, 2.49)
in_ILOPR O 0.989 (0.529. 1.86)
in_MILR «— o] 0.411 (0.0149, 4.44)
in_NO < + > 1.01 (0.0300, 41.0)
in_PROST < 5.02e-06 (1.26e-17,0.706)
LEVOS < > 423.(3.65e-09, 2.56e+17)
MILR < > 0.0498 (1.58e-12, 1.88e+08)
NPR < 9.80e-06 (2.22e-17, 3.62)
TEZO | ——— | 1.49 (0.689, 3.41)

0.1 1 10

S. Sardo et al. / Journal of Cardiothoracic and Vascular Anesthesia 37 (2023) 22612271



Comparison of inhaled nitric oxide with aerosolized prostacyclin or
analogues for the postoperative management of pulmonary hypertension: a

systematic review and meta-analysis

Shih-Hong Chen®P<, Li-Kuei Chen®¢, Tsung-Han Teng and Wei-Han Chou?®

(A) Mean pulmonary arterial pressure

Study name Pediatric/Adult D iCueme ['?w_er [.!II].EF Z-Value P-Value Difference in mean change and 95% C1 R;ils:tuve
in mean change limit limit Weight
Fattouch (20035) [20] Adult =1.00 -4.33 133 -0.588 0.557 —.— 17.71
Fattouch (2006) [21] Adult 2.00 =3.00 ERLL 0.784 0433 T 1523
Winterhalter (2008) [25]  Adult 1.00 -3.29 5.29 0457 0.647 —T 1632
Khan (2008) [22] Adult -0.00 -06.79 -5.21 -14.892 0,000 . 20,21
Loukanoy (2011)[24] Pediatric 1.40 -B.05 10.85 0.250 0.772 L 9.23
Kirbas (2012) [23] Pediatric 3.00 757 1357 0556 0578 .. 811
Abe (2017)[19] Adult 340 -2.95 975 1.049 0.294 13.18
Pooled effect (Pediatric) 2.11 -4.94 216 0.587 0.557
Pooled effect (Adulr) -0.57 -4.87 373 0259 0.79%
Pooled effect (Total) -0.10 -3.98 3.78 -0.051 0,959
A4.00 -T.00 0.00 T.00 14.00

Heterogeneity test: Favours inhaled prostacyclin group Favours inhaled nitric oxide group
Pediatric: () = 0.049, df = 1, P =0.825, l-square = (%
Adult: O =33.06, df =4, P <.001, [-squarc = 87.90%
Total; Q= 37245, df =6, P <001, l-square = 83.89%
(B} Pulmonary vaseular resistance
Study name Pedbaricikdng . 590Dl Linwte:  Upms 5 0o Piabae Std. DIfT. in mean change and 95% CI Hskative

- in mean change limit limit Weight
Fattouch (20035) [20] Adult -0.58 122 0,035 =1.795 0073 + 4 23.00
Fattouch (2006) [21] Adult 0.27 0.36 0LE9 0843 0399 — .._ 23.23
Winterhalter (2008) [25]  Adult -0.34 0.92 .24 -1.142 0253 * — 2399
Loukanoy (2011) [24] Pediatric -1.55 -2.71 -0.40 2630 0.009 14.51
Abe (20017 [19] Adult 0.37 0.73 1.47 0.667 0.505 & 1528
Pooled effect (Pediatric) -1.55 =271 -0.40 NA NA
Pooled effect (Adult) -0.16 -0.50 017 -0.952 0.341 :
Paoled effect (Total) -0.27 -0.60 0as -1.649 D099

Heterogeneity test:
Pediatric: not assessed

Adult: Q=4.777, df= 3, P = 0,189, [-square = 37.20%
Total: Q= 12.566, df =4, P =014, l-square = 68.17%

-3.00 -1.50 0.00 1.50

Favours inhaled prostacyclin group

ANNALS OF MEDICINE
2020, VOL. 52, NOS. 3-4, 120-130

Favours inhaled nitrie oxide group
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Klinicky efekt inhalacnich vazodilatancii '
Studie podle zdroje financovani 1 @

Priamyslové sponzorované studie
Financovani farmaceutickou firmou

Nezavislé studie

Bez primyslového financovani
Bez relevantniho stretu zajm( autord

Autor, rok Casopis Design / populace Srovnani Autor, rok Casopis Design / populace  Srovnani
Chen et al. | Metaanalyza iINO vs. prostacyklin Potapov et al. Iy The Journal of RCT (n = .
Annals R ; 0 (n = 203)
7 studii, n = 195 Heart and Lung ; . INO vs. placebo
2020 of Medicine é osk:rdI:orc]hirurgiz i'rlgg:g::i,n?goprostenol, 20M 5@ Transplantation PO LVAD implantaci
Bhadiiiietal | _ RCT (n = 223) Khan et al. B Tt and RCT (n = 33)
e " Circulation po velkych iNO vs. epoprostenol 2009 Cardiovascular Surgery (. /LTx iINO vs. epoprostenol
kardiochirurgickych JTCVS
vykonech
Retrospektivni kohorta Fattouch et al CM
Meyer et al. _ , attouch et at. RCT (n = 60 :
202’% JHLT Open (n=77) INO — iEPO 2006 ,}!m.af k( i h.) . iNOvs. placebo
po kardiochirurgii Cardiovascular Medicine PO Karaiocnirurgll
(switch INO — iEPO)
Ollosu et al. JCVA Metaanalyza iNO vs. iloprost Abe et al. Genbeyl Thorack: and RCT (n = 16) iNO vs. epoprostenol
2026 Journal of Cardiothoracic (kongenitélni Vady’ (i dalsi) 2017 e Pe PEA (CTEPH) e

and Vascular Anesthesia ~ Pediatricka populace)
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Registrace léciv: Klinicka realita vs. legislativa

Latka EU / EMA (CR) USA / FDA
Pouze neonatalni plicni Pouze neonatalni
Inhalacni NO (iNO) hypertenze a perioperacni | populace (jinak off-label).
pouziti.

