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Abstract

membrane oxygenation (VA-ECMO) or Impella CP®.

Lactic acid

Background: To evaluate the prognostic value of peak serum lactate and lactate clearance at several time points in
cardiogenic shock treated with temporary mechanical circulatory support (MCS) using veno-arterial extracorporeal

Methods: Serum lactate and clearance were measured before MCS and at 1 h, 6 h, 12 h, and 24 h post-MCS in 43
patients at four tertiary-care centers in Southern Brazil. Prognostic value was assessed by univariable and multivariable
analysis and receiver operating characteristic (ROC) curves for 30-day mortality.

Results: VA-ECMO was the most common MCS modality (58%). Serum lactate levels at all time points and lactate
clearance after 6 h were associated with mortality on unadjusted and adjusted analyses. Lactate levels were higher
in non-survivors at 6 h, 12 h, and 24 h after MCS. Serum lactate > 1.55 mmol/L at 24 h was the best single prognostic
marker of 30-day mortality [area under the ROC curve =0.81 (0.67-0.94); positive predictive value =86%). Failure to
improve serum lactate after 24 h was associated with 100% mortality.

Conclusions: Serum lactate was an important prognostic biomarker in cardiogenic shock treated with temporary
MCS. Serum lactate and lactate clearance at 24 h were the strongest independent predictors of short-term survival.
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Background

Cardiogenic shock is a high-mortality condition with
increasing incidence [1]. The hemodynamic impairment
caused by cardiogenic shock triggers an inflammatory
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cascade, which leads to circulatory collapse and tissue
perfusion impairment [2]. Lactate is a metabolic byprod-
uct of anaerobic glycolysis and a reliable marker of tissue
hypoperfusion [3]. It has been used both as prognostic
variable and as therapeutic target in different clinical sce-
narios of shock [4, 5]. Treating cardiogenic shock with
MCS may enhance macro- and microcirculation, improv-
ing tissue perfusion [6].The increase in tissue oxygenation
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might reduce lactate production, which makes it a good
biomarker [7-9].

The judicious selection of patients eligible for MCS
therapy is essential, since it increases cost exponentially
and may be futile in advanced shock status [10]. Several
risk scores have been proposed to establish prognosis and
help in MCS selection in cardiogenic shock. However,
these scores are known to be inaccurate and too complex
to be used at bedside [11], especially in patients receiving
MCS [12]. In this sense, arterial lactate is a widely avail-
able biomarker that can be used at bedside to evaluate
prognosis [13]. Although any single lactate measurement
might have prognostic value in patients with cardiogenic
shock, it is unclear whether peak serum lactate, lactate
clearance, or measurements obtained at any one time
point post-MCS have the greatest prognostic predictive
accuracy [5, 8, 14]. Recently, a large cohort of patients
submitted to intra-aortic balloon pump (IABP) as treat-
ment of cardiogenic shock evaluated the prognostic role
of arterial lactate in several time-points, showing that its
measure after 8 h was superior to baseline and clearance
values [13]. However, IABP provides a lower increase
in cardiac output in comparison to other MCS such as
Impella CP® or veno-arterial extracorporeal membrane
oxygenation (VA-ECMO) [6]. Previous studies on the
role of arterial lactate in cardiogenic shock with MCS are
heterogeneous in study population and device selected
[8, 14, 15]. Moreover, the ideal cutoff lactate value to
identify patients with better prognosis is yet to be estab-
lished in this scenario. Within this context, we conducted
an observational study to evaluate the prognostic role of
serum lactate measurements and lactate clearance over
time in patients with several cardiogenic shock etiologies
treated with temporary MCS.

Methods

Study population and design

This is a retrospective analysis of a cohort of cardiogenic
shock patients treated with Impella CP® or VA-ECMO
between April 2017 and July 2019 at four tertiary centers
in Southern Brazil. All centers were participants of the
Qualificagdo do uso de Dispositivos de Assisténcia Cir-
culatdria no SUS (Qualification for use of MCS devices
in the Brazilian Unified Health System) project. Center
selection criteria included tertiary centers with a cath-
eterization laboratory able to provide 24-h support and
intensive care unit with a dedicated team for patients
on temporary MCS. Eligibility criteria included patients
in cardiogenic shock treated with MCS for whom com-
plete clinical records, serum lactate levels measured at
pre-established time points, and data at 30-day follow-
up were available. The exclusion criteria were patients in
whom MCS was used to support high-risk percutaneous
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coronary intervention, and all settings other than cardio-
genic shock. Patients were followed for a 30-day period
after MCS device placement. The project was approved
by the ethics committees of all participating centers and
complied with the principles of the Helsinki Declaration
(2008 revision). Written informed consent was obtained
from all patients or, if the patient was in no clinical condi-
tion to provide consent, from a legal guardian or next of
kin.

Indications and management of MCS

Temporary MCS was indicated for patients with car-
diogenic shock and persistent hemodynamic instabil-
ity despite initial management with vasopressors and/or
revascularization when needed. Hemodynamic instabil-
ity was defined as a systolic blood pressure <90 mmHg
despite inotrope/vasopressor support, signs of end-organ
failure (clammy skin, capillary filling time >3 s, urine
output <0.5 mL/kg/h, lactate level >4 mmol/L), and low
cardiac output (<2.2 L/min/m? if receiving inotropes/
vasopressors or <1.8 L/min/m? without inotropes/
Vasopressors).

Impella CP® (Abiomed Europe GmbH, Aachen, Ger-
many) and VA-ECMO (MAQUET Holding B.V.& Co.
KG, Rastatt, Germany) were available at all centers.
Among patients with clinical indications for MCS, the
etiologies of cardiogenic shock included acute myocar-
dial infarction, acute decompensated heart failure, post-
cardiotomy shock, primary allograft dysfunction after
heart transplantation, and myocarditis. Selection of the
MCS device and overall patient management were left at
the discretion of each center, according to clinical indica-
tion and center experience. All participating centers were
trained in MCS indication and management according to
current guidelines and ELSO (Extracorporeal Life Sup-
port Organization) [16].

