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 Efectes beneficiosos de la oxigenoterapia. El
concepte de transport d’02 en el pacient agut

» Efectes adversos de la oxigenoterapia

— Associats a FIO2 inadequades
 Efectes sobre I'intercanvi pulmonar de gasos.
o Efectes de la hiperoxigenacio.

— Associats a fluxe de gas no condicionat.
e Conclusions




Breu recordatori de la fisiologia de I'O2.

.'..Ammi(a:'rsacs) ) | B - '
o, ! Oxygen a E: -3

tent
g:n&r:g; . 98% 02 is bound to Hb.

' (Hb 1,34 x Sa02)
Unloading

of CO,

HCO,+ H*~H,CO, ~CO,+H,0 +
Bicar- Carbonic Water .
D O onate aci ot
| ion
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! 2% Dissolved O2
I (Pa02 X 0.003m)

Red blood
cell Pulmonary capillary

Transport d'02 (DO2) =(CO)x (1.34 x(HB X Sat + 0.0031 x PaO2)

Consum d’'O2 “normal”= 250 ml/ min.




Insuficiéncia cardiaca
CO < 51/min.

Anémia _
Alteracions d’intercanvi
Hb < 10 g/dL 0 bomba ventilatoria

Transport d’'O2 (DO2) = CO x (1.34 x Hb x Sat + 0.0031 x Pa02)




Efectes de la hipoxia.

Hypoxia

Effects

Risks

Respiratory system

Cardiovascular
system

Metabolic system

MNeurological system

Renal system

Increased ventilation

Pulmonary
vasoconstriction
Coronary vasodilation

Decreased systemic
vascular resistance
(transient)

Increased cardiac output
Tachycardia

Increased 2,3-DPG

Increased CO; carriage
(Haldane effect)

Increased cerebral blood
flow due to vasodilation

Renin-angiotensin axis
activation

Increased erythropoietin
production

Pulmonary hypertension

Myocardial ischaemia/
infarction

Ischaemia/infarction of
other critically perfused
organs

Hypotension
Arrhythmias

Lactic acidosis

Confusion

Delirium

Coma

Acute tubular necrosis

e Factors concomitants
Severitat de la hipoxia
Edat
Patologia de base
Velocitat d’instauracio

B R O'Driscoll  Thorax 2008;63(Suppl VI):vi1—viB8.




Definir un objectiu (target) de Sa02

N

Poden apareixer

efectes indesitjables
- Util en:
- Intoxicacié CO

- Pneumotorax sense drenatg

lTransport o2 Situacions Transport normal
especials  en situacié aguda




Algoritme de decisio d’oxigenoterapia en situacié aguda.

. . . ith i
Is the patient critically ill or Commence treatment with reservoir
mask or bag=valve mask and manage
as advised in table 1

in a peri-arrest condition?

an

Is this patient at risk of hypercapnic respiratory failure [type 2 respiratory failure)?

The madn sisk factor is savere or modarate COPD fespecially wath prowious respiratory failire or on long-term cxypen)
Othar petiants af misk inclide peaple with severs chest wall or sping! diseaze fag beohoscolivsizl,
newremisciar diseass, sovers abesity, cystic fibrosts, bronchivctasis or previously inrecognized S0PD
Nareotic/sedalive cverdose nof covered by this algorithm (see fable £ and sechion & 135/

l l

Yas Mix
Target saturation is B8=22% or level on alert Ajm for Spo; 94=85%
card whilst awaiting blood gas results

Start 28% or 24% O, and obtain ABGs . .
3 25 D
|reduce Flo; if Spo; > 92% or ar if rec u?ﬁ:::’ ::I: 1::::’;::5::3:"3::\:2 targets
above range stated on alert card] 1 f oxyd =l

| —

oz
—=Comments Grygen,
as per lables 2 or 4

pH « 7.36% and check ABG
o [H*] = 45 nmeld® [JI '.I :_‘ T35 ar
and Peos > 6.0 kPa [H*) = 45 nmalll

e andl Poo, = 6 kPa ¥

[Respiratory -ﬂ-CIdI::SiE {Hyparcapnis) Peo Peo; = 6,0 kPa Monitor S,
or patient tiring <60 )I:P‘! or respiratory Dueygen naot reguined
== Wy 1 i
. jelerioration unless saturation
inorrmal or bows ; .
' ! {gee box in chart 2) fallz below target range

