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ABSTRACT

Objective: To perform a systematic literature review to
summarise current evidence of the incidence and clinical
impact of late-onset hyperlactatemia in intensive care patients

about case-fatality and morbidity.

Methods: MEDLINE, EMBASE, and ClinicalTrials.
gov were searched using medical subject headings from
database inception to 27 November 2024. Before the
search, the protocol was registered on the International
Prospective Register of Systematic Reviews (PROSPERO).
Two independent reviewers screened the search results, and
studies were included if they were original research that
assessed late-onset hyperlactatemia in critically ill patients.
Risk of bias was assessed using the Newcastle-Ottawa Scale,
and the data were analysed using a descriptive approach
without meta-analysis.

Results: Of the 10,388 screened studies, 6 were included
in the final manuscript, 5 retrospective and 1 prospective.
All were assessed as good quality studies. Five were cardiac
surgical patients, and one was general intensive care
patients. All six studies reported the incidence of late-onset
hyperlactatemia, which ranged from 8.5 to 70.8%. Two
studies reported increased intensive care unit and/or hospital
case-fatality with late-onset hyperlactatemia; however, small
absolute numbers limited the interpretability.

Conclusion: The limited data regarding late-onset
hyperlactatemia make it difficult to draw significant
conclusions regarding the relationship to clinical outcomes.
However, the few available studies suggest that it is a common

finding and highlight the need for further research to assess the

underlying aetiologies and association with clinical outcomes.
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INTRODUCTION

Elevating circulating lactate levels is frequently found in critically ill patients across various disease states. It is
associated with increased case-fatality, hospital and intensive care length of stay (LOS), and morbidity.®" Lactate is
produced predominantly in skeletal muscle, skin, red blood cells, brain, and cardiac tissue as a normal byproduct
of glycolysis, which crosses the mitochondrial membrane, particularly in brain and cardiac muscle, where it can be
converted to pyruvate by pyruvate-lactate dehydrogenase (LDH)."? From there, lactate enters the Krebs cycle to release
adenosine triphosphate (ATP), H,O, and CO,, serving as a substrate for mitochondrial respiration in brain tissue
and cardiac muscle, particularly during increased metabolic demand!' Lactate is cleared primarily via hepatic and
renal gluconeogenesis.®>
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Most studies on hyperlactatemia and lactate kinetics in
critically ill patients have focused on early-onset hyperlactatemia,
defined as hyperlactatemia present on admission to the
hospital or intensive care unit (ICU). In the setting of
sepsis, burns, cardiogenic shock, and trauma, early onset
hyperlactatemia and slow or absent lactate clearance are
associated with increased case-fatality and poorer outcomes.®*¢”)
Lactate > 2mmol/L is diagnostic for septic shock in the
latest definitions, and > 4mmol/L is considered severe, with
> 27% in-hospital case-fatality.® In the setting of trauma,
early-onset hyperlactatemia is common, largely due
to decreased tissue perfusion secondary to blood loss,
and has an association with morbidity and case-fatality.
Monitoring of lactate clearance in the setting of early-onset
hyperlactatemia can guide resuscitation and potentially
predict prognosis.®*%?

However, in non-Cohen-Woods Type A settings,
early-onset hyperlactatemia reflects an imbalance between
production and clearance of lactate and demonstrates mixed
associations with case-fatality and morbidity. Critical illness
is a complex, evolving journey, and lactate production and
clearance are dynamic processes, necessitating ongoing
assessment throughout the course of hospital and ICU
admission.*!” Late-onset hyperlactatemia is defined as the
development of increased lactate after admission to the ICU
with a normal lactate or initial clearance with a secondary
rise. The epidemiology of late-onset hyperlactatemia is poorly
characterised, with limited understanding of its risk factors
and association with clinical outcomes."? It is hypothesised
that the aetiologies and prognosis of late-onset hyperlactatemia
would differ from early-onset hyperlactatemia, with late-
onset potentially heralding the occurrence of secondary
complications in the patient’s journey.

This systematic review was performed to determine the
incidence and associations with clinical outcomes of late-
onset hyperlactatemia in critically ill patients.

