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“We suggest targeting resuscitation to normalise lactate in patients with 
elevated lactate levels as a marker of tissue hypoperfusion (grade 2C)”
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discrete ischaemia - ligate femoral artery or put a clot in your SMA


combine with lactate association with critical illness


Two aims:

1. this is a myth for most patients

2. this is important




so how about more other pathologies?


How about hypoxic hypoxia?



at 8400m 

sats 54%

PaO2 3.2 kPa

Lactate 2.2



Tissue Hypoxia

How about Ischaemic hypoxia?



Septic ShockLimited Sepsis

No correlation between serum lactate levels and muscle PO2 was found. 


Even in patients in the final state of hypodynamic septic shock leading to death, mean muscle PO2 did not decrease to <30 mmHg. 





Controls

Cardiac Bypass

Septic Shock

Brachioradialis Muscle Forearm Skin 



Raised blood lactate concentration (4.0 ± 2.1 mmol/L)

Quadriceps PO2 >36 mmHg in all patients




Hypoxia-inducible Factor (HIF)-1α

Hypoxia-inducible factor (HIF)-1α

Textoris 2012 - humans

Regueira 2012 - pigs




Boekstegers 1994

Sair 2001

Levy 2005
Raised Lactate 
No Tissue Hypoxia

Textoris 2012

Regueira 2012



eTC Poisoning?

Alamadari 2008

- rat muscle samples 

- endotoxin

- Lactate went up

- ATP and Plasma Creatine concentrations in did not


Levy 2008



Where in the body is the lactate coming from?





Bellomo 2000

Lung in sepsis generates 55 mmol/hr lactate

Heathy volunteer at rest produces 60 mmol/hr lactate





Ronco 1993

Mira 1994


No correlation between lactate and DO2 - VO2 difference



Sepsis

Myocardial  
Infarction



Ronco 1993

Mira 1994
No correlation between lactate 
and DO2 - VO2 difference

Astiz 1988



How about some clinical studies?



Drive Up DO2?

Transfusing PRBC to patients increased oxygen delivery but had no effect on lactate



n = 109

type A hyperlactataemia - ischaeemia and oxygen debt


It follows from this reasoning that patients with an elevated blood lactate level should be treated by increasing oxygen delivery. 



Lactate 

2.5 mmol/L in the treatment group

2.1 mmol/L in the controls





Haemoglobin?

Transfusing PRBC to patients increased oxygen delivery but had no effect on lactate



Beta Blockers?

beta blockade reduced oxygen delivery but lactate did not go up. It went down.




So what is driving the lactataemia?
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Cori cycle is a small part of the story

Radio labeled lactate infusions show 60% is metabolised as an energy substrate. 


Main uptake is in brain and heart

gathering interest that lactate infusions might have therapeutic effects in brain injury and acute cardiomyopathy



rats

dichloroacetate (DCA), an activator of pyruvate dehydrogenase

ICI-118,551 is a selective β₂ adrenergic receptor antagonist




tissues are not generally hypoxic in sepsis. 

plentiful cellular ATP

lactate from lung in sepsis

no correlation between O2 delivery or consumption and lactate levels

driving up the DO2 with dobutamine does not reduce the lactate (and increases mortality)

reducing the DO2 with esmolol in sespis does not increase lactate


Lactate generation might actually appear to be an adaptive response






