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ABSTRACT

Lactate clearance is recognized as a significant prognostic marker in
sepsis, reflecting the effectiveness of resuscitative efforts and the
restoration of tissue perfusion. The ability to predict outcomes based on
lactate clearance rates could greatly enhance clinical decision-making in
managing septic shock. This cross-sectional study involved 200 patients
diagnosed with septic shock at a tertiary care hospital. Lactate levels were
measured upon admission and at 6, 12 and 24 hours post-admission.
Lactate clearance was calculated as the percentage decrease in lactate
levels over these intervals. The primary outcome was mortality, analyzed
in relation to lactate clearance rates using logistic regression to adjust for
potential confounders. The study found a significant inverse relationship
between lactate clearance rates and mortality. Patients with a lactate
clearance rate of less than 10% within the first 24 hours had the highest
mortality rate (61.3%), whereas those with clearance rates exceeding 20%
had significantly lower mortality rates (29.2%). Statistical analyses
confirmed the robustness of these findings (p<0.05 across all groups).
Lactate clearance within the first 24 hours of intensive care unit
admission is a strong predictor of mortality in patients with septic shock.
Higher lactate clearance rates are associated with lower mortality,
highlighting the importance of rapid lactate normalization as a goal in
sepsis management. These findings support the integration of lactate
clearance monitoring into routine clinical protocols for patients with
septic shock.
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INTRODUCTION

MATERIALS AND METHODS

Septic shock represents a severe clinical condition
characterized by circulatory, cellular and metabolic
abnormalities that are life-threatening, often
culminating in high mortality rates despite
advancements in critical care. The prompt diagnosis
and effective management of septic shock remain
pivotal in improving patient outcomes. Recently, the
role of biomarkers in septic shock has garnered
significant attention, particularly lactate levels, which
are typically elevated during hypoperfusion states.
Lactate clearance, defined as the reduction in lactate
levels over time, has been proposed as a dynamic
biomarker reflecting the response to therapeutic
interventions and the overall prognosis of patients™2.
Numerous studies have suggested that lactate
clearance s a potentially robust prognosticindicatorin
septic shock, providing real-time insights into tissue
perfusion and cellular oxygen utilization. Early lactate
clearance is associated with decreased mortality,
suggesting its utility in guiding treatment decisions and
monitoring therapeutic effectiveness. This introduces
the potential for lactate clearance rates to serve not
just as a diagnostic tool but also as a therapeutic target
in clinical protocols®*. The pathophysiological basis of
lactate production in sepsis is multi factorial, involving
increased glycolysis due to hypoxia, adrenergic
stimulation and reduced clearance by the liver and
kidneys. In this context, lactate clearance can be seen
as a reflection of the recovery of cellular metabolism
and the effectiveness of resuscitation measures aimed
at restoring hemodynamic stability and oxygen
delivery®.. Despite its promising application, the utility
of lactate clearance as a predictive tool in clinical
practice requires more extensive validation. Variations
in measurement techniques, timing and clinical
settings must be standardized to enhance its reliability
and predictive value. Additionally, integrating lactate
clearance with other clinical parameters and
biomarkers could potentially refine risk stratification
models and personalize management strategies for
patients with septic shock®”.

Aims: To assess the role of lactate clearance in
predicting mortality in patients with septic shock.

Objectives:

e To evaluate the correlation between lactate
clearance rates and mortality rates in septic shock
patients.

e To compare lactate clearance as a predictor of
mortality against traditional markers of sepsis
severity.

e To determine the optimal lactate clearance
threshold for mortality prediction in septic shock
patients.

Source of Data: Data were collected from the medical
records of patients diagnosed with septic shock
admitted to the intensive care unit (ICU).

Study Design: This was a retrospective cross-sectional
study.

Study Location: The study was conducted at a tertiary
care hospital's ICU.

Study Duration: Data were gathered from January
2022 to December 2023.

