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Abstract

Background Sepsis is an infection-related systemic inflammatory response that often leads to elevated lactate levels.
Monitoring lactate levels during severe sepsis is vital for influencing clinical outcomes. The aim of this study was to
assess the association between plasma lactate levels and mortality in children with severe sepsis or septic shock.

Methods The current prospective study was conducted in the PICU of University Children's Hospital. The
International Paediatric Sepsis Consensus Conference criteria for Definitions of Sepsis and Organ Failure in 2005 were
used to diagnose patients with sepsis. We measured plasma lactate levels upon admission (Lac HO) and 6 h later (Lac
H6). The static indices included the absolute lactate values (Lac HO and Lac H6), while the dynamic indices included
the delta-lactate level (ALac) and the 6-hour lactate clearance. The 6-hour lactate clearance was calculated using the
following formula: [(Lac HO-Lac H6)100/Lac HO]. ALac was calculated as the difference between the Lac HO and Lac
H6 levels. Patient survival or death after a PICU stay was the primary outcome.

Results A total of 46 patients were included in this study: 25 had septic shock, and 21 had severe sepsis. The
mortality rate was 54.3%. The Lac HO did not significantly differ between survivors and nonsurvivors. In contrast, the
survivors had significantly lower Lac H6 levels, higher AlLac levels, and higher 6-hour lactate clearance rates than
nonsurvivors. Lactate clearance rates below 10%, 20%, and 30% were significantly associated with mortality. The best
cut-off values for the lactate clearance rate and Lac H6 for the prediction of mortality in the PICU were < 10% and >4
mmol/L, respectively. Patients with higher Lac H6 levels and lower lactate clearance rates had significantly higher PICU
mortality based on Kaplan—Meier survival curve analysis.

Conclusions This study highlights the significance of lactate level trends over time for the prediction of mortality
in the PICU in patients with severe sepsis or septic shock. Elevated lactate levels and decreased lactate clearance six
hours after hospitalisation are associated with a higher mortality rate.
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Introduction

Severe sepsis and septic shock in pediatric patients can
cause an inappropriate immunological response, which
can lead to tissue damage, organ failure, and death during
their stay in the pediatric intensive care unit (PICU). Sep-
tic shock is one of the most serious medical emergencies,
causing high lactate levels. Even in high-income coun-
tries, it contributes to a 10% mortality rate [1-3].

Lactate produced in the human body is excreted
through the liver and kidneys. Hyperlactatemia may be
caused by decreased clearance, excessive production, or
both. Elevated lactate levels occur in patients with shock,
renal or hepatic failure, diabetic ketoacidosis, some
inborn errors of metabolism, severe hypoxemia, and car-
diac arrest. Monitoring lactate levels during severe sepsis
and septic shock is vital for influencing clinical outcomes
[2, 3].

Critically ill patients may remain in compensated sep-
tic shock with normal blood pressure and urine output.
Therefore, relying solely on maintaining normal physi-
ological parameters such as vital signs and urinary output
may be insufficient in these patients, as prompt detection
and treatment of inadequate blood supply are crucial for
their treatment. The plasma lactate value serves as one of
the biological variables evaluated, and it can be employed
to identify hypoperfusion and assess the effectiveness of
resuscitation [4, 5].

According to previous studies, single lactate measure-
ments are not consistently correlated with death and
have been used as markers of hypoperfusion; however,
their sensitivities and specificities are unclear. Addition-
ally, lactate clearance is an approximate percentage of the
reduction in lactate levels following early resuscitation
and is a plausible method for predicting mortality [6].
Increased lactate levels correlate with poor outcomes,
and survival can be predicted in critically ill adults with
septic shock through early lactate clearance [7-10]. How-
ever, the predictive accuracy of lactate clearance in chil-
dren with severe sepsis has not been fully investigated [4,
11]. Additionally, there are inadequate data available for
predicting mortality during hospitalisation using lactate
measurements. Therefore, this study aimed to assess the
prognostic value of plasma lactate levels in children with
severe sepsis or septic shock.

