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Summary Severe hyperlactatemia (>10mmol/L) or
impaired lactate metabolism are known to correlate
with increased mortality. The maximum lactate con-
centration on day 1 of 10,724 septic patients from the
eICU Collaborative Research Database was analyzed
and patients were divided into three groups based
on maximum lactate in the first 24h (<5mmol/l;
>5mmol/l & <10mmol/l; =10mmol/l). In addition,
delta lactate was calculated using the following for-
mula: (maximum lactate day 1 minus maximum
lactate day 2) divided by maximum lactate day 1. A
multilevel regression analysis was performed, with
hospital mortality serving as the primary study end
point. Significant differences in hospital mortality
were found in patients with hyperlactatemia (lac-
tate =10mmol/l: 79%, =5mmol/]l & <10mmol/l: 43%,
<5mmol/l, 13%; p<0.001). The sensitivity of severe
hyperlactatemia (=10mmol/l) for hospital mortality
was 17%, the specificity was 99%. In patients with
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negative delta lactate in the first 24 h, hospital mor-
tality was excessive (92%). In conclusion, mortality
in patients with severe hyperlactatemia is very high,
especially if it persists for more than 24h. Severe
hyperlactatemia, together with clinical parameters,
could therefore provide a basis for setting treatment
limits.
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Introduction

According to the “Sepsis-3” definition, sepsis is a “life-
threatening organ dysfunction caused by a dysregu-
lated host response to infection” [1]. Furthermore,
if inadequate tissue oxygen utilization occurs, this is
referred to as “shock”, which is usually accompanied
by an increasingly poor prognosis [1, 2]. As sepsis is
one of the most common causes of death in inten-
sive care units (ICUs) worldwide, and despite ongo-
ing medical developments a high mortality and mor-
bidity with often limiting long-term sequelae can be
observed, methods for deciding who benefits from in-
tensive treatment are desired [3-5].
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Determination of serum lactate has played a rele-
vant role in intensive care medicine for years and is
arelevant parameter in sepsis and (septic) shock [1, 2].
This was noticed as early as 1943, when Engel et al.
in their work on hemorrhagic shock in a rat model,
described “a lactate rise and pyruvate elevation that
appears to be related to the effects of decreased oxy-
genation of peripheral tissues and the liver” [6]. Lac-
tate was often considered an indicator of hypoxia at
the cellular level, but this concept is no longer gen-
erally accepted. Meanwhile it is known that lactate is
also produced independently of hypoxia as part of an
increased cellular metabolism via enhanced glycoly-
sis [7]. Nevertheless, it can certainly be considered as
an indicator of a state of alarm at the tissue level. The
role of lactate in prognostication and risk stratification
especially in critically ill patients is well established
and largely undisputed [7-9]. Lactate measurements
are readily available in ICUs worldwide by point-of-
care testing (POCT) devices. Due to its inexpensive
and ubiquitous availability, in addition to its multiply
demonstrated diagnostic value, the parameter is well
suited for follow-up and comparative purposes; how-
ever, not only its short-term and medium-term course
but also the absolute value of initial measures make it
an interesting and important tool in risk stratification.

Particularly severe hyperlactatemia is a robust sur-
rogate parameter for critical illness and high mortality
and can be interpreted from two points of view [8]. On
the one hand, the presence of severe hyperlactatemia
should trigger a thorough clinical evaluation of the
affected patient to detect the etiology of the critical
illness and initiate possible targeted therapy. On the
other hand, it should also be used as an opportunity to
re-evaluate the treatment goal in the context of other
clinical findings.

We analyzed the incidence of severe hyperlac-
tatemia and the prognosis of affected individuals in
a large cohort of septic patients in the multicenter
eICU Collaborative Research Database to shed light
on this particular subgroup of seriously ill individu-
als. With this study, we aimed to better define the
different subgroups of septic patients with hyperlac-
tatemia, as well as to better characterize survivors
and non-survivors from the subgroup of patients with
severe hyperlactatemia and patients with or without
positive lactate kinetics. Additionally, the diagnostic
value of severe hyperlactatemia was calculated. We
hypothesized that patients with sepsis and severe hy-
perlactatemia, as well as individuals without positive
24-h lactate kinetics, would have a significantly worse
outcome.

