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Topics to Discuss

The biochemical mechanisms and clinical processes
that can increase blood lactate.

The clinical implications of an increased blood lactate
In surgery, ECMQO, in the ED, and in sepsis.

The general timing sequence of lactate
measurements for monitoring patients in critical care.

The stability of lactate in blood with and without
stabilizers.

When and where POC measurements of blood lactate
are useful.



Lactate Testing at Duke Medical Center
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   Workload data as follows:
FY 90-1: 4472 total
FY 91-2: 5983
FY 92-3: 6644
FY 93-4: CPED 4491   CARL 3006
FY 94-5: CPED 5024   CARL 2441
FY 95-6: CPED 6466   CARL 3440
FY 96-7: CPED 4802   CARL 4283
FY 97-8: CPED 5006   CARL 2588
FY 98-9: CPED 4204   CARL 2722  BG Lab 0
FY 99-0: CPED 5859   CARL 2853  BG Lab 2445
FY 00-1: CPED 4177   CARL 2844  BG Lab 4626
FY 01-2 (est):  CPED 5000  CARL 2500  BG Lab 6000
FY 02-3: CPED 3940   CARL 3699   BG Lab 6843 (+2400 Shock Panels for 03-04)
FY 03-04: 
FY 04-05: CPED 6026   RRL 1972   BGL   12,270 (+ 7250 shock panels)
FY 05-06: CPED 9300   RRL  2700    BGL 14,910 + 8923 shock panels.
FY 06-07: CPED 14,888  RRL  2737  BGL  16986 + 10,007 shock panels
FY 07-08:  CPED 14774  RRL 2854   BGL 17693 + 12869 shock panels
FY 08-09: CPED 15581   RRL 2460   BGL 17858 + 11666 shock panels
FY 09-10:  CPED  13,459    RRL  2448    BGL  18,850 + 16,972
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Production of Lactate from Pyruvate:
Directly Depends on Ratio of NADH/NAD*
Indirectly Depends on Supply of Oxygen

Blood

Glucose : :
02 I Lactate diffuses into blood

Glycolysis

Lots of ADP ———

Pyruvate ? Lactate”
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   The ratio of NADH to NAD determines whether pyruvate will be converted by PDH (pyruvate dehydrogenase) in the mitochondria to Acetyl CoA (favored by having plenty of NAD) or converted to lactate (favored by a high NADH).  An adequate oxygen supply is necessary to maintain a high amount of NAD.  Pyruvate can also be converted back to glucose by the process of gluconeogenesis.
   The process of oxidative phosphorylation not only converts ADP to produce large amounts of ATP, but maintains a high ratio of NAD to NADH by also converting NADH to NAD.  Of course, oxidative phosphorylation requires an adequate supply of oxygen. 
   Glycolysis is the process of converting glucose to pyruvate.  The alternate reverse process of of converting pyruvate back to glucose is gluconeogenesis. Note that gluconeogenesis is not simply a reversal of glycolysis.  Pyruvate must first become carboxylated by pyruvate carboxylase in the mitochondria, then is converted back to phosphoenolpyruvate in the cytosol. After that, the glycolytic reactions are reversed to ultimately produce glucose.
   Recent theory suggests that lactate may modulate and coordinate glucose supply, oxidative phosphorylation, and energy demands.  For example, a high intracellular lactate concentrations sustains cytosolic NADH levels, which promotes aerobic production of ATP (Bellomo, Ronco: Curr Opin Crit Care 1999; 5: 452).  