Lactate measurement

All serum lactate levels were measured in arterial blood
gas samples. Baseline lactate was defined as the last lac-
tate level measured before device implantation. Any lev-
els prior to that were not considered for analysis. Lactate
levels after MCS were measured at predetermined time
points (1 h, 6 h, 12 h, and 24 h after device implanta-
tion). For imputation of missing lactate values (10%), the
mean between the preceding and subsequent available
time points was used. Lactate clearance was determined
by the following formula: [(lactate at time point of inter-
est — initial lactate)/initial lactate*100] [8].

Follow-up and outcomes
All patients were followed after MCS weaning up to hos-
pital discharge. If it occurred before 30 days of follow-up,
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patients were considered alive if reached by telephone or
had a medical record within 30 days. The primary out-
come was defined as all-cause death. Survivors were
defined as patients alive after 30 days weaned from MCS.

Statistical analysis

All continuous variables were tested for normality by the
Shapiro—Wilk test and histogram analysis. If the assump-
tion of normality was rejected, data were reported as
median [interquartile range (IQR)]. Categorical variables
were expressed as number and percentage. A Mann—
Whitney test was used to compare lactate levels before
and after MCS device implantation. The chi-square test
was used to compare categorical variables. For evalua-
tion of prognostic value, the probability of death during
follow-up was estimated for initial, 1 h, 6 h, 12 h, 24 h
and overall effect for lactate (in mmol/L) and lactate
clearance (in %), with the use of univariable and multi-
variable logistic regression models. For the multivariable
analysis, three logistic regression models were created
with the following adjustment variables: (1) device type,
pre-device cardiac arrest, and center; (2) age, device type,
shock to support time, and center; (3) Simplified Acute
Physiology Score III (SAPS3) and Sequential Organ
Failure Assessment Score (SOFA) and center. We per-
formed a sensitivity analysis for lactate levels and lactate
clearance missing inputs. All variables were tested for
multicollinearity in the multivariable models by the vari-
ance inflation test. The receiver operating characteristic
(ROC) curve was used to evaluate the ability of differ-
ent lactate levels to predict 30-day mortality. To identify
lactate cutoff points, Youden’s | index was calculated as:
] = sensitivity + (specificity — 1). Sensitivity (S) and posi-
tive predictive value (PPV) were calculated for the time
points of interest. Time to event analysis was calculated
with Kaplan—Meier curves for each cutoff of lactate level
or lactate clearance. Patients were censored at death or
30 days. Significance was accepted at 2<0.05 for all tests.
Data were analyzed in SPSS, Version 20.0 for Windows
(SPSS Inc., Chicago, IL, USA), and R software (R Foun-
dation for Statistical Computing, Vienna, Austria; http://
www.R-project.org).

Results

The cohort comprised 48 patients, of whom 5 were
excluded because the Impella CP® was used during high-
risk percutaneous coronary intervention. Baseline char-
acteristics and clinical data of the 43 patients included in
the analysis are summarized in Table 1. Patients enrolled
at each center, their CS etiology and device employed are
shown at Additional file 1: Table S1. The median (IQR)
age was 57.0 (42.0-63.0) years; 33 (77%) were male. Anal-
ysis of comorbidities showed history of hypertension in
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19 (44%), diabetes in 15 (35%), and glomerular filtration
rate <60 mL/min/1.73m? in 27 patients (63%). The most
common etiology of cardiogenic shock was acute myo-
cardial infarction, in 19 patients (44%), followed by acute
decompensation of chronic heart failure in 10 (24%),
primary graft failure in 4 (9%), cardiac arrest in 4 (9%),
postcardiotomy shock in 3 (7%), pulmonary thromboem-
bolism in 2 (5%), and myocarditis in 1 (2%). VA-ECMO
was used in 25 patients (58%), the Impella CP® in 13
(30%), and combined VA-ECMO with Impella CP® in
5 (12%). Median time from shock team consult to MCS
deployment was 3.0 (1.0-16.5) hours, and the median
duration of support was 2.0 (1.0-5.0) days. At MCS ini-
tiation, 33 patients (77%) were receiving norepinephrine,
at a median dose of 0.5 (0.25-0.64) mcg.kg.min"; the
most commonly used inotrope was dobutamine (37%
of patients), and its median dose was 5.2 (4.5-8.0) mcg.
kg.min"!. The median initial serum lactate level was
6.1 mmol/L (2.8-11.5 mmol/L), and the central venous
oxygen saturation was 68.0% (54.0—74.6%).

At 30-day follow-up, 24 (56%) patients died on MCS,
19 (44%) were weaned from MCS, and 12 (28%) were
discharged from hospital and were alive at 30-day follow
up. Risk scores for patients treated with MCS were calcu-
lated at admission. Specific scores for cardiogenic shock
treated with MCS (such as SAVE score and ENCOUR-
AGE score) and a general intensive care unit (ICU) score
(SOFA) did not differ between groups and were not asso-
ciated with 30-day mortality in the logistic regression
models. However, SAPS 3, a general ICU score, differed
between survivors and non-survivors (61.0 [58.2—70.0]
vs. 72.0 [67.0-88.0], P=0.01) and predicted 30-day mor-
tality in unadjusted analysis (OR=1.01; CI 1.00-1.02,
P=0.002). The predicted mortality calculated through
these risk scores ranged from 55 to 85% [17-20].

Lactate levels and lactate clearance as predictors

of mortality

Lactate levels were associated with different odds ratios
(ORs) of mortality across time points, with a progres-
sive increase in OR over time and the greatest magnitude
at 24 h in the unadjusted model with similar trends in
the adjusted models. The OR for overall effect of lactate
ranged from 1.26 to 1.73 across adjusted models. Lac-
tate clearance was significantly associated with mortality
only after 6 h, in both unadjusted and adjusted mod-
els (Table 2). The unadjusted analysis of the variables
included in the models are shown in Additional file 1:
Table S2. Sensitive analyses of serum lactate and lac-
tate clearance for missing inputs showed similar results
(Additional file 1: Table S3), as well as the sensitive anal-
ysis for cardiogenic shock etiology (Additional file 1:
Table S4).
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Table 1 Demographic and clinical data of 43 patients with cardiogenic shock who received mechanical circulatory
support with veno-arterial extracorporeal membrane oxygenation (VA-ECMO) or an Impella CP® device

