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Abstract

Introduction: The aim of the study was to compare the Quick Sequential
Organ Failure Assessment tools (qSOFA), and Quick Sequential Organ Failure
Assessment-Lactate (LgSOFA) to detect pre-hospital sepsis among patients
with or without suspicion of infection.

Material and methods: Multicenter prospective cohort study in non-trau-
matic patients attended by Advanced Life Support in the prehospital envi-
ronment and transferred to the hospital. We collected demographic, physio-
logical, clinical, and analytical variables, main diagnosis, hospital admission
and clinical diagnosis of sepsis. Primary outcome was the clinical diagnosis
of sepsis in the hospital.

Results: Between March 1, 2018 and March 31, 2019, we included in our
study 1548 participants of whom 82 (5.3%) received a final hospital diagno-
sis of sepsis. The gSOFA presented an area under the receiver operating char-
acteristic curve (AUROC) to detect sepsis in patients with suspicion and with-
out suspicion of infection of 0.757 (95% Cl: 0.65-0.81), compared to LgSOFA
with an AUROC to detect sepsis of 0.784 (95% Cl: 0.72—0.84). In the group of
patients with suspected infection, the LqSOFA for a 2-point cut-off present-
ed an AUROC of 0.773 (95% Cl: 0.69-0.85), with an excellent sensitivity of
92.6% (95% Cl: 83.9-96.8) and an odds ratio of 8.23 (95% Cl: 3.09-21.92).
Conclusions: An appropriate strategy for reducing the morbidity and mortality
from sepsis must necessarily include the prompt identification of this time-de-
pendent pathology by using all the tools at our disposal. The qSOFA and
LgSOFA can be used in the prehospital environment and help the diagnosis
of suspected sepsis in patients with medical pathology, highlighting the pre-
dictive capacity of LgSOFA in the group of patients with suspected infection.

Key words: prehospital care, sepsis, point-of-care testing, warning score,
clinical decision.
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Introduction

Sepsis is a serious disease whose early identi-
fication is directly related to survival [1, 2]. Emer-
gency medical services (EMS) are challenged by
the detection of this time-dependent pathology
[3, 4]. However, rapid recognition of the situation
guides the appropriate life support measures for
this heterogeneous and complex condition [5, 6].

With the latest consensus definition of sep-
sis and septic shock, the quick Sequential Organ
Failure Assessment (qSOFA) has been advocated
as a tool for the early detection of suspected sep-
sis outside the intensive care units (ICU) [1, 7].
gSOFA is performed by determining three simple
clinical parameters (systolic blood pressure below
or equal to 100 mm Hg, respiratory rate above
22 bpm, and altered mental status). A gSOFA of
2 points directs us towards a diagnosis, and the
implementation of appropriate measures [8].

Point-of-care lactate has been used routinely
as a reliable standard indicator of anaerobic me-
tabolism, and therefore, of tissue hypoperfusion in
sepsis [1, 9]. In the prehospital context, prehospi-
tal lactate (pLA) is measured if sepsis is suspected
[10, 11]. A pLA greater than or equal to 2 mmol/!
and suspicion of infection suggests close monitor-
ing and control of lactate values [12]. Values above
4 mmol/| activate the prehospital sepsis code [13].

The impact of prehospital care on sepsis is still
to be determined, but it is beyond doubt that the
early diagnosis of suspected sepsis improves the
prognosis [14, 15]. The concept of the “prehospital
golden hour” in sepsis should be used routinely
by EMS because rapid identification, aggressive
volume management (if necessary), determina-
tion of the plLA, rapid evacuation and hospital
pre-notification should be the basis for the initial
management of the patient with suspected sepsis
[13, 16].

In the prehospital setting, where diagnostic
procedures are limited, any help should be evalu-
ated. The use of specific scales such as the gSOFA
or point-of-care testing as the pLA, or mixed tools
such as the quick Sequential Organ Failure As-
sessment with lactate (LqSOFA), for the detection
of sepsis, represent a fundamental aid for profes-
sionals.

