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Introduction

Despite the improvement of  our knowledge on the physiopathology of  septic shock and improved clinical manage-
ment with resuscitation measures, sepsis remains a major public health problem. Its incidence is estimated at 300 
per 100,000 inhabitants in the United States (1, 2) with mortality rate nearly 30% (1, 3, 4). Recent studies underlined 
the benefit of  early identification and shortened time-lapse to implementation of  appropriate treatments on the 
outcome of  patients with sepsis (4, 5). Among effective treatments, antibiotic administration and haemodynamic 
optimisation, both implemented early, significantly reduced mortality (6, 7).

During sepsis, absolute and relative hypovolemia reflected by a blood pressure (BP) decrease cause hypotension. 
Currently, septic shock is defined by persistent hypotension despite fluid resuscitation requiring catecholamine and 
a hyperlactatemia >2 mmol L−1 (8). Hypotension leads to hypoperfusion of  peripheral organs, which can alter their 
function. Patients with septic shock generally present with fever, weakness and/or central neurological disorders, 
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Association between Blood Pressure after 
Haemodynamic Resuscitation in the 
Prehospital Setting and 28-Day Mortality in 
Septic Shock

Abstract

Objective: Septic shock results in a decreased blood pressure (BP) leading to organ failure. The haemodynamic resuscitation aims at restoring 
the BP to allow efficient tissue perfusion. The aim of  the present study was to evaluate the association between the mean BP (MBP) reached 
after haemodynamic resuscitation in patients with septic shock cared for in the prehospital setting by a mobile intensive care unit (MICU) and 
mortality at 28 days after intensive care unit (ICU) admission. 

Methods: Patients with septic shock managed by a mobile intensive care unit (MICU)  and admitted in the ICU were retrospectively analysed. 
The association between mortality and MBP after prehospital resuscitation was studied.

Results: A total of  85 patients with septic shock were included in the study. The origin of  sepsis was mainly pulmonary (64%). Mortality reached 
35%. Haemodynamic resuscitation was performed using crystalloids (98%) with a mean infused volume indexed on a body weight of  16±11 
mL kg-1 in the prehospital setting. No patient received catecholamine or antibiotic prior to hospital admission. Final prehospital MBP was 64±8 
mm Hg in the overall population and 66±8 mm Hg versus 62±8 mm Hg in alive and deceased patients, respectively (p=0.02). After adjustment, 
final prehospital MBP [odds ratio adjusted (ORa) (95% confidence interval (CI)]=0.89 (0.80–0.99), MBP <65 mmHg [ORa (95% CI)=14.3 
(3.35–77.7)] and MBP >65 mmHg [ORa (95% CI)=0.06 (0.01–0.25)] were associated with mortality. 

Conclusion: Persistent low MBP after prehospital initial resuscitation measures in patients with septic shock managed in the prehospital setting 
is associated with increased mortality. Further studies are needed to evaluate the impact of  prehospital haemodynamic management in septic 
shock to further optimise prehospital care and improve outcome.
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such as confusion, for which the emergency medical services 
(EMS) are called. 

Haemodynamic resuscitation and optimisation first consist of  
volume expansion with crystalloid fluid, ideally within the first 
hour after the identification of  sepsis (8-10). Early fluid expan-
sion is significantly associated with decreased mortality (11, 12). 
Therefore, for patients managed in the prehospital setting, fluid 
resuscitation has to be initiated in this environment to maintain 
a mean blood pressure (MBP) >65 mmHg (10). In the prehos-
pital setting, no specific strategy is used to guide fluid resus-
citation. Currently, no study has yet assessed the relationship 
between the modalities of  prehospital haemodynamic resusci-
tation and the outcome of  patients with septic shock.

The purpose of  the current study was to describe the asso-
ciation between the MBP obtained after prehospital haemo-
dynamic resuscitation and mortality at 28 days in patients 
initially cared for septic shock in the prehospital setting and 
admitted in the intensive care unit (ICU).

