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Abstract Objective: To determine
the correlation of blood concentra-
tion of lactate and severity of injury
and survival in severely injured pa-
tients. Design and setting: A pro-
spective study of severely injured
patients admitted directly from an
emergency surgical unit to a surgical
intensive care unit with an Injury 
Severity Score (ISS) of 16 points or
more. The study was conducted over
30 months. Patients: 98 severely in-
jured subjects aged between 16 and
82 years with ISS range from 16 to
75 points, overall 25.5% mortality.
Interventions: Blood lactate concen-
trations were measured once on ad-
mission, twice daily during the first
2 days and once daily during the
next 3 days. ISS, Revised Trauma
Score, Shock Index, and Trauma and
Injury Severity Score were calculat-
ed for each subject. Measurements
and results: Of 98 severely injured

patients 91 had elevated blood lac-
tate concentration (over 2.0 mmol/l).
Regression analyses demonstrated
that injury severity, as measured by
ISS, can be predicted from lactate
concentration on admission, while
survival, either actual or predicted
by Trauma and Injury Severity Score
higher than 0.5, can be predicted
from lactate concentration after 12 h.
We also found that patients with
Shock Index higher than 0.9 had sig-
nificantly higher lactate levels dur-
ing the first 36 h than those with val-
ues less than 0.9. Conclusions: This
study confirmed the relationship be-
tween blood lactate levels and injury
severity as well as the prognostic
value of blood lactate level for sur-
vival of severely injured patients.
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Introduction

Mortality in traumatized patients depends to the greatest
extent on the mechanism and severity of injury [1]. Hy-
povolemic shock, the main cause of tissue hypoxia [2], is
the predominant characteristic in the majority of severely
injured patients who show reduced perfusion and arterial
oxygen supply [3]. Maldistribution of perfusion and in-
adequate tissue oxygenation in the state of compensated
shock may lead to multiple organ failure. Monitoring 
arterial blood lactate concentrations is a method for as-
sessing the degree of tissue hypoxia, especially in in-
jured patients. Inadequate tissue oxygenation is associat-

ed with enhanced production of lactate and the resulting
increase in blood lactate concentrations [4, 5].

The main advantages of monitoring blood lactate 
concentrations as an indicator of metabolic derange-
ments include sensitive, accurate information about 
tissue perfusion and oxygen debt, simple performance
and rapid availability of results [6]. Normal arterial
blood lactate concentrations range from 0.8 to
2.0 mmol/l [7]. Blood lactate concentrations determined
in injured patients on admission to hospital may be 
an objective indicator of the patient’s pre-hospital 
conditions, and serve as an independent predictor of 
injury severity, morbidity and mortality [8]. Of course,
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trauma does not necessarily induce circulatory failure.
Since blood pressure may remain normal even in the
state of compensated shock associated with inadequate
tissue perfusion, the occurrence of circulatory failure is
frequently impossible to predict [9]. Blood lactate con-
centrations return to normal more slowly than blood
pressure and heart rate.

The severity of injury can be assessed clinically or us-
ing a variety of scores and scales, based either on ana-
tomical criteria or physiological parameters, or a combi-
nation of the two. The Abbreviated Injury Scale [9] with
its extension, the Injury Severity Score (ISS) [11], is one
of the most widely used scoring systems based on the as-
sessment of anatomical injury. The Revised Trauma
Score (RTS) measures physiological changes caused by
injury and represents a simple triage (T-RTS) and prog-
nostic system [12]. The Trauma and Injury Severity
Score (TRISS) combines ISS, prognostic RTS, age of the
patient, and mechanism of injury (penetrating or blunt
injury) [13]. The Shock Index (SI), i.e., the ratio of heart
rate to systolic blood pressure, is not a classical scoring
system; it is employed for circulatory function assess-
ment and for triage of injured patients [14]. Elevated SI
value indicates acute deterioration in left ventricular me-
chanical performance, due mostly to changes in the size
of the left ventricular stroke work. An SI value of 0.9 or
higher can identify most critically ill patients with deteri-
oration in the left ventricular function who have stable
vital signs [15].

The purpose of this study was to investigate the rela-
tionship between blood lactate levels, injury severity,
and probability of survival.

Patients and methods

The study was conducted in the Surgical Intensive Care Unit
(SICU) of the Department of Anesthesiology and Surgical Inten-
sive Care, Division of Surgery, University Medical Center Lju-
bljana. We prospectively studied 98 severely injured adults with an
ISS of 16 points or higher (75 men, 23 women). All patients 
enrolled in the study were admitted to the SICU directly from the
Surgical Emergency Unit (SEU). The majority of patients were in-
jured in road accidents (75%). Head trauma was present in 75%,
and 15 patients in our series died due to severe head injury. Emer-
gency surgery was required in 59 patients (60.2%); in the SEU 57
patients (58.2%) received transfusion of whole blood and/or
packed red cells. There were 73 survivors and 25 nonsurvivors.
Descriptive statistics are presented in Table 1. Patients who died
during first 12 h after the admission to the SICU were excluded
from the study. The guidelines of the Declarations of Helsinki
(1964) and Tokyo (1975) were strictly adhered to throughout the
study. Informed consent was not necessary since determination of
blood lactate is a standard procedure. The study was approved by
the Medical Ethics Committee of the Ministry of Health of the 
Republic of Slovenia.