Although many studies have evaluated the use
of gSOFA and lactate (LgSOFA) as a predictor of
mortality, not enough prospective studies in the
prehospital setting have assessed their useful-
ness for the early detection of sepsis (and not just
mortality).

The objective of this study was to compare
different sepsis detection tools at the prehospital
level (qSOFA and LgSOFA) to determine the pres-
ence of sepsis (hospital clinical diagnosis), both
globally and in the case of suspected infection [1].

Material and methods
Study design and setting

We conducted a multicenter prospective cohort
study between March 1, 2018 and March 31, 2019
with seven advanced life support units (ALS) and
five hospitals. We included all non-traumatic pa-
tients who were attended by ALS and transferred
to the hospitals in the provinces of Burgos, Sala-
manca, Segovia and Valladolid (Spain), with a ref-
erence population of 1,113,073 inhabitants.

The EMS is integrated by a call center (1-1-2),
which operates 24 h a day, 365 days a year. The
EMS depends on the public health system of
the Community of Castilla y Ledn (Spain) and is
composed of 23 ALS, and 117 basic life support
units (BLS). The emergency call is analyzed by an
emergency registered nurse (ERN) and/or medical
doctor (MD), who, upon evaluation, send the most
appropriate resource to the incident site. The ALS
is composed of two paramedics and an ERN and
an MD. The staff have received specific training in
advanced life support, advanced trauma training,
disaster management, care for pregnant women
and childbirth and management of social and psy-
chiatric problems. The EMS operates by protocols,
performing advanced life support maneuvers at
the incident site or en route.

The study included admissions in four tertiary
university hospitals, and one small general district
hospital. The entry point of all patients was the
emergency department (ED). All hospitals have an
ample surgical capacity, an ICU and post-surgical
resuscitation unit. All of them belonging to the
public health system of the Community of Castilla
y Ledn (Spain).

The selection of hospitals was made based on
the fact that in the same city there was a refer-
ence ALS. No regional hospitals were chosen or
those without sufficient capacity to solve complex
pathologies, where in many cases it is necessary
to carry out evacuations to high-level hospitals.

Population

The sample was recruited from among all calls
for urgent assistance that were received in the call
center under 1-1-2. To be considered suitable for
the study, patients had to exceed 18 years of age
and be treated for pathology of medical origin and
transferred to the hospital by an ALS.

Exclusion criteria were trauma (deliberate self-
harm and overdose were also excluded), pregnan-
cy, acute psychiatric pathology, terminal state,
and cardiorespiratory arrest. We also excluded
patients who were evacuated by other means of
transport or discharged in situ, patients for whom
follow-up through electronic medical records was
not possible (when the patient does not have
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a Public Health System card, follow-up is not pos-
sible), patients who did not give informed consent
and patients who were attended more than once,
considering only the first chronological event for
the study.

Outcomes

The primary outcome was the clinical diagnosis
of sepsis at the hospital level.

In addition, we analyzed the performance of
these scales for the subgroups of patients with
suspected infection and without suspicion of in-
fection (at the prehospital level).

For the clinical diagnosis of sepsis, an associ-
ated investigator from each hospital performed
the SOFA score, in line with other publications [1,
6, 8]. For the present study, there was no differ-
ence between sepsis and septic shock; both cases
were considered as a clinical diagnosis of sepsis.
The criteria to consider that a patient presented
sepsis were suspected infection and a SOFA score
greater than or equal to two points (starting from
a baseline SOFA of 0) or increase of two points
with respect to the baseline SOFA score (e.g. a pa-
tient with renal insufficiency and part with a base-
line score that is not zero).

The principal investigator made periodic visits
(once a month) to each ALS and ED of each hospi-
tal, to answer questions and verify the correct col-
lection of the study variables. The principal investi-
gator has reviewed the data of 50% of the sample
and of the total cases of diagnosis of sepsis.

