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Abstract

Purpose: The aim of this study was to check if serum lactate was independently associated with mortality among critically ill
patients. Materials and Methods: This was a single-center, retrospective cohort study. All adult patients (> 18 years of age) who
had at least | measurement of lactate within 24 hours of admission to intensive care unit (ICU) between January 2002 and
December 2017 were included in the analysis. Patients were stratified into 3 groups: those with a serum lactate of <2 mmol/L
(normal level), 2 to 4 mmol/L (intermediate level), and >4 mmol/L (high level). The primary outcome was in-hospital mortality.
Secondary outcomes included ICU and hospital lengths of stay and mechanical ventilation duration. To determine the association
between lactate level and hospital mortality, bivariate and multivariate logistic regression analyses were performed. Results: Of
the 16,447 patients admitted to the ICU, 8167 (49.65%) had normal levels, 4648 (28.26%) had an intermediate, and 3632 (22.09%)
had high lactate levels. Hospital mortality was the highest in high lactate level, followed by the intermediate and the normal level
group (47.4% vs 26.5% vs 19.6%; P < .0001). Intermediate and high lactate levels were independent predictors of hospital mortality
(odds ratio [OR], 1.32; 95% confidence interval [CI]: 1.20-1.46, and 1.94; 95% ClI, 1.75-2.16, respectively) as well as ICU mortality
(OR, 1.47; 95% ClI, 1.30-1.66 and 2.56; 95% CI, 2.27-2.88, respectively). Conclusions: Intensive care unit serum lactate is
associated with increased ICU and hospital mortality, independent of comorbidities, organ dysfunction, or hemodynamic status.
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presence of an infection.” Moreover, studies in the intensive
care literature have also looked at the effect of lactate on inten-
sive care unit (ICU) mortality.'*'> A study by Soliman and
Vincent showed that patients admitted to an ICU with a lactate
>2 mmol/L was associated with a 23% mortality.'> All of these
studies were limited by a small sample size. The aim of this

Introduction

Sepsis is a life-threatening organ dysfunction caused by a dys-
regulated host response to an infection. Shock is a subset of
sepsis in which particularly profound circulatory, cellular, and
metabolic abnormalities are associated with a higher risk of
mortality than with sepsis alone.' In shock states, adenosine
triphosphate production is accomplished through the anaerobic
metabolism of glucose. This process leads to the production of
lactate.”> Normal lactate levels in the blood are <2 mmol/L.
Lactate buildup is a marker of tissue hypoperfusion in patients
with sepsis and has been associated with increased morbidity
and mortality in a diverse patient population, including trauma,
sepsis, multiple organ failure, and elderly patients.*'! The sur-
viving sepsis campaign (SSC) recommended that lactate levels
be drawn for risk stratification of all patients with sepsis.'*'?
Several studies have looked at lactate’s prognostic role in the
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emergency department.”'® A study done by del Portal et al
showed that among elderly patients presenting to the emer-
gency department, an elevated lactate >2 mmol/L was associ-
ated with a 2 times increase in mortality, regardless of the
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study is to ascertain if serum lactate is independently associated
with mortality among critically ill patients admitted to a mixed
surgical and medical ICU.

Methods

This is a single-center, retrospective cohort study conducted in
an academic ICU of a large tertiary care center. All adult
patients (>18 years of age) who had a lactate measurement
within 24 hours of admission to the ICU between January
2002 and December 2017 were included in the analysis. Lac-
tate was measured on admission to ICU by sending venous or
arterial blood to the hospital central laboratory and was mea-
sured via Abbott Laboratories, Abbott Park, Illinois, with a
limit of detection of 0.006 mmol/L. Patients were stratified into
3 groups: those with a serum lactate of <2 mmol/L (normal
level), 2 to 4 mmol/L (intermediate level), and >4 mmol/L
(high level). Although the latest SSC guidelines have dropped
the lactate cutoff from 4 to 2, we chose to have 3 different
groups for several reasons.'® First, this study is based on pre-
vious small studies that have shown that an elevated lactate
correlates directly with mortality and that correlation is stron-
gest with a lactate >4 mmol/L."*!” Since those studies were
limited by their small sample size, we wanted to see if we can
reproduce and corroborate their finding. Furthermore, the SSC
stratification applies only to patients with sepsis and our aim
was to investigate the value of lactate levels on all ICU admis-
sions without restriction to patients with sepsis. For patients
with multiple lactate measurements, the highest value of lactate
level within the first 24 hours of ICU admission was recorded
and entered into the database, and this value was used for
analysis. Patients were excluded if they did not have a serum
lactate drawn. For patients who were admitted more than once
to the ICU within the same hospitalization, we included the
first admission only.