Patients, material and methods
Study subjects

Critically ill patients admitted to an intensive care unit
(ICU) diagnosed with sepsis according to Acute Physi-

ology and Chronic Health Evaluation (APACHE) IV and
a documented lactate concentration on day 1 were
included in this analysis from the eICU Collaborative
Research Database [9]. Septic shock was defined as
a diagnosis of sepsis by means of APACHE 1V, vaso-
pressor requirement and serum lactate level greater
than 2mmol/L. The eICU database is a multicenter
intensive care unit database, which includes over
200,000 admissions in 335 ICUs across the USA in
2014 and 2015 and is released under the Health Insur-
ance Portability and Accountability Act (HIPAA) safe
harbor provision (Privacert, Cambridge, MA, USA;
HIPAA Certification no. 1031219-2; [9, 10]). An insti-
tutional review board (IRB; Massachusetts Institute of
Technology, Cambridge, MA, USA) approval exists.

Statistical analysis

We expressed continuous data points as medianz+
interquartile range (IQR) and differences between
independent groups using Kruskal-Wallis equality of
populations rank test accordingly. Categorical data are
given as numbers (percentage), the y>-test was used
to calculate univariate differences between groups.
The primary exposure was hyperlactatemia on day
1 categorized into low (group 1; maximum lactate
concentration<5mmol/L), high (group 2; maximum
lactate concentration >5 and <10 mmol/L) and severe
hyperlactatemia (group 3; maximum lactate concen-
tration> 10 mmol/L). Delta-lactate was calculated by
the following formula: (maximum lactate on day 1
minus maximum lactate on day 2) divided by max-
imum lactate on day 1. The primary outcome of
our analysis was hospital mortality. We evaluated
the frequencies of mechanical ventilation (MV), va-
sopressor use, acute kidney injury (AKI) within 48h
based on serum creatinine and according to the Kid-
ney Disease Improving Global Outcomes (KDIGO)
guidelines, length of stay (LOS) and ICU mortality as
secondary outcomes [11]. To correct for missing data
list-wise deletion was applied. To adjust for potential
confounders, we used a multilevel logistic regression
analysis to fit two models: [1] a baseline model with
the hospital as a random effect and lactate concentra-
tion as fixed effect, as well as [2] a multivariable model
adjusting for APACHE IV. We calculated adjusted odds
ratios (aOR) with respective 95% confidence intervals
(95% CI). We calculated sensitivity, specificity, posi-
tive and negative likelihood ratios (LR+ and LR-) for
severe hyperlactatemia. All tests were two-sided, and
a p-value of <0.05 was considered statistically signif-
icant. We used Stata/IC 16.1 (StataCorp. 2019. Stata
Statistical Software: Release 16. College Station, TX,
USA: StataCorp LLC) for all statistical analyses.
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Table 1 Differencesbetween patients with low, high and severe hyperlactatemia

Characteristic Maximum lactate
(<5mmol/l)
n=9208

Age (years)—median (IQR) 67 (56-78)

Age > 65 years—n (%) 4902 (53)

Male sex—n (%) 4685 (51)

BMI (kg/m?—median (IQR) 27 (23-33)

SOFA score (pts.)—median (IQR) 6 (3-8)

APACHE IV (pts.—median (IQR) 66 (51-82)

Septic shock—n (%) 1145 (13)

Ethnicity -

African American—n (%) 860 (9)

Asian—n (%) 146 (2)

Caucasian—n (%) 7316 (80)

Hispanic—n (%) 319(3)

Native American—n (%) 89 (1)

Other/unknown—n (%) 432 (5)

Laboratory values =

Maximum lactate day 1 (mmol/L)—median (IQR) 1.7 (1.1-2.6)

Baseline lactate > 2 mmol/L—n (%) 3193 (35)

Hemoglobin (g/dL)—median (IQR)
White blood count (G/L)—median (IQR)

