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ABSTRACT

Background:

Sepsis and septic shock are major
causes of morbidity and mortality in
pediatric patients. Early identification
of high-risk patients is crucial for
improving outcomes. Blood lactate
levels and lactate clearance (LC) have
emerged as important biomarkers for
assessing tissue hypoxia and guiding
resuscitation. This study aimed to
evaluate the association between
lactate levels, lactate clearance, and
mortality in children with sepsis.
Methods:This prospective
observational study included 80
pediatric  patients diagnosed with
sepsis and septic shock. Blood lactate
levels were measured at 0, 6, and 24
hours. Lactate clearance was calculated,
and patients were categorized into
survivor and non-survivor groups.
Receiver operating characteristic (ROC)
analysis and logistic regression were
used to determine the predictive value
of lactate parameters for
mortality.Results: The mean age of the
study population was 9.5 + 4.9 years.

Among the patients, 22 (27.5%)
survived and 58 (72.5%) were non-
survivors. The most common diagnosis
was sepsis (36.3%), followed by
pneumonia (35%). Lactate levels at 24
hours showed a significant association
with  mortality. ROC  analysis
demonstrated good predictive accuracy,
with sensitivity of 84.55%, specificity
of 95.21%, positive predictive value of
88.63%, negative predictive value of
53%, and area under the curve (AUC)
of 0.86. A lactate clearance cutoff
value of 26.5% at 24 hours was
identified as a significant predictor of
survival. Conclusion: Lactate
clearance is a simple, reliable, and
cost-effective prognostic marker in
pediatric sepsis. It provides better risk
stratification  than single lactate
measurements and may serve as a
useful therapeutic target for guiding
resuscitation, especially in resource-
limited settings.
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Sepsis is a medical emergency and a
life-threatening  condition resulting
from a dysregulated host response to
infection, associated with significant
morbidity and mortality. The reported
mortality rate remains substantial
despite advances in critical care
management [1]. Over the years,
several studies have contributed to
improved understanding and
management strategies, culminating in
updated recommendations such as the
Surviving Sepsis Campaign 2021
guidelines, which emphasize -early
recognition and prompt intervention.

Serum lactate has emerged as a key
biomarker in the evaluation and
management of sepsis. Its clinical
utility was incorporated into sepsis
management guidelines between 2004
and 2008, with early measurement at

presentation recommended by
Dellinger et al. [2-3]. Elevated lactate
levels can indicate tissue

hypoperfusion even in the absence of
overt hypotension, thereby identifying
patients at risk of occult shock. The
pathophysiology of lactate elevation in
sepsis i1s multifactorial, involving
tissue hypoxia, impaired activity of
pyruvate dehydrogenase leading to
accumulation of pyruvate,
mitochondrial dysfunction, imbalance
between  oxygen  delivery and
consumption, and increased aerobic
glycolysis due to adrenergic
stimulation [4-5].

The initial hours of management are
critical in sepsis, with the first six
hours often referred to as the “golden
period” for resuscitation. Serum lactate
is included in the diagnostic criteria for
septic shock and plays an important
role in guiding fluid resuscitation and
monitoring response to therapy [6].
However, despite adherence to
guideline-based management,
mortality ~ rates remain  high,
highlighting the need for reliable
prognostic markers.

Lactate measurement in critically ill
patients is practical, rapid, and
provides valuable information
regarding  disease  severity and
prognosis. Elevated lactate levels are
commonly interpreted as a
consequence of anaerobic metabolism
due to cellular hypoxia and are
considered an important indicator of
impaired tissue perfusion, particularly
when associated with metabolic
acidosis [7-8]. Consequently, current
emergency department and critical care
guidelines recommend serial
monitoring of serum lactate as a
marker of tissue ischemia and
treatment response.[9]

While global evidence supports the
prognostic  significance of lactate
levels and lactate clearance, there is a
relative paucity of data from the Indian
pediatric population. Therefore, the
present study aims to evaluate the
correlation between plasma lactate
levels, lactate clearance, and mortality
in critically ill pediatric patients
admitted to the pediatric intensive care
unit (PICU). Additionally, the study
seeks to identify threshold values of
lactate and lactate clearance that best
predict mortality and may aid in early
identification of patients at risk of
developing multi-organ failure.
METHODS

This study is a  prospective
observational study conducted over 12
months. Children with age of 1 month
to 18 years admitted to the Pediatric
intensive care unit with sepsis and
septic shock were enrolled in the study.
ABG at admission to document plasma
lactate and lactate repeated at 6 and 24
hrs. Lactate clearance calculated at 6
and 24 hrs. The final outcome in terms
of survival or death will be recorded.