Methods of measurement

All patient data were recorded electronically, in
a database created for this purpose, where the MD
of the ALS introduced the demographic variables
(sex and age), times of arrival, assistance and
evacuation, advanced life support maneuvers of
special follow-up (use of supplementary oxygen,
advanced management of the airway — orotrache-
al intubation, non-invasive ventilation and diffi-
cult airway — and use of intravenous medication),
suspicion of infection and prehospital diagnosis.

The parameters necessary to calculate the
gSOFA [8] (systolic blood pressure, respiratory rate
and mental state) and the venous blood sample
for the determination of the pLA were collected
by the ERN at the first contact with the patient
during prehospital care. Systolic blood pressure
was measured with the LifePAK 15 monitor (Phys-
io-Control, Inc., Redmond, USA). Respiratory rate
was measured by counting for 1 min the number
of complete respiratory cycles (inspiration and ex-
piration) performed by the participant, by direct
observation or in case of doubt by auscultation.
The mental state was assessed using the Glasgow
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Coma Scale (confusion was defined as a Glasgow
Coma Scale score of less than 15 points).

To obtain pLA values, the Accutrend Plus mea-
suring device (Roche Diagnostics, Mannheim,
Germany) was used, with a measuring range of
0.8-21.7 mmol/l. The entire procedure consists of
three phases: first, the instrument is switched on
and the test strip is inserted; second, a drop of
blood from the venous line (extracted in a 1 ml
syringe) is deposited on the test strip (15-40 pl);
and third, the lid closes and a result is obtained af-
ter 60 s. Between the extraction of blood and the
placement of the sample in the device, no more
than 1 min should pass. All measuring devices
were calibrated every 50 measurements, always
by the same researcher, by means of a control
solution, Accutrend BM-Control-Lactate (Roche
Diagnostics, Mannheim, Germany).

The remaining data were obtained through re-
view of the electronic patient records 30 days af-
ter the index event by an associated researcher of
each hospital: hospital diagnosis of sepsis [1]and
infectious focus, need for hospitalization and/or
ICU, days of hospitalization and/or ICU and mor-
tality in the hospital from sepsis.

Calculation of LgSOFA

To calculate the LgSOFA, the numerical value
of the pLA was converted into an ordinal variable.
For this, we established three groups of pLA. PLA
values up to the 25" percentile were assigned
0 points, values between the 25™ and 75t percen-
tiles were assigned 1 point, and pLA values above
the 75" percentile were assigned 2 points. The
cut-off point for the 25" percentile is 2.1 mmol/|,
a value consistent with the clinical data suggest-
ing the presence of sepsis [17]. The cut-off point
for the 75" percentile is 4.2 mmol/l, which indi-
cates the presence of frank lactic acidosis [18, 19].
The score obtained by converting the quantitative
value of the pLA into a qualitative value is add-
ed to the gSOFA score, and thus, a single LgSOFA
scale is obtained that is supported by clinical and
statistical criteria.

Throughout the article, when referring to the
pLA, we refer to the qualitative lactate value.

Primary data analysis

Before statistical analysis, the database was
cleaned using logical tests, range tests (for the
detection of extreme values) and tests for consis-
tency of the data. Subsequently, we analyzed the
presence and distribution of unknown values of
all the variables.

All data were stored in an XLSTAT BioMED (ver-
sion 2019.3.2) database for Microsoft Excel (ver-
sion 14.4.0). Data were analyzed with IBM SPSS
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Statistics, version 20.0. The data are presented ac-
cording to the Standards for Reporting Diagnostic
Accuracy 2015 statement [20].

We calculated the area under the curve (AUC)
of the receiver-operating characteristic (ROC) for
each of the scales gSOFA and LgqSOFA, both in pa-
tients with suspected prehospital infection and in
patients without suspected infection. We deter-
mined the cut-off point of each scale that offered
the highest sensitivity and specificity using the
Youden index, calculating in each case sensitivi-
ty, specificity, positive predictive value, negative
predictive value, likelihood ratio, odds ratio and
diagnostic accuracy. By means of nonparametric
contrasts, the equality of the AUC obtained was
tested.