10.3(8.9-11.8)
13.3 (8.8-19.0)

Lymphocyte count (G/L)—median (IQR) 0.7 (0.4-1.2)
Platelet count (G/L)—median (IQR) 183 (127-253)
Serum creatinine (mg/dL)—median (IQR) 1.3(0.9-2.3)
Admission diagnosis -

Pulmonary focus—n (%) 3462 (38)

Gl focus—n (%) 1173 (13)
Renal focus/UTl—n (%) 2172 (24)
Gynecological focus—n (%) 34 (0)
Cutaneous/soft tissue focus—r (%) 763 (8)
Other focus—n (%) 563 (6)
Unknown focus—n (%) 1041 (11)
Endpoints -
Mechanical ventilation—n (%) 2052 (22)
Vasopressor use—n (%) 2993 (33)
AKI—n (%) 464 (6)
LOS—median (IQR) 59 (34-111)
LOS >7 days—n (%) 1288 (14)
1CU mortality—n (%) 700 (8)
Hospital mortality—n (%) 1229 (13)

*statistically significant

Maximum lactate (=5 and Maximum lactate p-value
<10mmol/l) >10mmol/l

n=1056 n=460

67 (56-79) 65 (56-75) 0.041*
587 (56) 223 (48) 0.038*
550 (52) 222 (48) 0.39

26 (22-32) 27 (23-34) 0.001*
10 (7-12) 12 (9-14) <0.001*
90 (72-111) 113 (93-132) <0.001*
552 (52) 313 (68) <0.001*
- - 0.030*
121 (11) 55 (12) -

18 (2) 10 (2) -

795 (75) 341 (75) -

48 (5) 21 (5) -

8(1) 6(1) -

63 (6) 21 (5) -

6.5 (5.6-7.8) 13.5(11.5-16.8) <0.001*
1032 (98) 454 (99) <0.001*
10.5 (8.8-12.1) 9.7 (8.1-11.4) <0.001*
14.1 (7.5-22.3) 14.1 (7.4-22.8) 0.063
0.6 (0.3-1.1) 0.8 (0.4-1.3) <0.001*
150.0 (86-218) 137.0 (71-221) <0.001*
2.1 (1.4-3.1) 2.8(1.9-3.9) <0.001*
- - <0.001*
363 (34) 130 (28) -

214 (20) 109 (24) -

205 (19) 71 (15) -

4(0) 0(0) -

59 (6) 25 (5) -

69 (7) 40 (9) -

142 (13) 85 (18) -

434 (41) 271 (59) <0.001*
565 (54) 317 (69) <0.001*
107 (14) 47 (22) <0.001*
68 (30-141) 30 (18-80) <0.001*
213 (20) 63 (14) <0.001*
339 (32 321 (70) <0.001*
457 (43) 362 (79) <0.001*

AKl acute kidney injury, APACHE IV Acute Physiology and Chronic Health Evaluation, BM/ body mass index, G/ gastrointestinal, /CU intensive care unit, /QRin-
terquartile range, LOS length of stay, pts. points, SOFA sequential organ failure assessment, UT/ urinary tract infection

Results
General characteristics

A total of 10,724 patients were included in the anal-
ysis, whereas 9208 patients had a maximum lac-
tate<5mmol/l (group 1), 1056 patients were in
the high lactate group (group 2; lactate=5 and
<10mmol/L) and 460 patients had severe hyper-
lactatemia (group 3; lactate>10mmol/L). Patients

in group 3 were younger (median age 65 years, IQR
56-75years) compared with patients in group 2 (67,
IQR 56-79yrs.) and group 1 (67, IQR 56-78yrs.;
p=0.041), but no difference was found between male
and female patients (male sex; groups 1-3: 51% vs.
52% vs. 48%, respectively; p=0.39). As for ethnicity,
more individuals in group 3 were African Ameri-
can (groups 3-1 in descending order: 12 vs. 11 vs.
9%; p=0.030), and fewer patients were Caucasian
(groups 1-3: 80 vs. 75 vs. 75%; p=0.030). Individuals
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Table 2 Differencesbetween survivors and non-survivors in patients with severe hyperlactatemia

