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Introduction

The concentrations of arterial lactate represent the balance
between lactate production and clearance. Hyperlactatemia
occurs when production exceeds clearance which has been
confirmed to be associated with worse clinical outcomes in
critically ill patients.1 In critically ill patients, failure of
oxygen delivery to meet oxygen demand results in tissue
hypoxia and increases anaerobic metabolism. Elevated se-

rum lactate levels reflect the anaerobic metabolism related
to cellular hypoxia and are thought to be an important
marker of impaired tissue perfusion.2 Unresolved global
tissue hypoxia, as indicated by inadequate lactate clearance,
is associated with multiorgan dysfunction and increased
mortality during the early phase of resuscitation.2,3 Lactic
acidosis can also occur with no clinical evidence of poor
tissue perfusion or oxygenation, it is present due to an
underlying etiology such as inborn error/s of metabolism,
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Abstract Serial evaluation of blood lactate, including lactate clearance, may have greater value
over singlemeasurement at the time of presentation. The rationale of the current study
was to evaluate the use of lactate clearance after 6 hours of admission to pediatric
intensive care unit (PICU) as a predictor of mortality in critically ill children. A
prospective observational study was conducted in a nine-bed PICU of a tertiary care
teaching hospital over a period of 6 months. Lactate levels were measured in arterial
blood samples of 76 patients at the time of admission and 6 hours later. According to
calculated lactate clearance, patients were divided into group A (lactate clearance
more than 0) which included 71% of patients and group B (lactate clearance �0) which
included 29% of patients. Lactate level at admission was a poor predictor of mortality
(area under receiver operating characteristic curve [AUC]¼0.519, p¼ 0.789). Lactate
clearance after 6 hours of admission was a significant predictor of mortality (AUC
¼0.766, p<0.001). Using Kaplan–Meier survival curve, overall survival was signifi-
cantly better among group A (p<0.001). Using multivariate logistic regression model,
lactate clearance after 6 hours (odds ratio¼ 0.98, 95% confidence interval [CI]: 0.96–
0.99) and The Pediatric Index of Mortality 2 (PIM2) score (odds ratio¼4.7, 95% CI:
1.85–12.28) had independent prognostic significance with regard to mortality
(p¼0.030, 0.001 respectively). We conclude that lactate clearance after 6 hours of
admission can predict mortality in critically ill children.
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drug intoxication, renal or hepatic impairment. However, in
many of these cases, occult tissue hypoperfusion is now
recognized to accompany the primary etiology.4

Serial evaluation of blood lactate, including lactate clear-
ance, may have greater value over single measurement at
the time of presentation.5 Lactate clearance has been sug-
gested as a parameter to evaluate the effectiveness of
resuscitation.5,6 Although the relationship between lactate
clearance and the mortality of critically ill children is
theoretically well proven by biochemical evidences, only
few clinical studies have tried to prove this relation
clinically.3,7

The rationale of the current study was to evaluate the role
of lactate clearance, after 6 hours of admission, in prediction
of mortality in critically ill children.

Methods

This prospective observational study included 76 patients
admitted to pediatric intensive care unit (PICU) belonging to
a tertiary care hospital fromMarch 1, 2017, to September 30,
2017. An approval of the study by the University Ethical
Committee and an informed consent from the patients’
parents were obtained.

Consecutive patients aged 1 month to 16 years admitted
to PICU were eligible. Children having inborn error/s of
metabolism or malignancy were excluded. All patients re-
ceived echocardiography-guided management of shock as
per our PICU protocol/s. Detailed echocardiographic findings
using two-dimensional (B mode), M mode, pulsed Doppler
were obtained. Therapy was adjusted according to the echo-
cardiographic findings. First, to guide fluid therapy, when
inferior vena cava (IVC) was collapsed or>50% respirophasic
variation, fluid boluses were continued and when IVC was
normal or full with minimal respirophasic variation, fluid
boluses were discontinued or slowed. Second, when myo-
cardial dysfunction was present, inotropes were started.
Ascending and descending titration of inotropes was guided
by the echocardiography findings. Echocardiography was
done at time of admission and serially before and after
changes in treatments and then daily, till patient is dis-
charged or deceased.

Protocol of the Study
Lactate levels were measured in arterial blood samples
collected from the patients using GEM premier 3500 (United
States, serial no.13073215) blood gas and electrolytes ana-
lyzer. Blood samples were collected at the time of admission
to the PICU and 6hours later. Lactate clearance was calculat-
ed using the following equation:7

Lactate clearance¼ [(arterial lactate level on admission –

arterial lactate level after 6 hours of admission)�100 /
arterial lactate level on admission].