The Production of Lactate from

Pyruvate Actually Acid
Reaction Net gain/loss of acid

glucose > 2 pyruvate + 2H* produces 2 H*

2 pyruvate + 2H* — 2 |lactate consumes 2 H*

ATP + H,0 ADP + HPO,=+ H* produces 1 H*

See: “Biochemistry of Exercise-Induced Metabolic Acidosis”. Am J Physiol Integr Comp Physiol 2004; 287: R502-R516
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   The detailed reactions are:
glucose + 2ADP + 2HPO4 + 2NAD+          2 pyruvate + 2ATP + 2NADH + 2H2O + 2H+
pyruvate + NADH + H+	Lactate + NAD+
   There are 2 pyruvates produced for each conversion of glucose, so the net change of acid in glycolysis from glucose to 2 lactates is zero.
   The muscle stores of creatine-PO4 supply a near immediate source of ATP for muscle contraction.  This reaction actually consumes an acid, as creatine picks up the H+ ion.
   The hydrolysis of ATP produces acid, which appears to be the source of the acid during ischemia.
   These issues are discussed in a review by Dr Robert Robergs, et al: Biochemistry of exercise-induced metabolic acidosis. Am J Physiol Regal Integr Comp Physiol 2004; 287: R502-516.


What Processes Can Elevate
Blood Lactate?

Normal RBC and muscle cell metabolism: exercise.
nadequate oxygen delivered to tissues. <>
ncreased rate of glycolysis: fever. «&X»

Decreased rate of clearance or removal:
—Liver, kidney damage. L Sepsis _2

Mitochondrial damage from infections and ==
iInflammation:

— O, radicals, TNF, cytokines, drugs, etc may be involved.
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   There is no doubt that tissue hypoxia coincides with a sharp increase in blood lactate concentration.  This is because insufficient oxygen leads to an increased NADH level (Bakker; Intensive Care Med 2001; 27: 6-11).
   Lactate is normally cleared by the liver and kidney, but during hyperlactatemia, muscles also metabolize lactate.  Decreased clearance of lactate can be an important contributor to increased blood lactate (Bakker 2001).
   Cells lacking mitochondrial metabolism, such as red cells, normally produce lactate as end-product of glucose metabolism.  Skeletal muscles produce very large amounts of lactate during vigorous exercies.
   Processes such as hypoxia and inhibitors of pyruvate dehydrogenase (PDH) will increase pyruvate concentrations (Bakker 2001). 
   Elevated lactate is commonly found in critically ill patients during sepsis, even without evidence of tissue hypoxia.  While the traditional view is that lactate indicates a tissue or cellular oxygen deficit, several factors associated with sepsis may elevate lactate as well:  inflammation, cytokines, platelet and endothelial activators, tissue necrosis factor.  
   The antiviral drug AZT (azidothymidine – a reverse transcriptase inhibitor) is known to inhibit mitochondrial function.  
   These concepts are discussed in the report by Bellomo and Ronco in Curr Opin Crit Care 1999; 5: 452-7.
  


Clinical Uses for Blood Lactate
Measurements: Old and New

Monitoring during / after surgery:
—open-heart surgery in neonates
—adult cardiac operations with CP bypass

Monitoring during ECMO.

Triage use in Emergency Medicine:
—trauma patients, chest pain patients
—criteria for ICU admission.

Detecting / monitoring metabolic alterations In
sepsis, septic shock, etc.
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   Toffaletti and Hansell (Scand J Clin Lab Invest 1995; 55: 301) present cases that show how blood lactate was used to guide therapeutic interventions in neonatal open-heart surgery for congential heart disease and ECMO.  Further studies also show that blood lactate was a useful predictor of mortality (Ann Thorac Surg 1997; 64: 735).
   Blow et al vigorously resuscitated trauma patients who had increased blood lactate. They concluded that early identification and aggressive resuscitation to correct blood lactate improves survival and reduces complications in severely injured trauma patients (J Trauma 1999; 47: 964). 
   Smith, et al used blood lactate levels to discriminate between patients with low and high risks of morbidity and mortality admitted to ICUs (Intensive Care Med 2001; 27: 74).  Blood lactate was also useful to alert physicians to an evolving acidosis.  For patients who responded to treatment by decreasing their lactate to less than 1.0 mmol/L, mortality was less than 7%.
   Schmiechen et al concluded that the blood lactate obtained on arrival in the ED identified chest pain patients with critical cardiac illness (AMI, severe CHF, decompensated arrythmias).  A normal blood lactate had a high negative predictive value for AMI (Ann Emergency Med 1997; 30: 571).
   