The assessment of injury severity was based on anatomical in-
jury determined by the Abbreviated Injury Scale 90 and ISS, and
on the patient’s physiological status determined by the T-RTS and
prognostic RTS calculations. The values obtained were used for
calculating the probability of survival using the TRISS method.
The presence of shock on admission to the hospital was deter-
mined on the basis of clinical picture in the injured patient (hypo-
tension, systolic blood pressure less the 90 mmHg; tachycardia,
pulse frequency higher then 100 beats/min, peripheral vasocon-
striction, and altered mental status [16, 17]). SI was calculated for
all patients from the first measured RR values and pulse frequency
on admission.

The first arterial blood sample for lactate measurements was
collected on the patient’s admission to the hospital. Blood lactate
concentrations were monitored every 12 h within the first 48 h 
after admission and once daily during the next 3 days. A 2-ml
sample was collected in a vacuum tube containing the prescribed

Table 1 Descriptive statistics for studied parameters. For amount
of transfused blood, only the patients treated with transfusion of
whole blood or packed red cells are considered (GCS Glasgow

Coma Scale, ISS Injury Severity Score, RTS Revised Trauma
Score, T-RTS triage RTS, TRISS Trauma and Injury Severity
Score, p exact statistical significance on the Mann-Whitney test)

All patients Survival Shock Index
(n=98)

Survivors Nonsurvivors p <0.9 (n=37) ≥ 0.9 (n=61) p
(n=73) (n=25)

Age (years) 37.5±18.7 35.8±17.8 42.4±20.6 0.208 35.2±18.8 38.9±18.6 0.225
Transfusion (ml) 2928.8±2641.6 2471.3±1747.6 4210.0±4072.0 − 1480.4±708.3 3400.4±2867.4 0.002
Lactate (mmol/l)
Admission 4.7±4.2 4.2±3.3 6.3±5.9 − 3.1±2.1 5.7±4.8 0.001

12 h 3.9±4.1 3.2±1.9 6.1±7.0 − 2.6±1.3 4.7±4.9 0.005
24 h 2.4±1.7 2.2±1.3 3.2±2.5 − 1.7±0.8 2.9±1.9 <0.001
36 h 1.8±2.1 1.6±0.9 3.0±4.5 − 1.3±0.6 2.1±2.5 0.018
48 h 1.5±1.4 1.3±0.9 2.3±2.6 − 1.1±0.4 1.7±1.7 0.069
Day 3 1.3±0.9 1.2±0.4 2.0±2.1 − 1.1±0.4 1.4±1.1 0.130
Day 4 1.3±1.1 1.2±0.5 2.4±2.7 − 1.2±0.4 1.4±1.4 0.942
Day 5 1.3±0.4 1.3±0.4 1.0±0.1 − 1.3±0.4 1.2±0.5 0.657

Stay in SICU (days) 15.4±23.2 15.0±19.0 16.7±33.0 0.024 14.7±24.8 15.9±22.4 0.301
Shock Index 1.1±0.6 1.1±0.5 1.3±0.8 0.333 0.7±0.1 1.4±0.5 <0.001
GCS 9.7±4.7 10.9±4.3 6.2±4.2 <0.001 9.1±4.6 10.0±4.7 0.320
ISS 31.2±11.0 29.3±9.4 37.0±13.2 0.004 26.3±6.8 34.2±12.0 <0.001
RTS 5.9±1.7 6.4±1.5 4.4±1.5 <0.001 6.2±1.6 5.8±1.8 0.324
T-RTS 9.5±2.2 10.2±1.8 7.6±2.0 <0.001 9.9±2.1 9.3±2.2 0.217
TRISS 0.7±0.3 0.8±0.2 0.4±0.2 <0.001 0.8±0.2 0.6±0.3 0.012
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amount of sodium fluoride and potassium oxalate. The specimens
were analyzed in the Emergency Laboratory of the University
Medical Center Ljubljana. Serum lactate concentration was deter-
mined using the Kodak analyzer (Vitros 950, Rochester, N.Y.,
USA). Specimens were centrifuged within 15 min after collection.
Vitros LAC slide, a dry, multilayered analytical element coated on
a polyester support was used to measure lactate concentrations
[18]. A drop of sample was deposited on the slide and the intensity
of the dye complex was measured by colorimetric method at
540 ηm wavelength. The results were expressed in mmol/l. Nor-
mal values are up to 2.0 mmol/l.

