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ABSTRACT

OBJECTIVE: To measure the relationship between lactate and mortality in hospital inpatients. Main outcomes of interest were 3-day, 30-day,
and 1-year all-cause mortality.

DESIGN: Retrospective cohort study, October 2011 to September 2013.
SETTING: University-affiliated US Veterans Affairs Hospital.
PATIENTS: All inpatients with lactate level measured during the study period.

MEASUREMENTS: Analysis of peak lactate level (mmol/L) during the most recent admission for patients who died, and peak lactate level
during an admission for surviving patients. Covariates including sepsis, ICU admission, code blue and rapid response calls, medical vs sur-
gical ward, liver disease, kidney disease, and hospice status were recorded.

RESULTS: In total, 3325 inpatients were included; 564 patients had sepsis. Median lactate 1.7 mmol/L (interquartile range [IQR] 1.2-2.6).
The 3-day, 30-day, and 1-year mortality were 2.5%, 10%, and 24%, respectively. A lactate level cutoff of =4 mmol/L had best test character-
istics (sensitivity 52.4%, specificity 91.4%) to predict increased 3-day mortality. Unadjusted risk ratio of death in 3 days for lactate =4 was
10.3 (95% confidence interval [Cl] 6.8-15.7). Patients with sepsis had a consistently higher risk of death compared with patients without sep-
sis for any given level of lactate. Adjusted odds ratio (OR) of 3-day mortality for lactate =4 was 7.6 (95% CI| 4.6-12.5); 30-day mortality was
2.6 (95% CIl 1.9-3.6); and 1-year mortality was 1.8 (95% CI 1.4-2.6). Lactates in the normal range (<1.7) were also independently associated
with 30-day and 1-year mortality.

CONCLUSIONS: Lactate predicts risk of death in all patients, although patients with sepsis have a higher mortality for any given lactate

level. We report the novel finding that serum lactate, including normal values, is associated with long-term mortality.

KEYWORDS: Lactic acidosis, mortality, critical care, sepsis, shock, prognostication

RECEIVED: June 6, 2019. ACCEPTED: June 16, 2019.
TYPE: Original Research

FUNDING: The author(s) received no financial support for the research, authorship, and/or
publication of this article.

DECLARATION OF CONFLICTING INTERESTS: The author(s) declared no potential
conflicts of interest with respect to the research, authorship, and/or publication of this article.

CORRESPONDING AUTHOR: Geoffrey Lighthall, Department of Anesthesia, Pain and
Perioperative Medicine, Stanford University School of Medicine, 300 Pasteur Drive,
Stanford, CA 94035, USA. Email: geoffl@stanford.edu

Introduction
Serum lactate level rises with both accelerated glycolysis and
tissue hypoxia and is known be a predictor of mortality in cer-
tain patient populations.!~* It has been used extensively to risk-
stratify patients with suspected or confirmed sepsis.”® The
Surviving Sepsis Campaign and the National Quality Forum
recommend lactate measurement as a central component in the
management of patients with sepsis.” Previous work has char-
acterized the relationship between lactate clearance and sur-
vival after cardiac arrest, subarachnoid hemorrhage, metformin
ingestion in diabetics, and cardiogenic shock treated with
extracorporeal membrane oxygenation.l® Several studies of
trauma patients have shown lactate levels are significantly
higher in non-survivors than in survivors.”.%11-13

In review of the literature, a rigorous analysis of the associa-
tion between lactate level and mortality risk in unselected
patients, independent of level of care, or type of illness, is lack-
ing. We hypothesized serum lactate as an important predictor

of all-cause mortality in inpatients, regardless of the presence
or absence of sepsis. We also hypothesized medical patients as
more likely to carry higher mortality than surgical patients for
similar lactate values.

Materials and Methods

Design

A retrospective cohort study at a university-affiliated hospital
in the US Veterans Affairs Medical System (VA) was con-
ducted. Study approval was obtained from the VA Research

Committee and Stanford University Human Subjects Panel
(IRB Protocol #15292).

Participants and measurements

All participants with at least one lactate measurement from
October 1, 2011 to September 30, 2013 were eligible for

inclusion. Records were reviewed in the VA electronic
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medical record system. Only inpatients were included, but
lactate levels drawn in the Emergency Department prior to
admission were also included. Serum lactates were collected
from either arterial or venous blood. Typically, samples came
from peripheral venous samples when obtained in the
Emergency department and wards, while samples from arte-
rial catheters were the most common in the ICU. Sampled
blood was transported on ice to the clinical lab, where it was
analyzed within 15 min on a Beckman-Coulter AU system
(Beckman-Coulter, Brea, CA, USA) following manufactur-
er’s instructions for sample collection, handling, and calibra-
tion intervals.* The within-run precision of this system has
a coefficient of variation of <5%.

