
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



American Journal of Emergency Medicine 56 (2022) 133–136

Contents lists available at ScienceDirect

American Journal of Emergency Medicine

j ourna l homepage: www.e lsev ie r .com/ locate /a jem
Association between prehospital shock index and mortality among
patients with COVID-19 disease
Romain Jouffroy, MD, PhD ⁎, Elise Brami, MD, Marine Scannavino, MD, Yann Daniel, MD,
Kilian Bertho, MD, Amandine Abriat, MD, Marina Salomé, CRA, Sabine Lemoine, MD,
Daniel Jost, MD, Bertrand Prunet, MD, PhD, Stéphane Travers, MD
Paris Fire Brigade, Emergency Medicine dpt, 1 place Jules Renard, 75017 Paris, France
⁎ Corresponding author at: Bureau de Médecine d'U
Pompiers de Paris, 1 Place Jules Renard, 75017 Paris, Fran

E-mail address: romain.jouffroy@pompiersparis.fr (R.

https://doi.org/10.1016/j.ajem.2022.03.059
0735-6757/© 2022 Published by Elsevier Inc.
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 25 January 2022
Received in revised form 28 March 2022
Accepted 28 March 2022
Background: There exists a need for prognostic tools for the early identification of COVID-19 patients requiring
intensive care unit (ICU) admission andmortality. Herewe investigated the association between a clinical (initial
prehospital shock index (SI)) and biological (initial prehospital lactatemia) tool and the ICU admission and
30-day mortality among COVID-19 patients cared for in the prehospital setting.
Methods:We retrospectively analysedCOVID-19patients initially cared for by a Paris Fire Brigade advanced (ALS)
or basic life support (BLS) team in the prehospital setting between 2020, March 08th and 2020, May 30th. We
assessed the association between prehospital SI and prehospital lactatemia and ICU admission and mortality
using logistic regression model analysis after propensity score matching with Inverse Probability Treatment
Weighting (IPTW) method. Covariates included in the IPTW propensity analysis were: age, sex, body mass
index (BMI), initial respiratory rate (iRR), initial pulse oximetry without (SpO2i) and with oxygen supplementa-
tion (SpO2i.O2), initial Glasgow coma scale (GCSi) value, initial prehospital SI and initial prehospital lactatemia.
Results:We analysed 410 consecutive COVID-19 patients [254 males (62%); mean age, 64 ± 18 years].
Fifty-seven patients (14%) deceased on the scene, of whom 41 (72%) were male and were significantly older
(71 ± 12 years vs. 64 ± 19 years; P 〈10−3).
Fifty-three patients (15%) were admitted in ICU and 39 patients (11%) were deceased on day-30.
The mean prehospital SI value was 1.5 ± 0.4 and the mean prehospital lactatemia was 2.0 ± 1.7 mmol.l−1.
Multivariate logistic regression analysis onmatched population after IPTW propensity analysis reported a signif-
icant association between ICU admission and age (adjusted Odd-Ratio (aOR), 0.90; 95% confidence interval (95%
CI): 0.93–0.98;p = 10−3), SpO2i.O2 (aOR, 1.10; 95%CI: 1.02–1.20;p = 0.002) and BMI (aOR, 1.09; 95% CI:
1.03–1.16;p = 0.02). 30-day mortality was significantly associated with SpO2i.O2 (aOR, 0.92; 95% CI:
0.87–0.98;p = 0.01 P < 10−3) and GCSi (aOR, 0.90; 95% CI: 0.82–0.99;p = 0.04).
Neither prehospital SI nor prehospital lactatemia were associated with ICU admission and 30-day mortality.
Conclusion:Neither prehospital initial SI nor lactatemiawere associatedwith ICU admission and 30-daymortality
among COVID-19 patients initially cared for by a Paris Fire Brigade BLS or ALS team. Further prospective studies
are needed to confirm these preliminary results.