Characteristic

Age (years)—median (IQR)

Age > 65 years—n (%)

Male sex—n (%)

BMI (kg/m?—median (IQR)

SOFA score (pts.)—median (IQR)
APACHE IV score (pts.)—median (IQR)
Septic shock—n (%)

Ethnicity

African American—n (%)

Asian—n (%)

Caucasian—n (%)

Hispanic—n (%)

Native American—n (%)
Other/Unknown—n (%)

Laboratory values

Maximum lactate day 1 (mmol/L)—median (IQR)
Baseline lactate > 2 mmol/L—n (%)
Hemoglobin (g/dL)—median (IQR)
White blood count (G/L)—median (IQR)
Lymphocyte count (G/L)—median (IQR)
Platelet count (G/L)—median (IQR)
Serum creatinine (mg/dL)}—median (IQR)
Admission diagnosis

Pulmonary focus—n (%)

Gl focus—n (%)

Renal focus/UTl—n (%)
Cutaneous/soft tissue focus— (%)
Other focus—n (%)

Unknown focus—n (%)

Endpoints

Mechanical ventilation—n (%)
Vasopressor use—n (%)

AKI—n (%)

LOS (hours)—median (IQR)

LOS >7 days—n (%)

ICU mortality—n (%)

Hospital mortality—n (%)

*statistically significant

Survivors Deceased p-value
n=298 n=362

60 (50-72) 66 (58-75) <0.001*
39 (40) 184 (51) 0.053
43 (44) 179 (49) 0.33

28 (23-32) 27 (23-34) 0.87

12 (9-14) 12 (10-14) 0.22

98 (81-122) 116 (97-137) <0.001*
61 (63) 252 (70) 0.19

= = 0.92

14 (14) 41 (11) -

303) 70 -

69 (71) 272 (76) -

5(5) 16 (4) -

1(1) 5(1) -

5(5) 16 (4) -

12.4 (10.7-14.6) 13.8 (11.7-17.5) <0.001*
96 (98) 358 (99) 0.47
10.2 (8.8-11.8) 9.6 (8.0-11.3) 0.052
14.1 (8.8-24.5) 14.2 (6.6-22.5) 0.095
0.8 (0.6-1.0) 0.8 (0.4-1.4) 0.84
156 (85-247) 128 (67-211) 0.020*
2.6 (1.8-4.2) 2.8(2.0-3.9) 0.46

- - 0.14

24 (24) 106 (29) =

27 (28) 82 (23) =

16 (16) 55 (15) -

313 22 (6) -

4(4) 36 (10) -

24 (24) 61 (17) -

56 (57) 215 (59) 0.69

63 (64) 254 (70) 0.26

13 (16) 34 (25) 0.091
117 (66-221) 26 (16-44) <0.001*
36 (37) 27 (7) <0.001*
0(0) 321 (89) <0.001*
0(0) 362 (100) <0.001*

AKl acute kidney injury, APACHE IV Acute Physiology and Chronic Health Evaluation, BM/body mass index, G/ gastrointestinal, /CU intensive care unit, /QR in-
terquartile range, LOS length of stay, pts. points, SOFA sequential organ failure assessment, UT/ urinary tract infection

with severely elevated lactate values showed higher
sequential organ failure assessment (SOFA) scores;
(groups 3-1 in descending order: 12 (IQR 9-14) vs. 10
(IQR 7-12) vs. 6 (IQR 3-8) points; p<0.001), as well
as APACHE 1V (groups 3-1: 113 (IQR 93-132) vs. 90
(IQR 72-111) vs. 66 (IQR 51-82) points; p<0.001) and
suffered from septic shock more often (groups 3-1
in descending order: 68 vs. 52 vs. 13%; p<0.001).
Patients with severe hyperlactatemia had a gastroin-
testinal (groups 3-1 in descending order: 24 vs. 20 vs.
13%; p<0.001) or unknown focus of infection (groups
3-1 in descending order: 18 vs. 13 vs. 11%; p<0.001)