The highest of all lactate values recorded during a particular
admission was included in the study. For patients with multiple
admissions, those separated by 1 year or more were analyzed as
separate events. If admissions were separated by less than 1
year, only the most recent admission was analyzed, to prevent
over counting of mortality events. At this facility, the cutoft for
an elevated lactate was =1.7 mmol/L.

Outcome of interest

For a given admission, the highest recorded lactate level was
taken as the independent variable, with mortality at 3, 30, and
365 days taken as the primary outcome. Medical and surgical
patients were analyzed separately.

Data collection

Our research group maintains a database of all rapid response
(termed “eTeam”) activations, code blue calls, and ICU admis-
sions. Pertinent data for study patients were extracted from
these databases. Death information was extracted from the VA
electronic records database. If no death date was found in the
patient record, patients were considered to be alive. Only epi-
sodes of true cardiac arrest were included as code blues.
Situations where a code blue was called, but where no cardio-
pulmonary resuscitation (CPR), defibrillation, or intubation
took place, were classified as eTeam calls. A patient was catego-
rized as septic with any of the following criteria: ICD-9 codes
for severe sepsis (995.92), septic shock (785.52), or the pres-
ence of an infection-related ICD-9 code plus a code for an
organ failure or hypotension. History of liver and kidney dis-
ease were also determined by ICD-9 codes. The inpatient ser-
vice at hospital discharge was classified as either medical or
surgical.

Statistical analysis

Statistical analysis was performed using Stata 14 (StataCorp
LP) and Graph Pad Prism 8.0 (Graph Pad Corp). Continuous
variables were reported as means (95% confidence intervals
[Cls]) and medians (inter-quartile ranges). Categorical

variables were reported as counts and percentages. Categorical
data were analyzed using Fisher’s exact test. In some analyses,
lactate levels were converted to ordinal intervals of 1.0 mmol/L;
in analysis of normal lactate levels, intervals of 0.4 mmol/LL
were used. Stratified analysis was conducted by sepsis, eTeam
(rapid response calls), code blue, ICU admission, and service of
discharge. To control for potential confounders (hospice, liver
disease, kidney disease, age, and sex), backward stepwise logis-
tic regression was used. For all statistical tests, an alpha of
<0.05 was considered statistically significant.

Results

15,104 consecutive serum lactate values drawn from a total of
4038 patients were identified. Table 1 shows the demographic
characteristics of patients during the study period. Hospitalized
patients with lactate drawn were significantly older, and about
twice as likely to have septic shock, ICU admission, or cardiac
arrest as the general inpatient population.

A total of 3325 inpatients were included in the final analy-
sis. The flow chart in Figure 1 demonstrates the study screen-
ing and inclusion process. The mean age was 68.8 years (SD
14.2). A total of 564 patients (17%) were diagnosed with sep-
sis; 277 patients (8%) had eTeam activations; 39 patients (1.2%)
had cardiac arrest; and 565 patients (17%) were admitted to the
ICU. Most patients (67%) were admitted to a medical service,
19% were admitted to a surgical service, with the remainder
(14%) unable to be clearly identified as medical or surgical
admissions.

Patients admitted had a median lactate level of 1.7 mmol/L
(interquartile range [IQR] 1.2-2.6); 9.7% of which had peak
lactates =4.0 mmol/L, and 1.3% had levels =10 mmol/L. The
3-day, 30-day, and 1-year mortalities for inpatients with any
lactate level drawn were 2.3%, 8.3%, and 20%, respectively.
These were more than double the mortality rate of all inpa-
tients during this time (Table 1). Of the patients with lactate
analyzed, the mean lactate of those that died was significantly
higher at all mortality intervals. Mean lactate levels among sur-
vivors of 3-day, 30-day, and 1-year survival cutoffs were 2.7
(95% CI: 2.7-2.8), 2.7 (95% CI: 2.6-2.7), and 2.6 (95% CI:
2.6-2.7) mmol/L, respectively. Mean lactates among patients
who died were 6.9 (95% CI: 5.6-8.1), 4.2 (95% CI: 3.8-4.6),
and 3.4 (95% CI: 3.2-3.6) mmol/L, respectively. Survivors and
non-survivors at each time interval were compared by Fisher’s
exact test, with all three intervals statistically different at
P < .0001. Figure 2 shows the risk of death at 3 days, 30 days,
and 1 year for all patients by lactate level, demonstrating a ris-
ing lactate to be associated with an increased risk of death.