All Survivors Non-survivors
(n=43) (n=12) (n=31)
Clinical and demographic data
Age, years, median (IQR) 57.0 (43.0to0 63.0) 57.0(425t061.5) 59.0 (46.0 to 64.0)
Male sex (%) 3(76.7) 9(75.0) 4 (77.4)
Hypertension (%) (67 4) 5(41.6) (77 4)
Diabetes mellitus (%) 5(34.8) 1(8.3) 4 (45.1)
COPD (%) 3(69 0(0) 3(9.6)
Pre-device cardiac arrest (%) 4(32.5) 6 (50) 8(25.8)
Etiology of cardiogenic shock
Acute myocardial infarction (%) 19 (44.1) 6 (50) 13 (41.9)
Acute decompensation of chronic heart failure (%) 10(23.2) 2(16.6) 8(25.8)
Primary transplant graft failure (%) 4(9.3) 2(16.6) 2(64)
Cardiac arrest (%) 4(9.3) 1(8.3) 3(9.6)
Postcardiotomy syndrome (%) 3(6.9) 0(0) 3(9.6)
Pulmonary thromboembolism (%) 2 (4.6) 0(0) 2 (6.4)
Myocarditis (%) 1(2.3) 1(8.3) 0(0)
Device characteristics
VA-ECMO (%) 25 (58.1) 6 (50.0) 19(61.2)
Impella CP® (%) 13(30.2) 5(41.6) 8(25.8)
VA-ECMO + Impella® (%) 5(11.6) 1(83) 4(129)
Shock to support time, hours, median (IQR) 3.0(1.0to 16.5) 3.5(2.25t020.5) 25(1.0to 16.5)
Time on support, days. median (IQR) 2.0(1.0t0 5.0) 20(1.25t03.0) 20(1.0t06.0)
Critical illness variables
Arterial lactate, mmol/L, median (IQR) 1(28t011.5) 0(2621t06.3) 5(281t012.0)
Serum creatinine, mg/dL, median (IQR) 5(1.1t0 1.8) 4(081t01.8) 5(1.2t01.8)
Arterial pH, median (IQR) 7.29(7.23t07.34) 7.28(7.23t0 7.34) 1(7.22t07.37)
Arterial HCOBImEq/L, median (IQR) 18.7 (15.0 t0 22.0) 176 (14.0t0 22.1) 188(153to 22.4)
Central venous oxygen saturation, %, median (IQR) 68.0 (54.0 to 74.6) 68.0 (54.0t0 83.1) 64.4 (56.91072.9)
SAVE score, median (IQR)? —9.0(—=110t00) —89(—10.0t03.0) —90(—=110to—1.2)
ENCOURAGE score, median (IQR)° 235 (185 t0 28.0) 24.0 (12010 26.0) 23.0(19.0t0 28.0)
SAPS 3 score, median (IQR)© 70.0 (60.0 to 84.0) 0(58.21t070.0) 72.0(67.0 to 88.0)
SOFA score, median (IQR) 13.0(10.0t0 15.0) 5(10.0to 14.7) 13.0(10.0to 15.0)

COPD, chronic obstructive pulmonary disease; ECMO, extracorporeal membrane oxygenation; ENCOURAGE, prediction of cardiogenic shock outcome for acute
myocardial infarction patients salvaged by VA-ECMO; IQR, interquartile range (p25-p75); MCS, mechanical circulatory support; SAPS 3, Simplified Acute Physiology
Score |Il; SAVE, Survival After Veno-arterial ECMO score; SOFA, Sequential Organ Failure Assessment score; VA, veno-arterial

@ Score ranges from -15 to 15, with higher scores indicating lower mortality. For example, a score of -9 is associated with 70% mortality [17]
b Score ranges from 0 to 28, with higher scores indicating higher mortality. For example, a score of 23.5 is associated with 76% mortality at 30 days [18]
¢ Score ranges from 0 to 207, with higher scores indicating higher mortality. For example, a score of 70 is associated with 55% in-hospital mortality [19]
94 Score ranges from 6 to 24, with higher scores indicating higher mortality. For example, a score of 13 is associated with 85% mortality [20]

Figure 1 depicts lactate levels and lactate clearance at  mmol/L vs. 4.0 [1.6-14.3] mmol/L; P=0.02), and

baseline MCS, 1 h, 6 h, 12 h, and 24 h. Survivors showed
a trend toward lower initial lactate levels in comparison
to non-survivors (4.0 [2.6—6.3] mmol/L vs. 7.5 [2.8—12]
mmol/L; P=0.09). Lactate levels first rose in the first
hour post-MCS placement, decreasing in subsequent
hours. Significant differences between survivors and
non-survivors was observed at 6 h (2.4 [1.7-6.2] mmol/L
vs. 5.9 [2.6-15.0] mmol/L; P=0.02), 12 h (1.8 [1.3-2.6]

24 h (1.3 [1.1-2.3] mmol/L vs. 3.5 [1.6—13.3] mmol/L;
P=0.001, Additional file 1: Table S5). Both survivors and
non-survivors were able to clear lactate levels over time,
but a statistically significant difference between them was
seen only at 24 h (60.3% [42.5 to 72.8%] for survivors vs.
18.9% [—50.0 to+68.2%] for non-survivors, P=0.04).
After 24 h of MCS, 12 patients (28%) had higher lac-
tate levels than at baseline. Decannulation (2 [17%] vs
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Table 2 Association of serum lactate levels and clearance with 30-day mortality in unadjusted and adjusted analyses

Unadjusted Adjusted (model 1)*¢ Adjusted (model 2)>¢ Adjusted (model 3)<¢

OR 95% CI P OR 95% ClI P OR 95% Cl P OR 95% ClI P
Lactate, baseline 1.15 1.00-1.39 0.04 1.13 0.98-1.37 0.09 1.19 1.01-1.48 0.03 1.21 1.01-1.55 0.03
Lactate, 1 h 1.13 1.00-1.33 0.05 1.1 0.97-1.32 0.14 1.21 1.02-1.50 0.02 1.29 1.07-1.73 0.005
Lactate, 6 h 1.18 1.03-1.47 0.01 1.16 1.01-1.45 0.03 1.27 1.07-1.64 0.004 134 1.10-1.95 0.01
Lactate, 12 h 1.27 1.05-1.76 0.005 1.25 1.04-1.74 0.01 146 1.13-2.22 0.001 1.62 1.19-3.03 <0.001
Lactate, 24 h 1.76 1.13-433 0.001 1.63 1.11-3.88 0.001 237 1.24-6.90 <0.001 5.86 1.53-67.86 <0.001
Overall lactate® 1.27 1.06-1.70 0.03 1.26 1.04-1.71 0.01 1.54 1.16-2.50 <0.001 1.73 1.20-3.48 <0.001
Clearance, 1h'9 1.00 0.98-1.01 0.60 1.00 0.98-1.01 0.81 0.99 0.97-1.01 0.31 0.99 0.97-1.01 0.10
Clearance, 6hfa 0.98 0.97-0.99 0.01 0.98 0.97-0.99 0.01 0.97 0.95-0.99 0.002 097 0.94-0.99 0.002