Statement of human rights

The study was approved by the Research Eth-
ics Committee of all participating centers (refer-
ence: #P| 18-010, #PI 18-895, #PI 18-10/119, #PI
MBCA/dgc and #PI CEIC 2049). All patients (or
guardians) signed informed consent. The study
was carried out with the highest safety standards,
protecting the physical integrity and confidentiali-

Patient admitted to EMS
(March 2018 to March 2019) (n = 8433)

Ineligible (n = 1923)
Non-medical pathology (n = 1205)
Cancellations (n = 481)

No patient (n = 134)
Do not want assistance (n = 103)

\4
e o o o

Assessed for eligibility
(n=6510)

Eligible but not recruited (n = 4836)
Evacuated in BSL (n = 1754)
On-site resolution (n = 1823)

Did not want transfer (n = 84)
Psychiatric pathology (n = 478)
Patients in terminal stage (n = 81)
Minors (n = 264)

Pregnancy (n = 36)

Cardiac arrest (n = 145)

Exitus (n = 171)

Y
e o o o o o o o o

Total recruited (n = 1674)

Incomplete follow up (n = 126)
e Dataloss (n=73)
* No consent (n = 19)
¢ Excluded due to duplication (n = 34)

Follow-up complete (n = 1548)

Figure 1. Flowchart of participants in the study

EMS —emergency medical service, BLS — basic life support.

ty of the participants, complying with national and
international regulations for the study of human
subjects included in the Declaration of Helsinki.

The study protocol is available online (doi.
org/10.1186/ISRCTN17676798); we follow the
STROBE statement for reporting.

Informed consent was obtained from all indi-
vidual participants included in the study (in the
case that the patient due to (its seriousness) could
not grant consent, a family member or tutor was
spoken to, and in the latter case in the subse-
quent hospital follow-up informed consent was
obtained).

Results
Characteristics of study subjects

Between March 1, 2018 and March 31, 2019,
a total of 1548 participants with acute non-trau-
matic disease were included in our study (Fig-
ure 1), of whom 82 (5.3%) had sepsis confirmed
during their emergency department evaluation.
Median age was 72 years (IQR: 59-83 years) and
612 (39.5%) were women.

We systematically evaluated respiratory rate,
systolic blood pressure, Glasgow Coma Scale score
and quantitative lactate which was later qualita-
tively recoded and found statistically significant
differences in all analyzed values between pa-
tients with sepsis and without sepsis (p = 0.001)
(Table 1).

In patients with sepsis, 75.6% required supple-
mental oxygen, 20.7% had advanced airway man-
agement, and 89.0% received intravenous medica-
tion. 31.4% of patients without diagnosed sepsis
needed supplemental oxygen, 5.0% advanced air-
way management and 75.2% received intravenous
medication (in all cases p < 0.05) (Table I).

In 192 (12.4%) cases, infection was suspect-
ed at the prehospital level. Overall, 82 (5.3%)
patients were diagnosed with sepsis in the hos-
pital, of whom 26 (31.7%) patients died in less
than 48 h, 36 (43.9%) subjects within 7 days and
52 (63.4%) within 30 days. Of the patients with
sepsis, 28 (34.1%) required ICU. The mortality of
these patients was associated with age and male
gender (in both cases p < 0.05).

The most common infectious focus was of re-
spiratory origin (60.9%) with 50 cases, followed
by foci of urinary origin (19.5%), undetermined
(9.7%), abdominal (6.0%) and neurological (3.6%).

