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Association between lactate clearance 
during post-resuscitation care and 
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Objective We investigated the association between lactate clearance or serum lactate levels and 
neurologic outcomes or in-hospital mortality in cardiac arrest survivors who were treated with 
targeted temperature management (TTM).

Methods A retrospective analysis of data from cardiac arrest survivors treated with TTM be-
tween 2012 and 2015 was conducted. Serum lactate levels were measured on admission and at 
12, 24, and 48 hours following admission. Lactate clearance at 12, 24, and 48 hours was also 
calculated. The primary outcome was neurologic outcome at discharge. The secondary outcome 
was in-hospital mortality.

Results The study included 282 patients; 184 (65.2%) were discharged with a poor neurologic 
outcome, and 62 (22.0%) died. Higher serum lactate levels at 12 hours (odds ratio [OR], 1.157; 
95% confidence interval [CI], 1.006 to 1.331), 24 hours (OR, 1.320; 95% CI, 1.084 to 1.607), and 
48 hours (OR, 2.474; 95% CI, 1.459 to 4.195) after admission were associated with a poor neu-
rologic outcome. Furthermore, a higher serum lactate level at 48 hours (OR, 1.459; 95% CI, 1.181 
to 1.803) following admission was associated with in-hospital mortality. Lactate clearance was 
not associated with neurologic outcome or in-hospital mortality at any time point after adjust-
ing for confounders.

Conclusion Increased serum lactate levels after admission are associated with a poor neurologic 
outcome at discharge and in-hospital mortality in cardiac arrest survivors treated with TTM. 
Conversely, lactate clearance is not a robust surrogate marker of neurologic outcome or in-hos-
pital mortality.
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INTRODUCTION

Advances in post-cardiac arrest care involving targeted tempera-
ture management (TTM) and goal-directed therapy has improved 
clinical outcomes, and, thus, post-cardiac arrest care is recom-
mended as a standard therapy in cardiac arrest survivors.1-6 Al-
though a target blood pressure has not been fully elucidated, post-
resuscitation care includes hemodynamic goals to optimize tissue 
perfusion in addition to TTM.5,6 Lactate is a metabolite from anaer-
obic glycolysis and is an indicator of inadequate tissue perfusion. 
Serum lactate has been used as a surrogate marker of mortality in 
patients with severe sepsis independent of organ failure.7 Serum 
lactate has also been useful as a surrogate marker in cardiac arrest 
survivors during the TTM and non-TTM era.7-14 Elevated serum lac-
tate has been associated with increased mortality or a poor neuro-
logic outcome.7-14 Furthermore, lactate clearance from serial mea-
surements of serum lactate was suggested as another surrogate 
marker in cardiac arrest survivors.11-13 A decrease in lactate clear-
ance has been associated with increased mortality or a poor neuro-
logic outcome.11-13 Therefore, serial measurements of serum lactate 
are recommended for hemodynamic management after the return 
of spontaneous circulation (ROSC) in cardiac arrest survivors.6,15

  There are several studies in the literature exploring the associ-
ation between serum lactate or lactate clearance and clinical 
outcome in cardiac arrest survivors.7-14 Previous studies have ana-
lyzed serum lactate levels obtained 24 hours after admission but, 
have used a relatively small sample size.7,10-12 We hypothesized 
that higher serum lactate levels and a lower lactate clearance 
rate during early post-resuscitation care are associated with in-
creased in-hospital mortality or a poor neurologic outcome. We 
aimed to examine the difference in lactate clearance between 
neurologic outcome groups and in-hospital mortality groups. 
Furthermore, we evaluated the association between serum lac-
tate levels on admission and 12, 24, and 48 hours after admission 
and neurologic status at discharge or in-hospital mortality.

What is already known
Lactate and lactate clearance have been suggested as surrogate markers not only in patients with severe sepsis but also 
in cardiac arrest survivors. 

