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Abstract 

Background: Limited data are available on the clinical significance of lactate clearance (LC) in patients with cardio‑
genic shock (CS). This study investigated the prognostic role of LC in CS patients.

Methods: We analyzed data from 628 patients in the RESCUE registry, a multicenter, observational cohort enrolled 
between January 2014 and December 2018. Univariable logistic regression analysis was performed to determine the 
prognostic implications of 24 h LC, and then patients were divided into two groups according to the cut‑off value of 
24 h LC (high lactate clearance [HLC] group vs. low lactate clearance [LLC] group). The primary outcome was in‑hospi‑
tal mortality. We also assessed all‑cause mortality at 12 month follow‑up and compared the prognostic performance 
of 24 h LC according to initial serum lactate level.

Results: In the univariable logistic regression analysis, 24 h LC was associated with in‑hospital mortality (odds ratio 
0.989, 95% confidence interval [CI] 0.985–0.993, p < 0.001), and the cut‑off value for the LC of the study population 
was 64%. The HLC group (initial 24 h LC ≥ 64%, n = 333) had a significantly lower incidence of in‑hospital death than 
the LLC group (n = 295) (25.5% in the HLC group vs. 42.7% in the LLC group, p < 0.001). During 12 months of follow‑up, 
the cumulative incidence of all‑cause death was significantly lower in the HLC group than in the LLC group (33.0% vs. 
48.8%; hazard ratio 0.55; 95% CI 0.42–0.70; p < 0.001). In subgroup analysis, 24 h LC predicted in‑hospital mortality bet‑
ter in patients with initial serum lactate > 5 mmol/L than in those with serum lactate ≤ 5 mmol/L (c‑statistics of initial 
serum lactate > 5 mmol/L = 0.782 vs. c‑statistics of initial serum lactate ≤ 5 mmol/L = 0.660, p = 0.011).

Conclusions: Higher LC during the early phase of CS was associated with reduced risk of in‑hospital and 12 month 
all‑cause mortalities. Patients with LC ≥ 64% during the 24 h after CS onset could expect a favorable prognosis, espe‑
cially those with an initial serum lactate > 5 mmol/L.

Trial registration: RESCUE (REtrospective and prospective observational Study to investigate Clinical oUtcomes and Effi‑
cacy of left ventricular assist device for Korean patients with cardiogenic shock), NCT02985008, Registered December 
5, 2016—retrospectively and prospectively registered, https:// clini caltr ials. gov/ ct2/ show/ record/ NCT02 985008
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Background
Lactate has been studied over time in patients with 
shock, and serum lactate is an important prognostic fac-
tor that reflects decreased oxygen delivery and tissue 
hypoperfusion [1, 2]. Previous studies have suggested that 
serum lactate clearance could be a clinically reliable sur-
rogate for the magnitude and duration of tissue hypoxia 
in shock patients and demonstrated the prognostic value 
of lactate clearance measured at 8–48 h after initiation of 
shock treatment in terms of clinical outcomes [2–4]. To 
date, the prognostic role of lactate clearance in patients 
with septic shock has been reported in many studies [5, 
6], including a randomized clinical trial in which lac-
tate clearance-guided therapy was not inferior to central 
venous oxygen saturation-guided therapy in patients with 
septic shock [7]. In contrast, limited data are available 
on the clinical significance of lactate clearance in car-
diogenic shock (CS). A small pilot study reported that 
12  h lactate clearance < 10% was associated with signifi-
cantly lower survival in CS following ST-segment eleva-
tion myocardial infarction [8]. Another study reported 
that a single lactate value and lactate clearance measured 
at 24 h rather than baseline lactate level were predictive 
for 30 day mortality in CS patients undergoing extracor-
poreal membrane oxygenation (ECMO) [2]. Therefore, 
serial measurements of lactate are recommended dur-
ing shock treatment to evaluate hemodynamic status 
and optimize therapy [4, 9]. Only one study has reported 
that lactate clearance is a better predictive marker than 
baseline lactate in CS [8], and other studies only analyzed 
specific populations of CS patients who were supported 
with ECMO. In these studies, the cut-off values for lac-
tate clearance varied from 10 to 70% and were not useful 
in most CS patients [2, 3, 8]. Furthermore, a recent study 
showed that lactate measured at 8 h after shock onset had 
greater predictive value than the 8-h lactate clearance in 
CS patients [10]. For these reasons, the optimal clearance 
value and appropriate time point for measuring lactate 
clearance as a prognostic marker remain controversial. 
We evaluated the association between 24 h lactate clear-
ance and clinical outcomes and compared the prognostic 
role of 24  h lactate clearance according to initial serum 
lactate level in patients with CS.