© 2022 Published by Elsevier Inc.
1. Introduction

Since March 11, 2020, the World Health Organization declared
COVID-19disease to be aworldwide pandemic (1). Although the overall
mortality rate is low (2-5), to date, COVID-19 has caused ~5 500,000
deaths worldwide, half of which are in Europe. COVID-19 is caused by
infection with SARS-CoV-2 (6), and ~ 25% of patients suffer a severe
form of this disease (2).
rgence, Brigade de Sapeurs-
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Themost severe form of COVID-19 involves acute respiratory failure
(ARF) due to hypoxia and hypoxemia.We previously reported that dys-
pnea is themain symptom requiring prehospital treatment by the Paris
Fire Brigade prehospital emergency service, basic life support (BLS) and/
or advanced life support (ALS) team (7). One peculiarity of respiratory
SARS-CoV-2 infection is the presentation of a low respiratory rate (RR)
increase despite severe hypoxemia reflected by low pulse oximetry
(SpO2) of variable depth depending on the stage of the disease, along
with a lack of functional signs and respiratory distress signs (6,7)
named “happy hypoxia” by Dhont al. (8).
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410 patients initially cared for COVID-19 acute respiratory failure by
a Paris Fire Brigade BLS/ALS team in the prehospital setting

39 patients (11%) deceased on day-30

57 patients (14%)
deceased on the

scene

53 patients (15%)
admitted in ICU

300 patients (85%)
admitted in ED

Fig. 1. Patient flowchart.
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The COVID-19 pandemic poses a risk of an inadequate ratio between
needs (patients with severe COVID-19 ARF requiring intensive care unit
(ICU) admission) and resources (available medical ventilator devices).
Thus, the development of simple tool for early severity assessment is
useful to optimise the prehospital sorting between emergency depart-
ments (EDs) or ICU admission. In this objective, the shock index (SI),
which is calculated as the ratio between heart rate and systolic blood
pressure (9), is a simple clinical tool, and lactatemia is a simple biolog-
ical tool validated (10) and available in the prehospital setting allowing
early severity assessment of trauma and sepsis (11,12). These clinical
and biological tools could be useful to physicians for the decision-
making process using evidenced based medicine knowledge without
being polluted by the spread of fake news about COVID-19 (13).

In this study, we investigated the association between a clinical (ini-
tial prehospital SI) and biological (initial prehospital lactatemia) tool
and the ICU admission and 30-day mortality among COVID-19 patients
cared for by a Paris Fire Brigade BLS/ALS team in the prehospital setting.

2. Methods

2.1. Design, setting, and participants

As previously described (7), the prehospital Paris Fire Brigade emer-
gency medical system is a 2-tiered response system—comprising a BLS
tier served by 200 teams of 3–5 professional rescuers deployed from
77 stations, and an ALS tier served by 44 ambulance teams, each includ-
ing an emergency physician, a nurse, and a driver (14). Emergency calls
are assessed by a dispatch center operator, who may decide to send a
BLS and/or ALS team based on the clinical history and symptoms re-
ported by the patient or a witness. Once rescue teams have arrived on
the scene, the emergency physician examines the patient, and then
the patient can either be left on the scene, admitted to the ED, or admit-
ted directly to the ICU, depending on the level of criticality.

We performed a retrospective observational study that included pa-
tients who required intervention by a Paris Fire Brigade BLS or ALS team
between 2020, March 08th and 2020, May 30th. No exclusion criteria
were applied.

2.2. Ethical considerations

This retrospective studywas approved by the French ethics commit-
tee Ouest III on 2020/04/08 (Ref: 20.04.30 / SI CNRIPH 20.03.30.62742).

2.3. Data collection

To minimize the bias in data abstraction (15), data collection was
performed by a single investigator (EB) using a previously established
standardized abstraction template. From BLS/ALS prehospital reports,
we retrieved the patients' demographic characteristics (age, gender,
height and weight), initial (i.e., at the first contact) prehospital vital sign
values [systolic, diastolic and mean blood pressure (SBPi, DBPi, MBPi),
heart rate (HRi), pulse oximetry without (SpO2i) and with oxygen
supplementation (SpO2i.O2), respiratory rate (RRi), temperature, and
Glasgow coma scale (GCSi)], administered prehospital treatments
(oxygen modality), the means of transport used for admission to
hospital and in-hospital service admission (ICU or ED).

Prehospital SI was defined by the initial, i.e., first, assessment ratio
between heart rate and systolic blood pressure (SI=HR/SBP) (9,16).
Prehospital blood lactatemia assessed by a validated point of care de-
vice (9)was retrieved from prehospital reports. We also recorded the
date of suspected contamination, the date of first symptoms, and the
date of contact. The COVID-19 diagnosis was established after trans-
fer to hospital, and prehospital diagnosis was based on a bundle of
arguments: clinical signs and recent contact with a COVID-19
patient.
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2.4. Statistical analyses

Results are expressed as mean and standard deviation for quantita-
tive parameters with a normal distribution, as median and interquartile
range [Q1–Q3] for parameters with a non-gaussian distribution, and as
absolute value and percentage for qualitative parameters.

