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Abstract

Background: Trauma is an important cause of disability and death in young people. This study aimed
to investigate the association between serum lactate level and in-hospital mortality in multi-traumatic
children.

Method: In this cross-sectional study, all children with multi-trauma admitted to the emergency
department in Shohada and Imam Reza hospitals of Tabriz/Iran were evaluated from 2018 to 2020. At
the time of admission to the emergency department, serum lactate, PRISM (Pediatric risk of
mortality) score, and other findings as well as outcome were checked and correlated with the
outcomes for all patients. Patients were classified into two groups (based on outcome) and six groups
(based on lactate levels) to evaluate associations between results. The Chi-square test, independent
samples t-test, ANOVA, and multivariate logistic regression test were performed in SPSS.22. P-
value<0.05 and OR with 95% confidence interval were considered statistically significant.

Result: Out of 110 admitted children, 10 (9%) died in hospital. Mean lactate level was 3.2 mmol/l and
85 patients (77.2%) had lactate level>2 mmol/l (millimoles). The initial blood lactate level was
directly correlated with mortality. This relationship was confirmed even after adjusting for variables
such as the PRISM score (OR = 1.27; 95% CI, 1.19-1.35; P <0.001). Multiple regression study
showed that a high lactate level (OR =1.17; 95% CI, 1.07-1.29; P=0.001), high PRISM score (OR =
1.15; 95% CI, 1.11-1.20; P<0.001), and low albumin level (OR =0.92; 95% CI, 0.88-0.96; P<0.001)
were independent risk factors for mortality.

Conclusion: High blood lactate level was an independent factor in the increase of mortality rate in the
emergency department.
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1- INTRODUCTION

Trauma refers to any type of stroke,
injury, shock, or accident to the human
body, if it impacts from the outside; and
the internal agents and diseases in the body
are not the cause of the injury (1). Trauma
is the leading cause of death and one of the
main causes of disability and active
population in developing countries (2).
Therefore, the diagnosis of the severity
and extent of involvement in these patients
are becoming more and more important (3)
and it is necessary to conduct
investigations for finding easier indexes
for appropriate diagnostic and therapeutic
procedures (4).

Management of patients with trauma starts
from the pre-hospital environment and
continues in the emergency and intensive
care units (5, 6). With proper management,
patients who suffer from multi-trauma or
critical illnesses and are at higher risks of
death, are to be wunder timely and
appropriate  treatments to  prevent
subsequent deaths and disabilities (7).

Although mortality in the traumatic
patients is more dependent on the kind and
severity of the injury (8), the evaluation of
tissue hypoxemia, focus on airway
management, and maintenance of arterial
blood pressure could lead to improved
physical  conditions (9, 10). The
measurement of vital signs is the first step
in the initial assessment of patients
‘condition and examination of patients'
hemodynamic status. Other measurements,
including oxygen saturation, have better
accuracy and validity than vital signs (11).

Serum lactate is a marker of tissue
hypoperfusion and cellular hypoxia (12).
Insufficient oxygen supply to tissues is
associated  with increased lactate
production and its accumulation in the
blood (13). Healthy individuals have a
half-life of 15-30 minutes and serum level
of Lactate 2-0.8 mmol/L (14). Monitoring
serum lactate levels as a marker of
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metabolic disorders is very important due
to the advantages of high sensitivity, real
information about tissue secretion, oxygen
demand and convenient disposal to
outcomes (12).

Blood lactate accumulation in different age
groups of hospitalized traumatic patients is
an indicator item for pre-hospital
conditions and independent marker in
predicting the severity of injury and
mortality (15). If lactate predicts morbidity
and mortality in traumatic patients, it can
be used to improve the triage protocol
during hospital admission (16). So far,
several studies have been published on the
positive association between lactate and
mortality in adults with trauma, but there is
not enough research in multi traumatic
children. On the other hand, time is a
valuable element in the management of
traumatic children, and it is becoming
increasingly important to have an index
that is easier to measure, cheaper and more
accessible.

