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Fyziologicke pozréamky

Kone ny produkt bun neho dyclani
Difuze a CQ kamadly (Rh+ erytrocyty)

U eukaryotickych burk hlavn tloha v udrovani
homeosizy

Pomr CO,/HCO,




U inky CO, na organismus

produkce CQ
+ inspirovare CO,
eliminace CQ




Fyziologicke U inky - cCAMP

Centiéni chemoroceptory

mechanismus zaleny na zmnach intraceluarni
koncentrace HC(

Aktivace adenyl cyldzy zvysuje hladinucAMP,
protein kirazy A, ovlivn ni Ca karad , influx Ca*

Perifernch chemoreceptory

CO, ovliv uje aktivitu Ca*"kamdl nezvisléna
hladin pH




Patofyziologiclée U inky - NF-kB

Zvysen hladiny CQ potla uje expresi NFkB

o Takeshita K, Suzuki Y, Nishio K, Takeuchi O, Todakudo H,
Miyao N, Ishii M, Sato N, Naoki K, Aoki T, Suzuki,Kliraocka
R, Yamaguchi K: Hypercapngexcidosis attenuates endotexin
Induced nuclear factorB activation.Am JRespir Cell Mol Biol
2003, 29:124132.

O’ Toole D, Hassett P, Contreras M, Higgins BD, McKedsiT,
McAuley DF, GBrien T, Laff ey JG: Hypercapnic acidosis
attenuates pulmonary epithelmound repair by an NFB
dependent mechanismhorax 200964:976982.




Hypokapnie- klinické konsekvence

Ovlivnh ni tonu mozkovych @ u nemocnych s nitrolelbn
hypertenr

Ovlivn ni tlaku v plicnici- neonatologie

Hemorhagie v plicim parenchymu

Zvysen resistance dychach cest, zhsen nepomru V/Q
Zvysen A-aDQ,

Mo ny podl v patogeneze dlouhodélplicni dysfunkce

Nep iznivy viiv dlouhodlz hypokapnie u nemocnych s KCP
Mo ny nepiznivy vliv u nemocnych s CMP

Arytmie, riziko kororarniho vazoesazmu, posun disoavky Hb

Curleyet al. Critical Care 201014:220




Hypokapnie a plichposkozeri

Zhorsuje reabosorpci alvearini tekutiny dky sn eni
aktivity Na/K ATPazy

* Myrianthefs PM, Briva A, Lecuona E, Dumasius V, salitman DH,
Ridge KM, Baltopoulos GJ, Sznajder JI: Hypocapnit ot
metabolic alkalosis impairs alveolar fl uid realptimm. Am J Respir
Crit Care Med 2005, 171:12eT271.

Zp sobuje pskozen plicni tkan ovlivnitelné
podanim C

« Edmunds LH, Jr, Holm JC: Eff ect of inhaled CO2h@morrhagic

consolidation due to unilateral pulmonary arteligation. J Appl
Physiol1969, 26:716715.

Zhorsuje ischemicko reperfuzipaskozen plic

» Laff ey JG, Engelberts D, Kavanagh BP: Injuriouseets of
hypocapnia@lkalosis in the isolated lunAm J Respir Crit Care
Med 2000,162(2 Pt 1):392105.




Akutni hyperkapnie- klinicky obraz

Tremor, fascikulace

Bolest hlavy, spavost, koma
Zvysen decho\e aktivity, dusnost
Zarudnuf, p ekrveri k e
Tachykardie

Hypotenze

Zvyseny tonus sympatiku




Patofyziologiclé zm ny

Zvysen CBF, zvysen ICP

Zvysen dechowe aktivity, nar st dechoe prace
Zvysen srde niho vydeje

\Plﬁzokonstrikce v plicim e isti, zvysen afterloadu
Perifern vazodilatace, tachykardie, hypotenze
Hypoxemie

Respirani acidoza, posun disociai k Ivky Hb

Reabsorbce bicarbéiu v ledvirech a metabolica
alkaloza




Akutni hyperkapnie

Nahodra

Permisivi - 90.léta
Hickling, 1990, 1994

Terapeutick— cca od konce 90.let
Laffey 1999




Resuscitation from Severe Acute

Hypercapnia*

Determinants of Tolerance and Survival
Ralph T. Potkin, M.D., F.C.C.P; and Erik R. Swenson, M.D.

