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Surviving Sepsis .
Campaign e

“We suggest targeting resuscitation to normalise lactate in patients with

elevated lactate levels as a marker of tissue hypoperfusion (grade 2C)”




Experimental and Clinical Studies on Lactate
and Pyruvate as Indicators of the Severity of
Acute Circulatory Failure (Shock)

By Max Hanny Wi, M.D,, PuD., AND ABDELMONEN A. Ariri, PH.D.

Circulation, Volume XLI, June 1970
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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?
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Arterial Blood Gases and Oxygen Content
in Climbers on Mount Everest

Michael P.W. Grocott, M.B., B.S., Daniel S. Martin, M.B., Ch.B.,
Denny Z.H. Levett, B.M., B.Ch., Roger McMorrow, M.B., B.Ch.,
Jeremy Windsor, M.B., Ch.B., and Hugh E. Montgomery, M.B., B.S., M.D.,
for the Caudwell Xtreme Everest Research Group*
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How about Ischaemic hypoxia?

Tissue Hypoxia




Skeletal muscle partial pressure of oxygen in patients
with sepsis

Peter Bogkstecess, MD; Stepnax Weioennorer, MD; Tromas Karsser, MD; Kart Wekoax, MD

Curicar, Care: MEDICINE
Ariar, 1994
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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.






Tissue oxygenation and perfusion in patients with systemic sepsis

Mark Sair, PhD, MRCP, FRCA; Philip J. Etherington, BSc; C. Peter Winlove, DPhil;
Timothy W. Evans, MD, PhD

Crit Care Med 2001 Vol. 29, No. 7
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Relation between muscle Na'K* ATPase activity and raised
lactate concentrations in septic shock: a prospective study

Bruno Levy, Sébastien Gibot, Patricia Franck, Aurélie Cravoisy, Pierre-£dovard Bollaert

Lancet 2005; 365:871-75

Raised blood lactate concentration (4.0 + 2.1 mmol/L)
Quadriceps PO2 >36 mmHg in all patients




Hypoxia-inducible factor (HIF)-1a

Textoris 2012 - humans
Regueira 2012 - pigs

Hypoxia-inducible Factor (HIF)-1x




Boekstegers 1994
Sair 2001

Levy 2005
Textoris 2012

Regueira 2012

—>

Raised Lactate

No Tissue Hypoxia




e [ C 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?



The hepatosplanchnic area is not a common source of lactate in
patients with severe sepsis

Daniel De Backer, MD, PhD; Jacques Creteur, MD, PhD; Eliézer Silva, MD;

Jean-Louis Vincent, MD, PhD, FCCM

Crit Care Med 2001 Vol. 29, No. 2

ignificant lactate

release from the

splanchnic area is
very uncommon in septic pa-
tients, even when hyperlac-
tatemia is severe.




Oxygen Consumption and Lactate Release by the
Lung After Cardiopulmonary Bypass and During
Septic Shock

H. OPDAM, R. BELLOMO

Critical Care and Resuscitation 2000; 2: 181-187
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Bellomo 2000

Lung in sepsis generates 55 mmol/hr lactate
Heathy volunteer at rest produces 60 mmol/hr lactate






Lack of Oxygen Supply Dependency in
Patients With Severe Sepsis*

A Study of Oxygen Delivery Increased by Military
Antishock Trouser and Dobutamine

Jean-Paul Mira, MD; Jean-Etienne Fabre, MD;

Francisco Baigorri, MD; Joel Coste, MD; Guy Annat, MD, PhD;
Antonio Artigas, MD, PhD; Gérard Nitenberg, MD; and
Jean-Frangois A. Dhainaut, MD, PhD

CHEST / 106 / 5 / NOVEMBER, 1994

VO, m (mU/min/m2)

50
200

300

400 500 600 700 800 900 1000
DO, (mVmin/m2)

Ronco 1993
Mira 1994

No correlation between lactate and DO2 - VO2 difference




Relationship of oxygen delivery and mixed venous
oxygenation to lactic acidosis in patients with sepsis
and acute myocardial infarction

MARK E. ASTIZ, MD; ERIC C. RACKOW, MD: BRIAN KAUFMAN, MD; JAY L. FALK, MD;
MAX HARRY WEIL, MD, PuD

CRITICAL CARE MEDICINE

Jury, 1988
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Ronco 1993
Mira 1994
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No correlation between lactate

and DO2 - VO2 difference




How about some clinical studies?