To reduce the potential effect of cofounders, we performed a pro-
pensity score analysiswith the Inverse Probability TreatmentWeighting
(IPTW) method without weight truncation. Covariates included in the
IPTW propensity analysis were: age, sex, body mass index (BMI), iRR,
SpO2i and SpO2i.O2, GCSi value, initial prehospital SI and initial prehos-
pital lactatemia. Results are expressed with adjusted Odds Ratio (aOR)
with 95% confidence interval (95%CI). All analyses were performed
using R 4.0.4 (http://www.R-project.org; the R Foundation for Statistical
Computing, Vienna, Austria).

3. Results

3.1. Population characteristics

Between 2020,March 08th and 2020,May 30th, 410 consecutive pa-
tients suffering from COVID-19 were attended to by a prehospital Paris
Fire Brigade ALS team. The mean age was 64 ± 18 years, and 254 pa-
tients (62%) were male. A total of 57 patients (14%) were deceased on
the scene, of whom 41 (72%) were male. The deceased patients were
significantly older than the alive patients (71 ± 12 years vs. 64 ± 19
years; P < 10−3). Fifty-three patients (15%) were admitted in ICU.
Thirty-nine patients (11%) were deceased on day-30, e.g., after hospital
admission (Fig. 1). Table 1 summarizes the populations' demographic
and prehospital clinical characteristics.

3.2. Main measurements

In the overall population, the mean prehospital SI value was 1.5 ±
0.4 and the mean prehospital lactatemia was 2.0 ± 1.7 mmol.l−1.

3.2.1. ICU admission
Multivariate logistic regression analysis onmatched population after

IPTW propensity analysis reported a significant association with: age
(aOR, 0.90; 95%CI: 0.93–0.98;p = 10−3), SpO2i.O2 (aOR, 1.10; 95%CI:
1.02–1.20;p = 0.002) and BMI (aOR, 1.09; 95% CI: 1.03–1.16;p =
0.02) but not with prehospital SI (aOR, 4.30; 95% CI: 0.79–23.90;p =
0.089) and/or prehospital lactatemia (aOR, 1.14; 95% CI: 0.89–1.43;
p = 0.29).

http://www.R-project.org


Table 1
Populations' demographic and prehospital clinical characteristics

Overall
population
(n = 410)

In-ICU
admission
(n = 53)

30-day
mortality
(n = 39)

Age (years) 64 ± 18 60 ± 14 71 ± 12
Male gender 254 (62%) 38 (72%) 29 (74%)
BMI (kg.m−2) 31 ± 7 33 ± 7 31 ± 4
SBPi (mmHg) 129 ± 25 129 ± 26 119 ± 27
DBPi (mmHg) 75 ± 16 73 ± 17 69 ± 15
MBPi (mmHg) 93 ± 17 91 ± 18 85 ± 17
HRi (beats.min−1) 92 ± 21 99 ± 21 87 ± 23
SI 1.5 ± 0.4 1.3 ± 0.4 1.4 ± 0.5
Lactatemia (mmol.l−1) 2.0 ± 1.7 2.1 ± 1.7 2.2 ± 2.0
RRi (movements.min−1) 26 [20−31] 30 [26–32] 30 [24–38]
SpO2i (%) 93 [84–97] 85 [80–92] 77 [73–83]
SPO2i.O2 (%) 95 [91–97] 96 [93–98] 90 [85–95]
Temperature (°C) 37.2 [36.6–38.0] 36.8 [36–38.1] 14 [3–15]
Glasgow coma scale 15 [14–15] 15 [15–15] 14 [3–15]
ALS hospital transport 167 (41%) 53 (100%) 29 (74%)
Chest intubation 21 (5%) 21 (100%) 9 (23%)
ICU admission 53 (15%) – 14 (36%)
ED admission 300 (85%) – 25 (64%)
30-day-mortality 39 (11%) 14 (26%) –

