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ABSTRACT
Introduction: Scoring systems were developed for risk-stratification of septic shock (SS) patients but their performance is
poor in the prehospital setting.
Objective: The aim of this study was to evaluate the ability of the shock index (SI) in prehospital triage of SS patients to
predict their admission in intensive care unit (ICU).
Methods: We performed a two months retrospective study of call records received by the Paris SAMU 75 regulation
centerconcerning patients with presumed SS. The outcome was the in-ICU admission.
Results: Among the 30 642 calls received, 140 concerned patients with presumed SS were included. Twenty-two patients
(16%) were admitted to ICU and 118 (84%) to the emergency department. The area under the curve (AUC) of the SI was 0.76
[0.65-0.86]. Using a threshold for SI > 0.9, the sensitivity was 82%, the specificity was 67%, the positive predictive value was
32% and the negative predictive value was 95%. After logistic regression analysis, the OR for SI > 0.9 reached 7.65 [2.3335.00]. Using propensity score analysis, the odd-ratio (OR) for SI > 0.9 was 1.34 [1.15-1.52]. Results are expressed by OR with
95 percent confidence interval [95 CI].
Conclusion: Shock index is a reliable tool for risk stratification of SS patients managed in the prehospital setting. Using a
threshold of one for the SI helps the screening of patients requiring ICU admission by the SAMU 15 regulation call centre.
Prospective studies including SI in the decision-making process in the prehospital triage of SS patients are needed to validate
these results.
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INTRODUCTION
Sepsis remains a major public health issue with an overall
mortality rate of 30% [1;2]. In the United States, annual sepsis
incidence is around 240 per 100 000 inhabitants [3]. One-third
to one-half of in-hospital deaths are related to septic shock [4],
contributing to 180 000 deaths per year [5]. Each year,
approximately 50% of intensive care unit (ICU) admissions are
related to sepsis [6]. Thus, the epidemiology and the consequences
of sepsis in terms of care-related morbidity and mortality are
well described in the ICU [3;7]. The early diagnosis and initiation
of appropriate treatments significantly decreased the mortality
rate [8-13]. Nevertheless, if the in-hospital diagnosis is at ease
using biological complementary examinations and score systems
(SOFA, IGS2 for example), the prehospital diagnosis remains
challenging.
In the prehospital setting, an adequate triage aims at avoiding
“under-triage”, i.e. admission to the emergency department (ED)
when ICU admission is more appropriate, and “over-triage”, i.e.
admission to the ICU when ED admission isadequate [14].
In order to optimize the triage prior to ICU admission, many scoring
systems as the modified Early Warning Score (MEWS) [15],
the modified Robson Screening Tool (mRST) [16], the Prehospital
Early Sepsis detection (PRESEP) [17], and the quick Sepsisrelated Organ Failure Assessment score (qSOFA) [18] were
evaluated to assess illness severity, and predict the prognosis
and mortality of septic patients. In the prehospital setting,
no accurate scoring system exists due to major discrepancies
between studies [19-22]. Initially described in 1967, the shock
index (SI) corresponds to the ratio between the heart rate and
the systolic blood pressure. The normal range ranks between 0.5
to 0.7 in healthy adults. In the ED, in case of acute circulatory
failure, an SI ≥ 1.0 was associated with poor outcome [23].
The objective of this study was to evaluate the ability of the
SI at prehospital triage of septic shock patients to predict ICU
admission.