Methods
Study design and patients
The RESCUE (REtrospective and prospective observa-
tional Study to investigate Clinical outcomes and Efficacy 

of left ventricular assist device for Korean patients with 
cardiogenic shock; NCT02985008 at www. clini caltr ials. 
gov) study is a multicenter, retrospective and prospec-
tive registry of patients with CS. Between January 2014 
and December 2018, 1,247 consecutive patients with CS 
(954 enrolled retrospectively and 293 enrolled prospec-
tively) were recruited from 12 tertiary centers in the 
Republic of Korea. More detailed information about pro-
spective and retrospective enrollment at each institute is 
shown in Additional file 1: Table S1. The inclusion crite-
ria were as follows: (1) age ≥ 19 years, (2) systolic blood 
pressure < 90  mmHg for 30  min or need for inotrope 
or vasopressor support to achieve systolic blood pres-
sure > 90  mmHg, and (3) presence of pulmonary con-
gestion and signs of impaired organ perfusion (altered 
mental status, cold periphery, oliguria < 0.5  mL/kg/hour 
for the previous six hours, or blood lactate > 2.0 mmol/L) 
[11]. Major exclusion criteria were out-of-hospital car-
diac arrest, other causes of shock (hypovolemic or sep-
tic shock), and refusal of active treatment [12]. For the 
present study, we excluded those who died within 24  h 
of admission and those for whom serial lactate level was 
unavailable. Finally, 628 patients were divided into two 
groups according to 24  h lactate clearance ≥ 64% (the 
cut-off value of the study population, determined 24  h 
after initiation of shock treatment) or not (Fig.  1). The 
study protocol was approved by the institutional review 
board (IRB) of each hospital, and the study was con-
ducted according to the principals of the Declaration of 
Helsinki. The IRBs of the participating hospitals waived 
the requirement for informed consent for retrospectively 
enrolled patients, and all prospectively enrolled patients 
provided written informed consent before enrollment.

Data collection and study outcomes
For the RESCUE registry, information about patient 
demographics, in-hospital management, laboratory data, 
procedural data, and outcomes was collected by inde-
pendent clinical research coordinators via web-based 
case report forms. Additional information was obtained 
by further inquiry into medical records or telephone con-
tact, if necessary [12]. Laboratory findings, such as serum 
creatinine and hemoglobin, exhibiting the worst values 
in the 24 h after initiation of shock treatment were col-
lected. The primary outcome was in-hospital mortality, 
and the secondary outcome was all-cause mortality dur-
ing 12 months of follow-up. We also analyzed the prog-
nostic performance of 24 h lactate clearance according to 
initial serum lactate level > 5 mmol/L or not [13].
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Lactate measurement and lactate clearance
Serum lactate values were measured serially using arte-
rial blood gas analysis in intensive care units from the 
beginning of shock treatment until hemodynamically sta-
ble conditions were achieved. After that, they were meas-
ured every 24 h. Previous studies have used various time 
points for lactate clearance, from 8 to 24  h. We chose 
24  h lactate clearance for our analysis because baseline 
and 24 h lactate values were available in our registry, and 
that time point has been suggested as a good predictor 
of mortality in patients with shock [3, 14]. We calculated 
24 h lactate clearance using the following equation: 24 h 
lactate clearance = (initial lactate value—lactate value 
24  h after the initial time point)/initial lactate value [2, 
9]. The prognostic role of 24  h lactate clearance in CS 
patients was investigated using a univariable logistic 
regression model. After it was confirmed that 24 h lactate 
clearance was associated with in-hospital mortality, the 
cut-off value for lactate clearance was used as a threshold 
to separate the groups.