The prevalence of hospital admission of the to-
tal sample was 58.2% (901 patients), with a medi-
an hospital stay of 7 days (IQR: 1-16 days) in pa-
tients with sepsis compared to 2 days (IQR: 0-7)
in patients not diagnosed with sepsis (p < 0.001).
Of the patients diagnosed with sepsis, 28 (34.1%)
required admission to the ICU (p = 0.003) (Table I).
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Main results

The predictive power of the gSOFA scale to dis-
criminate the presence of sepsis was evidenced
by an AUC of the ROC curve of 0.757 (95% Cl:
0.65-0.81) and LqSOFA reached 0.784 (95% ClI:
0.72-0.84) (p < 0.001 for all the scales studied)
(Figure 2). Comparing the scales, no significant
differences were observed between the LqSOFA
scale and the gSOFA (p = 0.070) (Table II). Of all

A multicenter prospective cohort study

cases of sepsis confirmed at the hospital level, in
28 (34.1%) cases there was no prehospital suspi-
cion of infection (Table 1).

The highest performance score for the early de-
tection of sepsis in the group of patients with pre-
hospital suspicion of infection is LgSOFA, with an
AUC 0.773 (95% Cl: 0.69-0.85), compared to qSO-
FA with an AUC of 0.673 (95% Cl: 0.58-0.76) (p <
0.001 for the two scores studied). The comparison
of the curves was significant for the LgSOFA with

Table I. General patient characteristics (statistics rates refer to clinical diagnosis of sepsis)

[days]

Parameter Total Non-sepsis Sepsis P-value
Number, n (%) 1548 (100) 1466 (94.7) 82 (5.3)
Age [years old] [median (IQR)] 72 (59-83) 72 (58-83) 79 (71-85) < 0.001
Sex, n (%):
Male 936 (60.5) 873 (59.5) 63 (76.8)
Female 612 (39.5) 593 (40.5) 19 (23.2) 0.001
Isochronous, median (IQR):
Arrival time 10 (8-13) 10 (8-13) 10 (8-14) 0.818
Support time 28 (23-34) 28 (23-34) 31 (25-38) 0.246
Transfer time 10 (7-14) 10 (7-13) 10 (5-15) 0.792
Initial evaluation, median (IQR):
BR [bpm] 18 (14-24) 17 (14-23) 30 (18-38) 0.001
SBP [mm Hg] 139 (119-158) 139 (120-159) 135 (96-147) 0.001
GCS [points] 15 (15-15) 15 (15-15) 15 (11-15) 0.001
Sepsis scores, median (IQR):
qSOFA [points] 1(1-1) 0 (0-1) 1(1-2) 0.001
pLA [mmol/l] 2.9 (2.1-4.2) 2.9 (2.0-4.1) 4.5 (3.0-6.2) 0.001
pLA qualitative [points] 1(0-1) 1 (0-1) 2 (1-2) < 0.001
LgSOFA [points] 1(1-2) 1(1-2) 3 (2-4) 0.001
Prehospital support, n (%):
Supplemental oxygen 522 (33.7) 460 (31.4) 62 (75.6) < 0.001
Advanced airway 90 (5.8) 73 (5.0) 17 (20.7) 0.001
Intravenous medication 1176 (76.0) 1103 (75.2) 73 (89.0) 0.004
Prehospital diagnosis, n (%):
Non-infection suspicion 1356 (87.6) 1328 (97.9) 28 (2.1)
Infection suspicion 192 (12.4) 138 (71.9) 54 (28.1) 0.001
Hospital care:
Inpatients, n (%): 901 (58.2) 819 (55.9) 82 (100) 0.001
ICU, n (%): 285 (18.4) 257 (17.5) 28 (34.1) 0.003
Hospitalization time, median (IQR) 2 (0-7) 2 (0-7) 7 (1-16) < 0.001

Values expressed as total number (fraction) and medians [25™ percentile-75" percentile] as appropriate. IQR — interquartile range,
BR — breathing rate, SBP — systolic blood pressure, GCS — Glasgow Coma Scale, gSOFA — quick Sequential Organ Failure Assessment,
pLA — prehospital lactate, LgSOFA — Lactate quick Sequential Organ Failure Assessment, ICU — intensive care unit.
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Figure 2. Diagnostic performance curves and areas
under the curve with 95% confidence intervals for
gSOFA, pLA and LgSOFA for clinical diagnosis of sepsis