METHODS
Study design
As previously described [24;25], in France, the management
of out-of-hospital emergencies is based on the Service d’aide
médicale d’urgence (SAMU), equivalent to the American
pre-hospital emergency medical services (EMS). The SAMU
hospital-based team is composed of switchboard operators and
physicians reached dialing the national number “15”.
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Over the phone, the appropriate level of care is determined on
patient’s medical history and symptoms related by the patient or
the witness. For life-threatening emergencies, a mobile intensive
care unit (MICU) with a physician staffed, a nurse and an
ambulance driver, and equipped with medical devices and drugs
allowing the initial management of main organ deficiencies, is
dispatched to the scene. For less severe cases, an emergency
mobile team with fire brigade squads (EMT) or a basic life
support ambulance is dispatched to the scene.
The patient’s clinical evaluation is communicated to the
regulating call centre by the MICU or the EMT to choose the
appropriate orientation, e.g. transfer to the ED or to the ICU [26].
Study population
Between 2011, April 1st and May 31st, all calls received by the
SAMU 75 centre call were recorded. A retrospective analysis
using collected data from recorded phone calls was performed in
order to identify all calls related to septic shock during the study
period. Recorded calls related to septic shock were retrospectively
included in the study. All patients with suspected infection (fever
and/or hypothermia) and signs of shock (skin mottling and/or
tachycardia and/or low blood pressure and/or tachypnea and/or
cyanosis and/or confusion), and no alternative diagnosis, during
prehospital assessment by a MICU/EMT/ambulance team were
defined as related-sepsis and analyzed. Patients under 18 years
old, pregnant women and patients with incomplete data were not
included from the analysis.
Data collection
Patient’s demographic characteristics, comorbidities, vital signs
(systolic, diastolic and mean blood pressure, heart rate, respiratory
rate, pulse oximetry, body core temperature and Glasgow
coma scale (GCS) communicated to the SAMU regulation call
centre over the phone by the MICU/EMT/Ambulance team
were retrieved. Shock index (SI) was calculated by the ratio of
prehospital heart rate on systolic blood pressure [27]. Patient
hospital orientation (ED or ICU) and outcome were extracted
from hospital medical reports or from the SAMU records.
Infectious disease was suspected on prehospital clinical signs
(systolic blood pressure, diastolic blood pressure, mean blood
pressure, heart rate, respiratory rate, body temperature, pulse
oximetry and GCS), based on the data extracted from prehospital
records. The site of infection was suspected according to the
prehospital clinical examination, whereas the final diagnosis was
Med Emergency, MJEM 2020; 28:58-63.
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Figure 1. Flow chart of the study

extracted from hospital medical record. Three researchers, two
residents, and one emergency physician verified the diagnosis
of sepsis. The primary outcome was ICU admission primarily,
i.e. directly from the prehospital setting, or upon transfer
from another department, i.e. after ED admission. Our ethical
committee approved the protocol (Comité de Protection des
personnes, Ouest 5, Paris - Number 2017-A00354-49) considered
that consent of patients was waived for participation in this
retrospective observational study.

30642 calls at the SAMU 75 centre call between 2011, April 1st and 2011 May 31st

140 septic shock

19 patients (86%)
with SI≥1

Statistical analysis
For statistical analyses, a threshold for SI > 0.9 was chosen
according to the literature [28-30]. Univariate analysis was
conducted to evaluate the relationship between covariates
and ICU admission. Results are expressed as mean with
standard deviation for quantitative gaussian parameters and,
as absolute value and percentage for qualitative parameters.
Evaluation of the predictive accuracy of SI was assessed by
receiver operator characteristic (ROC) with area under the curve
(AUC) and 95 percent confidence interval (95 CI) obtained
after a resampling procedure based on a smoothed bootstrap
(n = 10 000) because of the small sample size. Sensitivity,
specificity, positive predictive value (PPV) and negative
predictive value (NPV) were calculated for SI > 0.9.
A multivariable logistic regression including age,
immunosuppression, prehospital GCS and prehospital respiratory
rate was performed. Immunosuppression was defined by the
presence of at least one of the followings: history of cancer,
human immunodeficiency virus infection, diabetes mellitus,
chronic renal failure, chronic obstructive pulmonary disease.
To reduce the effect of confounders, a propensity score analysis
was performed using the “nearest” method [31]. Potential
confounders included in the propensity score were as follows:
age, immunosuppression, prehospital GCS and prehospital
respiratory rate. For statistical testing, standardized mean
deviation was used to reduce the influence of sample size on the
p value [31]. Baseline characteristics included in the propensity
score were compared between cases and controls by paired tests
after matching. The average treatment effect was estimated
using odds ratio (OR) with (95 CI) for ICU admission with
SI > 0.9. All analyses were performed using R 3.4.2
(http://www.R-project.org; the R Foundation for Statistical
Computing, Vienna, Austria).

