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ABSTRACT

Background: The prevalence of mortality among critically ill children worldwide, particularly in
Indonesia, remains alarmingly high. Numerous studies have indicated that elevated lactate levels
serve as a significant predictor of mortality in this vulnerable population. The primary objective of
this study is to elucidate the predictive value of lactate levels in determining mortality risk among
critically ill children.

Subjects and Method: A cohort prospective study was conducted in children aged between 1
month and 18 years old who met the criteria for critically ill children treated in the Pediatric High
care unit (PHCU) of Dr. Moewardi General Hospital, Surakarta from January to June 2023. The
dependent variable was the mortality. The independent variable was lactate level serum. The data
were collected using questionnaire and observation sheet. The cut off point of lactate level was
determined with ROC curve.

Results: Among thirty critically ill pediatric patients, 43.3% died, while 56.7% survived. The
deceased predominantly comprised females, with a mean age of 5.62 years (SD= 4.14). The mean
lactate levels of those who died in the first hour, 6 hours, and 24 hours (Mean= 2.94; SD= 0.90) with
a cut-off value of >2.35 mmol/L, (Mean= 3.20; SD= 0.50) with a cut-off value of > 2.35 mmol/L and
(Mean= 3.65; SD= 0.53) with a cut-off value of >2.95 mmol/L, respectively. The 24t hours lactate
levels (persistence hyperlactatemia) had the highest sensitivity (92.3%) and specificity (100%) for
predicting mortality (p<0.001).

Conclusion: In critically ill children, lactate level of >2.95 mmol/L is a good predictor of mortality.
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BACKGROUND mechanical assistance such as mechanical

Critical illness is the condition requiring ventilation, hemodialysis, filtration or heart
support for the failure of a vital organ pump aids, and/ or pharmacological assis-
function which can cause death (WHO, tance like inotropic or vasoactive-inotropic

2016). The support can be in the form of
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(Patki et al., 2017). Response to stress invol-
ves the hypothalamic-pituitary-adrenal axis.
The catabolism of carbohydrates, proteins
and fats exceeds the capacity of the pyruvate
dehydrogenase (PDH) enzyme resulting in
an increase in lactate level. The catabolism
process also increases oxygen consumption
and causes a perfusion deficit, so that meta-
bolism runs in an anaerobic state (Dharma
et al., 2008).

A Study in Indonesia reported that the
mortality rate of critically ill children treated
in the PICU of Dr. Cipto Mangunkusoma
Hospital was 10.7% with an estimated mean
length of stay (LOS) in pediatric intensive
care unit (PICU) of < 7 days (75%) and sepsis
(20.8%), as well as malignant disease
(20.8%) was the most common cause of
death (Dewi, 2019).

The Pediatrics risk of mortality
(PRISM) III score can be used to determine
the LOS in PICU. The PRISM score can
assess the severity of a patient's disease by
using its 17 components (Pollack et al.,
2015). A study by Bramantyo et al at
revealed that critically ill children who had a
PRISM score of > 8 had a mortality rate of
3.5 folds greater than critically ill children
who had a PRISM score of < 8 (Bramantyo
et al., 2018).

Lactic acid is a metabolic waste pro-
duct of pyruvic acid metabolism, a reaction
catalysed by lactate dehydrogenase invol-
ving the conversion of NADH to NAD+ and
oxidized nicotine adenine dinucleotides.
The conversion of pyruvate to lactate will
continue along with tissue hypoxia and
several other clinically relevant conditions
(Molan et al, 2017). Hence, Lactate level can
be used to measure inadequate perfusion
and tissue hypoxia, as it has been proven in
several studies.

High lactate levels can predict death
and poor neurological outcomes. In patients
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who experiencing hyperlactatemia, monito-
ring lactate level with targeted hyperlact-
atemia therapy significantly reduces the
LOS in the PICU. However, up to date there
has not been any standard cutoff value as a
predictor of mortality in critically ill chil-
dren. Thus, we conducted a study to assess
lactate level for predicting mortality in
critically ill children.