The aim of this study was to investigate
the association between serum lactate level
and mortality rate in multi-traumatic
children in the emergency department of
Shuhada and Imam Reza hospitals,
affiliated with Tabriz University of
Medical Sciences, Northwestern Iran.

2- MATERIALS AND METHODS
2-1. Study design and population

This cross-sectional analytical study
has been performed on all multi-traumatic
children who were referred to the
emergency department of Shuhada and
Imam Reza hospitals in Tabriz University
of Medical Sciences (as training and
referral hospitals) from March 2018 to
March 2020. This study was performed on
Azeri Turks, who are members of one of
the largest ethnic groups in Iran (17, 18).

All children with multi-trauma were
evaluated using the census method. The
variables were included age, sex, diagnosis
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at hospitalization, the severity of trauma at
hospitalization, outcome (dead, alive),
serum lactate, and other tests related to
chemical profiles as well as the condition
of consciousness. The data gained by
interview, the examination of children and
the result of tests.

2-2. Laboratory measurements

The evaluation of short-term and final
status of patients was performed based on
serum lactate level and discharge status
(death and recovery) respectively.

At the time of admission, the intravenous
blood sample was immediately provided to
determine lactate level by an auto-analyzer
system that was calibrated daily. The
normal range for lactate is between 0.5 and
2.5 mmol/L.

The trauma severity was determined based
on the PRISM table (19). The PRISM
score was calculated based on age, systolic
blood pressure, heart rate, body
temperature, papillary eye reflexes, mental
and consciousness state, arterial blood test
and laboratory  examination  results
(Appendix 1). The classification was
based on scores (0-5, 6-10, 11-15, 16-20,
21-25, 26-30, 31-35, and >35) with the
range of O to 74. The elevated PRISM
score was correlated with a higher
mortality rate.

2-3. Procedure

In the first 2 hours of admission,
demographic information and 10 cc of
intravenous and intra-arterial blood (for
the determination of lactate, and other
laboratory tests) and intrastate was
obtained from eligible children for
laboratory tests. The illness severity was
determined based on the PRISM score.
Then, children grouped according to
outcome (dead and alive) and lactate levels
(0-2, 2-4, 4-6, 6-8, 8-10, and >10) and
associations between the results and
groups were investigated.
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2-4. Inclusion and exclusion criteria

The inclusion criteria were as follows: 1)
desire to participate in the study, 2) age <
14 years (with the agreement of
specialists), 3) Children injured as a
consequence of road traffic accidents or
falls, 4) children with multi-trauma, i.e.
those suffering from many injuries and
accidents (2). 5) Children in need of air
way care and protection or peripheral
circulation. Exclusion criteria were the
followings: 1) the lake of cooperation, 2)
patients with a history of malignancy or
underlying infection, 3) injuries as a result
of other causes such as drowning, burns,
poisoning, or animal bites, 4) dying during
the study, 5) age>14 years old

2-5. Data Analyses

For descriptive statistics, mean and
standard deviation were used to describe
quantitative variables; and frequency and
percentage were used for qualitative
variables.

For analytical statistics, Chi-square test,
independent samples t-test, ANOVA test,
and Simple and multivariate logistic
regression tests were performed in
SPSS.22. P-value<0.05 and OR with 95%
confidence interval were considered
statistically significant.

3- RESULTS
3-1. Patients

At first, 135 children were included in
the study. Twenty-five children were
excluded due to various reasons, including
patients' dissatisfaction to participate in the
study, discharge from the hospital with
personal consent, and failing to provide a
blood sample during the mentioned period.
The demographic characteristics are shown
in Table 1.

The most common cause of hospitalization
was road accidents along with falling from
heights; and the frequent injuries were
thorax damage and fractures. Serum lactate
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level was measured in all patients admitted
to the hospital emergency department in
the first 2 hours. The mean lactate level
was 3.2 mmol/L with a range between 0.6

to 28.3 mmol/L when 85 (77.2%) patients
had blood lactate level> 2 mmol/L (Table
1&3).

