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Objectives:	 Lactate	 clearance	 has	 been	widely	 investigated	 for	
its	prognostic	value	 in	critically	 ill	patients.	However,	 the	results	
are	conflicting.	The	present	study	aimed	to	explore	the	diagnostic	
accuracy	of	lactate	clearance	in	predicting	mortality	in	critically	or	
acutely	ill	patients.
Data Sources:	Databases	of	Medline,	Embase,	Scopus,	and	Web	
of	Knowledge	were	searched	from	inception	to	June	2013.
Study Selection:	Studies	investigating	the	prognostic	value	of	lac-
tate	clearance	were	defined	as	eligible.	The	searched	item	con-
sisted	of	terms	related	to	critically	ill	patients	and	terms	related	to	
lactate	clearance.
Data Extraction:	The	following	data	were	extracted:	the	name	of	the	
first	author,	publication	year,	subjects	and	setting,	mean	age	of	study	
population,	sample	size,	male	percentage,	mortality	of	study	cohort,	
definition	of	clearance,	and	the	initial	lactate	level.	Relative	risk	was	
reported	to	estimate	the	predictive	value	of	lactate	clearance	on	mor-
tality	rate,	with	relative	risk	less	than	1	indicating	that	lactate	clear-
ance	was	a	protective	factor.	Meta-analysis	of	diagnostic	accuracy	
of	lactate	clearance	in	predicting	mortality	was	performed	by	using	
hierarchical	summary	receiver	operating	characteristic	model.
Data Synthesis:	 A	 total	 of	 15	 original	 articles	were	 included	 in	
the	study.	Because	of	the	significant	heterogeneity	across	stud-
ies	 (I 2	=	61.4%),	 random-effects	model	was	used	 to	pool	 rela-

tive	 risks.	 The	 pooled	 relative	 risk	 for	mortality	was	 0.38	 (95%	
CI,	0.29–0.50).	The	overall	sensitivity	and	specificity	 for	 lactate	
clearance	 to	 predict	 mortality	 were	 0.75	 (95%	CI,	 0.58–0.87)	
and	0.72	(95%	CI,	0.61–0.80),	respectively.	The	diagnostic	per-
formance	 improved	 slightly	 when	 meta-analysis	 was	 restricted	
to	ICU	patients,	with	sensitivity	and	specificity	of	0.83	(95%	CI,	
0.67–0.92)	and	0.67	(95%	CI,	0.59–0.75),	respectively.
Conclusion:	Our	study	demonstrates	that	lactate	clearance	is	pre-
dictive	of	lower	mortality	rate	in	critically	ill	patients,	and	its	diag-
nostic	performance	 is	optimal	 for	clinical	utility.	 (Crit Care Med 
2014;	42:2118–2125)
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Lactate in human body is produced from the reduction of 
pyruvate by the enzyme lactate dehydrogenase (1, 2). In 
normal physiologic state, the reaction does not favor lac-

tate formation, and this pathway only accounts for one tenth 
of the total pyruvate metabolism (3). In a normal adult, a total 
amount of 1,500 mmol of lactate is produced daily and blood 
lactate levels are maintained less than 2 mmol/L. However, 
in critically ill conditions with hypoperfusion and hypoxia, 
pyruvate is accumulated rapidly and its metabolism is almost 
entirely shifted to lactate production (4, 5). As a result, intracel-
lular lactate increases exponentially and it will then be excreted 
into bloodstream. Both experimental and clinical studies con-
firm the tissue hypoxia, characterized as supply-dependent 
oxygen consumption, as a cause of lactate elevation (6, 7).

Single lactate level, particularly those measured on ICU 
entry or arrival at emergency department (ED), is thought to be 
a strong predictor of subsequent organ dysfunction and mor-
tality. Trzeciak et al (8) showed that an initial lactate level of 
more than 4 mmol/L was associated with substantial increases 
in the probability of acute-phase death. The predictive value 
of initial lactate has been confirmed in several large cohort 
or database studies (9–11). However, single measurement of 
lactate is a static variable and can only serve as a risk-stratifi-
cation biomarker. To make it more clinically useful, its trend, 
known as “lactate clearance” (LC), during treatment should be 
explored and its association with clinical outcome need to be 
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defined. More recently, many studies in critical care literature 
have investigated the role of LC in predicting outcomes, but 
the results are conflicting. To better define the accuracy of LC 
in predicting mortality in critically ill patients, we performed 
this systematic review with the hypothesis that LC was of good 
prognostic performance in predicting mortality.