Statistical analysis
Categorical variables are presented as the counts and 
percentages and were compared using the χ2 test or 
Fisher’s exact test, as appropriate. Continuous variables 
were compared with Student’s t-test or Mann–Whit-
ney U-test and are presented as medians (interquartile 
ranges, 25–75th percentile) for variables lacking a normal 
distribution. Cumulative event rates were estimated with 
the Kaplan–Meier method and compared with log-rank 
tests. The best discriminative values were obtained from 
the receiver operating characteristic (ROC) curve using 
ROC01, a method that minimizes the distance between 

the ROC plot and the point (0, 1). The area under the 
receiver operating characteristic (AUROC) was calcu-
lated to quantify the accuracy of lactate clearance in pre-
dicting in-hospital mortality, and Delong’s test for two 
correlated ROC curves was performed for comparison 
of the area under the curve (AUC) [15]. Univariable and 
multivariable logistic regression models were used to pre-
dict in-hospital mortality. Covariates that were either sta-
tistically significant on univariable analysis (p value < 0.1) 
or considered clinically important were included in 
multivariable models. Analyzed covariates were lactate 
clearance, age, sex, body mass index, diabetes mellitus, 
hypertension, dyslipidemia, current smoking, chronic 
kidney disease, ischemic cardiomyopathy, and serum 
glucose. All probability values were two-tailed, and p val-
ues < 0.05 were considered statistically significant. Sta-
tistical analyses were performed using SPSS software, 
version 23 (IBM, Armonk, NY, USA).

Results
Baseline characteristics
We analyzed 628 patients, and upon using univariable 
logistic regression analysis to determine the prognostic 
implications of lactate clearance in CS, a significant asso-
ciation between 24  h lactate clearance and in-hospital 
mortality was observed (odds ratio [OR] 0.989, 95% CI 
0.985–0.993, p < 0.001). The cut-off value for lactate clear-
ance of our study population was 64% that was obtained 
from the ROC curve using the ROC01 method, and the 
study population was divided into those with lactate 
clearance ≥ 64% (high lactate clearance [HLC] group, 
n = 333) and those with lactate clearance < 64% (low lac-
tate clearance [LLC] group, n = 295). The baseline clinical 

Fig. 1 Schematic illustration of study cohort selection
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characteristics of the study population are shown in 
Table 1. The median age of the total study population was 
66 years, and 416 patients (66.2%) were men. There were 
no significant differences in demographics or co-morbid-
ities between the HLC group and the LLC group. About 
half of the study population suffered from hypertension, 
and more than one-quarter of the study population suf-
fered from diabetes mellitus or dyslipidemia. Ischemic 
cardiomyopathy was the most common cause of CS, and 
its incidence was similar in the two groups (71.2% in the 
HLC group vs. 71.9% in the LLC group). Left ventricular 
ejection fraction (LVEF) at admission and lowest LVEF 
during follow-up were similar between the two groups 
(p = 0.661 and p = 0.405, respectively). There were no sig-
nificant differences in systolic and diastolic blood pres-
sure (p = 0.070 and p = 0.104), or heart rate (p = 0.979) 
between the two groups.

Shock treatment and laboratory characteristics
Laboratory and shock treatment characteristics accord-
ing to lactate clearance are shown in Table 2. The median 

value of lactate clearance of the study population was 
66.0% (interquartile range 38.9–80.7). Lactate clearance 
of the HLC group and the LLC group were 80.0% and 
36.2%, respectively. The initial blood levels of hemoglobin 
(mg/dL), glucose (mg/dL), and lactate (mmol/L) were sig-
nificantly higher in the HLC group than in the LLC group 
(p = 0.039, p = 0.001 and p < 0.001, respectively). Vaso-
active inotropic score was lower in the HLC group than 
in the LLC group (p = 0.006). Mechanical circulatory 
support and insertion of central venous line were per-
formed similarly between the two groups (p = 0.134 and 
p = 0.537, respectively). The rate of ECMO application 
during the first 24  h of the lactate measurement period 
was lower in the HLC group, but the difference was not 
significant (p = 0.066). The median value of shock-to-
ECMO time in patients who underwent ECMO within 
the first 24 h was similar between the two groups (66 min 
vs. 77  min, p = 0.267). Extracorporeal cardiopulmonary 
resuscitation was performed less frequently in the HLC 
group than in the LLC group, but the difference was 
not significant (p = 0.077). The HLC group underwent 

Table 1 Baseline clinical characteristics

Values are shown as n (%) or median (interquartile range)