more frequently than individuals in the other groups.
Also, significant differences were observed for hospi-
tal mortality (groups 3-1 in descending order: 79 vs.
43 vs. 13%; p<0.001), as well as all secondary end-
points (groups 3-1 in descending order: ICU mortality:
70 vs. 32 vs. 8%, mechanical ventilation: 59 vs. 41 vs.
22%; vasopressor use: 69 vs. 54 vs. 33%; AKI: 22 vs.
14 vs. 6%; ICU LOS: 30 vs. 68 vs. 59h; all p<0.001).
A detailed overview is given in Table 1.

Hyperlactatemia and altered lactate kinetics are associated with excess mortality in sepsis

@ Springer



original article

Table 3 Positiveversus no delta-lactate in patients severe hyperlactatemia

Characteristic Positive A Lactate “Yes” Positive A Lactate “No” p-value
n=119 n=65

Age (years)—median (IQR) 61 (53-73) 67 (57-74) 0.032*
Age > 65 years—n (%) 46 (39) 35 (54) 0.047*
Male sex—n (%) 54 (45) 33 (51) 0.48
BMI (kg/m?—median (IQR) 28 (23-33) 27 (23-31) 0.62
SOFA score (pts.)—median (IQR) 13 (10-15) 14 (12-16) 0.037*
APACHE IV score (pts.)—median (IQR) 110 (85-132) 114 (96-135) 0.18
Septic shock—n (%) 80 (68) 41 (63) 0.52
Ethnicity - - 0.50
African American—n (%) 20 (17) 9(14) -
Asian—n (%) 1(1) 2(3) -
Caucasian—n (%) 81 (69) 46 (72) -
Hispanic—n (%) 6 (5) 5(8) =
Native American—n (%) 3(3) 0(0) -
Other/Unknown—an (%) 7 (6) 2(3) -

Laboratory values

Maximum lactate day 1 (mmol/L)—median (IQR) 12.9 (11.0-15.4) 12.7 (11.4-14.5) 0.84
Baseline lactate > 2 mmol/L—n (%) 118 (99) 63 (97) 0.25
Hemoglobin (g/dL)—median (IQR) 9.7 (8.2-11.2) 10.2 (8.7-11.8) 0.10
White blood count (G/L)—median (IQR) 14.8 (8.4-22.8) 13.4 (4.1-20.0) 0.12
Lymphocyte count (G/L)}—median (IQR) 0.7 (0.4-1.0) 0.7 (0.3-1.3) 0.91
Platelet count (G/L)—median (IQR) 143 (78-240) 99 (58-175) 0.007*
Serum creatinine (mg/dL)—median (IQR) 2.4 (1.7-4.2) 2.8(2.1-3.9) 0.44
Admission diagnosis - - 0.94
Pulmonary focus—n (%) 31 (26) 17 (26) -

Gl focus—n (%) 27 (23) 17 (26) -
Renal focus/UTl—n (%) 20 (17) 9(14) -
Cutaneous/soft tissue focus—n (%) 9(8) 3(5) =
Other focus—n (%) 10 (8) 5(8) -
Unknown focus—n (%) 22 (18) 14 (22) -
Intensive care measures - - -
Mechanical ventilation—n (%) 74 (62) 36 (55) 0.37
Vasopressor use—n (%) 81 (68) 42 (65) 0.63
AK—n (%) 18 (16) 21 (34) 0.006*
LOS (hours)—median (IQR) 134 (59-249) 47 (37-92) <0.001*
LOS >7 days—n (%) 48 (40) 11 (17) 0.001*
ICU mortality—n (%) 50 (42) 55 (85) <0.001
Hospital mortality—n (%) 63 (53) 60 (92) <0.001*

*statistically significant

AKl acute kidney injury, APACHE IV Acute Physiology And Chronic Health Evaluation, BM/ body mass index, G/ gastro-intestinal, /CUintensive care unit, /QR in-
terquartile range, LOS length of stay, pts. points, SOFA sequential organ failure assessment, UT/ urinary tract infection

