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The reasons of hyperlactatemia on admission and relationship of the lactate 
levels with clinical outcomes in pediatric intensive care unit

Çocuk Yoğun Bakım Ünitesine başvurudaki laktat yüksekliğinin nedenleri ve laktat 
düzeylerinin klinik sonuçlarla ilişkisi
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Abstract
Purpose:Hyperlactatemia has been reported to predict mortality and morbidity in critically ill patients. The aim of 
this study is to define the reasons of hyperlactatemia on admission in critical pediatric patients, to describe a cut 
off value to predict mortality and to evaluate the outcomes of admission hyperlactatemia in pediatric intensive 
care unit.
Materials and methods: Hospital records of 202 pediatric patients who had admitted to pediatric intensive care 
unit (Male/Female: 101/101; median age: 3 years [IQR: 9.2] ) were evaluated retrospectively, for the study. Age, 
gender, admission diagnosis, arterial blood gas analysis, length of stay, presence of in-hospital mortality were 
recorded in the study group. Hyperlactatemia was defined according to L-lactate levels defined by age. The 
patients with and without hyperlactatemia were compared for mortality and clinical outcomes.
Results:The frequency of admission hyperlactatemia was 64.3% (n: 130). The patients with dehydration due 
to acute gastroenteritis, acute respiratory insufficiency and acaute cardiac insufficiency had significantly higher 
lactate levels compared with children with other diagnosis. Admission hyperlactatemia was not found to have a 
cut-off value to predict mortality by ROC analysis (Area under curve: 0.57). Moreover, hyperlactatemia was not 
found to effect either mortality rate or outcome in the study group. 
Conclusion: The results of this study indicate that admission hyperlactatemia may not be used as a predictor 
of either death or poor clinical outcome in pediatric intensive care units. Further there is a lack of cut off value 
for lactate in literature to predict outcomes in different pediatric ages. 

Pam Med J 2017;(1):1-6

Key words: Hyperlactatemia, admission, childhood, PICU.

Özet
Amaç: Laktat yüksekliğinin kritik hasta izleminde mortalite ve morbiditeyi belirleyici olduğunu gösteren 
çalışmalar mevcuttur. Bu araştırmanın amacı, kritik hastalığı olan çocuklarda laktat yüksekliğinin nedenlerini 
belirlemek, mortaliteyi belirleyen bir eşik değer olup olmadığını saptamak ve çocuk yoğun bakım ünitesinde 
laktat yüksekliğinin klinik sonuçlarını değerlendirmektir.
Gereç ve yöntem: Çocuk yoğun bakım ünitesine başvuran toplam 202 olgunun (Erkek/Kız: 101/101; median 
yaş: 3 [IQR: 9.2]) dosya kayıtları geriye dönük olarak incelendi. Hastaların yaşı, cinsiyeti, başvuru tanısı, 
arteriyel kan gazı sonuçları, hastanede kalma süresi, ve ölüm varlığı kaydedildi. Laktat yüksekliği, yaş gruplarına 
göre düzeylerine göre tanımlandı. Başvuruda laktat yüksekliği olan ve olmayan olgular, ölüm oranları ve klinik 
sonuçlar açısından karşılaştırıldı.
Bulgular: Başvuruda saptanan hiperlaktatemi sıklığı %64.3 (n: 130) idi. Akut gastroenterite bağlı dehidratasyon, 
akut solunumsal yetmezlik ve akut kalp yetmezliği olanlarda laktat düzeyleri diğer tanılarla karşılaştırıldığında 
anlamlı olarak daha yüksek bulundu. ROC analizi ile mortaliteyi belirleyecek herhangi bir eşik değer saptanmadı 
(eğri altı alan: 0.57). Ayrıca, hiperlaktateminin mortalite ve klinik sonuçlarla ilişkisi olmadığı görüldü.
Sonuç: Bu çalışmanın sonuçları, çocuk yoğun bakım ünitesine başvuruda saptanan laktat yüksekliğinin ölümü 
ya da kötü klinik gidişi öngörmede bir belirteç olmayabileceği görüldü. Ayrıca literatürde, laktat yüksekliğinin 
tanımlanmasında ve belirteç olarak kullanılmasında, çocukluk çağının farklı dönemlerinde sabit bir değerin 
kullanılmasının önemli bir eksiklik olduğu düşünüldü.
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Introduction

