
American Journal of Emergency Medicine 37 (2019) 1627–1632

Contents lists available at ScienceDirect

American Journal of Emergency Medicine

j ourna l homepage: www.e lsev ie r .com/ locate /a jem
Original Conribution
Prognostic value of lactate in prehospital care as a predictor of
early mortality☆
Francisco Martín-Rodríguez, MSc, PhD a,b, Raúl López-Izquierdo, MD, PhD c,⁎,
Miguel A. Castro Villamor, MD, PhD a, Iratxe Moro Mangas, MDd, Pablo del Brío Ibáñez, MDc,
Juan F. Delgado Benito, MDb, José L. Martín Conty, BSN, PhD e, Jesús Álvarez Manzanares, MD f,
Agustín Mayo-Iscar, MSc, PhD g, Carlos del Pozo Vegas, MD, PhD d

a Advanced Clinical Simulation Center, Department of Medicine, Dermatology and Toxicology, Faculty of Medicine, University of Valladolid, Avda. Ramón y Cajal, 7, 47005 Valladolid, Spain
b Prehospital Emergency Medical Services, Advanced Medical Life Support, SACYL, Castilla y León, Spain
c Emergency Department, Rio Hortega University Hospital of Valladolid, SACYL, Spain
d Emergency Department, Valladolid University Clinic, SACYL, Spain
e Faculty of Occupational Therapy, Speech Therapy and Nursing, University of Castilla la Mancha, Talavera de la Reina, Toledo, Spain
f Emergency Department, Hospital Santa Bárbara, Soria, SACYL, Spain
g Department of Statistics and Operative Research, Faculty of Medicine, University of Valladolid, Spain
☆ The corresponding author on behalf of the other a
transparency and honesty of the data and information c
relevant information has been omitted and that all discre
been adequately resolved and described.
⁎ Corresponding author at: Emergency Department, Rio

Valladolid, SACYL, C/Dulzaina 2, 47012 Valladolid, Spain.
E-mail addresses: fmartin@saludcastillayleon.es (F. Ma

rlopeziz@saludcastillayleon.es (R. López-Izquierdo).

https://doi.org/10.1016/j.ajem.2018.11.028
0735-6757/© 2018 Elsevier Inc. All rights reserved.
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 20 August 2018
Received in revised form 25 October 2018
Accepted 18 November 2018
Background: Prehospital Emergency Medical Services must attend to patients with complex physiopathological
situations with little data and in the shortest possible time. The objective of this work was to study lactic acid
values and their usefulness in the prehospital setting to help in clinical decision-making.
Study design:Weconducted a longitudinal prospective, observational study on patients over 18 years of agewho,
after being evaluated by the Advanced Life Support Unit, were taken to the hospital between April and June 2018.
We analyzeddemographic variables, prehospital lactic acid values and earlymortality (b30 days). The area under
the curve of the receiver operating characteristic was calculated for the prehospital value of lactic acid.
Results: A total of 279 patients were included in our study. The median age was 68 years (interquartile range:
54–80 years). Overall 30-day mortality was 9% (25 patients). The area under the curve for lactic acid to predict
overall mortality at 30 days of care was 0.82 (95% CI: 0.76–0.89). The lactate value with the best sensitivity
and specificity overall was 4.25 mmol/L with a sensitivity of 84% (95% CI: 65.3–93.6) and specificity of 70%
(95% CI: 65.0–76.1).
Conclusions: The level of lactic acid can be a complementary tool in the field of prehospital emergencies that will
guide us early in the detection of critical patients.

© 2018 Elsevier Inc. All rights reserved.
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1. Introduction

Prehospital EmergencyMedical Services (PhEMS) regularly face crit-
ical patients with complex pathophysiological contexts, a high comor-
bidity and life-threatening situations that require fast and adequate
management. However, the early identification of high-risk patients
that require specific therapeutic maneuvers or that require close moni-
toring is not always obvious to the staff of the PhEMS [1].
uthors warrants the accuracy,
ontained in the study, that no
pancies between authors have

Hortega University Hospital of

rtín-Rodríguez),
Diagnostic uncertainty, different levels of experience or the distance
to the closest center of care directly influence the clinical decision-
making, where point-of-care testing (POCT) reduces the window from
the beginning of symptoms to basic analytical certainty of the results
[2]. An example of POCT is the determination of capillary glucose,
which for years represented an infrequent act but nowadays has ex-
tended to the usual medical practice.