Methods

Study setting
In France, the management of  out-of-hospital emergencies re-
lies on the Service d’Aide Médicale d’Urgence (SAMU), equiv-
alent to the American EMS dispatch centre (13). The SAMU 
can be reached by dialling the number 15. Each geographical 
department relies on a SAMU that regulates the population 
needs and guides each patient to the most appropriate public 
healthcare facility. The SAMU in Paris is called the SAMU75. 
The SAMU hospital-based team is composed of  switchboard 
operators and physicians. The SAMU determines the appropri-
ate level of  care to dispatch to the scene, based on the patient’s 
symptoms, communicated over the phone. For life-threatening 
emergencies, a mobile intensive care unit (MICU), the ‘Service 
Mobile d’Urgence et de Réanimation,’ composed of  a driver, a 
nurse and an emergency physician, is dispatched (13) and usu-
ally gets to the scene within 10 min.

Septic shock is a particular subset of  sepsis with profound cir-
culatory, cellular and metabolic abnormalities associated with 
a high risk of  mortality (8). It is considered as a life-threat-
ening emergency requiring the early implementation of  ap-
propriate therapeutics, within the first hour (8). When septic 
shock is suspected based on the phone call, an ambulance is 
dispatched to the scene to evaluate the patient. If  the patient 
presents physical signs of  septic shock or significantly altered 
vital signs in favour of  a septic shock, appropriate care is pro-
vided on the scene, and further mobile units are sent, if  need-
ed, for medical care or transportation. 

Vital signs were collected at first medical contact (initial pre-
hospital vital signs) and before hospital admission (final pre-
hospital vital signs). 

Study population
All consecutive patients admitted to the ICU of  Necker Ac-
ademic Hospital for septic shock, between January 2014 and 
September 2017, initially cared for by a mobile intensive care 
unit (MICU) in the prehospital setting, were retrospectively 
included in the study. The ICU department of  Necker Aca-
demic hospital included eight ICU beds. 

Septic shock was defined according to the surviving sepsis cam-
paign criteria (10). Briefly, it is defined as a subset of  sepsis in 
which particularly profound circulatory, cellular and metabolic 
abnormalities are associated with greater risk of  mortality. Patients 
are usually identified when sepsis is associated with hypotension 
defined as an MBP <65 mmHg, the need for vasopressor therapy 
or hyperlactatemia (not yet available in the prehospital setting).

Diagnosis confirmation of  septic shock was based on retro-
spective discharge diagnosis. Identification was based on the 
clinical criteria of  profound circulatory abnormalities in the 
prehospital setting.

The primary outcome was mortality at 28 days after ICU 
admission. Patients’ outcome was retrieved from ICU med-
ical records. Data were retrieved from wards medical records 
or correspondence with the family physician for patients dis-
charged before 28 days.

The study protocol was approved by an institutional review 
board (Comité de Protection des Personnes, Paris, Ile de 
France 2; no. ID-RCB: 2012-A01289-34).

Data collection
Data were extracted from pre- and in-hospital (ICU) medical 
reports, wards medical reports and correspondence with the 
family physician. 

Covariates were defined prior to data collection and included 
patients’ demographic characteristics (age, weight, size and 

Main Points: 

• The haemodynamic resuscitation of  septic shock aims at restoring 
the blood pressure to allow efficient tissue perfusion. 

• The association between mortality and mean blood pressure after 
prehospital resuscitation in patients with septic shock managed by 
a mobile intensive care unit and admitted in the intensive care unit 
was retrospectively analysed.

• A persistent low mean blood pressure after prehospital initial re-
suscitation measures in patients with septic shock managed in the 
prehospital setting is associated with increased mortality. 

• Further studies are needed to evaluate the impact of  prehospital 
haemodynamic management in septic shock to further optimise 
prehospital care and improve outcome.
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gender), immunosuppression status, initial and final prehospi-
tal vital signs (MBP, diastolic (DBP) and systolic blood pressure 
(SBP), heart rate (HR), pulse oximetry (SpO2), respiratory rate 
(RR), temperature and Glasgow Coma Scale (GCS)), origin of  
sepsis, duration of  prehospital care, type and volume of  pre-
hospital infused fluid, catecholamine infusion (type and dose) 
and length of  stay in the ICU. As previously described, immu-
nosuppression was defined by the presence of  one or more of  
the following elements: diabetes mellitus, chronic renal insuf-
ficiency, corticosteroids or another immunosuppressive treat-
ment and infection by human immunodeficiency virus and/or 
hepatitis C virus (14). Pulse pressure (15) and shock index (16) 
were calculated using final prehospital values of  BP and HR. 

