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» Describe the pathophysiology of lactate in:
» Septic shock
»Hemorrhagic shock

» List clinical conditions associated with
elevated lactate concentrations

» Review the utility of lactate as both a
prognostic biomarker and indicator of severity
of critical illness (with orthopedic
considerations)
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Lactate

Dead End Waste Product or
Physiological Treasure Trove?

Sam Galvagno, DO, PhD, MBA, FCCM
Professor and Interim Chair

University of Maryland School of Medicine / R Adams Cowley Shock
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Questions ... Answers ? “| have yet to see any problem, however complicated,

which, when you looked at it in the right way, did not
become still more complicated”

» Does lactate really indicate tissue hypoxia?

» What is the difference between Type A and B lactatemia?
Is this a misnomer?

-Poul William Anderson

» What is meant by lactate “clearance?”

» How can lactate be used as an early warning marker /
endpoint for resuscitation?

» Is lactate a good biomarker for mesenteric ischemia?

» How can lactate be used to assess/stratify orthopedic
patients?

» Does Ringers lactate increase serum lactate?

MORE THAN

MEETS THEEYE

Lactate vs. Lactic Acid
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Hyperlactatemia > 2.0 mmol/L
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Oxygen Debt

Hyperlactatemia May
represent a cellular energy
deficit, not necessarily
tissue hypoxia




o Classic Teaching
Lactate as Oxidative Fuel

+ ”Clearance”
« Drugs
+ Malignancy

» Heart takes up and oxidizes lactate at rest
» Increases during exercise, stress, shock
» During shock, heart oxidizes lactate for majority of energy needs (60%)

> 7% of cerebral energy at rest->25% during exercise

Barbee RW. Shock 2010.
Cohen RD & Woods HF, 1976.

e e So, where does the acid come from?

Tissue Hypoxia e

» Glycolysis generates H*

L:i."“ » Conversion of pyruvate to lactate consumes H*
P ey » ATP hydrolysis is major generator of H*
Spaortes

» For acidosis to occur, must have decrease in
oxidative metabolism in mitochondria

et o i

— =—No Tissue Hypoxia » Increased lactate production or decreased \
o consumption do not necessarily indicate tissue \
et hypoxia

Cohen RD & Woods HF, 1976.

Suetrong B. Chest 2016.

Lactate is an unreliable
indicator of tissue hypoxia in
sepsis
Lactate in sepsis
Lactate # anaerobic

metabolism




Surviving Sepsis Campaign: International i

Guidelines for Management of Sepsis and Septic SeptiC ShOCk
Shock 2021

Evans L, et al. Crit Care Med 2021

» For adults suspected of having sepsis, we
suggest measuring blood lactate

» Quality of evidence: Low

» For adults with sepsis or septic shock, we
suggest guiding resuscitation to decrease
serum
lactate in patients with elevated lactate
level, over not using serum lactate

» Quality of evidence: Low

Vasopressor to keep MAP > 65 mmHg
AND

Lactate > 2 mmol/L
(after fluid resuscitation)

Sepsis and Tissue Oxygenation 40 S
| El Healthy
04 El Postoperative
» Severity of hyperlactemia related to mortality M(‘,':f,,'eHZ?’ 1 Il Septic Shock
But... 20— :
» Pa0, is increased in sepsis and septic shock J
» Increased glycolysis 10}
» Inhibition of pyruvate dehydrogenase (PDH)
» Thiamine deficiency (20% in sepsis) i

» Increased NO production
INEFFECTIVE MITOCHONDRIAL UTILIZATION

Marino PL. Oxygen: Creating a New Paradigm 2022.
Fink MP. Crit Care clin 2001
Boekstegers P. Crit Care Med 1994

Lack of Evidence for “Traditional”” Mechanisms
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Marino PL. Oxygen: Creating a New Paradigm 2022.
Thomas GW. J Trauma 2009.
Curtis SE. Am Rev Respir Dis 1992

Garcia-Alvarez M. Critical Care 2014.



So where is it coming from???

» Lungs

» Adrenergic-driven aerobic glycolysis
» Skeletal muscle

» Splanchnic region: uncommon source

»Splanchnics consume rather than produce
lactate

Opdam H. Crit Care 2000.
Bellomo R. Chest 1996.
James JH. Lancet 1999.