METHODS

Searching Strategy and Study Selection
We searched databases of PubMed, EBSCO, Scopus, and ISI 
Web of Knowledge from inception to June 2013. The searched 
item consisted of terms related to critically ill patients (includ-
ing intensive care unit, critical care, ICU, and critically ill) and 
terms related to LC (Supplemental Table 1, Supplemental 
Digital Content 1, http://links.lww.com/CCM/A973). There 
was no language restriction on searching. The study protocol 
was registered in PROSPERO (CRD42013006511) in Novem-
ber 2013. The study was approved by the institutional review 
board of Jinhua municipal central hospital.

Study selection consisted of three phases. Phase I involved 
the screening for titles and abstracts; phase II included review-
ing of the full text of studies obtained by phase I; and phase 
III was to manually review the references of included studies 
to further identify potentially relevant studies. Studies inves-
tigating the prognostic accuracy of LC in predicting mortality 
in critically ill patients were thought to be relevant. Exclusion 
criteria were 1) trials involving neonates or pediatric patients; 
2) studies reporting exogenous LC; 3) data on mortality could 
not be obtained even after contacting with the authors; and 
4) LC was not investigated. Two reviewers independently per-
formed searching strategy, and disagreement was settled by a 
third opinion at the conclusion of each phase.

Following data were abstracted from original articles in a 
standardized form: the name of the first author, publication 
year, subjects and setting, mean age of study population, sam-
ple size, male percentage, mortality of study cohort, definition 
of clearance, and the initial lactate level. Data used for meta-
analysis were as follows: the numbers of survivors and nonsur-
vivors in LC and non-LC groups; area under receiver operating 
characteristics curve and corresponding CI; and cutoff value of 
LC for the best sensitivity and specificity. The cutoff value for 
LC was different across studies. To account for this heterogene-
ity, we used random-effects model for data synthesis. If these 
data were unavailable in original articles, we tried to contact 
the corresponding authors for more detailed information.

Quality Assessment
Newcastle Ottawa Scale for cohort study was used to assess 
the reporting quality of included component studies (12). 
This scale comprises eight items evaluating the quality of 
observational cohort studies in terms of selection, compa-
rability, and outcome. If patients were not followed up for 
the entire length of stay in hospital (e.g., ICU mortality), the 
follow-up was thought to be not long enough for the out-
come to occur.

Statistical Analysis
Relative risk (RR) was reported to estimate the predictive 
value of LC on mortality rate. RR and its relevant 95% CI 
were pooled by using fixed-effect or random-effect models 
(the DerSimonian and Laird method) (13). RR less than 1 
indicated beneficial effect of the exposure for mortality. Het-
erogeneity was evaluated by using Q-test and I 2 index. I 2 
less than 50% indicated a lack of heterogeneity among the 
studies, and the pooled RR was calculated by the fixed-effect 
model. Otherwise, the random-effect model was used. Sensi-
tivity analysis was performed by excluding studies conducted 
in pediatric patients. Funnel plot was used for the assessment 
of publication bias, in which the SE of log (RR) of each study 
was plotted against its log (RR). Publication bias was tested 
using the method of Egger linear regression test (14). An 
asymmetrical plot suggested a possible publication bias.

Meta-analysis of diagnostic accuracy of LC in predict-
ing mortality was performed. Between-study variation was 
expected to be significant due to the heterogeneity of defi-
nition of LC, patients and disease cohorts, study settings, 
and reference standards. Therefore, a hierarchical regression 
model for meta-analysis of studies reporting diagnostic accu-
racy (hierarchical summary receiver operating characteristic, 
see reference [15] for more details about this technique) was 
adopted, which allowed for more between- and within-study 
variability than other fixed-effect approaches. Pooled effect 
sizes for diagnostic performance including diagnostic odds 
ratio, sensitivity, specificity, positive likelihood ratio (LR+), 
and negative likelihood ratio (LR–) were reported. All sta-
tistical analyses were performed using Stata 11.2 (StataCorp, 
College Station, TX). Conventional two-tailed p less than 0.05 
was considered statistically significant.