Normal amounts of lactic acid are considered to be serum concentra-
tions lower than 2 mmol/L [3-5]. Above this value, tachypnea begins to
appear, tachycardia, alteration of mental state, and above 4 mmol/L
[6,7], consensus defines a serious situation. Therefore, lactic acid is an
early indicator of severity correlatingwith the severity of the pathology,
and predictingmortality and admission to independent critical care [8].

The prognosis of patients in a critical situation is directly related to
the time until adequate and timely care is received. In our setting,
PhEMS have developed procedures to handle these situations in an
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optimal way and transfer the patient to themost appropriate center ac-
cording to their pathology. Nevertheless, in some patients, discerning
their true severity -or their prognosis- may prove challenging. This un-
certainty influences professionals when deciding on more aggressive
stabilization maneuvers, and ultimately, maneuvers that could reduce
morbidity and mortality in critically ill patients. Lactic acid has been
used as a predictor of early mortality and detection of critically ill pa-
tients in very specific situations such as sepsis screening [9], in
polytraumatized patients in whom lactic acid levels correlate with ad-
mission to intensive care units [10], and in situations of cardiac arrest,
where lactic acid clearance is related to short-termprognosis [11]. How-
ever, lactate is not used as a routine test.

PhEMS should use this parameter that is easy to obtain, cheap and
safe. However, we have not identified any study that evaluates how
the routine use of lactic acid levels can improve decision-making in
the care for critical patients and time-dependent pathologies.

Themain objective of this workwas to assess the prognostic value of
lactic acid in prehospital emergencies and to identify which lactic acid
levels have the highest prognostic value with the goal of facilitating
decision-making in situations of diagnostic and prognostic uncertainty.

2. Methods

2.1. Study design

We conducted a longitudinal prospective, observational study in pa-
tients above 18 years of age whowere treated by the advanced life sup-
port unit (ALSU) in the city of Valladolid and transferred to the two
public hospitals: Río Hortega University Hospital and University Clinical
Hospital of Valladolid between April and June 2018.

The study was conducted in the city of Valladolid (Spain). The
PhEMS provides coverage in the metropolitan area to a population of
449,834 inhabitants, distributed over 7210 km2, with three ALSU, inte-
grated by two paramedics, an emergency nurse and a medical doctor.

The gateway to PhEMS is through the telephone number 1-1-2, op-
erating 24 h a day, 365 days a year. The call is answered by a non-health
technician. If the reason for the call is to request medical attention, once
the possible data of affiliation and location have been gathered as accu-
rately as possible, the call is immediately transferred to an emergency
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Fig. 1. Flow chart en
medical doctor. He or she determines the seriousness of the situation
and sends the most appropriate response for that medical emergency.

Participants in the study are treated and transferred by the ALSU to
the two public reference hospitals in the city: Río Hortega University
Hospital and the University Clinic of Valladolid. Both hospitals have a
broad surgical capacity and intensive care unit (ICU), where the door
of entry for patients is the Emergency Department (ED).

2.2. Selection of participants

The criteria for including a patient in the study were having been
taken by ALSU to the reference hospital, having had as a result of their
pathological process a necessary venous line and having signed in-
formed consent (the patient or a relative or legal guardian), and not
meeting any exclusion criteria, which were: age under 18 years, cardio-
respiratory arrest or death prior to the arrival to the hospital, pregnancy,
psychiatric pathology, diagnosis of end-stage disease (in treatment by
palliative care units), time of arrival of ALSU N45 min, transfer by
other transport vectors or discharge in situ (Fig. 1).