Subjects and methods

Patient inclusion/exclusion criteria

The present prospective observational study was con-
ducted between November 2021 and June 2022. We con-
secutively recruited all patients aged 28 days to 16 years
with severe sepsis or septic shock from the PICU of the
University Children’s Hospital. The International Pae-
diatric Sepsis Consensus Conference criteria for Defini-
tions of Sepsis and Organ Failure in 2005 were used to
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diagnose sepsis [12]. Severe sepsis was defined as one of
the following: cardiovascular organ dysfunction, acute
respiratory distress syndrome, or dysfunction of two or
more additional organs. Septic shock includes sepsis and
cardiovascular organ dysfunction [12]. The 2020 Sur-
viving Sepsis Campaign Guidelines have been used for
treatment recommendations [13]. Using OPEN-EPI, the
estimated sample size at 80% power and 95% confidence
intervals was 46 patients, assuming that the mean lac-
tate levels at admission were 3.3%+1.7 for survivors and
5.4%3.1 for nonsurvivors. We excluded patients who
received treatment at a different healthcare facility, had
other causes of shock unrelated to sepsis, had malig-
nant diseases, were receiving immunosuppressive treat-
ment, or had conditions known to cause elevated lactate
levels, such as inborn metabolic errors. The therapeutic
endpoints targeted during fluid resuscitation include the
following: first, a normalised systolic blood pressure; sec-
ond, strong distal pulses comparable to central pulses;
third, appropriate skin perfusion; and fourth, a urine
amount equal to or greater than 1 mL/kg/h [14].

Patient workup

The clinical data of the recruited patients were collected
and subjected to further investigation. Complete blood
count, electrolyte levels, coagulation test results, liver
and kidney function, and serum calcium, phosphorus,
magnesium, and C-reactive protein levels were assessed
according to the manufacturer’s guidelines. Blood cul-
tures for each patient were obtained, and cultures from
different sites, including tracheal aspirate, cerebrospinal
fluid (CSF), urine, and central venous catheter (CVC)
analyses, were obtained only when clinically indicated.
Cultures from the blood samples were incubated in a
BACT/ALERT3D system (Biomerieux, France), whereas
other cultures were incubated on plates containing suit-
able media. A VITEK2 Compact device (Biomerieux,
France) was used to identify and test for antibiotic sus-
ceptibility in the positive cultures.

Lactate kinetic measurements

We measured plasma lactate levels upon admission (Lac
HO), within the first hour of PICU admission, and after
6 h (Lac H6). The static indices included the absolute
lactate values (Lac HO and Lac H6), while the dynamic
indices included the lactate clearance and delta-lactate
(ALac) after 6 h. ALac was identified as the alteration in
lactate level after 6 h and was calculated as the difference
between the Lac HO and Lac H6 levels. Following the ini-
tial resuscitation, the 6-hour lactate clearance was the
estimated percentage drop in lactate plasma levels and
was calculated as [(Lac HO-Lac H6) 100/Lac HO] [11].
Blood specimens were collected aseptically from large
veins using a tourniquet in suitable tubes or collection
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Total eligible patients admitted to the PICU during the study

period: N = 103 patients

Excluded patients: N = 57

33 received treatment in a different hospital.

» 14 declined the consent to participate.

5 were receiving immunosuppressive treatment.

3 had malignant diseases.

2 had inborn metabolic errors with elevated lactate.

A 4

Enrolled patients
N=46

Survivors group

N=21 N=125

Nonsurvivors group

Fig. 1 Flowchart of the study population

containers supplemented with Na-fluoride/K-oxalate or
Na-fluoride/Na-heparin plasma and centrifuged. Plasma
levels of lactate were measured using spectrophotom-
etry on a 6000 Roche Cobas (c501) (Roche Diagnostics,
Switzerland). Lactate oxidase transforms lactate into
pyruvate. Peroxidase was used to create a colored dye
from the hydrogen peroxide produced in the initial reac-
tion. The L-lactate concentration was proportional to the
intensity of the color.

The primary outcome

The primary outcome was patient survival or death after
a PICU stay. We divided our subjects into two distinct
groups: survivors and nonsurvivors.

Statistical analysis

We performed the data analysis using SPSS version 26
(Statistical, Armonk, NY, USA). The chi-square (X2) test
was employed for comparisons of frequencies and per-
centages, which are categorical variables. The means and

standard deviations (SDs) or medians and interquartile
ranges (IQRs) of the quantitative variables were used to
describe the data. We checked assumptions for para-
metric tests using the Kolmogorov-Smirnov and Shap-
iro-Wilk tests. We compared quantitative data across the
two distinct groups using the independent sample t test
(for normally distributed data) and the Mann-Whitney
test (for nonnormally distributed data). The associations
between various lactate metrics and hospital mortal-
ity were examined through a logistic regression model.
The multivariate model was adjusted for age, gender, and
comorbidities. These confounders have the potential to
influence both lactate metrics and hospital mortality. By
including these factors as covariates in our analysis, we
aimed to control for their potential impact and isolate the
specific association between lactate metrics and mortal-
ity. Kaplan—Meier survival curve analysis was used. The
results are expressed as odds ratios with 95% confidence
intervals. We set the statistical significance at P<0.05.
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Table 1 Basic characteristics of the study cohort
Overall Survivors Nonsurvivors Test of *P value
(N=46) (N=21) (N=25) significance