Schvaleno pro chronickou | Schvaleno pro PAH

Inhalacni lloprost / PAH (akutni na JIP je off- | (akutni kardiochirurgie je

Epoprostenol label). off-label).
Striktné off-label Striktné off-label
Inhalaéni Milrinon (puvodné uréeno jen pro | (puvodné uréeno jen pro

IV podani). IV podani).




Proc podavame inhalacni vazodilatancia?
Mezi snahou pomoci a terapeutickou iluzi

ag e . H + < 7 * 2 v
Kriticky nemocny Nejistota ’spatna Musime néco udeélat
pacient prognoza
v

_——
-
.

g J L '

Zlepseni hemodynamiky
/ oxygenace

Terapeuticka iluze

Sp02 = 82% Sp02 = 95%
PAP 1 PAP |
PVR 1 PVR J

Posilovani viry v lécbu = dalsi pouzivani intervence

Zlepseni hemodynamiky NEZNAMENA lepsi klinicky outcome!
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Inhaled iloprost
(illoprost)




Aby nebulizace fungovala

50 nm—=1 pm

Ann Transl Med 2021;9(7):588 | http://dx.doi.org/10.21037/atm-20-5665



Pneumatické (jet) a ultrazvukové nebulizatory

Jet nebulizatory (Pneumatické):

Nutnost externiho pritoku plynu rusi
mechaniku ventilatoru. Obrovsky mrtvy
objem. Ucinnost doruceni pouze ~3-5 %.

Ventilator Waveform

_@ Ultrazvukové nebulizatory:
1 Generuji teplo (az o0 10-15 °C). Zasadni

riziko termalni degradace citlivych
farmakologickych latek (napr. iloprostu).




Mesh (vibrujici sitka) nebulizatory

Princip: Vibrujici membrana A, Ucinnost: Vlozena
(mikropumpa) bez nutnosti \ o B U e—3-5um davka se dostava
externiho plynu. gL NPT N k pacientovi

\ v.enesln? v objemu 17-35 %
oo’y (nesrovnatelne
- \ ) vysSi oproti Jet).




Generovani tepla
(Degradace?)

Nutnost externiho
pratoku?

Zvyseni objemu/tlaku
ve ventilatoru?

Ucinnost doruceni
(Depozice)

Na nebulizatoru zalezi...

Jet Nebulizator Ultrazvukovy
Ne ANo
ANno Ne
Ano Ne
~3-5% Stredni

Vibrating Mesh

17-35 %



Kam s nim aneb na pozici zalezi...

30az80cm

Inspiracni vetev [ \

Ventilator Y-spojka

Exspiracni vetev

o Optimalni pozice: V inspira¢ni vétvi.
e Vzdalenost: 30 az 80 cm proximalné od Y-spojky.

 Fyzikalni duvod: Tento Usek hadice funguje jako rezervoar pro aerosol generovany
béhem exspiracni faze pacienta. Nebulizator umistény prilis blizko Y-spojky ztraci
vetsinu léciva odfouknutim do exspiracni vetve.



Na pozici nebulizatoru zalezi...

Ventilator

Vibrating mesh
nebulizer

o

l ‘?
!
L

—
q 3
—"lll
L QO
—
-

Inspiracni vetev

Nid!

Exspiracni
filtr

Exspiracni vétev




IEPO (Inhaled Epoprostenol) - zapojeni v okruhu UPV

Vibraéni mesh nebulizator

Aerogen® Solo / Pro-X
Ventilator l

Y-kus

S — = l
‘. i (] /
e E ! M) ; A
‘ = \

N — L \ o 4 a - —

A 4 \ QD

@ Inspiraéni vétev = = : 3\j
ET kanyla / trubice

Zvihéovac
(zapnuty) (bez HME filtru =
na strané pacienta)

Exspiraéni vétev
Exspiracni filtr



I - ‘ nspiratory

4 *\\,\_

Figure 3. Airway filter placement during mechanical ventilation for both iIEPO and iNO delivery.
Circulation. 2023;148:1316-1329. DOI: 10.1161/CIRCULATIONAHA.122.062464



Na pozici nebulizatoru zalezi i ve VFN




Kompletni Triada VFN

cAMP retence =
Zabrani rychlé

Inhalacni . ..
e degradaci, prodlouzi
Milrinon efekt bez

systémového dropu.

cAMP produkce = Inhalacni
Rychly pokles PVR. IIoprost

IV

Levosimendan Podpofi inotropii PK,

ochranuje myokard
metabolicky.
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Inhalacni iloprost

Vice prinosu za méneé nakladu iNO

lloprost




Dekuji za pozornost



VFN PRAHA




Dotaznik - vysledky

Ma pouziti inhalacnich vazodilatancii néjaky klinicky benefit pro
pacienta?

ANO / NE
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