SBP systolic blood pressure, DBP diastolic blood pressure, MBP mean blood pressure,
HR heart rate, RR respiratory rate, SI Shock Index (HRi/SBPi), GCS Glasgow coma scale,
ICU intensive care unit, ED emergency department, BMI body mass index. Results are
expressed as mean ± standard deviation for quantitative parameters with normal distri-
bution, as median [interquartile range] for quantitative parameters with non-gaussian
distribution, and as absolute value (percentage) for qualitative parameters.
P values correspond to the univariate odds ratio between prehospital intubation and no
prehospital intubation patients, and P values of <0.05 are presented in bold.
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3.2.2. 30-day mortality
Multivariate logistic regression analysis onmatched population after

IPTWpropensity analysis reported a significant associationwith: SpO2i.
O2 (aOR, 0.92; 95%CI: 0.87–0.98;p = 0.01 P < 10−3) and GCSi (aOR,
0.90; 95% CI: 0.82–0.99;p = 0.04) but not with prehospital SI
(aOR, 0.65; 95%CI: 0.11–3.52;p = 0.626) and/or prehospital lactatemia
(aOR, 0.87; 95% CI: 0.68–1.08;p = 0.246).
4. Discussion

In this retrospective analysis of 410 COVID-19 patients cared for by a
prehospital Paris Fire Brigade BLS/ALS team, we observed that neither
prehospital initial shock index nor prehospital lactatemia are associated
with ICU admission and 30-day mortality among COVID-19 patients.

Early medical assessment of patients with COVID-19 is crucial in the
triage decision-making process for the optimal orientation between the
ICU and the ED. Apart fromdiagnosis, the real challenge for the prehospi-
tal emergency service is to quickly assess sepsis severity in order to orient
the patients in the pre-hospital setting to the appropriate facility (ED or
ICU). The objective is to avoid both under-triage and over-triage (17,18).

With sepsis, since 2016, the “sepsis 3” conference and the Centers for
Disease Control and Prevention ruled that early severity assessment is a
priority to improve the survival rate (19). Briefly, patients without se-
verity criteria are referred to a hospital ward, whereas sicker patients
or those at risk of deterioration required ICU level of care.

SI is a simple clinical tool aiming to assess the degree of hypovolemia
used for hemorrhagic and infectious shock (16) with a threshold ≥1.0
associated with poorer outcome in case of acute circulatory failure (20).

In order to facilitate appropriate triage severity assessment, because
of the lack of clinical signs specifity, scores were developed to improve
screening performances. For example, SOFA (21) and qSOFA (22) scores
are recognized scores for sepsis. Contrary to sepsis severity evaluation
based on medical history and clinical signs (22-24), the clinical evalua-
tion of severity in patients with COVID-19 is more difficult because of
the “happy hypoxia” clinical presentation (8).
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For sepsis diagnosis and severity assessment, biomarkers, especially
lactatemia, improve sensitivity and specificity. In this study, we report
that lactatemia is not useful for COVID-19 severity assessment because
of low association with ICU admission requirement and mortality.

This study presents some limitations that should be considered. The
study was conducted in France where the prehospital system allows
early triage in the prehospital setting. Because the French EMS delivery
model is very different that many U.S. systems, our results are not di-
rectly transposable to another country with a different EMS delivery
model even if prehospital SI calculation and lactic acid assessment
don't require a physician presence. The results cannot be transferred
to paediatric patients because they were obtained from adult patients.
Because our study was completed relatively early in the pandemic, we
cannot assume that our results are time consistent because of different
SARS CoV-2 variants and inpatient treatment improvement. Our study
population consisted of suspected COVID-positive based on clinical
signs and symptoms and patient contacts, not a PCR (polymerase
chain reaction) COVID test result. The PCR testwas necessary to confirm
that COVID-19 was partly involved in the patient's death. From ameth-
odological point of view, this study is retrospective and is unable to con-
clude with precision the link between mortality subsequent to COVID-
19 and prehospital SI and lactatemia. Moreover, SI increase may be de-
creased by beta-blocker therapy.

5. Conclusion

Prehospital initial SI and prehospital lactatemia are not associated
with ICU admission and 30-daymortality among COVID-19 patients ini-
tially cared for by a Paris Fire Brigade BLS or ALS team. These prelimi-
nary data suggest that SI and lactatemia are not useful to identify ARF
COVID-19 patients. However, further prospective studies are needed
to confirm these preliminary results.
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