SUBJECTS AND METHOD

1. Study Design

This is a cohort prospective study. It was per-
formed in Dr. Moewardi General Hospital,
Surakarta, Indonesia from January 2023 to
June 2023

2. Population and Sample

The population of this study were pediatric
patients diagnosed with sepsis aged between
1 month old and 18 years old who were
treated at the PHCU. We used consecutive
sampling technique. We excluded patients
suffering from inborn error of metabolism,
type 1 or type 2 diabetes mellitus and certain
syndromes.

3. Study Variables

The dependent variable was the mortality.
The independent variable was lactate level.
4. Operational Definition of Variables
PRISM Score III was a scoring to deter-
mine predictions mortality in critically ill
children and categorized as < 10 and > 10.
Lactate Level was the end results of the
glycolysis process in anaerobic conditions. It
is said increase if the lactate level in the
serum is > 2 mmol/L and it was taken from
the blood sample. Lactate levels categorized
as > 2 mmol/L and < 2 mmol/L.

Mortality was determined as death occu-
ring during hospitalization. It can be mea-
sured with ECG monitoring and sign of death
such as mydriasis of pupil or no pulse of
arteries.

5. Study Instruments

The demographic data were obtained by
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interviewing the patients or caregivers. The
patient's medical status data were taken from
medical record of patient. The lactate levels
were examined in clinical pathology labora-
tory of Dr. Moewardi General Hospital,
Surakarta, Indonesia

5. Data analysis

The demographic data were obtained by
interviewing the patients or caregivers. The
patient's medical status data were taken from
medical record of patient. The lactate levels
were examined in clinical pathology labora-
tory of Dr. Moewardi General Hospital,
Surakarta, Indonesia

6. Research Ethics

This study was approved by the Ethics Co-
mmittee of Dr. Moewardi General Hospital,
Surakarta, Indonesia with the number was
761/VI/HREC/2022.

RESULTS

There were 30 critically ill pediatric patients
who met our inclusion criteria, comprising
17 survived patients 13 deceased patients. Of
these who died 61.5% were females. The
most common diagnoses on admission of
the deceased ones were malignancies
(30.8%) and pneumonia (30.8%), Respi-
ratory failure (30.8%) was the predominant
organ dysfunction among those who died.
The baseline lactate levels were significantly
higher in the deceased patients then those of
in the survived patients (Mean= 2.94; SD=
0.90 vs Mean= 2.10; SD= 0.87; p= 0.0011).
The PRISM score was also greater in
patients who died than that of in those who
survived (Mean= 19.46; SD= 9.29 vs Mean=
6.18; SD= 5.10; p < 0.001) (Table 1.)

Table 1. The Subjects characteristics (Continuous data)

Characteristics Total Deceased Survivor p
(N=30) (N=13) (N=17)
Mean SD Mean SD Mean SD
Ageb 587  4.96 5.62 4.14 6.06 5.26 0.814
LOS in PHCU 3.87 2.22 2.54 2.03 4.88 1.83 <0.001*
PRISM Score ¢ 11.93 9.73 19.46 9.25 6.18 5.10 <0.001*
Baseline Lactate level P 2.46 0.97 2.94 0.90 2.10 0.87 0.011%

Note 2 Chi square test; P Independent t test; c Mann Whitney test; * significantly with p<0.05

Table 2. The Subjects characteristics (Categorical data)

Characteristics Total (N=30) Deceased (N=13) Survivor (N=17) P
N % N % N %
Sexa 0.153
Male 16 53.3 5 38.5 11 64.7
Female 14 46.7 8 61.5 6 35.3
Nutritional Status¢ 0.126
Malnourished 1 3.3 1 7.7 o) 0.0
Undernourished 13 43.3 7 53.8 6 35.3
Well nourished 16 53.3 5 38.5 11 64.7
Admission Diagnosis 0.263
CNS Infection 2 6.7 o) 0.0 2 11.8
Malignancy 9 30.0 4 30.8 5 29.4
Pneumonia 9 30.0 4 30.8 5 29.4
Post Operation 1 3.3 o) 0.0 1 5.9
Sepsis 3 10.0 3 23.1 o) 0.0
Others 6 20.0 2 15.4 4 23.5
Function Problems b 0.066
www.thejmch.com 91
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Characteristics Total (N=30) Deceased (N=13) Survivor (N=17) p
N % N % N %
Respiratory Distress 5 16.7 0 0.0 5 20.4
Loss of Consciousness 5 16.7 2 15.4 3 17.6
Hypovolemia Shock 1 3.3 o) 0.0 1 5.9
Sepsis Shock 3 10.0 3 23.1 o) 0.0
No 16 53.3 8 61.5 8 47.1
Organ Failure P 0.188
Kidney Failure 1 3.3 o) 0.0 1 5.9
Hepatic Failure 1 3.3 1 7.7 o) 0.0
Heart Failure 1 3.3 1 7.7 o) 0.0
Respiratory Failure 5 16.7 4 30.8 1 5.9
Blood Disorder 8 26.7 3 23.1 5 29.4
No 14 28.0 4 30.8 10 58.8

