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Abstract

Aims Veno-arterial extracorporeal membrane oxygenation (VA-ECMO) is a life-saving procedure for supporting patients with
cardiogenic shock after cardiac surgery. This work aimed to analyse the impact of changes in blood lactate levels on the sur-
vival of patients on post-cardiotomy ECMO (PC-ECMO) and whether lactate clearance (LC) performs better than absolute lac-
tate levels.

Methods and Results We retrospectively analysed the data of adult patients who received PC-ECMO at our centre between
2016 and 2022. The primary outcome was the in-hospital mortality rate. Arterial lactate levels were measured at ECMO initi-
ation, peak and 12 and 24 h after VA-ECMO support. LC was calculated at 12 and 24 h. Out of 2368 patients who received
cardiac surgeries, 152 (median age, 48 years; 57.9% of them were men) received PC-ECMO. Of them, 48 (31.6%) survived
and were discharged, while 104 (68.4%) died during the index hospitalization. Non-survivors had higher frequencies of atrial
fibrillation (41.35% vs. 12.5%, P < 0.001), chronic kidney disease (26.9% vs. 6.3%, P = 0.004), prolonged cardiopulmonary by-
pass (237 vs. 192 min, P = 0.016) and aortic cross-clamping times (160 vs. 124 min, P = 0.04) than survivors. Non-survivors had
a significantly higher median Sequential Organ Failure Assessment (SOFA) score at ECMO initiation (13.5 vs. 9, P < 0.001) and
a lower median Survival After Veno-arterial ECMO (SAVE) score (—3 vs. 3, P < 0.001) with higher SAVE classes (P < 0.001) than
survivors. After 12 h of VA-ECMO support, the blood lactate level was negatively correlated with LC in survivors (r = —0.755,
P < 0.001) and non-survivors (r = —0.601, P < 0.001). After 24 h, the same negative correlation was identified between sur-
vivors (r = —0.764, P < 0.001) and non-survivors (r = —0.847, P < 0.001). Blood lactate levels measured at 12 h to determine
hospital mortality [>8.2 mmol/L, area under the receiver operating characteristic curve (AUROC): 0.868] and 24 h
(>2.6 mmol/L, AUROC: 0.896) had the best performance, followed by LC-T12 (<21.94%, AUROC: 0.807), LC-T24 (<40.3%,
AUROC: 0.839) and peak blood lactate (>14.35 mmol/L, AUROC: 0.828). The initial pre-ECMO blood lactate (>6.25 mmol/L,
AUROC: 0.731) had an acceptable ability to discriminate mortality but was less than the following measurements and clear-
ance. Kaplan—Meier curves demonstrated that LC of <21.94% at T12 h and <40.3% at T24 h was associated with decreased
survival (log-rank P < 0.001). Cox proportional hazards regression analysis for mortality revealed that LC of <21.94% at T12 h
had an adjusted hazard ratio (HR) of 2.73 [95% confidence interval (Cl): 1.64-5.762, P < 0.001] and LC of <40.3% at T24 h had
an adjusted HR of 1.98 (95% Cl: 1.46—4.173, P < 0.001). The predictors of hospital mortality after PC-ECMO were the lactate
level at 12 h [odds ratio (OR): 1.67, 95% Cl: 1.121-2.181, P = 0.001], initial SOFA score (OR: 1.593, 95% CI: 1.15-2.73,
P < 0.001), initial blood lactate (OR: 1.21, 95% Cl: 1.016-1.721, P = 0.032) and atrial fibrillation (OR: 6.17, 95% Cl: 2.37—
57.214, P = 0.003). Bivariate models using lactate levels and clearance at the same points revealed that blood lactate levels
performed better than the clearance percentage.

Conclusions Serial measurements of arterial blood lactate and LC help in obtaining early prognostic guidance in adult
patients supported by VA-ECMO after cardiac surgery. Absolute lactate levels, compared with LC at the same time points,
demonstrated better performance in differentiating mortality.
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Background

Cardiogenic shock (CS) is a life-threatening state that occurs
after cardiac surgery and is associated with systemic hypoper-
fusion and increased hospital mortality."? Post-cardiotomy CS
(PCS) occurs because of impaired myocardial function after
cardiopulmonary bypass (CPB) circulation, inadequate
cardioplegia, surgical disruption and ischaemic reperfusion
damage.? Approximately 0.5%—3.6% of patients receiving car-
diac surgery develop PCS requiring mechanical circulatory
support.*® Post-cardiotomy veno-arterial extracorporeal
membrane oxygenation (VA-ECMO) is a salvage procedure
for cardiopulmonary support until recovery or further plan-
ning. The use of post-cardiotomy ECMO (PC-ECMO) has sig-
nificantly increased in recent years, with variable worldwide
reports of mortality and morbidities owing to different study
designs, populations, timing of ECMO initiation and centre
experiences.®°