Interpretation of Blood Lactate Results

< 1.5 mmol/L: Normal adult at rest
2.2 - 4.0 mmol/L: Moderately elevated

>4.0-5.0 mmol/L: Seriously elevated?

But the direction of change may be most
Important!
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   Smith, et al used blood lactate levels to discriminate between intensive care patients with low and high risks of morbidity and mortality (Intensive Care Med 2001; 27: 74). They found that patients in intensive care with blood lactate greater than 1.5 mmol/L had a mortality of 61%.  They suggest that any lactate above 1.5 mmol/L should be considered abnormal.
   As noted in earlier slide, a blood lactate of 4 mmol/L or above must be interpreted with the patient’s history.  If the elevation is because the patient has just undergone surgery, this lactate is not necessarily serious.  If the lactate is increasing despite full medical intervention (cardiac, pulmonary, fluid, antibiotic, etc, support), a lactate above 4 mmol/L represents a very serious situation.


What Does a Blood Lactate
Concentration Tell You Clinically?

In many patients (surgery, trauma, with sepsis,
respiratory distress, etc) an elevation may indicate a
problem:

— Insufficient oxygen to tissues, inflammation, etc.

In an emergency setting with multiple patients to treat:

— Which patient is sicker?
Which patients can wait for treatment?
Which patients need immediate care?
Which patients are beyond help?

Is what you are doing making the patient better or
worse?
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   An example of the usefulness of blood lactate measurements:
   In trauma patients who had increased blood lactate, early identification and aggressive resuscitation to correct blood lactate improved survival and reduces complications in severely injured trauma patients. The initial (increased) lactate was associated with lower cardiac performance and higher mortality. Patients whose lactate normalized within 24 hours had improved outcome relative to those whose blood lactate did not normalize. (J Trauma 1999; 47: 964).
   When multiple trauma patients arrive in the ED, difficult decisions about who needs treatment immediately are sometimes necessary.  A blood lactate concentration can be very useful in these situation.
    


General Format for Using Blood
Lactate Measurements

Measure lactate right away:
— Lactate normal: GOOD
— Lactate slightly elevated: Initiate therapy

— Lactate markedly elevated: Consider more aggressive
therapy

Measure lactate every 3-6 hours:
— Lactate decreasing: GOOD
— Lactate staying the same: Increase level of therapy
— Lactate rising: BAD — Consider most aggressive therapy

Evaluate after 24 hours:

— Lactate normal or close to normal: GOOD

— Lactate still clearly elevated: Consider more aggressive
therapy
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   Serial blood lactate measurements predict early outcome after neonatal repair or palliation for complex congenital heart disease.  J Thorac Cardiovasc Surg 2000; 120: 73-80.
   Serial blood lactate measurements appear to indicate serious metabolic events and indicate the need for ECMO support for neonates following complex cardiac surgery in neonates.  An initial blood lactate of more than 6 mmol/L did not necessarily predict a poor outcome (J Thor Cardiovasc Surg 2000). 



Blood Lactate in Pediatric
Cardiac Surgery
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   Since 1958, lactate accumulation has been noted in some patients during CPB.   Both hypothermia and increased perfusion flow were reported to prevent elevated blood lactate (Surgery 1958; 44: 220). In the immediate postoperative period, a hypermetabolic response may occur, due to increased O2 consumption and CO2 production (Crit Care Med 1987; 15: 1995), with inflammation also playing a role (Ann Thorac Surg 1996; 61: 1714).  
   In a recent study, a blood lactate of 4 mmol/L or above during CPB was associated with in increased risk of postoperative morbidity and mortality. Characteristics of this group were: older, higher preop risk, more likely female, lower left ventricular ejection fraction, lower hemoglobin, and complexity of the operation (Ann Thorac Surg 2000; 70: 2082).