The early recognition of patients with 
increased risk of mortality and morbidity may 
result in improved patient care and better 
outcomes. Ease of evaluation and rapid reliable 
results make modern blood gas analysers 
ideal for a prompt assessment of the patient’s 
metabolic status on admission to ICUs. L- lactate 
(2-hydroxypropanoic acid), the levo-isomer of 
lactate found in human body, can accurately be 
measured by blood gas analysers. It has been 
more than 150 years since lactate was first 
isolated from the blood samples of a woman 
who died from puerperal sepsis [1]. Since then, 
hyperlactatemia has been widely reported 
to be associated with critical illnesses [2-5], 
especially in cardiac patients [6-7]. Lactate is an 
end product of anaerobic metabolism and blood 
levels are maintained by the balance between 
lactate production and clearance [8]. Normal 
blood lactate levels are described as 0.5–1.8 
mmol/L in adults, but change by age in pediatric 
population [9]. Although the association of 
increased blood lactate levels and morbidity and 
mortality has been demonstrated in both adults 
and children, there is no agreed cut-off value 
for hyperlactataemia, especially in pediatric age 
[10].

The aim of this study is to define the reasons 
of hyperlactatemia on admission in critical ill 
pediatric patients; to describe a cut off value 
for pediatric age in order to predict mortality 
and to discuss the outcomes of patients with 
hyperlactatemia with literature.

Materials and Methods

Study Group

The study was conducted in Pediatric 
Intensive Care Unit (PICU) of Behçet Uz 
Children’s Hospital, a tertiary hospital for 
pediatric patients. The data were retrospectively 
collected from the hospital records for all 
patients admitted to PICU in the course of 
6 months (1 July 2012-31 December 2012), 
following local ethic comitee’s approval 
(2012-03). The criteria for PICU admission 
were adopted from guidelines for developing 
admission and discharge policies for the PICUs 
[11]. All PICU admissions were reviewed and 
the patients who have arterial blood lactate 
levels on arterial blood gases obtained in the 
first 2 hours of admission constituted the study 

group. The patients who were diagnosed with 
hyperlactatemic metabolic diseases, died 
within first 2 hours after admission, transfered 
from another PICU or NICU were excluded. 
The patients who recieved adrenalin[12],  
metformin[13], nucleoside analogues[14], high-
volume hemofiltration (HVHF) with lactate-
buffered replacement fluids [15] were also 
excluded as they are known to affect lactate 
levels. The patients with inadequate hospital 
records were also excluded. If the patient was 
hospitalized more than one, he/she was enrolled 
only for the first admission. 

Data collection

Age, gender, admission diagnosis, arterial 
blood gas analysis,  length of stay at PICU and 
hospital, presence of in-hospital mortality were 
recorded in the study group. In-hospital mortality 
was defined as death occurring in the hospital 
after PICU admission while favorable outcome 
was defined as being discharged home; either 
directly from PICU or after transfer to another 
unit in the hospital. All collected blood samples 
were stored on ice, and measurements of blood 
lactate levels were performed immediately. 
Arterial blood lactate levels were measured by 
ABL90 Flex Blood Gas Analyzer (Radiometer 
Medical ApS, Åkadevej 21, DK-2700Brønshøj, 
Denmark). Hyperlactatemia was diagnosed 
according to L-lactate levels defined by age 
[9].  L-lactate levels were accepted high if> 
2.3 mmol/L in infants between 1- 12 months; 
>1.5 mmol/L in toddlers and children between 
1-7 years and >0.9  mmol/L  in children and 
adolescents older than 7 years.

Statistical Analysis

Statistical analyses were performed using 
IBM SPSS(ver. 18; IBM Co., Armonk, New York, 
USA). Data were presented as mean±SD or 
median [interquartile range] according to their 
distribution. Qualitative variables were expressed 
as percentages. Distribution of numerical data 
was assessed by graphical methods   and 
Kolmogorov Smirnov test.  Statistical analysis 
was performed with Student’s t-test to compare 
numerical values with normal distribution. To 
compare numerical values with an abnormal 
dispersal range, interquartile ranges were 
assessed using Mann–Whitney U-test. Fisher’s 
exact test and Chi2-tests were used for the 
comparison of categorical data. A p-value ˂0.05 
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was considered statistically significant. The 
efficacy to discriminate between survivors and 
nonsurvivors was assessed by the area under 
the receiver operating characteristic curve 
(ROC).