Table-1: Demographic characteristics of multi-traumatic children

Variables Value

Sex Male 57(51.8%)
Female 53 (48.1%)

Age Mean + SD 7.7+472

Dead 10 (9%)

Outcome Alive 100 (91%)
Need for intubation Frequency (%) 96 (87.2%)
Serum lactate level Mean 3.2 mmol /L

(mmol/L) Min-Max 0.6 to 28.3 mmol/L

SD: Standard deviation, Min: Minimum, Max: Maximum, (%): percentage

3-2. The association of the outcome
children
level and

(dead and alive
multitrauma) with
other factors

lactate

with

of lactate concentration. As shown
Table
significantly
concentrations of serum

1, the
associated

mortality rate
with

lactate. Other

There was a significant difference between
groups (dead and alive children) in terms

factors and their association with mortality
are listed in Table 2.

Table-2: The association of the outcome (dead and alive children with multitrauma) with

lactate level and other findings

Variables Dead children Alive children P-value
N=10 N=100

Age (Year) 5.3 6.8 0.68
PRISM score (mean) 28 18 <0.001
Need for intubation F(%) 10 (10%) 86 (86%) <0.001
Lactate (mmol/l) 6.6 3.1 <0.001
Albumin (g/l) 36.5 42.6 <0.001
Blood sugar (mg/dl) 10.1 7.12 <0.001
Creatinine (mg/dl) 1.7 0.9 <0.001
Bilirubin (mg/dl) 8.3 6.8 <0.001
Bicarbonate (meg/L) 17.3 20.8 <0.001
PH 7.35 7.41 <0.001

PRISM: Pediatric Risk of Mortality. F (%): Frequency (percentage)
Analytical statistics: Chi-square test, and independent samples t-test

3-3. The association of blood lactate
levels with demographic findings and
laboratory tests

There was a significant difference among
groups (0-2, 2-4, 4-6, 6-8, 8-10, and >10
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lactate levels) in terms of demographic
findings and laboratory tests.

Higher mortality rate, PRISM scores,
blood sugar, and low bicarbonate level and
blood pH were significantly associated
with elevated lactate levels (Table 3).
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Table-3: The association of blood lactate levels with demographic findings and laboratory

tests (six groups)

Variables Gl | G2 G3 G4 G5 G6 | P-value
Lactate (mmol/L) 0-2 | 24 4-6 6-8 | 8-10 >10
Frequency 25 47 21 8 4 5 P<0.001
Age (year) 53 | 65 5.8 5.9 4.6 4.1 | P<0.001
PRISM (mean) 11 13 16 19 27 31 | P<0.001
Need for intubation (Frequency) | 16 45 18 8 4 5 P<0.001
Blood sugar (mg/dl) 6.5 | 6.9 7.3 8.8 | 123 15.8 | P<0.001
Bicarbonate (meq/L) 214 | 19.7 | 174 | 156 | 137 11.2 | P<0.001
PH 743 | 732 | 731 | 724 | 7.21 | 7.05 | P<0.001
G: group

Analytical statistics: ANOVA test

3-4. Results of univariate and with increasing lactate level (OR = 1.27,;

multivariate regression models

The analysis of univariate and multivariate
regression models showed that an
increasing serum lactate could be
independently associated with increased
hospital mortality.

Univariate regression analysis that was
calculated based on sample size, gender,
blood lactate, creatinine, albumin, PH and
blood sugar levels showed that for
each one mmol/l increase in blood lactate
level, the odds for in-hospital mortality
increased by 38% (OR = 1.38; 95% ClI,
1.30-1.46; p <0.001). This association was
observed even after matching the
variables, as the mortality rate increased

95% Cl, 1.19-1.35; P <0.001). (Table 4)

Multiple regression model showed that
increase in serum lactate level (OR =1.17;
95% CI, 1.07-1.29; p = 0.001), increase in
PRISM score (OR per 1-point increase =
1.15; 95% CI, 1.11-1.20; p <0.001) and
decrease in serum albumin (OR per 1 g/ |
increase = 0.92; 95% CI, 0.98- 0.88- p
<0.001) are independent risk factors in the
mortality rate of traumatic children. (Table
4). Blood lactate level with a sensitivity of
61% and a specificity of 86% is an
important predictor in assessing the
mortality rate of patients with a cut-off of
5.55 mmol/I.