Clearance, 12h"9 0.98 0.96-0.99 0.006 098 0.96-0.99 0.005 097 0.94-099  <0.001 097 0.93-0.99 <0.001
Clearance, 24h® 0.95 091-098  <0.001 095 0.90-099  <0.001 094 0.87-098  <0.001 097 0.78-0.98 <0.001

Cl, confidence interval; OR, odds ratio

2 Model 1: adjusted by type of device (ECMO or Impella), pre-device cardiac arrest, center

b Model 2: adjusted by age, type of device (ECMO or Impella), shock to support time, center

¢ Model 3: adjusted by SOFA, SAPS 3, center

94 There was no evidence of multicollinearity as assessed by the variance inflation test

¢ Overall lactate represents the mean serum lactate effect (1 h, 6 h, 12 h, 24 h) on 30-day mortality

f Clearance was calculated as the following: [(lactate at time point of interest - initial lactate)/initial lactate*100]

9 All lactate clearance models were adjusted for initial lactate levels
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Fig. 1 Differences in lactate levels at the time points of interest between survivors and non-survivors. Legend: The box plot inner horizontal
lines indicate median; boxes, interquartile range (25th and 75th percentiles); vertical whiskers, 1.5 interquartile range beyond the 25th and 75th
percentiles; and dots, more extreme values

17 [55%], P=0.02) and mortality rates (12 [100%] vs. 19  Prediction of 30-day mortality

[61%], P=0.01) differed significantly between patients Lactate levels and lactate clearance showed an increase
who failed to clear lactate after 24 h versus those whose  in area under the ROC curve (AUC) over time, with the
serum lactate improved during the first 24 h.
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Table 3 Receiver operating  characteristic  curves
for prediction of 30-day mortality with lactate levels
and lactate clearance

AuUC? Cl P
Lactate, baseline 0.66 0.49-0.83 0.09
Lactate, 1 h 0.64 047-0.81 0.14
Lactate, 6 h 0.71 0.55-0.87 0.02
Lactate, 12 h 0.72 0.57-0.88 0.02
Lactate, 24 h 0.81 0.67-0.94 0.002
Clearance, 1 h 043 0.23-0.62 0.49
Clearance, 6 h 0.65 0.48-0.82 0.11
Clearance, 12 h 0.64 0.48-0.80 0.13
Clearance, 24 h 0.70 0.55-0.85 0.004

AUC, area under the curve; Cl, confidence interval

@ AUC:<0.2 poor, 0.21-0.40 fair, 0.41-0.60 moderate, 0.61-0.80 good, 0.81-1.00
very good
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greatest AUC at 24 h, but lactate levels showed better
prognostic performance (Table 3).

Youden’s ] index was calculated only at time points of
lactate levels or clearance which differed significantly
between survivors and non-survivors. Serum lactate
thresholds were identified at 6 h (3.27 mmol/L; S: 71%,
PPV: 85%), at 12 h (3.15 mmol/L; S: 65%, PPV: 91%), and
at 24 h (1.55 mmol/L: S: 81%, PPV 86%). The threshold
for lactate clearance at 24 h was 46.5% (S: 74%, PPV: 66%).
Kaplan—Meier survival curves for each of the lactate and
clearance thresholds identified are shown in Fig. 2.

Discussion

In this observational study of patients in cardiogenic
shock treated with MCS, both serum lactate levels and
lactate clearance were associated with 30-day mortal-
ity. In unadjusted and adjusted analyses, lactate levels
at all time points and lactate clearance after 6 h were
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associated with mortality. Also, levels of serum lactate at
6 h, 12 h, 24 h and its clearance after 24 h were able to
discriminate survivors from non-survivors in our cohort.
These data demonstrate that lactate measurements may
be of greater prognostic value than the amount of lac-
tate cleared for a specific time point, although greater
clearance was indeed associated with lower mortality. In
addition, failure to clear baseline lactate levels after 24 h
of MCS treatment was associated with 100% mortality.
These findings may have practical implications regarding
support strategies.

Serum lactate is a well-known outcome predictor in
conditions associated with impaired tissue perfusion,
such as cardiogenic shock [21, 22]. A cohort study of
patients with cardiogenic shock who received percuta-
neous extracorporeal life support, mainly in the post-
cardiopulmonary resuscitation setting, found that initial
lactate level was able to discriminate survivors from non-
survivors, after multivariable analysis [23]. These results,
however, are in disagreement with previous studies [5, 8,
22]. The discrepancy in association of initial lactate levels
with mortality may reflect time from insult to initiation
of mechanical support, differences in shock etiology, and
differences in comorbidity profile. In our cohort, unad-
justed and adjusted analysis showed that the initial lac-
tate level was associated with mortality. In this cohort,
the median initial arterial lactate was 6.1 mmol/L (2.8—
11.5 mmol/L). This value is supported by the literature as
a threshold to trigger MCS, however, this cutoff is sup-
ported only by expert opinion. Previous cohorts of MCS
patients have shown higher initial lactate levels, ranging
from 7 to 14 mmol/L in the survival group than the one
found in our study (4.0; 2.62 to 6.3), which may reflect
a distinct population [5, 8, 14, 24]. Differences found in
baseline lactate between survivors and non-survivors
(4.0 vs. 7.5 mmol/L) in our study may be related to dis-
tinct cardiogenic shock etiologies and a higher burden of
comorbidities such as hypertension and diabetes. How-
ever, survivors were more likely to have primary trans-
plant graft failure and postcardiotomy syndrome, that
are commonly associated with higher lactate levels due to
the surgical insult. Despite these discrepancies, shock to
support time, a possible cause for distinct initial lactate
levels, and the cardiogenic shock risk scores SAVE and
ENCOURAGE were similar between groups at baseline.