Inclusion criteria

Children with age of 1 month to 18
years admitted to PICU with suspected
sepsis and septic shock. Sepsis +
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Hypotension (BP<2SD adjusted for the
age) Or atleast one manifestation of
inadequate perfusion:1
Altered mentation
Lethargy/Coma)
Hypoxia (PaO2/Fi02 <300)

Metabolic acidosis (Arterial pH<7.35
or Base deficit>5)

Oliguria (Urine output <0.5ml/kg/h)
Along with s/o poor peripheral
perfusion (CRT>3s; cyanosis)

(Irritability/

Exclusion criteria

Patients with other causes of shock
Hypovolemic shock

Cardiogenic shock

Anaphylactic shock

Neurogenic shock
Endocrinological cause

Known malignancies
immunosuppressive treatment.
Chronic kidney diseases.
Post-operative state. Sepsis and Septic
shock patients succumbed within 24
Hrs.

and

After obtaining institutional ethics
committee clearance and written
informed consent, the admitted patients
in paediatric intensive care unit, the
department of Paediatrics fulfilling the

Table 1: Demographics.

inclusion criteria were enrolled in the
study. All patients with sepsis and
septic shock based to International
consensus on Paediatric  sepsis
according to inclusion criteria, their
blood samples were collected for
lactate at the time of admission to the
PICU. Prestructured format was used
for collection of data. ABG at
admission to document plasma lactate,
later serial monitoring of the plasma
lactate at 6 and 24 hours. The final
outcome in terms of survival or death
was recorded. Collected data was
analysed by using SPSS 29.0 version,
Univariate logistic regression, ROC
and paired test was used to test the
hypothetical results.

Observation and Result

A total of 80 cases were prospectively
observed during the study period. The
mean age of the patients was 9.5 + 4.9
years. Age was categorized based on
distribution, and the majority of
children belonged to the 1-6 months
age group (35; 43.8%), followed by 2—
5 years (19; 23.8%), 7-12 months (10;
12.5%), 11-16 years (8; 10%), 6-10
years (6; 7.5%), and >16 years (2;
2.5%) (Table 1).

Demographics Number Percentage
Age class | 1-6 months 35 43.8
7-12 months 10 12.5
2.-5 years 19 23.8
6-10 years 6 7.5
11-16 years 8 10
>16years 2 2.5
Gender Male 50 62.5
Female 30 37.5
Diagnosis | Pneumonia 28 35
Sepsis 29 36.3
Neuroinfection 20 25
Urosepsis 2 2.5
Tonsillopharyngitis | 1 1.3

Male patients constituted 50 (62.5%), with a male-to-female ratio of approximately
1.7:1. Among the diagnoses, sepsis (36.3%) was the most common, followed by
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pneumonia (35%), neuroinfection (25%), urosepsis (2.5%), and tonsillopharyngitis

(1.3%).

Table 2: Outcome

Outcome Numbers Percentage
Survivor 22 27.5

Non Survivor 58 72.5

Total 80 100

Blood Lactate Levels and Qutcome

The association between blood lactate levels and outcomes was analyzed at different
time intervals using ROC analysis and logistic regression.

In the survivor group (n=22), mean lactate levels were:
e Ohours: 2.9+0.5

e 6hours: 82+0.6
e 24 hours: 1595+1.3

In the non-survivor group (n=58), mean lactate levels were:
e 0Ohours: 4.7+ 0.94
e O6hours: 7.7+ 0.9
e 24 hours: 13.2+1.82

Table 3: Blood lactate signifiance level

Blood lactate Non survivor | Survivor (n=58) p-Value
(n=22) (mean+SD)
(mean=SD)
Lactate 24h 2.9+0.5 4.7+£0.94 <0.0001
LC6hrs 8.2+0.6 7.7+£0.9 0.005
LC24hrs 15.95+1.3 13.2+1.82 <0.0001

ROC analysis demonstrated that lactate levels at 24 hours were significantly
associated with mortality, with a sensitivity of 84.55%, specificity of 95.21%, PPV of
88.63%, NPV of 53%, and AUC of 0.86. A lactate clearance cutoff value of 26.5% at
24 hours was found to be a significant predictor of survival.

Table 4: ROC blood lactate at 24 hours.