P

Plasma Epinephrine Concentrations
Rest: 150-300 pg/mL

Olympians: 1500-2000 pg/mL
Septic shock: > 500 pg/mL

Trauma: > 2000 pg/mL

WE HAVE CLEARANCE.
" CLARENCE.
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Epinephrine-Increased
Glycogenolysis and Glycolysis

Beta Blocker

James JH. Lancet 1999.
Levy B. Intensive Care Med 2007.

Tachycardia Despite Initial Resuscitation: A Systematic Review and Meta-analysis of
Randomized Controlled Trials

Hasegawa D, et al.

» Seven RCTs, N=613

» Esmolol or landiolol use in patients with sepsis and
septic shock

» Lower 28-day mortality

» RR, 0.68; 95% ClI, 0.54-0.85; P < .001
> ARR 18.2%

» NNT=5.5

» Use of ultrashort-acting B-blockers in patients with
sepsis with persistent tachycardia despite initial
resuscitation may improve mortality

Lactate ““Clearance”

» Percentage decrease in lactate
» ’Clearance” scientifically and
pharmacokinetically incorrect

» Clearance = removal of a substance from a
unit of volume over a unit of time (i.e.,
mL/min)

» Improvement in sepsis associated hyperlactatemia
is likely due to increased removal, dilution, or
decreased production

Suetrong B. Chest 2016.

Effect of Ultrashort-Acting B-Blockers on Mortality in Patients With Sepsis With Persistent
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Lactate Measurements In Sepsis-Induced Tissue Hypoperfusion: Results from the
Surviving Sepsis Campaign Database

Casserly B, et al.

» N=28,150 patients at 218 sites

» Elevated lactate highly associated with in-hospital
mortality

» >4 mmol/L (with or without hypotension)
»OR 2.10 (95% Cl, 1.93-2.27)

» >3 mmol/L also significant if associated with
hypotension

Trial Sequential Analysis of Randomized Controlled Trials

Gu WJ, et al.
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Sepsis-induced
hyperlactatemia represents a
change in metabolic state, not
simply a response to tissue
hypoxia

Early Lactate Clearance-Guided Therapy in Patients with Sepsis: A Meta-Analysis with

Crit Care Med 2015

Intensive Care Med 2015

Lactate Measurements In Sepsis-Induced Tissue Hypoperfusion: Results from the
Surviving Sepsis Campaign Database

Casserly B, et al.
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Problems

» Assumption: increased lactate is the result of tissue

hypoperfusion

» Assumption: Quantitative resuscitation will improve

outcomes

» Increased lactate is not the only indicator of tissue

hypoperfusion

» Septic patients with increased lactate should receive

treatment focused on the cause of the increased
lactate
» Metabolic effects should not be neglected

Bakker J. Crit Care Med 2015.

Lactate: Oxidative Fuel

» Alternative fuel during periods of metabolic stress

» Similar energy yield to glucose!

Glucose 673 kcalfmol
Lactate 50 g/mol 326 kealjmol
Lactate x 2 180 g/mol 852 kealjmol

Marino PL. Oxygen: Creating a New Paradigm. 2022.
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“Energy
Shuttle”

Inadequate Do, occurs in
septic shock as well as all
causes of shock

Other causes of
hyperlactatemia must be
considered

Lactate in
MESENTERIC ischemia
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Sepsis: Conclusions

» Hyperlactatemia is common in septic shock

» Lactate is not just a waste product—it is an
oxidative fuel

» Tissue hypoxia is not the sole cause

» Hyperlactatemia represents a change in metabolic
state

Lactate is a powerful metabolic marker

Acute Mesenteric Ischemia

» Gl/vascular emergency
» Risk increases with age

» Reduction of mesenteric ‘
blood flow .

» “Intestinal stroke center” \

Canfora A. Open Med 2019.




Rationale

AEROBIC

hyperlactatemia
* Glycolysis

selection bias

Jakob SM. Shock 2000.
Nutz V. Arch Chir 1987.

Demir . Dig Surg 2012.
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« Doesn’t take into account other causes of

» Decreased lactate utilization in the liver
* Multiple small studies subjected to significant
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Demir IE. Dig Surg 2012.
Montagnana M. Ann Transl Med 2018.

Demir IE. Dig Surg 2012.