2.3. Collection of the parameters

At the time of assistance, demographic variables and time spent dur-
ing assistancewere recorded, aswell as the baseline value of venous lac-
tic acid [9,12,13]. We determined blood lactate levels in samples
obtained from the venous line. The measuring device we used was
Accutrend Plus meter (Roche Diagnostics, Mannheim, Germany), with
a measurement range of 0.8–21.7 mmol/L. The entire procedure was
performed by the emergency nurse of each ALSU, and consisted of
three phases: first, the instrument is turned on and the test strip is
inserted; second, the blood drop is deposited (15–40 μL) on the test
strip; and third, the lid is closed and a result is obtained within 60 s. Be-
tween taking the blood and placing the sample in the device, no N1min
should pass.

Subsequently, a researcher in each hospital monitored the electronic
history of the patient 30 days after emergency care to collect the follow-
ing variables. The patients were classified in relation to their final diag-
nosis according to the following diagnostic groups: cardiovascular,
neurological, respiratory, trauma and injuries by external agents and
Excluded (n = 233) due to the following

• Cancellations (n = 172)

• No patient (n = 21)

• Do not want assistance (n = 31)

• Served by other services (n = 3)

• Reassignment (n = 6)

Excluded (n = 1071) due to the following

• Evacuated in USVB (n = 415)

• High in situ (n = 376)

• Do not want transfer (n = 13)

• Arrival time> 45 '(n = 15)

• Minors (n = 21)

• Pregnancy (n = 9)

• Psychiatric pathology (n = 161)

• Patients in terminal stage (n = 4)

• Cardiorespiratory arrest (n = 24)

• Exitus (n = 33)

Excluded (n= 22) due to follows

• Missing information (n = 15)

• Without informed consent (n = 7)

rolled patients.
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other types of pathology (digestive, endocrine, infectious, genitouri-
nary, etc.). In addition, the rest of the variables were collected from
the clinical history: destination of the patient, requests for complemen-
tary tests, visits by medical specialists and days of admission. Through
this same review of the patient's electronic history, it was also known
which participants in the study had died outside the hospital butwithin
the timeframe of the 30-day study.

The main outcome variable was mortality from any cause from the
index event (prehospital care by the ALSU) until the first 30 days from
the index event, accounting for deaths that occurred in the hospital
and outside the hospital but within the timeframe 30 days from initial
care by the ambulance.
2.4. Statistical analysis

All datawere collected and organized in a database designed for that
purpose with double data entry to reduce input errors. Prior to applying
statistical tests, we cleaned the database bymeans of logical tests, range
tests (for the detection of extremevalues) and for data consistency. Sub-
sequently, we checked for the presence and distribution of unknown
values (“missing”) in all variables.

All data have been collected and organized in a database designed
for this purpose in the Microsoft Excel program (version 14.4.0),
which after being cleaned was exported to SPSS 20.0 (SPSS Inc.®, Chi-
cago IL, USA).

Continuous quantitative variables are describedwithmedian and in-
terquartile range (IQR). The qualitative variables are described by abso-
lute and relative frequencies (%). To compare group, in quantitative
variables whose distribution showed no evidence of differing from a
normal distribution, Student's t-test was used, otherwise the Mann–
Whitney U test. To compare percentages, the Chi-square test was used
for 2 × 2 contingency tables or, in case of low frequency observed in
some cells of the corresponding table, Fisher's exact test.

To evaluate the capacity of lactate to predict 30-day mortality, glob-
ally and for each of the groups analyzed, we estimated the sensitivity
and specificity of the prognostic tests defined by different cut-off points
in the range of observed values for the aforementioned variable. With
Table 1
General patient characteristics. Death statistics refer to early mortality rates.