Parameter Value
Sensitivity 84.55%
Specificity 95.21%
PPV 88.63%
NPV 53%
AUC 0.86
DISCUSSION
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The present study demonstrates a
significant association between blood
lactate levels, lactate clearance (LC),
and mortality in pediatric patients with
sepsis and septic shock. The findings
emphasize that both absolute lactate
values and their dynamic changes over
time are important predictors of
clinical outcomes. In particular, lactate
clearance within the first 24 hours was
found to be a strong indicator of
survival, with a relative cutoff value of
26.5% showing good prognostic
performance.

Patients were stratified into survivor
and non-survivor groups, and receiver
operating characteristic (ROC) analysis
was performed to evaluate the
predictive  accuracy of lactate
parameters. The results indicate that
lactate levels at 24 hours are
significantly associated with mortality,
supporting their role as a reliable
biomarker in early risk stratification
[10]

These findings are consistent with
previous studies. A meta-analysis by
Zhang Z and Xu X et al. demonstrated
that lactate clearance of approximately
24-24.5% at 24 hours is associated
with reduced mortality, with high
specificity [10]. Similarly, Krishna et
al. reported that persistently elevated
lactate levels in children with severe
malaria were strongly associated with
fatal outcomes [11-12]. Kim et al
further showed that serial lactate
measurements during the first 24 hours
had strong predictive value for
mortality, with an AUC of 0.828 [13-
14].

Munde et al. reported that lactate
clearance of less than 30% at 6 hours
predicts mortality in pediatric intensive
care unit (PICU) patients and performs
comparably to the Pediatric Risk of
Mortality (PRISM) score [1516].
These findings support the role of
lactate clearance as a simple and
practical  alternative to complex

scoring  systems, particularly in
resource-limited settings.

Additionally,  Jeeyapant et al.
demonstrated that lactate clearance can
serve as a surrogate endpoint in
clinical trials aimed at reducing
mortality in severe infections [17].
Randomized controlled trials in adult
populations have shown that lactate-
guided resuscitation strategies are non-
inferior or superior to those based on
central venous oxygen saturation
(Scv03), and current Surviving Sepsis
Campaign  guidelines recommend
targeting lactate normalization during
resuscitation, although the level of
evidence remains limited [12, 18]
However, some studies have reported
conflicting results. A study conducted
in a resource-limited setting found that
lactate clearance >10% at 6 hours was
not significantly associated with
improved in-hospital mortality, despite
improvements in clinical parameters
[19]. These wvariations may be
attributed to differences in study
design, patient populations, timing of
lactate measurements, and treatment
protocols.

Methodological limitations in previous
studies must also be considered. For
instance, in the FEAST trial, lactate
clearance was measured at fixed
intervals (e.g., 8 hours), which may not
accurately reflect the true timing of
lactate normalization. Early clearance
occurring before scheduled
measurements may therefore be
underestimated, potentially influencing
outcome associations [15-17]

The present study also has certain
limitations. The relatively small
sample size and single-center design
may limit generalizability.
Additionally, correlation with
established scoring systems such as
PRISM could not be performed due to

logistical constraints. The
observational nature of the study
precludes establishing causality
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between lactate clearance and
improved outcomes. Furthermore, the
optimal cutoff value and timing for
lactate clearance assessment remain to
be clearly defined, as different studies

have used thresholds ranging from 10%

to 30% within the first 24 hours.
CONCLUSION

Lactate clearance is a simple, reliable,
and cost-effective prognostic marker in
pediatric sepsis. It provides better risk
stratification ~ than single lactate
measurements and demonstrates strong
predictive value for mortality. A
lactate = clearance  threshold  of
approximately 26.5% at 24 hours may
serve as an important indicator of
survival. Lactate clearance also has
potential as a therapeutic target to
guide resuscitation, particularly in
resource-limited settings. However,
further large-scale, multicenter studies
are required to validate optimal cutoff
values and standardize its clinical
application.

Funding: No funding sources

Conflict of interest: None declared
Ethical approval: Not required

References

Shankar-Hari M, Phillips GS, Levy
ML, Seymour CW, Liu VX,
Deutschman CS, et al. Developing a
new definition and assessing new
clinical criteria for septic shock: For

the Third International Consensus
Definitions for Sepsis and Septic
Shock (Sepsis-3). JAMA.

2016;315(8):775-87. .