Age (months) 11 (2-165) 12 (2-165) 8 (2-144) U=213 0.27
median (IQR)
Sex

Male 26 (57%) 14 (66.7%) 12 (48%) x2=1.62 0.20

Female 20 (43%) 7 (33.3%) 13 (52%)
Sepsis Grade
Severe sepsis 21 (46%) 11 (52.4%) 10 (40%) x2=0.71 *0.01
Septic shock 25 (54%) 10 (47.6%) 15 (60%)
MV duration (days) 14.5 (1-33) 14 (3-33) 15 (1-33) U=239 0.61
median (IQR)
PICU staying (days) 16 (1-36) 18 (5-36) 15(1-33) U=186 0.09
median (IQR)
Diagnosis
Pneumonia 16 (35%) 8(38.1%) 8 (32%) x2=28.67 0.73
Complicated bronchiolitis 1 2%) 0 (0%) 1 (4%)
Severe stridor 1 (2%) 1 (4.8%) 0 (0%)
Pneumothorax secondary to pneumonia 1(2%) 1(4.8%) 0 (0%)
Aspiration pneumonia 2 (4%) 1 (4.8%) 1 (4%)
Status epilepticus 6 (13%) 3(14.3%) 3(12%)
Cerebral sinovenous thrombosis 1 (2%) 1(4.8%) 0 (0%)
Meningoencephalitis 2 (4%) 1 (4.8%) 1 (4%)
Aplastic anemia 1(2%) 1(4.8%) 0 (0%)
Complicated gastroenteritis 6 (13%) 2 (9.5%) 4 (16%)
Heart failure 7 (15%) 2 (9.5%) 5 (20%)
Superior mediastinal syndrome 1(2%) 0 (0%) 1 (4%)
Infective endocarditis 1 (2%) 0 (0%) 1 (4%)
WBCs (x103/mm3), median (IQR) 24.5 (7-48) 24 (14-48) 25 (7-38) U=2535 0.84
Hemoglobin (gm/dL), median (IQR) 9.85(5.7-13.8) 93(5.7-114) 9.9 (7-13.8) U=199 0.16
Platelets (x103/mm3), median (IQR) 318 (16-637) 250 (16— 547) 355 (25-637) U=195 0.14
Blood urea nitrogen (mg/dL), median (IQR) 16.35 (6.2 —67.7) 22 (6.3-67.7) 15.1 (6.2-58) U=238 0.59
Creatinine (mg/dL), median (IQR) 045 (0.15-4.8) 0.5 (0.2-4.8) 0.3(0.15-3.8) U=1935 013
Sodium (mmol/L), median (IQR) 135 (114-152) 136 (117 —148) 134 (114-152) U=224 039
Potassium (mmol/L), median (IQR) 3.95(2.1-7) 4(2.2-7) 39(2.1-59) U=252 0.83
Calcium (mg/dL), median (IQR) 9 (6.5-12.80) 89(7.9-11.2) 9(6.5-12.8) U=245 0.69
Magnesium (mg/dL), median (IQR) 2.21(0.9-3.1) 2.1(1.5-2.68) 23(0.9-3.1) U=1775 0.06
Phosphorus (mg/dL), median (IQR) 42 (2.2-8) 4(22-6.17) 45 (2.6-8) U=191 0.12
Serum protein
C-reactive protein (mg/L), median (IQR) 140.5 (53-445) 130 (40-215) 155 (53-445) *U=212 *0.04
Total Protein (gm/dL), median (IQR) 56(3-76) 55(3.2-75) 56(3-76) U=234 0.53
Albumin (gm/dL), median (IQR) 337 (2-53) 3.34(2.3-4) 34(2-53) U=246 0.72

IQR; interquartile quartile range, Mann-Whitney U test; MV, mechanical ventilation; PICU, paediatric intensive care unit; WBC, white blood cell; x2, chi-square test

*p<0.05 was considered to indicate statistical significance

Results

Figure 1 displays the flowchart of the research popu-
lation. In total, 46 patients were enrolled in the study.
There were 21 and 25 patients in the survivor and non-
survivor groups, respectively. Age, sex, length of PICU
stay, diagnosis, and duration of mechanical ventila-
tion did not significantly differ between the two distinct
groups (Table 1). Klebsiella pneumonia, Escherichia coli,
Staphylococcus aureus, and Acinetobacter baumannii
were detected in 38%, 24%, 10%, and 5% of the survivors,

respectively, whereas they were detected in 24%, 16%,
16%, and 16%, respectively, of the nonsurvivors.