Blood Lactate Following
Pediatric Cardiac Surgery

Timing of measurements:
Blood lactates are measured after surgery, then
every 4-8 hrs after as necessary during recovery.
Interpretation:

Post-surgery lactate of >4 mmol/L generally
Indicates more intensive care will be needed.

A definite rise in lactate at any time warrants
Immediate intervention.

After 24 hours, lactate should be normalizing.
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   Serial blood lactate measurements predict early outcome after neonatal repair or palliation for complex congenital heart disease.  J Thorac Cardiovasc Surg 2000; 120: 73-80.
   Serial blood lactate measurements appear to indicate serious metabolic events and indicate the need for ECMO support for neonates following complex cardiac surgery in neonates.  An initial blood lactate of more than 6 mmol/L did not necessarily predict a poor outcome (J Thor Cardiovasc Surg 2000). 



Lactate (mmol/L)
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Pediatric Open-Heart Surgery: Closure of Ductus
Arteriosus with Placement of Shunt from Aorta to

Pulmonary Artery

A: Good post-op recovery.
B: Pulmonary edema noted.
104 C-D: CHF caused by excess shunt flow.

E: Operation to place smaller shunt.
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   This infant had an uncomplicated gestation and delivery, but developed symptoms of cyanotic heart disease soon after birth.  Cardiac catheterization revealed a large patent ductus arteriosus (L to R shunting through atrial septum).  The infant underwent open-heart surgery to correct this anomaly at 9 days of age.  A 4 mm shunt was placed between the ascending aorta and pulmonary artery).  
   Immediately after surgery, O2 sat was 78% and lactate was 4.0 mmol/L (A).  Lactate declined over the next 2 days.  Pulmonary edema was found on post-op day 3 (B), and lactate rose markedly on day 4 (C).  This was believed due to congestive heart failure secondary to shunt overflow (too much blood flowing through shunt placed during operation).  On day 6 the patient returned to surgery to decrease the size of the shunt to 3 mm.  
   Her condition stabilized rapidly.  A slight rise in lactate at day 9 was believed due to hypovolemia and was treated with albumin solution.  Her condition continued to improve and she was discharged on post-op day 23.


Blood Lactate Use in ECMO

(Extracorporeal Membrane Oxygenation)



ECMO = Extracorporeal Membrane
Oxygenation

VENOARTERIAL ECMO CIRCUIT
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  In veno-venous ECMO, a double-lumen cannula is inserted into the internal jugular vein.  Blood from this vein is pumped out to the ECMO circuit and returned as oxygenated blood into the same vein. This has advantage of using only one vessel and not ligating the carotid artery. Pulsatile flow is maintained because the heart is still pumping the blood. Therefore, a disadvantage of v-v ECMO is that it will not support a weak heart. 
   In veno-arterial ECMO, blood is pumped out of the carotid artery, is oxygenated, then returned to the vein (essentially cardiac bypass).  Blood flow is maintained by the ECMO pump, so cardiac function does not affect blood flow. 


Interpretation of Blood Lactate Results
During ECMO

In questionable cases, lactate measurement can help
determine if patient goes on ECMO or not (> 5 mmol/L).

Lactate declining or remaining low during ECMO is
good.

If lactate increases or remains elevated:
— may increase pump flow, blood volume, or hematocrit.

— evaluate for cardiac problems.
— consider changing to veno-arterial ECMO.

Scand J Clin Lab Invest 1995; 55: 301-7.
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   In veno-venous ECMO, a double-lumen cannula is inserted into the internal jugular vein.  Blood from this vein is pumped out to the ECMO circuit and returned as oxygenated blood into the same vein. This has advantage of using only one vessel and not ligating the carotid artery. Pulsatile flow is maintained because the heart is still pumping the blood. Therefore, a disadvantage of v-v ECMO is that it will not support a weak heart. 
   In veno-arterial ECMO, blood is pumped out of the carotid artery, is oxygenated, then returned to the vein (essentially cardiac bypass).  Blood flow is maintained by the ECMO pump, so cardiac function does not affect blood flow. 