The improvement in lactate level after initiation of
MCS reflects a hemodynamic response, and may have
greater prognostic utility than initial lactate levels. How-
ever, there is no consensus regarding optimal clearance
of lactate within time. Our study was the first to show
that lactate early as 6 h can discriminate survivor from
non-survivors. Also, different from previous studies that
focused on specific cardiogenic shock etiologies, our
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results show that in several clinical scenarios the lactate
levels in 6 h, 12 h, and 24 h can discriminate survivors
from non-survivors. Indeed, lactate levels at 24 h was a
better mortality predictor. This discriminatory power of
the lactate over time, as shown in Table 3, is probably due
to the improvement in tissue perfusion provided by clini-
cal and MCS treatment. However, despite the improve-
ment in arterial lactate over time, non-survivors still
showed a higher level after 24 h [3.5 (1.6-13.3)] mmol/L
in comparison to survivors 1.3 (1.1-2.3) mmol/L. These
failure to decrease lactate levels in the same amount as
the survivors may be related to other organ damage and
not only by a direct effect of the lactate molecule. Differ-
ences in absolute lactate and in lactate clearance between
survivors and non-survivors were found only after 12 h
of support in a cohort of VA-ECMO with multiple eti-
ologies [8]. Another recent study also highlighted differ-
ences in lactate levels in time, but failed to demonstrate
any association of lactate clearance at 24 h with mortality
[14]. However, it included a large number of postcardi-
otomy patients and did not include any with acute myo-
cardial infarction, which may explain the different results
found in our study. These data highlights that not only
clearance, but also a lactate reduction to a normal level is
associated with better outcomes.

Besides the lack of data in cardiogenic shock supported
by MCS, the use of initial arterial lactate and its clearance
have been used as an end-point for a better tissue perfu-
sion in this scenario [25]. Initial studies on extracorporeal
circulation demonstrated an association with inflam-
matory cytokines elevation due to the interaction of the
blood with the device [26]. Similar concerns were raised
on the use of ECMO for respiratory support in patients
with COVID, where a cytokine storm have been reported
[27]. Although the Impella catheter have a smaller con-
tact surface in comparison to VA-ECMO, it produces a
greater shear stress due to its axial pump design leading
to hemolysis [9, 28, 29]. In addition, both devices were
indicated for different cardiogenic etiologies as shown in
Additional file 1: Table S1. In the attempt to evaluate the
association of the device used (VA-ECMO or Impella CP)
with the lactate levels, we included it in two out of three
adjusted analysis, which showed similar results. These
results highlight that, despite the possibility of some
interaction with the device or the underlying condition,
lactate level under MCS showed an expected kinetic and
can be used as a prognostic biomarker.

Few interventions are able to change outcomes in car-
diogenic shock. Refractory shock still carries high mor-
tality rates despite MCS [30]. In this setting, lactate cutoff
points can be a useful tool in the decision-making pro-
cess. In an analysis of a cardiogenic shock registry, ini-
tial lactate greater than 4.0 mmol/L was associated with
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a sevenfold increase in mortality, and was proposed
as a threshold for MCS escalation in the authors’ pro-
tocol [31]. Fux et al. [32] showed that an initial serum
lactate greater than 15.0 mmol/L was associated with
100% mortality in the setting of refractory postcardi-
otomy shock. Fortunately, extremely high initial lactate
is quite uncommon. In our cohort, the median initial
lactate was 6.1 mmol/L. This median level is within the
range where MCS may be considered (over 4.0 and
below 11.0 mmol/L), i.e., not in the extremes where MCS
may no longer be useful. Also, we showed that the 24 h
lactate levels had clear prognostic significance; each
mmol/L increase in lactate was associated with a 1.76-
fold increase in mortality on adjusted analysis, rising up
to 5.86-fold in a multivariable model. Youden’s ] index
identified clinically useful cutoff points: serum lactate
levels below 3.27 mmol/L at 6 h, 3.15 mmol/L at 12 h,
1.55 mmol/L at 24 h, and a 24 h lactate clearance of 46.5%
predicted better survival. Moreover, failure to improve
lactate at 24 h was associated with only 17% decannula-
tion, but 100% mortality, in this cohort. A similar trend
was seen in a recent cohort of cardiogenic shock patients
treated with IABP, where a lactate of 3.1 mmol at 8 h
was the best predictor [13]. These data have the poten-
tial to affect bedside clinical decisions. Both VA-ECMO
and Impella CP® are costly interventions, which require
rational use to be cost-effective [33]. Not only are the
initial costs of the devices themselves high, but their use
may entail additional procedures that are needed to sup-
port a critical patient, such as continuous hemodialysis,
antibiotic therapy, mechanical ventilation, and prolonged
ICU stay. If failure to improve lactate level after 24 h
have such a clinical impact, and it is validated by further
studies, it should be incorporated to the clinical decision
process.

Rational decisions regarding implantation and wean-
ing of MCS devices are paramount determinants of the
treatment success rates and financial sustainability of
critical care programs. In this scenario, it is reasonable to
use lactate as a biomarker to assess disease severity. Lac-
tate has all the characteristics of a good biomarker: it is
widely available as a point-of-care test, inexpensive, and
noninvasively measured. However, it should always be
used in light of the clinical data available, never as a sin-
gle variable.

Study strengths and limitations

The strengths of this study rely on its multicentric
design and the fact that all centers had uniform train-
ing on the use of MCS devices. Moreover, to the best of
our knowledge, this is the first study to measure lactate
kinetics using both VA-ECMO and Impella CP®. Data
on the use of MCS devices in low- and middle-income
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countries are scarce, and their cost-effectiveness in this
scenario is yet to be established. Our study design has
several limitations. This is a non-planned retrospective
analysis from a cohort of MCS in cardiogenic shock. The
four centers enrolled are not considered high volume for
MCS in cardiogenic shock and it may have an impact
in the indication and management of the cases. Due to
the small cohort size, lactate kinetics could not be ana-
lyzed separately for each shock etiology or device. The
choice of VA-ECMO or Impella CP® implantation fol-
lowed local protocols, which took into account several
clinical characteristics in the decision process other than
initial lactate levels alone. Center-specific protocols may
have differed regarding vasopressor support, fluid resus-
citation, and other clinical management decisions that
can influence lactate levels and the patient outcomes.
Higher lactate levels in the non-survivor group may have
reflected underlying disease severity rather than failure
to clear lactate while on MCS. Finally, the high mortality
rate seen in our cohort also may have been attributable
to illness severity, which may have affected the results
of analysis. More studies are warranted to improve our
understanding of lactate kinetics on cardiogenic shock
and its role as a prognostic marker.

