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Kyslik — nevyhnutny na prezitie
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Objavitelia

J. Priestley 1774: mohol by byt vhodny
pri ochoreniach pl'uc .... Ale nie u zdravych.

A. Lavoisier 1778: Vsetky prasiatka dychajuce Cisty
oxygen uhynuli; Cervené pl'uca

Becker + Clamann 1939: 65 hod 90% kyslik;
parestézie, dyspnoe, leukocytdza, horucka, pokles VC



Kyslik v mitochondriach

mitochondrial membrane potential
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Kyslik v prirode. 21 % staci?
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Lhasa, Tibet; 3600 metrov/morom




Hypoxia z vysky

BMJ 1998
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Tolerancia hypoxie
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AkuUtna hypoxia

Hypoxémia, hypoxia
Anaerobny metabolizmus
Vznik laktatu, acidozy
Deficit ATP

Smrt’ organizmu




Liecba hypoxie — kyslik!

Najcastejsie predpisovany liek
Dostupny f{',
Jednoducha apllleéua
Meratel'ny efekt =

Davka?




PREDavkovanie kyslika?

FIO, 21-100 %
PaO, 10-100 KPa
Hyperbaroxia (1,1-3 atm)
Pa0, 100-300 kPa o

SpO, < 100 %

PO, (kPa)



Co sa este deje v mitochondriach?

ROS signaling 1-2 o4
\ protection
catalase
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DE HEGE UHIO
(\I glutathione
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direct cellular injury

lipids DNA  proteins

ROS — reactive oxygen species
(reaktivne formy kyslika)



Oxidacny stres

Hyperoxia

Sepsa

Reperfuzia (ischemicko-reperfuzne
poskodenie)
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Kyslik v prlrode. 2& 9«&\(@
Sfélri%ﬁ& R, Chaffe




Historia hyperoxie

Paul Bert (1833-1886), francuzsky fyziolog
V roku 1878 popisal skodlivost’ kyslika pre CNS
Paul-Bertov efekt (kiCe ak >3 ATA)

James Lorrain Smith (1862-1931), Skot
V roku 1899 popisal skodlivost’ kyslika pre pl'Gica
Lorrain-Smithov effect

Smith, J.L. The Pathological Effects Due to Increase
of Oxygen Tension in the Air Breathed.
J. Physiol 1899;24:19-35.


http://en.wikipedia.org/wiki/File:Paul_Bert.jpg�

Historia

Kistler 1967; hyperoxia 6-72 hod, potkany
- tekutina v intersticiu
- desStrukcia endotelu

Freeman a Capo, 1981, potkany
- produkcia ROS
- oxidativny stres

Budinger 2011: potvrdené na mysiach

Paradigma: Hyperoxia — tvorba ROS na molekularnej
urovni z mitochondrii a inych zdrojov

J Biol Chem 1981
A j Resp Crit Med 2011



. o CNS:
Oci: Y Kfde
Strata pola
Katarakta
Krvacanie

O Pl'Uca:
Fibroza

Tracheobronchitis

Svaly:
Zasklby

Aphrodita, Rhodos



Hyperoxia a pl'ica

Anatomicky:
desStrukcia endotelu, alv. buniek (zhrubnutie), hyalinné
membrany, edém alveolov, tazke, Cervené pllica
Fyziologicky:

pokles VC, atelektazy, pokles difuzie, mierna obstrukcia,
zZvySena permeabilita

Klinicky:

tracheobronchitis, kasel, bolest, dychavica

ARDS




Hyperoxia a pl'uca

Normalne pl'Uca Hyperoxia
Patrudu 2010



ARDS a kyslikova liecba

Ashbaugh D et al: Acute respiratory distress in adults.
Lancet 1967;7511:319-23

Hypoxémia: skrat pre edem alveolov
(kardiogenny, ARDS, krvacanie do alveolov)

Neda sa zvysit’ saturacia hemoglobinu
Fyzikalne rozpusteny kyslik
Zvysenie obsahu — vysoké FiO,

PEEP ¢
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Pulmonary Oxygen Toxicity*