Survivors versus non-survivors in severe
hyperlactatemia

Survivors in the severe hyperlactatemia group were
younger compared to non-survivors (60 (IQR 50-72)
vs. 66yrs. (IQR 58-75), p<0.001), and had lower
APACHE IV- (98 vs. 116 points, p<0.001) but not
SOFA-scores (both 12 points, p=0.22). No difference
was shown for focus of infection (p=0.14) or ethnicity
(p=0.92). Regarding secondary endpoints, survivors
had significantly longer ICU stays (117 vs. 26hrs,;
p<0.001), for all other endpoints (mechanical venti-

lation: 57 vs. 59%, p=0.69; vasopressor use: 64 vs.
70%, p=0.26; AKI 16 vs. 25%, p=0.091) no significant
difference was observed. A detailed overview is given
in Table 2.

Delta-lactate in severe hyperlactatemia

As for individuals in group 3 with a positive delta-
lactate, patients were again younger (median age 61
vs. 67 years; p=0.032) and had lower SOFA (13 vs.
14 points; p=0.037) but not APACHE IV scores (110
vs. 114 points; p=0.18) compared to patients without

@ Springer Hyperlactatemia and altered lactate kinetics are associated with excess mortality in sepsis
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Lactate >5 & <10mmol/l (n=1,056)

Survived (n=98)

N
N

Deceased (n=362)
Lactate <Smmol/l (n=9,208) \

Mortality: 92%

No positive ALactate/24 hrs.

7 Mortality: 53%

10,724 septic patients 460 with severe hyperlactatemia

Positive ALactate/24 hrs.

Fig. 1 Of atotal of 10,724 septic patients from the elCU Col-
laborative Research Database, 9208 individuals (85.9%) had
low (serum lactate < 5mmol/l), 1056 patients (9.8%) moderate
(serum lactate = 5 and < 10mmol/l) and 460 participants (4.3%)
severe hyperlactatemia (= 10mmol/l). Of all patients with se-

a positive delta-lactate. With regards to the out-
come analysis, patients with a positive delta-lac-
tate showed significantly higher survival rates (ICU
mortality 42 vs. 85%, p<0.001; hospital mortality
53 vs. 92%, p<0.001), as well as longer ICU stays (134
vs. 47h; p<0.001), lower rates of AKI (16 vs. 34%;
p=0.006) but no differences with respect to mechani-
cal ventilation or vasopressor use. A detailed overview
is provided in Table 3. An overview of the results is
given in the form of a graphical abstract in Fig. 1.

Sensitivity analysis

Sensitivity of severe hyperlactatemia for hospital mor-
tality was 18%, specificity 99%, the LR+ was 15.7, the
LR- was 0.83. Severe hyperlactatemia was associated
with increased odds for hospital mortality (aOR 18.7;
95% CI 14.5-24.2; p<0.001) and remained so after
adjustment for APACHE-IV (aOR 7.5 95% CI 5.7-9.9;
p<0.001).

Discussion

In our work on 10,724 septic patients, we observed ex-
cessive mortality in the presence of severe hyperlac-
tatemia (=10mmol/]l) in the first 24h. Furthermore,
a high specificity (99%) was observed, which means
that only very few patients are attributed an erro-
neously poor outcome with this finding. On the other
hand, the overall high mortality rates in sepsis (even
in absence of severe hyperlactatemia) are explanatory
for the low sensitivity. In addition, we could show
that a positive delta-lactate in the first 24h is a valid
prognostic indicator for a better outcome.

vere hyperlactatemia, 98 (21%) survived and 362 (79%) died.
Patients from the severe hyperlactatemia group with a positive
delta lactate at 24 h had significantly lower in-hospital mortality
(53%) than patients without a positive 24-h delta lactate (92%,
p<0.001)

Nowadays, a shift of paradigm away from the hy-
poxic genesis, to lactate as a source of energy in shock
and indicator of stress at the cellular level even in nor-
moxemic states, can be observed [12]. Multiple stud-
ies found various constellations of serum lactate to be
associated with mortality in all different kinds of crit-
ically ill patients in the past which makes its value in
critical care undisputed [13]. Whether changes over
time, absolute values, and/or specific cut-offs are bet-
ter predictors will not be the subject of the following
discussion and content of this paper. We would like
to address the following question “What distinguishes
patients with severe hyperlactatemia from others and
what are its therapeutic implications?”