Nomogram for Predicting Transmural Bowel Infarction in
Patients with Acute Superior Mesenteric Venous Thrombosis

Gastroenterology

World J Gastroenterol 2020

Jiang M, et al.
» Diagnostic challenge
» Rare condition (1:1000), but 5-10% of all
mesenteric ischemia
» >30% mortality

» Nomogram developed with regression,
calibration, bootstrapping validation

» Lactate > 2 mmol/L, history of DVT, rebound
tenderness, bowel wall enhancement (CT)

» AUC: 0.86 (0.77-0.93); NPV 92%

mesenteric ischemia
» D-lactate slightly better
» Se: 82%, Sp: 48%

Mesenteric Ischemia: Conclusions

» Lactate is a nonspecific marker of acute

» No single marker is reliable enough for diagnosis

» Search remains for a rapid, stable, highly
specific/sensitive, inexpensive biomarker




Mesenteric and Renal Oxygen Transport During Hemorrhage and Reperfusion:
Evaluation of Optional Goals for Resuscitation

Chiara O, et al. and Scalea TM (Senior Author) 3 Trauma 2001

» Porcine model of controlled hemorrhage

» Evaluation of systemic and splanchnic
perfusion change and O, transport

»DO,, VO,, O,ER, lactate, BE, intramucosal pH

» Flows to mesenteric and renal vascular beds
measured

Lactate in
Hemorrhagic SHOCK

Mesenteric and Renal Oxygen Transport During Hemorrhage and Reperfusion:
Evaluation of Optional Goals for Resuscitation

Mesenteric and Renal Oxygen Transport During Hemorrhage and Reperfusion:
Evaluation of Optional Goals for Resuscitation

Chiara O, et al. and Scalea TM (Senior Author) Chiara O, et al. and Scalea TM (Senior Author)

J Trauma 2001 J Trauma 2001

» Oxygen dependency demonstrated

» Compensatory mechanisms vary by organ
system / region

» Shock persists after resuscitation

» Lactate: sensitive indicator of regional
hypoperfusion
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Blow. J Trauma Acute Care Surg 1999. Regnier MA. Anesthesiology 2012.
Odom SR. J Trauma Acute Care Surg 2013.  Belaunzaran M. Am Surg 2022.




Arterial vs. Venous Lactate

> 2 associated with increased mortality
> 4 worse

» AUROC 0.78-0.82 for LSIs, mortality
» Better than systolic blood pressure

Arterial lactate (mmolL)

[] 5 o 15 al
Venous lactate (mmol/L)

Galvagno SM. Shock 2010. Strnad M. BioMed Research International 2015
Guyette FX. J Trauma Acute Care Surg 2015, Gonzalez-Robledo J. Med Intensiva 2015.
Mullen M. Prehosp Disaster Med 2014 Tobias AZ. Prehosp Emerg Care 2014,

Klein E. Acta Med Austriaca 1976.

Prehospital Point of Care Testing for the Early Detection of Shock and SHOCK
Prediction of Lifesaving Interventions m

Prehospital Point of Care Testing for the Early Detection of Shock and
Prediction of Lifesaving Interventions

Galvagno SM, et al. Shock 2020 Galvagno SM, et al.

» N=300 -
» 16 laboratory tests, StO,, continuous vital signs
» Multiple logistical regression + Bayesian analysis

» Hypothesis: Prehospital lab results can predict the
need for lifesaving interventions in trauma
patients

]« AUROC=0.88

Lactate > 4 mmol/L: best AUROC compared with SI or mSI|

Does Lactate Affect the Association of Early Hyperglycemia and Multiple Organ Failure

The Bitter and the Sweet: Relationship of Lactate, Glucose, and N A N
in Severely Injured Blunt Trauma Patients?

Mortality After Severe Blunt Trauma

Richards JE, et al. Anesth Analg 2018

Richards JE, et al.

» Retrospective cohort, N=507

» Effect modification: are levels of lactate and
glucose associated with organ failure?

» Cox proportional hazards

» Only lactate significantly associated with
organ failure

» Retrospective cohort, N=1,439
» Association of glucose / lactate and mortality
» Adjustments for age, ISS, Sl

» Only lactate remained significantly associated
with mortality

Lactate is a marker of ongoing metabolic stress
Glucose exhaustion =2 transition to glycolysis?



“Guyette Curve”

Probability of Resuscitative Intervention

T
25 45 10 15
Lactate (mmol/L)

Guyette FX. J Trauma Acute Care Surg 2015.
Zadorozny EV. Prehosp Emerg Care 2021.

