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Lactate as an early predictor of psychomotor development in neonates  
with asphyxia receiving therapeutic hypothermia

Renata Polackovaa,b, Dana Salounovac, Lumir Kantord

Aims. This prospective study aimed to evaluate the relationship between persistently elevated lactate values in the 
arterial blood of newborns with grade II and III hypoxic ischemic encephalopathy (treated with therapeutic hypother-
mia) and psychomotor development at 24 months. 
Methods. 51 neonates of gestational age from 36 to 41 weeks receiving therapeutic hypothermia for moderate to 
severe hypoxic ischaemic encephalopathy had arterial blood lactate levels regularly analysed. At 24 months the in-
fants’ psychomotor development was evaluated and they were divided into two groups – those where the outcome 
was favourable (i.e. normal psychomotor development) and adverse (severe motor or sensory impairment or death). 
The lactate dynamics over time were retrospectively evaluated from the data collected, with the normal upper limit 
set at 4 mmol/L. 
Results. Of the 51 affected neonates, 7 died over the course of the study. 34 of the remaining 44 infants demonstrated 
normal psychomotor findings at 2 years old, with adverse findings in 10 cases. Although both groups experienced 
significant reductions in lactate over time, there were statistically significant differences between them regarding 
currently measured lactate levels.
Conclusion. Absolute lactate values and their development over time can be a used as an auxiliary factor in mak-
ing early estimates of the long-term outcome for newborns with neonatal asphyxia being treated with therapeutic 
hypothermia.
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INTRODUCTION

Hypoxic ischaemic encephalopathy (HIE) is an insult 
to the central nervous system (CNS) of a full-term neo-
nate due to perinatal asphyxia (PA). According to the 
World Health Organisation, PA is the 5th highest cause 
of death in children under 5 years old (8%). In developed 
nations, HIE occurs in 1 to 2 per 1000 newborns and 2 
to 9 per 1000 live births worldwide1.

Treatment of neonatal asphyxia in the past was limited 
to symptomatic and supportive treatment until, in 2010, 
2 meta-analyses of multicentric studies were published 
which conclusively confirmed the positive effect of ther-
apeutic hypothermia (TH) (ref.2,3). The key prognostic 
factor in determining the outcome of HIE treatment is 
the current clinical status of the newborn according to 
Sarnat & Sarnat staging, which is used to differentiate 
between mild, moderately severe and severe forms of HIE 
(ref.4). In mild HIE, a favourable prognosis does not re-
quire TH. In moderately severe cases, the rate of adverse 
outcomes falls from 48% in untreated patients to 32% of 
those who undergo TH. In severe cases, the effect of TH 
is lower, with adverse outcomes in 72% of TH-treated pa-

tients, compared to 85% in untreated patients, who die or 
have serious neurological consequences5. The prognosis 
is usually unfavourable in such cases, even if abnormal 
neurological findings are detected at the time of hospi-
talization6. 

It is very difficult to provide a prognosis for chil-
dren with HIE as efforts to estimate outcomes can be 
frustrated for a number of reasons, described as fol-
lows: 1. TH is subjectively regarded as unpleasant, even 
painful. Hence, patients are given analgesics during the 
treatment. 2. Convulsions often occur in children with 
moderately severe to severe HIE, when it is necessary 
to give them antiepileptics. 3. The majority of severely 
asphyxiated neonates require respiratory support. These 
situations confound the physiological and pathological 
manifestations. In this way, they preclude the monitoring 
of prognostic markers – positive or negative – such as 
state of consciousness, muscle tone, spontaneous physi-
cal activity, convulsions, vegetative reaction to external 
stimuli, etc. Several factors are currently being investi-
gated for making HIE prognosis: clinical examination, 
CNS imaging and amplitude EEG (aEEG) (ref.6-8). 1. 
Clinical examination of the newborn (according to Sarnat 
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& Sarnat staging) and diagnosing mild encephalopathy 
are associated with very favourable prognoses, whereas 
severe encephalopathy is associated with adverse progno-
ses. 2. Brain magnetic resonance (MRI) in the first week 
of life can provide a prognosis based on the severity of 
changes in the thalamus, basal ganglia, white matter and 
cerebral cortex. 3. Normalization of aEEG records within 
24 h of hypoxic insult is a positive prognostic marker9,10. 
Earlier studies, conducted before the advent of TH, us-
ing proton magnetic resonance spectroscopy (1 H MRS) 
to examine the brain, showed, that persistently elevated 
lactate levels in cerebral tissue soon after birth asphyxia 
are associated with adverse neurological development at 
12 months old11,12. However, this investigative method is 
not routinely performed. Recently, work has been done 
to measure localized brain saturation in asphyxiated new-
borns during TH. Near-infrared spectroscopy (NIRS) ap-
pears to be a valuable non-invasive method, which, taken 
together with the current aEEG, fulfills a valuable role as 
an early predictor of the long-term outcome13. All these 
predictors are key to how well we are informed regarding 