Logistic regression was used to control for history of acute
kidney injury, chronic kidney disease, liver disease, sepsis, ICU
admission, code blue, e€Team, hospice, medical service, surgical
service, and age =80 years. The adjusted odds ratio (AOR) of
3-day all-cause mortality for lactate =4 was 7.6 (95% CI 4.6-
12.5); AOR of 30-day all-cause mortality for lactate =4 was
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Table 1. Clinical characteristics of all inpatients and lactate study patients.

CHARACTERISTIC ALL HOSPITAL ADMISSIONS LACTATE ANALYZED LACTATE, ADMITTED P VALUE?2
Number of patients 11 428 4038 3325

Age (SD) 63 (15) 67 (15) 68 (14) <.0001
Female (%) 228 (2) 223 (5.5) 131 (3.9)

Median lactate (mmol/L) — 1.6 1.7

eTeam (rapid response 561 (5) 265 (7) 277 (8) <.0001
team) call (%)

ICU admissions (%) 1445 (13) 565 (17)

Septic shock (%) 938 (8) 581 (14) 564 (17) <.0001
Cardiac arrests (%) 45 (0.4) 40 (1) 39 (1.2) <.0001
Medical patients (%) 4975 (44) 2063 (51) 2063 (62) <.0001
Surgical patients (%) 3091 (27) 627 (15) 627 (19) <.0001
Mortality at 3 days (all) 86 (0.8) 94 (2.3) <.0001
Medical inpatients 34 (1) 71 (3.4) <.0001
Surgical inpatients 3(0) 10 (1.6) <.0001
Mortality at 30 days (all) 413 (4) 336 (8.3) <.0001
Medical inpatients 244 (5) 242 (12) <.0001
Surgical inpatients 31 (1) 29 (4.6) <.0001
Mortality at 1 year (all) 1266 (11) 825 (20) <.0001
Medical inpatients 790 (16) 575 (27) <.0001
Surgical inpatients 151 (6) 79 (13) <.0001

Comparison of entire inpatient population and subgroup for who lactate was analyzed, and patients with lactates treated as inpatients (admitted). Numbers shown
indicate patients in each group, with percentages in parentheses.

aComparisons are made between unselected patients and admitted patients, and between columns containing data for mortality comparisons. Age was compared by
Student’s ¢ test; all other variables compared by x? using Yates’ method.

Total Patients 2.6 (1.9-3.6); AOR of 1-year all-cause mortality for lactate =4

Captured in Study was 1.8 (1.4-2.4).
Period (11,428)

[ . . .
I ] Medical vs surgical service

Anlé?;ztgfje(,;gstao) Lacta%iog%s;ﬂyzed A total of 2229 patients (67%) were treated on a medical ser-
vice, while 632 patients (19%) were treated on a surgical
service; 464 patients (14%) did not have a discharge service

15108 Total | easily extracted from the electronic records and were excluded
Values Obtained from this portion of the analysis. There was no significant
[ 1 difference in 3-day mortality between medical and surgical
_ _ _ inpatients. The 30-day mortality in these groups was 12% and

Not Admitted Admitted Patients . . . .
Patients (713) (3325) 5%, respectively (P < .0001), while 1-year medical and surgi-
cal mortality was 27% and 13%, respectively (P < .0001). For
t comparison, the overall whole-hospital mortality (calculated
IPocrlusciﬁgyP(%t:igg)s as all deaths divided by all discharges) during the 24-month
period was 11%, and the 30-day and 1-year ICU mortality
Figure 1. Accounting chart of patients and labs included in the study. during the same period was 20% and 33%, respectively, for

medical patients, and 2% and 7% for surgical patients,
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Figure 2. Mortality by lactate level.

Risk of death at 3 days, 30 days, and 1 year, by level of lactate (in mmol/L), grouped as follows: 0 t0 0.9, 1t0 1.9, 210 2.9, 310 3.9, 4 t0 5.9, 6 t0 9.9, and =10. Values
indicate the mean risk of death for all admitted patients during the study period with lactate levels drawn (and 95% confidence intervals).

respectively. Multivariate analysis revealed overall worse sur-
vival among medical inpatients vs surgical inpatients.