Variables that were collected included the patients’ age,
gender, acute physiology and chronic health evaluation
(APACHE) II score, admission diagnosis category, vital signs
at presentation, severe chronic comorbidities as defined by
APACHE 1I system,'® history of cirrhosis, history of diabetes,
Glasgow Coma Scale, presence of sepsis on admission (as
defined by Sepsis-2 criteria),'”*® mechanical ventilation
requirement in the first 24 hours of admission, the ratio of
partial pressure of oxygen to the fraction of inspired oxygen
(PaO,/Fi0,), requirement for vasopressors (defined as use of
any vasopressor infusion except dopamine <5 pg/kg/min),
admission bilirubin, creatinine, lactate, international normal-
ized ratio (INR), requirement for renal-replacement therapy,
ICU and hospital mortality, ICU and hospital length of stay
(LOS), and mechanical ventilation duration (MVD). Low-
dose dopamine (<5 pg/kg/min) was not considered a vasopres-
sor in our study because it had been used in critically ill patients
with early signs of renal dysfunction with the hopes of better
perfusion of the kidney. However, this practice stopped during
our study since new literature showed that low-dose dopamine
can’t reverse renal dysfunction and can increase myocardial

oxygen demand, leading to myocardial ischemia, especially
in patients with heart disease.*'*** The primary outcome of the
study is in-hospital mortality. Secondary outcomes included
ICU and hospital LOS, and MVD. Furthermore, patients were
stratified according to survival to hospital discharge, and LOS
was calculated for the survivors as well.

Statistical Analysis

Statistical analysis software (SAS), version 9.0 (SAS Institute,
Cary, North Carolina) was used to analyze the data. Continuous
data are presented as means (standard deviations [SD]) or as
median (interquartile ranges [IQR]) as appropriate, and cate-
gorical data, as frequencies and percentages. The % or analysis
of variance was used to test significant differences among study
groups.

To determine the association between lactate level and hos-
pital mortality, bivariate and multivariate logistic regression
analyses were performed. The variables entered in the model
were selected based on statistical as well as on clinical signifi-
cance. The variables entered in the model included age, gender,
APACHE I score, admission diagnosis, presence of sepsis,
mechanical ventilation, history of cirrhosis, and vasopressor
use. We tested the effect modification of selected subgroups
on the association between lactate level and mortality. These
subgroups included the following: male versus female, age
older than 50 years versus age younger than 50 years, sepsis
versus no sepsis, diabetes versus no diabetes, admission diag-
nosis, mechanical ventilation versus no mechanical ventilation,
and vasopressor use versus no vasopressor use. Results were
reported as odds ratio (OR) and 95% confidence interval (CI).
A P value <.05 was considered statistically significant.

Results
General Population

Of a total of 24 473 admissions in the ICU during the study
period, 797 (3.2%) were excluded because they were readmis-
sions. Among the remaining admissions, 16 447 patients who
had lactate levels measured within 24 hours of admission to ICU
were included in the study, 8167 (49.65%) patients had a normal
lactate level, 4648 (28.26%) had an intermediate lactate level,
and 3632 (22.09%) patients had high lactate level. Table 1
describes the baseline characteristics of these patients. The mean
age was 54.93 (20.3) years; 39% of patients were female. The
mean APACHE 11 score was 21.59 (19.69). Of all the patients,
26.5% were diagnosed with sepsis; 61.6% were mechanically
ventilated; and 44.6% received vasopressors. The mean lactate
was 3.15 (3.33) mmol/L. The median (IQR) ICU and hospital
LOS were 3.88 (8.66) and 22.00 (36.00) days, respectively.

Baseline Characteristics of Patients
With Intermediate Lactate

Compared with the normal lactate group, patients with inter-
mediate lactate levels were younger (54.01 [21.69] vs 54.77
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Table I. Baseline Characteristics of the Whole Cohort.