I

Seek immediate Treat with the Seak rnmell'ila'.g senior
ZBAlOr Feview lowest dose review
Consider NIV or Venturi mask CDI‘ISIda_r invasive
nvasive vantilation that will keep Spo; ventilation
betwean BE-02%

Riepeat ABGs at 3060 min: Treat aporopriately Treat urgenthy. Treat apprapriately
Treat with lowest aiming to keep Airn for Spa; Sa=88% aiming 1o keep Spo;y
Flo, to keap Spos K respiratory acidosis Spu; between panding senior 94-88%
B8=87% via Venturi ipH = 7.35 ar [H*] = 45 nmold 4% and 9B8% " review, Also
mask pending and Poos =60) consider COPD
senior madical Seelk immediate senior Repeat ARG in o ather undiagnosed
advice ar NIV or review, consider NIVACL. 30—60 min for all chronle hypercapnic
ICU admisslon patients at risk of respiratory falure
Consider reducing Fiog type 2 resplratory If Nikeeldy a'm for
if POy = 8,0 kPa failure Spoy of BE=-82"%

B R O'Driscoll  Thorax 2008;63(Suppl VI):vil —vi68.




Efectes adversos de
'oxigenoterapia

Efectes sobre I'intercanvi pulmonar
de gasos.




La hipercapnia en resposta a I'administracio d’02
prehospitalaria.

“Acidosi de I'ambulancia”: (20 %)

Plant PK, Thorax. 2000;55:550-554.

Probabilitat d’efectes adversos: OR=9.17 (95% CI =4.08-20.6) per hiperoxemia
OR=2.16 (95% CI =1.11-4.20) per hipoxemia

Cameron L. Postgrad Med J. 2012;88(1046):684—689.




An audit of hypoxaemia, hyperoxaemia, hypercapnia
and acidosis in blood gas specimens  (n=3524)

/- AR Summary of blood gas results grouped according to oxygen saturation levels

Oxygen saturation range Samples Hypercapnia® Uncompensated Compensated Uncompensated
respiratory acidosis" respiratory acidosis* metabolic acidosis®

305 (21) 118
294 (23)
85 (36)
119 (41)

- La hipoxémia severa va ser poc frequent
- Hiperoxemia en 41 % de pacients
- Hipercapnia en 27 %

O’Driscoll Eur Respir J. 2012; 39: 219-21 .




Causes hipercapnia secundaria.

.

Disminucié impuls
ventilatori

Efecte Haldane
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» Patients with exacerbations of COPD are at risk of
hypercapnic (type 2) respiratory failure with respiratory
acidosis. [Evidence level Ila]

» The risk of respiratory acidosis in patients with hypercapnic

respiratory failure is increased if the arterial oxygen tension Pacients en risc d’hipercépnia
is above 10.0 kPa due to previous excessive oxygen use.

[Evidence level Ila] secundaria a la oxigenoterapia

These patients with chronic lung disease are usually
“acclimatised”” to living with an oxygen saturation
which may be in the high 80s or low 90s and there is not
likely to be any benefit from increasing the saturation above
these levels during acute illness. [Evidence level 11I]

Oxygen alert card

| am at risk of type Il respiratory failure with a raised CO; level.
Please use my % Venturi mask to achieve an

oxygen saturation of % to % during exacerbations

B R O'Driscoll  Thorax 2008;63(Suppl VI):vi1—viB8.




Predicting Nocturnal Hypoventilation in
Hypercapnic Chronic Obstructive Pulmonary
Disease Patients Undergoing Long-Term
Oxygen Therapy

Julia Tarrega® Antonio Anton® Rosa Guell® Mercedes MayosP: & f

Daniel Samolski® Sergi Marti¢ Eva Farrero® Enric Prats¢ Joaquin Sanchis®

Table 1. Clinical characteristics and pulmonary function varia-
bles in both subgroups of patients (NHV and non-NHV)

Total NHV Non-NHV p ,
(n=17) (n=63) 21 % pacients presentaven NHV

Factors associats:

Age, vears 687 677 687 0.463 ,

[BMI 275+45  30+4  27+4 0.004 | - BMImes alt.