AUC - area under the curve; Cl — confidence interval,
qSOFA — quick Sequential Organ Failure Assessment, pLA
— prehospital lactate, LgSOFA — Lactate quick Sequential
Organ Failure Assessment, Cl — confidence interval.

respect to the gSOFA (p = 0.001). For a 2-point
cut-off, the LgSOFA has a sensitivity of 90.7%
(95% Cl: 80.1-96.0), with a negative predictive val-
ue of 92.6% (95% Cl: 83.9-96.8) and an odds ratio
of 8.23 (95% Cl: 3.09-21.92). These data corrobo-
rate the best cut-off points of the scales in terms
of sensitivity, specificity, predictive values, likeli-
hood ratios and unadjusted odds ratio (Table I1).

In the group of patients without suspected
infection (at the prehospital level), both qSOFA
and LgSOFA obtained an AUC of 0.750 (95% ClI:
0.64-0.85) (in both cases p < 0.001). The compar-
ison of the curves was not significant (p = 0.984).
The gSOFA presented a sensitivity of 89.3%
(95% Cl: 72.8-96.3), with a negative predictive
value of 99.6% (95% Cl: 98.8-99.9) and an odds
ratio of 9.49 (95% Cl: 2.85-31.58) (Table I1).

Table Il shows that high scores on both gSOFA
and LgSOFA scales were significantly associated
with having sepsis. Additionally, 12.2% of all pa-
tients with a sepsis diagnosis presented a score
on the LqSOFA scale of less than 2, while this val-
ue rose to 58.5% among patients with a qSOFA
less than 2 points. Higher sepsis rates increase as
the score of both gSOFA and LgSOFA increases, in
both patients with suspected infection and those
in whom there was no prehospital suspicion of
infection.

Discussion

In this multicenter observational cohort study
in the prehospital setting, we evaluated the capac-
ity of a scale, called LqSOFA, to identify suspected
sepsis. This is the first research that evaluates the
joint performance of the gSOFA and the LgSOFA

at prehospital level to detect patients at risk of
developing sepsis. A qSOFA equal to or greater
than 1 point or LgSOFA equal to or greater than
2 points serves to identify patients at high risk of
presenting sepsis. As reflected in the results, this
cut-off point presents high sensitivity while main-
taining a powerful negative predictive value.

Both scales can be used, but the LgSOFA by
including the value of lactate aligns with the in-
ternational recommendations for sepsis manage-
ment and can provide very useful information
about the patient’s perfusion status [1, 12, 13].

In the group of patients with suspected infec-
tion, the LqSOFA presented excellent sensitivity,
well above that obtained in the group of patients
without suspected infection, which makes the Lg-
SOFA score a very good tool for detecting sepsis in
patients with suspected infection, and with better
data than gSOFA [2, 16].

Our results confirm and improve the data pre-
sented in other studies that evaluate the predic-
tive capacity of qSOFA together with lactate with
respect to mortality. Yet, all the studies were per-
formed at the hospital level and none specifically
analyzed the capacity of the scales studied to pre-
dict the presence of sepsis from a clinical point of
view [21-25].

Sepsis should be considered a syndrome (or
set of syndromes) with very heterogeneous pre-
sentations and with diverse signs and symptoms,
involving inflammatory, immunological and hema-
tological processes. An appropriate strategy for
reducing morbidity and mortality due to sepsis
must necessarily include the identification of this
time-dependent pathology as soon as possible by
using all the tools at our disposal [12, 13].

The third sepsis consensus [1] advocates the
use of qSOFA as a tool for identifying patients
at high risk of sepsis outside the ICU [26], and
simultaneous point-of-care testing with biomark-
ers such as the pLA that can guide the diagnostic
process [10, 11]. No biomarker or scale, however,
has proven to be the gold standard for the early
detection of sepsis [27].