Variable N = 16 447
Female gender, N (%) 6409 (39.0)
Age, years, mean (SD) 54.93 (21.44)
Admission diagnosis category, N (%)
Respiratory 3287 (20.0)
Cardiovascular 5866 (35.7)
Neurologic 1371 (8.3)
Other medical 981 (6.0)
Nonoperative trauma 1663 (10.1)
Postoperative 3263 (19.9)
Admission category, N (%)
Nonoperative 13 184 (80.2)
Postoperative 3263 (19.8)
Diabetes, N (%) 6587 (40.1)
Sepsis, N (%) 4365 (26.5)
Chronic comorbidities, N (%)
Cirrhosis 1261 (7.7)
Cardiovascular 3447 (21.1)
Respiratory 2422 (14.8)
Renal disease 1897 (11.6)
Immunodeficiency 1650 (10.1)
Mechanical ventilation, N (%) 10 124 (61.6)
Hemodialysis, N (%) 2848 (17.4)
Vasopressor use, N (%) 7337 (44.6)
APACHE I, mean (SD) 21.69 (19.69)
Bilirubin, umol/L, mean (SD) 40.76 (89.50)
GCS, mean (SD) 11.18 (4.18)
Creatinine, pmol/L, mean (SD) 156.56 (161.98)
Lactic acid, mg/dL, mean (SD) 3.15 (3.33)
INR, mean (SD) 1.55 (1.00)

PaO,/FiO,, mean (SD) 247.37 (137.03)

Abbreviations: APACHE Il, Acute Physiology and Chronic Health Evaluation II;
GCS, Glasgow Coma Scale; ICU, intensive care unit; INR, international normal-
ized ratio; PaO,/FiO,, the ratio of partial pressure of oxygen to the fraction of
inspired oxygen; SD, standard deviation.

[21.78]; P < .0001), had higher APACHE II scores (21.03
[8.69] vs 19.94 [25.89]; P < .0001), were more likely to have
chronic liver disease (9.1% vs 5%; P < .0001) and sepsis on
admission (25.1% vs 23.1%), were more likely to receive vaso-
pressors (45.6% vs 33.2%; P < .0001), and had higher INRs
(1.5310.92] vs 1.35 [0.72]; P <.0001). All the results stratified
by lactate levels are summarized in Table 2.

Baseline Characteristics of Patients With High Lactate

Patients with high lactate were older than the normal lactate
group (56.46 [20.28] vs 54.77 [21.78]; P < .0001), had higher
APACHE 1I scores (26.68 [9.91] vs 19.94 [25.89]; P <.0001),
and were more likely to have chronic liver disease (15.2% vs
5%; P <.0001) and renal disease (14.2% vs 11.5%; P <.0001).
They were also more likely to have sepsis on admission (36.2%
vs 23.1%; P <.0001), were more likely to require vasopressors
(69% vs 33.2%; P < .0001), and had higher INRs (2.02 [1.41]
vs 1.35 [0.72]; P <.0001). All the results stratified by lactate
levels are summarized in Table 2.

Outcomes of Patients With Hyperlactatemia

Hospital mortality was the highest in patients with high lactate,
followed by the intermediate group and the normal group
(47.4% vs 26.5% vs 19.6%; P < .0001). Similarly, ICU mor-
tality was higher in the high lactate group as compared to the
intermediate and normal lactate groups (36.2% vs 15.8% vs
9.8%; P <.0001). Patients with intermediate lactate levels had
a longer duration of mechanical ventilation (median of
2.00 days, IQR of 7.00 days vs 1.00 days, IQR of 6.00) but a
shorter hospital and ICU LOS (median of 22.00, IQR of 35.00
vs 23.00, IQR of 40.00 for the hospital LOS, and median of
3.82, IQR of 8.39 vs 3.99, IQR 8.63) than those with normal
lactate. Similar to the intermediate lactate group, patients with
a high lactate had a longer duration of mechanical ventilation
(median of 3.00, IQR of 8.00 days vs a median of 1.00, IQR of
6.00 days) but a shorter hospital LOS (median of 18.00 days,
IQR of 30.00 days vs 24.00 days, IQR of 42.00). However,
when restricted to survivors, there were no statistically signif-
icant differences in LOS. However, among survivors, patients
with a high lactate were found to have a longer duration of
mechanical ventilation (median of 2.00, IQR of 7.00 days vs
amedian of 0.00, IQR 0f4.00 days). All results are summarized
in Table 3. On multivariate logistic regression analysis, both
intermediate and high lactate levels were found to be indepen-
dent predictors of hospital mortality (lactate 2-3.99 mmol/L;
OR, 1.32;95% CI, 1.20-1.46 and lactate >4 mmol/L; OR, 1.94;
95% CI, 1.75-2.16, respectively) as well as ICU mortality (lac-
tate 2-3.99 mmol/L; OR, 1.47; 95% CI, 1.30-.66 and lactate >4
mmol/L; OR, 2.56; 95% CI, 2.27-2.88, respectively).