Patients were divided according to lactate clearance after
6 hours of admission into two groups. Group A in which
lactate clearancewasmore than zero (improving lactate) and
group B in which lactate clearance was less than or equal to
zero (worsening lactate).

Data Collection
Routine investigations were performed including complete
blood count, C-reactive protein, and renal and liver function
tests. Pediatric Index of Mortality 2 (PIM 2)8 score was
calculated for rating the severity of medical illness for
children. Because PIM2 describes how ill the child was at
the time of providing intensive care, PIM2 was calculated
from the information collected at the time a child was
admitted to PICU. Items included are as follows: systolic
blood pressure, pupillary reactions to bright light, partial
oxygen pressure (PaO2), fractional inspired oxygen (FIO2) at
the time of PaO2 (if oxygen via endo-tracheal tube or head
box), base excess in arterial or capillary blood, mechanical
ventilation at any time during the first hour in PICU, either
admission to PICU was elective, recovery from surgery or a
procedure was the main reason for PICU admission, cardiac
bypass, and whether it was high- or low-risk diagnosis.
Length of PICU stays, as well as the in-hospital mortality,
was recorded.

Sample Size
A sample size of 70 patients was the minimum required to
detect an area under the receiver operating characteristics
(ROC) curve (AUC) of 0.65, relative to a null value of 0.5, as
statistically significant with 80% power and at a significance
of 0.05. The sample size was calculated using Medcalc
Software version 14.

Statistical Analysis
Data were collected, revised, coded, and fed to statistical
software SPSS-IBM version 20. To test for differences at
percentages; exact tests were used while Mann–Whitney
test and independent samples t-test were used for comparing
median and means, respectively. The AUC was carried using
MedCalc Software version 14. Youden’s index was used to
determine thebest cut-off value. All variableswere candidate
for univariate analysis to investigate the significant factors
associated with mortality. Significant variables revealed by
univariate analysis were subjected to a multivariate logistic
regression model to identify independent risk factors of
mortality. Kaplan–Meier Survival curve for overall survival
among groups was used. A statistical significant value of less
than 0.05 was adopted.

Results

Total PICU admissions were 118 during the study period,
35.6% (n¼42) were excluded as per prespecified exclusion
criteria. The 76 enrolled patients were divided according to
their lactate clearance after 6 hours of admission. Group A
(improving lactate) included 54 patients (71%) while group B
(worsening lactate) included 22 patients (29%).

There were no statistically significant differences be-
tween the studied groups as regard to sex, age, or diseases
affecting the patients, except that patients having sepsis
were significantly more distributed among group B
(p¼0.041). Mean PIM2 score and risk of mortality were
significantly higher in group B patients, while there was no
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significant difference as regard to PICU length of stay
(p¼0.657). Mortality was markedly higher among
group B (86.4%) compared with that of group A
(9.3%; ►Table 1). Using Kaplan–Meier survival curve, over-
all survival was significantly better among group A
(p<0.001; ►Fig. 1). ►Table 2 shows the laboratory findings
of both groups while ►Table 3 records arterial blood gases
and lactate levels.

PIM2 score was a significant predictor of mortality (AUC
¼0.935, p � 0.001) followed by lactate clearance after
6 hours of admission (AUC¼0.766, p � 0.001). However,
lactate level on admission could not predict mortality (AUC
¼0.519, p¼0.789; ►Table 4; ►Fig. 2).

Univariate analysis revealed that serum aspartate trans-
aminase, albumin, calcium, phosphorus, PaO2, initial lactate,
lactate clearance after 6 hours of admission, and PIM2 score
were significantly affecting mortality. Using multivariate
logistic regressionmodel, only lactate clearance after 6 hours
(odds ratio¼0.98, 95% confidence interval [CI]: 0.96–0.99)
and PIM2 score (odds ratio¼4.7, 95% CI: 1.85–12.28) had
independent prognostic significance as regards mortality
(p¼0.030 and 0.001, respectively).

Discussion

A significant reduction in mortality was seen in lactate-
guided resuscitation compared with that in resuscitation
without lactate monitoring in different trials.9–11 Lactate
clearance has been studied as early as 2hours of admission
and up to 2 days of admission.12,13 Nowadays, it is easy and
feasible to measure lactate level in a practical way with the
point of care blood gas and electrolytes analyzers present in
PICUs. In the current study, lactate clearance after the golden
6hours of admission was studied and patients were classi-
fied into improving or worsening lactate groups. Early risk
stratification and prognostication in critically ill patients are
crucial because high-risk patients may benefit from earlier
clinical interventions, whereas low-risk patientsmay benefit
from avoiding unnecessary procedures.