FVC, % ref, 49+ 12 50£15  49*11 06383 - Menor PaO2 amb 02
FEV,, % ref. 2347 25+7 23+7 0.169

FEV,/FVC, % 34+9 37+6 34+9 0205 Inprement Hb

TLC, % ref. 111£23  109%21 112%23 0774 - Millor DLCO.

RV, % ref. 209+64 197+62 211+65 0.494
DLCO, % A6E 720 57E2Z  44E19 0.027
KcCo, % 70 %30 89+19  66%30 0.028
Ploag % ref. 77.5%30 70%51  77%20 0.942
PE,.,.,, % ref. 77+ 34 73+49  78+33 0.856
MVV, % ref. 25+7 28+6 24+7 0.165
CoHb, % 184+1.34 25%2 1.7+1 0.149

Respiration 2011;82:4-9




Moderate concentrations of supplemental oxygen
worsen hypercapnia in obesity hypoventilation
syndrome: a randomised crossover study

Carly Ann Hollier," Alison Rosemary Harmer, ? Lyndal Jane Maxwell ?
Collette Menadue," Grant Neville Willson,” Gunnar Unger,” Daniel Flunt,’
Deborah Ann Black,” Amanda Jane Piper'-

Room Fi0, 0.28 Room  Room Fi0; 0.50 Room

+*

— L GUED SIS S o o
What is the bottom line?

» In OHS, breathing moderate concentration

- - supplemental oxygen for 20 min worsened
- | hypercapnia and induced acidaemia due fo
e hypoventilation and a worsening of Vp/Vr.

Tlmo elap d during test (mmure }

Haollier CA, ef & Thorar 2014:89:346—353.




Altres patologies que poden cursar amb
hipoxemia i risc d’hipercapnia

In the initial management of musculoskeletal and neurolo-
gical disorders with acute respiratory failure, aim at an
oxygen saturation of 88-92%. Many such patients will be
suitable for non-invasive ventilation. [Grade D]

In the initial management of the obesity-hypoventilation

syndrome with acute exacerbation, aim at an oxygen
saturation of 88-92%. [Grade D]

Non-invasive ventilation should be considered for all of the

above groups of patients if the pH is </7.35 or [HY]
=45 nmol/l. [Grade C]




La “hipoxemia de rebot”

Nasal Room
oxygen air

4 Lfmin
20

16

12

8
4 h
0
A B C

15 months Emergency 30 minutes
before callout afterB

admission

PH 7.40 7.22 7.28

Bicarbonate 24.3 36.9 37.0

Aterial oxygen saturation 90.6% 99.2% 59.6%

carbon dioxide pressure (kPa)

E
£
L]
=
£
L
g
s
E
E
%
E
£
<

Time

Nasal Room Room
oxygen air air
1 L/min

M Arterial oxygen pressure (kPa)
(Normal range 12.0 to 15.0)

[ Arterial carbon dioxide pressure (kPa)
(Nermal range 4.5 to 6.0)

D E
14 hours 2 hours
after € after D

7.31 7.36
35.0 33.2
96.4% 79.2%

Sudden cessation of supplementary oxygen therapy can
cause rebound hypoxaemia with a rapid fall in oxygen
tension to below the tension that was present prior to the
commencement of supplementary oxygen therapy.

[Evidence level III]

Kane BMJ. 2011 Mar 31;342:d1557




Atelectassies per resorcio o
desnitrogenacio

N2=78 %
02=21%

The New England
Journal of Medicine

[= fght, 1563, by the M h Modical Society

Volume 269 NOVEMBER 7, 1963 Number 19

IMPAIRED OXYGENATION IN SURGICAL PATIENTS DURING GENERAL
ANESTHESIA WITH CONTROLLED VENTILATION*

A Concept of Atelectasis
H. H. Benoixen, M.D.,# J. Heocev-Wayte, M.E, B.Cam..} anp M. B. Laves, M.D.§




Efectes metabolics de la hiperoxia:
Toxicitat directa per O2.