Figure 1. Flowchart of study selection. LC = lactate clearance.

http://links.lww.com/CCM/A973
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RESULTS

Study Selection and Characteristics
Figure 1 shows the flowchart of study selection. The initial search 
identified 54 citations from Pubmed, 51 from EBSCO, 192 from 
ISI web of knowledge, and 79 from Scopus. Three hundred fifty-
four were excluded by inspection of titles and/or abstract. Full-
text articles were obtained for the remaining 22 citations. Seven 
of the 22 articles were excluded because three did not report 
LC; one included neonates; one used duplicated cohort; one 
did not provide mortality data even after contacting the author; 
one reported exogenous LC. As a result, a total of 15 citations 
(16–30) were included in the final analysis. The interobserver 
variability for data abstraction was small (κ = 0.93).

Characteristics of included studies are shown in Table 1. 
Three studies (20, 21, 26) were randomized controlled trials. 
Five studies (17, 23, 25, 27, 30) included subjects with sepsis or 
septic shock; one (16) included injured patients. With respect 
to clinical setting, nine studies (16, 18, 19, 22–24, 28–30) were 
conducted in ICU and three (17, 25, 27) were performed in 
ED. All studies included patients aged between 50 and 70 years 
old, except for the study by Abramson et al (16) where the 
mean age was 35.5 years. There were more male patients than 

female patients in most studies, but the study by Arnold et al 
(17) enrolled equal number of males and females. The overall 
mortality varied across studies, ranging from 7.2% to 72.5%. 
Sample sizes of included studies were relatively small for obser-
vational studies (≤ 222 subjects). Definitions of LC varied 
across different studies. Most studies defined LC as the rela-
tive reduction in serum lactate levels within 6 hours. However, 
the magnitude of reduction varied across studies, ranging from 
10% to 50%. Five studies (16, 19, 23, 24, 29) used 24 hours 
as the time frame to define LC. All studies reported that the 
initial lactate was elevated. The highest initial lactate was 8.3 
mmol/L in the study by Wu et al (29). Quality assessment was 
performed by using Newcastle Ottawa Scale for observational 
studies (Table 2). Table 3 displays the quality assessment for 
randomized controlled trials. The result showed that three 
studies scored 9 points, two scored 6 points, and the remaining 
scored between 6 and 9 points.

Diagnostic Performance of LC in Predicting Mortality
Figure 2 shows the RR of death associated with LC. In sepsis, 
the RR for mortality was 0.41 (95% CI, 0.28–0.60). The het-
erogeneity was significantly reduced when subgroup analysis 

TAbLE 1. Characteristics of Study Population, Study Design, and Definition of Lactate  
Clearance in Included Studies

Reference Country of Origin Study Population and Setting Study Design Mean Age (Yr) % Male % Overall Mortality Sample Size Definition of Lactate Clearance Initial Lactatea

Abramson et al (16) United States Injured ICU patients POS 35.5 86.8 33 76 Normalization within 24 hr 4.33 mmol/L

Arnold et al (17) United States ED patients with severe sepsis POS 66 50 23 166 Lactate↓ > 10% within 6 hr; 
or both initial and repeated 
lactate ≤ 2 mmol/L

> 4 mmol/L in 54% patients

Cardinal Fernández et al (18) Uruguay Surgical ICU patients with  
lactate > 2 mEq/L

POS 66 60.2 59.3 108 Lactate↓ > 40% within 6 hr 4.1 mEq/L

Husain et al (19) United States Surgical ICU ROS 79 55 23 137 Normalization within 24 hr 3.1 mmol/L

Jansen et al (20) The Netherlands ICU patients with lactate > 3 mEq/L RCT 62 63.5 38.8 348 Not applicable 4.5 mEq/L

Jones et al (21) United States Severe sepsis or septic shock RCT 60.7 54.3 19.7 300 Not applicable 35.1 and 37.8 mg/dL

Liu et al (22) China Acute paraquat poisoning; ICU POS 32.3 37.7 72.5 204 Lactate↓ > 13.5% within 12 hr 2.37 mmol/L

Marty et al (23) France Severe sepsis or Septic shock in ICU POS 58 59.6 44.7 94 Lactate↓ > 2.1% within 24 hr 5.85 mmol/L

McNelis et al (24) United States Surgical ICU patients ROS 70.8 — 24.2 95 Normalization within 24 hr 5.03 mmol/L

Nguyen et al (25) United States Severe sepsis or septic shock in ED POS 64.9 53.2 42.3 111 Lactate↓ > 10% within 6 hr 6.9 mmol/L