What is new in the current study
We found that serum lactate levels at 12, 24, and 48 hours after admission were surrogate markers of neurologic out-
come at discharge in cardiac arrest survivors treated with targeted temperature management, while lactate clearance 
was not an independent prognostic factor of neurologic outcome.

METHODS

Study design and population
We performed a retrospective observational cohort study includ-
ing comatose cardiac arrest survivors treated with TTM at Chon-
nam National University Hospital, Gwangju, Korea between Janu-
ary 2012 and December 2015. This study was approved by the in-
stitutional review board of Chonnam National University Hospital. 
  Cardiac arrest survivors over 16 years-of-age who had com-
pleted TTM were included in the present study. Patients were ex-
cluded based on the following criteria: death during TTM; transfer 
during TTM; receipt of the TTM protocol with a different target 
temperature (<32°C or >34°C) or hypothermia duration (48 or 
72 hours); extracorporeal membrane oxygenation applied during 
post-cardiac arrest care; and incomplete lactate data.

TTM protocol
TTM was induced with ice packs, intravenous cold saline, and 
cooling devices including feedback-controlled endovascular cath-
eters (COOLGARD3000 Thermal Regulation System, Alsius Corpo-
ration, Irvine, CA, USA) or surface cooling devices (Blanketrol II, 
Cincinnati Subzero Products, Cincinnati, OH, USA; Artic Sun En-
ergy Transfer Pads, Medivance Corp., Louisville, KY, USA). Core 
temperature was monitored using an esophageal temperature 
probe. Remifentanil and midazolam were used for sedation and 
analgesia. During the 24-hour maintenance phase, a target tem-
perature of 33±1°C was maintained. Upon completion of the 
maintenance phase, patients were rewarmed at a target rate of 
0.25°C/hr. Advanced critical care such as oxygenation, ventila-
tion, glucose control, and hemodynamic optimization were pro-
vided according to the guidelines. Serum lactate levels were ob-
tained on admission and at 12, 24, and 48 hours after admission.

Data collection and outcomes
The following data were obtained for each patient: age, sex, co-
morbidities, first monitored rhythm, etiology of cardiac arrest, loca-
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tion of cardiac arrest (out-of-hospital or in-hospital), presence of a 
witness on collapse, bystander cardiopulmonary resuscitation, 
downtime, Glasgow Coma Scale (GCS) score after ROSC, epineph-
rine dose used during the intra-arrest period, glucose levels after 
ROSC, initial temperature, pre-induction time, induction duration, 
rewarming duration, lactate levels (initial and at 12, 24, and 48 
hours after admission), lactate clearance (at 12, 24, and 48 hours), 
vital status at hospital discharge (alive or dead), and neurologic 
outcome at discharge. The sequential organ failure assessment 
(SOFA) score within the first 24 hours after admission was used to 
assess the severity of multiple organ dysfunction.16 Neurologic out-
come was assessed using the Glasgow-Pittsburgh Cerebral Perfor-
mance Category (CPC) at discharge and was recorded as CPC 1 
(good performance), CPC 2 (moderate disability), CPC 3 (severe dis-
ability), CPC 4 (vegetative state), and CPC 5 (brain dead or death).17 
Neurologic outcome was dichotomized as either good (CPC 1 and 2) 
or poor (CPC 3 to 5). The primary outcome was neurologic outcome 
at discharge. The secondary outcome was in-hospital mortality.

Data analysis
Continuous variables are given as median values with interquar-
tile ranges according to the results of the normality test. Mann-
Whitney U-tests were conducted for comparisons of continuous 
variables. Categorical variables are presented as frequencies and 
percentages. Comparisons of categorical variables were per-
formed using chi-square or Fisher exact tests, as appropriate. Lo-
gistic regression analysis was used to examine the association 
between serum lactate levels and neurologic outcome at dis-
charge or in-hospital mortality, after adjusting for confounders. 
The significant variables in the univariate analyses were included 
in the multivariate logistic regression model. Backward selection 
was used to obtain the final model. The goodness-of-fit of the fi-
nal model was evaluated using the Hosmer-Lemeshow test. A re-
peated-measures analysis of variance was conducted to assess 
lactate change over time. Post-hoc analysis at each time point 
was performed using the pairwise Mann-Whitney U-test with 
Bonferroni correction. Data were analyzed using PASW Statistics 
ver. 18 (SPSS Inc., Chicago, IL, USA). A two-sided significance lev-
el of 0.05 was used for statistical significance.