Drive Up DO27

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



ELEVATION OF SYSTEMIC OXYGEN DELIVERY IN THE TREATMENT OF CRITICALLY ILL
PATIENTS
MicueLLe A. Haves, F.R.C.A., Axorew C. Timmins, F.R.C.A., Ernest H.S. Yau, FR.CA,,
Mark Pavazzo, F.R.C.A., Cuaries J. Hinos, F.R.C.A., aNp Davip WaTson, F.R.C.A.
THE NEW ENGLAND JOURNAL OF MEDICINE
June 16, 1994
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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

ELEVATION OF SYSTEMIC OXYGEN DELIVERY IN THE TREATMENT OF CRITICALLY ILL

PATIENTS

MicueLLe A. Haves, F.R.C.A., Axorew C. Timmins, F.R.C.A., Ernest H.S. Yau, FR.CA,,
Mark Pavazzo, F.R.C.A., Cuaries J. Hinos, F.R.C.A., aNp Davip WaTson, F.R.C.A.
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THE NEW ENGLAND JOURNAL OF MEDICINE
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ELEVATION OF SYSTEMIC OXYGEN DELIVERY IN THE TREATMENT OF CRITICALLY ILL
PATIENTS

MicherLe A. Haves, F.R.C.A., Axorew C. Timmins, F.R.C.A., Ernest H.S. Yau, FR.CA,,
Mark Pavazzo, F.R.C.A., Crarees J. Hinos, F.R.C.A., AND Davip Watson, F.R.C.A.

THE NEW ENGLAND JOURNAL OF MEDICINE

June 16, 1994

% of Patients Surviving




Haemoglobin?

Effect of Stored-Blood Transfusion on
Oxygen Delivery in Patients With Sepsis

Paul E. Marik, MMed, William J. Sibbald, MD, FRCPC

JAMA, June 16, 1993—Vol 269, No. 23

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



Beta Blockers?

Effect of Heart Rate Control With Esmolol on Hemodynamic
and Clinical Outcomes in Patients With Septic Shock
A Randomized Clinical Trial

Andrea Morelli, MD; Christian Ertmer, MD; Martin Westphal, MD; Sebastian Rehberg. MD; Tim Kampmeier, MD; Sandra Ligges. PhD;
Alessandra Orecchioni, MD: Annalia D'Egidio, MD: Fiorella D'ippoliti, MD; Cristina Raffone, MD: Mario Venditti, MD; Fablo Guarradina, MD;
Massimo Girardis, MD; Lulg) Tritapepe, MD; Paock Pretropaoll, MD; Alexander Mebazaa, MD; Mervyn Singer, MD, FRCP

JAMA October 23/30,2013 Volume 310, Number 16

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



Bruno Levy Myocardial lactate deprivation is associated

Arnauld Mansart

Chntal Montemont with decreased cardiovascular performance,
Sebastiel o - -

Jean-Pierre Mallic decreased myocardial energetics, and early
b o death in endotoxic shock

Patrick Lacolley
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Intensive Care Med (2007) 33:495-502
DOI 10.1007/s00134-006-0523-9

rats
dichloroacetate (DCA), an activator of pyruvate dehydrogenase
ICI-118,551 is a selective B, 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



Garcia-Alvarez et al. Critical Care 2014, 18:503
http://ccforum.com/content/18/4/503
C,, criTicAL cAre

Sepsis-associated hyperlactatemia

Mercedes Garcia-Alvarez'?, Paul Marik® and Rinaldo Bellomo™*”
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