The Lac HO did not significantly differ between sur-
vivors and nonsurvivors. In contrast, the survivors had
significantly lower Lac H6 levels, higher ALac levels, and
higher 6-hour lactate clearance rates than nonsurvivors
(Table 2). Linear regression analysis revealed no signifi-
cant differences in lactate levels, duration of mechanical
ventilation, or duration of PICU stay between the two
groups.
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Table 2 Distribution of lactate levels between survivors and nonsurvivors

Overall (N=46) Survivors (N=21) Nonsurvivors (N=25) Test of significance *Pvalue

Lac HO 5.2(2.7-18) 52 (2.7-14) 52((3.1-18) U=238 0.59
(mmol/L), median (IQR)

Lac H6 22(0.7-14) 2.1(0.7-13.5) 29(1.1-14) *U=2135 *0.03
(mmol/L), median (IQR)

Delta change, (mmol/L) 25(0.3-6) 3.1(0.5-6) 22(03-46) *U=1755 *0.04
median (IQR)

Lactate clearance 5544 (33 -78.13) 60 (3.57-78.13) 50.98 (3.3-64.6) *U=1775 *0.04
median (IQR)

IQR; interquartile quartile range, Lac HO; lactate levels upon admission, Lac H6; lactate levels 6 h later, Mann—-Whitney U test

*p<0.05 indicates statistical significance

Table 3 Logistic regression analysis to predict PICU mortality by
lactate levels

Variables Unadjusted Odds ratio Adjusted Odds
ratio
Odds ratio 95% Odds 95% con-

confidence ratio fidence

interval interval
Lac H6 .11 1.08-1.9 1.24 1.03-1.57
LacH6>2 mmol/L 242 1.41-4.55 2.19 1.01-242
LC 1.02 1.01-1.09 1.86 1.56-2.80
LC<10% (n=6) 237 1.08-2.66 1.89 1.35-2.24
LC<20% (n=11) 2.56 1.26-2.73 1.62 1.33-1.91
LC<30% (n=14) 242 1.12-2.60 1.11 1.02-1.52

Lac HO; lactate levels upon admission, Lac H6; lactate levels 6 h later, LC; lactate
clearance, PICU; paediatric intensive care unit

The PICU mortality rate was significantly related to
the lactate clearance rate and lactate levels after 6 h.
According to the multivariate logistic regression model,
this effect persisted after controlling for confound-
ers (age, gender, and comorbidities). The three different
lactate clearance rates (10%, 20%, and 30%) were signifi-
cantly correlated with higher PICU fatality, and a Lac
H6 level>2 mmol/L was significantly associated with
increased PICU mortality (Table 3).

The 6-hour lactate clearance had superior prognostic
performance in predicting PICU mortality, with a sensi-
tivity of 62.3% and specificity of 60.4% (Table 4).

Kaplan—Meier survival curve analysis revealed that
patients with lower lactate clearance rates and increased
Lac H6 levels had significantly higher PICU mortality.
The best cut-off values for the lactate clearance rate and
Lac H6 for predicting mortality in the PICU were <10%
and >4 mmol/L, respectively (Figs. 2 and 3).

Discussion

The current study concluded that the survivors had sig-
nificantly lower Lac H6 levels, greater lactate clearance
rates, and greater ALac levels than nonsurvivors. In
contrast, the Lac HO did not significantly differ between
survivors and nonsurvivors. The best cut-off values for
the lactate clearance rate and Lac H6 for the prediction
of mortality in the PICU were <10% and =4 mmol/L,
respectively. Patients with higher Lac H6 levels and lower
lactate clearance rates had significantly higher PICU
mortality.

Our findings were consistent with those of previous
studies evaluating plasma lactate levels in children and
adults, as shown in Table 5 [1, 4, 11, 15-19].

The conclusions of the present study are also con-
sistent with those of other studies showing that ini-
tial lactate levels have poor sensitivity or specificity for
predicting mortality [20-22]. To anticipate the conse-
quences in critically ill children, sequential lactate mea-
surements are essential instead of single measurements.
Lactate clearance is considered a promising biomarker of

Table 4 Predicting PICU mortality using lactate levels and lactate clearance

Area under the Confidence P value Sensitivity Specificity Positive pre-  Negative
curve (AUC) interval dictive value  predic-
(PPV) tive value
(NPV)
LC 0.66 0.50 0.82 *0.048 62.3% 60.4% 50.2% 70.6%
LC<10% (n=6) 0.55 042 0.62 45.6% 62.9% 54.6% 62.4%
LC<20% (n=11) 0.52 0.04 0.96 52.6% 53.3% 58.6% 67.4%
LC<30% (n=14) 061 0.16 0.84 61.2% 584% 54.5% 70.6%
Lac HO 0.45 0.22 0.62 0.59 67.3% 74.5% 60.2% 67%
Lac H6 0.51 0.24 0.58 0.28 57.5% 60.1% 50.6% 68.5%
LacH6 0.54 027 0.73 51.5% 43.6% 59.3% 60.4%