RESULTS

Patient population
During the study period, 439 cardiac arrest survivors were treated 
with TTM. As summarized in Fig. 1, 38 were treated with extra-
corporeal membrane oxygenation, 35 died during TTM, 47 were 
treated with a different TTM protocol, 7 were transferred, and 30 

had incomplete lactate data. Finally, 282 patients were included 
in this study (Fig. 1).
  Baseline characteristics are shown in Table 1. The median age 
was 60.5 (interquartile range, 48.8 to 70.3) years, 100 patients 
(35.5%) had a shockable rhythm, 161 (57.1%) had a cardiac etiol-
ogy, 229 (81.2%) experienced an out-of-hospital cardiac arrest, 
207 (73.4%) were witnessed on collapse, 174 (61.7%) received by-
stander cardiopulmonary resuscitation, and the median downtime 
was 27.0 (interquartile range, 15.0 to 37.0) minutes (Table 1). Poor 
neurologic outcome at discharge and in-hospital mortality were 
reported in 184 (65.2%) and 62 (28.2%) patients, respectively.

Clinical outcomes
Table 1 shows the baseline characteristics according to neurolog-
ic outcome and in-hospital mortality. Patients with a good neu-
rologic outcome were younger, had a lower incidence of diabetes, 
were more likely to have a shockable rhythm and cardiac etiology, 
had a higher incidence of witnessed collapse, required less epi-
nephrine, had a shorter downtime, and had a lower SOFA score, 
as compared with patients with a poor neurologic outcome.
  Survivors were also younger, had a lower incidence of comor-
bidities (diabetes and renal disease), were more likely to have a 
shockable rhythm and cardiac etiology, were more likely to have 
had an out-of-hospital cardiac arrest, required less epinephrine, 
had a higher GCS score, and had a lower SOFA score, as com-
pared with non-survivors.
  Table 2 shows the parameters of TTM according to neurologic 
outcome and survival. Patients with a good neurologic outcome 
had a higher initial temperature, shorter pre-induction time, and a 
longer induction time than patients with a poor neurologic out-

Fig. 1. A schematic diagram showing the selection process of patients 
for analysis. TTM, targeted temperature management.
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come. Survivors had a longer induction time than non-survivors, 
whereas other TTM characteristics were not different (Table 2).

Serum lactate levels and lactate clearance
Serum lactate levels differed between neurologic outcome groups 

and decreased over time (P<0.001) with no interaction between 
neurologic outcome and time (P=0.318) (Fig. 2). Post-hoc analy-
sis showed that serum lactate levels differed between neurologic 
outcome groups at 12, 24, and 48 hours after admission (Fig. 2). 
Lactate clearance at all time points differed between the good 

Table 1. Baseline characteristics of the overall study population and the population stratified by neurologic outcome and survival status			 

Characteristics Total (n=282)
Good neurologic 
outcome (n=98)

Poor neurologic 
outcome (n=184)

P-value
Survivor  
(n=220)

Non-survivor 
(n=62)

P-value

Age (yr) 60.5 (48.8–70.3) 54.0 (43.8–62.3) 64.0 (51.0–72.8) <0.001 59.0 (46.3–69.0) 66.0 (51.0–75.3) 0.013