High lactate clearance Low lactate clearance p value
n = 333 n = 295

Age 65.0 (55.0–75.0) 68.0 (56.0–78.0) 0.096

Male 227 (68.2) 189 (64.1) 0.278

Body mass index (kg/m2) 23.0 (20.8–25.7) 22.9 (20.4–25.7) 0.900

Diabetes mellitus 115 (34.5) 104 (35.3) 0.850

Hypertension 161 (48.3) 151 (51.2) 0.478

Dyslipidemia 87 (26.1) 76 (25.8) 0.917

Current smoker 94 (28.2) 70 (23.7) 0.200

Chronic kidney disease 35 (10.5) 38 (12.9) 0.355

Peripheral vascular disease 19 (5.7) 11 (3.7) 0.246

Previous myocardial infarction 43 (12.9) 37 (12.5) 0.889

Previous percutaneous coronary intervention 48 (14.4) 42 (14.2) 0.950

Previous coronary artery bypass grafting 11 (3.3) 7 (2.4) 0.486

Previous cerebrovascular accident 41 (12.3) 27 (9.2) 0.203

Clinical presentation 0.010

 Ischemic cardiomyopathy 237 (71.2) 212 (71.9)

 Non–ischemic cardiomyopathy 54 (16.2) 55 (18.6)

 Pulmonary thromboembolism 13 (3.9) 6 (2.0)

 Refractory arrhythmia 20 (6.0) 5 (1.7)

 Other causes 9 (2.7) 17 (5.8)

Echocardiographic findings

 Left ventricular ejection fraction at admission (%) 33.0 (25.0–50.9) 33.0 (24.8–44.6) 0.661

 Lowest left ventricular ejection fraction (%) 30.0 (20.0–46.0) 30.0 (20.5–39.9) 0.405

Systolic blood pressure (mmHg) 70.0 (59.0–80.0) 72.0 (60.0–82.0) 0.070

Diastolic blood pressure (mmHg) 46.0 (35.0–54.0) 46.0 (40.0–56.0) 0.104

Heart rate (beat/minute) 89.0 (62.0–111.0) 90.0 (64.3–108.8) 0.979
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continuous renal replacement therapy less frequently 
than the LLC group (p < 0.001). The length of intensive 
care unit stay and hospital stay were significantly longer 
in the HLC group than in the LLC group (p = 0.002 and 
p = 0.001, respectively).

Clinical outcomes
The rate of in-hospital mortality was lower in the HLC 
group than in the LLC group (25.5% vs. 42.7%, p < 0.001). 
In-hospital cardiac mortality was observed less fre-
quently in the HLC group than in the LLC group (16.5% 
vs. 38.3%, p < 0.001). There were no differences in the 
incidence of stroke (2.7% vs. 1.4%, p = 0.237), gastrointes-
tinal bleeding (2.4% vs. 3.4%, p = 0.459), or sepsis (3.3% 
vs. 1.4%, p = 0.111) during hospitalization between the 
two groups (Table 3).

During follow-up, the rates of all-cause mortality 
(33.0% in the HLC group vs. 48.8% in the LLC group, 
hazard ratio [HR] 0.55, 95% confidence interval [CI] 
0.42–0.70, p < 0.001) (Fig.  2) and cardiac death (24.3% 
vs. 43.7%, HR 0.45, 95% CI 0.34–0.60, p < 0.001) were 
significantly lower in the HLC group than in the LLC 

group. The incidence of myocardial infarction (1.2% 
vs. 0.7%, HR 1.38, 95% CI 0.27–7.04, p = 0.700) and 
cerebrovascular accident (0.9% vs. 1.4%, HR 0.50, 95% 
CI 0.11–2.27, p = 0.371) did not differ significantly 
between the two groups, but the rate of heart failure 
readmission tended to be higher in the HLC group than 
in the LLC group (8.4% vs. 3.7%, HR 1.65, 95% CI 0.83–
3.13, p = 0.124) (Additional file 1: Tables S2 and S3).