Results

The study group included 202 patients (Male/
Female:101/101; median age: 3 years [IQR:9.2]). 
Table 1 shows the patient charactheristics, 
mortality rates, length of PICU and hospital stay, 
necessity and duration of mechanical ventilation 
and/or inotropic support and rate of mortality. 
The frequency of admission hyperlactatemia 
was 64.3% (n:130) in the study group. The 
frequency and percentages of hyperlactatemia 
according to age is presented on Table 2. The 
most frequent diseases causing hyperlactatemia 
were dehydration due to gastroenteritis 

(21%), respiratory insufficiency (19%), cardiac 
insufficiency (18%), respectively. Moreover, 
the lactate levels were significantly higher 
in patients with the three diagnosis (p: 0.34; 
p:0.37; p:0.04, respectively). The other reasons 
of hyperlactatemia in the study group were 
diabetic ketoacidosis, sepsis, drug intoxication, 
renal insufficiency and trauma (Table 3). In the 
study group, admission hyperlactatemia was not 
found to have a cut-off value to predict mortality 
by ROC analysis (Area under curve:0.57) 
(Figure 1).The analysis continued to compare 
the rate of mortality, PICU stay duration, hospital 
stay duration, MV necessity and duration, 
inotropic support and duration in patients with 
and without hyperlactatemia. There were no 
statistical difference between the two groups for 
the compared parameters (p >0.05) (Table 4). 

Table 2. The normal L lactate values by age and the distribution of the study group according to 
age. 

Age                Normal lactate values*         Frequency (n)           Percentage (%)
<  1                            1.1-2.3                                     52                                     25.7

1-7                             0.8-1.5                                     80                                     39.6

> 7                             0.6-0.9                                     70                                     34.7

   *mmol/L  

Table3. The diagnosis of patients with admission hyperlactatemia (n:130)

Acute gastroenteritis                                                       25 (20.7%)
Respiratory insufficiency                                                 24 (19.2%)
Cardiac insufficiency                                                       21 (18.4%)
Diabetic ketoacidosis                                                      16 (12.3%)
Sepsis                                                                             14 (10.7%)
Drug intoxication                                                              11(8.4%)
Renal insufficiency                                                           10 (7%)
Seizures                                                                             7 (5%)
Trauma                                                                               2 (1.5%)
Total                                                                                130 ( 100%)

Table 1. The patient characteristics of the study group

Age*                                                                      3  [IR:9.2]

Gender (Male /Female)                                         101/101

Hospital stay duration* (days)                               8  [IR:14]

PICU stay duration*                                               2  [IR:4]

MV necessity                                                         30/202

Inotrop necessity                                                   33/202

Mortality rate                                                          0.09

*Median with Interquartile Range
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Discussion

The results of this study indicates that 
admission hyperlactatemia can not be used 
as a predictor of either death or poor clinical 
outcome in PICUs. The incidence of admission 
hyperlactatemia was 64% in the study group 
and 25% of them was under age 1. We 
hypotessed that admission hyperlactatemia is 
related with increased mortality, poor clinical 
outcome, increased PICU and hospital stay but 
our results did not support our hypothesis. 

Literature includes conflicting reports on 
hyperlactatemia and mortality and/or clinical 
outcome. As a matter of fact, hyperlactatemia 
was firstly reported as a parameter for 
measurement of “reversibility”[16]. Then, in 
recent years, most reports show a prognostic 
value of hyperlactatemia on predicting 
mortality in both adults and children in lots of 
medical illnesses, including shock, sepsis, 

trauma, surgery and especially after cardiac 
interventions [17-22]. Although there are 
reports that admission hyperlactatemia predicts 
mortality and clinical outcome, the predictive 
value of a single lactate assessed on admission 
is controversial.  Several studies have shown no 
significant predictive value of admission lactate 
[23-24]. Recent reports offer to follow the upward 
or downward trend in lactate, or the duration of 
hyperlactatemia, by serial measurement after 
admission. Lactate clearance is defined as ‘the 
ability to clear lactate to normal levels’ used for 
more than 20 years in critical care literature [25]. 
Some authors suggest to use the term ‘lactate 
shift’ or ‘lactate kinetics’ due to physiologic sense 
[26]. Whatever it is called, physiological and 
pathological factors affecting lactate production 
and clearance in the presence of multiorgan 
failure confounds to a prognostic interpretation 
of a single measurement [27].