Note 2 Chi square test; P Independent t test; ¢ Mann Whitney test; * significantly with p<o0.05

The Spearman rank obtained a correlation
value of r= 0.34 for the correlation test
between increased lactate level a PRISM III
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score (p= 0.066). A Scatter plot of the
relationship between lactate levels and
PRISM score is shown in figure 1.
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Figure 1. The Scatter plot of relationship between lactate level and PRISM score

The lactate levels of the 1th, 6th, and 24th
hours in the patients who died were signifi-
cantly higher than those of the survived
ones. They were 2.94 mmol/l, 3.20 mmol/I,
and 3.65 mmol/l, respectively in the
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deceased group as compared to 2.10
mmol/l, 1.91 mmol/l, and 2.06 mmol/l,
respectively. (p=0.011; p<0.001, and
p<0.001) (Table 2).
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Table 2. Differences in lactate levels based on outcomes of critically ill pediatric

patients
Parameter Deceased Survived
Mean SD Mean SD p
The 1t hour lactate b 2.94 0.90 2.10 0.87 0.011
The 6th hour lactate 2 3.20 0.50 1.91 0.46 <0.001
The 24t hour lactate b 3.65 0.53 2.06 0.49 <0.001
ROC Curve
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Figure 2. ROC Curve of Lactate level

The results of the examination of lactate
levels compared with the outcomes of
critically ill pediatric patients showed the
ROC curve results in Figure 2. Using the
lactate levels of the patients who died, the
AUC value in the 1t hour was 0.774 with a
cut-off point of >2.35 mmol/l obtaining the
sensitivity of 84.6%, a specificity of 70.6%, a
positive predictive value (PPV) of 68.8%,
and a negative predictive value (NPV) of
85.7% (p = 0.011). The AUC of the lactate
level in the 6th hour was 0.968 with a cut-off
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point of >2.35 mmol/l, having a sensitivity
of 100% and a Specificity of 82.4%, a
positive predictive value (PPV) of 81.2%,
and a negative predictive value (NPV) of 100
% (p<0.001). In addition, the AUC of the
lactate level in the 24t hour was 0.993 with
a cut-off point of >2.95 mmol/l, showing a
sensitivity of 92.3%, a specificity of 100%, a
positive predictive value (PPV) of 100%, and
a negative predictive value (NPV) of 94.4 %
(p<0.001) (Figure 2 and Table 3).
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Table 3. Determination of Cut-off Lactate Levels as a Predictor of Mortality in Critically
111 Children.

Variable AUC P Cut-off Sensitivity Specificity PPV NPV
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

Lactate 1 h 0.77 0.011% >2.35 84.6 70.6 68.8 85.7
(0.58-0.90) (54.6-98.1) (44.0-89.7) (50.4-82.6) (61.8-95.7)

Lactate 6 h 0.96 <0.001* >2.35 100 82.4 81.2 100
(0.83-0.99) (75.3-100.0) (56.6-96.2) (60.8-92.4)

Lactate 24 h 0.99 <0.001*  >2.95 92.3 100 100 94.4
(0.87-1.00) (64.0-99.8) (80.5-100.0) (72.1-99.1)

Note: AUC = Area Under Curve; * significantly with p<o0.05

DISCUSSION

In 30 critically ill children who were treated
in the PHCU at Dr. Moewardi, there were 13
patients deceased and 17 patients survived in
PHCU and most of those were female. The
mean age of patients who died was younger
than those who lived. Malnutrition status was
also found most frequently in patients who
died. The most common disease experienced
by patients is pneumonia. These three things
are different from previous research con-
ducted in India, where male gender and good
nutritional status were more likely to die,
while the most common disease was sepsis
(Meher et al, 2018).

