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Background: To adapt the Sequential Organ Failure Assessment (SOFA) score to fit the prehospital care needs; to
do that, the SOFA was modified by replacing platelets and bilirubin, by lactate, and tested this modified SOFA
(mSOFA) score in its prognostic capacity to assess the mortality-risk at 2 days since the first Emergency Medical
Service (EMS) contact.
Methods: Prospective, multicentric, EMS-delivery, ambulance-based, pragmatic cohort study of adults with acute
diseases, referred to two tertiary care hospitals (Spain), between January 1st and December 31st, 2020. The dis-
criminative power of the predictive variable was assessed through a prediction model trained using the deriva-
tion cohort and evaluated by the area under the curve (AUC) of the receiver operating characteristic (ROC) on the
validation cohort.
Results: A total of 1114 participants comprised two separated cohorts recruited from 15 ambulance stations. The
2-day mortality rate (from any cause) was 5.9% (66 cases). The predictive validity of the mSOFA score was
assessed by the calculation of the AUC of ROC in the validation cohort, resulting in an AUC of 0.946 (95% CI,
0.913–0.978, p < .001), with a positive likelihood ratio was 23.3 (95% CI, 0.32–46.2).
Conclusions: Scoring systems are now a reality in prehospital care, and themSOFA score assessesmultiorgan dys-
function in a simple and agilemanner either bedside or en route. Patients with acute disease and anmSOFA score
greater than 6 points transferred with high priority by EMS represent a high early mortality group.
Trial registration: ISRCTN48326533, Registered Octuber 312,019, Prospectively registered (doi:https://doi.org/
10.1186/ISRCTN48326533).
© 2021 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The quick and effective characterization of patients with high-risk of
short-termmortality has been oneof themain challenges for health sys-
tems. That is why the use of scoring systems such as the Sequential
Organ Failure Assessment (SOFA) has become a standard clinical prac-
tice in intensive care units (ICU) [1,2], having proven its usefulness in
very diverse clinical contexts [3,4,5].
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Such success of the SOFA score has led to being used in non-ICU set-
tings [6] and, throughmodifications, the score was lately simplified and
adapted to encompass broader clinical contexts, finally developing the
quick-SOFA (qSOFA) [1].

Due to its simplicity, the qSOFA score has been implemented by the
Emergency Medical Services (EMS) as an alert trigger in cases of
suspected infection to detect possible sepsis, although with limited di-
agnostic accuracy [7]. This restriction together a limited range of pathol-
ogies in which can be applied have boosted the National Early Warning
Score (NEWS) as new gold standard in the realm of the EMS [8]. In fact,
the NEWS can be used, not only as a trigger for sepsis but also as a trig-
ger of clinical deterioration in a wider range of pathologies [9,10].

The development of small, robust, and reliable point-of-care testing
(POCT) has allowed its use in prehospital care [11,12]. For instance,
prehospital lactate measured by POCT is a good predictor of poor
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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prognosis, since it provides information about the anaerobic metabo-
lism [13].

In the prehospital environment, on the other side, healthcare
workers must react quickly and precisely to acute diseases, facing
many times very heterogeneous syndromes; in such situations, the
identification of patients at high risk of short-term mortality becomes
rather tough [14,15,16].

The aim of the present work was to adapt the SOFA score in accor-
dance with the prehospital arena and compare this modified score to
other risk stratification tools used in this environment.

2. Methods

2.1. Study design and settings

This is a prospective, multicentric, EMS-delivery, ambulance-based,
pragmatic cohort study of combined data from the EMS units and hos-
pitals from January 1 through December 31, 2020. This EMS is operated
by the Public Health System of Castilla-León (SACYL), the primary
health authority. The studywas carried out in the province of Valladolid,
with a reference population of 524,204 inhabitants, located in an area of
8111 km2, with a demographic density of 64.19 inhabitants/km2. The
typical demographics are elderly adults in urban and peri-urban loca-
tions, with a reduced incidence of events in rural and more remote
areas. EMS operates in the province with one helicopter emergency
medical service (HEMS), four advanced life support (ALS) and fourteen
basic life support (BSL), which refer patients to the three hospitals in the
region (two tertiary university hospitals and one small general district
hospital). The number of emergency calls received by EMS in Valladolid
during the last year was 134,033. HEMS handled 51 cases, ALS evacu-
ated 8631 patients, and BLS reported 40,688 cases. The study involved
three ALS, fourteen BLS, and two tertiary university hospitals. The selec-
tion of the vehicles was conditioned to the POCT availability, and subse-
quently, the hospitals were selected as the centers where those selected
vehicles refer to.

