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IS A NEAR-NORMAL pH 
IMPORTANT ?
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EXTRUDERS  VS  LOADERS
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THE  Hb  “FLEXIBILITY”





WHICH ARE THE MAIN pH DETERMINANTS ? 

H+ PRODUCTION VS

Renal handling

Alveolar ventilation

plus

Alb,  Phosf,  Sulf,  Na,  K,  Cl,  Mg,  Ca,  
Lact, Krebs intermediates  and…….

Water dissociation



pH  7.4 = [H+]  40 nmol/L

pH  7.2 = [H+]  63 nmol/L

The  [H+] vs  pH  paradox

pH  7.0 = [H+]  100 nmol/L

Delta pH  5%     =      Delta [H+] 150%



THE  PO2 & pH ANALOGY
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Ven pH, Tissue pH ?

Myt  pH  ?



HF = AN ENGINE OUT OF FUEL

356:1140 (2007)





H+ vs Ca++ &  troponins

IS A NEAR-NORMAL pH 
IMPORTANT ?
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JJ Marini, AP Wheeler   Critical Care   2010
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  DO2 PROTECTS  AGAINST  ACID  LOADING

K SAWAJ  ( 2004 ) JEB ;205:17-23



Arrythmogenic effects of alkalemia
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Ipokaliemia

mV

msec

↑ resting potential ↓ gK

↑ phase 0:

high amplitude QRS

↑ conduction velocity:

nerrow QRS

phase 3 prolongation:

long QT

small T wave “dispersed repolarization”

U wave
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Critical Care 2005, 9:51-59

free radical 

ischaemia/reperfusion 

ventilator-induced 

endotoxin-induced

pulmonary apoptosis

pulmonary permeability

TNF-α  and IL-1

HYPERCAPNIA 

+

ACIDOSIS

ALI

Myocardium

Brain

Liver

Kidney

…….

ischaemia/reperfusion



pH «permissivity»?

• BP                                   

• CO                                   

• Stroke                                

• Head  trauma                        

• Hyperkalemia                        

• Toxic………

but…think of                           
mixed acidosis                        

• Weaning troubles

• Arrhytmias/Drugs

• Hypo K,Mg,Ca

• Hypoxia

• …………

but…think of
mixed alkalosis

Low pH High pH



pH in ventilated patients

 difficult weaning

 arrhythmias

 low PtO2

Too high

 diaphragmatic fatigue in NIV

 underperfusion

 renal insufficiency

Too low



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 turn 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.



PEEPlow moderate high

Low pH 
Low DO2

Alveolar recruitment 
and PaO2

VD

THE  BEST  PEEP



“VENOUS METABOLIC ACIDOSIS”
( PcvCO2)

Arieff,Weil, Gattinoni, 
Adroguè,Pinsky…….
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A V

DO2

O2 demand

VO2

ATP

AMP + H+

Lact-

+ H+ H+ + HCO3-

PCO2

The CO2 lung presentation & low flow







FS 1993

∆ CO2  = 9.2

OER = 36

∆ CO2  = 5.3

OER = 33.5





VO2

DO2

÷ ScvO2

O2 Demand

DO2

+ low pH  = lactic acidosis

VCO2

flow
÷ ΔvaPCO2

↓micro-flow  ÷ ΔtaPCO2

+ low pH  = O2 debt

+ low pH = tissue acidosis ?

= the future…?





H+ vs Ca++ &  troponins



The case for bicarbonate

• Losses
• Hyperkalemia
• Toxic
• Uremia
• DKA ?
• Dye
• ………



KEY  POINTS

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

• pHi more relevant than pHo

• 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