We found that the mean initial lactate
level in 1th hour was >2.95 mmol/]l higher
Lactate (Mean= 2.94; SD= 0.90) compared.
Meanwhile, the average PRISM score in
patients who died was >10 with an average
PRISM IIII Score (Mean= 19.46; SD= 9.25).
This is slightly different from the study
before. In study conducted by Meher et al, the
average initial lactate level of patients who
died was 6.19 mmol/L, whereas in study
conducted in Indonesia by Gunawan et al, the
average lactate level was 4.77 mmol/l
(Gunawan et al., 2017). In these results have
the same conclusion that lactate levels >2
mmol/] can increase patient mortality. The
difference in lactate level values in each study
is assumed to depend on the type of disease
in each subject studied.

This study also assessed differences in
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lactate levels in the 1t hour, 6t hours and
24t hours after admission. The initial lactic
level in this study obtained a cutoff of > 2.35
mmol/L with an AUC value for mortality of
0.774, which can predict 68.8% mortality
with a sensitivity value of 84.6% and a
specificity of 70.6%. This is different from
research conducted by Meher et al, where a
cutoff value of > 5.42 was obtained with an
AUC value of 0.898, the sensitivity in this
study was 75%, specificity was 100% and
could predict mortality by 100% (Meher et
al., 2018).

The incidence of persistent hyper-
lactatemia for 24 hours with a cutoff value of
>2.95 mmol/L with an AUC value of 0.993,
sensitivity in this study was 92.3%, specificity
was 100% and could predict death by 100%.
This is in line with research conducted by
Meher et al, where the incidence of persistent
hyperlactatemia was >3.02 mmol/l with a
value of 0.986, the sensitivity in this study
was 95%, the specificity was 100%, and could
predict 100% death. These results are also in
line with study conducted by Patki et al.
(2017) the incidence of persistent hyperlac-
tatemia >2.8 mmol/L can increase the mor-
tality rate. This research also shows things
that are in line with the theory which states
that the relationship between the incidence
of persistent hyperlactatemia 24 to 48 hours
can cause increased mortality, poor neuro-
logical outcomes and indicate the occurrence
of organ failure (Meher et al., 2018).
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The relationship between lactate levels
and PRISM III scores in this study via the
scarlet plot was depicted as having a positive
relationship but not statistically significant (r
= 0.34; p = 0.666). This shows that the use of
lactate levels cannot describe the presence of
multi-organ disorders as can be described by
the PRISM III score. However, lactate levels
have a fairly strong relationship in assessing
the outcome of critically ill pediatric patients,
especially 24-hour lactate levels (persistent
hyperlactatemia) (Bei et al., 2014).

Lactate levels can predict mortality in
critically ill children. Persistent hyper-
lactatemia (lactate levels within 24 hours) is
better predicting mortality than initial lactate
levels. There is a positive relationship bet-
ween increasing lactate levels and the PRISM
IIT score, but it does not have statistical
significance.

AUTHOR CONTRIBUTION
Reza Ervanda Zilmi is the lead author who
conducted the research, conducted data
analysis, and wrote the manuscript.
Pudjiastuti examined the background and
discussion of the research. Rustam Siregar
formulated the research framework.

ACKNOWLEDGMENT
The author gratefully acknowledged the
study participants who had volunteered to
participate in this study.

FUNDING AND SPONSORSHIP
This research was funded independently.

CONFLICT OF INTEREST
In this study there was no conflict of
interest.