The ALS units are made up of two emergency medical technician
(EMT), an emergency registered nurse (ERN), and a physician, all of
them performing standard advanced life support maneuvers in accor-
dance with protocols on the scene or en route, e.g., advanced cardiac,
trauma and pediatric life support, advanced airway management
(orotracheal intubation, use of videolaryngoscope, noninvasive
mechanical ventilation, surgical airway, hemorrhage-pneumothorax
decompression), fluid and drug administration, immobilization, ultra-
sound, fibrinolysis, point-of-care testing. The BLS is made up of two
EMT who perform assisted transfers after prior evaluation by an ALS
physician, developing restricted competencies, e.g., basic cardiac,
trauma and pediatric life support, immobilization, basic airway man-
agement (suctioning of secretions, administration of oxygen by nonin-
vasive methods and balloon resuscitation and oropharyngeal cannula
ventilation, without the use of invasive airway management devices)
and, use of semiautomatic defibrillator monitor.

2.2. Participants

All calls for help to the 1–1-2 emergency number that were
dispatched by an ALS were screened for eligibility. Any request for
emergency assistance is received by an EMT at the emergency call cen-
ter. The EMT collects data on affiliation, geolocation, and symptoms, and
transfers the case to a physician. Based on a simple assessment, the con-
sultant physician assigns the most appropriate resource for the emer-
gency (medical dispatch): HEMS, ALS, BLS, a combination of these, or
simply resolves the situation by telephone consultation. Certain inci-
dents such as heart attacks, cardiorespiratory arrest, stroke, polytrauma,
poisoning, suspected sepsis, or any pathology that the call center physi-
cian determines, are immediately attributed to an ALS. The system is
two-way: the ALS physician, after the pertinent evaluation, may
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consider that the evaluation can be performed safely at BLS; and the
BLS EMTs, in the presence of complex cases, may request the presence
of the ALS at the scene.

All adult patients (aged ≥18 years old), with any acute disease, eval-
uated by theALS physician, and transferred by ambulance (either ALS or
BLS) to the ED were eligible. Cases of cardiorespiratory arrest upon ar-
rival at the scene, end-stage patients documented by a specialist report,
pregnant women, intravenous line impossibility, patients discharged in
situ (after the evaluation by the ALS physician, their transfer to hospital
was not necessary), situations with risk at the scene for the team
(e.g., weapons, fire, explosions), and patients in whom, despite all at-
tempts, it was not possible to obtain informed consent were excluded
from this study.

2.3. Outcomes

The outcome was in-hospital mortality at any time in between pa-
tient admission at the ED and two days after that, i.e., the outcome
should be considered as the cumulative mortality during the first 48 h.
This mortality period is widely accepted in similar studies as the early-
mortality window [17,18].

2.4. Data sources and predictors.

Epidemiological variables -sex, age, intervention times-, basal set of
vital signs -respiratory rate, oxygen saturation, supplemental oxygen
administered prior to the ALS arrival at the scene, systolic, diastolic,
and mean blood pressure, heart rate, temperature, and Glasgow coma
scale-, and analytical variables (glucose, lactate, creatinine) were col-
lected by the RN during the first contact with the patient, either at the
scene or en route.

With the objective of adapting the SOFA score to the prehospital care
requirementswhen patients are transferred in ambulance, a prehospital
SOFAwasmodified by using lactate instead of platelets and bilirubin, for
which POCTs are unavailable.