The current study showed that lactate clearance after
6 hours of admission was a significant predictor of mortality
after PIM2 score. Lactate clearance of �0% after 6 hours of
admission predicted mortality with sensitivity of 70.8% and
specificity of 90.4%. Similarly, Kumar and Kumar14 reported
that AUC of lactate clearance after 6 hours of admission was
0.823 and AUC of PIM2 score was 0.906. Munde et al7

reported that lactate clearance <30% at 6 hours predicted

Fig. 1 Kaplan–Meier survival curve of the studied groups. Group A:
the improving lactate group (lactate clearance at 6 hours >0). Group
B: the worsening lactate group (lactate clearance at 6 hours �0).

Table 1 Comparison between groups as regard demographic
data, diagnosis and fate

Group A
(n¼ 54)

Group B
(n¼22)

p-Value

Sex n (%) b0.428

Males 29 (53.7) 14 (63.6)

Females 25 (46.3) 8 (36.4)

Age (mo) n (%) c0.116

1–6 22 (40.7) 12 (54.5)

> 6 12 13 (24.1) 3 (13.6)

> 12–24 5 (9.3) 3 (13.6)

> 24–36 8 (14.2) 1 (4.5)

> 36–48 5 (9.3) 0

> 48–60 1 (1.9) 3 (13.6)

Diagnosis n (%)

Pulmonary
diseases

19 (35.4) 4 (18.2) b0.14

Neurological
diseases

8 (14.8) 7 (31.8) b0.11

Gastrointestinal
diseases

8 (14.8) 3 (13.6) b1.00

Renal diseases 5 (9.3) 3 (13.6) b0.68

Cardiovascular
diseases

4 (7.1) 2 (9.1) b1.00

Sepsis and
septic shock

3 (5.6) 5 (22.7) b0.04e

Diabetic
ketoacidosis

4 (7.4) 0 b0.37

Others 3 (5.6) 0 b0.43

PIM2 scorea 7.4
(0.2–80.5)

44.55
(4.1–86.5)

d0.001e

Length of
PICU stay (d)a

4 (1–45) 3.5 (1–98) d0.657

Mortality rate
n (%)

5 (9.3) 19 (86.4) b�0.001e

Abbreviation: PICU, pediatric intensive care unit; PIM2, Pediatric Index
of Mortality 2.
Note: Group A: lactate clearance at 6 hours >0; group B: lactate
clearance at 6 hours �0.
aMedian (minimum–maximum).
bp-Value of Fisher’s exact test.
cp-Value of the Mont Carlo test.
dp-Value of Mann–Whitney test.
eStatistically significant at p � 0.05.
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mortalitywith sensitivity of 75% and specificity of 97%which
was similar to the current study. Marty et al,15 in a popula-
tion of severe sepsis or septic shock patients, proved that
lactate clearance after 6 hours of admission predicted mor-
tality with sensitivity (63.46%) and specificity (56.1%). In the
present study, serum lactate on admission was a poor

predictor of mortality (AUC¼0.519). These results were
comparable to Choudhary et al16 who demonstrated that
serum lactate on admission was a fair predictor of mortality
(AUC¼0.697) compared with lactate clearance (AUC
¼0.755). Other different studies concluded that lactate levels
on admission did not have sensitivity or specificity as a