Statistical analysis
Fluid volume expansion and catecholamine administered 
in the prehospital setting and prehospital and final pre-
hospital vital signs (SBP, DBP, MBP, HR, RR, SpO2 and 

temperature) were analysed. Prehospital fluid expansion 
volume is expressed as absolute value and indexed on body 
weight.

Multivariate analysis by logistic regression was conducted to 
evaluate the relationship between all covariates and mortality 
at day 28. Predictive performance of  final prehospital haemo-
dynamic parameters for mortality was assessed using adjusted 
receiver operating characteristic curve method.

Results are expressed as mean±standard deviation for quan-
titative parameters with normal distribution, median±inter-
quartile range (25%–75%) for quantitative parameters with 
non-Gaussian distribution and absolute value and percentage 
for qualitative parameters. 

Results are given as odds ratio with 95% confidence interval 
(95% CI). All analyses were performed using R 3.4.2 (http://

Table 1. Demographic, clinical and biological characteristics of  patients with septic shock managed by prehospital 
mobile intensive care units

 Alive at D28  Deceased at D28 Overall population 
 (n=55)  (n=30)  (n=85) p
Age (years) 69±15 73±14 70±15 0.2
Weight (kg) 68±15 64±15 66±15 0.3
Size (cm) 170±8 167±10 169±9 0.1
Male gender 36 (65%) 15 (50%) 51 (60%)  0.2
Immunosuppression 30 (54%) 16 (53%) 46 (54%) 0.92
Initial SBP (mmHg) 90±29 94±23 91±27 0.6
Initial DBP (mmHg) 54±22 59±19 56±21 0.7
Initial MBP (mmHg) 65±22 70±19 67±21 0.4
Initial HR (beats min-1) 123±27 110±28 118±28 0.05
Initial SpO2 (%) 89±10 88±10 88±10 0.5
Initial RR (moves min-1) 30±8 33±8 31±8 0.11
Initial temperature (°C) 38.4±1.6 37.8±1.9 38.2±1.7 0.07
Duration of  prehospital care (min) 103±35 93±35 99±35 0.2
Length of  stay in the ICU (days) 5 (3–14) 6 (1–10) 6 (2–13) 0.2
Fluid volume expansion (mL) 1071±612 851±491 993±578 0.1
Fluid volume expansion indexed on body weight (mL kg−1) 17±12 14±9 16±11 0.3
Final SBP (mmHg) 96±14 93±16 95±15 0.3
Final DBP (mmHg) 50±8 47±8 49±8 0.01
Final MBP (mmHg) 65±8 62±8 64±8 0.04*
Final HR (beats min-1) 110±22 109±24 110±23 0.8
Final SpO2 (%) 97±4 96±4 97±4 0.2
Final RR (moves min-1) 24±9 29±9 26±9 0.02*
Shock index 0.9±0.2 0.9±0.3  0.9±0.2 0.89
Pulse pressure 46±15 46±16 46±15 0.9
D28: day 28; SBP: systolic blood pressure; MBP: mean blood pressure; DBP: diastolic blood pressure; HR: heart rate; SpO2: pulse oximetry; RR: res-
piratory rate. Quantitative variables are expressed as mean±standard deviation. Qualitative variables are expressed as absolute value and percentage. 
*p<0.05
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www.R-project.org; the R Foundation for Statistical Comput-
ing, Vienna, Austria). 

Results

A total of  85 patients cared for in the prehospital setting by a 
MICU and admitted to the ICU for septic shock were includ-
ed in the present study.

Patients’ demographic and clinical characteristics are sum-
marised in Table 1. Of  the 85 patients, 51 (60%) were male. 
The mean age of  the patients was 70±15 years. Septic shock 
was mainly associated with pulmonary (64%), urinary (18%) 
and abdominal (5%) infections (Table 2).

On day 28 after ICU admission, mortality reached 35%. 
The mean duration of  prehospital medical care was 99±35 
min, with no difference between alive and deceased patients 
(p=0.2; Table 1). The median length of  stay in the ICU was 6 
(2–13) days (Table 1) (p=0.08). 