The respiratory rate was calculated by listening the respiratory cy-
cles for 30 s and, in case of doubt or irregular rhythm, for one minute.
Oxygen saturation, systolic, diastolic, and mean blood pressure, and
heart rate were taken with the LifePAK® 15 monitor-defibrillator
(Physio-Control, Inc., Redmond, USA). The temperature was measured
with ThermoScan® PRO 6000 thermometer (Welch Allyn, Inc.,
Skaneateles Falls, USA). After that, an intravenous line was placed and
1.5 ml of venous blood was taken using the epoc® Blood Analysis Sys-
tem (Siemens Healthcare GmbH, Erlangen Germany), obtaining creati-
nine, lactate, and glucose levels.

To make a link between EMS medical records and hospital's elec-
tronic medical records, an exact match was made with 5 of the follow-
ing extractors: name and surname, sex, age, day, arrival time, incident
code, ambulance code and/or health care card number. EMSmedical re-
cords that were unable to be linked were excluded.

After the follow-up period, the following hospital variables were re-
corded: Charlson comorbidity index, ICU inpatients, 2-day in-hospital
mortality, and the final diagnosis (based on the International Classifica-
tion of Diseases 11th Revision).

By using those variables, the scores analyzed in this study were
calculated.

2.5. mSOFA score calculation

Previous to the scores determination, the whole cohort was ran-
domly divided -preserving the original outcome distribution- in deriva-
tion and validation cohort. The predictive score mSOFA was built using
the derivation cohort and its validity was assessed by using the valida-
tion cohort.

The weights and categories for each variable of themSOFA score are
as follows:

(i) The points for each category of the pulse oximetry saturation/
fraction of inspired oxygen ratio (SaFi), Glasgow Coma Scale, and
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creatinine were the same as the ones described in the original score [1]
[19]. (ii) The mean blood pressure (MBP) was used for the cardiovascu-
lar state, in particular, one-pointwas assigned to patients withMBP less
than 70 mmHg, and 0 otherwise. (iii) Prior administration of catechol-
amines (dopamine or norepinephrine) was discarded because it is im-
probable or even unknown at the assistance scene.

(iv) Platelets and bilirubin, for which POCTs, are unavailable, were
replaced by lactate, a biomarker with a proven ability to predict the
risk of short-term mortality [20-22] was added to the mSOFA in order
to include the anaerobic metabolism state. The following cut-offs were
chosen by considering both clinical and bibliographic criteria: ≤ 2
mmol/L, > 2 to 3, > 3 to 4, > 4 to 6, and > 6 mmol/ [23-25]. The weight
and subsequent points given to each category of lactate were deter-
mined by considering the estimate obtained from the logistic regression
of lactate levels vs. the outcome, and adapting them to the range 0–4
points, as are the other parameters of the SOFA score.

Lastly, thefinal score resulted from the sumof points in each variable
(Table 1).
2.6. Statistical methods

The final outcomes and predictors were compiled by independent
investigators of each hospital through the review of the patients' elec-
tronicmedical records. Themain outcomewas blinded to the clinical in-
vestigators in charge of data collection. The collected data was stored in
a database created using the software IBM SPSS Statistics for Apple ver-
sion 20.0. (IBM Corp, Armonk USA). The database was purified by
means of logical tests, the presence of extreme values, and the detection
of missing data, resulting in a total of 27 variables.

Normality tests were performed on all the quantitative variables
(Shapiro-Wilk and Lilliefors tests). Quantitative variables were de-
scribed as median and interquartile range (25th–75th percentile). The
categorical variables were described using absolute frequencies and
percentages.

For the comparison of means of quantitative variables, the Mann-
Whitney U test was used; the Chi-square test was used for 2 × 2 contin-
gency tables to assess the association or dependency relationship
between qualitative variables. Fisher's exact test was used when it
was necessary.