REFERENCE

BaiZ,Zhu X, LiM, Hua J, LiY, Pan J, Wang
J, et al. (2014). Effectiveness of pre-

www.thejmch.com

dicting in-hospital mortality in critica-
lly ill children by assessing blood lac-
tate levels at admission. BMC Pediatr.
14(1):1—9.d0i:10.1186/1471-2431-1483

Bramantyo TB, Martuti S, Salimo H (2018).
Perbandingan prediktor mortalitas
skor PRISM III dan PELOD-2 pada
anak sakit kritis non bedah (Perbandi-
ngan prediktor mortalitas skor PRISM
III dan PELOD-2 pada anak sakit
kritis non bedah). Sari Pediatr. 19(5):
284-289. doi: 10.14238/sp19.5.2018.-
284-9

Dewi R, Fatimatuzzuhroh (2019). Profil
pasien sakit kritis yang dirawat di
pediatric intensive care unit Rumah
Sakit Cipto Mangunkusumo berdasar
sistem skoring pediatric logistic organ
dysfunction -2 (Profile of critically ill
patients treated in the pediatric inten-
sive care unit at Cipto Mangunkusumo
Hospital based on the pediatric logistic
organ dysfunction -2 scoring system).
Sari Pediatr. 21(1):37—43. doi: 10.14-
238/sp21.1.2019.37-43

Dharma AB, Rosalina I, Sekarwana N
(2008). Hubungan kadar laktat plas-
ma dengan derajat disfungsi organ
berdasarkan skor PELOD pada anak
sakit kritis (The relationship between
plasma lactate levels and the degree of
organ dysfunction based on the
PELOD score in critically ill children).
Sari Pediatr. 10(4):280-284. doi: 10.-
14238/sp10.4.2008.280-4.

Guideline U (2016). Paediatric emergency
triage, assessment and treatment.
Pediatr Emetgency Triagr, Assesment
Treat Crit Ill Child. 2016. [accessed
date August 10 th,2022]. Avalilable in
://www.who.int/publications/i/item/
0780241510219

Gunawan PY, Runtunuwu AL, Mandei JM,
Manoppo JIC, Saputra DK (2017).
Hubungan kadar laktat serum inisial

95


https://dx.doi.org/10.14238/sp19.5.2018.284-9
https://dx.doi.org/10.14238/sp19.5.2018.284-9
https://dx.doi.org/10.14238/sp21.1.2019.37-43
https://dx.doi.org/10.14238/sp21.1.2019.37-43
https://dx.doi.org/10.14238/sp10.4.2008.280-4
https://dx.doi.org/10.14238/sp10.4.2008.280-4

dan skor pelod pada anak dengan
sepsis (Relationship between initial
serum lactate levels and pelod scores
in children with sepsis). Sari Pediatr.
18(3):192-197. doi: 10.14238/sp18.3.-
2016.192-7

Molina-Hazan V, Paret G (2012). The phy-

siology and the clinical significance of
postoperative hyperlactatemia after

Zilmi et al./ The Role of Lactate Level as Predictor of Mortality Critically Ill Children

unit. J Pediatr Crit Care. 5(1):29-35.
doi: 10.21304/2018.0501.00361

Patki V, Antin J, Khare S (2017). Persistent

hyperlactatemia as the predictor of
poor outcome in critically ill children:
a single-center, prospective, observa-
tional cohort study. J Pediatr Intensive
Care. 6(03):152—158. doi: 10.1055/s-
0036-1593886.

Pollack MM, Holubkov R, Funai T, Dean
JM, Berger JT, Wessel DL, Meert K, et
al (2016). The pediatric risk of mor-
tality score: update 2015. Pediatr Crit
Care Med. 17(1):2—9. doi: 10.1097/-
PCC.0000000000000558

pediatric cardiac surgery. In : Narin C,
editor. Perioper Considerations Card
Surg.Croatia; 2012. p. 307-320.
Meher BK, Sahoo D, Pradhan DD, Satpathy
SK, Nayak AS (2018). Hyperlactatemia
in critically ill children: the clinical
value of lactate for predicting mor-
tality in the pediatric intensive care

www.thejmch.com 96


https://dx.doi.org/10.14238/sp18.3.2016.192-7
https://dx.doi.org/10.14238/sp18.3.2016.192-7
http://dx.doi.org/10.21304/2018.0501.00361

