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Abstract Objective: To examine the
relationships between early hyper-
lactataemia, acidosis, organ failure,
and mortality in children admitted
to intensive care.
Design: Prospective observational
study. Children with lactate lev-
els > 2 mmol/l were eligible for en-
rolment. Post-operative patients
and those with inherited metabolic
disease were excluded. Seven hun-
dred and five children admitted to
intensive care were screened, and 50
children with hyperlactataemia (in-
cidence 7 %), aged 20.3 months
(0.1±191) were enrolled and fol-
lowed up. The Paediatric Risk of
Mortality (PRISM) score, Multior-
gan System Failure (MOSF) score,
length of ICU stay, and outcome
were recorded. Data were collected
for lactate (mmol/l), pH, and base
excess (BE) until 24 h after admis-
sion. Data are reported as median
(range) and were analysed by the
Mann-Whitney, Fisher's Exact, and
Kruskal-Wallis tests, and chi-
squared test for trend.
Results: Overall mortality in the
screening group was 70/705 (10 %).
In the study group (n = 50) median
PRISM score was 19 (4±49), median
MOSF score 2 (1±4), and observed
mortality 32/50 (64 %). Median du-
ration of ICU stay was 6 days (2±32)
in survivors, and median time until
death 3 days (0±13) in nonsurvivors.

Eleven nonsurvivors (34 %) died
within 24 h. In the screening group,
hyperlactataemia on admission
identified mortality with likelihood
ratio = 15. In the study group, nei-
ther the admission lactate (3.8 vs
4.6 mmol/l, P = 0.27), pH (7.32 vs
7.30, P = 0.6), nor BE (±7.5 vs ±8,
P = 0.45) differed significantly be-
tween survivors and nonsurvivors.
Neither the admission nor peak lac-
tate increased with increasing
MOSF score (P = 0.5 and 0.54). The
median peak lactate level was
5 mmol/l (2±9.3) in survivors com-
pared to 6.8 mmol/l (2.3±22) in non-
survivors (P = 0.02), and the cumu-
lative average lactate level was
2.4 mmol/l (1±4.9) in survivors,
compared to 4.5 mmol/l (1.6±21) in
nonsurvivors (P = 0.0003). Persis-
tent hyperlactataemia 24 h after ad-
mission identified mortality with
likelihood ratio = 7.
Conclusion: Hyperlactataemia on
admission to intensive care is asso-
ciated with a high mortality in chil-
dren. Nonsurvivors within this
group may be distinguished by the
peak lactate level, or by persistent
hyperlactataemia after 24 h of treat-
ment.
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Introduction

Lactate, the product of anaerobic metabolism, may re-
flect the extent of tissue hypoxia in critical illness. Sever-
al authors have reported that blood lactate levels pre-
dict the development of organ failure or mortality in
adults, and some have proposed that lactate may define
critical oxygen supply dependency in these patients [1,
2, 3, 4]. However, there are several factors which might
confound the interpretation of a lactate level, affecting
either the rate of clearance, or augmentation of pyru-
vate flux, in the absence of tissue hypoxia [5, 6, 7, 9, 10,
11, 12]. Despite the difficulties in interpreting hyperlac-
tataemia, and although the origin of the circulating lac-
tate remains unclear, clinicians treating adults continue
to use this parameter as a marker of global tissue dys-
function [7].

We have previously found that lactate levels have
only limited prognostic value following cardiac surgery
in children [13], whereas others have reported that the
lactate level is the earliest predictor of outcome in chil-
dren with sepsis [14]. We now wished to examine wheth-
er the extent and course of early hyperlactataemia
( > 2 mmol/l) is related to severity of illness in a hetero-
geneous group of critically ill children. This study exam-
ines the relationship between early hyperlactataemia,
conventional acid-base parameters, organ failure, and
mortality.

Methods

We designed a prospective observational study set in a 16 bed pae-
diatric intensive care unit (PICU) of a university hospital. Children
admitted to the PICU who developed early hyperlactataemia, de-
fined as lactate > 2 mmol/l within 6 h of admission, were eligible
for enrolment. Children with an inherited metabolic defect, and
those admitted following surgery were excluded.

Seven hundred and five children admitted to the intensive care
unit were screened over a period of 18 months. Fifty children with
hyperlactataemia (incidence 7%), median age 20.3 months (range
0.1±191), were enrolled and followed up. Thirty-six patients
(72%) were defined as septic and 14 (28%) as non-septic [15].
Aetiologic classification of hyperlactataemia is shown in Table 1.
The Paediatric Risk of Mortality (PRISM) and Multiorgan System
Failure (MOSF) scores, based on the first 24 h (minimum 8 h) of
physiological data, were recorded [16,17]. Outcome measures
were defined as MOSF score, and intensive care mortality.