current treatment effectiveness, which in turn enables us 
to provide the most timely and objective information pos-
sible to parents during this extremely stressful situation. 
This aside, in the end it is still a matter of conjecture. 
Hence, additional diagnostic methods and biochemical 
markers are being pursued which will improve the accu-
racy of our predictions. The results published here show 
that monitoring arterial blood lactate dynamics may be 
a useful variable in refining the long-term prognosis of 
asphyxiated neonates undergoing TH.

MATERIALS AND METHODS

This prospective study comprises 51 neonates diag-
nosed with moderate and severe HIE (otherwise known 
as HIE grade II and III). The study group includes 35 
newborns with HIE grade II and 16 with HIE grade III. 
All patients were treated in the neonatal department at 
the perinatal center of the University Hospital Ostrava. 
33.3% of the cohort were born at this hospital and 66.6% 

Table 1. Initial parameters of patients selected for the study.

Parameters
Favourable outcome Adverse outcome

P
(n=34) (n=17)

Birthplace
 inborn (n (%)) 14 (41.2) 3 (17.6) 0.093
 outborn (n(%)) 20 (58.8) 14 (82.4) Chi-squared test

Delivery method
 vaginal (n (%)) 20 (58.8) 7 (41.2) 0.234
 Caesarean section (n (%)) 14 (41.2) 10 (58.8) Chi-squared test

Gestational age 38.24 ± 1.89 (38) 38.71 ± 1.83 (39) 0.474
 average ± SD (median) median test

Birth weight (g) 3044 ± 508 (3080) 3270 ± 608 (3450) 0.060
 average ± SD (median) median test

Sex
 male (n (%)) 21 (61.8) 11 (64.7) 0.838
 female (n (%)) 13 (38.2) 6 (35.3) Chi-squared test

Umbilical pH 6.98 ± 0.18 (6.99) 6.86 ± 0.16 (6.84) 0.136
 average ± SD (median) t – test

Umbilical BE -16.31 ± 6.10 (-16.15) -19.28 ± 6.66 (-21.90) 0.337
 average ± SD (median) t – test

Convulsions (n (%)) 30 (88.2) 16 (94.1) 0.654
Fisher’s test

Hypotension > 24 h (n (%)) 29 (85.3) 16 (94.1) 0.650
Fisher’s test

Initial pH on admission 7.20 ± 0.10 (7.21) 7.12 ± 0.25 (7.22) 0.276
 average ± SD (median) median test

Initial BE on admission -13.16 ± 5.34 (-12.30) -18.21 ± 8.75 (-15.60) < 0.0005
 average ± SD (median) t – test

Lactate values at time  
of admission (mmol/L) 9.10 ± 5.75 (8.25) 15.75 ± 5.93 (15.50) 0.002
 average ± SD (median)     median test
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were transferred from the catchment area. The neonates 
were born between weeks 36 to 41 of gestation, with birth 
weights ranging from 1810 to 3995 grams. 52.9% were born 
vaginally; 47.1% by caesarean section. All fulfilled the cri-
teria for undergoing TH and underwent the therapy for 72 
h (ref.14). For the purposes of the study, the patient’s inter-
nal environment (including lactate value) was monitored 
upon admission and during treatment in the 3rd, 6th, 12th, 
24th and 36th h (±30 min) of the newborn’s life. All blood 
samples were taken from arteries in the umbilicus or limbs, 
and immediately examined with an identical bed-side ana-
lyzer. Following the conclusion of treatment, the patient 
was monitored until 2 years old, at which time the child’s 
psychomotor development was definitively established by 
a neurologist and neonatologist using the Gross Motor 
Function Classification System (GMFCS), and subse-
quently assigned to one of two groups according to whether 
the judgement obtained was favourable or adverse15. The 
adverse outcome group were patients who died, or survived 
with severe disability (GMFCS level II-V; severe cognitive 
impairment, deafness, blindness). Table 1 details the initial 
parameters of both groups at the time of inclusion in the 
study; the characteristics described do not differ for the 
majority of parameters. The base excess values (BE) and 
lactate upon admission are statistically significant in that 
they support the fact that the study indeed comprises only 
patients with moderately severe and severe asphyxia. The 