Total

Number [n (%)] 279 (100)
Age (years old) [Median (25th–75th percentile)] 68 (54–80)
Gender

Male [n (%)] 172 (61.6)
Female [n (%)] 107 (38.4)

Isochronous (minutes) [Median (25th–75th percentile)]
Arrival time 10 (8–13)
Support time 30 (25–36)
Transfer time 9 (6–13)

Prehospital diagnostic [n (%)]
Cardiac pathology 121(43.1)
Neurological pathology 61 (21.9)
Respiratory pathology 31 (11.1)
Injuries and external agents 40 (14.3)
Other pathology 26 (9.3)

Hospital department [n (%)]
ED/hospitalization 221 (79.2)
ICU 58 (20.8)

Lactate ≥2 mmol/L [n (%)]
Yes 239 (85.7)
Not 40 (14.3)

Lactate ≥4.25 mmol/L [n (%)]
Yes 95 (34.1)
Not 184 (65.9)

Lactate ≥5 mmol/L [n (%)]
Yes 58 (20.8)
Not 221 (79.2)

ED: Emergency Department; ICU: Intensive Care Unit;
these estimations, the corresponding ROC curve was obtained and the
area under the curve (AUC) was calculated.

The level of lactic acid with best predictive capacity was established
according to the Youden index. In addition to the calculated cut-off
point, the prognostic test was also performed for cut-off points of 2
and 5 mmol/L. We calculated sensitivity and specificity, the positive
and negative predictive values and the positive and negative likelihood
ratios. P values below 0.05 were considered statistically significant.
3. Results

A total of 279 patientswere included in our study: 172 (61.6%)males
and 107 (38.4%) females. Themedian agewas 68 years (25th–75th per-
centile: 54–80 years). Themedian age of themales was 65 years (25th–
75th percentile: 53–79 years) and of the women 73 years (25th–75th
percentile: 56–83 years) without statistically significant differences.
The 30-day overall mortality was 25 patients (9%).

Themain causes of the request for assistancewere processes ofmed-
ical origin in 239 cases (85.7%).

Of the total number of patients analyzed, 121 (43.1%) were diag-
nosed with processes of cardiovascular origin, followed by neurological
problems (21.9%), trauma (deliberate self-harm is classified under over-
dose or injury as appropriate) and external agents (14.3%), respiratory
processes (11.1%), and others (9.3%) (Table 1).

The hospital admission ratewas 67% (185patients)with amedian of
3 days of admission (25th–75th percentile: 0–7 days), and a discharge
rate in the Emergency Department (ED) of 33% (92 patients)
(Table 1). In 187 cases (67%), it was necessary to consult with special-
ists. In 106 of them (38%), in addition to the standard complementary
tests (basic blood tests, electrocardiogram and chest X-ray), it was nec-
essary to perform computerized axial tomography tests and/or ultra-
sound studies and in 46 of them (16.5%), surgical procedures or other
interventions were required.

Themedian level of lactic acid for all patientswas 3.4mmol/L (25th–
75th percentile: 2.4–4.8mmol/L). The levels of lactic acidwere higher in
the group of deceased patients, with a median of 5.3 mmol/L (25th–
75th percentile: 4.3–7.9 mmol/L) versus a median of 3.2 mmol/L
Survivors Non-survivors P-value

254 (91) 25 (9)
66 (53–80) 80 (70–86) 0.001

154 (89.5) 18 (10.5)
100 (93.5) 7 (6.5) 0.265

10 (8–13) 10 (8–13) 0.603
30 (24–35) 34 (25–39) 0.200
9 (6–13) 9 (7–18) 0.223

109 (90.1) 12 (9.9)
55 (90.2) 6 (9.8)
28 (90.3) 3 (9.7)
38 (95) 2 (5)
24 (92.3) 2 (7.7) 0.905

212 (95.9) 9 (4.1)
42 (72.4) 16 (27.6) b0.001

214 (89.5) 25 (10.5)
40 (100) 0 (0) 0.0032

74 (77.9) 21 (22.1)
180 (97.8) 4 (2.2) b0.001

43 (74.1) 15 (25.9)
211 (95.5) 10 (4.5) b0.001



Fig. 2.General area under the curve and for pathology, depending on lactic acid values and
early mortality.

