pH, always pH

F.Schiraldi

Medicina d'Urgenza Osp.S.Paolo
Napoli




IS A NEAR-NORMAL pH
IMPORTANT ?
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EXTRUDERS VS LOADERS
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Intracellular pH Sensors: Design Principles
and Functional Significance




THE Hb “FLEXIBILITY”
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WHICH ARE THE MAIN pH DETERMINANTS ?

r

Renal handling
H* PRODUCTION | vs <

Alveolar ventilation

-

plus

Phosf, Sulf, Na, Mg, Ca,

Lact, Krebs intermediates and......

Water dissociation




The [H'] vs pH paradox

[H*] 40 nmol/L

pH 72 = [H] 63 nmol/L

pH 70 = [H*] 100 nmol/L

DeltapH 5% =  Delta [H"] 150%



THE PO, & pH ANALOGY
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HF = AN ENGINE OUT OF FUEL

TOURNAL o MEDICINE 356:1140 (2007)



Review

Unmeasured anions in metabolic acidosis: unravelling the mystery
Lui G Forni'2, William McKinnon® and Philip J Hilton?

Critical Care 2008, 10:220 (doi:10.1186/cc4954)
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IS A NEAR-NORMAL pH
IMPORTANT ?

H* Ca™ & froponins




Jowrnal of Climical Imvestigation
Vol. 45, No. 3, 1066

Response of the Pulmonary Vasculature to Hypoxia and
H* Ion Concentration Changes *

ABragaM M, RuporrH | AND STANLEY YUAN
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Mechanisms of action of pH-induced effects
on vascular smooth muscle

Susan Wray and R.D. Smith

The Physiological Laboratory, The University of Liverpool, Liverpool, UK

Abstract
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LEFT HEART

normal failing normal failing
| pH + G+ : :
hypoxemia ++ @ + +

JJ Marini, AP Wheeler Critical Care 2010



T71 DO2 PROTECTS AGAINST ACID LOADING
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Arrythmogenic effects of alkalemia

-90




Ipokaliemia

1 resting potentia

phase 3 prolongation:
hase 0:
Tp long QT

high amplitude QRS —
& P Q small T wave | “dispersed repolarization”

1 conduction velocity:
U wave —

nerrow QRS



pH vs PCO,

acute “mixed” chronic
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“mixed”

PCO2

HCO3




Review

Bench-to-bedside review: Permissive hypercapnia
Donall O’ Croinin!, Martina Ni Chonghaile?, Brendan Higgins3 and John G Laffey*

free radical

HYPERCAPNIA

+ ALl = | |
ACIDOSIS ventilator-induced

iIschaemia/reperfusion

l endotoxin-induced

Ischaemia/reperfusion
Myocardium pulmonary apoptosis

Brain pulmonary permeability
TNF-a and IL-1

Liver

Critical Care 2005, 9:51-59



|1 pH «permissivity»?

Head trauma

Hyperkalemia

but..think of
mixed acidosis

High pH

Weaning troubles
Arrhytmias/Drugs
Hypo K,Mg,Ca
Hypoxia

but..think of
mixed alkalosis




pH in ventilated patients

Too high

> difficult weaning > diaphragmatic fatigue in NIV
» arrhythmias » underperfusion

> low PtO2 > renal insufficiency



VIEWPOINT

Acetazolamide: a second wind for a respiratory
stimulant in the intensive care unit? @ CRITICAL CARE

Nicholas Heming®, Saik Urien” and Christophe Faisy’ 2012

Alkaline diuresis induced by acetazolamide is maximized at 24 hours
and is associated with a urinary loss of bicarbonate of about 4 to 6
mmol/L, which in furn induces a decrease of blood pH by 0.05 to 0.1
units. The resulting metabolic acidosis stimulates peripheral and

central chemoreceptors associated with an increase in minute

ventilation.



THE BEST PEEP

N VD
;
/ Alveolar recruitment
and PaO,
Low pH
Low DO,

v

low moderate high PEEP
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"VENOUS METABOLIC ACIDOSIS”

(™ P_CO,)

Arieff Weil, Gattinoni,
Adrogue Pinsky.......



The CO, lung presentation & low flow

5 O, demand
0, 7/
vo, frco,

AMP + H* + H* == H* + HCO3-



J Clin Monit Comput (2012) 26:367-374
DOI 10.1007/s10877-012-9381-x

INVITED REVIEW

Hemodynamic management of cardiovascular failure by using
PCO, venous-arterial difference

Martin Dres - Xavier Monnet * Jean-Louis Teboul

APCO.(mmHg)

VCO, increasing

e

Cardiac output (L/min) i




Intensive Care Med (2005) 31:818-822
DOI 10.1007/500134-005-2602-8 ORIGINAL

Joseph Cuscherl Central venous-arterial carbon dioxide
cmanuel P. Rivers ) . . . .
Michael W. Donnino difference as an indicator of cardiac index

Marius Katilius

Gordon Jacobsen

H. Bryant Nguyen

Nikolai Pamukov

H. Mathilda Horst 2.51

Ln Cardiac Index
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Central Venous-Arterial pCO2 Gradient (mmHg)
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Intensive Care Med (2013) 39:1653-1655
DOT 101007 /50001 34-01 3-2998-5

BB, Vallet
M. R. Pinsky
M. Cecconi

EDITORIAL

Resuscitation of patients with septic shock:
please “mind the gap”!

Keep mean arterial pressure (MAP) >60 mmHg
Keep lactate concentration <2mM/L
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*Fluid Chal Ienge:l

In patients fully wentilated in dnus chythem with tidal velume = 8 mlfkg:
S = 10% o PPV = 158

In cther patients:
oostive passve leg raising

oostive response 10 Nuid challengs with 250 mLEn 5 min

Test decrease in vasopressors if MAP=60
and)or low dose inotrope (i.e. dobutamine)
andfor more fluid



vo, *

+ ScvO, +low pH = 02 debt

O, Demand S
+ low pH = lactic acidosis
VCOZ ° ° °
+ A,,PCO2 + low pH = tissue acidosis ?
flow

micro-flow + A_PCO2 = the future...?



Is there a role for sodium bicarbonate in treating lactic acidosis

from shock?

‘JDhn H BUYd and KE”:h R Wa“ey Current Opinion in Critical Care 2008, 14379~
383
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H* Ca*™ & troponins




The case for bicarbonate

- Losses

- Hyperkalemia
- Toxic

* Uremia

- DKA?

+ Dye




KEY POINTS

+ pH is a finely tuned ratio ( MET/VENT)

* pH; more relevant than pH,
+ If alkalemic think of Fluids & Electrolytes

+ If acidemic and normoperfused, consider Alkali or
CRRT (rhabdomyolysis, ARF, CRF, toxic or{K..)

+ If acidemic and underperfused think about the flow




