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Introduction

Cardiac arrest (CA) induces 300,000 deaths per year in the USA (1). Despite recent progress in basic and advanced 
life support (BLS and ALS), the survival rate remains low, reaching 8% to 10% at hospital discharge (2). Refractory 
CA is defined as the failure of  ALS (3), considered in some countries as the failure of  return of  spontaneous circu-
lation after 30 min of  cardiopulmonary resuscitation (3, 4). In the last decade, significant progress in therapeutics 
has been observed in refractory CA (5-7). One of  the most notable progress is the use of  extracorporeal life support 
(ECLS), which allowed significant improvement in the survival rate of  patients with refractory CA (5-7).

During BLS and ALS, an ‘ischaemia-reperfusion’ syndrome occurs leading to a flow supply-demand mismatch. 
Consequently, vasoconstriction of  peripheral organs results in multiorgan failure (8, 9). An increase in blood lactate, 
responsible for lactic acidosis (10), reflects reduced perfusion, hypoxia and thus anaerobic metabolism, reflecting 
demand mismatch and vasoconstriction.

Blood lactate measurement was suggested to reflect the severity of  multiorgan failure, but can be influenced by 
drugs or modification in the hepatic metabolism (11). The benefit of  blood lactate was also reported as a diagnosis 
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Prognostic Value of  Blood Lactate and Lactate 
Clearance in Refractory Cardiac Arrest 
Treated by Extracorporeal Life Support

Abstract

Objective: During cardiac arrest (CA) resuscitation, an ‘ischaemia-reperfusion’ syndrome occurs leading to multiorgan failure reflected by an 
increase in blood lactate. Blood lactate is a diagnosis and prognosis biomarker in extracorporeal life support (ECLS), but its kinetic appears more 
informative to assess a patient’s outcome. The aim of  the present study was to describe the prognostic value of  blood lactate and lactate clearance 
(LC) 3 (H3) and 6 h (H6) after the initiation of  ECLS in the treatment of  refractory CA.

Methods: Patients admitted to the intensive care unit for refractory CA were included. Lactate measurements were performed at the initiation 
of  ECLS (H0) and at H3 and H6 upon the initiation of  ECLS. LC was measured from 0 to 3 h (LC03), 0 to 6 h (LC06) and 3 to 6 h (LC36). The 
primary endpoint was in-hospital mortality within 28 days.

Results: Sixty-six patients were enrolled in the study. Lactate levels were higher in deceased patients. Increased mortality was observed with 
increasing levels of  lactate at H3 and H6 and with decreasing LC03. Using logistic regression, an association was observed between mortality 
and lactate at H3 with an odds ratio (OR) of  1.21 (95% confidence interval (CI) 1.05-1.42); LC03, OR of  0.93 (95% CI 0.87-0.99) and LC06, 
OR of  0.96 (95% CI 0.92-0.99).

Conclusion: Blood lactate and LC within the first 3 h of  ECLS in refractory CA are associated with mortality. LC is a more relevant parameter 
than blood lactate, taking into account both the production and elimination of  lactate. We suggest to preferentially use LC to assess the patient’s 
outcome.
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and prognosis biomarker in sepsis, trauma and in the context 
of  ECLS (12-16). Even though a single measurement of  lac-
tate is often used, the kinetic of  blood lactate appears more 
informative to assess a patient’s outcome, reflecting both the 
production and elimination of  lactate. In the perspective to 
measure decreasing blood lactate concentrations, the elimina-
tion of  produced blood lactate, lactate clearance (LC), gained 
interest, reflecting more the adequacy between increased pro-
duction and/or decreased washout.

Low LC was shown to be associated with increased mortality 
in various situations, i.e. septic shock, trauma and after car-
diac surgery (13, 17-19). Conversely, a high LC, or in other 
words, the trend towards the re-establishment of  the normal 
blood lactate, decreased mortality (13). Whether blood lactate 
or LC is a useful tool to evaluate the benefit of  ECLS in re-
fractory CA has not yet been clearly assessed.