Table 2
Distribution of lactic acid values. Death statistics refer to early mortality rates

Total Survivors Non-survivors P-value

Total (mmol/L) [Median (25th–75th percentile)] 3.4 (2.4–4.8) 3.2 (2.3–4.4) 5.3 (4.3–7.9) 0.001
Gender (mmol/L) [Median (25th–75th percentile)]

Male 3.7 (2.4–4.8) 3.3 (2.3–4.5) 5.5 (4.7–7.7) 0.001
Female 3.2 (2.4–4.4) 3.1 (2.3–4.3) 4.4 (4.3–9.8) 0.003

Prehospital diagnostic (mmol/L) [Median (25th–75th percentile)]
Cardiac pathology 3.2 (2.3–4.3) 3 (2.2–4.1) 5.2 (4.3–8.1) b0.001
Neurological pathology 3.9 (2.6–5.7) 3.5 (2.5–4.8) 5.9 (4.5–9.8) 0.019
Respiratory pathology 2.9 (2.1–4.1) 2.7 (2.1–3.8) 4.9 (4.1–5.1) 0.024
Injuries and external agents 3.8 (3.2–5.1) 3.8 (3.1–4.8) 11.8 (6.9–16.7)⁎ 0.005
Other pathology 3.4 (1.6–5.2) 3.1 (1.6–5.1) 5.3 (3.8–6.9)⁎ 0.302

Hospital department [Median (25th–75th percentile)]
ED/hospitalization 3.3 (2.4–5.6) 3.2 (2.4–4.4) 4.9 (4.3–5.7) 0.002
ICU 3.9 (2.4–5.6) 3.1 (2.2–4.3) 6.9 (4.3–9.6) b0.001

Hospitalization (mmol/L) [Median (25th–75th percentile)]
1 day or less 3.8 (2.5–4.8) 3.5 (2.4–4.3) 5.1 (4.3–7.5) 0.001
2–10 days 3.1 (2.4–4.8) 3 (2.3–4.5) 6.9 (4.3–13.9) 0.005
N11 days 3.7 (2.3–5.4) 3.2 (2.1–4.5) 6.1 (4.7–9.5) 0.005

ED: Emergency Department; ICU: Intensive Care Unit.
⁎ These statistical summaries have been calculated with only two observations.
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(25th–75th percentile: 2.3–4.4 mmol/L) in surviving patients. This dif-
ference was statistically significant (p b 0.001) (Table 2).

The AUC of lactic acid to predict overall mortality at 30 days of care
was 0.82 (95% CI: 0.76–0.89) (Fig. 2). Fig. 1 2 shows the AUC of the dif-
ferent diagnostic groups, reaching statistical significance in the AUC that
corresponds to cardiovascular pathology. The lactate value with highest
global sensitivity and specificity was 4.25 mmol/L with a sensitivity of
84% (95% CI: 65.3–93.6) and specificity of 70% (95% CI: 65.0–76.1)
(Table 3).

4. Discussion

Our data indicate that lactic acid values had a very high capacity to
predict earlymortality amongpatients included in the study. Higher lac-
tic acid values corresponded to an increased mortality of patients.

Using lactic acid as an additional parameter can help us identify
those patients with life-threatening conditions who should receive
early attention. Vital signs routinely collected sometimes do not reflect
the state of severity of patients and sometimes only change when the
patient's condition is already extremely serious. This justifies the search
for new parameters that can guide us towards early action, more so,
when certain time-dependent diseases require rapid intervention.
However, certain pathologies have a subtle presentation that is difficult
to evaluate [8,14]. A delayed identification of the critical pathology of
the patient directly impacts the health system, increasing diagnostic
procedures and surgical techniques, hospitalizations, stays in intensive
care units or unexpected deaths [15].

The early identification of high-risk patients is a priority objective for
PhEMS. From the 70s to thepresent, special interest has focused onfind-
ing a biomarker that can guide clinical decision-making. Lactic acid
seems ideal as it has been widely demonstrated that the levels of lactic
acid and its clearance represent a reliable indicator for severity and
prognosis [16-18].