Male sex 183 (64.9) 71 (72.4) 112 (60.9) 0.052 143 (65.0) 40 (64.5) 0.944

Comorbidities

  CAD 45 (16.0) 19 (19.4) 26 (14.1) 0.251 36 (16.4) 9 (14.5) 0.726

  Heart failure 26 (9.2) 8 (8.2) 18 (9.8) 0.654 19 (8.6) 7 (11.3) 0.523

  Hypertension 114 (40.4) 34 (34.7) 80 (43.5) 0.152 86 (39.1) 28 (45.2) 0.390

  Diabetes 72 (25.5) 14 (14.3) 58 (31.5) 0.002 47 (21.4) 25 (40.3) 0.002

  Pulmonary disease 10 (3.5) 1 (1.0) 9 (4.9) 0.173 7 (3.2) 3 (4.8) 0.462

  Renal disease 33 (11.7) 8 (8.2) 25 (13.6) 0.177 17 (7.7) 16 (25.8) <0.001

  CVA 14 (5.0) 4 (4.1) 10 (5.4) 0.777 13 (5.9) 1 (1.6) 0.317

  Hepatic disease 6 (2.1) 1 (1.0) 5 (2.7) 0.668 4 (1.8) 2 (3.2) 0.616

First monitored rhythm <0.001 0.022

  VF/pulseless VT 100 (35.5) 62 (63.3) 38 (20.7) 87 (39.5) 13 (21.0)

  PEA 68 (24.1) 22 (22.4) 46 (25.0) 52 (23.6) 16 (25.8)

  Asystole 111 (39.4) 13 (13.3) 98 (53.3) 78 (35.5) 33 (53.2)

  Unknown 3 (1.1) 1 (1.0) 2 (1.1) 3 (1.4) 0 (0.0)

Etiology <0.001 0.001

  Cardiac 161 (57.1) 80 (81.6) 81 (44.0) 135 (61.4) 26 (41.9)

  Other medical 64 (22.7) 11 (11.2) 53 (28.8) 44 (20.0) 20 (32.3)

  Asphyxia 37 (13.1) 3 (3.1) 34 (18.5) 31 (14.1) 6 (9.7)

  Drug overdose 18 (6.4) 4 (4.1) 14 (7.6) 10 (4.5) 8 (12.9)

  Drowning 2 (0.7) 0 (0.0) 2 (1.1) 0 (0.0) 2 (3.2)

Location 0.650 0.007

  Out-of-hospital 229 (81.2) 81 (82.7) 148 (80.4) 186 (84.5) 43 (69.4)

  In hospital 53 (18.8) 17 (17.3) 36 (19.6) 34 (15.5) 19 (30.6)

Witnessed 207 (73.4) 81 (82.7) 126 (68.5) 0.010 163 (74.1) 44 (71.0) 0.623

Bystander CPR 174 (61.7) 64 (65.3) 110 (59.8) 0.364 136 (61.8) 38 (61.3) 0.940

Epinephrine (mg) 2 (1–4) 1 (0–3) 3 (2–5) <0.001 2 (1–4) 4 (2–6) <0.001

Downtime (min) 27.0 (15.0–37.0) 21.0 (15.0–30.0) 30.0 (15.5–40.0) <0.001 25.0 (15.0–35.0) 30.0 (15.0–41.8) 0.186

GCS 3 (3–3) 3 (3–6) 3 (3–3) <0.001 3 (3–4) 3 (3–3) 0.004

Glucose (mg/dL) 227 (168–289) 216 (156–286) 233 (181–293) 0.122 218 (165–289) 244 (188–300) 0.207

SOFA score 9 (7–11) 8 (6–10) 9 (7–12) <0.001 8 (6–11) 11 (9–14) <0.001

Values are presented as median (interquartile range) or number (%).
CAD, coronary artery disease; CVA, cerebrovascular accident; VF, ventricular fibrillation; VT, ventricular tachycardia; PEA, pulseless electrical activity; CPR, cardiopulmonary 
resuscitation; GCS, Glasgow Coma Scale; SOFA, sequential organ failure assessment. 							     