>2 mmol/L (n=23)

Lac HO; lactate levels upon admission, Lac H6; lactate levels 6 h later, LC; lactate clearance, PICU; paediatric intensive care unit
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Fig. 2 Kaplan—Meier survival curves stratified according to the best lactate cut-off value for six-hour lactate for predicting mortality
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Fig. 3 The lactate clearance cut-off value for predicting mortality according to Kaplan-Meier survival curves

microcirculation because it is strongly related to capillary
perfusion. Septic shock is characterised by microcircula-
tory disruption, decreased oxygen supply to tissues and
organs, and impaired organ function. Multiple-organ
dysfunction syndrome, recognised as an important

predictor of death, arises from persistently inadequate
blood flow to vital organs [20-22].

Notably, the AUC for lactate clearance was low in our
study. This could be attributed to the variety of confound-
ers, limited total number of patients, insufficient sample
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size, clinical condition of our patients, and increased
mortality rates.

Chertoff et al. [23] reported that within the first 8 h
of hospital admission, patients with lactate clearance
greater than 20% had a 22% reduced risk of mortality
compared to those with clearance less than 20%. Addi-
tionally, an 11% reduction in mortality was observed for
each 10% increase in lactate clearance. Although previ-
ous studies have differed in terms of geographical area,
sample size, patient characteristics, and testing methods,
there is increasing evidence supporting the utility of lac-
tate measurements, such as lactate clearance, in mortality
risk stratification, suggesting that this approach would be
helpful in clinical practice.

Compared to that of Lac HO, the 6-hour lactate clear-
ance more precisely reflects a child’s clinical status
because the response to resuscitation throughout the first
6-hour time frame is considered. This finding reinforces
the notion that lactate levels trending over time are better
than lactate levels at predicting in-hospital mortality. Lac
H6 levels returned to normal after a good response to
treatment during the initial six hours. On the other hand,
a poor response to treatment results in a higher Lac H6
with reduced lactate clearance, likely leading to adverse
consequences and necessitating a greater level of care.
Clinicians benefit from this approach because it allows
them to identify high-priority children quickly.

In contrast to our findings, Nichol et al. [24] reported
that low levels of lactate were correlated with a greater
likelihood of death in adult patients. In addition, Wacha-
rasint et al. [25] observed a greater fatality rate in adult
septic shock patients with lower lactate levels. In their
study of critically ill children, Koliski et al. [26] reported
that blood lactate levels (Lac HO and Lac H12) were inef-
fective at predicting patient mortality risk. Gupta A et al.
[27] reported that the mean lactate level during the ini-
tial 6 h of hospitalisation in critically ill children in India
is a more reliable indicator of prognosis than the lactate
clearance during the exact duration of hospitalisation.

Lactate levels may be normal in some patients with
sepsis, and lactate clearance testing is ineffective in these
patients. Many lactate measurement confounders exist,
such as the administration of Ringer’s lactate as an emer-
gency resuscitation fluid in patients with septic shock,
which may delay lactate clearance, the presence of liver
disease in these patients, which may delay lactate clear-
ance monitoring, the administration of exogenous lactate
producers such as adrenaline, which promotes pyruvate-
to-lactate conversion in the lungs and increases lactate
release into the systemic circulation, and the need for
a large quantity of transfused red blood cells [28, 29].
Therefore, alternative variables should be used to predict
the prognosis of septic shock patients.
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The strength of this study is the choice of a 6-hour
time window to evaluate the impact of resuscitation on
lactate levels. Since we measured lactate levels early and
after 6 h, our study suggests that high levels of lactate in
patients with severe sepsis are associated with mortal-
ity. This study was performed at a tertiary hospital that
serves a large general population, which improved the
quality of the study.

Therefore, significant constraints must be consid-
ered when evaluating our results. The small sample size,
observational single-center study design, and inability to
rule out the effects of drugs such as epinephrine are the
limitations of this study. Furthermore, the high fatality
rate (54% of the recruited sample) may limit the gener-
alizability of our findings. Additional multicenter clinical
trials are needed to define the lactate clearance threshold
for directed treatment in patients with severe sepsis and
septic shock.