The aim of  the present study was to describe the prognostic 
value of  blood lactate and LC measured at the initiation of  
ECLS (H0) and at 3 (H3) and 6 h (H6) from the initiation of  
ECLS in patients with refractory CA treated by ECLS and 
admitted to the ICU.

Methods

Study population
This observational cohort study was conducted from Janu-
ary 2011 to January 2016 in the intensive care unit (ICU) of  
Necker Hospital, a French academic hospital. All consecutive 
patients admitted to the ICU with refractory CA treated by 
ECLS were included in the study. All causes of  out-of-hospi-
tal refractory CA were also included. ECLS was initiated in 
either the pre-hospital setting or directly at ICU admission 
upon 30 min of  ALS.

Patient’s characteristics were collected at ICU admission and 
included age, weight and size. No-flow, low-flow and length of  
stay in the ICU were retrieved for all patients. No-flow duration 
was defined as the time-lapse from collapse to the initiation of  
CPR, and low-flow duration as the time duration from the ini-
tiation of  CPR to the cessation of  resuscitation measures.

In keeping with the French legislation, our local ethics com-
mittee (Comité pour la Protection des Personnes Est 3, Nancy, 
France) considered that consent of  patients was waived for 
participation in this observational study (no. 17.12.05).

Blood lactate measurements and LC computation
Blood samples were extracted from the artery directly at the 
initiation of  ECLS (H0) and then at 3 (H3) and 6 h (H6) after 
the initiation of  ECLS. Blood samples were immediately ana-
lysed by an arterial blood gas analyser (ABL800 FLEX Radi-

ometer©, Denmark) according to the manufacturer’s instruc-
tions, including daily calibration and quality control checks.

Blood lactate measurements were performed at the initiation 
of  ECLS (H0) and at 3 (H3) and 6 h (H6) upon the initiation 
of  ECLS. Normal blood lactate was defined as ≤2.2 mmol 
L−1. Stratification of  lactate was performed as follows: ≤2.2, 
2.3 to 5.0, 5.1 to 9.9 and ≥10 mmol L−1. These strata were 
associated with different mortality levels in patients treated by 
ECLS for refractory CA (20).

Lactate clearance was calculated for the following time pe-
riods: 0 to 3 h (LC03), 0 to 6 h (LC06) and 3 to 6 h (LC36) 
from the initiation of  ECLS. It was computed by the follow-
ing equation: Lactate clearance=([Lactate initial−Lactate de-
layed]/Lactate initial)*100*Delay−1 (expressed as %/h). The 
stratification of  LC was defined as follows: −20 or lower, −19 
to −11, −10 to 0, 1-9, 10-19 and 20% or higher per hour.

Therapeutic management of  patients
As previously described, all patients received medical care by 
the same team of  critical care physicians (16). Protocols for 
the management of  critically ill patients did not change over 
the period study, ensuring no major discrepancies between 
patients in terms of  organ supports and therapies.

Haemodynamic support was achieved by ECLS (Cardiohelp 
System®, Maquet, Germany), set up via venous-arterial fem-
oral cannulation by two experienced ICU physicians. ECLS 
was inserted either in the pre-hospital setting or at ICU ad-
mission. ECLS flow was adjusted to obtain a mean blood 
pressure of  50-60 mmHg.

Sedation was started as soon as possible. All patients were sedat-
ed using midazolam 0.1 mg kg−1 h−1 and sufentanil 0.2 µg−1 kg−1 

h−1 and paralyzed by atracurium 0.1 mg kg−1 h−1 (dose adjusted 
to obtain a neuromuscular response ≤2 at the ‘trend of  four’ 
monitoring). Sedation status was monitored using a bispectral 
index (BIS monitor®, Covidien, UK). Ventilation was adjust-
ed to obtain a PaCO2 of  40 mmHg and a PaO2 between 100 
and 200 mmHg. Minimum lung ventilation was maintained to 
avoid pulmonary collapse with a tidal volume of  5 mL kg−1, a 
respiratory rate of  8 min−1 and positive end-expiratory pressure 
of  5 cm H2O. ScVO2 was continuously monitored to achieve 
an ScVO2 >70%. If  the return of  spontaneous circulation oc-
curred, the haemodynamic status was monitored by echocar-
diography and continuous cardiac output monitoring devices 
(Vigileo®, Edwards Lifesciences, USA).