Blood lactate is a widely used point-of-care parameter for
inadequate tissue perfusion and an imbalance between oxy-
gen delivery and oxygen consumption.** Many studies have
investigated the correlation between blood lactate levels
and poor outcomes in patients with CS; however, data on
the validity of lactate clearance (LC) as a surrogate for survival
in PCS and PC-ECMO are limited.**™*® This study aimed to in-
vestigate the impact of changes in blood lactate levels on the
survival of patients receiving PC-ECMO. We believe that LC
may differentiate mortality after PC-ECMO with a better per-
formance than absolute lactate levels and can be a surrogate
point to achieve better outcomes.

Methods
Study design and population

Data of all patients aged >18 years who received cardiac sur-
geries and PC-ECMO in our tertiary care centre between
2016 and 2022 were retrospectively analysed. This study was
approved by the institutional review board (reference:
2191042). Patients who received VA-ECMO for non-
cardiotomy causes and those referred from other hospitals
on ECMO were excluded from the study.

ECMO implementation and lactate
measurements

The studied patients had PCS despite inotropic support and
standard care measures, and the cardiac surgeons initiated
VA-ECMO either during the surgical operation or in the inten-
sive care unit (ICU) in case of deterioration after surgery. Ac-
cording to the local hospital policy, blood lactate levels were
measured every 2 h post-operatively until clearance and hae-
modynamic stabilization. For this study, we collected four
measurements of arterial blood lactate levels: lactate level
before ECMO insertion (LO), peak lactate level and lactate
level at 12 h (L12) and 24 h (L24) after ECMO insertion. LC
was calculated at two points***e:

Lactateclearance (T12) = [(L12 — initiallactate)+initiallactate] x 100.

Lactateclearance (T24) = [(L24 — initiallactate)+initiallactate] x 100.

Studied variables and outcomes

Pre-operative variables included age, sex, diabetes mellitus
(DM), underlying heart disease, chronic kidney disease
(CKD), body mass index, atrial fibrillation (AF) and previous
cardiotomy or cerebrovascular disease. The operative vari-
ables included intra-aortic balloon pump (IABP) use, the type
of surgery, ECMO cannulation strategy, aortic cross-clamping
(ACC) and CPB times. Laboratory data included arterial blood
base excess, arterial lactate, haemoglobin, platelet count,
liver enzymes, serum creatinine and bilirubin levels. To assess
the risk profiles of the patients, two scores were used: Sur-
vival After Veno-arterial ECMO (SAVE) and Sequential Organ
Failure Assessment (SOFA). The SAVE score was calculated
once before VA-ECMO initiation with five risk classes and a
range (—35 to 17).)” The SOFA score was tested in many
groups of patients with critical illnesses, including
ECMO-supported patients.’®*° The SOFA score was calcu-
lated three times in this study: before the initiation of ECMO
and on the third and fifth days after ECMO support. The SOFA
score difference was calculated as a positive or negative
change from the third or fifth day to the initial score. The pri-
mary study outcome was the in-hospital mortality rate. The
CHA,DS,—VASc score was calculated for the patients who
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Table 1 Baseline characteristics of the study patients.
Survivors Non-survivors

Variables All patients (n = 152) (n = 48, 31.6%) (n = 104, 68.4%) P value
Age (years) 48 (31, 56) 43 (31, 56) 8 (32, 57) 0.18
Body mass index (kg/m ) 26.5 (22.6, 32.1) 24.9 (22.3, 29.9) 27 2 (22.75, 33.1) 0.19
Sex (n, %) Male 88 (57.9) 29 (60.42%) 9 (56.7) 0.44

Female 64 (42.1) 19 (39.6%) 5 (43.3)
Diabetes mellitus (n, %) 50 (32.9) 19 (39.6) 1(35.6) 0.26
CKD (n, %) 31 (20.4) 3(6.3) 8 (26.9) 0.004
ESRD on dialysis (n, %) 7 (4.6) 1(2.08) 6 (5.77) 0.43
Previous cardiac surgery (n, %) 78 (51.3) 18 (37.5) 60 (57.7) 0.014
Systemic hypertension (n, %) 52 (34.2) 15 (31.3) 37 (35.6) 0.55
Atrial fibrillation (n, %) 49 (32.2) 6(12.5) 43 (41.35) <0.001
CHA,DS,-VASc score 4(3,5) 3(2,4) 4(3,5) 0.08
Old cerebrovascular stroke (n, %) 11 (7.2) 4 (8.3) 7 (6.73) 0.522
Admission SOFA score (SOFA-1) 12 (10, 14.5) 9(8,11) 13.5(12, 16) <0.001
SAVE score -1 (-5, 3) 3(1,5) -3 (-6, 0.5) <0.001
SAVE risk class (n, %) | 16 (10.5) 11 (23.4) 5 (5) <0.001