A high score in the qSOFA is associated with
high mortality [7], but these patients already pres-
ent an evidently poor clinical situation. The com-
bined use of gSOFA and pLA (LgSOFA) may help
to discriminate patients in a severe condition who
present less evident signs and symptoms, but
with metabolic signs of hypoperfusion that the
pLA can identify. In this way, patients at risk of
sepsis, who may otherwise go unnoticed, can be
assessed early [22].

As mentioned, the LgSOFA scale has good
sensitivity and combined specificity for the clini-
cal diagnosis of sepsis. The best cutoff point for
suspecting sepsis in patients of the group with
suspected infection from a clinical point of view
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Table II. Statistics rates refer to clinical diagnosis of sepsis for LqSOFA and qSOFA, globally and in patients with
suspicion of prehospital infection and non-infection suspicion

Parameter qSOFA LqSOFA
All patients (n = 1548, sepsis = 82):
Cut-off [points] 1 2

Se % [95% Cl] 87.8 (79.0-93.2)

87.8 (79.0-93.2)

Sp % [95% Cl] 51.2 (48.7-53.8)

53.0 (50.4-55.5)

PPV [95% Cl] 9.1 (7.3-11.4)

9.5 (7.6-11.7)

NPV [95% Cl] 98.7 (97.6-99.3)

98.7 (97.6-99.3)

LR (+) [95% CI] 1.80 (1.64-1.98)

1.87 (1.70-2.06)

LR () [95% CI] 0.24 (0.13-0.43)

0.23 (0.13-0.41)

OR[95% Cl] 7.56 (3.87-14.77)

8.12 (4.16-15.86)

DA [95% Cl] 53.2 (50.7-55.6)

54.8 (52.4-57.3)

Prehospital infection suspicion (n = 192, sepsis = 54):

Cut-off [points] 2

2

Se % [95% Cl] 46.3 (33.7-59.4)

90.7 (80.1-96.0)

Sp % [95% Cl] 79.0 (71.4-85.0)

45.7 (37.6-54.0)

PPV [95% Cl] 46.3 (33.7-59.4)

39.5 (31.4-48.3)

NPV [95% CI] 79.0 (71.4-85.0)

92.6 (83.9-96.8)

LR (+) [95% CI] 2.20 (1.43-3.40)

1.67 (1.40-1.99)

LR (=) [95% CI] 0.68 (0.51-0.90)

0.20 (0.09-0.48)

OR [95% Cl] 3.24 (1.65-6.36)

8.23 (3.09-21.92)

DA [95% Cl] 69.8 (63.0-75.8)

58.3 (51.3-65.1)

Prehospital non-infection suspicion (n = 1356, sepsis = 28):

Cut-off [points] 1

3

Se % [95% Cl] 89.3 (72.8-96.3)

57.1 (39.1-73.5)

Sp % [95% Cl] 53.2 (50.5-55.9)

81.6 (79.5-83.6)

PPV [95% Cl] 3.9 (2.6-5.7)

6.2 (3.8-9.8)

NPV [95% Cl] 99.6 (98.8-99.9)

98.9 (98.1-99.4)

LR (+) [95% ClI] 1.91 (1.96-2.20)

3.11 (2.21-4.37)

LR () [95% CI] 0.20 (0.07-0.59)

0.53 (0.34-0.81)

OR [95% Cl] 9.49 (2.85-31.58)

5.92 (2.77-12.68)

DA [95% Cl] 54.0 (51.3-56.6)

81.1 (79.0-83.1)

*Bracketed numbers indicate 95% confidence interval. gSOFA — quick Sequential Organ Failure Assessment, LgSOFA — Lactate quick Sequential
Organ Failure Assessment, AUROC — area under receiver operating characteristic curve, Se — sensitivity, Sp — specificity, PPV — positive
predictive value, NPV — negative predictive value, LR — likelihood ratio, OR — odds ratio, DA — diagnostic accuracy, Cl — confidence interval.