Fluid expansion (fluid administration 30 mL kg−1 day−1 of  iso-
tonic saline) and catecholamine (dobutamine 5 µg kg−1 min−1 
and norepinephrine) were adjusted to obtain a mean blood 
pressure between 50 and 60 mm Hg and to prevent pulmo-
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nary oedema. Blood transfusion was performed to obtain a 
target of  10 g dL−1 haemoglobin, 100,000 mm−3 platelets, fi-
brinogen >1.5 g L−1 and a prothrombin rate >50%.

To prevent coagulation of  the ECLS membrane oxygenator, 
unfractionated heparin was intravenously administered at a 
low dose during ECLS, with repeated controls to maintain 
the activated clotting time ratio >2.0. Continuous veno-ve-
nous hemodiafiltration was initiated during the first 3 h upon 
ICU admission.

Mild therapeutic hypothermia was performed during the first 
12-24 h following ICU admission. Core body temperature 
was maintained between 32°C and 34°C using external cool-
ing (ice packs placed on the femoral and humeral vessels) and 
a heat exchanger device of  ECLS.

Statistical analysis
The primary endpoint was in-hospital mortality, defined as 
death occurring within 28 days after ICU admission.

The analysis followed the guidelines for reporting risk marker 
(21-23). Comparison of  two means was performed using the 
unpaired Student’s t-test. Comparison of  two medians was 
performed using the Mann-Whitney U test, and comparison 
of  proportions was done using the Fisher’s exact method. 
Correlation between two variables was assessed using linear 
regression analysis. Multiple logistic regressions were made to 
assess the impact of  blood lactate and LC on mortality at day 
28. Initial blood lactate, LC, age, no-flow duration (duration 
between CA occurrence and the initiation of  BLS or ALS) 
and low-flow duration (duration between CA occurrence and 
the initiation of  ECLS) were included in the model.

Evaluation of  the predictive accuracy of  lactate and LC on 
mortality at day 28 was performed by receiver operating 
characteristic (ROC) curve analysis. The area under the curve 
(AUC) was determined by a 95% confidence interval (CI), 
and the optimal cut-off point was assessed using Youden’s ap-
proach for lactate and LC.

Data are expressed as mean±SD or median (interquartile 
range, 25-75) for non-Gaussian variables (D’Agostino-Pear-
son omnibus test).

All analyses were performed using R 3.4.2 (http://ww-
w.R-project.org; R Foundation for Statistical Computing, Vi-
enna, Austria).

Results

Sixty-six patients were enrolled in the study between January 
2011 and January 2017. Table 1 shows the main characteris-
tics of  the studied population.

The mean age of  the patients was 51±14 (18-79) years. The 
median no-flow was 1 (1-11) min, whereas the median low-
flow reached 93 (29-200) min. The main suspected aetiology 
of  CA was acute coronary syndrome (67%) (Table 2). Owing 
to haemodynamic instability despite ECLS, cardiac catheteri-
sation was not performed to all patients, and the decision was 
left to the physician’s discretion. No patient had previous co-
morbidities that could affect lactate metabolism. The median 
length of  stay in the ICU was 6 (1-68) days (Table 1).

Arterial blood lactate was measured for all patients at H0 
(n=66), H3 (n=63) and H6 (n=53) from the initiation of  
ECLS. No patients were lost to follow-up, and all missing 
data resulted from early death due to multiple organ failure. 
Among the 66 patients admitted to the ICU for refractory 
CA, 40 (61%) died within 28 days.

A significant association between LC03 and LC06 was ob-
served, whereas no association was observed between LC03 
and LC36 and between LC06 and LC36 (Figure 1).

Increased mortality was observed with increasing levels of  
blood lactate at H0, H3 and H6 from the initiation of  ECLS 
(Figure 2a-c). Mortality increased with decreasing LC within 
the first 3 h upon the initiation of  ECLS (LC03) (Figure 2d). 
For the other time intervals (3 to 6 and 0 to 6), mortality was 
fluctuant according to LC with an increase with decreasing 
LC (Figure 2e and f). 