Data were analyzed using SPSS for Windows 10.1 and LogX-
act-4 statistical software packages. Descriptive statistics were cal-
culated for all investigated parameters. Linear regression was used
to predict ISS (log10 transformed) from T-RTS and blood lactate
concentration on admission (log10 transformed). Binary logistic 
regression was used to predict actual survival of patients and sur-
vival according to the TRISS higher than 0.5 criterion from blood
lactate concentration after 12 h and RTS score. Exact logistic re-
gression was used to assess the relationship between quantity of
blood received during treatment in the SICU and survival. Differ-
ences in selected numerical parameters between survivors and
nonsurvivors, as well as between the two groups based on the
SI=0.9 cutoff value, were tested using the exact version of the
Mann-Whitney nonparametric test. Fisher’s exact test was applied
for comparing the percentage of patients showing clinical signs of
shock between the two SI groups. p values less than 0.05 were
considered statistically significant.

Results

The T-RTS score based on physiological status on ad-
mission ranged from 3 to 12 points. In 77 patients
(78.6%) the T-RTS was less than 12 points. Patients with
a T-RTS of 12 had a significantly lower ISS (25.4±6.5,
p<0.01) than those with a T-RTS of 11 or less
(33.0±11.3). A clinical picture of shock was present in
46 subjects (46.9%). Twenty-eight of them demonstrated
overt signs of protracted shock (profound hypotension,

tachycardia, pale and cool skin, confusion). Subsequent
measurements revealed that lactate concentration mea-
sured in the first blood sample collected on admission
was not invariably the highest concentration of lactate
determined in individual patients. In some cases peak
values were noted at 12 or even 24 h after admission.
Blood lactate levels higher than 2.0 mmol/l were record-
ed in 91 patients (92.8%). Seven patients had normal lac-
tate concentrations throughout the study. All of them
were normotensive. Changes in blood lactate concentra-
tion within the first 48 h after admission for survivors
and nonsurvivors are presented in Fig. 1.

Linear regression analysis confirmed the relationship
of blood lactate concentration to injury severity. The
model with log10 transformed ISS as dependent variable
and T-RTS and log10 transformed blood lactate concen-
tration on admission as independent variables fitted the
data well (model p<0.001, adjusted R2=0.184, all regres-
sion diagnostics acceptable). Both predictors proved 
statistically significant (p=0.041 and p=0.001 for log10
lactate concentration on admission and T-RTS, respec-
tively), whereby their effect was in the opposite direction
(standardized regression coefficients: 0.198 for log10 lac-
tate concentration on admission, −0.337 for T-RTS).

When modeling either actual survival of patients or
survival according to the TRISS greater than 0.5 criteri-
on, blood lactate concentration on admission did not
prove to be a statistically significant predictor. However,
lactate concentration after 12 h did provide prognostic
information in addition to the RTS score in the logistic
regression models predicting survival and TRISS greater
than 0.5. Both models fitted the data very well (likeli-
hood-ratio test p<0.001, Hosmer-Lemeshow test p>0.40,
Nagelkerke pseudo R2 >0.40 for both models). These are
summarized in Table 2.

Fig. 1 Changes in blood lactate
concentration within the first
48 h after admission of the 
patients to the SICU in survi-
vors and nonsurvivors. Thick
line median; box 25th–75th
percentiles; whiskers 10th–90th
percentile; n number of cases 
in the group
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There were statistically significant differences be-
tween survivors and nonsurvivors concerning ISS, 
T-RTS, RTS, TRISS, and Glasgow Coma Scale. In the
57 patients treated by transfusion of whole blood or
packed red cells the amount of blood transfused was cor-
related significantly with lactate concentration on admis-
sion (r=0.61; p<0.001). Also, a marginally significant 
association was established between quantity of blood
received during treatment in the SEU and survival,
whereby the value zero was assigned to patients not re-
ceiving transfusion (exact p=0.06).

Regarding the SI elevated lactate levels were found in
58 of the total of 61 patients (95.1%) with SI 0.9 or high-
er and in 32 of the 37 (86.5%) with SI lower than 0.9. A
statistically significant difference was found between the
groups regarding the number of patients showing clinical
signs of shock (all the 46 patients in the state of shock
had SI ≥ 0.9, p<0.001). Blood lactate concentrations in
the samples collected within the first 36 h after admis-
sion and ISS also differed significantly between the two
SI groups.