Normal lactate levels

Lactates in the normal range were stratified into 0.4 mmol/LL
intervals and evaluated in both univariate and multivariate analy-
sis. Very few patients with normal lactates (16 out of 2187, 0.7%)
died within 3 days. All of the latter patients were admitted to a
medicine service and were significantly older than survivors (77
vs 67 years mean age; P < .01). In multivariable analysis, only
renal failure was a significant predictor of 3-day mortality in such
patients, when controlling for age, sepsis, code or emergency team
calls and lactate (OR: 4.7; 95% CI 1.7-13). Table 2 shows that
lactate interval is an independent predictor of mortality at 30 days
and 1 year, along with decade of age and admission status.
Adjusted odds ratio of 30-day and 1-year mortality based on lac-
tate interval were 1.5 (95% CI: 1.1-2.1) and 1.3 (1.1-1.6), respec-
tively. The mortality risk associated with medical patients
receiving lactate analysis was strongly associated with admission
status, which was a stronger predictor of 30-day and 1-year mor-
tality; thus, medical admission lacked significance in the logistic
model of mortality in patients with normal lactate levels.

Patients with sepsis vs patients without sepsis

A total of 564 patients (17% of sample) were diagnosed with

sepsis. Risk of death in patients with sepsis vs patients without
sepsis was 7% (95% CIL: 4%-8%) vs 2% (95% CI: 1%-2%),

Table 2. Multivariable logistic regression of normal lactate levels and
mortality.
OR SE p>7 [95%Cl]

30-day mortality

Admitted to hospital  27.3 27.7 .001 [3.7-200.3]
Decade of age 1.6 0.2 .0001 [1.3-1.9]
Lactate interval 1.5 0.3 .012 [1.1-2.1]
Medical admission 0.99 0.2 .967 [0.6-1.5]
1-year mortality
Admitted to hospital 4.27 11 .0001 [2.6-71]
Decade of age 1.6 0.1 .0001 [1.4-1.7]
Lactate interval 1.3 0.1 .003 [1.1-1.6]
Medical admission 1.31 0.2 .057 [1.0-1.7]

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

Lactate levels between 0 and 1.6 mmol/L were split into intervals of 0-0.4, 0.41-
0.8, 0.81-1.2, and 1.12-1.6 mmol/L. Age was divided in to the following intervals:
18-29, 30-39, 40-49, 50-59, 60-68, 70-79, >80. The lowest interval of each
series served as the reference value.

respectively, at 3 days; 20% (95% CI: 17%-24%) vs 8% (95%
CI: 7%-9%) at 30 days; and 39% (95% CI: 35%-43%) vs 21%
(95% CI: 19%-23%) at 1 year.

The mean lactate level for patients with sepsis was 3.0
mmol/L (95% CI: 2.8-3.2), compared with 2.1 mmol/L (95%
CI: 2.0-2.2) in patients without sepsis (P < .0001). Septic
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Figure 3. Survival according to interaction between lactate and sepsis.
One-year survival of all admitted patients, into four groups: (1) patients with
lactate <4 mmol/L and no diagnosis of sepsis, (2) lactate <4 mmol/L and a
diagnosis of sepsis; (3) lactate =4 mmol/L and no diagnosis of sepsis; and,
(4) patients with both lactate =4 mmol/L and a diagnosis of sepsis. Identity of
curves is indicated by order and position of labels. All intergroup comparisons
showed statistically significant differences between groups except 2 vs 3 (P =
.35).1vs2and 4, P < .0001; 4 vs 3, P = .0004.

patients had a higher risk of death compared with patients
without sepsis for any given level of lactate.

Figure 3 shows a Kaplan-Meier survival curve comparing
patients with sepsis vs those without, stratified by lactate cut-
offs of <4 and =4 mmol/L. Risk of death for patients with
sepsis and lactate <4 mmol/L was similar to that of patients
without sepsis with lactate elevated to at least 4 mmol/L.