METHODS

Objectives

The primary objective of this systematic review was
to assess whether late-onset hyperlactatemia in intensive
care patients is associated with increased landmark
case-fatality. Secondary objectives were to evaluate the
incidence of late-onset elevated serum lactate concentration
and to determine whether late-onset hyperlactatemia
(as defined by individual studies) in intensive care patients
is associated with worsened clinical outcomes, such as ICU

and hospital LOS.
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Methods

We conducted a systematic review of published studies
without meta-analysis. It has been reported here per the
Preferred Reporting Items for Systematic Review and
Meta-Analysis (PRISMA) statement.”? The protocol was
registered on the International Prospective Register of
Systematic Reviews (PROSPERO) on 6 December 2024
(PROSPERO ID: 623118).

Inclusion and exclusion criteria

Studies were included if they were original research
(cohort studies or randomised trials) that assessed adult
and/or paediatric intensive care patients with either a
normal lactate on ICU admission or an elevated lactate
that cleared with a subsequent secondary rise. All published
biochemical thresholds and temporal definitions for late-
onset hyperlactatemia were included.

The primary outcome was landmark case-fatality
measured at any time point. Secondary outcomes included
the incidence of late-onset hyperlactatemia, risk factors for
late-onset hyperlactatemia, and ICU and hospital LOS.
Studies that did not assess any of the outcomes of interest
or were systematic reviews, editorials, or opinion articles
were excluded.

Literature search

A search strategy was designed using medical subject
headings (MeSH) and relevant text words to search the
online databases MEDLINE and EMBASE, and clinical
trials registry ClinicalTrials.gov, from database inception
until the date of search — Monday 27 November 2024.
The search was supplemented by checking the references
of included articles from the database and clinical trials
registry search, and a grey literature search was performed
to identify other research that cited any of the included
articles. The search strategy was formulated in collaboration
with the acknowledged medical librarian and is detailed in
tables 1S, 28, and 3S (Supplementary Material).

Study selection

The literature search results were exported and assessed
using Rayyan (http://rayyan.qcri.org) and EndNote
21™. Two authors independently screened titles and
abstracts of the articles identified in the literature search,
obtaining full texts when necessary and comparing them
to the predetermined inclusion and exclusion criteria.
Discrepancies in study screening were resolved by review by
a third author. Data from the relevant articles was extracted
into a pre-formulated and pilot-tested extraction template.


http://criticalcarescience.org.br/content/imagebank/pdf/CCS-0124-v37-Mat-suppl.pdf
http://rayyan.qcri.org/
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Risk of bias assessment

The quality of individual studies was appraised using
the Cochrane Risk of Bias tool Version 2 (RoB 2)" for
randomized controlled trials and the modified Newcastle
Ottawa Scale (NOS)" for all other study types. Two
reviewers conducted the quality assessment independently,
with any discrepancies resolved by a third author. The NOS

was scored out of nine stars.?

Data analysis

It was anticipated that data pooling for meta-analysis
would be challenging given the expected dearth of literature
on this topic and variability in definitions for late-onset
hyperlactatemia. Instead, we planned a descriptive
approach to synthesis and describe the results from the
included studies without meta-analysis."

RESULTS

The search strategy is summarized in the PRISMA
flow diagram in figure 1 and described in detail in
tables 1S - 3S (Supplementary Material). Initial database
search yielded 10,299 titles and abstracts for screening,
with an additional 89 titles from ClinicalTrials.gov. Grey

literature search did not yield any additional results. After
removal of duplicates, non-English and non-human
studies, 7,602 studies were screened. From these, 49
full-text articles were assessed for eligibility, of which 43
were excluded as they did not address the outcomes of
interest. The remaining six studies were included in the
final analysis. Due to a lack of standard primary outcome
measures, descriptive data analysis was performed, and
separate summaries were produced of the data about
the following outcomes: ICU and hospital case-fatality,
as well as risk factors for late-onset hyperlactatemia.
Specific details of the search strategy and detailed
characteristics of the included studies are provided in the
Supplementary Material.

Study methodology and population

The study characteristics and outcomes are summarized
in table 1. No studies were identified with patients
with early-onset hyperlactatemia that cleared with a
subsequent secondary rise. Five studies included cardiac
surgery patients, and one study by Khosravani et al.!¢
reviewed late-onset hyperlactatemia in critically ill adults.
Studies by Jackman et al."” and Bowers et al.!® assessed
late-onset hyperlactatemia in paediatric cardiac surgery
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Figure 1 - Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) diagram for incidence of late-onset hyperlactatemia

and case-fatality."?