Blood was sampled (0.5 ml) for lactate level, pH, and base ex-
cess (BE) on admission to the PICU, and repeated at intervals of
2±4 h if clinically indicated. Lactate was measured using the YSI
2300 STAT plus analyser (Yellow Springs Instruments, Ohio,
USA). The lactate analyser calibrates at 30 min intervals, for 0
and 5 mmol/l, accepting the calibration if within 2% of the refer-
ence value, and assuming linearity beyond 5 mmol/l. Arterial
blood gas samples were measured using the 1640 Electrolyte Blood
Gas Analyser (Instrumentation Laboratories, Birchwood, UK).
The lactate level, pH, and BE were recorded from the time of ad-
mission until 24 h. The cumulative average lactate was calculated
for each patient from the sum of all values, divided by the number

of values. Since all samples and data were collected for clinical
management according to routine practice, clinicians were not
blinded to the results, and approval was not sought from the hospi-
tal ethics committee.

Data were assumed non-parametric and analysed by the Mann-
Whitney, Fisher's Exact, and Kruskal-Wallis tests, and the chi-
squared test for trend.

Results

Organ failure

The median (range) MOSF score in the study group was
2 (1±4), and 2 (1±4) in survivors compared to 3 (1±4) in
nonsurvivors (P = 0.005). Mortality increased with in-
creasing MOSF score (P = 0.005), but there was no sig-
nificant relationship between either the admission lac-
tate or the peak lactate level, and increasing MOSF
score (P = 0.5 and P = 0.54 respectively) (Table 2).

Mortality

Overall mortality in the screening group was 10%
(n = 70/705). Observed mortality in the subgroup of
children without hyperlactataemia, who were not en-
rolled into the study, was 6 % (n = 38/655).

In the study group, the median (range) PRISM score
was 19 (4±49), and 14 (4±49) in survivors compared to 24
(11±42) in nonsurvivors (P = 0.003). Observed mortality
was 64 % (n = 32/50). The median duration of ICU stay
was 6 days (2±32) in survivors, and the median time un-
til death was 3 days (0±13) in nonsurvivors, 11 (34 %)
of whom died within 24 h of admission. Using the pre-
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Table 1 Aetiologic classification of hyperlactataemia (> 2 mmol/l)
in 50 children admitted to intensive care

Aetiology n (%)

Non-septic group: 14 (28%)
Mortality: 10 (71%)
Tachyarrhythmia 2 (4 %)
Cardiac failure 5 (10%)
Out of hospital cardiac arrest 4 (8 %)
Seizures 2 (4 %)
Overdose 1 (2 %)

Septic group: 36 (74%)
Mortality: 22 (61%)
Staphylococcal septicaemia 2 (4 %)
E.coli septicaemia 2 (4 %)
Group B Streptococcal septicaemia 2 (4 %)
Meningococcal septicaemia 10 (20%)
Peritonitis 4 (8 %)
Pneumonia 1 (2 %)
Septic shock (no organism isolated) 13 (26%)
Varicella zoster viraemia 1 (2 %)
Herpes simplex viraemia 1 (2 %)



and post-test probabilities of death in the screening pop-
ulation of 10% and 64%, respectively, the presence of
hyperlactataemia identified mortality with a likelihood
ration of 15 (high diagnostic impact) (Fig.1).

The admission lactate, peak lactate, pH, and BE for
survivors and nonsurvivors in the study group are shown
in Table 3. Neither the admission lactate, pH, nor the

BE differed significantly between survivors and nonsur-
vivors. However, the median peak lactate level was
5 mmol/l (2±9.3) compared to 6.8 mmol/l (2.3±22)
(P = 0.02), and the cumulative average lactate level was
2.4 mmol/l (1±4.9) compared to 4.5 mmol/l (1.6±21)
(P = 0.0003) in survivors and nonsurvivors, respectively.
The median time to measurement of the peak lactate
was 0 h (0±18) in survivors, compared to 6 h (0±24) in
nonsurvivors (P = 0.08).

Mortality according to change in lactate is shown in
Fig. 2. A persistent hyperlactataemia > 2 mmol/l after
24 h was associated with 93 % mortality (n = 25/27), as
compared to 30% (n = 7/23) in those children whose
lactate level had normalised. Using the pre- and post-
test probabilities of death in the study population of
64% and 93%, respectively, persistent hyperlactata-
emia at 24 h identified mortality with a likelihood ratio
of 7 (intermediate high diagnostic impact), sensitivity
78%, and specificity 89%.

The area under the mortality receiver operating char-
acteristic (ROC) curve for all values of lactate
> 2 mmol/l on admission was 0.59 (95 % confidence in-
tervals 0.43±0.76). By contrast, the area under the mor-
tality ROC curve for lactate at 24 h after admission was
0.86 (0.73±0.99).