The area under the curve (AUC) of the receiver operating character-
istic (ROC) of the score in the validation cohort was used to assess
the predictive validity of it. The p value of the hypothesis test (H0:
AUC = 0.5) and its corresponding 95% confidence interval (CI) were
also assessed. Further statistical characteristics such as: positive predic-
tive value, negative predictive value, positive likelihood ratio, negative
likelihood ratio, odds ratio, and diagnostic accuracy were determined.
Additionally, to compare mSOFA with NEWS and qSOFA, a Delong's
test and a decision curve analysis were used in the same training cohort
both AUC of the ROC.

The data were analyzed using our own codes and base functions in
R, version 4.0.3 (http://www.R-project.org; the R Foundation for Statis-
tical Computing, Vienna, Austria).
Table 1
Modified Sequential organ failure assessment score (mSOFA).

Points

0 1 2 3 4

Respiratory, SaFi >302 <302 <221 <142 <67
Cardiovascular, MAP (mmHg) ≥70 <70
Renal, Creatinine (mg/dl) <1.2 1.2–1.9 2.0–3.4 3.5–4.9 >5.0
Neurologic, GCS (points) 15 13–14 10–12 6–9 <6
Metabolic, Lactate (mmol/L) <2 2.1–3 3.1–4 4.1–6 >6

SaFi: pulse oximetry saturation/fraction of inspired oxygen ratio; MAP: mean arterial
pressure; GCS: Glasgow coma scale.
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2.7. Ethics approval and consent to participate

This study was approved by the Health Research Ethics Board of
Hospital Universitario Rio Hortega and Hospital Clínico Universitario
of Valladolid (reference: PI-049-19 and PI-GR-19-1258), followed the
STrengthening the Reporting of OBservational studies in Epidemiology
(STROBE) [26] statement and registered in the World Health Organiza-
tion's International Clinical Trials Registry Platform (ICTRP) (doi.org/10.
1186/ISRCTN48326533).

As a pre-study phase, all participants had to read and sign the in-
formed consent. The physician of the ALS was responsible of obtaining
the primary consent during the first contact with the patient at the
scene. This consent was valid for the entire study and its subsequent
follow-up. In caseswhere the patientwasunable to understand thedoc-
ument, a relative or legal guardian signed it. If consentwas not obtained
despite previous attempts, a research associate from each hospitalmade
another attempt during the patient's stay in the ED. If consent was not
obtained, the patient was excluded from the study.

3. Results

3.1. Patient characteristics

During the study period, 1796 patients were recruited from 15 am-
bulance stations (1 ALS and 14 BLS). A total of 682 cases were excluded
because they did not meet the inclusion criteria (Additional file 1: Sup-
plementary Fig. 1), resulting in a final cohort of 1114 cases. Among the
excluded patients, 15 cases were due to the impossibility of obtaining
the consent and 22 cases because the EMS medical records cannot be
linked. The median age was 69 years (IQR, 52–81 years), 486 (43.6%)
were females. The 2-day mortality rate (from any cause) was 5.9%
(66 cases). The clinical-epidemiological characteristics of the patients
and the differences between survivors and non-survivors are shown
in Table 2. From the analysis of the differences between survivors and
non-survivors it can be seen that there were statistically significant dif-
ferences for all the variables except for sex, arrival and transfer times,
time zone, heart rate, temperature, and final diagnosis. In particular,
all the components of mSOFA presented highly significant differences
for survivors and non-survivors (p < .001).

3.2. mSOFA accuracy

The mortality distribution according to mSOFA score and the pre-
dicted probability of mortality are shown in Fig. 1. A score <6 presented
an overall mortality lower than 10%, whereas the mortality overcame
the 50% for a score greater than 8.

The predictive validity of the mSOFA score was assessed by the cal-
culation of the AUC of ROC in the validation cohort (Fig. 2), resulting
in an AUC of 0.946 (95% CI: 0.913–0.978, p < .001). Further details of
the score also provided information regarding its validity: the specificity
was 80.2% (95% CI: 63.6% – 96.7%), the sensitivity was 61.7% (95% CI:
41% – 82.4%), the positive predictive value was 52.6 (95% CI,
31.9–71.2), the negative predictive value was 97.5 (95% CI, 96.2–98.8),
the positive likelihood ratio was 23.3 (95% CI, 0.32–46.2) and the nega-
tive likelihood ratio was 0.42 (95% CI, 0.2–0.63).

