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Editorial

Blood lactate concentrations reflect the balance between 

lactate production and clearance. During glycolysis in resting 

state, most glucose is converted to pyruvate. Pyruvate is me-

tabolized through the aerobic pathway, to acetyl-CoA by py-

ruvate dehydrogenase (PDH) to enter the tricarboxylic acid 

cycle that is the main source of energy for cellular metabo-

lism. In times of stress, tissue oxygen (O2) needs are no longer 

met by O2 delivery, which results in cellular hypoxia. Cell hy-

poxia induces a switch from aerobic metabolism to the less ef-

ficient anaerobic metabolism in which PDH is inhibited and 

lactate formation from pyruvate by lactate dehydrogenase 

(LDH) is favored. On the other hand, high inflammatory states 

such as sepsis accelerated glycolysis leads to overproduction 

of lactate [1]. However, as lactate is a normal product of glu-

cose metabolism, many other factors could increase lactate 

levels in the absence of tissue hypoperfusion due to malignan-

cy, liver disease, or mitochondrial disorder. Normally, the liver 

removes 70% of lactate. When hepatic blood flow decreases to 

25% of normal, the capacity of the liver to metabolize lactate is 

diminished and lactate clearance is reduced [2]. Although 

overproduction of lactate in response to endotoxin or tissue 

hypoxia accounts for some of the rise in lactate in septic 

states, a decrease in hepatic lactate extraction and utilization 

also occurs. 

Hyperlactatemia (most commonly ≥4 mmol/L,) is a marker 

of sepsis-induced hypoperfusion and the threshold was incor-

porated into the Surviving Sepsis Campaign (SSC) guidelines 

for early identification of sepsis [3]. It is reasonable, therefore, 

to assume that hyperlactatemia is very clearly associated with 

increased risk for mortality in patients with sepsis, in both the 

intensive care unit (ICU) and emergency department (ED) 

setting [4, 5]. A recent analysis of the Surviving Sepsis Cam-

paign database reported that elevated lactate ≥4 mmol/L was 

independently associated with mortality [4]. Interestingly, the 

prognostic value of lactate levels seems to be independent 

from the underlying critical illness or the presence of shock or 

organ failure [6]. In line with these studies, Song et al. [7] re-

ported high lactate level (≥4 mmol/L) was an independent 

risk factor for 7- and 28-day mortality (odds ratio, 1.286 and 

1.346, respectively) in septic shock patients who received 

treatments following SSC bundles in the ED. 

In addition to the importance of baseline lactate level, the 

clearance of lactate during the early phase of resuscitation is 

associated with mortality. Lactate clearance usually occurs af-

ter successful resuscitation which indicates adequate tissue 

perfusion. According to this concept, lactate clearance has 

been proposed as alternative goal of resuscitation in patients 

with sepsis. A recently published study showed a 17% mortali-
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ty rate in subjects randomized to lactate clearance-guided re-

suscitation versus 23% in those randomized to central venous 

oxygen saturation-guided resuscitation [8]. The authors con-

cluded that lactate clearance resuscitation goal was noninferi-

or and led to very similar early fluid resuscitation [8]. Another 

study that randomized patients to routine early goal-directed 

therapy or to lactate measurement every 2 hours for the first 8 

hours showed that the lactate group had a significantly favor-

able impact on outcome after adjustment for severity of illness 

[9]. A meta-anlaysis of four randomized trials including above 

the two studies showed that compared to the control group, 

early lactate clearance guided control was associated with a 

reduction in mortality (relative risk, 0.65, 95% confidence in-

terval 0.49-0.85) [10]. However, persistent hyperlactatemia 

may represent not only increased production of lactate (either 

aerobic or anaerobic) but also its impaired clearance. We 

should consider the toxicity of overresuscitation if lactate nor-

malization is pursuing through further resuscitation with flu-

ids and inotropes even after other signs of tissue hypoperfu-

sion have disappeared. Therefore, measurement of 6-hour 

lactate clearance was weakly recommended in the 2012 Sur-

viving Sepsis guidelines [3]. 