Blood Lactate in Adult
Cardiopulmonary Bypass
Surgery
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   Since 1958, lactate accumulation has been noted in some patients during CPB.   Both hypothermia and increased perfusion flow were reported to prevent elevated blood lactate (Surgery 1958; 44: 220). In the immediate postoperative period, a hypermetabolic response may occur, due to increased O2 consumption and CO2 production (Crit Care Med 1987; 15: 1995), with inflammation also playing a role (Ann Thorac Surg 1996; 61: 1714).  
   In a recent study, a blood lactate of 4 mmol/L or above during CPB was associated with in increased risk of postoperative morbidity and mortality. Characteristics of this group were: older, higher preop risk, more likely female, lower left ventricular ejection fraction, lower hemoglobin, and complexity of the operation (Ann Thorac Surg 2000; 70: 2082).


Information Provided by Blood Lactate
Measurements In Adult Cardiopulmonary
Bypass (CABG) Surgery

Monitoring blood lactate evaluates
the complex metabolic state of the
patient recovering from cooling,
hemodilution, anesthesia,
vasoactive drugs, inflammation,
coagulopathies, etc.
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   In the immediate postop period, a hypermetabolic response may occur, due to increased O2 consumption and CO2 production (Crit Care Med 1987; 15: 1995), with inflammation also playing a role (Ann Thorac Surg 1996; 61: 1714).  
   In CPB patients having heart valve surgery, elevated lactate >4 mmol/L was associated with a higher NYHA classification and duration of CPB, mechanical ventilation, and inotropic support (Ann Cardiac Anaesth 2005; 8: 39-44).
   In a recent study, a blood lactate of > 4 mmol/L during CPB was associated with an increased risk of postoperative morbidity and mortality.  This group tended to be slightly older, higher preop risk, more likely female, have lower LV ejection fraction, lower hemoglobin, and a more complex operation (Ann Thorac Surg 2000; 70: 2082).
   In relatively low-risk patients undergoing CABG, blood lactate was an independent risk factor for predicting low cardiac output syndrome, which occurred in 5.4% of these patients.  This was believed due to a delayed return to aerobic metabolism in myocardial tissues. These patients tended to be older and had poorer left ventricular ejection fractions prior to surgery (Ann Thorac Surg 2001: 71: 1925).
   Post-op blood lactate correlated with the duration of CP bypass time, initial arterial pH, O2 consumption, and peak level of CK enzyme and pulmonary function (% transpulmonary a-v lactate diff). This report suggested blood lactate could help in planning postop management of patient (Surgery Today 2002).
   


Principles of Evaluating an Elevated
Lactate After Open-Heart Surgery

If reperfusion is good, lactate should decline by
1-2 hours after surgery.
— However, lactate declines slowly in some patients.

If lactate remains elevated 1-2 hr after surgery:
— Make sure cardiac output is good.
— Make sure airways are clear.

— Evaluate liver function
liver shutdown can diminish lactate removal.

— Look for gut ischemia or peripheral ischemia.



Case 1. CABG Operation with No Complications
67 yo male; recent Myocardial Infarction

Time 8:40 9:15 _11:30 12:00  14:00

FI-O, 0.40 0.40 ' 0.70 0.70 0.21 (RA) 0.21 1.00

pO, 108 101 [ 210 280 180 45 120

%0, Hb 98.5 96.7 199.2 99.6 99.3 84.0 98.8

Hb 11.5 10.8 8.2 8.0 8.2 8.5 10.2
O, content 15.7 145 113
Lactate 1.2 0.9 1.5 2.5 3.8

Patient on pump

Rise in lactate
post-op is arelatively
normal occurrence.
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This is from an actual operation.  Data provided by Atilio Barbeito, MD.   The lactate of 4.6 mmol/L and low pO2 led to putting the patient back on 100% O2.  The patient recovered well and was discharged from the ICU without complications.  
The rise in lactate post surgery appears to be a common occurrence.  One possibility is that the mitochondria are slow to recover from the effects of anesthesia, hypothermia, drugs, inflammation, etc.