To briefly review the existing literature, two large-
scale studies on general ICU populations have in-
vestigated the sequelae of severe hyperlactatemia
in the past. Haas et al. evaluated severe hyper-
lactatemia and lactate kinetics (first 12h) in a large
patient collective of 14,040 unselected ICU patients.
They also found high ICU mortality rates (78.2%) in
patients with severe hyperlactatemia (=10mmol/l),
and individuals with persistent hyperlactatemia had
even worse outcomes (96.6% ICU mortality if 12-h
lactate clearance <32.8%) [8]. Gharipour et al. also
investigated whether severe hyperlactatemia and 12-h
lactate clearance were good prognostic parameters in
their analysis on 23,598 general ICU patients of the
MIMIC III database. They also found a high ICU mor-
tality in patients with a maximum lactate >10mmol/l
(65%), as well as in individuals with a lactate “clear-
ance” <0% (88.7%) [14]. Masyuk et al. performed
another interesting study when they assessed delta-
lactate (between days 1 and 2) in 2191 ICU patients.
They found a delta-lactate <19% to be associated

Hyperlactatemia and altered lactate kinetics are associated with excess mortality in sepsis
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not only with lower in-hospital but even long-term
survival (up to 9 years of follow-up) [15]. To our
knowledge, our study is the largest outcome analysis
of purely septic patients with severe hyperlactatemia
(=10mmol/l).

Regarding the observed age-related differences in
our study, with younger patients in the severe hyper-
lactatemia group, possibly age-adjusted lactate cut-
offs could be used in the future. This finding was
already observed in the past, but no general recom-
mendations for age-adjusted lactate thresholds exist
to date [16, 17]. Cannon et al. in their study on 8796
emergency department patients were able to show
higher mean lactate levels in younger nonsurvivors
compared to older patients and also suggested to
adjust conventional lactate thresholds for age [18].
Whether a causal relationship exists in our study or
if younger critically ill patients were admitted more
often to ICUs compared to older individuals with the
same clinical constellation cannot be differentiated
from our set of data. Likewise, our study shows dif-
ferences with respect to ethnicity, which we cannot
explain with certainty, although this finding has al-
ready been shown in other publications [17, 19]. It
may be possible to adapt lactate thresholds to ethnic-
ity analogously to the estimated glomerular fraction
rate (e.g. CKD-EPI formula), although this would re-
quire large-scale, age-stratified studies with healthy
and diseased patients. Nevertheless, it is probably not
sufficient to link measurements to ethnicity alone,
without including socioeconomic and environmental
data to avoid bias [20, 21]. It should also be noted
that our study did not show any differences in terms
of ethnicity, with regards to actual mortality or delta-
lactate in the severe hyperlactatemia group.

The differences in terms of higher APACHE-IV
and SOFA scores, as well as a higher incidence of
septic shock in the severe hyperlactatemia group is
not surprising, as lactate values correlate with disease
severity and therefore sicker patients usually evidence
higher lactate levels [12, 22]. Also, higher creatinine
levels are to be expected in the sicker patient popula-
tion of individuals with severe hyperlactatemia, as AKI
is common in septic patients and sicker patients gen-
erally have higher rates of renal failure [23]. Whether
patients with worse renal function due to AKI metab-
olize lactate to a lesser extent cannot be answered in
this way, nor does our work show a statistically sig-
nificant correlation between serum creatinine, severe
hyperlactatemia and survival or positive delta-lactate.
Also, lactate per se is not the root of the problem,
only the lack of lactate utilization in the presence of
AKI could indicate metabolic failure, as the kidneys
are responsible for about 50% of the body’s lactate
metabolism [13].