Table 2 Laboratory and shock treatment characteristics

Values are shown as n (%) or median (interquartile range)

ECMO extracorporeal membrane oxygenation, ECPR extracorporeal cardiopulmonary resuscitation, IABP intra-aortic balloon pump, Nt-proBNP N-terminal pro B-type 
natriuretic peptide

High lactate clearance Low lactate clearance p value
n = 333 n = 295

Laboratory findings, Initial

 Hemoglobin (mg/dL) 12.7 (10.5–14.7) 12.2 (10.5–14.0) 0.039

 Serum glucose (mg/dL) 222.0 (150.0–319.0) 183.0 (134.0–269.0) 0.001

 Total bilirubin (mg/dL) 0.6 (0.4–1.2) 0.7 (0.5–1.2) 0.021

 Creatinine (mg/dL) 1.3 (1.0–1.7) 1.2 (0.9–1.8) 0.085

 Lactate (mmol/L, at admission) 6.9 (4.7–1.0) 3.7 (2.3–7.1)  < 0.001

 Lactate (mmol/L, 24 h after admission) 1.2 (0.9–1.7) 2.3 (1.4–6.8)  < 0.001

 Lactate clearance (%) 80.0 (72.1–86.5) 36.2 (0.0–53.6)  < 0.001

 NT–proBNP (pg/mL) 5884.5 (1015.5–21,827.8) 5152.0 (1506.5–13,628.5) 0.424

Vasoactive inotropic score 27.7 (8.0–80.0) 37.0 (10.0–110.0) 0.006

Use of venous central line 218 (65.5) 200 (67.8) 0.537

Use of mechanical circulatory support 0.134

 None 138 (41.4) 97 (32.9)

 ECMO 126 (37.8) 127 (43.1)

 IABP 51 (15.3) 48 (16.3)

 ECMO + IABP 18 (5.4) 23 (7.8)

Shock‑to‑ECMO time < 24 h 126 (37.8) 133 (45.1) 0.066

ECPR 62 (18.6) 72 (24.4) 0.077

Continuous renal replacement therapy 75 (22.5) 109 (36.9)  < 0.001

Mechanical ventilation 219 (65.8) 198 (67.1) 0.720

Length of intensive care unit stay (day) 8.0 (4.0–16.5) 6.0 (2.0–15.0) 0.002

Length of hospital stay (day) 14.0 (8.0–28.0) 11.0 (5.0–27.0) 0.001

Table 3 In‑hospital clinical outcomes

Values are shown as n (%)

High lactate 
clearance

Low lactate 
clearance

p value

n = 333 n = 295

All‑cause death 85 (25.5) 126 (42.7)  < 0.001

Cardiac death 55 (16.5) 113 (38.3)  < 0.001

Stroke 9 (2.7) 4 (1.4) 0.237

Gastrointestinal bleeding 8 (2.4) 10 (3.4) 0.459

Sepsis 11 (3.3) 4 (1.4) 0.111
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Prognostic factors of in‑hospital mortality
In multivariable logistic regression analysis, independent 
predictors of in-hospital mortality included 24 h lactate 
clearance ≥ 64% (OR 0.42, 95% CI 0.30–0.60, p < 0.001), 
chronic kidney disease (OR 1.95, 95% CI 1.17–3.26, 
p = 0.011), ischemic cardiomyopathy (OR 1.52, 95% CI 
1.01–2.31, p = 0.046), and baseline serum glucose above 
the median value of 203 mg/dL (OR 1.45, 95% CI 1.01–
2.08, p = 0.046) (Additional file 2: Figure S1).

Association of lactate clearance with clinical outcomes
We performed a subgroup analysis to investigate the 
relationship between in-hospital mortality and serum 
lactate clearance in the first 24  h after initiation of 
shock treatment according to baseline serum lactate 
level. The study population was divided into two groups 
according to baseline serum lactate level > 5 mmol/L or 
not (initial serum lactate > 5  mmol/L vs. initial serum 
lactate ≤ 5  mmol/L), and we calculated and compared 
the AUROC of 24  h lactate clearance to predict the 
in-hospital mortality of each group. In that analy-
sis, predictive performance of 24  h lactate clearance 

for in-hospital mortality was significantly higher in 
patients with initial serum lactate > 5  mmol/L than in 
those with initial serum lactate ≤ 5  mmol/L (0.782 vs. 
0.660, p = 0.011) (Fig.  3). Subgroup analysis was per-
formed to compare AUROC of 24 h lactate clearance to 
predict in-hospital mortality according to mechanical 
circulatory support within the first 24  h of the lactate 
clearance measurement period. The AUC of the overall 
population was 0.668 and, the IABP or medical therapy 
alone subgroup showed a higher AUC than the ECMO 
subgroup, but the difference was not significant (AUC 
of IABP or medical therapy alone = 0.684 vs. AUC of 
ECMO = 0.640, respectively; p = 0.344) (Additional 
file 3: Figure S2).