Conclusion

This study highlights the significance of lactate level
trends over time in predicting mortality in children with
severe sepsis or septic shock. Elevated plasma lactate
levels and reduced lactate clearance after 6 h of hospi-
talisation are associated with a higher mortality rate,
highlighting the importance of these variables as inde-
pendent, readily available, and crucial factors for assess-
ing mortality risk.

Acknowledgements
We would like to thank patients' families for their willingness to participate in
this study.

Author contributions

All authors conceived the study, participated in the study’s design, assisted
in data collection, checked, analyzed and interpreted the data and drafted
the manuscript. NAK conceived the study, participated in the checking,
analyzing, and interpreting of the data and had input in the drafting of the
manuscript. TAA and EGB conceived the study and participated in checking,
analyzing, interpreting the data, and drafting the manuscript. Wil conceived
the study, assisted in data collection, analyzed and interpreted the laboratory
measurements and had input in the drafting of the manuscript. NMAA
assisted in data collection, participated in the checking, analyzing, and
interpreting of the data and had input in drafting the manuscript. All authors
have read and approved the final manuscript.

Funding

No financial or nonfinancial benefits have been received or will be received
from any party related directly or indirectly to the subject of this article.
Open access funding provided by The Science, Technology & Innovation
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank
(EKB).

Data availability

The datasets generated and/or analysed during the current study are not
publicly available but are available from the corresponding author upon
reasonable request.



Abdelaziz et al. BMC Pediatrics (2024) 24:345

Declarations

Ethics approval and consent to participate

All the experimental protocols were approved by the Zagazig University
Institutional Review Board (ZU-IRB #9007/19-10-2021). Informed consent was
obtained from all the subjects and/or their legal guardians to start this study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 15 December 2023 / Accepted: 3 May 2024
Published online: 18 May 2024

References

1. Munde A, Kumar N, Beri RS, Puliyel JM. Lactate clearance as a marker of mor-
tality in pediatric intensive care unit. Indian Pediatr. 2014;51(7):565-7. https://
doi.org/10.1007/513312-014-0448-2. PMID: 25031136.

2. Miura S, Michihata N, Hashimoto Y, et al. Descriptive statistics and risk factor
analysis of children with community-acquired septic shock. j Intensive care.
2023;11:6. https://doi.org/10.1186/540560-023-00652-9.

3. Abdelaziz TA, Mohamed MAA, Ismail W], et al. A prospective cohort study of
severe sepsis-induced dyslipidemia and changes in D-dimer levels in chil-

dren: do they affect the prognosis? Egypt Pediatr Association Gaz. 2023;71:93.

https://doi.org/10.1186/543054-023-00240-4.

4. Choudhary R, Sitaraman S, Choudhary A. Lactate clearance as the predictor
of outcome in pediatric septic shock. Journal of Emergencies, Trauma, and
Shock 2017;10(2):55-59. | https://doi.org/10.4103/JETSJETS_103_16.

5. 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. https://doi.org/10.1001/
jama.2016.0287. PMID: 26903338; PMCID: PMC4968574.

6. Aramburo A, Todd J, George EC, Kiguli S, Olupot-Olupot P, Opoka RO, et al.
Lactate clearance as a prognostic marker of mortality in severely ill febrile
children in East Africa. BMC Med. 2018;16(1):37. https://doi.org/10.1186/
512916-018-1014-x. PMID: 29519240; PMCID: PMC5844084.

7. RehmanF, Zafar SB, Aziz A, Aziz A, Memon PS, Ejaz T, et al. Early Lactate
Clearance as a determinant of survival in patients with Sepsis: findings from a
low-resource country. J Crit Care Med (Targu Mures). 2023;9(1):30-8. https://
doi.org/10.2478/jccm-2023-0005. PMID: 36890975; PMCID: PMC9987270.

8. Mikkelsen ME, Miltiades AN, Gaieski DF, Goyal M, Fuchs BD, Shah CV et al.
Serum lactate is associated with mortality in severe sepsis independent
of organ failure and shock. Crit Care Med. 2009;37(5):1670-7. https://doi.
0rg/10.1097/CCM.0b013e31819fcf68. PMID: 19325467.

9. Vincent JL, Quintairos E, Silva A, Couto L Jr, Taccone FS. The value of blood
lactate kinetics in critically ill patients: a systematic review. Crit Care.
2016;20(1):257. https://doi.org/10.1186/513054-016-1403-5. PMID: 27520452;
PMCID: PMC4983759.

10.  Jones AE, Shapiro NI, Trzeciak S, Arnold RC, Claremont HA, Kline JA. Emer-
gency Medicine Shock Research Network (EMShockNet) investigators.
Lactate clearance vs central venous oxygen saturation as goals of early sepsis
therapy: a randomised clinical trial. JAMA. 2010;303(8):739-46. https://doi.
0rg/10.1001/jama.2010.158 PMID: 20179283, PMCID: PMC2918907.