Robert M. Jackson, M.D., F.C.C.Pt

Although oxygen therapy has been used in the care of
critically ill patients for many years, the recognition of
pulmonary oxygen toxicity as an important clinical problem
is relatively recent. The biochemical basis of oxygen toxicity
is increased production of highly reactive, partially reduced
metabolites of oxygen, including hydrogen peroxide and
free radicals, by cells in hyperoxia. Enzymatic intracellular
defense mechanisms exist which protect cells from the toxic
effects of oxygen free radicals. The physiologic manifesta-

Podobnost’ pl'iicnej patoldgie...
1. Toxicita kyslika

2. Sok, trauma, sepsa

CHEST / 88 / 6 / DECEMBER, 1885 901

tions of oxygen toxicity include decreases in vital capacity,
diffusing capacity, and lung compliance. The pathologic
changes of oxygen toxicity are not specific and resemble
those of the adult respiratory distress syndrome. Many
drugs used in the care of patients, including bleomycin,
nitrofurantoin, and corticosteroids, may exacerbate oxygen-
induced lung injury. No effective pharmacologic means exist
for lessening pulmonary oxygen toxicity in humans.

The parallels in lung pathology in oxygen toxicity
and lung injury associated with a variety of disease
states including shock, sepsis, trauma, drug overdose,
and cardiac arrest have led investigators to consider
oxygen-induced lung injury a prototype of diffuse
alveolar damage. * Bachofen and Weibel* found patho-
Ogic changes resembling oxygen toxicity in patients
who died with ARDS but who had not received high
concentrations of inspired oxygen. The basic patho-
logic findings consisting of transformation of the
alveolar epithelium into cuboidal cells, interstitial
edema, and apparent deposition of connective tissue

were present regardless of the cause of ARDS. This
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Extracellural space
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Ucinky hyperoxie v pl'ticach

Kontinualna produkcia ROS

Zabranuje inhibicii PHD = degradacia HIF
Strata rastovych faktorov, zvlast' VDGF
Apoptoza + nekroza

Porucha endotelu = alv. epitelu

alveolarny edéem
Hypoxické respiracné zlyhanie ....
Hyperoxic Acute Lung Injury (HALI)




] Physiol (2003), 552.2, pp. 335344 DO 10,1113/ jphysiol 2003.049473
@ The Physiological Society 2003 www_jphysiol.org

Topical Review

Mitochondrial formation of reactive oxygen species

Julio F. Turrens
Department af Biomedical Sciences, University of South Alabama, Mobile, AL 36688, USA

d[O,]

=k[O;] [R*].
dt

As oxygen concentration increases, the rate of
mitochondrial O, + production increases linearly ( Turrens
et al. 1982). However, the release of H.,0O, from
mitochondria is biphasic, increasing at a faster rate above FiO. <0 6
609% O, (Turrens et al. 1985). The slower release of H,O, at 2 ’
lower P, suggests that the mitochondrial antioxidant
defences can compensate for sudden increases in the
concentration of this peroxide. Apparently these defences
become overwhelmed at higher P, which explains the
mitochondrial alterations observed in the lungs of animals
exposed to oxygen concentrations around 60 9% or higher
(Crapoetal. 1983).




Lethality of Hyperoxia in Primate Studies

First Author Year Primate " Fio, Days to Onset of Distress  Days to Death  Average Days to Death  Monrtality (%)  Study Length (d)
Friedrich’
Protocol 1 1944 Rhesus 4 = (.90 ND 16,18 17 50 20
Protocol 2 1944  Rhesus 8 =0.90 5 610 8 5 10
Weirt! 1965  Sooty Mangabey 2 0.98 3 6,9 7.5 100 9
Robinson?
Protocol 1 1967  Rhesus 8 0.85-0.90 2-3 12-16 14 38 16
Protocol 2 1967  Rhesus 15 1.0 2.3 47 ND 60 7
Kaplan® 1969  Rhesus 16 1.0 3-8 2-7 4 44 12
Robinson®? 1969  Rhesus 6 0.95 ND 49 6.5 33 14
Baboon 7 0.95 ND 48 6.3 57 14
Squirrel Monkey 12 0.95 ND 813 10 25 14
de los Santos!? 1985  Baboon 4 1.0 ND 6 6 25 14
Protocol 1
de los Santos?! 1987  Baboon 8 1.0 ND 7 6 50 8
Fracica®® 1991 Baboon 8 1.0 ND 3-5 ND 63 5
Protocol 3
Huang'?2 1994  Baboon 3 1.0 ND 3 3 25 4
Protocol 1
Total N and overall averages 103 8.0 51 11.5

