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CLINICAL STUDY

Can a single lactate value predict adverse outcome in critically

i1l newborn?
Simovic A!?, Stojkovic At?, Savic D2, Milovanovic DR??

Paediatric Clinic, Clinical Centre, Kragujevac, Serbia. aleksandra.simovic@yahoo.com

ABSTRACT

OBJECTIVES: The aim of this study was to investigate the role of the lactic acidosis, as an early predictor of
significant consequences and/or a fatal outcome in term neonates after a perinatal asphyxia.

BACKGROUND: Severe perinatal asphyxia can generate multiple organ dysfunction and neonatal mortality.
METHODS: In routine clinical practice, after an admission to the Intensive Care Unit, lactate concentration was
determined in capillary blood samples during the first one to six hours after birth in 55 term newborns with the
post-asphyxial hypoxic-ischemic encephalopathy. The control group consisted of 36 healthy term neonates ran-
domly selected in the maternity ward at the Gynecology and Obstetrics Clinic.

RESULTS: Significantly higher concentrations of lactate (p < 0.0005) were observed in term neonates with post
asphyctic syndrome (8.63+4.43 mmol/L) if compared to the control group subjects (1.04+0.36 mmol/L). The
increase in lactate level >8.7mmol/L with 80 % sensitivity and 82 % specificity indicated the development of
the hypoxic-ischemic encephalopathy stage Il/Ill, while the lactate level >9.95 mmol/L was a predictor of death,
with 75 % sensitivity and 74.4 % specificity.

CONCLUSION: Determination of lactate concentrations in serum of term newborns associated with risk factors
for the perinatal asphyxia is a useful tool in diagnosing metabolic disorders and ischemic damage, particularly

severe clinical forms (Tab. 2, Fig. 3, Ref. 34). Text in PDF www.elis.sk.
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Introduction

Perinatal asphyxia (PA) is the medical condition of impaired
gas exchange before, during or shortly after birth, which — if con-
tinuing — may cause a progressive decrease in the partial pressure
of oxygen, and an increase in partial pressure of carbon dioxide,
associated with a drop in blood pH. It is the second leading cause
of neonatal morbidity and mortality, after prematurity (1- 3). The
PA incidence varies depending on diagnostic criteria. According
to the research in developed countries, the incidence of severe
PA, (which leads to significant neurological sequelae or death) is
about 1/1000 live births (4, 5), while the PA occurs more often in
underdeveloped countries. In hospitalized children, it ranges from
5-10/1000 live births, but the data come from developed coun-
tries and probably underestimate the actual incidence of perinatal
asphyxia in underdeveloped areas (5, 6).

Pathophysiological basis of post-asphyctic lesions in some
organs and tissues resulted from an exhausted mechanism of
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circulatory and metabolic adjustments of newborn to hypoxic-
ischemic stress. Fundamental initial vascular changes in hypoxia
are vasoconstriction, reducing blood flow through so-called ‘pe-
ripheral’ vascular regions (kidneys, gastrointestinal tract, skin and
muscles), increased systemic blood pressure, and maintenance of
the blood supply to the brain, myocardium and the adrenal glands.
Later, during circulatory decompensation, there are myocardial
workload and a reduced blood inflow to the right atrium, reduc-
tion in cardiac output, systemic hypotension and a development
of ischemia in all organs (7, 8).

In addition to the vascular compensatory response to hypox-
ia, there are also metabolic changes. Anoxia activates anaerobic
glycolysis with a consequently reduced synthesis of adenosine
triphosphate and lactate accumulation. In the event of depletion
of the glycogen stores, an accelerated catabolism of energy-rich
purine bases occur (8, 9) and therefore, hypoxanthine and uric acid
accumulate. Reduction of the adenosine triphosphate stores pro-
duces severe effects for the weakening of energy-dependent cation
transport system (sodium, calcium, potassium), membrane phos-
pholipid disorder and free fatty acids disorder, and the accumula-
tion of various harmful metabolites such as prostaglandins, leu-
kotrienes and free radicals, which lead to further cell damage (9).

In recent years, there has been a great interest in the applica-
tion of biochemical markers in the assessment of post-asphyctic
lesions. In this sense, a so-called ‘Biochemical Apgar score’ has
been suggested for an immediate evaluation of hypoxic-ischemic
insult (8, 9). In addition, more and more attention is paid to their
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Tab. 1. Characteristics of the study group.