Table 2. Parameters of targeted temperature management of the population stratified by neurologic outcome and survival status			 

Total (n=282)
Good neurologic 
outcome (n=98)

Poor neurologic 
outcome (n=184)

P-value
Survivor 
(n=220)

Non-survivor 
(n=62)

P-value

Initial temperature (°C) 36.0 (35.1–36.8) 36.4 (35.6–37.0) 35.8 (34.8–36.5) <0.001 36.1 (35.1–36.8) 35.9 (34.8–36.5) 0.260

Pre-induction time (min) 210 (153–292) 198 (145–268) 225 (159–308) 0.036 214 (153–290) 209 (145–311) 0.933

Induction duration (hr) 2.3 (1.3–3.5) 2.9 (2.0–4.3) 2.0 (1.0–3.0) <0.001 2.4 (1.5–3.7) 1.8 (1.0–3.0) 0.031

Rewarming duration (hr) 12.0 (12.0–14.1) 12.0 (12.0–13.1) 13.0 (12.0–15.0) 0.122 12.3 (12.0–14.0) 12.0 (12.0–16.0) 0.701

Values are presented as median (interquartile range).
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Fig. 2. Comparison of repeatedly measured serum lactate levels between outcome groups. (A) There was no interaction between neurologic outcome 
and time (P=0.318). Serum lactate levels decreased over time (P<0.001) and differed between the good and poor neurologic outcome groups (P<0.001). 
Post-hoc analysis adjusted with Bonferroni correction showed that the serum lactate levels at 12, 24, and 48 hours after admission were significantly 
different between the good and poor neurologic outcome groups. (B) There was no interaction between in-hospital mortality and time (P=0.444). Serum 
lactate levels differed between survivors and non-survivors (P=0.001). Post-hoc analysis adjusted with Bonferroni correction showed that the serum lac-
tate level at 48 hours after admission was higher in non-survivors. *P<0.05.
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Table 3. Multivariate logistic regression analysis of characteristics associated with a poor neurologic outcome				  

Characteristics
OR (95% CI)

Model 1 Model 2 Model 3 Model 4

Age (yr) 1.038 (1.016–1.060)* 1.038 (1.016–1.061)* 1.039 (1.016–1.062)* 1.037 (1.015–1.061)*

Shockable rhythm 0.253 (0.117–0.549)* 0.240 (0.110–0.524)* 0.236 (0.106–0.526)* 0.224 (0.100–0.504)*

Cardiac etiology 0.267 (0.119–0.601)* 0.283 (0.126–0.637)* 0.273 (0.121–0.615)* 0.272 (0.119–0.620)*

Downtime (min) 1.053 (1.029–1.079)* 1.050 (1.025–1.075)* 1.048 (1.022–1.074)* 1.045 (1.020–1.070)*

Glasgow Coma Scale 0.581 (0.442–0.764)* 0.605 (0.461–0.794)* 0.584 (0.439–0.776)* 0.581 (0.438–0.769)*

Lactate levels (mmol/L)

  Initial 1.049 (0.962–1.143) NA NA NA

  At 12 hours NA 1.157 (1.006–1.331)* NA NA

  At 24 hours NA NA 1.320 (1.084–1.607)* NA

  At 48 hours NA NA NA 2.474 (1.459–4.195)*

Serum lactate levels at the different time points were separated into different multivariate models. Model 1 included initial lactate level, model 2 included lactate level at 
12 hours after admission, model 3 included lactate level at 24 hours, and model 4 included lactate level at 48 hours. 
OR, odds ratio; CI, confidence interval; NA, not available. 
*P<0.05. 

Fig. 3. Comparison of lactate clearance between outcome groups. (A) Lactate clearance at 12, 24, and 48 hours after admission was significantly differ-
ent between good and poor neurologic outcome groups. (B) Lactate clearance at 12 and 24 hours after admission was not associated with in-hospital 
mortality. Lactate clearance at 48 hours after admission was significantly lower in non-survivors. *P<0.05.
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and poor neurologic outcome groups (Fig. 3). Serum lactate levels 
also differed between survivors and non-survivors and decreased 
over time (P<0.001), with no interaction between in-hospital 
mortality and time (P=0.444) (Fig. 2). Post-hoc analysis showed 
that serum lactate levels at 48 hours after admission differed be-
tween survivors and non-survivors (Fig. 2). Lactate clearance at 
48 hours after admission was different between survivors and 
non-survivors (Fig. 3).