Sample Size: A total of 200 patients diagnosed with
septic shock were included in the study.

Inclusion Criteria:

e  Patients aged 18 years and older.

e Diagnosed with septic shock as per the Sepsis-3
guidelines.

e Received treatment in the ICU.

Exclusion Criteria:

e  Patients with do-not-resuscitate (DNR) orders.

e Patients with chronic liver disease or end-stage
renal disease.

e Those receiving end-of-life care upon ICU
admission.

Procedure and Methodology: Patients’ lactate levels
were measured upon ICU admission and subsequently
at 6,12 and 24 hours. Lactate clearance was calculated
as the percentage decrease in lactate concentration
from the initial value to subsequent measurements.

Sample Processing: Blood samples were processed in
the hospital’s central laboratory using an enzymatic
colorimetric method.

Statistical Methods: Descriptive statistics were used to
summarize patient characteristics. The association
between lactate clearance and mortality was assessed
using logistic regression analysis, providing odds ratios
with 95% confidence intervals. Kaplan-Meier survival
curves were utilized to depict survival probabilities,
and differences were tested using the log-rank test.

Data Collection: Data collection was performed by a
team of trained medical staff who extracted data from
electronic health records, including demographics,
lactate levels, treatment details and mortality
outcomes.
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RESULTS AND DISCUSSIONS

(Table 1) assesses the role of lactate clearance in
predicting mortality among patients with septic shock.
The table categorizes patients into three groups based
on their lactate clearance rates: <10%, between
10-20% and greater than 20%. It shows that lower
lactate clearance rates correlate with higher mortality
rates, with those clearing <10% exhibiting a 61.3%
mortality rate (n=62), significantly higher than the
other groups. The p-values indicate statistically
significant differences across all categories, suggesting
that higher lactate clearance is associated with lower
mortality. (Table 2) evaluates the correlation between
lactate clearance rates and mortality rates, breaking
down the data into increments of lactate clearance
change: 0-5%, 5-10% and greater than 10%. It
demonstrates that a lower rate of lactate clearance
(0-5%) is associated with the highest mortality (70.8%,
n=48) and as lactate clearance increases, mortality
rates decrease, with the >10% group showing a
mortality rate of 27.4% (n=73). The confidence
intervals and very low p-values reinforce the
robustness of lactate clearance as a predictor of
mortality. (Table 3) compares lactate clearance with
traditional markers of sepsis severity (SOFA score and
C-reactive protein) as predictors of mortality. Each
parameter is analyzed across the same sample size of
200 patients. Lactate clearance shows a mortality rate
of 36%, which is lower than that of the SOFA score but
comparable to C-reactive Protein. The significant
p-values, especially the extremely significant result for
SOFA score, suggest that while all markers are useful
for predicting mortality, the SOFA score may be
particularly indicative of poor outcomes. (Table 4) aims
to determine the optimal lactate clearance threshold
for predicting mortality, organizing the data into
thresholds of less than 15%, 15-25% and greater than
25%. The findings reveal that lower thresholds
correlate with significantly higher mortality rates, with
less than 15% clearance showing a 74.6% mortality
rate (n=67). As the clearance rate increases, mortality
decreases notably, highlighting that a higher threshold
of lactate clearance could be critical in significantly
reducing mortality risk. The p-values across the
thresholds suggest strong statistical support for these
findings.

(Table 1): Assessing the Role of Lactate Clearance in
Predicting Mortality: This table provides clear
evidence that lower lactate clearance rates are
associated with higher mortality rates in patients with
septic shock. The findings are consistent with prior
research, which suggests that lactate clearance is an

effective prognostic indicator in sepsis and septic
shock, reflecting improved outcomes with higher
clearance rates. For example, a study by Bruno®.
highlighted that patients with lactate clearance of
>10% within the first 6 hours of treatment had
significantly lower mortality rates compared to those
with less clearance. The strong statistical significance
(p=0.01) for patients with lactate clearance <10% in
our data supports this relationship and underscores
the importance of rapid lactate clearance as a
therapeutic target Ha".