Clinical characteristics (n=161) Term neonates with PA Term neonates without PA p
Male (%) 31/55 (56.36) 17/36 (47.22) >0.05
Female (%) 24/55 (43.64) 19/36 (52.78) >0.05
GW (x£SD) 39.5+1.32 39.8+1.089 >0.05
BW kilogram (x+SD) 3.4298 + 0.571 3.455 +0.352 >0.05
AS in 5 minute (xxSD) 4.704 £2.186 8.94+0.41 <0.005
Vaginal delivery (%) 36/55 (65.45) 36/36 (100) >0.05
Caesarean section (%) 19/55 (34.54) 0/36 (0) <0.005
Vacuum extraction (%) 5/55 (9.09) 0/36 (0) /
Resuscitation (%) 40/55 (72.73) 0/36 (0) <0.005
Duration of oxygen therapy — days (x+SD) 15.46 + 17.27 0 /
Duration of oxygen therapy >28 days 8/55 (14.54) 0/36 (0) /
MV (%) 31/55 (56.36) 0/36 (0) <0.005
Duration of mechanical ventilation —days (x+SD) 5.679 + 8.419 0 /
Inotropic therapy (%) 23/55 (41.82) 0/36 (0) <0.005
Dead (%) 13/55 (23.64) 0/36 (0) /

n — number of patients, PA — perinatal asphyxia, GW — Gestational week, BW — Birth weight (in kg), AS — 5-min Apgar score, MV — conventional mechanical ventilation,

X+SD — mean + standard deviation

possible role as early indicators of significant neurological sequelae
and possible death in critically ill neonates (10-15). Since there is
still no consensus concerning the importance of lactate as a pre-
dictor of outcome following the PA, the main goal of this paper
is to investigate the relationship between the serum concentration
of this metabolite in early postnatal period and later adverse out-
comes in this population of infants.

Materials and methods

The study was designed as diagnostic and prognostic research
in conditions of real clinical practice. It was approved by a written
parental consent and a decision by the Clinical Ethics Committee.

During the three-year study (August 2007 — January2010), 108
subjects were followed, 17 of which being excluded, because of the
presence of diseases and conditions with serious hyperlactatemia,
such as: congenital heart disease (5), chromosomal aberrations (3)
or conatal sepsis (9). Data were analysed for 91 patients (55 with
post-asphyctic syndrome and 36 healthy term newborns). Clinical
diagnosis of the PA in our study was based on previously published
criteria (16-21) such as: a) medical history of foetal asphyxia and/
or gynecologic-obstetric complications, b) cardio-respiratory and
neurological depression defined as Apgar score < 4 at 1min and
< 7 at 5 minute after birth, c) metabolic acidosis defined as lac-
tate level > 3.7 mmol/l in the first 1-6 hours after birth, at admis-
sion to emergency department d) respiratory distress) seizures <
48 hours, hypotonia or coma; f) hypotension and/or oliguria; g)
multiple organ insufficiency.

The analysed variables were as follows: a) pregnancy (normal
or complicated), b) delivery (vaginal delivery, Caesarean section),
¢) birth weight (in kilogram), d) gestational age, (within the first
1-6 hours after birth and based on morphological and neurological
criteria proposed by Dubowittz in 1970 and by Ballard in 1979), e)
5-minute Apgar score (clinical assessment of the neonatal viabil-
ity proposed by V. Apgar in 1953), f) the lactate level within the
first 1-6 hours after birth was measured in capillary blood sample
using the GEM Premier 3000 analyser (The reference range for
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lactate was 0.3-3 mmol/l) g) hypoxic-ischemic encephalopathy
(HIE), (defined as proposed by three-stage Sarnat score in 1976)
(22) present on first neurological examination within 12 hours
after birth, h) application of conventional ventilation. Absolute
indication for conventional ventilation was hypoxemia paO, <
50 mmHg or 6.65 kPa at FiO, > 0.8, hypercapnia paCO, > 8.0
kPa or 60 mmHg, pH < 7.2, and apnea longer than 20 seconds,
according to the criteria of Gligorovic 1995 (7), and i) application
of inotropes. The maintenance of arterial tension was below the
10th percentile for a given gestational age and birth weight and/
or oliguria < 1 ml/kg/h, despite colloidal volume replacement so-
lutions, was the indication for application of inotropes, according
to the criteria of Cruz et al in 2006 (23); j) death.

Statistical analysis

Clinical characteristics of the subjects were summarized us-
ing descriptive statistics—mean, standard deviation, median and
percentiles. Mann-Whitney test was used for comparison of the
mean values between the two populations. Prognostic significance
of biomarkers was investigated by the evaluation of test perfor-
mance (sensitivity and specificity).