- Ani6 superoxid (02-)
- Peroxid d’hidrogen (H202)
- Radicals hidroxil (OH-)

- Ani6 peroxinitril (ONOO-).

Producci6 de Reactive Oxygen Species (ROS) Kallet et al. Respir Care 2013;58(1):123-140




Toxicitat directa per O2.

~gy
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Secontary ROS tlurs.li Platelst sqaregation:
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Hematoxylin and eosin (H&E) staining and morphometry [linear intercept (Lm) — mean wall
transection length (Lmw)] of the right lung.

~
'.

2 &

Jute Richter et al. Am J Physiol Lung Cell Mol Physiol
2014;306:L277-L283 AMERICAN JOURNMAL OF PHYSIOLOGY

Lung Cellular and Moleculary Physiology

©2014 by American Physiological Society



Lesid pulmonar aguda per oxigen

 Factors coadjuvants
— Ventilacio mecanica
— Infeccions
— Traumatisme toracic
— Predisposicio genetica
— Farmacs

Oxygen Therapy in Critical Care: A Double
Edged Sword

Isidro Prieto del Portillo, Susana Temprano Vazquez, Jestis Barea Mendoza,

Rubén Viejo Moreno
Health, 2014, 6, 2035-2046




Altres efectes adversos de la hiperoxia

Hypamxia
Effacts Risks

Respiratory system Decreased ventilation WYWorsened wventilation/
{minirmal] perfusion matching

Absorption atelectasis
Cardiovascular Myocardial ischaemia (in
system context of decreased
haematocrit]

Reduced cardiac output
Reduced coronary blood floy
Imcreased blood pressure
Increased peripheral
resistance

Metabolic system Oecreased 2. 3-0PG Increased reactive oxygen
Oecreased CO. SpeCies

carriage (Haldane
cffect]

L= s

Meurological system Oecreased cerebral
blood flowr

Renal system Reduced renal blood floww




Estudi AVOID. Oxigen suplementari a
JAM sense hipoxemia

[ Randomize 1:1 ]

N=638

Protocol violation, N=20
Refused consent, N=8
Repeat enrolment, N=1

Protocol violation, N=15
Refused consent, N=6
Repeat enrolment, N=0

Transported to 9 PCI centers

Exclusions, N=21
[ (Melbourne, Australia)

] Exclusions, N=29

N=62 € N=56

[ Did not meet criteria ] Did not meet criteria ]

Other diagnosis Other diagnosis
N=17 N=12




Evolucid CK 1 mida de I'infart

—e—(XYZen Arm

——No OxXygen Arm

_umlcr curve p = 0.04

18 24 30 36

Time after hospital arrival (hours)

=——(Dxygen Arm
—=—=No Oxygen Arm

Area under curve p = 0.12

18 24 30

Time after hospital arrival (hours)




Association Between Arterial Hyperoxia
and Outcome in Subsets of Critical lliness:
A Systematic Review, Metaanalysis, and
Meta-Regression of Cohort Studies

Hendrik J. E. Helmerhorst, MD!"?; Marie-José Roos-Blom, MSc?; David J. van Westerloo, MD, PhD';
Evert de Jonge, MD, PhD'

Normoxia Crdes Ratio Ddds Ratio

Events Total ‘Waeight M-H, Random, 95% C1

Hyparoia

Study or Subgroup Evaents Total M-H, Random, 38§% Cl

2.1.1 Cardiac arrest
BeSome 2011
Helmarhorst 2014
Ihle 2013

Janz 2012
Kigannon 2010

Lea 2014

Malskyla 2015
Subtotal (95% CI)
Total events

754 1285 o911
144

4111

1919
AGD6
1a89
123
117
54
TO
Ba222

8.6%
6.6%
20%
3.3%
84%
206%
31%
34.06%

1.81]
. 1.69]
. 3.70]
L 4.14]
. 2.45]
L 1.98]
0.76 [D.36, 1.61]
148 [1.17, 1.88]

Heterageneity: Tau® = 0.05; Chi* = 17.87, ¢f = & (P = 0.007); I = B6%
Tasi for overall effect: £ = 3.23 (P = 0.001)

2.1.2 Traumatic brain injury

Asher 2013
Bronnar 2012
Davis 2009

Raj 2013

Rincan 2013
Subtotal (5% Cl)
Total events

Teast for overall alfect. Z

2.1.3 Ischeamic stroke
Rincan 2014

Young 2012

Subtotal (95% Cl)
Tatal evanls

Jumon 2074

Rincan 2014

Subtotal (85% CI)

Tatal svents
Heleragenety. Tau® = 0.