1l 48 (31.6) 27 (56.3) 21 (20.2)

1l 44 (28.9) 9(18.8) 34 (32.7)

\Y, 38 (25) 2 (4.2) 36 (34.6)

Y, 6 (3.9) 0 6 (5.8)
Heart disease (n, %) Rheumatic heart disease 57 (37.5) 15 (31.3) 42 (40.4) 0.057

Idiopathic cardiomyopathy 31 (20.4) 10 (20.8) 21 (20.2)

Ischaemic cardiomyopathy 27 (17.8) 8(16.7) 19(18.3)

ACHD 17 (11.2) 5(10.4) 12 (11.54)

Others 20 (13.2) 12 (25) 8 (7.69)
ECPR (n, %) 3(2) 1(2.1) 2(1.9) 1
Cardiac surgery (n, %) CABG 8 (5.3) 3 (6.25) 5(4.81) 0.005

Valve surgery 71 (46.7) 19 (39.6) 52 (50)

Valve + CABG surgery 18 (11.8) 4 (8.3) 14 (13.5)

Heart transplantation 24 (15.8) 8 (16.7) 16 (15.4)

Aortic surgery 9 (5.9) 1(2.1) 8 (7.69)

LVAD insertion 6 (3.9) 0 6 (5.8)

Pulmonary endarterectomy 1(0.7) 0 1(0.9)

Lung transplantation 15 (9.9) 11 (22.9) 4 (3.8)
CPB time (min) 218 (167, 317) 192 (149, 250) 237 (169, 319) 0.016
ACC time (min) 145 (105, 174) 124 (93, 163) 160 (108, 179) 0.04
IABP use (n, %) 27 (17.8) 8(16.7) 19 (18.3) 0.77
ECMO cannulation (n, %) Peripheral 55 (36.2) 22 (45.8) 33 (31.7) 0.362

Central 87 (57.2) 25 (52.1) 62 (59.6)

Peripheral then central 4 (2.6) 1(2.1) 3(2.9)

Central then peripheral 6 (3.9) 1(2.1) 5(4.8)

Abbreviations: ACC, aortic cross-clamping; ACHD, adult congenital heart disease; CABG, coronary artery bypass graft; CHA,DS,-VASc
score, congestive heart failure, hypertension, age of >75 years, diabetes mellitus, stroke, vascular disease, age of 65-74 years and sex (fe-
male) score; CKD, chronic kidney disease; CPB, cardiopulmonary bypass; ECMO, extracorporeal membrane oxygenation; ECPR, extracorpo-
real cardiopulmonary resuscitation; ESRD, end-stage renal disease; IABP, intra-aortic balloon pump; LVAD, left ventricular assist device;
SAVE score, Survival After Veno-arterial ECMO; SOFA, Sequential Organ Failure Assessment.

had AF. It stands for heart failure, hypertension, age of
>75 years, DM, stroke, vascular disease, age of 65-74 years
and female sex.?°

Statistical analysis

Data were analysed and summarized as counts (with percent-
ages) for categorical variables and medians (with interquar-
tile ranges P25—P75) for quantitative variables. Normally dis-
tributed continuous variables were analysed using the
unpaired Student’s t-test. Categorical variables were analysed
using the Fisher exact test or y? test. The Mann-Whitney U
test was used to compare quantitative variables. The data
were considered significant if the two-sided P value was

<0.05. The Hosmer—Lemeshow test was used to detect the
goodness of fit of the logistic regression models to determine
the predictors of mortality.?* Variance inflation testing was
performed to check for multicollinearity. Bivariate models
were used to compare the performance of lactate levels
and clearance at the same time points in predicting mortality.
The Kaplan—Meier method was used to obtain survival curves
according to LC, and comparison was done by the log-rank
test. A Cox proportional hazards regression analysis was per-
formed to determine the hazard ratio (HR) of LC for
in-hospital mortality. The ability to predict mortality was
determined using the area under the receiver operating char-
acteristic curve (AUROC). Youden’s index analysis was per-
formed to obtain the best cut-off values with the highest
index.?
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Results
Characteristics of pre-ECMO patients