When comparing the curves (Additional file 1: Supplementary
Fig. 2), the mSOFA presented a higher AUC (AUC = 0.946 (95% CI:
0.913–0.978)) when compared to NEWS (AUC = 0.890 (95% CI:
0.831–0.949)) (p = .018 vs mSOFA) and to qSOFA (AUC = 0.754 (95%
CI, 0.650–0.858)) (p < .001 vs mSOFA). Further details of the results of
each score can be found in Additional file 1: Supplementary Table 1.
The decision curve analysis also revealed a better performance of
mSOFA as compared to NEWS and qSOFA (Fig. 3), as could be observed
by a greater net benefit throughout all threshold probabilities. In other
words, when a new intervention is justified, as defined by the probabil-
ity thresholds, the net benefit is always greater for the SOFA scorewhich
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Table 2
Demographic, clinical and hospital outcomes.

2-day mortality

Characteristica Total Survivors Non-survivors p-value

No. (%) with data 1114 (100) 1048 (94.1) 66 (5.9)
Sex, female 486 (43.6) 455 (43.4) 31 (47) 0.573
Age (years) 69 (52–81) 68 (52–80) 80 (68–89) <0.001
Isochrones (min)b

Arrival 11 (9–15) 11 (9–15) 12 (8–16) 0.49
Support 33 (26–41) 33 (25–41) 40 (30–50) 0.001
Transfer 11 (8–16) 11 (8–16) 10 (8–17) 0.57
Time zone 0.233
00:00–5:59 224 (20.1) 208 (19.8) 16 (24.2)
6:00–11:59 283 (25.4) 264 (25.2) 19 (28.8)
12:00–17:59 331 (29.7) 314 (30) 17 (25.8)
18:00–23:59 276 (24.8) 262 (25) 14 (21.2)
Basal evaluation
RR (breaths/min) 18 (15–25) 18 (15–24) 28 (19–35) <0.001
SpO2 (%) 96 (93–98) 96 (93–98) 87 (77–94) <0.001
FiO2 (%) 0.21

(0.21–0.21)
0.21
(0.21–0.21)

0.21
(0.21–0.28)

0.001

SaFi 457
(433–467)

457 (438–467) 381 (286–430) <0.001

SBP (mmHg) 134
(116–153)

1,358,118–153) 99 (84–148) <0.001

DBP (mmHg) 79 (65–91) 80 (66–91) 60 (46–83) <0.001
MBP (mmHg) 97 (88–111) 98 (85–111) 72 (58–103) <0.001
Heart rate
(beats/min)

87 (71–105) 87 (70–104) 97 (76–119) 0.078

Temperature (°C) 36
(35.7–36.6)

36 (35.7–36.6) 36.1
(35.1–36.7)

0.498

GCS (points) 15 (15–15) 15 (15–15) 7 (4–14) <0.001
Glucose (mg/dl) 129

(107–167)
1,278,106–164) 173 (125–243) 0.001

Creatinine (mg/dl) 0.97
(0.78–1.31)

0.94
(0.77–1.22)

1.91
(1.04–2.87)

<0.001

Lactate (mmol/L) 2.17
(1.19–3.41)

2.09
(1.17–3.11)

7.32
(4.58–11.42)

<0.001

Hospital outcome
CCI index (points) 2 (0–4) 2 (0–4) 5 (3–7) <0.001
ICU inpatients 141 (12.7) 113 (10.8) 28 (42.4) <0.001
Final diagnosis 0.334
Circulatory 365 (32.8) 339 (32.3) 26 (39.4)
Neurology 163 (14.6) 157 (15) 6 (9.1)
Trauma and injury 177 (15.9) 168 (16) 9 (13.6)
Respiratory 57 (5.1) 53 (5.1) 4 (6.1)
Infection 150 (13.5) 134 (12.8) 16 (24.2)
Poisoning 83 (7.3) 82 (7.8) 1 (1.5)
Digestive 58 (5.2) 55 (5.2) 3 (4.5)
Othersc 61 (5.5) 60 (5.7) 1 (1.5)
Scoring systems
mSOFA 1 (0–3) 1 (0–3) 8 (6–10) <0.001
qSOFA 1 (1–2) 1 (1–2) 2 (2–3) <0.001
NEWS 4 (2–7) 4 (2–7) 12 (8–15) <0.001