ND = no data reported

Resp Care 2013



Clinical Case Studies Describing Potential Oxygen Toxicity in Adults

First Author Year n  Oxvgen Exposure Potential ALL'VILI Risk Factors Type (n)
Pratt?’ 1958 32  Ojcatheters at 47 L/mun for 1-19d Intra-cerebral hemorrhage (3)
Capers™¥ 1961 37 13 patients treated with unspecified Fyg, prior to death One patient treated with MV without specific data
Aspiration (6)
Interstitial pneumonitis (1)
Pancreatitis (1)
Blood transfusions of 1-7 unats (18)
Cederberg?? 1965 14 Fip,04-08for0.75hto6d Aspiration. sepsis, large bone fractures. and CPB m
Average Fip, 0.53 for 22 h some patients
Highest Fip, 0.7 08 for0.75hto5h
Prattd? 1965 47 =14d:9 Infection (15)
1-44d:19 Trauma (7)
=4d:6
F1p, not specified
Nash?3 1967 70 4 groups analyzed according to duration of MV (< 10d  Bronchopneumonia (22)
or > 10 d) and Fip, (<0.9 or > 0.9 Presumed CPB (17)"
Other potential factors not described
Pratt™4 1968 6 Fyp, and MV settings not specified Non-thoracic trauma (6)
Some patients died within < 1 d; other cases recerved
therapy 3-18d
Barter-" 1968 10 Pressure-cycled MV for 0.6-15d Trauma (5)
F1o, not specified Sepsis (2)
Bronchopneumonia (7)
Hyde!® 1969 5 | Highest (mean) Fyg, 0.88 Cases not associated with major nisk factors

Mean duration of high Fip, 16.6 d
Mean onset of chest radiograph changes 7.8 d

Resp Care 2013



Table 1—Combinations of Oxygen and PEEP for the
Treatment of Patients With ARDS as Recommended by
the ARDS Network

Lower PEEP/Higher F10,

Higher PEEF/Lower F1o,

|
PEEP

PEEP F1o, Fi1o,
5] 0.3 5] 0.3

5] 0.4 8 0.3

8 0.4 10 0.3

8 0.5 12 0.3

10 0.5 14 0.3

10 0.6 14 0.4

10 0.7 16 0.4

12 0.7 16 0.5

14 0.7 18 0.5

14 0.5 20 0.5-0.5
14 0.9 22 0.5

16 0.9 22 0.9

15 0.9 22 1.0
15-24 1.0 24 1.0
The combination of PEEP and Fio, should be increased if the Pao,

is| <253 torr or the Spo, is < 88%

ind decreased if the Pao, is =55 or the

Spo, is =95%. PEEP = positive end-expiratory pressure. (Adapted with
permission from The Acute Respiratory Distress Syndrome Network ®
Wiedemann et al,® and Brower et al.5)

NEJM 2000



Ako zniZit’' FiO,

Table 2—Strategies to Improve Oxygenation in PatienigMith ARDS

Objective/Study Strategy anprm{?d Oxygenation [mproved Mortality
Reduce shunt fraction \ /
Gattinoni et al.™ Guerin et al,™ Prone positioning Yes No#

Voggenreiter et al.™ Taccone et al ™

Mancebo et al. ™7 and Fernandez et al™

Wiedemann et al™ Conservative fluid management strategy
Troney et al,™ Michael et al Inhaled nitric oxide
Cuthbertson et al *' Dellinger et al *
Gerlach et al.*® and Lundin et al*
Anzueto et al® and Spragg et al%
Kacmarek et als
Increase mean airway pressure

Brower et al ® Mead

Yes No*
Derdak - ilation Yes No
Brower ¢ [ent maneuvers Yes No
and Pe
Putensen Airway pressure release ventilation Yes No
Increase Cwv
Papazian etal® Paralysis Yes Yes
Fernandes et al® and Parsons et al* RBC transfusion Unknown Unknown
Peek et al, ™ Zapol et al " and Morris et al® Extracorporeal oxygenation Yes Conflicting results