Pölönen et al (26) Finland Cardiac surgery RCT 60.5 393 Not applicable

Puskarich et al (27) United States Severe sepsis or septic shock with  
initial lactate ≥ 2 mmol/L in ED

POS 61.6 54.5 23.5 187 Lactate↓ > 50% within 6 hr 4.68 mmol/L

Wang et al (28) China ICU patients with initial  
lactate ≥ 2 mmol/L

POS 57.9 55.4 50 101 Lactate↓ > 10% within 12 hr 3.6 mmol/L

Wu et al (29) China ICU patients underwent orthotopic  
liver transplantation

POS 47.8 86 7.2 222 Lactate↓ > 24.8% within 6 hr 8.3 mmol/L

Yang et al (30) China Septic shock in ICU POS 70 70.5 54.3 105 Lactate↓ > 30% within 6 hr 3.74 mmol/L

POS	=	prospective	observational	study,	ED	=	emergency	department,	ROS	=	retrospective	observational	study,	RCT	=	randomized	controlled	trial.
aFor	studies	reporting	initial	lactate	value	by	survivor	and	nonsurvivor	groups,	the	weighted	mean	lactate	value	was	calculated	and	reported	in	the	table.
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was restricted to ED patients (I 2 = 0, p = 0.483), and the RR 
was 0.41 (95% CI, 0.31–0.55). All included studies consistently 
showed that higher LC was associated with lower risk of death, 
with RR ranging from 0.04 to 0.57. Because of the significant 
heterogeneity across studies (I 2 = 61.4%), random-effects 
model was used to pool RRs. The meta-analysis showed that 
the pooled RR was 0.38 (95 CI% 0.29–0.50).

The pooled diagnostic performance of LC in predicting 
mortality is shown in Table 4. Overall, the sensitivity and specific-
ity were 0.75 (95% CI, 0.58–0.87) and 0.72 (95% CI, 0.61–0.80), 
respectively (Fig. 3). The diagnostic performance improved 
slightly when meta-analysis was restricted to ICU patients, 
with sensitivity and specificity of 0.83 (95% CI, 0.67–0.92)  
and 0.67 (95% CI, 0.59–0.75), respectively. However, LC was of 
limited diagnostic value in patients with sepsis, with the sen-
sitivity and specificity of 0.67 (95% CI, 0.38–0.87) and 0.73 
(95% CI, 0.49–0.88). Contour-enhanced funnel plot is shown 
in Figure 4. Several studies were in the area with the signifi-
cance level of 0.01–0.05, suggesting that the asymmetry of the 
plot was not completely due to publication bias. Publication 
bias was considered to be absent by Egger test (p = 0.2).

DISCUSSION
The study shows that LC is strongly associated with all-cause 
mortality in critically ill patients. Rapid LC is a strong predic-
tor of survival, and sustained elevation in lactate is a harbin-
ger of adverse clinical outcome. Prognostic performance of LC 
was evaluated, and the result showed that LC is of moderate 
diagnostic performance in predicting mortality. Furthermore, 
in subgroup analysis, we found that the diagnostic value of LC 
improved slightly in ICU patients, and it is of limited value in 
patients with sepsis or septic shock. However, direct compari-
son between subgroups was not performed in the current anal-
ysis, and the subgroup population in whom LC has the great 
diagnostic performance needs to be validated in further studies.

LC is closely associated with capillary perfusion indepen-
dent of hemodynamic variables, and it is thought to be a good 
biomarker of microcirculation (31). Shock, irrespective of the 
causes, is characterized by disturbance in microcirculation, 
impaired oxygen delivery to tissues and organs, and finally 
the impairment of organ function (32, 33). If not promptly 
reversed, sustained poor perfusion to vital organs will lead 
to multiple organ dysfunction syndrome that is well known 
to be a strong predictor of death. Early goal-directed therapy 

TAbLE 1. Characteristics of Study Population, Study Design, and Definition of Lactate  
Clearance in Included Studies

Reference Country of Origin Study Population and Setting Study Design Mean Age (Yr) % Male % Overall Mortality Sample Size Definition of Lactate Clearance Initial Lactatea

Abramson et al (16) United States Injured ICU patients POS 35.5 86.8 33 76 Normalization within 24 hr 4.33 mmol/L

Arnold et al (17) United States ED patients with severe sepsis POS 66 50 23 166 Lactate↓ > 10% within 6 hr; 
or both initial and repeated 
lactate ≤ 2 mmol/L