Prehospital fluid expansion was performed in 98% of  the pa-
tients with crystalloids. The mean fluid volume was 993±578 
mL (16±11 mL kg−1). A significant difference was observed 
between alive and deceased patients with a volume expansion 
of  1071±612 mL (17±11 mL kg−1) and 851±491 mL (14±9 
mL kg−1), respectively (p=0.07) (Table 1). No patient received 
catecholamine prior to hospital admission. 

Initial prehospital SBP was 84±17 mmHg, DBP 51±15 
mmHg and MBP 52±15 mmHg in the overall population. A 
significant difference was found between alive and deceased 
patients for SBP (p=0.008) and DBP (p=0.01), whereas no 
difference was found for MBP (p=0.1) (Table 1).

Final prehospital SBP was 95±15 mmHg, DBP 49±8 mmHg 
and MBP 64±8 mmHg in the overall population. A signifi-
cant difference was found for SBP (p=0.01), DBP (p=0.02) 
and MBP (p=0.02) between alive and deceased patients (Ta-
ble 1).

The area under curve (AUC) for MBP to predict mortality 
at 28 days was 0.67 (0.56–0.79). Using logistic regression, in-
cluding final prehospital MBP, GCS, final prehospital HR, 
final prehospital SpO2, final prehospital pulse pressure, final 
prehospital shock index, fluid volume expansion, immu-
nosuppression, duration of  prehospital care and length of  
stay in the ICU, an independent association with mortality 
remained significant for final prehospital MBP [odds ratio 
adjusted (ORa) (95% CI)=0.89 (0.80–0.99)], for MBP <65 
mmHg [ORa (95% CI)=14.3 (3.35–77.7)] and for MBP >65 
mmHg [ORa (95% CI)=0.06 (0.01–0.25)] (Table 3). 

Discussion

Among 85 patients with septic shock initially cared for in the 
prehospital setting by a MICU and admitted to the ICU, ini-
tial haemodynamic resuscitation was mainly based on fluid 
expansion with crystalloids. A significant association between 
mortality at 28 days and failure to reach efficient haemody-
namic state as defined by an MBP >65 mmHg after initial 
prehospital resuscitation measures was observed. 

Sepsis causes relative and absolute hypovolemia through com-
plex and different routes, resulting in decreased BP, leading to 
tissue hypoperfusion and thus organ failure, which alters the 
patient’s prognosis (17). The prognosis of  patients suffering 
from septic shock is directly related to the early diagnosis and 

Table 3. Multivariate analysis of  covariates associated 
with mortality on day 28 after ICU admission in pa-
tients cared for septic shock by a MICU in the prehos-
pital setting

Multivariate analysis
Variables ORa (95% CI)
Final MBP  0.89 (0.80–0.99)* 
Fluid volume expansion indexed  
on body weight 0.96 (0.91–1.02)
Duration of  prehospital care 0.98 (0.97–1.01)
Immunosuppression 1.11 (0.40–2.95)
Length of  stay in the ICU 0.93 (0.86–1.01)
GCS 0.93 (0.81–1.07)
Final HR  1.03 (0.97–1.11)
Final SpO2 0.93 (0.79–1.07)
Final prehospital pulse pressure 0.98 (0.92–1.04)
Final prehospital shock index 23 (0.02–199)
Final MBP<65 mmHg 14.3 (3.35–77.7)* 
Final MBP>65 mmHg 0.06 (0.01–0.25)* 
GCS: Glasgow Coma Scale; MBP: mean blood pressure; HR: heart 
rate; SpO2: pulse oximetry; ORa: odds ratio adjusted; 95% CI: 95% 
confidence interval. Data are presented as odds ratio adjusted with a 
95% confidence interval

Table 2. Origin of  sepsis in patients cared for septic 
shock by a MICU in the prehospital setting

Site of  infection n (%)
Pulmonary  54 (64)
Urinary  15 (18)
Digestive 7 (8)
Cutaneous 2 (2)
Invasive medical device 2 (2)
Meningeal  1 (1)
Undefined  4 (5)
Data are expressed as absolute value with percentage. MICU: mobile 
intensive care unit 
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rapid initiation of  therapeutics, including antibiotic admin-
istration and haemodynamic optimisation (4, 5). Recently, a 
new concept is evolving with the notion of  a bundle of  care 
consisting of  a global strategy for the efficient management 
of  patients with sepsis, including both haemodynamic opti-
misation and antibiotherapy (18). This concept matches the 
‘survival chain’ used in cardiopulmonary resuscitation (19).