Results

Baseline clinical characteristics observed across the groups
are shown in the Table 1. Abnormal pregnancy occurred in 38
(69.1 %) term neonates with the PA (experimental group) and it
was normal in 17 subjects (30.9 %). The most common perinatal
risk factors in this group are shown in the Table 2. Serum lactate
concentration was 8.63 + 4.43 mmol/l (mean + standard deviation),
median 7.6 with range 4.8-13.3 mmol/l (Fig. 1). The HIE grade
1was registered in 23 (41.82 %), the HIE grade 2 in 21 (38.18
%), and the HIE grade 3 in 11 (20 %) patients. Lactate threshold
(“cut-off”) of 8.7 mmol/l was an early indicator of HIE grade 2-3,
with 80 % sensitivity and 82 % specificity, PPV 42.1 % and NPV
93.7 % (area = 0.853, p < 0.0005) (Fig. 2). The outcome was fatal
in 13 (23.64 %) patients, and the early increase in lactate > 9.95



Tab. 2. Risk factors for perinatal asphyxia in experimental group.

Simovic A et al. Can a single lactate value predict adverse outcome in critically ill newborn?

Risk factors for perinatal asphyxia Value (%)
Pre-eclampsia 4/55 (7.27)
Other diseases in pregnancy 4/55 (7.27)
Fetal malpresentation 3/55 (5.45)
Tocolytic therapy 2/55 (3.63)
Twins 1/55 (1.82)
Premature rupture of membranes 3/55 (5.45)
Meconial amniotic fluids 14/55 (25.45)
Pathological cardiotocography — bradycardia 13/55 (23.63)
Placental abruption 1/55 (1.82)
Umbilical cord prolapse and/or compression 12/55 (21.81)
Meconium aspiration 6/55 (10.9)
Other risk factors for perinatal asphyxia 2/55 (3.63)*

*1-perinatal trauma/1-congenital diaphragmatic hernia

mmol/l was a predictor of death with 75.0 % sensitivity and 74.3
% specificity, PPV 47.4 % and NPV of 90.6 % (area = 0.797, p
=0.002) (Fig. 3).

In term newborns without the PA (control group): all subjects
had normal pregnancy and delivery; they were without clinically
manifest disease and with normal neurological findings. Serum
lactate concentration was 1.04 + 0.36 mmol/l (mean + standard
deviation), median 0.9 with the range 0.8-1.2 mmol/l (Fig. 1).

Discussion

Blood lactate levels are frequently measured, usually to detect
tissue hypoxia (24-27). However, the blood lactate monitoring in
critically ill patient remains controversial considering the risk as-
sessment. Some of the discrepancy is due to an uncertainty regard-
ing the appropriate reference interval, whether to perform a single
lactate measurement or serial lactate measurements as a screening
method of critically ill patient (25, 26, 28). Furthermore, there is no
consensus whether the sample should be drawn from the arterial,
peripheral venous, or capillary blood. Most investigators found a
satisfactory agreement comparing capillary or venous lactate levels
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Fig. 1. The mean and standard deviation of blood lactate levels (mmol/l)
in neonates with and without perinatal asphyxia (PA).
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Fig. 2. Predictive value of lactate for the occurrence of moderate-to-
severe hypoxic ischemic encephalopathy: sensitivity and specificity.
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Fig. 3. Predictive value of lactate for early mortality in term newborns
with perinatal asphyxia: sensitivity and specificity.

with arterial levels (25-28). In our opinion, such sampling should
therefore be encouraged as patient undergoes this procedure with
a minimal risk and inconvenience.

In our study, we analysed the prevalence of risk factors for
the PA in term neonates and prognostic value of lactate concentra-
tions, especially severe manifestations such as HIE and mortality.
Generally, the pattern of risk factors was similar to the majority
of previously published studies, whereas certain differences were
observed in the diagnostic and prognostic values of the blood lac-
tate. Therefore, further studies should be conducted in this area
specifically directed to particular subpopulations of newborns,
where threshold value for lactate, allowing an optimal relation
between sensitivity and specificity in evaluation of clinical out-
comes, would be identified more precisely.

The PA may occur in utero, during delivery or shortly after
birth, so that all the risk factors can be classified into antenatal
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(20-25 %), intrapartal (35-40 %) and postnatal (35-40 %) (7, 9,
13, 14). In our study, the most common symptom of the PA was
green or meconial amniotic fluid (symptom of foetal distress) and
foetal bradycardia was a risk factor in about a quarter of subjects.
Other antenatal risk factors for the PA emerged with individual
frequency in about every twentieth child or less: abnormal foetal
presentation, premature rupture of the foetal membranes, appli-
cation of tocolytics, multiple pregnancy and congenital diaphrag-
matic hernia. Pregnancy diseases were also not common, and the
most common one was pre-eclampsia, occurring in about every
14th pregnant women. It was followed by pregnancy-induced hy-
pertension, severe anemia, hyperthyroidism and myasthenia gravis,
with an overall incidence of 7.27 %. On the other hand, intrapartal
risk factors (separately or associated with antenatal factors) were
significantly more frequent in our study: the umbilical cord pro-
lapse and/or compression (1 out of 5 infants), meconium aspira-
tion and vacuum extraction, followed by varying degrees of birth
trauma (every tenth case), and less frequent placental abruption.