Table 1. Characteristic of  the overall population 3 h 
upon the initiation of  ECLS

Age (years) 51±14
Weight (kg) 89±23
Size (cm) 175±14
No-flow (min) 1 (1-11)
Low-flow (min) 29 (93-200)
Length of  stay in the ICU (days) 6 (1-68)
Data are expressed as mean±SD or median (interquartile range, 25-75) 
for non-Gaussian variables. 
SD: standard deviation; ICU: intensive care unit

Table 2. Aetiologies of  cardiac arrest

Aetiology n (%)
Acute coronary syndrome 44 (67)
Drugs intoxication 5 (8)
Hypertrophic cardiomyopathy 4 (7)
Hypothermia 4 (7)
Pulmonary embolism 1 (2)
Undefined 6 (9)
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Blood lactate levels were higher in patients deceased within 
28 days at all the measured time points (H0, H3 and H6) in 
the univariate analysis (Table 3).

In the univariate analysis, LC was significantly different be-
tween alive and deceased patients at 28 days when measured 
within the first 3 h (LC03) and within the first 6 h (LC06), 
whereas no difference was found from 3 to 6 h (LC36) upon 
the initiation of  ECLS (Table 3).

No difference was observed in the no-flow and low-flow dura-
tion between alive and deceased patients (Table 3).

Using logistic regression models to predict mortality at day 
28, blood lactate at H3 (OR [95% CI]=1.21 [1.05-1.42], 
p=0.01), LC03 (OR [95% CI]=0.93 [0.87-0.99], p=0.03) and 
LC06 (OR [95% CI]=0.96 [0.92-0.99], p=0.04) remained 
significant. No significant results were found for blood lactate 
at H0, H6 and LC36 for mortality at day 28.

ROC curve analysis indicated a cut-off point of  12.8 mmol 
L−1 for lactate at H3 (AUC [95% CI]=0.72 [0.59-0.85]). A 
cut-off point of  −16%/h was noted for LC03 (AUC [95% 
CI]=0.69 [0.55-0.83]) and −25%/h for LC06 (AUC [95% 
CI]=0.66 [0.51-0.82]).

Discussion

In the present study, we observed that blood lactate and LC 
were associated with mortality at day 28 in patients with refrac-
tory CA treated by ECLS. Blood lactate measured at H3 was 
predictive of  mortality at day 28 using logistic regression mod-
els, whereas its measurement at the other time points was less in-
formative. In addition, LC within the first 3 h of  the initiation of  
ECLS was found to predict mortality at day 28. LC06 was also 
found to be significant and most of  all correlated with LC03.

These results highlight the potential of  lactate measurement 
to help predict patient’s outcome in refractory CA treated by 
ECLS. In refractory CA, early biomarkers are needed for the 
early identification of  patients at risk of  poor outcome, e.g. 
mortality. In our study, we suggest that lactate measured at 
H0 and H3 and LC calculated within the first 3 h could help 
assess mortality at day 28 in refractory CA treated by ECLS.

As a matter of  fact, blood lactate was reported to be a prognosis 
biomarker in refractory CA treated by ECLS (16). Moreover, 

Table 3. Univariate analysis of  deceased and alive 
patients for mortality

 Alive Dead 
 Mean±SD Mean±SD p
Age (years) 49±15 52±14 0.522
Weight (kg) 87±26 89±22 0.734
Size (cm) 173±20 176±9 0.364
No-flow (min) 1 (1-11) 1 (1-10) 0.373
Low-flow (min) 87 (56-139) 99 (29-200) 0.21
Length of  stay in the  17 (8-68) 1 (1-28) <0.001*  
ICU (days) 
Lactate H0 (mmol L–1) 12.4±6.1 14.9±6.3 <0.001*
Lactate H3 (mmol L–1) 8.3±4.8 12.1±5.2 <0.001*
Lactate H6 (mmol L–1) 7.9±4.3 10.4±4.8 <0.001*
LC03 (%/h) -8.4±10.9  -3.2±9.5 <0.001*
LC36 (%/h) -10.9±7.3 -1.5±1.9 0.348
LC06 (%/h) -20.5±17.5 -11.1±15.9 <0.001*
SD: standard deviation; ICU: intensive care unit