A 46-year-old man underwent cosmetic facial surgery under
general anesthesia. He was ventilated by mask with an
oxygen-enriched gas mixture for 4 to 6 h and monitored by
pulse oximetry. Despite adequate arterial saturation (Sa0,
>90 percent) throughout the procedure, he remained in a
deep coma after termination of anesthesia. Initial arterial
blood gas analysis revealed a pH of 6.60 and a PaCO, of
375 mm Hg. The patient was intubated and placed on
mechanical ventilation. As his respiratory acidosis resolved,

any neurologic deficits. This case of record extreme hyper-
capnia and review of the literature demonstrates that
survival is possible in acute severe respiratory acidosis as
long as tissue anoxia and ischemia are prevented. We

discuss the tissue eflects of acute hypercapnia and newer
aspects of the nature of intracellular pH regulation in
critical tissues that afford considerable tolerance to acidosis.
The dependence of these mechanisms upon active ion
transport underscores the importance of adequate tissue

he regained consciousness quickly and recovered without oxygenation and perfusion. (Chest 1992; 102:1742-45)

Table I-WBMGMWWMMSMHW

Time pH Paqb,, mm\Hg"' HCO,”, mEq/.  Base excess, nEq/L

Admission 6.60 375 40
5 min of mask ventilation 6.91 151 244
25 min of mechanical ventilation 7.08 68 56
90 min of mechanical ventilation 7.19 58 65

PaO,, mm Hg*

*Conversion of traditional units to SI: 1 mm Hg=0.133 kPa.
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Lung Isoprostanes {pg/mg of protein}

Therapeutic Hypercapnia Reduces Pulmonary and
Systemic Injury following In Vivo Lung Reperfusion

JOHN G. LAFFEY, MOTOSHI TANAKA, DOREEN ENGELBERTS, XIAOPING LUO, SHIZENG YUAN, A. KEITH TANSWELL,
MARTIN POST, THOMAS LINDSAY, and BRIAN P. KAVANAGH

THNFa {ng/ml)

44 vs 101 mmHg

o

Myeloperoxidase (pg/img protein)

Am ) Respir Crit Care Med Vol 162. pp 2287-2294, 2000



Animal model

Injury process

Key findings

Acute lung injury
Shibata et al. 1998
[44]

Laffey et al. 2000
[45]

Laffey et al. 2000
[46]

Broccard et al, 2001
[49]

Sinclair et al. 2002
[50]

Laffey et al, 2003
[47]

Laffey et al, 2003
[51]

Myocardial Injury

Nomura et al. 1994
[52]

Kitakaze et al. 1997
[53]

Neurologic Injury

Vannucei et al. 1995
[54]

Vannucei et al. 1997
[55]

Vannucei et al. 2001
[73]