Crit Care Sci. 2025;37:¢20250124


http://criticalcarescience.org.br/content/imagebank/pdf/CCS-0124-v37-Mat-suppl.pdf
http://criticalcarescience.org.br/content/imagebank/pdf/CCS-0124-v37-Mat-suppl.pdf

4 Kumar A, Turner AG, Laupland KB, Ramanan M

Table 1 - Study characteristics and outcomes

Total
Author Population St“.d v partlclp?nts Outcomes
design In the final
analysis
Khosravani etal."®  Critically ill Retrospective 13,932 Incidence of late onset hyperlactatemia - 520/8,874 (6%) - 5,058 with persistent hyperlactatemia
adults observational excluded from incidence calculation
study Timing of onset - up to 2.6 days post-ICU admission
Hospital case-fatality - increased with late-onset hyperlactatemia — 101/379 (27%) versus 188/5,094
(4%), p < 0.001 - case-fatality analysis was conducted on 5,473 patients who survived the day of ICU
admission, of whom 379 developed late-onset hyperlactatemia
Jackman et al."” Pediatric Retrospective 147 Incidence of late onset hyperlactatemia - 49/147 (33.3%)
cardiac observational Timing of onset - up to 12 hours postoperatively, peak incidence between 4 - 8 hours
surgery study No significant difference in pediatric ICU and hospital LOS; duration of ventilation; serum creatinine,
patients serum urea, or serum ALT
Bowers et al.!"® Pediatric  Retrospective 186 Incidence of late-onset hyperlactatemia - 98/186 (53%)
cardiac observational Timing of late-onset hyperlactatemia - median time 10.5 hours postoperatively (IQR 8 - 17.3 hours)
surgery study Data collected till Day 1 postoperatively
patients Late-onset hyperlactatemia associated with higher vasoinotropic score - 8 (IQR 0 - 8) versus 5 (IQR 0 - 8);
p = 0.002
No difference in duration of ventilation — late-onset hyperlactatemia 5.8 hours (IQR 3.8 - 7.8) versus 5.2
(IQR3.0-6.5); p = 0.14
Increased ICU LOS with late-onset hyperlactatemia:
— 57/98 (58%) with late-onset hyperlactatemia were discharged within 24 hours versus 69/88 (78%)
Maillet et al."® Cardiac Prospective 325 Incidence of late-onset hyperlactatemia - 56/325 (17.2%) - incidence of late-onset hyperlactatemia
surgery observational reported as a percentage of the entire study population
patients study Timing of onset - up to 24 hours postoperatively, peak between 6 - 16 hours
Risk factors for -ate hyperlactatemia
— Postoperative hyperglycemia (OR 4.4; 95%Cl 2.2 - 8.9)
— Postoperative adrenaline administration (OR 6.0; 95%Cl 2.2 - 16.4)
Auborg et al.® Post-cardiac  Retrospective 432 Incidence of late-onset hyperlactatemia - 37/432 (8.5%)
surgery observational Timing of onset - peak at 12.4 hours =+ 2.4 hours
patients study Measured till day 1 postoperatively
Risk factors for late-onset hyperlactatemia
— Afternoon surgery (OR 4.24; 95%Cl 2.00 - 9.35; p < 0.001)
— Fluid load > 250mL in first 6 hours (OR 2.16; 95%Cl 0.99 - 4.73; p = 0.05)
— Bleeding > 300mL within first 6 hours (OR 3.17; 95%Cl 1.41 - 7.11; p = 0.005)
Increased risk of composite outcome for postoperative complications, including case-fatality - 8/37
(21%) versus 61/395 (8%); p < 0.001
In hospital case-fatality — 2/395 (0.5%) no hyperlactatemia versus 1/37 (2.7%) hyperlactatemia; p=0.615
Ventilation > 24 hours - 7/37 (18.9%) hyperlactaemia versus 10/395 (2.5%) no hyperlactatemia; p < 0.001
Acute kidney injury - increased risk with late-onset hyperlactatemia 10/37 (27%) versus 28/395 (7.1%);
p < 0.001
Bleeding - more with late-onset hyperlactatemia 452.4mL +/- 277.8 versus 342.4 + 193.5; p = 0.002
No significant difference in ICU or Hospital LOS
Algarni®?! Adult cardiac  Retrospective 305 Incidence of late-onset hyperlactatemia - 179/253 (70.8%) - 52 patients with early-onset
surgery observational hyperlactatemia excluded from incidence calculation
patients study Timing of onset - up to 10 hours postoperatively

ICU - intensive care unit; LOS - length of stay; OR - odds ratio; ALT - alanine aminotransferase; IQR - interquartile range; 95%Cl - 95% confidence interval.