> 4 mmol/L in 54% patients

Cardinal Fernández et al (18) Uruguay Surgical ICU patients with  
lactate > 2 mEq/L

POS 66 60.2 59.3 108 Lactate↓ > 40% within 6 hr 4.1 mEq/L

Husain et al (19) United States Surgical ICU ROS 79 55 23 137 Normalization within 24 hr 3.1 mmol/L

Jansen et al (20) The Netherlands ICU patients with lactate > 3 mEq/L RCT 62 63.5 38.8 348 Not applicable 4.5 mEq/L

Jones et al (21) United States Severe sepsis or septic shock RCT 60.7 54.3 19.7 300 Not applicable 35.1 and 37.8 mg/dL

Liu et al (22) China Acute paraquat poisoning; ICU POS 32.3 37.7 72.5 204 Lactate↓ > 13.5% within 12 hr 2.37 mmol/L

Marty et al (23) France Severe sepsis or Septic shock in ICU POS 58 59.6 44.7 94 Lactate↓ > 2.1% within 24 hr 5.85 mmol/L

McNelis et al (24) United States Surgical ICU patients ROS 70.8 — 24.2 95 Normalization within 24 hr 5.03 mmol/L

Nguyen et al (25) United States Severe sepsis or septic shock in ED POS 64.9 53.2 42.3 111 Lactate↓ > 10% within 6 hr 6.9 mmol/L

Pölönen et al (26) Finland Cardiac surgery RCT 60.5 393 Not applicable

Puskarich et al (27) United States Severe sepsis or septic shock with  
initial lactate ≥ 2 mmol/L in ED

POS 61.6 54.5 23.5 187 Lactate↓ > 50% within 6 hr 4.68 mmol/L

Wang et al (28) China ICU patients with initial  
lactate ≥ 2 mmol/L

POS 57.9 55.4 50 101 Lactate↓ > 10% within 12 hr 3.6 mmol/L

Wu et al (29) China ICU patients underwent orthotopic  
liver transplantation

POS 47.8 86 7.2 222 Lactate↓ > 24.8% within 6 hr 8.3 mmol/L

Yang et al (30) China Septic shock in ICU POS 70 70.5 54.3 105 Lactate↓ > 30% within 6 hr 3.74 mmol/L

POS	=	prospective	observational	study,	ED	=	emergency	department,	ROS	=	retrospective	observational	study,	RCT	=	randomized	controlled	trial.
aFor	studies	reporting	initial	lactate	value	by	survivor	and	nonsurvivor	groups,	the	weighted	mean	lactate	value	was	calculated	and	reported	in	the	table.
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(EGDT) aims to reverse the pathological process by restoring 
circulation volume and oxygen delivery to tissue. Several tri-
als have shown that protocolized, quantitative resuscitation 
aimed to achieve predefined LC can lead to improved clinical 
outcome compared with conventional bundles without incor-
porating LC (20, 34). The 2012 sepsis guideline also suggests 
targeting resuscitation to normalize lactate in patients with 
elevated lactate (35). Our study provides high-grade evidence 
to confirm the prognostic value of LC in critically ill patients.

Our study is limited by the significant heterogeneity in compo-
nent studies. Characteristics of component studies varied in terms 
of study population and settings, definition of LC, and initial lac-
tate level. Heterogeneity was also confirmed statistically by an I 2 
of 61.4%. We used random-effects model to pool effect sizes by 
assuming that individual studies are estimating different effect sizes 
(36). Furthermore, subgroup analysis was performed to account 
for the heterogeneity. The result showed that the diagnostic perfor-
mance of LC in predicting mortality was the best in ICU patients. 
However, in patients with sepsis or septic shock, LC was of limited 
value in predicting mortality (diagnostic odds ratio, 5.6; 95% CI, 
3.0–10.4). By examining studies involving sepsis, we found that 

the measurements of serum lactate differed across studies. Some 
took the blood sample in ED, while others took the sample in ICU. 
EGDT dictates that the resuscitation goal should be achieved in the 
first 6 hours, beginning from the arrival to ED. Delayed resuscita-
tion is associated with significantly increased risk of death (37, 38). 
Although the resuscitation strategy was not explicitly addressed 
in these observational studies, the LC measured in different time 
points reflect the efficacy of resuscitation bundle in that time point. 
Thus, diagnostic performance of LC is significantly impaired due 
to the disparity in the measurement time. Cutoff values for LC are 
different among included component studies. LC is defined by the 
magnitude of lactate decrease and the time taken for the decrease. 
Some studies define the normalization of lactate as the cutoff 
value. The variability of the definition reflects the lack of consen-
sus or standardized protocol for the measurement of lactate, which 
is an area of future investigation. Another confounding factor in 
our study is the use of renal replacement therapy that is effective in 
removing lactate from blood (39). The effect may potentially mask 
the prognostic value of LC.