Figure 1. a-c. Correlation between sequential measures of  LC
LC was calculated between 0 to 3 h (0-3), 0 to 6 h (0-6) and 3 to 6 h (3-6) after the initiation of  ECLS. Correlations were evaluated for LC 
between (a) 0-3, (b) 0-6 and (c) 3-6 and between 0-6 and 3-6 h. LC is expressed as percentage per hour (%/h). LC: lactate clearance.
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its ability to predict mortality was higher than base deficit (16). 
In actuality, an elevated blood lactate results from either in-
creased production (lactic acidosis) and/or decreased elimina-
tion of  lactate (LC) (24), found in different types of  shock (10). 
Interestingly, LC is even a more relevant parameter than an 
absolute value of  blood lactate measured at a define time point. 
It describes both the elimination of  produced blood lactate and 
the ability of  the organism to clear lactate by liver metabolism. 
Blood lactate is a reflection of  demand mismatch and vasocon-
striction that can lead to lactic acidosis (10) due to inadequate 

production and/or washout. Lactate reflects the efficiency of  
blood pressure restoration independently of  the method used 
for ALS. LC was shown to improve the predictive value of  lac-
tate for mortality in the context of  shock and extracorporeal 
membrane oxygenation (17, 25-28). Re-establishment of  blood 
lactate to normal or LC was reported to correlate with patient’s 
outcome (29). However, LC was shown to vary according to the 
aetiology of  CA, administered therapeutics and rate of  pro-
gression of  the disease (25). In this view, the expression ‘lactate 
shift’ appeared to be more accurate, taking into account both 

Figure 2.a-f. Mortality according to blood lactate or LC
Blood lactate was measured at (a) 0 h, (b) 3 h and (c) 6 h after the initiation of  ECLS. LC was given for the time intervals between (d) 
0 to 3 h (03), (e) 0 to 6 h (06) and (f) 3 to 6 h (36) upon the initiation of  ECLS (b). Blood lactate is expressed in micromole (μM). LC is 
expressed in percentage per hour (%/h) and mortality in percentage (%). LC: lactate clearance.
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synthesis and clearance of  blood lactate and thus avoiding the 
use of  physiological terminology (30). However, lactate shift re-
mains less often used than LC. In any case, both expressions 
include a dynamic component in the measurement of  the bio-
logical parameter. Even though blood lactate and LC can pre-
dict mortality at definite time points, LC is far more relevant 
than blood lactate.

In refractory CA treated by ECLS, the need for accurate and 
early prognosis tools persists, as failure usually occurs early, with-
in the first hours of  ALS. Herein, we propose to use LC, mea-
sured within the first 3 h of  the initiation of  ECLS as a hallmark 
to early assess the prognosis of  patients with refractory CA.

The present study has several limitations. First, this is a mono-
centric study, with a small sample size. Second, this study is ob-
servational. Despite the observed relationship between blood 
lactate and mortality and between LC and mortality at day 
28, we cannot conclude in their causality. Third, our study was 
performed in a country with an efficient pre-hospital system, 
where physicians are dispatched to the scene and directly ini-
tiate treatments, as ECLS. Pre-hospital initiation of  ECLS is 
not performed in all countries, and therefore, our data may not 
be extrapolated to other settings. Pre-hospital management of  
patients could potentially interfere on the timing and thus on 
blood lactate concentrations. Fourth, 20% of  the patients died 
within the first 6 h of  ECLS, which may have interfered with 
our results as analysis was performed on a reduced sample.

Conclusion

The present study reports an association between blood lac-
tate and LC measured within the first 3 h of  the initiation 
of  ECLS in refractory CA with mortality at day 28. Early 
prognosis markers are crucial to improve the management 
of  refractory CA. LC is a dynamic biomarker, gaining wide 
interest. We suggest to use LC03 to help predict the outcome 
of  patients treated by ECLS. Further studies are required to 
confirm these results and to discuss the incorporation of  LC 
in the decision-making to pursue or not ECLS.
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