Discussion
Our investigation supports prior findings of an association
between lactate level and mortality.3+15-17 Higher levels of lac-
tate had the greatest mortality risk in the short term, while
lower elevations of lactate were still associated with mortality at
30 days and 1 year. Further stratification of lactate values within
our normal range of <1.7 demonstrated a linear risk of death
at 30 days and 1 year. This expands upon the previously pub-
lished findings Nichol and colleagues demonstrated, in which
lactate values within the perceived normal range demonstrated
a significant independent relationship between lactate level and
hospital mortality.!” Lactate values approaching the upper
limit of the normal range had an increasing association with
inpatient mortality, similar to our finding in the multivariate
analysis for 30-day and 1-year mortality. Our study is unique in
demonstrating the risk of death associated with elevated lactate
persists up to 1 year after hospitalization in unselected patients.
The analysis is further strengthened by stratification of
patients into medical and surgical cohorts, thus defining higher
risks at each level associated with medical admission, when
controlling for other variables. Multivariate analysis affirmed
the risks associated with lactate elevations in the presence of
other known risk factors for mortality, including age and sepsis.
This association persists after controlling for additional con-
tounding by renal disease, liver disease, and hospice status.
Previous studies of lactate and outcomes have focused on
short-term findings, such as ICU, hospital, and 30-day mor-
talities.>*18 The interest in conducting such a study arose from
the uncertainty faced by many clinicians when encountering ill
patients with an unclear diagnosis, with a lactate level that had

already been obtained. Frequently, the clinician encounters
mildly elevated lactate values and has little guidance on prog-
nosis, and the need for additional monitoring or diagnostic
investigation.

We hypothesize that higher lactate levels may indicate
poorer physiologic reserve, and greater autonomic/metabolic
stress compensating for an acute illness. Such patients are likely
less able to cope with physiologic stressors, are more likely to
have prolonged recoveries, making them vulnerable to subse-
quent insults.

Prior studies of lactate levels have found similar associations
with mortality. Initially, this finding was documented in cases
of hypovolemic shock,* with more recent studies examining
patients from surgical wards,’®? the ICU and Emergency
Department,®?1-23 and patients with specific conditions such as
sepsis,”?>?> subarachnoid hemorrhage,’" and community
acquired pneumonia.?? The use of lactate in stratifying septic
patients lacks specificity in some cases;?® however, the overall
prognostic value of elevated levels is supported other studies.?’
This study further corroborates that the mortality of septic
patients increases in proportion lactate levels.

With a new demonstrated association between lactate and
mortality in a diverse inpatient population, patients with ele-
vated lactates seem to require greater attention and more
aggressive interventions to reverse physiologic derangements.
While lactate elevations are not diagnostic for any specific con-
dition, we believe they should be used as a general measure of
illness severity. They should factor in to decisions regarding
resource allocation. We believe lactate should be incorporated
into future clinical prediction tools, given the clear relationship
between lactate level and risk of death.

Limitations

The present study is primarily limited by its retrospective
nature. Patients were not stratified by disease etiology, except
for sepsis. It is possible that other diseases may confer a statisti-
cal interaction between lactate and risk of death. Furthermore,
only highest lactate level was included. Higher lactates may
confer bias toward higher mortality, perhaps with markedly
elevated lactate levels factoring into decisions to discontinue
life-prolonging therapy. This issue would likely bias short-term
mortality, but is unlikely to affect 30-day and 1-year mortality,
as well as mortality with normal lactate values.

Lactate clearance was not analyzed, which is known to
independently predict short-term clinical outcomes.?1-23,28-30
Mortality may be more prominent in patients that are unable
to metabolize lactate produced in times of stress.?

Furthermore, no distinction was made between arterial and
venous samples, which in some comparative studies have shown
to bias toward lower values in the latter.31-33 In our experience,
clinicians do not commonly factor these differences into triage
or treatment decisions. Similarly, our study does not address
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the use of point-of-care instruments or capillary blood in lac-
tate analysis.’®%* Despite these limitations, the findings are
likely generalizable to the inpatient practice setting. The
patients evaluated are similar to many patients at other institu-
tions and present to the hospital with a wide variety of com-
mon disease processes. In our experience, lactate levels are
obtained more and more as a matter of routine, and in the
absence of sepsis, clinicians have questioned the significance of
elevated levels.

Conclusions

There is a significant association between lactate level and risk
of death that persists many months beyond initial insult.
Lactate level should be used to risk-stratify patients’ disease
severity, independent of disease process, with elevated lactates
indicating higher risk of mortality. This may help identify
patients in need of additional scrutiny and monitoring. Future
risk stratifying instruments should consider inclusion of lactate
level as a component in risk prediction. Prospective studies are
needed to validate these results.
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