lactate dynamics of the groups were analysed at the time of 
treatment, with the normal upper limit set at 4 mmol/L. In 
evaluating the sample cohort, chi-squared-, median-, t-, and 
Fisher’s exact test were used. The median test was applied 
in comparisons of lactate dynamics in the two groups. 

RESULTS

The 51 selected children with grade II and III HIE 
were placed into 2 groups based on the final evaluation 
of their psychomotor development at 2 years old. The 
outcome was judged favourable in 34 of these cases and 
adverse in 17 (10 survived with severe disabilities; 7 died 
as a result of HIE). The neonates with HIE grade II 
demonstrated favourable outcome in 31 cases (88.6%) 
and adverse outcome in 4 children (11.4%). In the HIE 
grade III group a favourable outcome was described in 
3 children (18.7%), 13 children (81.3%) had an adverse 
outcome. Table 2 shows the change in lactate over time, 
with a statistically significant difference between the two 
groups. From these results it can be judged that lactate 
could be an auxiliary predictor of the development of 
neonates with HIE grades II and III. Fig. 1 clearly shows 
that in both groups, lactate tends to decrease over time. 
Nevertheless, its absolute value in the blood is of key im-
portance regarding favourable patient outcome.

Table 2. Change in lactate levels (mmol/L) in both groups of patients.

Lactate – age of newborn Favourable outcome Adverse outcome P

Lactate at 3 h 7.78 ± 6.28 (4.40) 14.74 ± 5.87 (14.20) 0.001
Lactate at 6 h 6.19 ± 5.36 (3.70) 12.38 ± 6.20 (13.70) 0.002
Lactate at 12 h 4.55 ± 3.97 (2.45) 10.95 ± 7.51 (1.55) 0.012
Lactate at 24 h 3.33 ± 2.64 (2.40) 9.88 ± 8.22 (6.15) 0.002
Lactate at 36 h 2.68 ± 2.05 (1.95) 9.21 ± 7.91 (5.70) 0.002

Fig. 1. Graphical representation of the change in lactate values in both groups 
of patients.
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DISCUSSION

In neonatal practice, lactate is not normally used to 
estimate HIE treatment outcome as its role as a prognos-
tic marker has not yet been verified.

In the past, lactate was considered to be only a by-
product of anaerobic metabolism – ”waste” accumulated 
in the body as a result of insufficient oxygenation of meta-
bolically active tissue. Today it is known that, together 
with other ketone bodies, it can be a source of energy for 
the heart and brain. Recently it has also been attributed 
with a key role in providing information on the organism’s 
metabolic state. A significant mediator, it can impact the 
metabolism of cells far from their site of origin by regulat-
ing the formation of cAMP via the GPR81 lactate recep-
tor, and by influencing the ratio of NADH / NAD+. Both 
processes are associated with the regulation of energy in 
the brain and indirectly, blood flow16. Lactate also func-
tions as a ”critical buffer” which enables an increased rate 
of glycolysis to meet increased energy demands due to 
stress. Lactate dynamics and their prognostic significance 
have so far been intensively monitored in critically ill adult 
patients. In septic and traumatic adults, it has been shown 
that persistently high lactate levels during treatment are 
linked with higher mortality and morbidity17. Additionally, 
better results were seen in cases of adult post-resuscitation 
syndrome treated with TH where lactate values did not 
increase further, but rather fell18. Studies in veterinary 
medicine have identified persistently elevated lactate lev-
els as a reliable independent biomarker predicting mortal-
ity in critically ill newborn foals19,20. On the other hand, 
some animal studies suggest a neuroprotective effect if 
lactate is administered intraventricularly into the brain of 
newborn rats immediately after ischaemia. These young 
were subsequently found to have significantly smaller le-
sions in basal ganglia. In cases where the application of 
lactate was delayed (after 1 h of reperfusion or later) the 
neuroprotective effect was no longer demonstrated21. In 
human medicine however, there is very little evidence for 
the relationship between lactate levels and the progno-
sis of children following trauma. Although an isolated 
reading of elevated lactate value may be misleading in a 
paediatric patient, lactate clearance, i.e. the time at which 
lactate returns to normal, may be important in determin-
ing the prognosis of injured children22. In the neonatal 
population, elevated postnatal lactate levels have been 
described only in terms of being a risk factor indicating 
the possible onset and development of severe postpartum 
asphyxia23. A connection has been established between 
postpartum hyperlactataemia and a higher instance of 
neurological morbidity and mortality in neonates in the 
first days of life24-26. However, lactate dynamics as a po-
tential predictor of the long-term outcome of asphyxiated 
newborns have yet to be comprehensively studied. A 2015 
study comprising 12 asphyxiated newborns undergoing 
TH highlighted the fact that elevated serum lactate levels 
may be associated with adverse psychomotor development 
at 24 months27. 