Association between lactate levels or clearance and out-
comes
Multivariate analysis revealed that an older age, non-shockable 
rhythm, non-cardiac etiology, longer downtime, and a lower GCS 
score were associated with a poor neurologic outcome (Table 3). 
Serum lactate levels at various time points were separated into 
different multivariate models. Higher serum lactate levels at 12 
hours (odds ratio [OR], 1.157; 95% confidence interval [CI], 1.006 
to 1.331), 24 hours (OR, 1.320; 95% CI, 1.084 to 1.607), and 48 
hours (OR, 2.474; 95% CI, 1.459 to 4.195) after admission were 

associated with a poor neurologic outcome, whereas lactate level 
on admission (OR, 1.049; 95% CI, 0.962 to 1.143) was not associ-
ated with neurologic outcome (Table 3). Furthermore, lactate 
clearance was not associated with neurologic outcome at any 
time point (Fig. 4). Multivariate analysis revealed that a non-
shockable rhythm and the SOFA score were associated with in-
hospital mortality (Table 4). A higher lactate level at 48 hours (OR, 
1.459; 95% CI, 1.181 to 1.803) after admission was associated 
with an increased in-hospital mortality, whereas the lactate level 
on admission (OR, 1.063; 95% CI, 0.981 to 1.152) and the lactate 
levels at 12 hours (OR, 1.031; 95% CI, 0.928 to 1.146) and 24 
hours (OR, 1.024; 95% CI, 0.940 to 1.116) after admission were 
not associated with in-hospital mortality (Table 4). Additionally, 
lactate clearance was not associated with in-hospital mortality 
at any time point (Fig. 4).

DISCUSSION

In this retrospective cohort of cardiac arrest survivors treated 

Table 4. Multivariate logistic regression analysis of characteristics associated with in-hospital mortality				  

Characteristics
OR (95% CI)

Model 1 Model 2 Model 3 Model 4

Shockable rhythm 0.400 (0.192–0.833)* 0.400 (0.192–0.833)* 0.400 (0.192–0.833)* 0.378 (0.171–0.835)*

SOFA 1.237 (1.133–1.352)* 1.237 (1.133–1.352)* 1.237 (1.133–1.352)* 1.114 (1.006–1.234)*

Lactate levels (mmol/L)

  Initial 1.063 (0.981–1.152) NA NA NA

  At 12 hours NA 1.031 (0.928–1.146) NA NA

  At 24 hours NA NA 1.024 (0.940–1.116) NA

  At 48 hours NA NA NA 1.459 (1.181–1.803)*

Serum lactate levels at the different time points were separated into different multivariate models. Model 1 included initial lactate level, model 2 included lactate level at 
12 hours after admission, model 3 included lactate level at 24 hours, and model 4 included lactate level at 48 hours. 
OR, odds ratio; CI, confidence interval; SOFA, sequential organ failure assessment; NA, not available. 
*P<0.05. 