Discussion
We investigated the association between 24  h serum 
lactate clearance after initiation of shock treatment and 
clinical outcomes in patients with CS. The main find-
ing of our study is that higher 24  h lactate clearance 
was associated with reduced risk of in-hospital and 
12  month all-cause mortalities compared with lower 
24 h lactate clearance in patients with CS. In particular, 

Fig. 2 The cumulative incidence of all‑cause mortality during 12 month follow‑up according to lactate clearance. Kaplan–Meier curves are 
presented to compare the cumulative incidence of all‑cause mortality between the low lactate clearance group and the high lactate clearance 
group. CI confidence interval, HR hazard ratio
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the prognostic role of 24 h lactate clearance was promi-
nent in severe forms of CS with high initial serum lac-
tate, suggesting that 24  h lactate clearance could be a 
treatment goal in refractory CS. To the best of our 
knowledge, this is the first study to examine the clini-
cal effects of serum lactate clearance on the prognosis 
of diverse cardiac diseases that present with CS accord-
ing to baseline serum lactate levels. Our findings corre-
spond well with those of earlier studies that established 
an association between poor lactate clearance and 
adverse clinical outcomes.

Serum lactate varies in proportion to ongoing tis-
sue hypoxia, and reduction of lactate level is a marker 
of successful resuscitation because lactate clearance 
indicates restored oxygen delivery [7]. Previous studies 

analyzing the association between lactate clearance and 
clinical outcome were performed mostly in patients 
with sepsis, and they reported that early lactate clear-
ance above 10% was an important determinant of sur-
vival [5, 16]. Regarding the prognostic role of lactate 
clearance in CS, Attanà et  al. reported that 12  h lac-
tate clearance < 10% identified a subset of patients at 
higher risk for death [8], and Slottosch et  al. showed 
that lactate clearance across 24  h was predictive of 
30  day mortality with a cut-off value of 68.7% in CS 
patients, concluding that the dynamic course of lactate 
is a valuable tool for predicting mortality. However, 
they analyzed only patients undergoing ECMO [2]. We 
evaluated the prognostic role of serum lactate clearance 
in clinical outcomes among CS patients using a large, 

Fig. 3 ROC curves of lactate clearance to predict in‑hospital mortality according to initial serum lactate level. ROC curves show the comparison 
of 24 h lactate clearance to predict in‑hospital mortality according to initial serum lactate level > 5 mmol/L or not. AUC  area under the curve, ROC 
receiver operating characteristic
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multicenter, dedicated shock registry covering diverse 
cardiac diseases, and we identified 24  h lactate clear-
ance < 64% as an indicator of higher risk for in-hospi-
tal mortality. Our threshold for lactate clearance (24 h 
lactate clearance ≥ 64%) could be a reliable surrogate 
marker for assessing successful therapy in a compre-
hensive cohort of CS patients, which could be used as 
an indicator in initial shock management.

Hyperlactatemia can be caused by hyperglycemia, 
catecholamines, or tissue hypoxia [17]. In our results, 
significant differences in vasoactive inotropic score 
and serum glucose were observed. These differences 
could be related to the initial higher lactate level in 
each group, and in the setting of comparing single lac-
tate values, these variables could be confounding fac-
tors. Therefore, lactate-related criteria used to assess 
prognosis in CS should reflect the dynamic course of 
lactate levels over time [2, 8, 10]. Considering a pre-
vious study reporting that lactate clearance could not 
be influenced by the conditions accompanying shock 
[18], serum lactate clearance, which is calculated from 
two time points, reflects the time course of lactate 
level, and could show better predictive power for clini-
cal outcomes than single lactate values. However, in a 
recently published study, Lee et  al. classified partici-
pants as early (< 0.9 h), intermediate (0.9 to 2.2 h), and 
late (> 2.2  h) according to shock-to-ECMO time, and 
analysis showed a 47% lower risk of 30 day mortality in 
the early group than in the late group, suggesting that 
sooner may be better [19]. On the other hand, previous 
studies investigating the use of mechanical circulatory 
support in CS reported hemodynamic improvement 
without mortality benefit and recommended against 
using active mechanical circulatory support in unse-
lected patients due to potential complications [20, 21]. 
Based on these results, for risk stratification reflecting 
these issues, 5-stage CS classification proposed by the 
Society for Cardiovascular Angiography and Interven-
tion (SCAI) [22] should be used first to discriminate 
patients in urgent need of ECMO, and then 24 h lactate 
clearance could be used as an indicator of high risk for 
adverse clinical outcomes in selective CS patients such 
as those in SCAI classification stage C or D. This could 
prevent patients in lower stages from shifting to higher 
stages through appropriate timing of early therapeu-
tic intervention, since the prevalence of hemodynamic 
deterioration after 24  h increases with higher SCAI 
shock stages [23].