RESULTS
Between 2011, April 1st and May 31st, the SAMU 75 regulation
call centre received 30 642 calls (Figure 1) among which
140concerned patients with SS.

118 patients (84%) admitted in ED

22 patients (16%) admitted in ICU

3 patients (14%)
with SI<1

56 patients (47%)
with SI≥1

62 patients (53%)
with SI<1

Figure 1: Flow chart of the study.
Legend: ICU: intensive care unit, ED: emergency department, SI: shock index

ICU: intensive care unit, ED: emergency department, SI: shock index

Septic shock patients’ demographics and prehospital clinical
characteristics are summarized in Table 1. Among the 140
patients analyzed 76 (54%) were male. The mean age was
64 ± 23 years old. Sixteen patients (11%) were transferred
to the hospital by a mobile intensive care unit (MICU).
Twenty-two (16%) patients were admitted to the ICU and
118 (84%) were admitted to the ED.
Results are expressed as mean with standard deviation for
quantitative gaussian parameters, as median with interquartile
range for quantitative non-normal parameters and, as absolute
value and percentage for qualitative parameters. p-value

Table 1: Demographic and prehospital clinical characteristics of septic shock
patients admitted to the ICU or the ED.
Overall
(n=140)

ICU
(n=22)

ED
(n=118)

Age (years)

64 ± 23

67 ± 14

64 ± 24

0.53

SBP (mmHg)

117 ± 28

96 ± 12

121 ± 28

< 0.001*

DBP (mmHg)

67 ± 19

52 ± 14

69 ± 19

< 0.001*

83 ± 21

67 ± 12

86 ± 21

< 0.001*

HR (beats.min )

109 ± 21

112 ± 20

108 ± 21

0.46

RR (movements.
min-1)

25
[22–28]

28
[25–30]

24
[21–28]

0.03

Pulse oximetry (%)

96
[90–98]

90
[83–94]

96
[92–98]

0.003*

Body core
temperature (°C)

38.6
[37.9–39]

Glasgow coma
scale

15 [15–15] 15 [15–15]

15 [15–15]

0.08

Shock index

1.0 ± 0.3

1.2 ± 0.2

0.9 ± 0.3

< 0.001*

Male gender

76 (54%)

15 (68%)

61 (52%)

0.16

Immunosuppression

86 (61%)

19 (86%)

67 (57%)

0.02*

Shock index > 0.9

75 (54%)

19 (86%)

56 (47%)

< 0.001*

MBP (mmHg)
-1

37.5
38.8
< 0.001*
[36.7–38.5] [38.1–39.3]

Values are expressed as mean ± SD, median [interquartile range]
SBP = systolic blood pressure, DBP = diastolic blood pressure,
MBP = mean blood pressure, HR = heart rate, RR = respiratory rate,
ICU = intensive care unit, ED = emergency department,
* = p-value < 0.05 between ICU and ED SS patients.
Med Emergency, MJEM 2020; 28:58-63.
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corresponds to the comparison between patients admitted to the
ED and to the ICU. Infection was microbiologically identified in
26 patients (19%). The suspected and confirmed origin of sepsis
was mainly pulmonary, urinary and digestive (Table 2).