Chest 2013



I. Novak, 8. kongres CSIM, Ostrava 2014

M E '-H"_-”-'E

ln a Inuirm::m:r. Open
shock o Underge -

w1 |
45 mm Hg

si1tat L 1 e i ~re I
! 1o LLA | LEL e T* 1 -y
-1!:.-1 rll__l" Bri 1o T 5

cnd POINt was mortality at do

fl;lF.i.l:_L_'_.f_;h-c_

'l_-lr'r'.'.'ll'.:n: I MMean arterial pre
70 mm Hg, in patients with seoti; .
significant differences in mortality at either 2

Ministry of Health: SEPSISPAM Clin




CHEST Postgraduate Education Corner

CONTEMPORARY REVIEWS IN CRITICAL CARE MEDICINE

Balancing the Risks and Benefits of Oxygen
Therapy in Critically Il Adults

G. R. Scott Budinger, MD; and Gékhan M. Mutlu, MD

Oxygen therapy is an integral part of the treatment of critically ill patients. Maintenance of ade-
quate oxygen delivery to vital organs often requires the administration of supplemental oxvgen,
sometimes at high concentrations. Although oxvgen therapy is lifesaving, it may be associated
with deleterious effects when administered for prolonged periods at high concentrations. Here,
we review the recent advances in our understanding of the molecular responses to hypoxia and
high levels of oxvgen and review the current guidelines for oxvgen therapy in critically ill patients.

CHEST 2013: 143(4):1151-1162

Abbreviations: HIF = hypoxia inducible factor; H,0, = hydrogen peroxide; PEEP = positive end-expiratory pressure;
PHD = prolyl hydroxylase; ROS = reactive oxygen species; VEGF = vascular endothelial growth factor




Precise control of arterial oxygenation
Target PaO, (goal directed?) CCM 2013

Individualised
_therapeutic target

HARM

ARTERIAL OXYGENATION



Permissive hypoxemia
CCM 2013

HARM

‘Acclimatisation’

ARTERIAL QXY GEMNATION
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Hyperbaroxia - Cochrane

1. Kranke P et al. Cochrane Database Syst Rev. 2004
Hyperbaric oxygen therapy for chronic wounds.
Foot ulcers due to diabetes improve healing at 1 year
2. Bennett M et a. Cochrane Database Syst Rev. 2005
Hyperbaric oxygen therapy for acute coronary syndrome.
3. Bennett M et al. Cochrane Database Syst Rev. 2012
Hyperbaric oxygen therapy for the adjunctive treatment of 7B8/.

Obecneé zavery
Rutinna aplikacia HBO sa neodporuca.

Vzhl'adom na maly pocet pacientov, metodologické chyby a nedostatocny reporting
treba vysledky interpretovat’ opatrne.

Su potrebné RCT.



Zivotny cyklus hyperoxie

Resuscitacia novorodenca: 100% O,
Odporucané desatrocia

Sucasnost’ (ERC 2010): vzduch
Nekomplikovany AIM 100% O, @

Odporucané desatrocia
Sucasnost’: (ERC/AHA 2010) vzaduch

Rutinna liecba NCMP 100% O,
Odporucané desatrocia

Sucasnost’ (Stroke foundation, ASA 2013): vzduch



Suhrn

HALI existuje (Fi0,>0,9) so smrtelnymi nasledkami pre
primaty
Hranicné hodnoty u l'udi (FiO,, trvanie) nie su jasné;
variabilita!
Riziko: - nizke pri (protektivnej ventilacii) FiO, < 0,6

- vyssie pri FiIO, > 0,7

- vysoke pri (prolongovanom) FiO, > 0,8
Zavazny ARDS + prolongované vysoké FiO, = riziko pritomne
Potenciovanie: virusové ochorenia, hypermetabolicky stav

(sepsa, trauma ...)

Prevencia: PEEP, protektivna ventilacia, presna kontrola FiO,,
adjuvantné postupy ...



Co robit’?

Kyslik zachranuje zivoty
Povazovat’' za LIEK — indikacie, kontraindikacie, davkovanie
Cielena liecba v uzkom rozmedzi podla typu ARI
Tolerancia hypoxéemie?
DalSie adjuvantné manévre
Balansovat’ prinos riziko

Buducnost™?
Markery v€asnéeho postihnutia
Cielena farmakologicka liecba (HIF), transkripcné geny
Antioxidancia
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