Chertoff J, Chisum M, Garcia B,
Lascano J. Lactate kinetics in sepsis
and septic shock: A review of the
literature and rationale for further
research. J Intensive Care. 2015;3:39.
Dellinger RP, Carlet JM, Masur H,
Gerlach H, Calandra T, Cohen J, et al.
Surviving Sepsis Campaign guidelines
for management of severe sepsis and

10.

11.

12.

septic shock. Intensive Care Med.
2004;30(4):536-55.

Lee SG, Song J, Park DW, Moon S,
Cho HJ, Kim JY, et al. Prognostic
value of lactate levels and lactate
clearance in sepsis and septic shock
with  initial  hyperlactatemia: A
retrospective cohort study according to
the Sepsis-3 definitions. Medicine
(Baltimore). 2021;100(7):e24835.
Garcia-Alvarez M, Marik P, Bellomo
R. Sepsis-associated hyperlactatemia.
Crit Care. 2014;18(5):503.

Singer M, Deutschman CS, Seymour
CW, Shankar-Hari M, Annane D,
Bauer M, et al. The Third International
Consensus Definitions for Sepsis and
Septic  Shock (Sepsis-3). JAMA.
2016;315(8):801-10.

Jat KR, Jhamb U, Gupta VK. Serum
lactate levels as the predictor of
outcome in pediatric septic shock.
Indian J Crit Care Med. 2011;15:102-7.
Meregalli A, Oliveira RP, Friedman G.
Occult hypoperfusion is associated
with increase mortality in
hemodynamically stable, high-risk,
surgical  patients.  Critical Care.
2004;8:R60-4.

Varpula M, Tallgren M, Saukkonen K,
VoipioPulkki LM,  Pettila V:
Hemodynamic variables related to
outcome in septic shock. Intensive
Care Med. 2005,31(8):1066-71.

Zhang Z, Xu X, Chen K. Lactate
clearance as a useful biomarker for the
prediction of all-cause mortality in
critically 1ill patients: a systematic
review study protocol. BMJ Open.
2014;4:e004752.

Vincent JL, Quintairos ESA, Couto L
Jr, Taccone FS. The value of blood
lactate kinetics in critically ill patients:
a systematic review. Crit Care.
2016;20:257.

Jones AE, Shapiro NI, Trzeciak S,
Arnold RC, Claremont HA, Kline JA.
Lactate clearance vs central venous
oxygen saturation as goals of early

2204 International Journal of Pharmacy Research & Technology | Jan - Jun 2026 | Vol 16 | Issue 1



13.

14.

15.

16.

17.

18.

19.

Dr Sudhanshu Bajaj et al / Plasma Lactate Levels and Lactate Clearance as Predictors of
Outcome in Pediatric Sepsis and Septic Shock

sepsis therapy: a randomized clinical
trial. JAMA. 2010;303:739-46.

Kim YA, Ha EJ, Jhang WK, Park SJ.
Early blood lactate area as a prognostic
marker in Pediatric septic shock.
Intensive Care Med. 2013;39:1818-23.

Maitland K, Kiguli S, Opoka RO,
Engoru C, Olupot-Olupot P, Akech SO,
et al. Mortality after fluid bolus in
African children with severe infection.
New Engl J Med. 2011 Jun
30;364(26):2483-95.

Munde A, Kumar N, Beri RS, Puliyel
JM. Lactate clearance as a marker
ofmortality in pediatric intensive care
unit. Indian Pediatr. 2014;51:565- 7.28.
Rhodes A, Evans LE, Alhazzani W,
Levy MM, Antonelli M, Ferrer R, et al.
Surviving sepsis campaign:
international guidelines for
management of sepsis and septic shock:
2016. Intensi Care Medicine. 2017 Mar
1;43(3):304-77.

Jeeyapant A, Kingston HW, Plewes K,
Maude RJ, Hanson J, Herdman MT, et
al. Defining surrogate end points for
clinical trials in severe falciparum
malaria. PLoS One. 2017;12:e0169307.
Dellinger RP, Levy MM, Rhodes A,
Annane D, Gerlach H, Opal SM, et al.
Surviving Sepsis Campaign:
international guidelines for
management of severe sepsis and
septic shock, 2012. Intensi Care Medi.
2013 Feb 1;39(2):165-228.

Parsapour K, Pullela R, Raff G,
Pretzlaff R. Type B lactic acidosis and
insulin resistant hyperglycemia in an
adolescent following cardiac surgery.
PediatrCrit Care Med. 2008;9:e6-9.

2205| International Journal of Pharmacy Research & Technology | Jan - Jun 2026 | Vol 16 | Issue 1