Subgroup Analysis

The association between lactate levels and hospital mortality in
different subgroups is presented in Table 4. The effect of the
association between intermediate lactate compared to normal
lactate and mortality was similar across all subgroups, whereas
for high lactate levels compared to normal lactate, the associ-
ation with mortality was found to be stronger in patients <50
years of age (OR, 2.21 [95% CI, 1.80-2.71] vs 1.81 [95% CI,
1.60-2.04]), in patients who received vasopressors (OR, 2.17
[95% CI, 1.90-2.48] vs 1.57 [95% CI, 1.31-1.89]). The associ-
ation with mortality was found to be weaker in diabetics (OR,
1.68 [95% CI, 1.44-1.97] vs 2.19 [95% CI, 1.90-2.53]). Finally,
the association between lactate levels and ICU mortality in
different subgroups are summarized in Table 5.

Discussion

The results of this study have shown that among critically ill
patients admitted to an ICU, intermediate lactate levels and
high lactate levels were independently associated with an
increased hospital mortality (ORs, 1.32 and 1.94) as well as
an increased ICU mortality (ORs, 1.47 and 2.56, respectively)
compared to normal lactate levels. These observations
strengthen the evidence that a single serum lactate
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Table 2. Baseline Characteristics of the 3 Lactate Groups.

Normal Lactate

Intermediate Lactate High Lactate (>4 mmol/L),

Variables (<2 mmol/L), N = 8167 (2-3.99 mmol/L), N = 4648 N = 3632 P Value
Female gender, N (%) 3228 (39.5) 1719 (36.9) 1462 (40.2) 0.04
Age, years, mean (SD) 54.77 (21.78) 54.01 (21.69) 56.46 (20.28) <.0001
Admission diagnosis category, N (%)

Respiratory 2066 (25.3) 795 (17.1) 426 (11.7) <.0001

Cardiovascular 2439 (28.9) 1561 (33.6) 1866 (51.4)

Neurologic 880 (10.8) 359 (7.7) 132 (3.6)

Other medical 445 (5.5) 323 (7.0 213 (5.9)

Nonoperative trauma 932 (11.4) 492 (10.6) 239 (6.6)

Postoperative 1399 (17.1) 1112 (24.0) 752 (20.7)
Admission category, N (%)

Nonoperative 6768 (82.9) 3536 (76.1) 2880 (79.3) <.0001

Postoperative 1399 (17.1) 1112 (23.9) 752 (20.7)
Diabetes, N (%) 3373 (41.3) 1715 (36.9) 1499 (41.3) <.0001
Cirrhosis 358 (4.4) 391 (84) 512 (14.1) <.0001
Sepsis 1884 (23.1) 1166 (25.1) 1315 (36.2) <.0001
Chronic comorbidities, N (%)

Liver disease 404 (5.0) 422 (9.1) 550 (15.2) <.0001

Cardiovascular disease 1784 (21.9) 889 (19.2) 774 (21.4) .001

Respiratory disease 1406 (17.3) 599 (13.0) 417 (11.6) <.0001

Renal disease 933 (11.5) 450 (9.7) 514 (14.2) <.0001

Immunodeficiency 711 (8.7) 492 (10.7) 447 (12.4) <.0001
Hemodialysis, N (%) 1265 (15.5) 668 (14.4) 915 (25.2) <.0001
Vasopressor use, N (%) 2707 (33.2) 2119 (45.6) 2511 (69.1) <.0001
APACHE, mean (SD) 19.94 (25.89) 21.04 (8.69) 26.68 (9.91) <.0001
Bilirubin, pmol/L, mean (SD) 29.29 (71.55) 41.86 (91.24) 63.29 (113.43) <.0001
GCS, mean (SD) 11.69 (3.81) [1.25 (4.15) 9.95 (4.74) <.0001
Creatinine, pmol/L, mean (SD) 149.99 (168.45) 142.86 (146.60) 188.83 (161.68) <.0001
Lactic Acid, mg/dL, mean (SD) 1.23 (0.39) 2.77 (0.56) 7.96 (4.24) <.0001
INR, mean (SD) 1.35 (0.72) 1.53 (0.92) 2.02 (1.41) <.0001
PaO,/FiO,, mean (SD) 255.52 (133.17) 257.06 (140.38) 216.75 (136.88) <.0001