patients, and the other three studies were conducted
in adult populations. Five studies had a retrospective,
observational methodology, and one by Maillet et al."”
prospectively reviewed late-onset hyperlactatemia in cardiac
surgical patients. All six studies were assessed as being

high-quality studies by the NOS, as outlined in table 4S
(Supplementary Material).
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The definition of late-onset hyperlactatemia varied
between the studies regarding lactate cutoff and timing
of onset. Bowers et al."® and Khosravani et al."®
defined late-onset hyperlactatemia as lactate > 2mmol/L
after admission to intensive care. Aubourg et al.*” and
Jackman et al."'” utilized a lactate cutoff of > 3mmol/L,
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while Algarni®” and Maillet et al."” utilized a lactate cutoff
of > 3mmol/L to define hyperlactatemia. The timing of
onset varied from 1 - 10 hours postoperatively in the
study by Algarni,*" to 2.6 days from ICU admission in
the study by Khosravani et al."9 All six studies reviewed the
incidence of late-onset hyperlactatemia in their included
populations, with the reported incidence ranging from
8.5 to 70.8%. Maillet et al."” included patients with
early-onset hyperlactatemia in the incidence calculation,
and the remaining studies excluded these patients from the
calculation. The lactate cutoffs, timing and incidence data
are summarized in table 1.

Intensive care unit and hospital case-fatality

Two studies reviewed case-fatality in the ICU, hospital,
or both. Aubourg et al.?” noted no statistically significant
increase in case-fatality in the late-onset hyperlactatemia
group (2/395 [0.5%] versus 1/37 [2.7%]; p = 0.615) in
a cardiac surgical population. Khosravani et al."® in a
critically ill population reported significantly increased
hospital case-fatality for patients developing late-onset
hyperlactatemia compared to those who did not (101/520
[27%] versus 188/5094 [4%]; p < 0.001).

Risk factors for late-onset hyperlactatemia

Two studies assessed risk factors for late-onset
hyperlactatemia, both in post-cardiac surgery patients.
Aubourg et al.?? found risk factors for late-onset
hyperlactatemia to be afternoon surgery time (OR 6.22;
95%CI 2.84 - 14.45; p < 0.001), > 300mL blood loss in
the first 6 hours (OR 3.17; 95%CI 1.41 - 7.11; p = 0.005),
and vascular fluid loading > 250mL in the first 6 hours
(OR 2.16; 95%CI 0.99 - 4.73; p = 0.053). Maillet et al.1”
noted risk factors for late-onset hyperlactatemia to be
post-operative hyperglycaemia (OR 4.4; 95%CI 2.2 - 8.9)
and post-operative adrenaline administration (OR 6.0;

95%CI 2.2 - 16.4).

Other outcomes

Two cardiac surgical studies assessed post-operative
complications in patients with late-onset hyperlactatemia.
Aubourg et al.®” noted a significantly increased risk
of a composite criterion for severe postoperative
complications, including circulatory failure, prolonged
ventilation, acute kidney injury (AKI), need for red cell
transfusion and increased postoperative bleeding (61/395
[8%] versus 8/37 [21%]; p < 0.001). Maillet et al.”"?
noted an increased risk of a composite outcome for
significant complications with late-onset hyperlactatemia

(38/202 [19.2%] versus 18/56 [35.3%]; p < 0.05),
including myocardial infarction, low cardiac output,
neurologic complications, renal injury, and infections.
Bowers et al."® noted higher vasoactive usage in paediatric
patients with late-onset hyperlactatemia, measured as the
peak vasoactive-inotropic score within the first 24 hours

(median 8 [IQR 0 - 8] versus 5 [0 - 8]; p = 0.002).

DISCUSSION

Key findings

This review found a limited number of studies assessing
late-onset hyperlactatemia; however, the evidence suggests
that it is a common occurrence in critically ill patients,
particularly in the cardiac surgical setting. Risk factors
in cardiac surgical patients may include hyperglycemia,
adrenaline use, surgical timing, and surgery-associated
blood loss. The effect of late-onset hyperlactatemia on
clinical outcomes, such as case-fatality, LOS, and post
operative complications, remains uncertain. Case-fatality
calculations were based on tiny absolute numbers of events,
limiting their interpretability.