Table 2 Comparison between groups as regard to laboratory findings

Laboratory findings Group A (n¼54) Group B (n¼22) p-Value

White blood cells (�103/µL) 386.50 (0.41–711) 365 (12–692) c0.292

Alanine aminotransferase (U/L)a 0.31 (9–665) 28 (13–692) c0.614

Aspartate aminotransferase (U/L)a 48.5 (10–844) 45 (18–756) c0.722

Serum albumin (g/dL)b 3.06 (0.78) 2.59 (0.94) d0.026e

Total bilirubin (mg/dL)a 0.34 (0.1–4.6) 0.32 (0.1–5.1) c0.836

Direct bilirubin (mg/dL)b 0.1 (0–4) 0.1 (0–1.76) c0.676

Prothrombin time (s)a 12.8 (9.7–56.8) 15.1 (11.3–41.4) c0.125

Partial thromboplastin time (s)a 33.2 (20–120) 37.45 (16–120) cp¼ 0.488

International normalized ratioa 1.18 (1–5.1) 1.34 (1–4) c0.184

Blood urea nitrogen (mg/dL)a 12.0 (3–92) 13.5 (1–130) c0.859

Serum creatinine (mg/dL)a 0.47 (0.16–6.9) 0.44 (0.04–3.8) c0.709

C-reactive protein (mg/mL)a 5 (1.1–263) 12.4 (1.4–243) c0.146

Serum sodium (mmol/L)b 140.4 (12.2) 144.1 (16.2) d0.286

Serum potassium (mmol/L)b 4.06 (0.88) 3.43 (0.92) d0.007e

Serum calcium (mg/dL)b 8.7 (0.88) 7.64 (1.79) d0.013e

Serum phosphorus (mg/dL)a 4.6 (2.1–10.6) 5.5 (1.8–10.4) c0.136

Alkaline phosphatase (U/L)a 169.5 (28–534) 156.5 (64–276) c0.689

Note: Group A: lactate clearance at 6 hours >0; group B: lactate clearance at 6 hours �0.
aMedian (minimum–maximum).
bMean (standard deviation).
cp-Value of Mann–Whitney test.
dp-Value for Student’s t-test.
eStatistically significant at p � 0.05.

Table 3 Admission arterial blood gases and lactate levels

Group A (n¼ 54) Group B (n¼ 22) p-Value

Arterial pHa 7.31 (0.13) 7.26 (0.18) b0.136

Arterial O2 sat %a 84.69 (14.76) 74.73 (19.12) b0.017d

Arterial PaO2 (mm Hg)a 83 (24–214) 60.5 (29–115) c0.001d

Arterial PaCO2 (mm Hg)a 35 (12–69) 40 (18–101) c0.16

Arterial HCO3 (mmol/L)a 19.45 (8.07) 20.44 (10.35) b0.67

Admission lactate (mmol/L)a 1.6 (0.5–19) 1.2 (0.2–3.6) c0.010d

Lactate after 6 hour (mmol/L)a 0.9 (0.3–11.5) 1.95 (0.5–15) c0.001d

Admission lactate/pyruvate ratioa 24 (8–32.2) 19 (4–61) c0.025d

Lactate/pyruvate ratio after 6 hoursa 15 (4–23) 33.5 (9–22.9) c0.001d

Abbreviations: PaO2, partial oxygen pressure; PaCO2, partial carbon dioxide pressure; HCO3, bicarbonate.
Note: Group A: lactate clearance at 6 hours >0; group B: lactate clearance at 6 hours �0.
aMedian (minimum-–maximum).
bp-Value for Student’s t-test.
cp-Value of Mann–Whitney test.
dStatistically significant at p � 0.05.
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predictor of death and serial lactate sampling rather than
isolated measurement was fundamental in the prediction of
outcome in critically ill children.17,18

Multivariate logistic regression analysis showed that lac-
tate clearance after 6 hours and PIM2 score had independent
prognostic significance as predictors of mortality in our
study. These results were parallel to that of Nguyen et al.2

Donnino et al19 proved that high lactate clearance at 12 hours
remained predictive of survival in their multivariable analy-
sis. On the other hand, Marty et al15 and Wang et al20 found
that lactate clearance after 6 hours was not significantly
related to mortality in their multivariate analysis.

Overall survival probability using Kaplan–Meier survival
curve was significantly better in the group of improving
lactate. In accordance to the study by Nguyen et al,2 we also
revealed significant lower mortality in patients with higher
lactate clearance compared with the low clearance group.

The current study showed that patients with sepsis were
statistically and significantly more distributed in the wors-
ening lactate group. These results were comparable with a
study by Marik and Bellomo1 who concluded that failing to
decrease blood lactate levels after the initiation of treatment

of sepsis is an ominous sign. The cause of an elevated serum
lactate in patientswith sepsis can bemultifactorial. In sepsis,
lactate is overproduced and underutilized because of im-
paired mitochondrial oxidation, mainly through anaerobic
glycolysis. Also, sepsis is accompanied by a hypermetabolic
state, with enhanced glycolysis and hyperlactatemia even
without an evidence of tissue hypoxia. Other possible causes
may include sepsis-induced impairment of pyruvate-dehy-
drogenase enzyme activity, increased lactate production via
catecholamine-driven pathways, and decreased lactate
clearance due to hepatic dysfunction.21–24

Limitations and Strengths

Limitations of the current study include being a single-center
study and that lactate levels were measured after admission
at PICU, therefore preintensive care managements might
influence their lactate levels. Yet, this study can be consid-
ered as one of the few studies addressing this domain in PICU
population.

Conclusion

Although PIM2 score still outperforms lactate, lactate clear-
ance at 6 hours of admission is reliable and feasible method
for prediction of mortality in critically ill children admitted
to PICU.
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