Discussion

Despite the numerous studies on lactate measurements in
critically ill patients there were, a relatively small num-
ber of studies investigated the relationship between
blood lactate concentration and injury severity [8, 19, 20,
21, 22]. According to some authors, trauma is the disease
of younger population groups. Injuries are most fre-
quently sustained in traffic accidents (76%) [23]. As a
rule the injured are young and healthy individuals who
have no coexisting diseases or severe chronic disorders
that would contribute to increased mortality [24]. The
age of patients in our study was similar to that men-
tioned above: 61 patients were aged under 40 years. Un-
like other studies, particularly those carried out in the
United States [19, 22, 24, 25, 26, 27] mostly reporting on
patients with penetrating injuries, the majority of pa-
tients in our study had blunt trauma that occurred in road
accidents or due to fall from height. Penetrating injuries
accounted for only 6% of injuries in our series. Similar
data were reported by Frutiger et al. [1] and Manikis et
al. [21].

Mortality in our series did not differ notably from that
documented in the above studies [1, 21]. Furthermore,
Roumen et al. [20] and Manikis et al. [21] found similar
ISS values in survivors and nonsurvivors as in our series.
Survivors and nonsurvivors also differed significantly in
their physiological status assessed by the T-RTS. Al-
though all patients in our series faced severe trauma, as
determined on the basis of anatomical criteria (ISS>16),
only 77 had a T-RTS of 11 or less, i.e., a score represent-
ing severe injury. Gilpin and Nelson [28] explained this
difference in their study by the rapid transport of patients
from the site of accident to hospital. In our case the two
groups differed most notably in their ISS values.

While lactate levels in the group of survivors showed
a progressive decline, in nonsurvivors they remained al-
most unchanged from the 12th h after the first sampling
on. A similar change in lactate concentrations was re-
ported by Abramson et al. [18], who noted a transient 
increase in lactate levels in blood samples collected 8 h
after admission to the SICU. Significantly higher lactate
levels in nonsurvivors than survivors have been reported
in several other studies [20, 21]. Milzman et al. [8] found
a clear correlation between increased lactate concentra-
tions, increased ISS, and higher mortality rates. In our
study linear regression analysis of blood lactate concen-
tration on admission and injury severity showed that the
higher lactate concentrations and lower T-RTS scores on
admission are associated with higher ISS values. Ac-
cording to these results, blood lactate concentration on
admission is important for prediction of injury severity.
A quick analysis of blood lactate specimen combined
with T-RTS on admission in the hospital allows a rapid
assessment of injury severity without calculating a tem-
porary ISS.

Elevated lactate concentrations are associated with
higher mortality, irrespective of the presence of lactic ac-
idosis [29]. The association of elevated lactate levels
with higher mortality was also reported by Weil et al.
[30, 31]. In our series blood lactate concentration on ad-
mission did not demonstrate significant association with
patient’s actual or predicted survival. However, use of
lactate concentration after 12 h instead of lactate on ad-
mission in the same statistical model showed that lactate
could be a statistically significant predictor. The higher
the lactate concentration after 12 h, the lower the proba-

Table 2 Parameter estimates of
the logistic regression models
[b regression coefficient, SE(b)
standard error of b, p statistical
significance, exp(b) estimated
odds ratio per unit increase in
predictor, RTS Revised Trauma
Score, TRISS Trauma and Inju-
ry Severity Score)

Predictor b SE(b) p exp(b)

Dependent variable: patient survival (yes vs. no)
RTS 0.959 0.224 0.000 2.610
Blood lactate after 12 h (mmol/l) –0.310 0.119 0.009 0.734

Dependent variable: TRISS >0.5 (yes vs. no)
RTS 1.380 0.303 0.000 3.974
Blood lactate after 12 h (mmol/l) –0.308 0.130 0.018 0.735
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bility of survival, actual as well as predicted by the
TRISS, controlling for RTS score.

In contrast to anatomical indices that remain un-
changed after trauma, physiological status is continually
changing [32], partly because of deterioration in the pa-
tient’s condition and partly due to the effect of therapy.
Blood lactate concentrations in those with SI of 0.9 or
higher differed significantly from those with SI lower
than 0.9 within the first 36 h after admission (i.e., in the
first four samples). As soon as lactate levels began to
normalize, the difference between the groups was no
longer statistically significant. This finding may be due
to the effects of therapy but may also be explained by a
notably reduced number of patients in the nonsurvivor
group 48 h after admission.

Conclusion

Blood lactate levels in severely injured patients are sig-
nificantly higher among nonsurvivors than among survi-
vors. There is a clear association between lactate concen-
trations on admission and ISS. According to our find-
ings, the presence of higher values of blood lactate con-
centrations on admission combined with T-RTS predicts
the severity of injury, hence allowing rapid orientation
without calculating temporary ISS. Also, blood lactate
concentration after 12 h is a good predictor of patient’s
actual survival and survival according to TRISS greater
than 0.5. Patients with a SI value higher than the border-
line have higher lactate levels than those with a SI value
below the threshold.
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