The impact of  antibiotic administration on mortality in the 
prehospital setting remains under debate due to the lack of  
sufficient evidence (20-22). Actually, antibiotherapy is rarely 
started in the prehospital setting, especially when the dura-
tion of  care is short, such as in our setting, excluding spe-
cific situations, such as purpura fulminans. A recent study 
concluded that prehospital advanced life supports, on the 
contrary to basic life supports only, enabled faster antibiot-
ic initiation (23). Currently, there is a need for randomised 
controlled trials to evaluate the outcome of  patients with 
septic shock receiving antibiotherapy in the prehospital 
setting (24). Results of  the ongoing French study ‘SAMU 
Save Sepsis,’ evaluating the impact of  the bundle of  care, 
initiated in the prehospital environment, will probably help 
answer this question (25).

The two options to optimise haemodynamic resuscitation are 
fluid expansion and norepinephrine infusion, with an MBP 
target of  at least 65 mmHg (8). Despite controversies regard-
ing the amount of  fluid expansion (26-30), guidelines for hae-
modynamic optimisation recommend a fluid volume expan-
sion of  30 mL kg−1 with crystalloids (8). In a previous study 
performed in the prehospital setting, a relationship between 
mortality and reduced fluid volume expansion on the one side 
was observed, and fluid expansion was usually performed to 
lower volume amount than those recommended (14). The 
major goal was the improvement of  the haemodynamic sta-
tus, in the case of  persistent hypotension despite fluid resus-
citation, meaning failure to restore tissue perfusion, catechol-
amine may be indicated. In this context, early evaluation of  
haemodynamic parameters in the prehospital setting may be 
useful to rapidly introduce catecholamine. The optimal tim-
ing to start catecholamine remains under debate. The guide-
lines suggest the use of  norepinephrine when initial DBP is 
<40 mmHg and/or after failure of  fluid expansion, e.g. for 
an MBP <65 mmHg (8). In the present study, the initial DBP 
was >40 mmHg, and fluid expansion did not reach optimal 
volumes during prehospital management, which may explain 
the absence of  a vasopressor in this setting. 

The present study has a few limitations. First, this is a retro-
spective, single centre study with a small sample size. There-
fore, no causal relationship can be established. Second, the 
outcome may be influenced by the amount of  fluid admin-
istered in the prehospital setting, which was reported to be 

associated with mortality (14). Indeed, patients did not receive 
optimal fluid expansion in the prehospital setting probably 
due to the short management time in this environment in our 
study. Initial fluid resuscitation should be initiated immediate-
ly upon recognising a patient with sepsis and hypotension and 
completed within 3 h of  recognition according to the recent 
guidelines. In addition, vasopressors should be started within 
the first hour to achieve an MBP ≥65 mmHg. Regardless, in 
the prehospital setting, fluid expansion remains, unfortunate-
ly, not optimal (31). As vasopressors were not initiated in this 
setting, their benefit in the prehospital environment cannot be 
evaluated. Third, intrinsic to prehospital studies, data regard-
ing the patient’s medical history prior to the first prehospital 
medical contact and the delay to initiate fluid expansion were 
lacking. They are very likely many factors, measured and 
unmeasured, that may have had influenced our results. This 
probably explains an AUC of  0.67 for an MBP <65 mmHg 
that is not high enough to discriminate between alive and de-
ceased patients despite a significant difference between alive 
and deceased patients for this value of  MBP. 

Conclusion

In the present study, low MBP achieved upon initial fluid re-
suscitation in the prehospital setting of  patients suffering from 
septic shock is observed to be associated with poor prognosis. 
To the best of  our knowledge, this is the first study evaluat-
ing the impact of  initial prehospital resuscitation on MBP in 
patients with septic shock cared for in the prehospital envi-
ronment. Further studies are needed to evaluate the impact 
of  haemodynamic optimisation on mortality and state on the 
early use of  catecholamine in case of  failure to rapidly restore 
stable haemodynamic. 
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