Of the 2368 adult patients who received cardiac surgeries be-
tween 2016 and 2022, 152 developed PCS and required
VA-ECMO support. In the PC-ECMO group, 48 (31.6%) pa-
tients survived and were discharged, whereas 104 (68.4%)
died during the index hospitalization. Non-survivors had
higher frequencies of AF (P < 0.001) and CKD (P = 0.004) than
survivors. Non-survivors had prolonged ACC time (P = 0.04),
CPB time (P = 0.016) and a higher frequency of valve surger-
ies (P = 0.005) than survivors. Non-survivors had a signifi-
cantly higher median SOFA score at ECMO initiation
(P < 0.001) and a lower median SAVE score (P < 0.001) with
higher SAVE risk classes (P < 0.001) than survivors. There
were no significant differences in the underlying heart dis-
ease, |ABP use or cannulation approaches between the two
groups (Table 1).

Laboratory data of the patients
Non-survivors had significant lactic acidosis with less base ex-

cess (P < 0.001), higher initial blood lactate (P < 0.001),
higher peak blood lactate (P < 0.001) and higher lactate

Table 2 Laboratory variables and risk scores of the patients studied.

levels at 12 h (P < 0.001) and 24 h, respectively
(P < 0.001), with delayed LC at 12 h (P < 0.001) and at
24 h (P < 0.001), respectively, compared with survivors.
Non-survivors had significantly higher preoperative thrombo-
cytopenia (P < 0.001), anaemia (P < 0.001), renal impair-
ment (P = 0.006) and hyperbilirubinaemia (P < 0.001) than
survivors. The percentage of LC was lower in non-survivors
than in survivors at 12 and 24 h after ECMO support. After
24 h, non-survivors had significant thrombocytopenia
(P < 0.001), anaemia (P = 0.038), renal impairment
(P = 0.023) and hyperbilirubinaemia (P < 0.001) compared
with survivors. The non-survivors exhibited increasing trends
in SOFA scores on the third and fifth days (P < 0.001) com-
pared with the survivors (Table 2).

After 12 h of VA-ECMO support, the blood lactate level was
negatively correlated with LC in survivors (r = —0.755,
P < 0.001) and non-survivors (r = —0.601, P < 0.001). After
24 h, the same negative correlation was identified between
survivors (r = —0.764, P < 0.001) and non-survivors
(r=—0.847, P < 0.001) (Figure 1).

Clinical outcomes

In the cohort analysis, 74 (48.7%) patients died on ECMO, 30
(19.7%) died after ECMO decannulation and 48 (31.6%)

Variables Survivors Non-survivors P value

Before ECMO initiation
Haemoglobin (g/L) 107 (96, 121) 94 (84, 105) <0.001
Platelet count (10°/L) 137 (82, 185) 66 (43, 126.5) <0.001
Serum creatinine (umol/L) 88 (58, 121) 115 (72, 156) 0.006
Serum bilirubin (umol/L) 17.7 (13.4, 32) 43.5 (23.65, 90.65) <0.001
Base excess (mmol/L) —4.6 (—6.9 to —3.4) —8.15 (—-11.65 to —5.9) <0.001
Blood HCO3 (mmol/L) 20.1 (18.1, 21.3) 18.05 (14.35, 19.6) <0.001
INR 1.9 (1.45, 2.4) 1.6 (1.4, 2.1) 0.048
ALT (units/L) 28 (20.7, 80) 45.85 (23.4, 171.85) 0.079
AST (units/L) 82.4 (47.9, 194) 129.35 (61.1, 293.65) 0.027
Initial blood lactate (mmol/L) 5.8 (4.8, 8.3) 9.75 (6.55, 13.4) <0.001

After ECMO support
Peak blood lactate (mmol/L) 10.8 (9.2, 14.3) 19.05 (14.7, 30) <0.001
Blood lactate at T12 (mmol/L) 4.1 (2.8, 6.4) 11.25 (7.3, 18.9) <0.001
Blood lactate at T24 (mmol/L) 1.9 (1.4, 3.1) 6.55 (4.05, 20) <0.001
Lactate clearance % (LC-T12) 39.29 (7.25, 52.17) —24.15 (-59.22, 15.3) <0.001
Lactate clearance % (LC-T24) 66.04 (53.1, 77.78) 20.71 (-72.64, 53.15) <0.001
Haemoglobin at 24 h (g/L) 92 (84, 115) 79 (74, 93) 0.038
Platelet count at 24 h (10°/L) 119 (89.3, 137) 52 (39, 92.4) <0.001
Serum creatinine at 24 h (umol/L) 117 (87.4, 186.3) 198 (102, 231.2) 0.023
Serum bilirubin at 24 h (umol/L) 65.4 (23.7, 83) 113.6 (73.4, 189.27) <0.001
ALT at 24 h (units/L) 79 (51.3, 173) 121.6 (93.2, 232.7) 0.046
AST at 24 h (units/L) 127 (82.3, 316) 231.4 (162.7, 438.2) 0.032
Third day SOFA (SOFA-3) 9(8,11) 16 (14, 18) <0.001
SOFA difference (D3-1) 1.5(0.5, 2) 3(2,3) <0.001
Fifth day SOFA (SOFA-5) 8(6,9) 17 (15, 19) <0.001
SOFA difference (D5-3) —1(=2,-1) 2(1,2) <0.001
SOFA difference (D5-1) -2(-3,0) 4(3,5) <0.001