Abbreviations: APACHE Il, Acute Physiology and Chronic Health Evaluation Il; GCS, Glasgow Coma Scale; ICU, intensive care unit; INR, international normalized
ratio; PaO,/FiO,, the ratio of partial pressure of oxygen to the fraction of inspired oxygen; SD, standard deviation.

measurement provides useful information in critically ill
patients and support the notion that an admission serum lactate
measurement can be used to assess severity of illness and
inform medical decision-making to improve patient
outcomes.>¥!523

In our study, the majority of patients admitted to the mixed
ICU were nonsurgical cases and majority of patients were in
shock state requiring vasopressors. Hyperlactatemia is fre-
quently seen in critically ill patients, with most studies empha-
sizing tissue hypoxia, characterized by supply-dependent
oxygen consumption, as a leading cause of increased lactate
levels. In addition to sepsis and shock states, lactate elevation
has been noted to occur in other clinical conditions, such as
liver failure, acquired immunodeficiency syndrome, seizures,
ingestions, as well as with the use of metformin for the treat-
ment of diabetes.>*° Moreover, lactic acidosis has been well
established to be a result of epinephrine therapy.27

In 1964, a case series by Broder and Weil suggested that excess
lactate concentrations in patients with shock can indicate a poor
prognosis, with only 15% of patients with hyperlactatemia surviv-
ing.*° Trzeciak et al found that patients with infections and lactate

<2 mmol/L had a mortality of 15% compared with 25% for patients
with lactate 2.1 to 3.9 mmol/L and 38% for those with lactate >4
mmol/L."” In a similar way, we have noticed that an increasing
lactate level was associated with an increased mortality in our
patient cohort as patients with lactate >4 mmol/L had a hospital
mortality of 47.4% and an ICU mortality of 36.2%. A significant
percentage (49.6%) of critically ill patients had a lactate level of
<2 mmol/L. The in-hospital mortality in the normal lactate cohort
was 19.6% and an ICU mortality 0f'9.8%. Although our in-hospital
mortality is higher than the 15% mortality that was reported in the
Trzeciak et al’s study, it remains an important finding in our study
and should alert the intensivist that critically ill patients with nor-
mal admission lactate levels may still have a high risk of dying
during their ICU or hospital stay. This has also been shown in the
literature, where a secondary analysis of the Vasopressin in Septic
Shock Trial, which looked at 665 patients, showed that patients
with lactate levels between 1.4 and 2.3 mmol/L had a significantly
increased risk of 28-day mortality and organ dysfunction com-
pared with those with lactate <1.4 mmol/L.>' A similar study done
at our institution looked at patients with relative hyperlactatemia
and showed that among patients with lactate <2 mmol/L, a cutoff
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Table 3. Multivariate Analysis of the 3 Lactate Groups and Different Clinical Outcomes.?

Intermediate
Lactate
(2-3.99

mmol/L),
N = 4648

Normal
Lactate
(<2 mmol/L),
N = 8167

High Lactate
(>4 mmol/L), P

QOutcomes N = 3632 Value

Lactate 2-3.99 mmol/L P
vs <2 mmol/L Value

Lactate >4 mmol/L P
vs <2 mmol/L Value

Categorical outcomes
ICU 796 (9.8)
mortality
Hospital
mortality
Continuous outcomes
ICU length 3.99 (8.63)
of stay
(median,
IQR)
Hospital
LOS
(median,
IQR)
Mechanical
ventilation
duration
(median,
IQR)
Continuous outcomes among survivors
ICU LOS 321 (7.11)  3.04 (6.80)
(median,
IQR)
Hospital
LOS
(median,
IQR)
Mechanical
ventilation
duration
(median,

IQR)

727 (15.8) 1305 (36.2) <.0001

1596 (19.6) 1228 (26.5) 1717 (47.4) <.0001

382(839) 372(9.11) .09

1.00 (6.00) 2.00 (7.00)  3.00 (8.00) .0l

320 (884) .18

23.00 (40.00) 22.00 (35.00) 26.00 (44.00) .35

0.00 (4.00)  1.00 (5.00)  2.00 (7.00) <.00l

—0.75 (—1.50 to —0.004)

—0.12 (076 to 0.51) 71

—0.87 (—1.73 to —0.004)

—3.25 (~7.04 to 0.54)

—0.07 (—0.73 to 0.58)

OR (95% Cl)
.47 (1.30-1.66)

OR (95% ClI)