Hematologic alterations in septic patients are com-
mon [24]. In our study, we were able to show signifi-
cant differences for hemoglobin values, thrombocyte
and lymphocyte counts, as well as a trend in absolute

leukocyte counts. The frequency of anemia in sepsis
has already been reported in various studies, although
it is not a strong risk predictor by itself [24]. White
blood cell counts are also frequently altered in septic
patients, but are considered a nonspecific marker of
disease severity [25]. Of interest are changes in leuko-
cyte subpopulations; for example, relative lymphope-
nia in particular is often observed in hyperinflamma-
tion, whereas absolute counts of lymphocytes are of-
ten elevated as various lymphocyte subpopulations
like natural killer cells or regulatory T-cells are up-
regulated in general inflammation [26]. In our study;,
a particularly strong difference is seen with respect to
platelet counts between the different lactate groups.
Thus, the lowest platelet counts were observed in the
severe hyperlactatemia group, and also here, the low-
est counts were seen in nonsurvivors. Furthermore,
patients lacking a positive delta-lactate also had lower
platelet counts than their counterparts. Thrombocy-
topenia in sepsis is common, because sepsis is often
associated with excessively activated coagulation and
platelets also play an important role in the general im-
mune response [27]. In particular, septic patients with
a lack of resolution of thrombocytopenia were shown
to suffer from a higher mortality [28]. This is interest-
ing, as in our study patients without a positive delta-
lactate also had significantly lower platelet counts.
A combined model of positive delta-lactate with reso-
lution of thrombocytopenia would be interesting here
to map the lack of improvement of the generalized
disturbances by combining a volatile marker (delta-
lactate) with a more laggard parameter (resolution of
thrombocytopenia).

Regarding the focus of infection, significantly more
patients with unknown or abdominal focus were ob-
served in the severe hyperlactatemia group, whereas
pulmonary or urologic foci were most frequently
causative in patients with lactate <5mmol/l. There
is no clear explanation for this finding, nor is much
data available. Kang et al. showed a similar finding
in their work, but large studies focusing on this topic
do not exist [29]. Also, the usefulness of such studies
is questionable, as lactate per se is not indicative of
the underlying etiology. Nevertheless, it supports the
relevance of hyperlactatemia under normoxemia, as
one would expect hypoxic conditions especially in
pulmonary disease with respiratory compromise.

If one looks at the secondary endpoints, patients
with severe hyperlactatemia are clinically sicker pa-
tients, as they need more vasopressors and mechani-
cal ventilation and have a worse outcome. We inter-
pret our findings as one should see lactate and sep-
sis, namely as deranged pathophysiology on the tissue
level. Lactate is neither the cause of the problem, nor
the problem itself, sepsis is a dysregulated state with
increased generation of lactate by hypermetabolism
on the one hand and underutilization as an expres-
sion of metabolic arrest on the other hand. Lactate
is an indicator of stress, but also an important energy
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source in the shock state. Future studies should ad-
dress why it cannot be utilized in some patients, not
how to degrade it.

Limitations

In addition to the retrospective nature of this study,
one limitation is that patients were not classified
by the recent “Sepsis-3” definition but according to
APACHE IV. Nevertheless, we think that due to the
large number of patients and, moreover, uniform
classification, the scientific value of our work is not
compromised. Also, lactate values from the second
day after admission are missing in some patients,
which is why the delta-lactate could only be calcu-
lated for part of the patients. Furthermore, long-term
outcome data are not available, although we were
able to obtain at least hospital mortality in addition
to ICU mortality.

Conclusion

Our large-scale analysis on over 10,000 patients with
sepsis shows high mortality in patients with severe
hyperlactatemia (=10mmol/]) in the first 24 h, espe-
cially when no trend towards sufficient utilization is
discernible. Due to the high specificity, such a finding
should be included in treatment decisions, especially
if other clinical factors are present that speak against
further treatment escalation. Future studies should
particularly address the underlying cause of hyperlac-
tatemia and underutilization of lactate in sepsis, to
consider possible therapeutic approaches.
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