Conclusion

Arterial lactate is a biomarker currently used to assess
prognosis in patients with cardiogenic shock treated with
MCS devices (ECMO and Impella CP®). The evaluation
of lactate kinetics in this scenario showed a stronger rela-
tionship with 30-day mortality with the absolute lactate
levels after 6 h of support in relation to lactate clearance
in 24 h. The best prognostic ability was associated with
absolute lactate levels at 24 h.

Supplementary information

Supplementary information accompanies this paper at https://doi.
0rg/10.1186/512872-020-01785-7.

[ Additional file 1. Supplementary material. }

Abbreviations

AUC: Area under the ROC curve; Cl: Confidence interval; COPD: Chronic
obstructive pulmonary disease; ENCOURAGE: Prediction of cardiogenic shock
outcome for acute myocardial infarction patients salvaged by VA-ECMO; IQR:
Interquartile range; MCS: Mechanical circulatory support; OR: Odds ratio; PPV:
Positive predictive value; ROC: Receiver operating characteristic; SAPS3: Simpli-
fied Acute Physiology Score Ill; SAVE: Survival After Veno-arterial ECMO Score;
SOFA: Sequential Organ Failure Assessment Score; VA-ECMO: Veno-arterial
extracorporeal membrane oxygenation.

Acknowledgements
Not applicable.

Authors’ contributions
FLS: Literature search, data collection, study design, formal analysis,
manuscript preparation, review of manuscript. DS: Data collection, funding


https://doi.org/10.1186/s12872-020-01785-7
https://doi.org/10.1186/s12872-020-01785-7

Scolari et al. BMC Cardiovasc Disord (2020) 20:496

acquisition, project administration, resources.. DVF: Data collection, resources.
MG: Conceptualization, manuscript preparation, review of manuscript. MMR,
MGB: Data collection. GNA, AZ, CT, GF, CAP, LER: Manuscript preparation,
Review of manuscript. LAG: Data curation, writing—review and editing.

RGR: Literature search, study design, project administration, analysis of data,
manuscript preparation, review of manuscript. RVW: Literature search, analysis
of data, manuscript preparation, review of manuscript. All authors have read
and approved the manuscript.

Funding

This work was supported by the Brazilian Ministry of Health through the Brazil-
ian Unified Health System Institutional Development Program (PROADI-SUS).
The funders had no role in study design, data collection and analysis, decision
to publish, or preparation of the manuscript.

Availability of data and materials

The datasets of this study are not publicly available due to bylaws of the Brazil-
ian Ministry of Health, but may be available from the corresponding author on
reasonable request and legal permission.

Ethics approval and consent to participate

The project was approved by the ethics committee of Hospital de Clinicas de
Porto Alegre (N°2017-0495) and complied with the principles of the Helsinki
Declaration (2008 revision). Written informed consent was obtained from all
patients or, if the patient was in no clinical condition to provide consent, from
a legal guardian or next of kin.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

! Research Projects Office, Hospital Moinhos de Vento (HMV), Rua Ramiro
Barcelos 630, 10° andar, Porto Alegre, RS 90035-001, Brazil. 2 Division of Car-
diology, Hospital de Clinicas de Porto Alegre (HCPA), Rua Ramiro Barcelos
630, Porto Alegre, RS 90035-001, Brazil. 3 Division of Cardiology, HMV, Rua
Tiradentes, 333, Porto Alegre, RS 90560-030, Brazil. * Heart Failure and Trans-
plant Division, Instituto de Cardiologia — Fundagao Universitaria de Cardio-
logia, Av. Princesa Isabel, 395, Porto Alegre, RS 90040-371, Brazil. ° Cardiology
Department, Transplant Division, Irmandade Hospital da Santa Casa de
Misericérdia de Curitiba, Praca Rui Barbosa, 694, Curitiba, PR 80010-030, Brazil.
6 postgraduate Program in Health Sciences: Cardiology and Cardiovascular
Sciences,, UFGRS, Rua Ramiro Barcelos, 2350, Porto Alegre, RS 90035-007,
Brazil. / Division of Cardiology, London Health Sciences Center and Western
University, London, Canada. ® Heart Transplant and Mechanical Circula-

tory Support Program, Division of Cardiology, HCPA, Rua Ramiro Barcelos,
2350, Porto Alegre, RS 90035-007, Brazil. ° Division of Critical Care Medicine,
HMV, R. Tiradentes, 333, Porto Alegre 90560-030, Brazil. '° Division of Criti-
cal Care Medicine, HCPA, Rua Ramiro Barcelos 630, Porto Alegre 90035-001,
Brazil. '" Universidade Federal do Rio Grande do Sul, R. Tiradentes, 333, Porto
Alegre 90560-030, Brazil.

Received: 20 August 2020 Accepted: 12 November 2020
Published online: 24 November 2020

References

1. Baran DA, Grines CL, Bailey S, Burkhoff D, Hall SA, Henry TD, et al. SCAI
clinical expert consensus statement on the classification of cardio-
genic shock. Catheter Cardiovasc Interv. 2019. https://doi.org/10.1002/
ccd.28329.

2. Shpektor A. Cardiogenic shock: the role of inflammation. Acute Card Care.
2010;12:115-8. https://doi.org/10.3109/17482941.2010.523705.

3. YehYC, Lee CT,Wang CH, Tu YK, Lai CH, Wang YC, et al. Investigation of
microcirculation in patients with venoarterial extracorporeal membrane
oxygenation life support. Crit Care. 2018;22:1-9. https://doi.org/10.1186/
$13054-018-2081-2.

15.

20.

22.