Ex vivo 1solated perfused
(rabbit) lung

Ex vivo isolated perfused
(rabbit) lung

In vivo whole animal
(rabbit) model

Ex vivo isolated perfused
(rabbit) lung

In vivo whole animal
(rabbit) model

In vivo whole animal
(rat) model

In vivo whole animal
{rabbit) model

Ex vivo isolated perfused
(neonatal lamb) heart

In vivo whole animal
(rabbit) model

In vivo whole animal
( rat) model

In vivo whole animal
(rat) model

In vivo whole animal
(rat) model

1. Lung free radical induced

ALl

2. Lung ischemia —
reperfusion-induced ALI
Lung ischemia —
reperfusion

Lung ischemia —
reperfusion

Ventilator-induced high
lung stretch

Ventilator-induced high
lung streich

Mesenteric Ischemia-
Reperfusion

Ventilator-induced high
lung stretch

Myocardial ischemia —
reperfusion

Myocardial ischemia —
reperfusion

Unilateral common carotid
artery occlusion, followed
by hypoxia

Unilateral common carotid
artery occlusion, followed
by hypoxia

Unilateral common carofiid
artery occlusion, followed
by hypoxia

1. HCA attenuated indices of ALI (K., Py, Pupy

2. HCA attenuated indices of ALl (Kg., Py, Puyp Pig)

P'um]

Acidosis attenuated indices of ALI (Kg., Py, Peyp,
Piio).

Hypercapnic acidosis more protective than metabolic
acidosis.

Buffering of hypercapnic acidosis abolished protec-
tive effect.

HCA attenuated indices of ALI (lung permeability,
A-a O gradient, compliance, Py, ) and inflammation
(BALF TNFa. free radical injury) following uni-
lateral lung IR.

Potential mechanisms included attenuation of nitro-
tyrosine formation, and attenuation of lung apoptosis.
HCA attenuated indices of ALI (lung permeability,
BALF protein, Kg).

Potential mechanism attenuation of lung NO forma-
tion.

HCA attenuated indices of ALI (lung permeability,
A-a O, gradient, compliance, histologic injury) and
inflammation ( BALF neutrophils).

HCA attenuated indices of ALI (lung permeability,
A-a O gradient, compliance, Paw) following Mesen-
teric IR. HCA was protective if applied following
initiation of mesenteric reperfucion, indicating thera-
peutic potential.

HCA attenuated (A-a O, gradient) while hypocapnic
alkalsois worsened (Paw) indices of ALL

HCA improved postischemic myocardial function

Metabolic acidosis to an equivalent pH did not
improve postischemic function

Acidosis (hypercapnic and metabolic) during reper-
fusion decreased myocardial infarct size

HCA decreased histologic brain damage

Daose response seen with 6% CO; more neuroprotec-
tive than 9% CO,
HCA decreased histologic brain damage

Mechanisms may include improved cerebral blood
flow and attenuation of NMDA receptor activation.
Severe HCA (15%C0s) worsened histologic brain

damage




Intensive Care Med (2004) 30:347-356
DOI 10.1007/s00134-003-2051-1 REVIEW

John G. Laffey Permissive hypercapnia —

Donall OO’Croinin

Paul McLoughlin role in protective lung ventilatory strategies

Brian P. Kavanagh
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¢ Trauma

HYPERCAPNIC

ACIDOSIS ¢
.

ACUTE LUNG INJURY

|

MECHANICAL VENTILATION

! I

INFLAMMATORY PHYSICAL INJURY
RESPONSE "‘

L ] ., .
L]
[BroTrAUMA] *ee,
L] . °
L 3

[VoLu/Baro TRAUMA]

A
HYPERCAPNIC
ACIDOSIS

MULTIPLE ORGAN
DYSFUNCTION

l . .? ATTENUATES
o0’

POOR '

/ POTENTIATES
OUTCOME




Carbon dioxide in critically il}-too little of a good
thing?
Laffey J.G., Kavanagh B.P., Lancet 1999

,keep PaCoOhigh, if necessary make it high, and

above all prevent it from being IGw




Pozitivri plicni G inky HCA

Antinflamatorri U inek v modelech ALI

Sn en kapilarni permeability

Zlepsen tkad ové oxygenace

Sn en poskozen plic v modelu pneumonie




Table 3. Characteristics of model population by tidal volume and hypercapnic acidosis

Hypercapnic acidosis and mortality in acute lung injury*

Variable

12 mL/kg

6 mL/kg

1

No.