Note: Data are presented as medians with the 25th and 75th interquartile ranges.

Abbreviations: ALT, alanine transaminase; AST, aspartate aminotransferase; ECMO, extracorporeal membrane oxygenation; INR, interna-
tional normalized ratio; LC, lactate clearance; SOFA, Sequential Organ Failure Assessment score.
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Figure 1 Scatter plots demonstrating the negative correlations between blood lactate levels and lactate clearance (LC) in survivors and non-survivors.
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Table 3 Clinical outcomes of the patients studied.
Variables Survivors Non-survivors P value
ECMO days 5(3,8) 6 (2, 11.5) 0.61
ICU days 21 (14, 41) 14 (5, 28) 0.002
New need for CRRT (n, %) 7 (14.6) 65 (62.5) <0.001
Acute ischaemic stroke (n, %) 6 (12.5) 12 (11.54) 0.94
Cerebral bleeding (n, %) 2 (4.2) 7 (6.7) 0.71
Limb ischaemia (n, %) 3 (6.25) 14 (14) 0.07
Bowel ischaemia (n, %) 0 6 (5.8) 0.18
Bowel surgery (n, %) 0 1(0.9) 0.17
Post-ECMO durable LVAD (n, %) 1(2.1) 1(0.9) 1
Post-ECMO heart transplantation (n, %) 2(4.2) 2 (1.9 0.54

Abbreviations: CRRT, continuous renal replacement therapy; ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit;
LVAD, left ventricular assist device.
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Figure 2 Kaplan—Meier curves for the patients studied according to LC-T12 (log-rank P < 0.001). ECMO, extracorporeal membrane oxygenation; LC,

lactate clearance.
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survived and were discharged. The need for continuous renal
replacement therapy was more frequent in non-survivors
(P < 0.001), whereas no significant differences in cerebrovas-
cular stroke, limb ischaemia or bowel ischaemia were ob-
served (P > 0.05). Survivors had a longer ICU stay than
non-survivors (Table 3).

The Kaplan—Meier curves demonstrated that LC of <21.94%
at T12 h and <40.3% at T24 h was associated with decreased
survival (log-rank P < 0.001) (Figures 2 and 3, respectively).

The Cox proportional hazards regression analysis revealed
that LC of <21.94% at T12 h had an increased risk of mortal-
ity with a crude HR of 4.56 [95% confidence interval (Cl):
2.718-7.636, P < 0.001] and adjusted HR of 2.73 (95% Cl:
1.64-5.762, P < 0.001) and that LC of <40.3% at T24 h had
an increased risk of mortality with a crude HR of 4.68 (95%
Cl: 3.058-7.171, P < 0.001) and adjusted HR of 1.98 (95%
Cl: 1.46-4.173, P < 0.001). Adjusting was done for SAVE
and SOFA scores, CKD, AF and CPB time.

Figure 3 Kaplan—Meier curves for the patients studied according to LC-T24 (log-rank P < 0.001). ECMO, extracorporeal membrane oxygenation; LC,

lactate clearance.
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Table 4 Details of ROC curves in differentiating mortality.

Variables AUROC 95% ClI Cut-off P value Sensitivity ~ Specificity PPV NPV Accuracy (%)
SAVE score 0.831 0.766-0.896  <0.5 <0.001 75 78.7 88.24  59.68 76.19
Initial SOFA 0.875 0.82-0.93 >11.5 <0.001 76 87.2 92.68 63.08 79.59
Initial blood lactate ~ 0.731 0.644-0.818  >6.25 <0.001 79 61.7 81.44 58 73.47
Peak lactate 0.828 0.76-0.896 >14.35 <0.001 78 76.6 87.64 62.07 77.55
Lactate T12 0.868 0.805-0.93 >8.2 <0.001 71 87.2 92.21 58.57 76.19
Lactate T24 0.896 0.843-0.95 >2.6 <0.001 92 72.3 87.62 80.95 85.71
LC-T12 0.807 0.73-0.883 <21.94  <0.001 82 70.2 85.42 64.71 78.23
LC-T24 0.839 0.775-0.903 <40.3 <0.001 66 89.4 92.96 55.26 73.47

Abbreviations: AUROC, area under the ROC curve; Cl, confidence interval; LC, lactate clearance; NPV, negative predictive value; PPV, pos-
itive predictive value; ROC, receiver operating characteristic; SAVE, Survival After Veno-arterial Extracorporeal Membrane Oxygenation;

SOFA, Sequential Organ Failure Assessment score.