Table 3: Comparison of predictive variable for ICU admission included in
the propensity score before and after matching. Values are expressed as
mean ± SD, median [interquartile range] or number (%).
Before Matching
n = 140
PS
covariate

Table 2: Suspected and confirmed origin of sepsis.
Suspected origin
(n = 37)

Confirmed origin
(n = 26)

Pulmonary

14 (37%)

15 (58%)

Urinary

12 (32%)

7 (27%)

Digestive

5 (14%)

4 (15%)

Cutaneous

1 (3%)

0 (0%)

Other

5 (14%)

NA

Cases

Controls

n = 22

n = 118

Age

67 ± 14

64 ± 24

GCS

15
[15–15]

RR

28
[25–30]

After Matching
n = 115

p
p
n = 115 Controls
value
value
n = 19

n = 96

0.53

67 ± 14

63 ± 24

0.46

15
[15–15]

0.08

15
[15–15]

15
[15–15]

0.09

24
[21–28]

0.03

28
[25–30]

24
[21–28]

0.05

PS: propensity score, GCS: Glasgow coma scale, RR: respiratory rate.
Figure 3: Standardized mean deviation between cases and controls after matching.

Data are expressed as absolute value with percentage.
NA=not applicable

Covariate Balance

Mortality at day-28 reached 24% (nine patients). All deaths were
related to sepsis.
AUCcurve
of theof SI
FigureThe
2: ROC
theROC
shockcurve
index.(Figure 2) was 0.76 [0.65-0.86].
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Figure 2 : ROC curve for shock index
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Figure 2: ROC curve of the shock index.

Figure 3: Standardized mean deviation between cases and controls after
matching.

Using a threshold of SI > 0.9, the sensitivity was 82%, the
specificity was 67%, the positive predictive value was 32% and
the negative predictive value was of 95% for ICU admission.
In the logistic regression model, SI > 0.9 had an OR of 7.65 [2.3335.00] and immunosuppression had an OR of 5.68 [1.68-26.72].
No covariates significantly differed between cases and controls
after matching (Table 3).

Standardized mean deviation between the groups are presented
in Figure 3.
After adjusting for confounding factors using propensity score,
OR for SI > 0.9 was 1.34 [1.15-1.52].
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DISCUSSION
In this study, we observed that triage of patients with septic shock
by the SAMU regulation call center using the shock index is
reliable. A threshold of one helps distinguish patients who don’t
require ICU admission with a good negative predictive value.
A SI > 0.9 at the SAMU regulation call center is associated
with a 1.34-fold increase in ICU admission. SI appears to be a
simple, easy and objective parameter to evaluate the risk of ICU
admission in septic shock patients.
In the prehospital setting, excluding the unknown potential
impact of the prehospital EMS, two targets, prior treatments
instauration, may help to reduce the mortality rate of sepsis.
The first target is the delay reduction between the first medical
contact and the diagnosis, and the second target is the delay
reduction before diagnosis establishment. In a previous study,
Malbrainet al. reported that inappropriate management of septic
patients could be harmful [14]. The management includes all
steps between the disease occurrence and the end of the treatment
including rehabilitation. Therefore, efficient screening and
triaging are crucial for the early identification of SS patients to
improve the global management of sepsis [9;13].
The qSOFA score performance and other score systems [17]
widely used in the ICU and in the ED but lack of accuracy in
the pre-hospital setting [32-34]. Because of the poor availability
of biomarkers in the prehospital setting, to improve the accuracy

of scores to detect septic patients with high risk of poor outcome,
other tools are needed. The herein results suggests that the SI
could be an efficient tool for the triage of septic patient by the
SAMU regulation call center. In addition, the threshold of 1
for SI, used in this study, is simple to memorize and easy to
remember in an emergency environment.
This study presents several limitations. First, it is a retrospective
study with a small sample size. Second, the results are restricted
to the Paris area and may not be extrapolated to other prehospital
systems. Third, we did not identify patients taking beta-blockers
for which the SI may not be appropriate and may have influenced
our results. Fourth, specificity and positive predictive value of
SI > 0.9 are quite low. Consequently, SI should only be used as
a screening tool by the SAMU regulation call center to help the
triage of SS patients.

CONCLUSION
Shock index is reliable to help the triage of SS patients in the
prehospital setting. The use of the shock index in the prehospital
chain of care may improve the management of SS patients
upstream to their transfer to the hospital. Further studies
including the shock index in the decision-making process for the
prehospital triage of SS patients are needed to validate this tool.
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