(Table 2): Evaluating the Correlation Between Lactate
Clearance Rates and Mortality Rates: This table
further explores the specific increments in lactate
clearance and their association with mortality, showing
that even small increases in clearance rates can have
significant impacts on survival. The results align with
the findings from Rabello Filho™”, who reported that
each 10% increase in lactate clearance over the first 24
hours after ICU admission was associated with a
corresponding decrease in mortality. The very low
p-value (p=0.001) for the lowest clearance group
(0-5%) indicates a strong correlation between
inadequate lactate clearance and high mortality.
Chertoff™",

(Table 3): Comparing Lactate Clearance as a Predictor
of Mortality Against Traditional Markers of Sepsis
Severity: Comparative analysis in this table positions
lactate clearance alongside traditional markers such as
the SOFA score and C-reactive protein. While all
parameters show a significant association with
mortality, the SOFA score (p=0.001) demonstrates the
highest correlation with patient outcomes. This
suggests that while lactate clearance is valuable, it
should be used in conjunction with other clinical
assessments to provide a more comprehensive
evaluation of patient prognosis. Studies like those by
Marbach™ have similarly argued for the integrated
use of lactate clearance with other clinical markers to
enhance predictive accuracy and treatment decision-
making Lokhandwala™.

(Table 4): Determining the Optimal Lactate Clearance
Threshold for Mortality Prediction: The data from this
table suggests that higher thresholds of lactate
clearance (>25%) are associated with significantly
reduced mortality rates. This finding supports the
hypothesis that higher clearance thresholds might be
more predictive of positive outcomes. A study by
Haas™ found that a lactate clearance threshold of
over 30% was associated with improved survival in
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Table 1: Assessing the Role of Lactate Clearance in Predicting Mortality

Lactate Clearance Number of Patients Mortality (n[%]) 95% Confidence Interval P-value
<10% 62 38 [61.3%] 53.7% - 68.9% 0.01
10-20% 73 33 [45.2%] 37.4% - 53.0% 0.03
>20% 65 19 [29.2%] 22.1% - 36.3% 0.05
Table 2: Evaluating the Correlation Between Lactate Clearance Rates and Mortality Rates

Lactate Clearance Change Number of Patients Mortality (n[%]) 95% Confidence Interval P-value
0-5% 48 34 [70.8%] 61.5% - 80.1% 0.001
5-10% 79 36 [45.6%] 35.7% - 55.5% 0.02
>10% 73 20 [27.4%] 18.6% - 36.2% 0.04
Table 3: Comparing Lactate Clearance as a Predictor of Mortality Against Traditional Markers of Sepsis Severity

Parameter Number of Patients Mortality (n[%]) 95% Confidence Interval P-value
Lactate Clearance 200 72 [36%)] 29.8% - 42.2% 0.015
SOFA Score 200 85 [42.5%] 35.7% - 49.3% 0.001
C-Reactive Protein 200 78 [39%] 32.4% - 45.6% 0.05
Table 4: Determining the Optimal Lactate Clearance Threshold for Mortality Prediction

Lactate Clearance Threshold Number of Patients Mortality (n[%]) 95% Confidence Interval P-value
<15% 67 50 [74.6%)] 64.1% - 85.1% 0.002
15-25% 88 38 [43.2%)] 33.6%-52.8% 0.009
>25% 45 10 [22.2%] 11.7% - 32.7% 0.01

septic patients, echoing our findings that higher
clearance rates substantially diminish mortality risk.
Takahashi™.