We performed additional analyses to identify sub-
sets of patients whose lactate clearance showed better 
predictive power for clinical outcomes. In an analysis 
for developing the IABP-SHOCK II risk score, arte-
rial blood lactate > 5  mmol/L at admission emerged as 

an independent predictor of 30  day mortality and was 
used as a key parameter of the risk prediction scor-
ing system [13]. Since the significance of lactate clear-
ance has not been determined according to severity of 
shock, we performed subgroup analysis to find a subset 
of CS patients whose lactate clearance exhibited better 
discrimination for assessing prognostic roles based on 
initial serum lactate level. We analyzed the accuracy of 
serum lactate clearance for predicting in-hospital mor-
tality according to initial serum lactate > 5 mmol/L and 
found that 24 h lactate clearance was significantly more 
predictive in patients whose initial serum lactate level 
was greater than 5 mmol/L than it was in those whose 
lactate levels were less than 5  mmol/L, with even bet-
ter predictive ability than the single lactate value at 24 h 
after shock treatment onset. Considering that serum 
lactate clearance was significantly enhanced in patient 
treated with ECMO [24], we performed additional sub-
group analysis comparing the predictive ability of 24 h 
lactate clearance for in-hospital mortality based on 
application of mechanical circulatory support in CS. 
Among those who received IABP support or medi-
cal therapy alone, serum lactate clearance predicted 
prognosis better than it did among those who under-
went ECMO, but significance was not observed. Based 
on these results, 24  h lactate clearance could identify 
a subset of CS patients at high risk for adverse clinical 
outcomes; in particular, CS patients with high initial 
serum lactate level may undergo frequent assessments 
of arterial lactate, at least hourly or more frequent 
point-of-care testing [22].

Acute renal failure is a common occurrence in car-
diogenic shock requiring renal replacement therapy in 
patients with multiple organ dysfunction. Previous stud-
ies [25, 26] reported that lactic acidosis could be treated 
successfully with renal replacement therapy, such that 
the serum lactate level might not reflect tissue hypoxia 
in cardiogenic shock. However, another study evaluat-
ing the effects of renal replacement therapy on lactate 
removal showed that renal replacement therapy was 
responsible for < 3% of total lactate clearance in critically 
ill patients; therefore, serum lactate level remains a reli-
able marker of tissue hypoxia [27]. From these various 
points of view, although it would not be likely to affect 
our results significantly, differences in the use of renal 
replacement therapy between the two groups could be a 
confounder in our study.

Study limitations
This study has several limitations. First, its design was 
non-randomized and observational, potentially affect-
ing the results through selection bias and confounding 
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factors. Most patients presented with an ischemic etiol-
ogy, and patients with non-ischemic causes were hetero-
geneous and of limited sample size. Second, our registry 
did not include hemodynamic parameters, such as car-
diac index or pulmonary capillary wedge pressure meas-
ured by a pulmonary arterial catheter. Third, removal of 
serum lactate could occur in the liver or kidney, so the 
presence of underlying disease in those organs or use of 
continuous renal replacement therapy could affect lactate 
clearance and thereby our results. Fourth, although we 
focused on the prognostic role of lactate clearance rather 
than single lactate values, significantly different serum 
glucose values and vasoactive inotropic scores between 
the two groups may have affected our results, since 
hyperlactatemia can be caused by hyperglycemia, or cat-
echolamines. Finally, treatment for CS (including cardiac 
arrest), such as the type or amount of intravenous fluids, 
vasopressors, and inotropes administered and mechani-
cal circulatory support implanted, were left to the phy-
sician’s discretion, although all coronary interventions 
were based on guidelines from the Korean Circulation 
Society.

Conclusions
An initial 24  h serum lactate clearance ≥ 64% in CS 
patients was associated with lower in-hospital mortality, 
with a prominent association noted in those whose initial 
serum lactate level was > 5 mmol/L. A large-scale, rand-
omized trial is needed to confirm these findings.
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