Lactic acid measurement can be compelling as an additional routine
test for informing the clinical decision about the transfer to the hospital
in the ALSU [3]. Other clear indications are in suspected infection, since
lactic acid levels between 3.2 and 3.8 mmol/L [7,8,15] are correlated
with a higher incidence of sepsis, or in cases of major trauma [10,14]
or patients with cardiorespiratory arrest [11]. However, we believe
that patients with nonspecific symptoms and without evident severity
criteria would benefit most from this test, because it can guide the
emergency team. In the prehospital setting, the levels of lactic acid can
inform treatment, but no corrective measures can be taken other than
those standardized in the advanced life support protocol depending
on the circumstances of each patient. Having this information in the
prehospital setting means having a tool supporting decision-making.
In contrast, at the time of hospital transfer, lactic acid levels can help es-
tablish the possible seriousness of the patient's condition, so we think
that they should be used routinely as a fundamental biomarker.

The ease with which a lactic acid measurement can be obtained
nowadays both at the patient's collection point and on arrival at an
emergency triagemakes it the ideal parameter to help the initial assess-
ment of these patients [19,20].

The level of lactic acid that offers us greatest sensitivity and spec-
ificity is approximately 4 mmol/L [18,21-23], a figure that can be
taken as a reference to identify the most severe patients with greater
sensitivity and specificity. Surviving patients always had values
below 4 mmol/L, whereas those deceased exhibited values above
[16,24,25]. Figures below 2 mmol/L exclude with great reliability
the mortality of the patients referred to the hospital, presenting a
sensitivity of 100% and a negative predictive value of 100%.

Analyzing by pathologies, we observed that lactate values in cardio-
vascular pathologies maintain the prognostic capacity, while the rest of



Table 3
Sensitivity and specificity analysis and predictive values for each of the cut-off points of lactic acid according to early mortality

Se
[95% CI]

Sp
[95% CI]

PPV
[95% CI]

NPV
[95% CI]

LR (+)
[95% CI]

LR (−)
[95% CI]

Lactate ≥2 mmol/L 100
(86.7–100)

15.7
(11.8–20.7)

10.5
(7.2–15.0)

100
(91.2–100)

1.19
(1.13–1.25)

0
0

Lactate ≥4.25 mmol/L 84.0
(65.3–93.6)

70.9
(65.0–76.1)

22.1
(14.9–31.4)

97.8
(94.5–99.2)

2.88
(2.23–3.73)

0.23
(0.09–0.56)

Lactate ≥5 mmol/L 60.0
(40.7–76.6)

83.1
(78–87.2)

25.9
(16.3–38.4)

95.5
(91.9–97.5)

3.54
(2.33–5.40)

0.48
(0.29–0.79)

CI: confidence interval; Se: Sensitivity; Sp: Specificity; PPV: positive predictive value: NPV: negative predictive value; LR: Likelihood ratio.
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the diagnosticmodels did not reach statistical significance, although the
AUC remained very high. We speculate that this is probably due to the
low number of patients who died in the subgroups, which will have to
be confirmed in larger studies.

Comparing the data from our studywith similar studies, we found the
rates of early mortality are similar [21,24]. In our study, themost efficient
cut-off point between sensitivity and specificity was 4.25 mmol/L, ap-
proaching data obtained in studies on trigger values of lactic acid in sepsis
of 4 mmol/L [26,27], presenting our study a prediction capacity superior
to that of other studies [16,18,25].

5. Limitations

The sample sizewas sufficient to obtain results overall, but not to ob-
tain statistically significant results by study subgroups according to
pathologies.

One problem that we identified during study design was the lack of
specific training of PhEMS professionals for the measurement of lactic
acid. This motivated us to carry out a specific training including all pro-
fessionals participating in the study.

6. Conclusion

Our results show that the level of lactic acid can be the ideal comple-
ment to routine tests at prehospital level that can guide us early in the
detection of critical patients. Adding the measurement of venous lactic
acid to the prehospital assessment of the critical patient can help deter-
mine the prognosis up to 30 days after the index event.
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