<.0001 2.56 (2.27-2.88) <.0001

1.32 (1.20-1.46) <.0001 1.94 (1.75-2.16) <.0001

B Coefficient (95% Cl) B Coefficient (95% Cl)

.05 —2.02 (—2.88 to —1.15)  <.0001

24.00 (42.00) 22.00 (34.00) 18.00 (30.00) <.0001 —6.69 (—9.85to —3.72) <.0001 —13.92 (—17.37 to —10.47) <.0001

—0.71 (—143t0 0.008) .05

.05 —0.61 (—1.70 to 0.47) 27

09 2385 (~7.58 to 1.89) 24

.83 0.40 (—0.43 to 1.23) .34

Abbreviations: APACHE I, Acute Physiology and Chronic Health Evaluation II; Cl, confidence interval; ICU, intensive care unit; INR, international normalized

ratio; IQR, interquartile range; OR, odds ratio.

*The following variables were included in the model: lactate group, hemodialysis, mechanical ventilation duration, INR, admission diagnosis category, vasopressor
use, cirrhosis, APACHE Il, chronic renal disease, sepsis, chronic respiratory disease, gender, and age.

level of 1.35 mmol/L was associated with increased hospital mor-
tality (OR, 1.60; 95% CI, 1.29-1.98).>% Furthermore, It has been
reported that 24% to 34% of patients with severe sepsis and septic
shock have lactate levels within the reference range, and the inten-
sivist should be aware that although lactate plays an extremely
important prognostic role, it is important to be vigilant when deal-
ing with critically ill patients.®!

Another important finding in our study was the prognostic
value of lactate independent of hemodynamic status. In our
study, among patients who did not require vasopressors during
their ICU stay, those who had a high lactate had 2 times the
odds of dying during their ICU compared to those with a nor-
mal lactate. This is in accordance with the literature where a
study by Howell et al suggested that serum lactate was associ-
ated with mortality independent of blood pressure.*® Our
results offer further validation and on the work by Howell

et al and further support the notion that a single serum lactate
measurement seems to risk-stratify patients independent of
organ dysfunction and hemodynamic stability. Puskarich et al
had similar findings in 2011 when they compared patients with
sepsis in overt shock with blood pressures <90 mm Hg, to
normotensive patients with a lactate >4 mmol/L. They found
that both groups had similar mortalities.**

In addition to the association between hyperlactatemia and
mortality, we noted that there was an association between lac-
tate level and duration of mechanical ventilation, as the patients
who had a higher lactate value had a more prolonged duration
on the ventilator. Jin et al found similar results when they
looked at 121 patients with type A aortic dissection repair.
They were able to show that lactate level was a predictor of
prolonged mechanical ventilation (OR, 1.189; 95% CI, 1.026-
1.377).3 > Furthermore, in our study, a lactate >4 mmol/L was
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Table 4. Multivariate Subgroup Analysis by Different Baseline Characteristics for the Association Between the 3 Lactate Groups and Hospital

Mortality.
Normal Intermediate OR (95% Cl)
Lactate Lactate High Lactate  (Intermediate OR (95% Cl)
(<2 mmol/L), (2-3.99 mmol/L), (>4 mmol/L), Lactate Vs Low (High Lactate Vs P Value

Variables N = 8167 N = 4648 N = 3632 Lactate) P Value Normal Lactate) P Value Interaction
Sex 0.33

Male 925 (18.8) 740 (25.3) 992 (45.8) 1.32(1.16-1.49) <.0001 2.07 (1.81-2.37) <.0001

Female 671 (20.8) 488 (28.5) 725 (49.8) 1.34 (1.14-1.57) .0003 1.77 (1.49-2.09) <.0001
Age 0.0004

<50 298 (9.6) 276 (14.7) 418 (33.7) 1.40 (1.15-1.69) .0008 2.21 (1.80-2.71) <.0001

>50 1298 (25.7) 952 (34.5) 1299 (54.5) 1.31 (1.17-1.47) <.0001 1.81 (1.60-2.04) <.0001
Diabetes 0.05

No 753 (15.7) 668 (22.8) 922 (43.3) 1.42 (1.23-1.62) <.0001 2.19 (1.90-2.53) <.0001

Yes 843 (25.1) 560 (32.8) 795 (53.2) 1.23(1.07-1.43) .004  1.68 (1.44-1.97) <.0001
Sepsis 0.08

No 1042 (16.6) 778 (22.4) 967 (42.8) 1.36 (1.21-1.53) <.0001 2.13 (1.87-2.43) <.0001