Aetiology

The median admission lactate was 3.9 mmol/l (1.2±22)
in children with sepsis compared to 4.7 mmol/l
(0.9±8.3) in children with non-septic illness (P = 0.57).
There was no significant difference in admission lactate
between survivors and nonsurvivors in either the septic
(P = 0.4), or non-septic subgroup (P = 0.73).
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Table 2 Mortality, median (range) admission lactate and peak lac-
tate (mmol/l) according to increasing multiorgan system failure
(MOSF) score (Chi-squared test for trend)

MOSF score 1 2 3 4 p value

Mortality
n (%)

5/14
(36%)

9/15
(60%)

8/9
(89%)

10/12
(83%)

0.005

Admission
lactate

3.9
(0.9±16.6)

4.5
(2.1±16)

5.1
(1.9±16.1)

3.4
(1.2±22)

0.5

Peak
lactate

5.3
(2.1±18.7)

5.1
(2.1±16)

6.6
(2.3±20.6)

5.0
(2.4±22)

0.54

Fig.1 Mortality in the
screened population according
to lactate level on admission to
intensive care. Pre- and post-
test probabilities of death of
10% and 64%, respectively.
Likelihood ratio = 15 (high di-
agnostic impact)

Table 3 Median (range) admission lactate, peak lactate (mmol/l),
pH, and base excess in survivors (n = 18) and nonsurvivors
(n = 32), (Mann-Whitney test)

Survivors Nonsurvivors p value

Admission lactate 3.8
(0.9±8.5)

4.6
(1.2±22)

0.27

Peak lactate 5.0
(2.0±9.3)

6.8
(2.3±22)

0.02

pH 7.32
(6.8±7.6)

7.30
(7.0±7.7)

0.60

Base excess �7.5
(�14 to 5)

�8.0
(�30 to 3)

0.45



Median admission lactate in patients receiving
adrenaline by infusion for haemodynamic support
(n = 16) was 5.7 mmol/l (1.9±22), compared to
3.7 mmol/l (0.9±16) in those who were not receiving
adrenaline (P = 0.06).

Discussion

The protagonists of lactate measurement in critical ill-
ness have suggested that the lactate level may reflect
the degree of global tissue anoxia, thus acting as a
marker of organ damage and eventual outcome [1, 2,
3, 4, 14]. Others have documented the several factors
affecting both clearance and production, which may
influence the circulating lactate level [5, 6, 7, 8, 9,
10, 11, 12, 17, 18]. We wished to establish whether
the extent of early hyperlactataemia, irrespective of
origin, is related to the degree of organ failure and
mortality in a heterogeneous group of critically ill
children.

Children with hyperlactataemia had both high ob-
served mortality (64 %) and severity of illness scores
[16, 17]. If the admission lactate level reflects global tis-
sue injury, we might have expected that levels would in-
crease with increasing organ failure scores. Yet al-
though mortality increased with greater organ failure
as expected, we demonstrated no such relationship be-
tween the lactate level and the MOSF score. Although
the presence of hyperlactataemia on admission appears
to identify intensive care mortality with a high diagnos-
tic impact (likelihood ratio 15), survivors within this
group could not be differentiated from nonsurvivors
on the basis of their admission level. These findings

suggest that physiological and pathological factors af-
fecting lactate production and clearance in the presence
of multiorgan failure may be of sufficient magnitude to
confound prognostic interpretation of a single measure-
ment.

It may be more useful to follow the upward or down-
ward trend in lactate, or the duration of hyperlactat-
aemia, by serial measurement after admission to inten-
sive care [1, 3, 4]. In this study, although the extent of ad-
mission hyperlactataemia had no additional prognostic
value, the peak lactate level, the cumulative average,
and the level after 24 h of intensive care differed accord-
ing to subsequent mortality. This suggests that a failure
to respond to early treatment is reflected by a combina-
tion of decreased hepatic clearance and increased lac-
tate production irrespective of aetiology. However, the
usefulness of this finding in clinical practice is unclear,
since nonsurvivors could also be differentiated on the
basis of their admission severity of illness (PRISM)
score.

We had speculated that the effects of sepsis might
increase lactate production even without tissue hypo-
perfusion, due in part to inhibition of pyruvate dehy-
drogenase or an increase in pyruvate flux [5, 10, 11,
12, 17]. However, we were unable to demonstrate a
difference in admission lactate between septic and
non-septic children. The trend for those receiving
adrenaline to have higher admission lactate levels
was not unexpected, given the tissue hypoperfusion
implied by their inotrope requirement. It is unclear
how much of this difference in lactate is attributable
to tissue hypoxia, or to catecholamine-stimulated gly-
colysis which exceeds mitochondrial oxidative capacity
[17, 18].
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Fig.2 Mortality according to
lactate level 24 h after admis-
sion to intensive care. Pre- and
post-test probabilities of death
of 64% and 93%, respectively.
Likelihood ratio = 7 (interme-
diate high diagnostic impact).
* Includes n = 11 who died
within 24 h with lactate still
> 2 mmol/l



In order to assess the significance of hyperlactat-
aemia in these children, we suggest that the lactate level
should be interpreted in conjunction with other markers
of tissue perfusion and cellular oxygenation, such as the
gastric mucosal pCO2, lactate/pyruvate ratio, or the ar-
terial ketone body ratio [19, 20].

Conclusion

Hyperlactataemia on admission to intensive care is as-
sociated with a high mortality in children. Nonsurvivors
within this group may be distinguished by the peak lac-
tate, or by the presence of persistent hyperlactataemia
after 24 h of treatment.
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