Systemic effects of the PA at birth were accompanied by vari-
ous clinical manifestations. In our study, the mean 5-minute Apgar
score (score of cardio-pulmonary and neurological function) in
term neonates with the PA was, as expected, much lower than in
the control group. Delayed initiation of respiration at birth when
primary resuscitation is needed (volume-controlled ventilation, in-
sufflations of oxygen, chest cardiac massage and/or use of vasoac-
tive drugs) was registered in nearly three quarters of subjects, while
more than half of the asphyctic term infants and no subjects in the
control group needed secondary resuscitation and the conventional
mechanical ventilation. Nearly one in seven newborns required
a prolonged mechanical ventilation and/or oxygenation therapy
for > 28 days. These subjects showed the HIE grade 3 followed
by the significant neurological sequelae (coma). Also, inotropic
drugs were administered significantly more frequently to asphyctic
newborns (about two-fifths of subjects) if compared to the control
group (without such therapy). The main reason for administra-
tion of inotropes, as in other studies, was hypotension, which, if
associated with hypovolemia and lactacidosis, increases oxygen
consumption and further reduce cardiac contractility (7, 9, 23).

Monitoring of the lactate concentrations in serum may be a
useful indicator of metabolic status of the newborns. Under nor-
mal circumstances, blood lactate levels in healthy term newborns
exhibit a slow decline, from about 2.7 mmol/l (1.5-4.5 mmol/l)
in the first minute to 1.0 mmol/l (0.8-1.2 mmol/l) during the first
24 hours, which is similar to the values obtained in our study (29).
Several studies have suggested different values of this metabolite
as a limit for particular manifestations of metabolic disorders and
ischemic organ lesion, but no consensus has been reached. While
for the mildest form (postnatal lactacidosis), it is almost certainly
known that it begins with lactate concentration of 2.5 mmol/I (7,
9, 10-12), a much larger range between 3.7 (30) and 4.8 mmol/I
(31) was the proposed threshold (‘cut-off’) of the PA.

Our results indicate that a precise classification of severe forms
of the PA according to serum lactate depends considerably on the
desired diagnostic accuracy. It is almost certain that postnatal lac-
tate level less than 5 mmol/l is never associated with major neu-
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rological disorders (10, 11, 28, 30-33). However, the increase in
lactate concentration taken as a diagnostic threshold value gives
rise to sensitivity at the cost of specificity, and vice versa.

Actually, in previous studies, it was shown that lactate con-
centration in the term newborns which is in first 24 hours > 7.5
mmol/l with 94 % sensitivity and 67 % specificity may indicate the
development of the HIE (10, 11, 29-31) and that an early increase
in lactate in severe asphyxia > 15 mmol/l was a sure indication
of serious consequences or death with 100 % sensitivity of and
88 % specificity (11, 26, 28, 29). On the other hand, our results
showed that somewhat higher lactate concentration indicated the
development of more advanced stages of the HIE (with slightly
lower sensitivity and higher specificity), but even significantly
lower lactate concentration levels than previously suggested were
highly sensitive indicators of death.

The results of our study should be interpreted bearing in mind
the design limitations. Firstly, the Department of Neonatology in
our Clinic admits both newborns and remote maternity hospitals,
and samples for gas analysis were collected within the first 1-6
hours after birth. Since it was a non-interventional study, we could
not take samples of the umbilical arterial blood, but arterialized
capillary samples were taken at admission to the intensive care unit.
On the other hand, during the primary resuscitation and/or trans-
portation, a number of subjects received intravenous bicarbonate,
which made it difficult to diagnose metabolic acidosis. According
to the literature, lactate load remains longer in the circulation and
varies less in relation to pH and base excess when bicarbonate is
administered (25, 26). In numerous studies it has also been iden-
tified as a sensitive predictive factor (28-34).

Learning points

The rise of capillary blood lactate level can indicate the de-
velopment of severe hypoxic-ischemic encephalopathy or the
mortality outcome.

A speed increase of blood lactate is a sensitive predictive fac-
tor of severe ischemic damage of brain because it load remains
longer in the circulation and varies less in relation to pH and base
excess when bicarbonate is administered.

Monitoring of lactate concentrations next to the clinical pic-
ture of asphyctic newborn infants over time alow a more accurate
determination of severe degree of hypoxaemia and the risk of the
mortality outcome than a predefined absolute threshold.

Conclusions

The results of our study confirmed that monitoring of the lac-
tate concentrations in the term newborns along with the risk factors
for the PAis a useful method in diagnosing metabolic disorders and
ischemic damage, especially in severe clinical forms. However,
they suggested that the determination of the parameter dynam-
ics over time along with the overall clinical picture of asphyctic
newborn infants was probably much more accurate than a prede-
fined absolute threshold. In this regard, further research is needed.
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