Yes 554 (29.5) 450 (38.6) 750 (57.3) 1.26 (1.06-1.51) .0l 1.66 (1.38-1.98) <.0001
Mechanical ventilation 0.13

No 344 (94) 260 (14.7) 216 (24.6) 1.46 (1.22-1.76) <.0001 2.10 (1.70-2.60) <.0001

Yes 1252 (27.8) 968 (33.8) 1501 (54.7) 1.27 (1.13-1.42) <.0001 1.86 (1.64-2.10) <.0001
Operative 0.10

No 1488 (22.0) 1093 (31.0) 1538 (53.5) 1.30 (1.17-1.44) <.0001 2.0l (1.80-2.25) <.0001

Yes 108 (7.7) 135 (12.1) 179 (23.8) 1.44 (1.07-1.93) .02 1.67 (1.22-2.27) .00l
vasopressors 0.02

No 775 (14.2) 452 (17.9) 274 (24.5) 1.41 (1.22-1.63) <.0001 1.57 (1.31-1.89) <.0001

Yes 821 (30.4) 776 (36.7) 1443 (57.6) 1.30 (1.14-1.49) .0001 2.17 (1.90-2.48) <.0001
Chronic cardiac disease 0.8l

No 1143 (17.9) 906 (24.2) 1290 (45.2) 1.28 (1.14-1.44) <.0001 1.74 (1.54-1.97) <.0001

Yes 453 (25.5) 322 (36.3) 427 (55.3) 1.43(1.18-1.74) .0003 2.34 (1.91-2.90) <.0001
Chronic 0.76

respiratory disease

No 1267 (18.8) 1040 (25.7) 1498 (46.7) 1.32 (1.18-1.47) <.0001 1.82 (1.62-2.05) <.0001

Yes 329 (23.4) 188 (31.5) 219 (52.8) 1.27 (1.00-1.61) .05 2.29 (1.75-3.00) <.0001
Cirrhosis 0.88

No 1435 (18.4) 1004 (23.6) 1335 (42.9) 1.31 (1.18-1.45) <.0001 1.97 (1.76-2.20) <.0001

Yes 161 (45.1) 224 (57.3) 382 (74.8) 1.52 (1.08-2.14) .02 1.77 (1.25-2.51) .00l

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

associated with a shorter hospital LOS than normal lactate.
Given that our subgroup of patients with intermediate and high
lactate had high mortalities, it is likely the cause of their shorter
LOS.!%15 However, when restricted to survivors, there was no
difference in hospital or ICU LOS among lactate groups.

It is well established that lactate metabolism is dependent on
hepatic and renal excretion.®*%*7 Lactate elevation in patients with
liver dysfunction can be challenging for physicians, who are faced
with the task of figuring out if the lactate elevation is arising from the
acute illness or from an impaired clearance from the liver impair-
ment. In our cohort of patients, an elevated lactate was associated
with higher odds of mortality, regardless of hepatic dysfunction.

Our study should be viewed in terms of its strengths and lim-
itations. The strengths of this study include its large sample size
and the analysis of prospectively collected data by a full-time
research physician. In order to avoid different lactate measure-
ments, all lactate blood samples were taken to a centralized
laboratory. No point of care testing was done. However, this study
is single centered, from a tertiary care center that is a referral for

the region and deals with very challenging patients, which would
explain the high mortality rate. As such, our results might not be
generalizable to other institutions. Lactate levels were not mea-
sured on all patients, and therefore, 29.5% of patients admitted to
the ICU were excluded. Although this is a large number of
excluded patients, we believe that our sample size is sufficiently
large to draw statistically significant conclusions. Furthermore,
our study is based on the old sepsis definitions. The SSC dropped
the lactate cutoff from 4 to 2 mmol/L."® Even though our results
show an increased mortality with rising lactate, it is important to
apply our results to the latest guidelines. The analysis was per-
formed using a single lactate value. We do not have data about
serial lactate measurements and therefore cannot look at lactate
clearance as a predictor of mortality. Lastly, it is important to note
that the highest lactate level within the first 24 hours was entered
in the database. Serial rising lactates could be indicative of wor-
sening clinical deterioration and suboptimal resuscitation efforts,
which would indicate a high risk of mortality as is. Conversely,
rising lactate levels can indicate actual improvement in
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Table 5. Multivariate Subgroup Analysis by Different Baseline Characteristics for the Association Between the 3 Lactate Groups and ICU