among these patients was 2 points. Precisely
one of the advantages of this scale compared to
gSOFA or other sepsis detection systems such as
the systemic inflammatory response syndrome
(SIRS) [28]is its excellent sensitivity. Sensitivity is
crucial in serious cases whose early detection is
so important and who rely on the most efficient

management. Applying LgSOFA, few patients
with sepsis would escape diagnosis if we used
a 2-point cut-off point. Misses could happen if we
only used the qSOFA scale, which is more evident
among patients with suspected infection [6-8].
Therefore, the new LgqSOFA scale represents
a tool that professionals could implement and use
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Table Ill. General sepsis score characteristics (statistics rates refer to sepsis diagnosis) between patients with
suspicion of prehospital infection and non-infection suspicion

Parameter Total Infection suspicion Non-infection suspicion
Non-sepsis Sepsis P-value  Non-sepsis Sepsis P-value

qSOFA [points], n (%):

gSOFA =0 761 (49.2) 44 (86.3) 7 (13.7) 707 (99.6) 3(0.4)

qSOFA =1 605 (39.1) 65 (74.7) 22 (25.3) 502 (96.9) 16 (3.1)

gqSOFA =2 158 (10.2) 26 (61.9) 16 (38.1) 109 (94.0) 7 (6.0)

qSOFA = 3 24 (1.6) 3 (25.0) 9 (75.0) 0.001 10 (83.3) 2(16.7) 0.001
LgSOFA [points], n (%):

LgSOFA = 0 279 (18.0) 16 (100) 0 (0) 262 (99.6) 1(0.4)

LgSOFA =1 508 (32.8) 47 (34.1) 5(9.6) 452 (99.1) 4(0.9)

LgSOFA = 2 437 (28.2) 43 (71.7) 17 (28.3) 370 (98.1) 7 (1.9)

LgSOFA =3 222 (14.3) 25 (67.6) 12 (32.4) 175 (94.6) 10 (5.4)

LgSOFA = 4 84 (5.4) 6 (33.4) 12 (66.7) 62 (93.9) 4(6.1)

LgSOFA =5 18 (1.2) 1(11.1) 8 (88.9) 0.001 7 (77.8) 2 (22.2) 0.001

*Values expressed as total number (fraction). gSOFA — quick Sequential Organ Failure Assessment, pLA — prehospital lactate, LgSOFA —

Lactate quick Sequential Organ Failure Assessment.

routinely in their clinical practice, on patients with
suspected infection, but that does not improve
the data provided by the qSOFA for the overall
sample [15, 25, 29, 30].

In conclusion, sepsis should be considered
a time-dependent disease by EMS, with specific
activation and action codes, and identification
should be the cornerstone on which to base the
intervention. The use of the qSOFA and LqSOFA
scales can help professionals suspect the early
presence of sepsis and those patients at high risk.

The diagnostic performance of qSOFA and Lg-
SOFA for the prediction of sepsis for any type of
patient presented very good results. However, the
LgSOFA has excellent sensitivity in patients with
suspected infection, improving the predictive ca-
pacity of gSOFA.

These results performed at the prehospital level
should be interpreted with caution, and should be
verified with subsequent in-hospital confirmation.

This study has several limitations. In many
cases, despite documented sepsis (clinically and
analytically), the diagnosis is not explicitly stated
in the patient’s electronic medical record. One re-
searcher from each hospital reviewed each record
individually, but only those who were diagnosed by
their medical team were counted as positive cases.

To guarantee internal validity, all personnel in-
volved in the study received a procedure manual
and initial training on how to collect data, mea-
suring instruments and prehospital analytics.
The MDs and ERNs of the EMS are professionals
with documented experience, as are the staff of
the EDs, whose technical skills and procedures

are standardized. A fundamental issue is the loss
of subjects; although it is impossible to plan the
number of cases due to the unpredictability of the
context, the distribution of daily entry of cases in
the database was homogeneous.

The sample size was sufficient for the study, but
it is necessary to conduct more powerful multicenter
studies and in different geographical areas, in order
to generalize the results of the LgSOFA scale.
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