Limitations: Alcohol

8 5 — ] » Herbert, 2011
£ i SRR N=1,083
E: e » Minor vs. major
= = injuries
Ty i i » Poor mortality
' indicator

Herbert HK. Am Surg 2011.

Lactate in Orthopedics

Fast Frugal Trees
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Guyette FX. Under review (unpublished) 2024.

Dunne / Zehtabchi

» N=3,536 / 520 s

» Higher lactate
in alcohol
groups

» Significant
independent 0
predictor of
mortality

Blood Laciate {mmoliL)

o Aleohol Alcohol No Cocaine

Zehtabchi S. Acad Emerg Med 2004.
Dunne JR. J Trauma 2005.

Chapter 14
Compartment Syndrome in Polytrauma
Patients

0 The Awthoris) 2019
€, Mauflrey et ol jeds. ), Compurtsent Sy,

Thcitapher Levsad Rebewt Y07 Thcle Bpac/idod ong/10, {007 TE-L030-21331-1_14

 Kosir, 2017
» PA-catheter directed shock resuscitation
 Tibial shaft fractures + lower vascular injury +
pelvic + lower extremity crush injury
e Screening every 4 h x 48 h
» Exam, compartment pressure

* Higher lactate (13 + 5.2 mmol/L) and base
deficits (12.9 + 5.9 mEqg/L) in those with
compartment syndrome



Resuscitation Before Stabilization of Femoral Fractures Limits Acute Respiratory Distress
Syndrome in Patients With Multiple Traumatic Injuries Despite Low Use of Damage Control
Orthopedics

O’Toole R, et al. J Trauma 2009

» Retrospective, N=582 (n=287 with ISS >
17)

» Increased risk of ARDS? Lungs “primed”
for secondary insult?

» No nailing until lactate < 2.5 mmol/L

» 12% DCO 7/ 88% primary reamed nailing /
3% plated

Resuscitation Before Stabilization of Femoral Fractures Limits Acute Respiratory Distress
Syndrome in Patients With Multiple Traumatic Injuries Despite Low Use of Damage Control
Orthopedics

O’Toole R, et al. J Trauma 2009

» Dobutamine (1)

» Limited crystalloids

» Invasive monitoring

»DCO if lactate > 2.5 mmol/L

Summary

Resuscitation Before Stabilization of Femoral Fractures Limits Acute Respiratory Distress

Syndrome in Patients With Multiple Traumatic Injuries Despite Low Use of Damage Control
Orthopedics

O’Toole R, et al. J Trauma 2009

TABLE 1. Patient Descri ters for Two
Groups With Femoral Fractures and Injury Severity Scores =17
Primary
Nailig  DCO
(n=199) (0=

Age (y1) M5

155 74

Presenting SBP imm Hg) 1306

Percentage of paticets with SHP <00 num Hy 106%

Presenting HR (beats/min) 16

Presenting RR {beeaths min) 166

Presenting lacime vahse (mimod L) s a3
Beain AIS sore =2 {percentage of paticnts) W% B
Abdomen AIS score =2 (percentage of patients) 2%

Thoracic AIS score >3 (percentage of patients) 5%
Exploestory laparoionry dusing first 24 b 11.6%

Pelvic fraciure 236%

Usnstable petvic fracture (Yioung-Busgess APC-L 1400 143%

APC-IL LC-LL LC-HL, or V5§

What about Ringers?

» Content is sodium lactate, not lactic acid
» Only a modest rise in healthy volunteers
» Can be safely used in CPB, renal transplants
» Liver transplant: does increase lactate
Probably safe to use, even in sepsis!
Caution in liver transplants

O'Malley CMN. Anesth Analg 2005. Shin WJ. Acta Anaesthesiol Scand 2011. Zitek T. J Emerg Med 2018~
Modi MP. Saudi J Kidney Dis Transpl 2012. Hadimioglu N. Anesth Analg 2008. Weinberg L. Perfusion 2018.




SUMMARY

Lactate...

» May represent a cellular energy deficit, not necessarily
tissue hypoxia

» Oxidative fuel
» Consider other causes when elevated in septic shock
» Tissue oxygenation is often adequate

» >4 mmol/L (and not improving); highly concerning in
sepsis, burns and hemorrhage

» Not a “stand alone” diagnostic marker for mesenteric
ischemia

» Marker of ongoing metabolic stress
» Not increased with Ringers (in most patients)

Causes of Increased Lactate

-0 =

Thank you!

sgalvagno@som.umaryland.edu
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