The initial lactate value clearly correlates with the 
severity of the hypoxic injury. After the initial rise, it 

usually returns to normal. Slowdowns in the reduction 
of lactate in animal subjects were attributed to reduced 
liver clearance and increased production of lactate in 
the stimulation of glycolysis and sympathoadrenal sys-
tem, and concomitant cramping activity respectively28. It 
should be noted that secondary elevations of lactate levels 
during the first 4 days of life may indicate suboptimal 
haemodynamic conditions in term-asphyxiated newborns 
treated with TH (ref.29). The incidence of hypotension in 
asphyxial newborns is approximately 51% (ref.30). This is 
due to reduced cardiac contractility and decreased cardiac 
output, most often due to myocardial dysfunction with 
the onset of asphyxia and hypothermia31. In our sample 
cohort, 88% of subjects were treated for hypotension in 
order to keep the mean BP above the gestational age limit, 
ideally with adequate diuresis.

One caveat is that lactate values can be influenced by 
a number of factors. Tissue hypoxia during HIE is a piv-
otal factor that can increase the amount of lactate in the 
body of the newborn. That said, a number of factors can 
definitively be ruled out in our sample cases: severe sepsis, 
intense short-term sports activity, diabetic coma, poison-
ing (carbon monoxide, alcohol, methanol and cyanide), 
methaemoglobinaemia, leukaemia, toxic hepatopathy, mi-
tochondrial myopathy, pyruvate carboxylase deficiency 
metabolism and type I glycogenosis. However, the actual 
body temperature may also contribute to the production 
of lactate, along with the state of perfusion in the skin 
and splanchnic system. In asphyxiated neonates, TH is 
initiated not later than 6 h after birth (the therapeutic 
window) and ideally as soon as the indication criteria 
for the treatment have been established14. The values of 
lactate measured in our sample at the 3rd and 6th h of life 
could have been greatly influenced by significant tem-
perature variance. 

One limitation that could be identified in this 
study was that the standardized Bayley Scales of Infant 
Development (BSID) test was not carried out at 2 years32. 
This would have conclusively established the sample co-
hort’s level of mental and psychomotor development. 
At the time of the study, this method was not standard 
practice in our department. If BSID had been consid-
ered necessary to the evaluation of the study, the sample 
size would have been significantly reduced. The GMFCS 
scale, together with sensory perception assessment, was 
deemed sufficient for evaluating the clinical state of sur-
viving patients. An additional limiting factor is the fact 
that a 2-year-old without apparent neurological or cogni-
tive impairment could encounter cognitive and memory 
problems by school age; therefore, it would be better to 
monitor the subjects until at least 6 years old. The final 
criticism can be directed at the differing ages of the neo-
nates included in the study (from 0-6 h), as those born 
outside needed to be transported to the perinatal centre.

CONCLUSION

Based on current knowledge, it is hard to say whether 
lactate is the cause or consequence of HIE. However, the 
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level of lactate in the body undoubtedly affects the me-
tabolism of key energy processes in the brain. This study 
shows that excess lactate in the early stages of HIE may 
be linked to adverse outcomes in asphyxiated neonates. 
Hyperlactataemia may arise either from excessive lactate 
production, impaired degradation, or a combination of 
both. The subject requires further investigation.
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