A

Fig. 4. Multivariate logistic regression model showing the association between lactate clearance and outcomes. (A) Lactate clearance at 12, 24, and 48 
hours after admission was not associated with neurologic outcome. (B) Lactate clearance at 12, 24, and 48 hours after admission was not associated 
with in-hospital mortality. CI, confidence interval.
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with TTM, we found that serum lactate levels at 12, 24, and 48 
hours after admission were higher in patients with a poor neuro-
logic outcome. Furthermore, serum lactate levels remained a sur-
rogate marker even after adjusting for potential confounders. 
Lactate clearance at 12, 24, and 48 hours after admission was 
lower in patients with a poor neurologic outcome. However, lac-
tate clearance was not a robust surrogate marker of neurologic 
outcome at any time point. A higher serum lactate level at 48 
hours after admission was associated with increased in-hospital 
mortality. Lactate clearance at 48 hours after admission was 
lower in non-survivors; however, it did not remain a surrogate 
marker of in-hospital mortality following adjustment for con-
founders.
  Previous studies have demonstrated the association between 
serum lactate levels and outcome in cardiac arrest survivors.7,9-14 
Shinozaki et al.9 suggested that the serum lactate level was an in-
dependent predictor of neurologic outcome in cardiac arrest survi-
vors. However, only 20.4% of the cohort in the study by Shinozaki 
et al.9 was treated with therapeutic hypothermia. Induced systemic 
hypothermia decreased microcirculation and peripheral tissue per-
fusion without impairment of systemic blood flow in out-of-hos-
pital cardiac arrest survivors.18 Microvascular density and flow af-
ter cardiac arrest were influenced by body temperature, but not 
arterial pressure, cardiac output, or disease severity.19 Lactic acido-
sis can develop as a result of microcirculatory impairment when 
the body temperature is lowered.20 TTM has been used as a stan-
dard treatment for comatose cardiac arrest survivors.5,6 All cardiac 
arrest survivors in our cohort were treated with TTM. Therefore, the 
association between serum lactate levels and outcomes in cohorts 
treated with TTM should be reevaluated. Starodub et al.14 evaluat-
ed the use of the serum lactate level as a surrogate marker in a 
cohort of 199 cardiac arrest survivors treated with therapeutic hy-
pothermia. They found that lower serum lactate levels at 12 and 
24 hours, but not on admission, were associated with survival to 
discharge. Similarly, we found that the serum lactate levels at all 
time points up to 48 hours after admission, but not on admission, 
were robust prognostic indicators of neurologic outcome in our 
cohort. Lee et al.11 reported that there was no difference in initial 
lactate levels between patients with good and poor neurologic 
outcomes. Donnino et al.12 also demonstrated that the initial lac-
tate level did not remain a surrogate maker of survival or neuro-
logic outcome after adjusting for potential confounders in a cohort 
of 100 cardiac arrest survivors treated with TTM. The serum lactate 
level during post-resuscitation care is affected by multiple factors, 
including the post-cardiac arrest systemic inflammatory response, 
myocardial stunning, and secondary ischemic insults such as sei-
zure, infection, and sepsis, whereas the initial serum lactate level 