Age, years
Female, %

v
50 = 20

APACHE III score 85 + 27 84 +35 32 =28 81 =27
Risk factor for ALI/ARDS, n (%)
Trauma 27 (8) 4 (11) 24 (10) 17 (16)
Sepsis 83 (25) 12 (32) 71 (29) 25 (24)
Multiple transfusions 11 (3) 4(11) 5(2) 2(2)
Aspiration 51(15) 1(3) 42 (17) 8(8)
Pneumonia 122 (37) 12 (32) 80 (32) 44 (42)
Other 38 (11) 4 (11) 25 (10) 8(8)
Day 1 physiologic values
Minute ventilation, L/min 128 = 4.7 10.9 = 3.6¢ 13.2 =38 123 + 3.1°
Respiratory rate, min ' 16 =6 16 =7 20 +7 07
Tidal volume, mL/kg 11.9 £ 0.7 114 + 157 6.3 =09 6.0 = 0.97
Pyt €m H,0 32+8 40 = 12¢ 24 +6 T
pH 742 =008 T34 =+ 0,082 41 + 0.07 7.31 = 0.08°
aco,, mm Hg 34+7 48 + 5° 35+6 51 =9
Base excess, mEgt: 2d=ar == 23—+ U= 4.8
Fio, 0.50 = 0.17 0.66 = 0.20° 0.53 = 0.17 (.65 = 0.217
PEEP, cm H,0 &3 1252 G=+3 11 = 4°
Pao,, mm Hg 77+=19 70 + 157 77 +24 B +17
Pao,/F10, 181 = 76 126 + 53¢ 168 = 75 132 = 637
Mortality rate, % 41 35 30 35

APACHE, Acute Physiology and Chronic Health Evaluation; ALI, acute lung injury; ARDS, acute

respiratory distress syndrome; P, plateau pressure; PEEP, positive end-expiratory pressure; HA, is
defined as pH <7.40 and Paco, =40 mm Hg.
“p < .05 compared with patients without HA,.

David A. Kregenow, MD; Gordon D. Rubenfeld, MD; Leonard D. Hudson, MD; Erik R. Swenson, MD

Crit Care Med 2006 Vol. 34, No. 1



Crit Care Med 2006 Vol. 34, No. 1

oo

20

354045
P_.CO, (mmHg)

60 65 80

Definition

pH

P,CO;,
(mm Hg)

12 mi/kg PBW*
Tidal Volume
N=369

6 ml/kg PBW*
Tidal Volume
N=351

HA;

<740

> 40

Meet definition
N (%

37 (10°

Meet definition
N (%

104 (28%)

HA;

<735

> 45 /

13 (4%)

53 (14%)

HA:

<735&>7.15

>45 & {(65

11 (3%)

45 (12%)

Respiratory
Alkalosis (RA)

> 745

<35\

60 (16%)

36 (10%)




® 12 ml/kg & 6 ml/ka
Crit Care Med 2006 Vol. 34, No. 1

Adjusted
12 ml/kg PBW* Tidal Volume | ORS§ 95% C1

HA, 0.32 0.13-0.79
HA, 0.14 0.03-0.70
HA; 0.06 0.01-0.47
6 ml/kg PBW Tidal Volume

1.07 0.61-1.90
HA, 1.18 0.59-2.35
HA; 1.01 0.48-2.10
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Differential Effects of Buffered Hypercapnia versus
Hypercapmic Acidosis on Shock and Lung Injury Induced
by Systemic Sepsis

Brendan D. Higgins, Ph.D.,” Joseph Costello, M.B., F.C.A.R.C.S.l.,¥ Maya Contreras, M.B., F.C.A.R.C.S.I,T
Patrick Hassett, M.B., F.C.A.R.C.S.1.,1 Daniel O’ Toole, Ph.D.,* John G. Laffey, M.D., F.F.A.R.C.S.L.
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Hypercapmnic Acidosis on Shock and Lung Injury Induced
by Systemic Sepsis
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