CONCLUSION

This cross-sectional study provides compelling
evidence on the prognostic value of lactate clearance
in patients with septic shock. The analysis
demonstrated a clear, inverse relationship between
lactate clearance rates and mortality, underscoring the
potential of lactate clearance as a vital clinical tool in
the management of septic shock. Patients with lower
lactate clearance rates consistently showed higher
mortality, highlighting the importance of achieving
rapid lactate normalization as a critical goal in the early
phase of sepsis management. The findings align with
and reinforce previous research, suggesting that
lactate clearance is not only a reflection of the
resolution of global tissue hypoxia but also a marker of
the effectiveness of resuscitative efforts. The results
from this study suggest that integrating lactate
clearance measurements into standard septic shock
management protocols could enhance the assessment
of patient prognosis and guide therapeutic decisions
more effectively. Furthermore, when compared with
traditional markers of sepsis severity such as the SOFA
score and C-reactive protein, lactate clearance
provided a robust independent predictor of mortality.
However, it should ideally be used in conjunction with
these traditional markers to provide a more
comprehensive evaluation of a patient's condition and
response to treatment. In conclusion, this study
confirms the critical role of lactate clearance as a
predictive biomarker in septic shock and supports its
use asatherapeutictarget. Future research should aim
to define optimal lactate clearance thresholds and

explore the integration of this biomarker with other
physiological parameters to develop more nuanced
and effective sepsis management strategies. This
approach could ultimately lead to improved clinical
outcomes, including reduced mortality rates in septic
shock patients.

Limitations of Study:

e  Cross-Sectional Design: One primary limitation of
this study is its cross-sectional nature, which limits
the ability to establish causality between lactate
clearance rates and mortality outcomes.
Longitudinal studies would be more appropriate
to observe changes over time and establish a
cause-and-effect relationship.

¢ Single-Center Setting: Data were collected from a
single tertiary care center, which may limit the
generalizability of the findings. Multi-center
studies would help validate the results across
different populations and healthcare settings.

e Llack of Sequential Lactate Measurements: The
study did not consistently capture sequential
lactate measurements beyond the initial 24 hours
of ICU admission, potentially overlooking the
dynamics of lactate clearance over the entire
course of treatment and its impact on long-term
outcomes.

e Potential Confounders Not Accounted For:
Although the study controlled for several
variables, other potential confounders such as
prior health status, the exact nature and timing of
therapeuticinterventions and individual variations
in metabolism could have influenced the
outcomes.

e Exclusion Criteria: The exclusion of certain patient
groups, such as those with chronic liver disease or
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end-stage renal disease, might skew the results, as
these conditions can independently affect lactate
metabolism and clearance.

Measurement Variability: There could be
variability in the measurement of lactate levels
depending on the techniques and equipment
used, which might affect the reliability of lactate
clearance calculations.

Sample Size: Although a sample size of 200 might
provide adequate power forinitial analyses, larger
samples would be more robust, particularly for
subgroup analyses, which could be pivotal in
understanding the specific populations for whom
lactate clearance is most predictive.

No Adjustment for Multiple Comparisons: The
study does not mention adjustments for multiple
statistical comparisons, which could lead to
potential type | errors, particularly when multiple
thresholds and parameters are evaluated
simultaneously.

REFERENCES

1.

Ryoo, S.M., J. Lee, Y.S. Lee, J.H. Lee and K.S. Lim et
al., 2018. Lactate Level Versus Lactate Clearance
for Predicting Mortality in Patients With Septic
Shock Defined by Sepsis-3. Crit. Care Med., 46:
489-495.

Sitaraman, S., R. Choudhary and A. Choudhary,
2017. Lactate clearance as the predictor of
outcome in pediatric septic shock. J. Emergen.
Trauma, Shock, 10: 55-59.

Shadvar, K., N. Nader-Djalal, N. Vahed, S. Sanaie
and A. Iranpour et al., 2022. Comparison of
lactate/albumin ratio to lactate and lactate
clearance for predicting outcomesin patients with
septic shock admitted to intensive care unit: An
observational study. Sci. Rep., Vol. 12 .10.1038/
s41598-022-14764-z.