Rincon 2014
Subtotal (5% Cl)
Tatal events

45
207
128
144

8D

BOS
0.88 (P
43
163

206

2.1.4 Subarachnoid hemorrhage

8
BD

BG
56, Chi*

2.1.5 Intracerchbral hamorrhage

145

145

132
GEG
338
a67T
GG

1960

Haterogeneity: Tau® = 0.16; Chi* = 28.9
0.32)

75
264
339

e
135
199

5.07, of
Test for overall effect: Z = 0.73 (P = 0.47)

240

240

a5
11e8

1283

1P

14
TTe
2081
ars
403
65T

3, ¢f = 4 (P < 0.00001)

202
2118
317

Hetarogeneity: Tau® = 0.00; Chi* = 0.37, df = 1 (P = 0.55)
Test for overall effect: Z = 2.21 (P = 0.03)

188
383
571

o.02);

1.55%
7 8%
T E%
T 1%
B 4%
30.3%

7= 87%

Hataragenaty: Mot applicable
Test for overall effect. £ = 1.72 (P = 0.09)

2.1.6 Post cardiac surgery

Setlon 2014 163 12188
Subtotal (95% CI) 12188
Total events

Heterogenety: Mat appli

Test for overall effect: £ = 1,30 (P = 0.18)

Total (95% CI) 1TETT 3712 100.0%

Tatal events 2BTS G811

Hataraganaty: Tau® = 0.07; Chi* = 70.94, af = 17 (P = 0.00001); I = 76%
T « overall effect: # = 3.95 (P = 0.0001)

Taat for aubgrowp differancas: Oh® = 2287, df = 5 (P = 0.F0), P =09

[o.&z,

, 2.58]
. .97, 1.64]
1.31 [1.03, 1.65]

0.78 [0,30, 2.02]
2.55 [1.71, 3.81]
1.53 [0.48, 4.B4]

1.32 [0.96, 1.80]
1.32 [0.96, 1.80]

1.14 [D,94, 1,39]
1.14 [0.94, 1.38]

1.38 [1.18, 1.63)
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Assoclats a fluxe de gas no
condicionat.




Condicions optimes de la
via aeria.

Normal mucus can be easily transported’->

e 37 °C

e 44 mg/L HA

I Fat N
Optimal properties allow mucus to Periciliary layer has adequate o 1 O O /0 H R

m Trap inhaled pathogens, allergens, and irritants volume to allow rhythmic
m Be easily transported out of the lungs via cough and ciliary beating ciliary beating




Relationship between the humidity and temperature of inspired gas and the
function of the airway mucosa

Normal Health

Optimum R
- Max MTV Poor Health ' Gldil o
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Williams et al. Crit Care Med 1996: 24:1920-1929




Relationship between the humidity and temperature of inspired gas and the
function of the airway mucosa
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Williams et al. Crit Care Med 1996: 24:1920-1929




The Effects of Gas Humidification with High-Flow Nasal Cannula
on Cultured Human Airway Epithelial Cells

Peog s

Albna rmal=foral cells ratio

=
e

[=
1

Chidekel Pulm Med 2012




Quantitats de gas no condicionat en
mascara d’efecte Venturi.

24
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36
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L’'oxigen com a medicacid. Conclusions

e Té unes propietats terapeutiques
— Fixar un “objectiu de SpO2”

 Te uns efectes secundaris
— Associats a fisiologia de 02/CO2
— De tipus metabolic (hiperoxia)
— Per “I'excipient” (gas)
— Es requereix ajust en determinades condicions
— Pot requerir una retirada gradual
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