11, Alam A, Gupta S. Lactate Measurements and Their Association With
Mortality in Pediatric Severe Sepsis in India: Evidence That 6-Hour Level
Performs Best. J Intensive Care Med. 2021,36(4):443-450. https://doi.
0rg/10.1177/0885066620903231. Epub 2020 Feb 11. PMID: 32041465.

12. Goldstein B, Giroir B, Randolph A, International Consensus Conference on
Pediatric Sepsis. International pediatric sepsis consensus conference: defini-
tions for sepsis and organ dysfunction in pediatrics. Pediatr Crit Care Med.
2005;6(1):2-8. https://doi.org/10.1097/01.PCC.0000149131.72248 E6. PMID:
15636651.

13. Weiss SL, Peters MJ, Alhazzani W, Agus MSD, Flori HR, Inwald DP et al. Surviv-
ing Sepsis Campaign International Guidelines for the Management of Septic
Shock and Sepsis-Associated Organ Dysfunction in Children. Pediatr Crit Care
Med. 2020;21(2):e52-e106. https://doi.org/10.1097/PCC.0000000000002198.
PMID: 32032273.

Page 9 of 9

14. Brierley J, Carcillo JA, Choong K, Cornell T, Decaen A, Deymann A, et al.
Clinical practice parameters for hemodynamic support of pediatric and
neonatal septic shock: 2007 update from the American College of critical
Care Medicine. Crit Care Med. 2009;37(2):666-88. https://doi.org/10.1097/
CCM.0b013e31819323¢6. Erratum in: Crit Care Med. 2009;37(4):1536. Skache,
Sara [corrected to Kache, Saraswati]; Irazusta, Jose [corrected to Irazuzta,
Jose]. PMID: 19325359; PMCID: PMC4447433.

15. Nazir M, Wani W, Dar SA, Mir IH, Charoo BA, Ahmad Q| et al. Lactate clearance
prognosticates outcome in pediatric septic shock during first 24 h of inten-
sive care unit admission. J Intensive Care Soc. 2019;20(4):290-8. Epub 2019
Jun 12. https://doi.org/10.1177/1751143719855202 PMID: 31695733; PMCID:
PM(C6820231.

16.  Kim YA, Ha EJ, Jnang WK, Park SJ. Early blood lactate area as a prognostic
marker in pediatric septic shock. Intensive Care Med. 2013,39(10):1818-23.
https://doi.org/10.1007/500134-013-2959-z. Epub 2013 Jul 2. PMID:
23818093.

17. Moustafa AA, Elhadidi AS, EI-Nagar MA, Hassouna HM. Can Lactate Clear-
ance Predict Mortality in critically Il children? J Pediatr Intensive Care.
2021;12(2):112-7. https://doi.org/10.1055/5-0041-1730930. PMID: 37082472;
PMCID: PMC10113011.

18. Kumar R, Kumar N. Validation of lactate clearance at 6 h for mortality predic-
tion in critically ill children. Indian J Crit Care Med. 2016;20(10):570-4. https://
doi.org/10.4103/0972-5229.192040. PMID: 27829711; PMCID: PMC5073770.

19. Marty P, Roquilly A, Vallée F, Luzi A, Ferré F, Fourcade O, Asehnoune K, Minville
V. Lactate clearance for death prediction in severe sepsis or septic shock
patients during the first 24 hours in Intensive Care Unit: an observational
study. Ann Intensive Care. 2013;3(1):3. https://doi.org/10.1186/2110-5820-3-3.
PMID: 23398782; PMCID: PMC3614435.

20.  Garcia PCR, Tonial CT, Piva JP. Septic shock in pediatrics: the state-of-the-
art. J Pediatr (Rio J). 2020 Mar-Apr;96 suppl 1(Suppl 1):87-98. https://doi.
0rg/10.1016/}jped.2019.10.007. Epub 2019 Dec 13. PMID: 31843507; PMCID:
PM(C9432279.

21.  De Backer D, Creteur J, Dubois MJ, Sakr Y, Koch M, Verdant C et al. The effects
of dobutamine on microcirculatory alterations in patients with septic shock
are independent of its systemic effects. Crit Care Med. 2006;34(2):403-8.
https://doi.org/10.1097/01.ccm.0000198107.61493.5a. PMID: 16424721.