RR: respiratory rate: SPO2: oxygen saturation; FIO2: fraction of inspired oxygen;
SaFi: pulse oximetry saturation/fraction of inspired oxygen ratio; SBP: systolic blood pres-
sure; DBP: diastolic blood pressure;MBP:mean blood pressure; GCS: Glasgow coma scale;
CCI: Charlson comorbidity index; ICU: intensive care unit; mSOFA: modified Sequential
Organ Failure Assessment; qSOFA: quick Sequential Organ Failure Assessment; NEWS:
National Early Warning Score; SOFA: Sequential Organ Failure Assessment.

a Values expressed as total number (fraction) and medians [25th percentile-75th
percentile] as appropriate.

b Arrival: time from ambulance activation to on-scene check-in. Support: time
expended by EMS on scene. Transfer: time for transferring the patient from the scene to
the hospital.

c Other pathology: endocrine, genitourinary, diseases of the blood and the immune
system.

Fig. 1.mSOFA scores vs real and predicted probability of death. The grey area of the trend
line corresponds to 95% confidence interval of the predicted probability of death (trend
line). The bars correspond to the number of patients of the training cohort alive (grey)
or death (black). mSOFA: modified Sequential Organ Failure Assessment.

Fig. 2. Receiver operational curve (ROC) for themSOFA score. The bold line shows the ROC
curve value and the grey shading is the result of the validation coefficient. In the center of
the graph is the areaunder the curve (AUC) and its 95% confidence interval and thep value
of the hypothesis test (H0: AUC = 0.5).
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correctly identifies a greater percentage of patients at risk of short-term
mortality.

4. Discussion

In this study, amodification of the SOFA score -mSOFA- that could be
adapted to the prehospital needs and constraints has been developed,
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tested, and proposed in a prehospital setting with medical/nursing
staff. When comparing with SOFA, the mSOFA retain the neurological,
respiratory, and renal components with similar characteristics, but the
mSOFA simplify the evaluation of cardiovascular function discarding
the use of inotropes and adding the evaluation of the metabolic profile
by using lactate. Our results showed that mSOFA can predict with
great accuracy the risk of short-term mortality in patients with acute
disease treated by EMS.



Fig. 3. Decision curve of the mSOFA (solid line), the NEWS (pointed line) and the qSOFA (dashed line) score. The threshold probability for the mortality is shown in x-axis and the y-axis
indicates the net benefit. mSOFA: modified Sequential Organ Failure Assessment; qSOFA: quick Sequential Organ Failure Assessment; NEWS: National Early Warning Score; SOFA:
Sequential Organ Failure Assessment.
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The SOFA score has proven its clinical and prognostic utility, and is a
tool commonly used in ICUs and more recently in non-ICU settings
[19,27,28]. However, the implementation of this score in EMS is com-
plex because the determination of platelets and bilirubin using a
small-sized POCT in the ambulance is impossible, so despite of being
an excellent score it is inappropriate to be used outside of the hospital
environments.

Here, we have adapted the SOFA score to be used in prehospital
care with the following modifications: (i) SaFi has been used to eval-
uate the respiratory function, because it presents an excellent correla-
tion with the partial pressure of oxygen in arterial blood/fraction of
inspired oxygen (PaFi), but adding a substantial advantage since it
does not require an arterial blood extraction [29,30]. Therefore, the
SaFi represents an effective alternative for a continuous monitoring
of the respiratory function [31]. (ii) The evaluation of the cardiovascu-
lar function has been adapted, by discarding the use of inotropes, be-
cause the mSOFA is calculated with the patient's baseline parameters
without any type of intervention by the EMS personnel, facilitating
in this way a quick calculation at the scene [32]. (iii) Together with
the evaluation of neurological, cardiovascular, respiratory, and renal
function, a biomarker of anaerobic metabolism has been added
through the use of lactate, a very specific predictor of poor short-
term prognosis [33,34]. Lactate values lower than 2 mmol/L indicate
a correct metabolic state, however, values higher than 4 mmol/L sug-
gest a situation of hyperlactatemia, with a significant increase in mor-
tality in the short-term [20,21,35].