Importance of findings

Early-onset hyperlactatemia has a known association
with increased case-fatality and poorer clinical outcomes in
critically ill patients with sepsis, burns, trauma and cardiac
arrest. #2229 However, the production and clearance of
lactate is a dynamic process that can evolve during an ICU
stay and requires ongoing assessment.®'® The development
and clinical significance of hyperlactatemia in critically ill
patients with previously normal lactate is an unexplored
area, largely limited to cardiac surgical patients.2? In this
setting, late-onset hyperlactatemia is believed to be due to
non-pulsatile perfusion associated with cardiopulmonary
bypass, independent of hypoperfusion, with potential
causes including low cardiac output, systemic inflammatory
response with microcirculatory failure, hepatic ischemia,
and administration of exogenous catecholamines.""* The
results are mixed; however, most of the included studies
suggest that late-onset hyperlactatemia in this setting is
clinically benign.17:1%2)

In contrast, the single study including general critically
ill patients demonstrated significantly increased case-
fatality for patients with late-onset hyperlactatemia.
The aetiologies for late-onset hyperlactatemia in this
heterogeneous group were not reported and remain
unclear, with multiple potential contributing actiologies.®
The development of late-onset hyperlactatemia could

Crit Care Sci. 2025;37:¢20250124
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herald the occurrence of complications in the patients’
intensive care journeys. Critically ill patients can develop
complications such as bleeding, hospital-acquired sepsis, or
acute coronary syndromes, which may precipitate a type
A hyperlactatemia.®**#2% Alternatively, the development of
organ dysfunctions such as liver and renal dysfunctions may
cause Type B1 hyperlactatemia. Nutritional deficiencies,
such as thiamine deficiency, are common in critically ill
patients and can also contribute, along with comorbidities
such as diabetes mellitus, which is associated with

3427) Larger studies are required

hyperlactatemia at baseline.
to explore the causes and associations in this population.
Depending on the aetiology, hyperlactatemia may
not consistently herald poorer outcomes.“” Medications
used in the intensive care unit, including salbutamol
and adrenaline can be associated with a Type B2
hyperlactatemia, with adrenaline use also reported as
a risk factor for hyperlactatemia by Maillet et al."”
A study by Omar et al.®® assessed lactate rise with the
use of adrenaline in septic patients and demonstrated a
paradoxically reduced case-fatality with increasing lactate

0.192429 T this setting, a lactate rise

to adrenaline rati
may indicate pharmacological effectiveness of adrenaline,
which is known to increase Na/K/ATPase activity, thereby
raising cAMP production and glycogenolysis, with ensuing
lactate accumulation. In this setting, lactate is part of a
complex interdependent system, and the capacity for
lactate production to increase in response to stimulus may

paradoxically indicate health reserve.®4?

Limitations

Our study has several limitations that warrant
discussion. It is limited by the small number and
heterogeneity of the studies. Of the studies, all but one
focused on cardiac surgery, rather than encompassing the
breadth of critical care. The strict inclusion criteria for a
specific systematic review question led to a high exclusion
rate, as studies without a clear temporal separation of
lactate rise were excluded. We acknowledge that this,
along with excluding non-English language studies, raises
the possibility of selection and publication bias and limits
the generalizability of our findings. Furthermore, there
is a possibility that not all relevant studies were found
in our search. Other potential sources of bias include
sampling bias.

A further limitation is that the underlying patient
cohorts are heterogeneous, with potential for varying
aetiologies of late-onset hyperlactatemia. The studies all
had differing definitions of late-onset hyperlactatemia in
terms of lactate cutoff and temporal definitions. This likely

Crit Care Sci. 2025;37:¢20250124

contributes to the wide variation in reported incidence of
late-onset hyperlactatemia. This was further affected by
non-standardized calculations of incidence, which may
contribute to classification bias. Only four included studies
reported data on patient outcomes, with just two reporting
on the primary outcome of hospital case-fatality. In most
cases, mortality data were derived from small absolute
numbers, restricting the ability to draw robust conclusions.

Future directions

This review highlights the paucity of data surrounding
late-onset hyperlactatemia in critical care. Early-onset
hyperlactatemia has been extensively studied and is
clearly associated with increased case fatality and poor
clinical outcomes; however, data regarding the incidence
and clinical impacts of late-onset hyperlactatemia
are sparse. Further prospective research is required to
standardize the definitions of late-onset hyperlactatemia,
characterize the epidemiology, explore the biochemical
actiologies in multiple intensive care populations,
and differentiate between benign and malignant
late-onset hyperlactatemia.

CONCLUSION

Late-onset hyperlactatemia is common in critically
ill patients; however, its clinical significance remains
uncertain. Further research is required in this area to
elucidate the aetiologies and impact, guiding prevention
and treatment strategies.
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