Discrimination of hospital mortality

The admission SOFA score (>11.5, AUROC: 0.875) can better
discriminate hospital mortality than the SAVE score (<0.5,
AUROC: 0.831) (Table 4 and Figure 4).

To discriminate hospital mortality, the absolute blood lac-
tate levels at 12 h (>8.2 mmol/L, AUROC: 0.868) and 24 h
(>2.6 mmol/L, AUROC: 0.896) had the best performance,
followed by LC-T12 (<21.94%, AUROC: 0.807), LC-T24
(<40.3%, AUROC: 0.839) and peak blood lactate
(>14.35 mmol/L, AUROC: 0.828). The initial pre-ECMO blood
lactate (>6.25 mmol/L, AUROC: 0.731) had an acceptable

ability to discriminate mortality, although this was less than
the following measurements and clearance (Table 4 and
Figures 4-6).

Predictors of mortality

Multivariable logistic regression analyses were performed
using four models because of the multicollinearity between
blood lactate variables. Model A had the best performance
as per the Hosmer—Lemeshow test with goodness of fit
(Pearson’s )(2 =17.59, P = 0.82), and the mean variance infla-

Figure 4 Receiver operating characteristic curve of initial blood lactate [area under the receiver operating characteristic curve (AUROC): 0.731,
P < 0.001], Survival After Veno-arterial Extracorporeal Membrane Oxygenation (SAVE) score (AUROC: 0.831, P < 0.001) and Sequential Organ Failure
Assessment (SOFA) score (AUROC: 0.875, P < 0.001) in differentiating mortality with post-cardiotomy extracorporeal membrane oxygenation.
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Figure 5 Receiver operating characteristic curve of initial blood lactate [area under the receiver operating characteristic curve (AUROC): 0.731,
P < 0.001], peak lactate (AUROC: 0.828, P < 0.001), lactate T12 h (AUROC: 0.868, P < 0.001) and lactate T24 h (AUROC: 0.896, P < 0.001) in differ-
entiating mortality with post-cardiotomy extracorporeal membrane oxygenation.
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tion was 1.13. The independent predictors of hospital mortal-
ity after PC-ECMO were the lactate level at 12 h [odds ratio
(OR): 1.67, 95% CI: 1.121-2.181, P = 0.001], initial blood lac-
tate (OR: 1.21, 95% CI: 1.016-1.721, P = 0.032), initial SOFA
score (OR: 1.593, 95% Cl: 1.15-2.73, P < 0.001) and AF
(OR: 6.17, 95% ClI: 2.37-57.214, P = 0.003). The other three
models demonstrated that increased LC was associated with
decreased odds of death (Table 5). Because of multicollinear-
ity, we used additional bivariate models using lactate levels
and clearance at the same points, and the absolute lactate
levels maintained statistical significance compared with the
clearance percentage (Table 6).

Discussion

The main findings of this study were the significant associa-
tion between hyperlactataemia and PC-ECMO mortality, the
ability of LC to predict and discriminate hospital mortality af-
ter PC-ECMO support and the superior performance of abso-
lute lactate levels to that of LC in differentiating mortality.
The use of PC-ECMO to allow for circulatory support for car-
diac recovery after PCS is increasing. Our mortality analysis
revealed that 48.7% of patients had on-ECMO mortality and
68.4% had hospital mortality, which is similar to other large
PC-ECMO studies.”®'%?3 Bjancari et al. studied patients with
post-cardiotomy VA-ECMO and reported death rates be-