22. Kanoore Edul VS, Dubin A, Ince C. The microcirculation as a therapeutic
target in the treatment of sepsis and shock. Semin Respir Crit Care Med.
2011;32(5):558-68. https://doi.org/10.1055/5-0031-1287864. Epub 2011 Oct
11. PMID: 21989692.

23. 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. https://doi.org/10.1186/540560-015-0105-4. PMID: 26445673;
PMCID: PM(C4594907.

24.  Nichol AD, Egi M, Pettila V, Bellomo R, French C, Hart G, et al. Relative
hyperlactatemia and hospital mortality in critically ill patients: a retrospective
multicentre study. Crit Care. 2010;14(1):R25. https://doi.org/10.1186/cc8888.
Epub 2010 Feb 24. PMID: 20181242; PMCID: PMC2875540.

25. Wacharasint P, Nakada TA, Boyd JH, Russell JA, Walley KR. Normal-range blood
lactate concentration in septic shock is prognostic and predictive. Shock.
2012;38(1):4-10. https://doi.org/10.1097/SHK.00013e318254d4 1a. PMID:
22552014.

26.  Koliski A, Cat I, Giraldi DJ, Cat ML. Lactato sérico como marcador prognéstico
em criangas gravemente doentes [Blood lactate concentration as prognostic
marker in critically ill children]. J Pediatr (Rio J). 2005 Jul-Aug;81(4):287-92.
Portuguese. PMID: 16106312.

27. Gupta A, Puliyel J, Garg B, Upadhyay P. Mean core to peripheral tempera-
ture difference and mean lactate levels in first 6 hours of hospitalisation as
two indicators of prognosis: an observational cohort study. BMC Pediatr.
2020;20(1):515. https://doi.org/10.1186/512887-020-02418-w. PMID:
33167929; PMCID: PMC7653762.

28. Jones AE. Lactate clearance for assessing response to resuscitation in
severe sepsis. Acad Emerg Med. 2013;20(8):844-7. https://doi.org/10.1111/
acem.12179. Epub 2013 Jul 23. PMID: 23879729; PMCID: PM(C3982588.

29. Vincent JL, Bakker J. Blood lactate levels in sepsis: in 8 questions.

Curr Opin Crit Care. 2021;27(3):298-302. https://doi.org/10.1097/
MCC.0000000000000824. PMID: 33852499.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1007/s13312-014-0448-2
https://doi.org/10.1007/s13312-014-0448-2
https://doi.org/10.1186/s40560-023-00652-9
https://doi.org/10.1186/s43054-023-00240-4
https://doi.org/10.4103/JETS.JETS_103_16
https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1186/s12916-018-1014-x
https://doi.org/10.1186/s12916-018-1014-x
https://doi.org/10.2478/jccm-2023-0005
https://doi.org/10.2478/jccm-2023-0005
https://doi.org/10.1097/CCM.0b013e31819fcf68
https://doi.org/10.1097/CCM.0b013e31819fcf68
https://doi.org/10.1186/s13054-016-1403-5
https://doi.org/10.1001/jama.2010.158
https://doi.org/10.1001/jama.2010.158
https://doi.org/10.1177/0885066620903231
https://doi.org/10.1177/0885066620903231
https://doi.org/10.1097/01.PCC.0000149131.72248.E6
https://doi.org/10.1097/PCC.0000000000002198
https://doi.org/10.1097/CCM.0b013e31819323c6
https://doi.org/10.1097/CCM.0b013e31819323c6
https://doi.org/10.1177/1751143719855202
https://doi.org/10.1007/s00134-013-2959-z
https://doi.org/10.1055/s-0041-1730930
https://doi.org/10.4103/0972-5229.192040
https://doi.org/10.4103/0972-5229.192040
https://doi.org/10.1186/2110-5820-3-3
https://doi.org/10.1016/j.jped.2019.10.007
https://doi.org/10.1016/j.jped.2019.10.007
https://doi.org/10.1097/01.ccm.0000198107.61493.5a
https://doi.org/10.1055/s-0031-1287864
https://doi.org/10.1186/s40560-015-0105-4
https://doi.org/10.1186/cc8888
https://doi.org/10.1097/SHK.0b013e318254d41a
https://doi.org/10.1186/s12887-020-02418-w
https://doi.org/10.1111/acem.12179
https://doi.org/10.1111/acem.12179
https://doi.org/10.1097/MCC.0000000000000824
https://doi.org/10.1097/MCC.0000000000000824

	﻿Lactate dynamics in paediatric patients with severe sepsis: insights from a prospective cohort study
	﻿Abstract
	﻿Introduction
	﻿Subjects and methods
	﻿Patient inclusion/exclusion criteria
	﻿Patient workup
	﻿Lactate kinetic measurements
	﻿The primary outcome
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