Lactate metabolism is complex in critically ill patients, and 

tissue hypoxia has a significant contribution to hyperlactate-

mia which is an independent predictor of mortality. Currently, 

lactate clearance is not clearly identified as a variable that can 

be used to determine the therapeutic endpoint for patients 

with sepsis. However, monitoring serum lactate levels over 

time could help to insure that treatment was effective and 

provide valuable information regarding a patient’s response to 

therapy.

Conflicts of Interest
No conflicts of interest.

ORCID
Ha Eun Kang	 http://orcid.org/0000-0002-6404-6513

Dae Won Park	 http://orcid.org/0000-0002-7653-686X

References

  1.	 Bakker J, de Backer D, Hernandez G. Lactate-guided re-

suscitation saves lives: we are not sure. Intensive Care 

Med 2016;42:472-4.

  2.	 Levy B. Lactate and shock state: the metabolic view. Curr 

Opin Crit Care 2006;12:315-21.

  3.	 Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach 

H ,   O p a l  S M ,   S e v ra n s ky  J E ,   Sp r u n g  C L ,   D o u g l a s 

IS,  Jaeschke R,Osborn TM,  Nunnally ME,  Townsend 

SR, Reinhart K, Kleinpell RM, Angus DC, Deutschman 

CS, Machado FR, Rubenfeld GD, Webb SA, Beale RJ, Vin-

cent JL, Moreno R; Surviving Sepsis Campaign Guidelines 

Committee including the Pediatric Subgroup. Surviving 

sepsis campaign: international guidelines for manage-

ment of severe sepsis and septic shock: 2012. Crit Care 

Med 2013;41:580-637.

  4.	 Casserly B, Phillips GS, Schorr C, Dellinger RP, Townsend 

SR, Osborn TM, Reinhart K, Selvakumar N, Levy MM. Lac-

tate measurements in sepsis-induced tissue hypoperfu-

sion: results from the Surviving Sepsis Campaign data-

base. Crit Care Med 2015;43:567-73.

  5.	 Shapiro NI, Howell MD, Talmor D, Nathanson LA, Lisbon 

A, Wolfe RE, Weiss JW. Serum lactate as a predictor of 

mortality in emergency department patients with infec-

tion. Ann Emerg Med 2005;45:524-8.

  6.	 Mikkelsen ME, Miltiades AN, Gaieski DF, Goyal M, Fuchs 

BD, Shah CV, Bellamy SL, Christie JD. Serum lactate is as-

sociated with mortality in severe sepsis independent of 

organ failure and shock. Crit Care Med 2009;37:1670-7.

  7.	 Song JE, Kim MH, Jeong WY, Jung IY, Oh DH, Kim YC, Kim 

EJ, Jeong SJ, Ku NS, Kim JM, Choi JY. Mortality risk factors 

for patients with septic shock after implementation of the 

surviving sepsis campaign bundles. Infect Chemother 

2016;48:199-208.

  8.	 Jones AE, Shapiro NI, Trzeciak S, Arnold RC, Claremont 

HA, Kline JA; Emergency Medicine Shock Research Net-

work (EMShockNet) Investigators. Lactate clearance vs 

central venous oxygen saturation as goals of early sepsis 

therapy: a randomized clinical trial. JAMA 2010;303:739-

46.

  9.	 Jansen TC, van Bommel J, Schoonderbeek FJ, Sleeswijk 

Visser SJ, van der Klooster JM, Lima AP, Willemsen SP,Bak-

ker J; LACTATE study group. Early lactate-guided therapy 

in intensive care unit patients: a multicenter, open-label, 

randomized controlled trial. Am J Respir Crit Care Med 

2010;182:752-61.

10.	 Gu WJ, Zhang Z, Bakker J. Early lactate clearance-guided 

therapy in patients with sepsis: a meta-analysis with trial 

sequential analysis of randomized controlled trials. Inten-

sive Care Med 2015;41:1862-3.

18-Editorial 박대원.indd   2 2016-09-29   오후 1:57:41