tween 64.4% and 76.1% in patients aged >70 years.” A
recent meta-analysis that enrolled 1269 post-cardiotomy pa-
tients on VA-ECMO has reported a hospital mortality rate of
66.7%.% Mariani et al. have reported a 60% mortality rate in
a retrospective analysis of 2003 patients with PC-ECMO.?>
Blood lactate is a widely used point-of-care variable that
can be measured from the arterial blood gas of patients with
critical illnesses to obtain data on tissue oxygenation and or-
gan perfusion. Different studies have reported a link between
poor outcomes and hyperlactataemia, using different mea-
surement protocols. Our study reveals that initial blood lac-
tate levels and subsequent behaviour following PC-ECMO
can predict survival after cardiac surgery. Serial measure-
ments of arterial blood lactate are beneficial for detecting
the imbalance between lactate production, as a marker of in-
adequate tissue perfusion, and LC, as a marker of improved
organ perfusion. The pre-ECMO initial lactate level of
>6.25 mmol/L was able to differentiate mortality (AUROC:
0.731, P < 0.001), whereas the blood lactate level of
>8.2 mmol/L at 12 h (AUROC: 0.868, P < 0.001) and
>2.6 mmol/L at 24 h (AUROC: 0.896, P < 0.001) demon-
strated better differentiation of mortality with a larger
AUROC. This may be explained by continued inadequate tis-
sue hypoperfusion despite achieving good haemodynamic
profiles after mechanical circulatory support. Li et al.® have
reported that despite achieving good haemodynamics and or-
gan perfusion, lactate levels continued to increase in many
patients and that a negative correlation was identified be-
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Figure 6 Receiver operating characteristic curve of initial blood lactate [area under the receiver operating characteristic curve (AUROC): 0.731,
P < 0.001], lactate clearance (LC)-T12 (AUROC: 0.807, P < 0.001) and LC-T24 (AUROC: 0.839, P < 0.001) in differentiating mortality with

post-cardiotomy extracorporeal membrane oxygenation.
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tween mean blood lactate level and mean arterial blood pres-
sure during the first 12 h of ECMO support. Biancari et al.®
conducted a large meta-analysis involving 1269
post-cardiotomy patients with VA-ECMO and reported a mor-
tality rate of 55.7% if the lactate level was <6.8 mmol/L and
76.7% if the lactate level was >6.8 mmol/L at ECMO initia-
tion. The association between initial and 12 h blood lactate
levels and hospital mortality was reported in other
VA-ECMO studies.'***

In our cohort analysis, LC-T12 < 21.94% (adjusted HR:
2.73, 95% Cl: 1.64-5.762, P < 0.001) and LC-T24 h < 40.3%
(adjusted HR: 1.98, 95% Cl: 1.46-4.173, P < 0.001) were asso-
ciated with an increased risk of death after PC-ECMO. Owing
to multicollinearity, we performed four logistic regression
analyses and used two bivariate models and observed that
despite LC having the ability to predict and discriminate mor-
tality, absolute lactate levels performed better. The best logis-
tic model demonstrated that the blood lactate level at 12 h
after PC-ECMO (OR: 1.67, 95% Cl: 1.121-2.181, P = 0.001)
was a predictor of mortality and that the level > 8.2 mmol/
L had excellent discrimination (AUROC: 0.868, P < 0.001).

Li et al.*® studied PC-ECMO LC at 6 and 12 h and concluded
that LC-T12 h had a better discrimination of mortality and a
negative correlation with mean arterial blood pressure com-
pared with LC-T6 h. Mungan et al.>> conducted a small study
including 48 patients on VA-ECMO, followed the trend of
blood lactate over 48 h and reported that the time to achieve

10% LC had a strong discrimination of 30 day mortality.
Mizutani et al.® retrospectively analysed the data of 64 adult
patients who underwent extracorporeal cardiopulmonary re-
suscitation and reported LC at 6 h as an independent predic-
tor of mortality (OR: 7.1, P < 0.01, 95% Cl: 1.7-29.5).
Marbach et al.** analysed blood lactate levels at 36 h in
192 adult patients with CS without ECMO support and re-
ported that complete LC (lactate level < 2 mmol/L) was the
strongest predictor of survival at 8 h (OR: 2.46, P = 0.03)
and 24 h (OR: 5.44, P < 0.01).

Survivors in our cohort had higher SAVE scores and fewer
risk classes than non-survivors. The SAVE score had a better
discrimination of hospital mortality than the initial blood lac-
tate level but a comparable discrimination to the lactate level
at 12 and 24 h after ECMO support. Logistic multivariate re-
gression analysis demonstrated a trend for the SAVE score
to predict survival, although this was not significant. Schrutka
et al. studied 240 patients on PC-ECMO and reported the abil-
ity of the SAVE score to differentiate between short- and long-
term mortality.?” Lactate modification of the SAVE score has
been demonstrated to improve the predictive ability for sur-
vival after VA-ECMO.?®?° The SOFA score was calculated dur-
ing the first few days of mechanical circulatory support to de-
termine the clinical severity and trend of organ function after
haemodynamic stabilization and LC. Non-survivors initially had
higher SOFA scores and trends than survivors. The initial SOFA
score had a better discrimination of hospital mortality than
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Table 5 Logistic multivariate regression for predicting PC-ECMO mortality.