Page 9 of 10

Herndndez G, Ospina-Tascén GA, Damiani LP, Estenssoro E, Dubin A,
Hurtado J, et al. Effect of a resuscitation strategy targeting peripheral per-
fusion status vs serum lactate levels on 28-day mortality among patients
with septic shock: the ANDROMEDA-SHOCK Randomized Clinical Trial.
JAMA - J Am Med Assoc. 2019;321:654-64. https://doi.org/10.1001/
jama.2019.0071.

Rigamonti F, Montecucco F, Boroli F, Rey F, Gencer B, Cikirikcioglu M,

et al. The peak of blood lactate during the first 24 h predicts mortality

in acute coronary syndrome patients under extracorporeal membrane
oxygenation. Int J Cardiol. 2016;221:741-5. https://doi.org/10.1016/j.ijcar
d.2016.07.065.

Combes A, Price S, Slutsky AS, Brodie D. Temporary circulatory support for
cardiogenic shock. Lancet. 2020;396:199-212. https://doi.org/10.1016/
50140-6736(20)31047-3.

Vincent J-L, De Backer D. Circulatory shock. N Engl J Med. 2013;369:1726—
34. https://doi.org/10.1056/NEJMra1208943.

Slottosch I, Liakopoulos O, Kuhn E, Scherner M, Deppe AC, Sabashnikov
A et al. Lactate and lactate clearance as valuable tool to evaluate ECMO
therapy in cardiogenic shock. J Crit Care. 2017;42:35-41. https://doi.
0rg/10.1016/}jcrc.2017.06.022.

Gaudard P, Mourad M, Eliet J, Zeroual N, Culas G, Rouviere P, et al. Man-
agement and outcome of patients supported with Impella 5.0 for refrac-
tory cardiogenic shock. Crit Care. 2015;19:363. https://doi.org/10.1186/
$13054-015-1073-8.

. Song J, Kim M, Yun S, Choo J, Song J, Song H, et al. Long-term outcomes

of percutaneous mitral balloon valvuloplasty versus open cardiac surgery.
JThorac Cardiovasc Surg. 2000;139:103-10. https://doi.org/10.1016/jjtcvs
.2009.04.022.

. Thiele H, Ohman EM, De W-T, Zeymer U, Desch S. Management of cardio-

genic shock complicating myocardial infarction: an update. Eur Heart J.
2019;2019:1-15. https://doi.org/10.1093/eurheartj/ehz500.

. Worku B, Khin S, Gaudino M, Avgerinos D, Gambardella |, D’Ayala M, et al.

A simple scoring system to predict survival after venoarterial extracorpor-
eal membrane oxygenation. J Extra Corpor Technol. 2019;51:133-9.

. Fuernau G, Desch S, de Waha-Thiele S, Eitel |, Neumann FJ, Hennersdorf

M, et al. Arterial lactate in cardiogenic shock: prognostic value of clear-
ance versus single values. JACC Cardiovasc Interv. 2020;13:2208-16. https
://doi.org/10.1016/}.jcin.2020.06.037.

. Mungan |, Kazancl D, Bektas S, Ademoglu D, Turan S. Does lactate clear-

ance prognosticates outcomes in ECMO therapy: a retrospective obser-
vational study. BMC Anesthesiol. 2018;18:1-8. https://doi.org/10.1186/
$12871-018-0618-1.

Jensen PB, Kann SH, Veien KT, Maller-Helgestad OK, Dahl JS, Rud CS, et al.
Single-centre experience with the Impella CP, 5.0 and RP in 109 consecu-
tive patients with profound cardiogenic shock. Eur Hear J Acute Cardio-
vasc Care. 2018;7:53-61. https://doi.org/10.1177/2048872617743194.

. ELSO. General Guidelines for all ECLS Cases. Extracorpor Life Support

Organ 2017:1-26.

. Schmidt M, Burrell A, Roberts L, Bailey M, Sheldrake J, Rycus PT, et al. Pre-

dicting survival after ECMO for refractory cardiogenic shock: the survival
after veno-arterial-ECMO (SAVE)-score. Eur Heart J. 2015;36:2246-56.
https://doi.org/10.1093/eurheartj/ehv194.

. Muller G, Flecher E, Lebreton G, Luyt C-E, Trouillet J-L, Bréchot N, et al. The

ENCOURAGE mortality risk score and analysis of long-term outcomes
after VA-ECMO for acute myocardial infarction with cardiogenic shock.
Intensive Care Med. 2016;42:370-8. https://doi.org/10.1007/50013
4-016-4223-9.

. Moreno RP, Metnitz PGH, Aimeida E, Jordan B, Bauer P, Campos RA, et al.

SAPS 3—from evaluation of the patient to evaluation of the intensive
care unit. Part 2: development of a prognostic model for hospital mortal-
ity at ICU admission. Intensive Care Med. 2005;31:1345-55. https://doi.
0rg/10.1007/500134-005-2763-5.

Ferreira FL, Bota DP, Bross A, Mélot C, Vincent JL. Serial evaluation

of the SOFA score to predict outcome in critically ill patients. JAMA.
2001;286:1754. https://doi.org/10.1001/jama.286.14.1754.

21. Frydland M, Maller JE, Wiberg S, Lindholm MG, Hansen R, Henriques JPS,

et al. Lactate is a prognostic factor in patients admitted with suspected
ST-elevation myocardial infarction. Shock. 2019;51:321-7. https://doi.
0rg/10.1097/SHK.0000000000001191.

Li C-L, Wang H, Jia M, Ma N, Meng X, Hou X-T. The early dynamic
behavior of lactate is linked to mortality in postcardiotomy patients