Table4.  The effect of admission hyperlactatemia on mortality and clinical outcome.

                                                         Normal lactate levels    Hyperlactatemia          p
                                                                        (n: 77)                        (n:130)
Mortality                                                              8/72                        12/130                            0.58
PICU stay duration*                                             3[5]                         2[3]                                0.80
Hospital stay duration*                                        8[17]                        8[13]                              0.40
MV necessity                                                      12/72                      18/130                             0.36
MV duration*                                                       3[23]                        2[6]                                0.14
Inotropic support necessity                                 17/77                     16/130                             0.76

* days

Figure 1. The Area Under Curve showed no cut-off value to predict mortality by ROC analysis 
(Area under curve:0.57).
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Another important issue is that, there is no 
cut- off value for lactate to predict mortality in 
pediatric age. Setting the cut off point for lactate 
in order to predict patient outcome, is a question 
of getting the optimal relationship between 
sensitivity and specificity. In most reports, 
lactate levels > 2 mmol/L was accepted to be 
high. Bai et al [28] reported, a sensitivity of 94% 
and a specificity of 24% for predicting in-hospital 
mortality, at the cut-off value of >2.0 mmol/l 
and the positive and negative likelihood ratios 
were 1.2 and 0.25, respectively. Some reports 
suggest that a lactate level of greater than 4 
mmol/L, instead of 2 mmol/L,  should be used 
to define hyperlactatemia to predict death [29]. 
Nichol et al [30],  reported that high blood lactate 
concentrations within the current reference 
range were also associated with increased 
hospital mortality. In our study group, admission 
hyperlactatemia was not found to have a cut-
off value to predict mortality by ROC analysis 
(Area under curve:0.57) (Figure 1). Continuing 
analysis by dividing the patients into two groups 
as hyperlactatemia and normolactatemia 
revealed no stastistical differences between two 
groups. L-lactate levels were accepted high if> 
2.3 mmol/L in infants between 1- 12 months; 
>1.5 mmol/L in toddlers and children between 
1-7 years and >0.9  mmol/L  in children and 
adolescents older than 7 years. We suggest that 
a single cut-off value can not be used in pediatric 
age, as normal values of L-lactate levels differ by 
age due to physiologic maturation of glycolytic 
enzymes. The current report is the only study 
in literature using different values for different 
pediatric ages to define hyperlactatemia. 

Although the literature consist of many 
studies evaluating the predictive effect of lactate 
on mortality, there are only a few reports about 
lactate and clinical morbidity. A recent study, 
conducted among out-hospital cardiac arrest 
patients, has shown that the use of lactate as 
a predictor of survival or neurological outcome 
is not recommended [31]. Kliegel et al. reported 
that sustained hyperlactatemia (>2.0 mM after 
48 hours) was predictive for mortality as well 
as poor neurological outcome[32]. In our study, 
we evaluated the necessity and duration of 
mechanical ventilation and fluid resuscitation 
but there were no statistical difference between 
the patients with and without admission 
hyperlactatemia. We suggest that, in pediatric 
age, the causes of hyperlactatemia differ 

from adults. The most common causes in our 
study group were dehydration due to acute 
gastroenteritis, respiratory insufficiency mostly 
due to acute respiratory infections which can 
rapidly respond to appropiate treatments.

In conclusion, although the effect of lactate 
guided treatment was studied in a randomized 
controlled study of ICU patients [33], it may not 
be necessary in pediatric age. The limitation of 
our study is its retrospective design. In our clinic, 
blood gas analysis are transfered with ice and 
performed within 10 minutes as a protocol but 
we can not exclude preanalytic errors, exactly.  
Thus, prospective studies are needed to define 
cut-off values for lactete, as there is a lack of 
knowledge in literature on this issue for different 
pediatric ages.
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