In the prehospital care setting, the use of early warning scores has
been promoted with the aim of effectively stratify patients at risk of
short-term mortality, particularly in the case of time-dependent
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pathologies [36,37]. A notorious example is the NEWS, a score easy to
calculate, widely implemented, and with proven effectiveness [38,39].
However, as we have shown here, the mSOFA demonstrated a better
performance than the NEWS, because the first one takes advantage of
both the organic andmetabolic dysfunctions (although NEWSwas orig-
inally developed to identify patients at risk of clinical deterioration). A
mSOFA score above 6 points is associated with an early mortality rate
of 10%. In this group of patients, advanced life support maneuvers
and/or continuous monitoring should be implemented since the very
first opportunity to do it.

The combined use of early warning scores with biomarkers
(e.g., lactate, procalcitonin, MR-Proadrenomedullin) is beginning to
be explored in various clinical settings, but predominantly for the
case of early detection of sepsis [40-42]; composite scores like
qSOFA-lactate or NEWS-lactate have shown a substantial improve-
ment in the predictive capacity of mortality risk [43-45]. Our results
with the mSOFA score show a better predictive capacity than all of
the composite scores previously described [46,47]. It seems thus that
the use of biomarkers that analyze metabolic damage in acute disease
strengthens the predictive models in the initial assessment of the crit-
ically ill patient.

An early detection of patients likely to deteriorate quickly is certainly
a challenge for the EMS [48,49]. The scoring systems represent tools of
proven utility and easiness of use [17,50], which can help to identify
real pluripathological patients with associated comorbidities and in
complex clinical settings. In this sense, the present score could modify
the prehospital management improving patients' management and, at
the same time, optimizing resources, but at cost of requiring of qualified
personnel trained to perform point-of-care testing.
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5. Limitations

Our studyhas several limitations. Firstly, itwas a convenience cohort
taken over a specific period of time, which can be proven by the results
obtained in the positive and negative likelihood ratios. Additionally,
these results were not validated with an external sample. Consecutive
patients who met the inclusion criteria and no exclusion criteria were
included in the study, without any type of additional selection. Further-
more, to minimize potential bias, patients from both rural and urban
areas, evacuated in ALS or BLS and during all time slots, all days of the
week and during a full calendar year were included. Second, in the ab-
sence of a prehospital score “gold-standard” it has been decided to com-
pare the mSOFA with the NEWS and the qSOFA as they the scores with
the most reputation among the EMS, but it is a partial selection, none-
theless. Thirdly, although the number of patients is adequate to obtain
preliminary results, prospective studies in different EMS are needed to
verify the generalizability of our results; likewise, the limited number
of patientsmeans that the study ofmSOFAby pathology groups requires
further studies. Fourthly, point-of-care testing is not available in several
health system, which limits the generalizability of the results to other
regions. Finally, only cases of 2-day in-hospital mortality were included
in the study, although it directly reflects the intensity of the acute dis-
ease that originated the demand for care, it may be interesting to ex-
plore the accuracy of the mSOFA in the longer term.

6. Conclusions

Scoring systems are nowa reality in prehospital care, and themSOFA
score assesses multiorgan dysfunction in a simple and agile manner ei-
ther bedside or en route. Patients with acute disease and a mSOFA score
greater than 6 points transferred with high priority by EMS represent a
high early mortality group.

The EMS needs tools adapted to prehospital care which can provide
critical information to assist professionals in performing a rapid
decision-making operation. Whether further prospective validation
studies of this model will support our results, the application of the
mSOFA certainly will help in these situations by providing a warning
trigger in time-dependent pathologies.
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