Table-4: Comparison of univariate and multivariate regression models in multi traumatic

children
Variables Univariate regression analysis Multivariate regression analysis
OR (95% CI) P-value OR (95% CI) P-value
Age (year) 1.58 (1.07-2.33) 0.021 1.11 (0.63-1.97) 0.715
PRISM (mean) 1.18 (1.15-1.21) <0.001 1.15(1.11-1.20) <0.001
Lactate (mmol/l) 1.38 (1.30-1.46) <0.001 1.17 (1.07-1.29) <0.001
Albumin (g/l) 0.86 (0.83-0.89) <0.001 0.92 (0.88-0.96) <0.001
Creatinine (mg/dl) 1.01 (1.00-1.01) <0.001 0.99 (0.98-1.01) <0.488
Bilirubin(mg/dl) 1.01 (1.00-1.01) <0.001 0.92 (0.88-0.96) <0.665
Bicarbonate (meq/L) 0.89 (0.87-0.93) <0.001 1.03 (0.98-1.08) <0.567
PH 0.01 (0.00-0.03) <0.001 0.54 (0.06-4.75) <0.445
OR: odds ratio,
Analytical statistics: Regression analysis.
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4- DISCUSSION

In the present study, blood lactate
level in multi traumatic children was
evaluated on the first two hours of
admission at the emergency department.
The results showed that the mortality rate
increased with elevated blood lactate level
which can be considered as a predictor
variable in multi traumatic children.
Several studies have shown that higher
concentrations of blood lactate as a
predictor index in traumatic adults are
associated with an increasing in-hospital
mortality. Lactate concentration more than
5 mmol/L and pH > 7.25 generally
indicate Hyperlactatemia (19, 20).

In a study conducted by Bernhard et al.,
532 traumatic patients admitted to the
hospital emergency department found that
more than 2 mmol/l increase in lactate
level has been accompanied with a
mortality of 22.7% and the mortality rate
was more noticeable with more than 8
mmol/l increase in lactate level. Therefore,
the high levels of lactate at admission are
associated with an increase in mortality in
24 hours and 30 days, and lactate can be
used to predict mortality rates and identify
critically ill patients (21).

In another study, Safari et al. found that
elevated serum lactate levels, heart rate
and PCO2 were significantly associated
with a high mortality rate in 250 multi
traumatic patients with 14.8% hospital
mortality; so these factors were considered
as early predictors related to in-hospital
mortality (22). On the other hand, in the
study by Koliski et al. (23) and Salvo et al.
(24), other factors were preferred instead
of the lactate element as important factors
for assessing and predicting mortality. In
our point of view this difference may be
due to having a small sample size, not
evaluating other variables simultaneously
on a large scale, or checking factors the
measurement of which should be
conducted over a long period of time and
requires more advanced techniques; thus,
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lactate still remains the initial evaluation
factor for traumatic patients.

In the present study, besides lactate, other
factors were examined, including the
PRISM element. An accurate clinical
prognostic tool for pediatric mortality
could be considered PRISM and lactate
level due to high sensitivity tests and
evaluation on the first day (25).

Blood sugar was another factor examined
when hyperglycemia was observed with
hyperlactatemia (elevated serum lactate).
In diabetic patients with septicemia, it is
reported  that  hyperlactatemia  and
hyperglycemia (26) have been seen
commonly in severe traumatic patients.
However, in the assessment of mortality,
hyperglycemia cannot be considered as an
independent prognostic factor similar to
hyperlactatemia. It can be valuable along
with hyperlactatemia. In addition,
multivariate analytical studies have shown
that the arterial PH is valuable for
management; however, it could not
independently act like hyperlactatemia
27).