depends predominantly on ischemic insult during downtime and 
hypoperfusion before collapse.21-24 Therefore, the serum lactate 
level on admission cannot be a robust surrogate marker of survival 
or neurologic outcome in cardiac arrest survivors receiving post-
resuscitation care. Notably, several earlier studies did not measure 
serum lactate levels beyond 24 hours after cardiac arrest.9,10,12,14 
Hence, they could not demonstrate the association between serum 
lactate levels beyond 24 hours after cardiac arrest and outcomes. 
However, we found an independent association between serum 
lactate levels at 48 hours and neurologic outcome or in-hospital 
mortality. 
  The serum lactate level significantly decreased over time in the 
present study. The change in serum lactate level is related to lac-
tate clearance. Effective lactate clearance was reported as an-
other surrogate marker in cardiac arrest survivors.10-13 Donnino et 
al.10 first demonstrated that a greater lactate clearance at 12 
hours was associated with reduced mortality in a cohort of 79 
cardiac arrest survivors who did not receive TTM. The association 
between lactate clearance and clinical outcome should be re-
evaluated considering the effect of temperature on serum lactate 
levels. Lee et al.11 showed that a greater lactate clearance at 6 
and 12 hours was a robust prognostic indicator of a good neuro-
logic outcome in out-of-hospital cardiac arrest survivors treated 
with therapeutic hypothermia. Donnino et al.12 demonstrated 
that a greater lactate clearance at 12 hours was associated with 
good neurologic outcome and survival in a cohort of cardiac ar-
rest survivors treated with TTM, whereas the lactate clearance at 
24 hours was not associated with outcomes. The serum lactate 
level precipitously decreased within 6 hours after admission and 
then decreased slowly, as reported by previous studies.10-14 There-
fore, the difference in early lactate clearance rather than late lac-
tate clearance may be more prominent, and early lactate clear-
ance may be a robust marker. In contrast to previous studies, we 
found that lactate clearance had no association with neurologic 
outcome or in-hospital mortality after adjusting for potential 
confounders. Lactate clearance increased over time in survivors 
and patients with a good neurologic outcome, whereas it pla-
teaued at 30% to 40% in non-survivors and patients with a poor 
neurologic outcome in previous studies.10,12 However, in the pres-
ent study, lactate clearance increased over time in patients with 
a poor neurologic outcome and in non-survivors, which was simi-
lar to that for patients with a good neurologic outcome and sur-
vivors. This suggested that perfusion during post-resuscitation 
care was well managed even in patients with a poor neurologic 
outcome and in non-survivors. However, perfusion needs to be 
considered with respect to whether or not a vasopressor was 
needed. Cocchi et al.25 demonstrated that lactate levels, together 
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with the need for a vasopressor, was an accurate predictor of 
mortality in out-of-hospital cardiac arrest survivors. Unfortu-
nately, information regarding the need for vasopressors was not 
available in our data set. Future studies should be performed tak-
ing into consideration the requirement for a vasopressor.
  Nevertheless, the serum lactate levels at all time points in the 
present study were similar to those reported in the study by Lee 
et al.11 although, in contrast, lactate clearance was not associated 
with neurologic outcome or in-hospital mortality at any time 
point in the present study. This difference can be attributed to 
differences in the baseline characteristics. The cohort in the study 
by Lee et al.11 was younger and showed a higher rate of shockable 
rhythm. The cohort in the study by Donnino et al.12 showed a 
higher rate of shockable rhythm and a shorter downtime. Age, 
shockable rhythm, and downtime were independent prognostic 
indicators in the present study. These differences in baseline char-
acteristics may explain the lack of an association between lactate 
clearance and clinical outcomes in the present study.
  There are several limitations of the present study. First, al-
though measurement of serum lactate levels formed part of the 
protocol, some lactate values were missing. Thirty (10.6%) of 312 
patients were excluded because of missing data, and 35 patients 
were excluded because death occurred during TTM. This may 
have led to selection bias. However, in most cases, death during 
TTM occurred before achieving the target temperature, due to a 
circulatory shock. It was decided to exclude patients who died 
during TTM, as death during TTM did not allow completion of 
TTM and circulatory shock resulted in extremely high serum lac-
tate levels, which might have affected the results. Second, data 
were collected prospectively, but this was a retrospective cohort 
study performed at a single center using secondary data from 
electronic medical records, which could also have led to selection 
bias. Third, vasoactive agents can influence lactate production, 
but data concerning the use of vasoactive agents during post-re-
suscitation care were not available. Calculating the cumulative 
dose of vasoactive agents or dose at the time serum lactate levels 
are obtained is challenging. Future studies are required to consid-
er the need for vasoactive agents. Fourth, despite our efforts, 
there may have been potential confounding factors that affected 
hemodynamics and lactate levels. Fifth, we excluded patients 
who died during TTM. Non-survivors died mainly as a result of 
post-cardiac arrest shock within 3 days after ROSC and had 
higher serum lactate levels.26 The finding of no difference in ini-
tial serum lactate levels in the present study might have been in-
fluenced by the exclusion of patients who died during TTM.
  In conclusion, lactate clearance was not a robust surrogate 
marker of neurologic outcome or in-hospital mortality at any 

time point. However, lactate levels at 12, 24, and 48 hours after 
admission were associated with neurologic outcome at discharge 
in cardiac arrest survivors treated with TTM. The lactate level at 
48 hours after admission was associated with survival to dis-
charge.
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