Our study has several clinical implications. First, persis-
tently elevated serum lactate is a harbinger of adverse clinical 

TAbLE 2. Quality Assessment With Newcastle Ottawa Scale

Reference

Selection Comparability Outcome

Score

Representative  
of Exposed  

Cohort

Selection of  
Nonexposed  

Cohort
Ascertainment  

of Exposure

Absence  
of Outcome  
of Interest

Design and  
Analysis Assessment

Enough  
Follow-Up

Adequate  
Follow-Up

Abramson  
et al (16)

✩ ✩ ✩ ✩ — ✩ — ✩ 6

Arnold  
et al (17)

✩ ✩ ✩ ✩ ✩✩ ✩ ✩ ✩ 9

Cardinal  
Fernández  
et al (18)

✩ ✩ ✩ ✩ ✩ ✩ — ✩ 7

Husain  
et al (19)

✩ ✩ ✩ ✩ ✩✩ ✩ — ✩ 8

Liu et al (22) ✩ ✩ ✩ ✩ ✩ ✩ ✩ ✩ 8

Marty  
et al (23)

✩ ✩ ✩ ✩ ✩✩ ✩ — ✩ 8

McNelis  
et al (24)

✩ ✩ ✩ ✩ ✩✩ ✩ — ✩ 8

Nguyen  
et al (25)

✩ ✩ ✩ ✩ ✩✩ ✩ ✩ ✩ 9

Puskarich  
et al (27)

✩ ✩ ✩ ✩ ✩✩ ✩ ✩ ✩ 9

Wang  
et al (28)

— ✩ ✩ ✩ ✩ ✩ — ✩ 6

Wu et al (29) ✩ ✩ ✩ ✩ — ✩ ✩ ✩ 7

Yang  
et al (30)

✩ ✩ ✩ ✩ — ✩ ✩ ✩ 7

A	star	(✩)	was	allocated	to	a	particular	item	when	it	was	adequately	reported	and	addressed.	The	item	“comparability”	could	be	allocated	with	a	maximum	of	
two	stars.	Dashes	indicate	this	item	was	not	adequately	reported	or	addressed.
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Figure 2. Relative risk (RR) of death associated with lactate clearance (LC). The overall pooled RR was 0.38 (95% CI, 0.29–0.50), suggesting that 
higher LC was protective against the risk of death.

outcome, and this is helpful for risk stratification in critically 
ill patients. Second, since LC is strongly associated with mor-
tality for critically ill patients, resuscitation bundles incorpo-
rating serum lactate as an endpoint are of clinical interest. 

This intervention strategy has been tested in several pilot tri-
als and the results are promising (20). Third, serum lactate 
may elevate in patients without evident circulatory shock, that 
is, macrocirculation variables such as blood pressure, cardiac 
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output, and heart rate are normal. However, a great number 
of critically ill patients suffer from “cryptic” or “occult” shock, 
secondary to persistent cellular hypoperfusion. In our compo-
nent studies, Liu et al (22) enrolled patients with paraquat poi-
soning whose serum lactate levels were significantly elevated 

but the mean blood pressure was within normal range. The 
risk of such population may be underestimated without mea-
suring serum lactate. If resuscitation strategies aiming to nor-
malize serum lactate levels are initiated immediately, the risk 
of death can be decreased.

In aggregate, our study demonstrates that higher LC is pre-
dictive of lower mortality in critically ill patients, supporting 
the notion that resuscitation bundles involving LC may signifi-
cantly improve patients’ clinical outcome. Furthermore, the 
clinical value of LC is not restricted to patients with sepsis or 
septic shock, but it is of great usefulness in critically ill patients 
without evident circulatory shock. Elevated lactate is a harbin-
ger of adverse clinical outcome, and its rapid clearance is uni-
versally associated with improved outcome in heterogeneous 
ICU or ED patient population.
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