This study was designed to determine the
association between hyperlactatemia and
mortality in traumatic children. Previous
studies have suggested that traumatic
children should be more closely monitored
with lactate levels above 2.5 mmol/L (28).
In our study, about 65% of patients had
lactate levels above 6.5 mmol/L, which
was important for mortality prediction
(29). In our study, serum glucose and
bicarbonate were respectively higher and
lower, in deceased individuals than in
living individuals; however, they were not
considered as risk factors in the regression
model. In a study conducted by Yue-giang
Fu et al, on two hundred and thirteen
traumatic children, admission lactate was
independently associated with mortality
rate, but admission glucose was not an
independent  risk  factor for death.
However, admission lactate and glucose
were significantly higher in non-survivors
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than in survivors (30). In another study,
Salas Ballestin et al, investigated the
prognostic  factors in 131 patients
hospitalized in the pediatric intensive care
unit (PICU) after drowning. Patients who
required advanced resuscitation with
epinephrine were lower bicarbonate, PH,
temperature, and Glasgow Coma Scale
score, and higher glucose levels during
admission (31). Therefore, it is suggested
to conduct further studies with larger
sample sizes for other factors such as
bicarbonate and glucose in addition to
lactate.

5- STUDY LIMITATIONS

The limitations of this study were as
follows: 1) Blood lactate assessment was
not performed continuously and serially, 2)
Patients could be studied in wider
specialized fields.

6- CONCLUSIONS

In this study, we concluded that initial
hyperprolactinemia  may  have an
independent association with in-hospital
mortality rate, even at different levels in
multi-traumatic children. Other items, such
as PRISM score, blood sugar (BS),
bicarbonate, and PH are associated with
mortality rate in these children. Therefore,
in order to select an
effective service delivery ~ for ~ multi-
traumatic patients with hyperprolactinemia
or elevated PRISM score, it is essential to
check BS at the first admission in the
emergency room.

7- ETHICAL CONSIDERATIONS

This study was performed after
receiving the ethical code of the Vice
Chancellor for Research Ethics Committee
of Tabriz University of Medical Sciences.
The instructions of the Helsinki
Declaration were observed during the
study. Permission from participants or
parents was obtained for receiving the
blood sample, completing the
questionnaire and following up the short-

Int J Pediatr, Vol.10, N.10, Serial No.106, Oct. 2022

term mortality. No additional cost was
taken from the patients. Patients'
information and their identities were kept
confidential.
(IR.TBZMED.REC.2018.59586).

8- COMPETING INTERESTS
None.

9- FUNDING
This work was supported by the
Deputy for emergency department

Research, Tabriz University of Medical
Sciences (IR.TBZMED.REC.2018.59586).

10- ACKNOWLEDGMENTS

We would like to thank the patients
for participating in this study and the staff
of the emergency department of Tabriz
University of Medical Sciences in Tabriz,
Iran because of their collaboration in
advancing this research.

11- REFERENCES

1. Zamani M, Esmailian M, Mirazimi MS,
Ebrahimian M, Golshani K. Cause and
final outcome of trauma in patients
referred to the emergency department: a
cross sectional study. Iranian journal of
emergency medicine. 2014; 1(1):22-7.

2. Vos T, Abajobir AA, Abate KH,
Abbafati C, Abbas KM, Abd-Allah F, et
al. Global, regional, and national
incidence, prevalence, and years lived with
disability for 328 diseases and injuries for
195 countries, 1990-2016: a systematic
analysis for the Global Burden of Disease
Study 2016. The Lancet. 2017,
390(10100):1211-59.

3. Nordstrom A, Nordstrém P. Traumatic
brain injury and the risk of dementia
diagnosis: A nationwide cohort study.
PLoS medicine. 2018; 15(1):e1002496.

4. Vasterling JJ, Jacob SN, Rasmusson A.
Traumatic brain injury and posttraumatic
stress disorder: conceptual, diagnostic, and
therapeutic considerations in the context of
co-occurrence. The Journal of

16800


https://www.google.com/search?sxsrf=ALeKk01f4voxEjXH9JbbD58N-jZPTY23UQ:1610352853805&q=strategies+for+effective+service+delivery&sa=X&ved=2ahUKEwjr_sDut5PuAhVMTBUIHQXQAYIQ1QIoBHoECAQQBQ
https://www.google.com/search?sxsrf=ALeKk01f4voxEjXH9JbbD58N-jZPTY23UQ:1610352853805&q=strategies+for+effective+service+delivery&sa=X&ved=2ahUKEwjr_sDut5PuAhVMTBUIHQXQAYIQ1QIoBHoECAQQBQ

The Association between Serum Lactate Level and Hospital Outcome. ..

neuropsychiatry and clinical

neurosciences. 2018; 30(2):91-100.