Mortality.
Intermediate OR (95% ClI)
Normal Lactate Lactate High Lactate (Intermediate OR (95% ClI)
(<2 mmol/L), (2-3.99 mmol/L), (>4 mmol/L), Lactate vs Normal P (High Lactate vs P P Value
Variables N = 8167 N = 4648 N = 3632 Lactate) Value Normal Lactate) Value Interaction
Gender 0.70
Male 474 (9.7) 435 (15.0) 738 (34.3) 1.42 (1.22-1.66) <.0001 2.6 (2.24-3.05) <.0001
Female 322 (10.1) 292 (17.1) 567 (39.0) 1.56 (1.28-1.89) <.0001 2.47 (2.03-2.99) <.0001
Age 0.20
<50 179 (5.8) 188 (10.1) 326 (26.3) 1.47 (1.17-1.85) .001 230 (1.82-2.91) <.0001
>50 617 (12.3) 539 (19.7) 979 (41.3) 1.48 (1.29-1.71) <.0001 2.62 (2.28-3.02) <.0001
Diabetes 0.34
No 428 (9.0) 430 (14.8) 712 (33.6) 1.47 (1.25-1.73) <.0001 2.43 (2.06-2.86) <.0001
Yes 368 (11.0) 297 (17.5) 593 (39.8) 1.45 (1.21-1.74) <.0001 2.74 (2.29-3.27) <.0001
Sepsis 0.41
No 501 (8.0) 443 (12.8) 710 (30.8) 1.48 (1.28-1.72) <.0001 2.79 (2.40-3.24) <.0001
Yes 295 (15.9) 284 (24.8) 595 (45.7) 1.46 (1.18-1.80) .004 223 (1.83-2.73) <.0001
Mechanical ventilation 0.24
No 106 (2.9) 96 (5.5) 107 (12.3) 1.67 (1.24-2.23) .001 2.89 (2.13-3.91) <.0001
Yes 690 (15.4) 631 (22.2) 1198 (43.8) 1.43 (1.26-1.64) <.0001 2.49 (2.19-2.84) <.0001
Operative 0.26
No 741 (11.1) 641 (18.3) 1161 (40.6) 1.45 (1.28-1.65) <.0001 2.66 (2.34-3.02) <.0001
Yes 55 (4.0) 86 (7.8) 144 (19.3) .61 (1.11-2.35) .01 2.26 (1.55-3.29) <.0001
Vasopressors 0.0l
No 335 (6.2) 233 (9.3) 162 (14.6) 1.68 (1.38-2.04) <.0001 2.05 (1.63-2.59) <.0001
Yes 461 (17.2) 494 (23.5) 1143 (45.8) 1.41 (1.21-1.64) <.0001 2.75 (2.38-3.18) <.0001
Chronic cardiac 0.62
disease
No 572 (9.1) 548 (14.7) 991 (34.9) 1.47 (1.28-1.69) <.0001 2.29 (1.99-2.63) <.0001
Yes 224 (12.7) 179 (20.4) 314 (41.0) 1.42 (1.12-1.81) .004 3.03 (2.39-3.84) <.0001
Chronic 0.22
respiratory disease
No 649 (9.7) 611 (15.2) 1141 (35.8) 1.40 (1.23-1.60) <.0001 2.31 (2.03-2.64) <.0001
Yes 147 (10.5) 116 (19.5) 164 (39.4) 1.68 (1.25-2.25) .001  3.23 (2.40-4.37) <.0001
Cirrhosis 0.69
No 706 (9.1) 580 (13.8) 998 (32.2) 1.44 (1.27-1.64) <.0001 2.58 (2.27-2.93) <.0001
Yes 90 (25.3) 147 (37.8) 307 (60.1) 1.60 (1.10-2.33) .0l 2.30 (1.60-3.30) <.0001

Abbreviations: Cl, confidence interval; ICU, intensive care unit; OR, odds ratio.

hemodynamics and clinical status while using epinephrine ther-
apy.>® We believe that in both scenarios, the highest lactate level
will be alarming to physicians, and our study sheds light on the
prognostic role of that lactate level.

Conclusion

Elevated lactate is frequently present in a wide variety of cri-
tically ill patients at ICU admission. Intensive care unit serum
lactate is associated with increased hospital and ICU mortality,
independent of comorbidities, organ dysfunction, or hemody-
namic status. Given the high mortality associated with ICU
patients, the ability to risk-stratify patients in the earliest phase
of their illness may assist clinicians to more effectively manage
the care of these patients to improve their outcomes.
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