Case 2: CABG Patient With
Post-Operative Complications

56 year old male underwent open-heart surgery
for coronary artery bypass.
Blood lactates were measured:

— Lactate during surgery was 3.2 mmol/L.

—4 hr post-surgery lactate was 6.1 mmol/L.

Several parameters were re-checked:
— Cardiac output was good
—No evidence of gut ischemia
—No problems with breathing
— Poor peripheral pulses were noted in leqg.



Case: CABG Patient Post-Op (cont’d)

Patient had an intra-aortic balloon pump
Inserted through femoral artery to increase
cardiac output post-op.

—Balloon pump may be constricting blood flow to leg.
Balloon pump was removed from femoral artery.

Lactate measured 2 hours later was 1.7 mmol/L
(normalizing).



Use of Lactate in ED for Trauma
and Hypovolemic Shock




Early Report on Value of Blood Lactate
Measurements in Trauma Patients

A study of 76 patients admitted to the ICU from
either the OR or the ED found that the time needed
to normalize blood lactate predicted survival rate of
patients:

— 100% (27 of 27) survival when lactate normalized in 24 hours.

— 78% (21 of 27) survived when lactate normalized within 24-48 hours.

— 14% (3 of 22) survived if lactate did not normalize by 48 hours.

Abramson, et al: J Trauma 1993; 35: 584-5809.
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   The early report was significant in that it showed not only that the rate of clearance of lactate correlated with survival, but that the oxygen parameters and cardiac index did not correlate with survival.  They prospectively evaluated 76 consecutive trauma patients admitted to the ICU from either the OR or ED.  Measurements were made at 8, 16, 24, 36 and 48 hours after admission to the ICU.
   Their treatment options included increasing intravascular volume, inotropic support with dobutamine or amrinone.  The use of lactate has changed their management of patients by using the initial lactate result to determine if a Swan-Ganz catheter is placed.  
      


Lactate As Predictor of Survival
INn Trauma Patients

67 PATIENTS

51 patients 16 patients did not
normalized lactate normalize lactate within
within 24 hrs 24 hrs

: 13 patients .
50 patllenC}s 1 patient suprvived 3 péa.tlznts
survive died 0 e
(98%) (8L

Dr AM Shah; Dept of Anesthesiology; Ganga Hospital; Coimbatore



Blood Lactate Is Also Helpful in ED for
Treating Hypovolemic Shock

For hypovolemic shock from:
— Bleeding, dehydration, etc.
— Cardiogenic shock

If resuscitation attempts decrease lactate:
— Continue on this course.

If blood lactate stays the same or increases:
—Look for other causes: sepsis, etc.






What Is Sepsis and its Progression to
More Severe Stages?

e Sepsis Is an overwhelming response to a
systemic infection:

— Has SIRS criteria + infection.

e Severe Sepsis Is when a severe infection
causes organs to start failing.

—May progress to MODS (multiple organ dysfunction
syndrome)

e Sepsis may progress to Septic Shock:
—profound drop in blood pressure,
—organ dysfunction,
—frequently death (but EGDT is beneficial!)



What Are the Criteria for Systemic
Inflammatory Response Syndrome (SIRS)?

Heart rate > 90/min
Respiratory rate > 20/min (or pCO, < 32 mmHg).

Temperature < 35 or > 38 °C
WBC > 12,000 or < 4,000/mm?3 or > 10% Bands.

(These are very non-specific criteria for sepsis)
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   WBCs are released during infections and physical stress.  As WBCs are released, bands (a slightly less-mature form of WBC lymphocyte) start to be released.  Bands are not directly measured on any automated blood counter.  They must be counted manually and are not reported at all institutions.