5. Crewdson K, Rehn M, Lockey D.
Airway management in  pre-hospital
critical care: a review of the evidence for a
‘top five research priority. Scandinavian
journal of trauma, resuscitation and
emergency medicine. 2018; 26(1):1-6.

6. Fu Y-q, Bai K, Liu C-j. The impact of
admission serum lactate on children with
moderate to severe traumatic brain injury.
PLoS One. 2019; 14(9):e0222591.

7. D’Amours SK, Deane SA, Malka VB.
48 Principles of trauma management.
Textbook of Surgery. 2020:431.

8. Chandrashekar C, Prabhakar M,
Santhoshkumar M, Harish R. Blood lactate
as a predictor of mortality in critically ill
children. Sri Lanka Journal of Child
Health. 2018; 47(1):40-3.

9. Dash HH, Chavali S. Management of
traumatic brain injury patients. Korean
journal of anesthesiology. 2018; 71(1):12.

10. Khormi YH, Gosadi I, Campbell S,
Senthilselvan A, O'kelly C, Zygun D.
Adherence to brain trauma foundation
guidelines for management of traumatic
brain injury patients and its effect on
outcomes: systematic review. Journal of
Neurotrauma. 2018; 35(13):1407-18.

11. Chang ET, Certal V, Song SA, Zaghi
S, Carrasco-Llatas M, Torre C, Capasso R,
Camacho M. Dexmedetomidine versus
propofol  during drug-induced sleep
endoscopy and sedation: a systematic
review. Sleep and Breathing. 2017;
21(3):727-35.

12. Johnson MC, Alarhayem A,
Convertino V, Carter Il R, Chung K,
Stewart R, Myers J, Dent D, Liao L,
Cestero R, Nicholson S, Muir M, Schwaca
M, Wampler D, DeRosa M, Eastridge BJ.
Comparison of compensatory reserve and
arterial lactate as markers of shock and

Int J Pediatr, Vol.10, N.10, Serial No.106, Oct. 2022

resuscitation. Journal of Trauma and Acute
Care Surgery. 2017; 83(4):603-8.

13. Kubiak G, Tomasik A, Bartus K,
Olszanecki R, Ceranowicz P. Lactate in
cardiogenic shock-current understanding
and clinical implications. J Physiol
Pharmacol. 2018; 69(01):15-21.

14. Gao F, Huang X-I, Cai M-X, Lin M-t,
Wang B-f, Wu W, Huang ZM. Prognostic
value of serum lactate Kinetics in critically
ill patients with cirrhosis and acute-on-
chronic liver failure: a multicenter study.
Aging (Albany NY). 2019; 11(13):4446.

15. Baron BJ, Nguyen A, Stefanov D,
Shetty A, Zehtabchi S. Clinical value of
triage lactate in risk stratifying trauma
patients using interval likelihood ratios.
The American journal of emergency
medicine. 2018; 36(5):784-8.

16. Galvagno Jr SM, Massey M, Bouzat P,
Vesselinov R, Levy MJ, Millin MG, Stein
DM, Scalea TM, Hirshon JM. Correlation
between the revised trauma score and
injury severity score: implications for
prehospital trauma triage. Prehospital
emergency care. 2019; 23(2):263-70.

17. Morteza J-B, Mandana R, Amir V,
Leila V. Genetic pattern of cystic fibrosis
patients in Azeri Turkish population.
Russian Open Medical Journal. 2017; 6(1).

18. Raffey M, Jabarpoor-Bonyadi M,
Vahedi L. Genotype-Phenotype
Correlation for Cystic Fibrosis According
to the Registry Center of Cystic Fibrosis.
Crescent Journal of Medical and
Biological Sciences. 7(1).