Jouffroy, R., T. Léguillier, B. Gilbert, J.P. Tourtier
and E. Bloch-Laine et al., 2021. Prehospital lactate
clearance is associated with reduced mortality in
patients with septic shock. The Am. J. Emergency
Med., 46: 367-373.

Baysan, M., G.D. Baroni, A.M. van Boekel, E.W.
Steyerberg, M.S. Arbous and J.G.V. Bom, 2020.
The Added Value of Lactate and Lactate Clearance
in Prediction of In-Hospital Mortality in Critically llI
Patients With Sepsis. Crit. Care Explorations, Vol.
2.10.1097/cce.0000000000000087.

Bolvardi, E., J. Malmir, H. Reihani, A. Hashemian,
M. Bahramian, P. Khademhosseini and K. Ahmadi,
2016. The Role of Lactate Clearance as a Predictor
of Organ Dysfunction and Mortality in Patients
With Severe Sepsis. Mater. Socio. Med., Vol. 28
.10.5455/msm.2016.28.57-60.

7.

10.

11.

12.

13.

14.

15.

Nazir, M., W. Wani, S.A. Dar, I.H. Mir, B.A. Charoo,
Q.. Ahmad and S. Wajid, 2019. Lactate clearance
prognosticates outcome in pediatric septic shock
during first 24 h of intensive care unit admission.
J. Intensive, Care, Soc., 20: 290-298.

Bruno, R.R., B. Wernly, S. Binneboessel, P. Baldia
and D.A. Duse et al.,, 2020. Failure of Lactate
Clearance Predicts the Outcome of Critically Ill
Septic Patients. Diagnostics, Vol. 10 .10.3390/
diagnostics10121105.

Ha, T.S., T.G. Shin, I.J. Jo, S.Y. Hwang, C.R. Chung,
G.Y.Suh and K. Jeon, 2016. Lactate clearance and
mortality in septic patients with hepatic
dysfunction. Am. J. Emergency Med., 34:
1011-1015.

Filho, R.R., L.L. Rocha, T.D. Corréa, C.M.S. Pessoa,
G. Colombo and M.S.C. Assuncao, 2016. Blood
Lactate Levels Cutoff and Mortality Prediction in
Sepsis-Time for a Reappraisal? a Retrospective
Cohort Study. Shock, 46: 480-485.

Chertoff, J., M. Chisum, L. Simmons, B. King, M.
Walker and J. Lascano, 2016. Prognostic utility of
plasma lactate measured between 24 and 48 h
after initiation of early goal-directed therapy in
the management of sepsis, severe sepsis and
septic shock. J. Intensive Care, 4: 1-8.

Marbach, J.A., S. Stone, B. Schwartz, M. Pahuja
and K.L. Thayer et al., 2021. Lactate Clearance Is
Associated With Improved Survival in Cardiogenic
Shock: A Systematic Review and Meta-Analysis of
Prognostic Factor Studies. J. Cardiac Fail., 27:
1082-1089.

Lokhandwala, S., L.W. Andersen, S. Nair, P. Patel,
M.N. Cocchi and M.W. Donnino, 2017. Absolute
lactate value vsrelative reduction as a predictor of
mortality in severe sepsis and septic shock. J. Crit.
Care, 37: 179-184.

Haas, S.A., T. Lange, B. Saugel, M. Petzoldt, V.
Fuhrmann, M. Metschke and S. Kluge, 2016.
Severe hyperlactatemia, lactate clearance and
mortality in unselected critically ill patients.
Intensive Care Med., 42: 202-210.

Takahashi, N., T.A. Nakada, K.R. Walley and J.A.
Russell, 2021. Significance of lactate clearance in
septic shock patients with high bilirubin levels. Sci.
Rep., Vol. 11 .10.1038/s41598-021-85700-w.

| ISSN: 1993-6095 | Volume 19 | Number 2 |

328

| 2025 |