Timeline of Events as Infection Progresses
to Sepsis, Septic Shock, and MODS

Systemic
Infection

BP V
Lactate ffvf
Lactate Organs
beqin to fail

= Siks Severe
Sepsis

>

Septic Shock

—>

Mitochondria damaged

| ey |

SIRS = Systemic Inflammatory Response Syndrome

MODS = Multiple Organ Dysfunction Syndrome

MODS

DEATH




EARLY GOAL-DIRECTED THERAPY:

In-Hospital Mortality
60 - P=0.009
50 - 46.5%
40 -
30.5%
30 -
20 -
10 -
0 .
Standard Therapy EGDT
nh=133 n=130

Fivers E, etal. N Eng! J Med 2001345 1368-1377.




3- and 6-Hour Bundles in Goal Directed
Therapy Protocol for Sepsis in the ED

3-Hour Bundle to rapidly identify patients likely to have sepsis:

— Order arterial or mixed venous lactate.

— Order blood cultures.

— Administer broad spectrum antibiotics.

— Give fluid bolus if hypotensive or lactate >4 mmol/L.

— Order CBC, urinalysis, CAT scans, X-rays, etc as appropriate.
— Measuring procalcitonin may have great value here!

e 6-Hour Bundle:
— Administer vasopressors if BP is low and unresponsive to fluids.

— Adjust antibiotics if blood culture results available.

e Options if hypotension persists and/or lactate remains >4 mmol/L:
— Give red cells to achieve s, 0O, > 70% or s,0, > 65%

— Consider mechanical ventilation.



Lactate Measurements in ED for
Evaluating Sepsis

An elevated lactate in sepsis suggests several
possibilities:
Inadequate O, delivery:

Hypovolemia
Shock
Circulatory abnormality: vasoconstriction/vasodilation

Problem with O, utilization:
Mitochondrial dysfunction



There Are Many Ways to Lose Your

Mitochondria
By Drugs, Cytokines, Oxygen Radicals

Drugs

Sepsis,
Tissue Necrosis Factor,
Cytokines

MITOCHONDRIA

inhibited .
Citrate Cycle
mtDNA

: ATPase E
Hyperglycemia inhibited
Cytochromes
released




Increase in Lactate (mmol/L) in Blood
Containing No Additive or Fluoride / Oxalate

Mean increase
Sample Temp Additive Time In Lactate (mmol/L)

plasma 4-23°C F/Ox 8 h <0.03
plasma RT none 2 h 0.10
WB RT F / Ox 2 h 0.10
WB ice none 60 min 0.10

WB RT none 30 min 0.30 (~1%/min)

From Westgard, Clin Chem 1972; Toffaletti, Clin Chem 1992;
and Astles, Clin Chem 1994
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    At room temperature storage, whole blood increases lactate concentrations by 0.3 to 0.5 mmol/L after 30 min (Toffaletti et al: Clin Chem 1992; 38: 2430) (Astles: Clin Chem 1994; 40: 1327).  Ice slows this rate to about 0.1 mmol/L after 60 min.  Lactate in plasma is quite stable, with no detectable change after 120 min on ice and changing by 0.1 mmol/L after 120 min at room temperature.
   Although fluoride or oxalate may interfere with some lactate methods, these preservatives (especially fluoride) minimize increases in lactate to very low rates.  In whole blood samples containing F/Ox at room temperature, the mean increase was 0.15 mmol/L over 24 h.  Even in samples with high white cell counts, lactate increased by only 0.3 mmol/L over 8 h.  This suggests that samples collected in F/Ox will be stable for at least 8 h at room temperature (Astles et al).
   Because fluoride interferes with most lactate-sensing electrodes, heparin is nearly always the anticoagulant used for critical care situations where whole blood must be analyzed rapidly.  Because heparin provides no inhibition to lactate production, rapid analysis is necessary, not only for a rapid result, but to minimize changes in lactate concentrations. 
  To avoid in vitro metabolic effects in either venous or arterial whole blood, lactate should be measured within 15 minutes after collection.  While storage on ice minimizes lactate generation in vitro, ice storage affects other analytes, such as increasing potassium and PO2 . 