19. Morris KP, McShane P, Stickley J,
Parslow RC. The relationship between
blood lactate concentration, the Pediatric
Index of Mortality 2 (PIM2) and mortality
in pediatric intensive care. Intensive care
medicine. 2012; 38(12):2042-6.

20. Umebachi R, Taira T, Wakai S, Aoki
H, Otsuka H, Nakagawa Y, Inokuchi S.
Measurement of blood lactate, D-dimer,

16801



Jafari-Rouhi et al.

and activated prothrombin time improves
prediction of in-hospital mortality in adults
blunt trauma. The American journal of
emergency medicine. 2018; 36(3):370-5.

21. Bernhard M, Do6ll S, Kramer A,
Weidhase L, Hartwig T, Petros S, Gries A.
Elevated admission lactate levels in the
emergency department are associated with
increased 30-day mortality in non-trauma
critically ill patients. Scandinavian journal
of trauma, resuscitation and emergency
medicine. 2020; 28(1):1-8.

22. Safari E, Torabi M. Relationship
between End-Tidal CO2 (ETCO2) and
Lactate and their Role in Predicting
Hospital Mortality in Critically 1l Trauma
Patients; A Cohort Study. Bulletin of
Emergency & Trauma. 2020; 8(2):83.

23. Koliski A, Cat I, Giraldi DJ, Cat ML.
Blood lactate concentration as prognostic
marker in critically ill children. J Pediatr
(Rio J). 2005; 81(4):287-92.

24. Salvo F, Luppi F, Lucchesi DM,
Canovi S, Franchini S, Polese A, Santi F,
Trabucco L, Fasano T, Ferrari AM. Serum
Copeptin  levels in the emergency
department  predict  major  clinical
outcomes in adult trauma patients. BMC
emergency medicine. 2020; 20(1):1-10.

25. Bai Z, Zhu X, Li M, Hua J, Li Y, Pan
J, Wang J, Li Y. Effectiveness of
predicting in-hospital mortality in critically
ill children by assessing blood lactate
levels at admission. BMC pediatrics. 2014;
14(1):83.

26. Green JP, Berger T, Garg N, Horeczko
T, Suarez A, Radeos MS, Hagar Y,
Panacek EA. Hyperlactatemia affects the
association  of  hyperglycemia  with
mortality in nondiabetic adults with sepsis.
Academic Emergency Medicine. 2012;
19(11):1268-75.

27. Gunnerson KJ, Saul M, He S, Kellum
JA. Lactate versus non-lactate metabolic
acidosis: a  retrospective  outcome

Int J Pediatr, Vol.10, N.10, Serial No.106, Oct. 2022

evaluation of critically ill patients. Critical
care. 2006; 10(1):R22.

28. Kruse O, Grunnet N, Barfod C. Blood
lactate as a predictor for in-hospital
mortality in patients admitted acutely to
hospital: a systematic review.
Scandinavian journal of  trauma,
resuscitation and emergency medicine.
2011; 19(1):1-12.

29. Charpie JR, Dekeon MK, Goldberg
CS, Mosca RS, Bove EL, Kulik TJ. Serial
blood lactate measurements predict early
outcome after neonatal repair or palliation
for complex congenital heart disease. The
Journal of thoracic and cardiovascular
surgery. 2000; 120(1):73-80.

30. Fu YQ, Bai K, Liu CJ. The impact of
admission serum lactate on children with
moderate to severe traumatic brain injury.
PloS one. 2019; 14(9):e0222591.

31. Salas Ballestin A, de Carlos Vicente
JC, Frontera Juan G, Sharluyan Petrosyan
A, Reina Ferragut CM, Gonzélez Calvar
A, Clavero Rubio MDC, Fernandez de la
Ballina A. Prognostic Factors of Children
Admitted to a Pediatric Intensive Care
Unit After an Episode of Drowning.
Pediatr Emerg Care. 2021 Apr 1;
37(4):€192-e195.

16802