https://doi.org/10.1002/ccd.28329
https://doi.org/10.1002/ccd.28329
https://doi.org/10.3109/17482941.2010.523705
https://doi.org/10.1186/s13054-018-2081-2
https://doi.org/10.1186/s13054-018-2081-2
https://doi.org/10.1001/jama.2019.0071
https://doi.org/10.1001/jama.2019.0071
https://doi.org/10.1016/j.ijcard.2016.07.065
https://doi.org/10.1016/j.ijcard.2016.07.065
https://doi.org/10.1016/S0140-6736(20)31047-3
https://doi.org/10.1016/S0140-6736(20)31047-3
https://doi.org/10.1056/NEJMra1208943
https://doi.org/10.1016/j.jcrc.2017.06.022
https://doi.org/10.1016/j.jcrc.2017.06.022
https://doi.org/10.1186/s13054-015-1073-8
https://doi.org/10.1186/s13054-015-1073-8
https://doi.org/10.1016/j.jtcvs.2009.04.022
https://doi.org/10.1016/j.jtcvs.2009.04.022
https://doi.org/10.1093/eurheartj/ehz500
https://doi.org/10.1016/j.jcin.2020.06.037
https://doi.org/10.1016/j.jcin.2020.06.037
https://doi.org/10.1186/s12871-018-0618-1
https://doi.org/10.1186/s12871-018-0618-1
https://doi.org/10.1177/2048872617743194
https://doi.org/10.1093/eurheartj/ehv194
https://doi.org/10.1007/s00134-016-4223-9
https://doi.org/10.1007/s00134-016-4223-9
https://doi.org/10.1007/s00134-005-2763-5
https://doi.org/10.1007/s00134-005-2763-5
https://doi.org/10.1001/jama.286.14.1754
https://doi.org/10.1097/SHK.0000000000001191
https://doi.org/10.1097/SHK.0000000000001191

Scolari et al. BMC Cardiovasc Disord

23.

24.

25.

26.

27.

28.

(2020) 20:496

with extracorporeal membrane oxygenation support: a retrospective
observational study. J Thorac Cardiovasc Surg. 2015;149:1445-50. https://
doi.org/10.1016/jjtcvs.2014.11.052.

Masyuk M, Abel P, Hug M, Wernly B, Haneya A, Sack S, et al. Real-world
clinical experience with the percutaneous extracorporeal life support
system: results from the German Lifebridge ® Registry. Clin Res Cardiol.
2019. https://doi.org/10.1007/500392-019-01482-2.

Yang L, Fan'Y, Lin R, He W. Blood lactate as a reliable marker for mortal-
ity of pediatric refractory cardiogenic shock requiring extracorporeal
membrane oxygenation. Pediatr Cardiol. 2019;40:602-9. https://doi.
0rg/10.1007/500246-018-2033-2.

Fuernau G. Lactate and other biomarkers as treatment target in cardio-
genic shock. Curr Opin Crit Care. 2019;25:403-9. https://doi.org/10.1097/
MCC.0000000000000628.

Harig F, Hohenstein B, Von Der Emde J, Weyand M. Modulating IL-6 and
IL-10 levels by pharmacologic strategies and the impact of different
extracorporeal circulation parameters during cardiac surgery. Shock.
2001;16:33-8. https://doi.org/10.1097/00024382-200116001-00007.
Tang Y, Liu J, Zhang D, Xu Z, Ji J, Wen C. Cytokine storm in COVID-19: the
current evidence and treatment strategies. Front Immunol. 2020. https://
doi.org/10.3389/fimmu.2020.01708.

Lauten A, Engstrom AE, Jung C, Empen K, Erne P, Cook S, et al. Percutane-
ous left-ventricular support with the impella-2.5-assist device in acute
cardiogenic shock results of the impella-EUROSHOCK-Registry. Circ Hear
Fail. 2013,6:23-30. https://doi.org/10.1161/CIRCHEARTFAILURE.112.96722
4.

29.

30.

31

32.

33.

Page 10 of 10

Alushi B, Douedari A, Froehlig G, Knie W, Wurster TH, Leistner DM, et al.
Impella versus IABP in acute myocardial infarction complicated by car-
diogenic shock. Open Heart. 2019;6:1-9. https://doi.org/10.1136/openh
rt-2018-000987.

Chang C-H, Chen H-C, Caffrey JL, Hsu J, Lin J-W, Lai M-S, et al. Survival
analysis after extracorporeal membrane oxygenation in critically ill adults.
Circulation. 2016;133:2423-33. https://doi.org/10.1161/CIRCULATIO
NAHA.115.019143.

Basir MB, Kapur NK, Patel K, Salam MA, Schreiber T, Kaki A, et al. Improved
outcomes associated with the use of shock protocols: updates from the
national cardiogenic shock initiative. Catheter Cardiovasc Interv. 2019.
https://doi.org/10.1002/ccd.28307.

Fux T, Holm M, Corbascio M, Lund LH, van der Linden J. Venoarterial extra-
corporeal membrane oxygenation for postcardiotomy shock: risk factors
for mortality. J Thorac Cardiovasc Surg. 2018;156(1894):1902.e3. https://
doi.org/10.1016/jjtcvs.2018.05.061.

Maini B, Gregory D, Scotti DJ, Buyantseva L. Percutaneous cardiac assist
devices compared with surgical hemodynamic support alternatives.
Catheter Cardiovasc Interv. 2014;83:E183-92. https://doi.org/10.1002/
ccd.25247.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1016/j.jtcvs.2014.11.052
https://doi.org/10.1016/j.jtcvs.2014.11.052
https://doi.org/10.1007/s00392-019-01482-2
https://doi.org/10.1007/s00246-018-2033-2
https://doi.org/10.1007/s00246-018-2033-2
https://doi.org/10.1097/MCC.0000000000000628
https://doi.org/10.1097/MCC.0000000000000628
https://doi.org/10.1097/00024382-200116001-00007
https://doi.org/10.3389/fimmu.2020.01708
https://doi.org/10.3389/fimmu.2020.01708
https://doi.org/10.1161/CIRCHEARTFAILURE.112.967224
https://doi.org/10.1161/CIRCHEARTFAILURE.112.967224
https://doi.org/10.1136/openhrt-2018-000987
https://doi.org/10.1136/openhrt-2018-000987
https://doi.org/10.1161/CIRCULATIONAHA.115.019143
https://doi.org/10.1161/CIRCULATIONAHA.115.019143
https://doi.org/10.1002/ccd.28307
https://doi.org/10.1016/j.jtcvs.2018.05.061
https://doi.org/10.1016/j.jtcvs.2018.05.061
https://doi.org/10.1002/ccd.25247
https://doi.org/10.1002/ccd.25247

	Association between serum lactate levels and mortality in patients with cardiogenic shock receiving mechanical circulatory support: a multicenter retrospective cohort study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study population and design
	Indications and management of MCS
	Lactate measurement
	Follow-up and outcomes
	Statistical analysis

	Results
	Lactate levels and lactate clearance as predictors of mortality
	Prediction of 30-day mortality

	Discussion
	Study strengths and limitations

	Conclusion
	Acknowledgements
	References