Lactate Changes in Heparinized Blood Gas
Samples at Room Temp

Change in Lactate (mmol/L)

1.8
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1.2

1
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A Smpl #3
< Smpl #4
e Smpl #5



Production of Lactate from Pyruvate:
Directly Depends on Ratio of NADH/NAD*
Indirectly Depends on Supply of Oxygen

Blood

Glucose : :
02 | Lactate diffuses into blood

Glycolysis : ) 5 ATP

Pyruvate m Lactate*’
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   The ratio of NADH to NAD determines whether pyruvate will be converted by PDH (pyruvate dehydrogenase) in the mitochondria to Acetyl CoA (favored by having plenty of NAD) or converted to lactate (favored by a high NADH).  An adequate oxygen supply is necessary to maintain a high amount of NAD.  Pyruvate can also be converted back to glucose by the process of gluconeogenesis.
   The process of oxidative phosphorylation not only converts ADP to produce large amounts of ATP, but maintains a high ratio of NAD to NADH by also converting NADH to NAD.  Of course, oxidative phosphorylation requires an adequate supply of oxygen. 
   Glycolysis is the process of converting glucose to pyruvate.  The alternate reverse process of of converting pyruvate back to glucose is gluconeogenesis. Note that gluconeogenesis is not simply a reversal of glycolysis.  Pyruvate must first become carboxylated by pyruvate carboxylase in the mitochondria, then is converted back to phosphoenolpyruvate in the cytosol. After that, the glycolytic reactions are reversed to ultimately produce glucose.
   Recent theory suggests that lactate may modulate and coordinate glucose supply, oxidative phosphorylation, and energy demands.  For example, a high intracellular lactate concentrations sustains cytosolic NADH levels, which promotes aerobic production of ATP (Bellomo, Ronco: Curr Opin Crit Care 1999; 5: 452).  



Summary of Issues with Blood
Lactate Measurements

Mechanisms for elevated lactate are being
clarified.

Recommendation of lactate testing in EGDT
nas markedly increased test usage.

_actate Is becoming a marker for overall
mitochondrial damage.

When to measure and how to interpret?
—Well established for peds open-heart and ECMO.

—Becoming established for sepsis, triage in ED,
and adult open-heart surgery.




Potential Areas for POC or Lab
Measurements of Lactate

Location TA-Time POC Near Pt Central Lab
Needed Lab

Emergency ~30 min ED very chaotic YES (9) May be
Dept. (?) acceptable

Open-Heart 5-15min  YES YES (%) NO
Surgery

ECMO 5-30 min  YES (but low YES ($) May be
test #'s) acceptable

Sepsis 60 min YES (but many YES ($) Acceptable
areas to cover)

($) = Other tests and test volumes necessary to justify a
near-patient laboratory.



Lactate Testing at Duke Medical Center
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Presentation Notes
   Workload data as follows:
FY 90-1: 4472 total
FY 91-2: 5983
FY 92-3: 6644
FY 93-4: CPED 4491   CARL 3006
FY 94-5: CPED 5024   CARL 2441
FY 95-6: CPED 6466   CARL 3440
FY 96-7: CPED 4802   CARL 4283
FY 97-8: CPED 5006   CARL 2588
FY 98-9: CPED 4204   CARL 2722  BG Lab 0
FY 99-0: CPED 5859   CARL 2853  BG Lab 2445
FY 00-1: CPED 4177   CARL 2844  BG Lab 4626
FY 01-2 (est):  CPED 5000  CARL 2500  BG Lab 6000
FY 02-3: CPED 3940   CARL 3699   BG Lab 6843 (plus about 2400 Shock Panels for 03-04)
FY 03-04: 
FY 04-05: CPED 6026   RRL 1972   BGL   12,270 (+ 7250 shock panels)
FY 05-06: CPED 9300   RRL  2700    BGL 14,910 + 8923 shock panels.
FY 06-07: CPED 14,888  RRL  2737  BGL  16986 + 10,007 shock panels
FY 07-08:  CPED 14774  RRL 2854   BGL 17693 + 12869 shock panels
FY 08-09: CPED 15581   RRL 2460   BGL 17858 + 11666 art + 2822 ven shock panels
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