Variables OR 95% Cl P value
Model A
Initial SOFA 1.593 1.15-2.73 <0.001
Initial blood lactate 1.21 1.016-1.721 0.032
Blood lactate at 12 h (L12) 1.67 1.121-2.181 0.001
SAVE score 0.817 0.614-1.026 0.07
Atrial fibrillation 6.17 2.37-57.214 0.003
Prior cardiotomy 0.782 0.46-3.621 0.56
CPB time 1.131 0.995-1.93 0.43
Model B
SAVE score 0.802 0.736-1.161 0.09
Initial SOFA 1.761 1.241-2.67 <0.001
Initial blood lactate 1.18 1.024-1.671 0.042
Atrial fibrillation 7.14 2.19-58.482 0.004
Prior cardiotomy 0.86 0.317-3.713 0.62
CPB time 1.086 0.926-1.217 0.64
Lactate clearance (LC-T12) 0.921 0.901-0.983 0.036
Model C
Initial SOFA 1.565 1.211-2.023 0.003
SAVE score 0.818 0.708-1.001 0.092
Initial blood lactate 1.13 1.003-1.426 0.037
Atrial fibrillation 6.43 2.69-58.72 0.002
Prior cardiotomy 0.813 0.472-3.95 0.71
CPB time 1.034 0.946-2.237 0.63
Blood lactate at 24 h (L24) 1.521 1.042-2.219 0.031
Model D
Initial SOFA 1.523 1.156-2.006 0.003
SAVE score 0.809 0.762-1.003 0.062
Initial blood lactate 1.104 1.012-1.274 0.021
Atrial fibrillation 6.28 2.57-56.286 0.003
Prior cardiotomy 0.79 0.477-4.194 0.48
CPB time 1.016 0.926-1.421 0.58
Lactate clearance (LC-T24) 0.974 0.962-0.987 0.027

Abbreviations: Cl, confidence interval; CPB, cardiopulmonary bypass; LC, lactate clearance; OR, odds ratio; PC-ECMO, post-cardiotomy ex-
tracorporeal membrane oxygenation; SAVE, Survival After Veno-arterial Extracorporeal Membrane Oxygenation; SOFA, Sequential Organ

Failure Assessment score.

Table 6 Bivariate models for hospital mortality using lactate
absolute levels and clearance.

Lactate variables OR 95% Cl P value

At12 h Lactate level 1.599 1.116-1.912 0.001
Lactate clearance 0.992 0.980-1.005 0.225

At 24 h  Lactate level 1.923 1.334-2.772 <0.001
Lactate clearance  0.996 0.975-1.019 0.748

Abbreviations: Cl, confidence interval; OR, odds ratio.

the initial blood lactate level, with a comparable discrimina-
tion of blood lactate level and LC at 12 and 24 h. Moreover, a
high SOFA score at ECMO initiation was an independent pre-
dictor of in-hospital mortality in the logistic regression model.
A high SOFA score and an increasing trend during follow-up
represent the deterioration of multi-organ function and have
been linked to mortality in different studies.'®3931

AF was significantly more frequent in non-survivors in our
univariate analysis and was a predictor in the logistic multi-
variate regression analysis. The studied patients had paroxys-
mal or persistent AF with high CHA,DS,-VASc scores and

multiple cardiovascular and non-cardiovascular comorbidi-
ties. They were considered high-risk phenotypes of AF ac-
cording to the cluster analysis of the clinical characteristics
of patients with AF.>**3 Vigneshwar et al.>* analysed 789 pa-
tients on VA-ECMO and reported that pre-ECMO sinus
rhythm was associated with a survival benefit. Wang et al.>®
conducted a small retrospective study of 87 patients on
PC-ECMO and reported that the frequency of AF was 13%
and 38% (P < 0.001) in survivors and non-survivors, respec-
tively; however, it was not included in the logistic regression
model. Another small study on PC-ECMO has reported that
preoperative AF was a predictor of hospital mortality.>® A re-
cent large multicentre study has reported that AF was a pre-
dictor of mortality after PC-ECMO during follow-up rather
than during hospitalization.?’

Conclusions

Serial measurements of arterial blood lactate levels and LC
help in obtaining early prognostic guidance in adult patients
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supported by VA-ECMO after cardiac surgery. Absolute lac-
tate levels demonstrated better performance in differentiat-
ing mortality than LC at the same time points.
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