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ABSTRACT

Objective

The early hemodynamic optimization of septic shock patients is 
a cornerstone of care to hope for a better outcome, e.g., mortality 
decrease. However, in the prehospital setting, hemodynamic 
evaluation is restricted to micro and macrocirculatory clinical 
parameters.

This study aims to assess the relationship between micro and 
macrocirculatory hemodynamic parameters improvement and 30-
days mortality among septic shock patients being taken care of for by 
a mobile intensive care unit (mICU) in the prehospital setting.

Methods

We performed a retrospective multicenter study, from January 
2015 to November 2019 including septic shock patients requiring 
pre-hospital mICU intervention.

Results

Three hundred thirty-seven patients were analyzed. The mean 
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age was 69 ± 15-years-old and 226 of which 67% were male patients. One hundred thirty-six patients (40%) had 
previous hypertension. Pulmonary infection was the main cause of septic shock (46%) and 30-days mortality 
reached 30%.

After propensity score analysis, for the macrocirculation: when systolic blood pressure increased by at least 
30mmHg the odd ratio (OR) for 30-days mortality was 0.77 [0.65-0.84], when diastolic blood pressure increased 
by at least 5mmHg, the OR for 30-days mortality was 0.95 [0.88-0.99], when mean blood pressure increased by 
at least 30%, the OR for 30-days mortality was 0.88 [0.77-0.92] and when the heart rate decreased by at least 30 
bpm, the OR for 30-days mortality was 0.62 [0.55-0.76]. For microcirculation, when the mottling score decreased 
by at least 2 points, the OR for 30-days mortality was 0.83 [0.75-0.91].

Conclusion

In this study, we report that prehospital improvement in micro and macrocirculatory parameters are associated 
with 30-days mortality rate decrease.
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INTRODUCTION

Each year, 30 million people worldwide [1–3] suffer 
from sepsis, leading to around 11 million deaths [3] 
approximately one third of in-hospital deaths [4]. 
Sepsis mortality rate varies from 10 to 20% for sepsis 
and even up to 50% - 60% for septic shock, the most 
severe form of sepsis [5–7].

Among the factors that have made it possible to 
improve patient survival, we find early diagnosis, 
early referral to an appropriate facility, and the 
implementation of adequate therapies [8]. A 
comprehensive management strategy combining 
the above factors, "bundle of care", has proven its 
effectiveness in improving the outcome of septic shock 
[8–15]. The management of sepsis requires a dynamic 
approach constantly adapted to the severity of the 
patient [16, 17]. For the more serious forms, the more 
rapid and aggressive management is the most effective 
[18]. Previous studies have identified that 70% of sepsis 
are present before arrival at the hospital, justifying the 
need to implement early diagnostic and therapeutic 
strategies from prehospital care [19].

From a pathophysiological point of view, a sufficient 
tissue perfusion pressure, assessed by mean arterial 
pressure (MAP), is necessary for antibiotic therapy to 
diffuse in infected tissues [18, 20]. Obtaining a correct 
MAP requires hemodynamic optimization, including 
vascular filling in the first hours, even norepinephrine 
administration if necessary [8]. Hypertension is 
associated with mortality and morbidity rise [21]. In 
addition, hypertension is the main medical diagnosis 
in patients with septic shock [22]. A recommended 
target MAP of 65 mmHg is probably not suitable for all 
patients with chronic hypertension [8 ,23–25].

The aim of this retrospective observational study 
was to assess the relationship between hemodynamic 
parameters improvement during the pre-hospital 
phase of septic shock and 30-days mortality rate after 
hospital admission.

PATIENTS AND METHODS

The specificity of the French out-of-hospital 
emergency and care system is based on the French 
prehospital emergency system; the SAMU (Service 
d’Aide Medicale Urgente). The SAMU organization 
allows prehospital care equivalent to an intensive 
care unit by an emergency physician and a nurse. In 
the context of septic shock, fluid volume expansion, 
norepinephrine administration and antibiotic therapy 
can be addressed in the prehospital setting according 
to the recommendations [26].

We performed a retrospective, multicenter study, 
from January 2015 to November 2019, including 
patients with septic shock, treated in prehospital 
setting by a mICU team from Toulouse hospital, Necker 

hospital, Lariboisière, Pitié Salpêtrière hospital, Hôtel 
Dieu and Paris Fire Brigade.

The patients received care according to the 
recommendations of the protocols and habits of the 
pre-hospital and hospital teams.

The patients included in the study were those treated 
by a mICU team for prehospital septic shock, according 
to the definition of the “sepsis 3” conference in 2016 
[17]. Underage patients, deprived of their liberty, under 
guardianship or curatorship as well as pregnant women 
were not included in the study.

The data analyzed included demographic data (age, 
weight, height), medical history, current treatments, 
suspected origin of sepsis, and schedules related to the 
pre-hospital care phase (time of call from the SAMU, 
time of arrival on site of the mICU team and time of arrival 
at the hospital), the data of the clinical examination 
collected at the initial stage of the prehospital setting 
(1st contact with the patient) and at the end of the pre-
hospital phase (last values before hospital admission) - 
heart rate (HR), systolic blood pressure (SBP), diastolic 
blood pressure (DBP) and mean arterial pressure 
(MAP), pulsed oxygen saturation (SpO2), respiratory 
rate (RR), Glasgow coma scale (GCS), body core 
temperature, capillary blood sugar, capillary refill time, 
skin mottling score [27] - and lactatemia at the start 
of pre-hospital. Skin mottling score is a clinical score 
ranging from 0 to 5 associated with sepsis-outcome. 

The data describing the treatments administered 
were also collected (vascular filling (products, volume), 
use of vasopressors (products, dosage), mechanical 
ventilation parameters if applicable, antibiotic therapy 
(qualitative and quantitative).

IGS II, SAPS II and SOFA scores were calculated from 
hospital data on day 1 [28, 29]. These scores are used 
to predict sepsis outcome among patients admitted in 
ICU.

The study was approved by the ethics committee of 
the French Society of Anesthesia and Resuscitation on 
December 12, 2017 (reference number: IRB 00010254-
2017-026).

STATISTICAL ANALYSIS

The primary outcome was the 30-days mortality 
after hospital admission. The absolute variations 
(initial value in the prehospital setting – final value 
before hospital admission) of SBP, DBP, MAP and HR 
were calculated in order to evaluate the treatment 
effect on the macrocirculation. An increase of 30 
mmHg of SBP, 5 mmHg of DBP and 30% MAP as 
well as a decrease of 30 beats per minute during pre-
hospital care, were chosen at the beginning because 
of their clinical relevance representing the positive 
effect on hemodynamic treatment of septic shock. 
For microcirculation, an absolute variation in the 
mottling score of at least 2 points was considered to 
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be significantly representative of a positive treatment 
effect of pre-hospital hemodynamic management of 
septic shock. The components of the hemodynamic 
treatment, vascular filling and/or administration of 
norepinephrine, were not analyzed individually but as a 
whole, given the absence of protocolization (possibility 
of using one and/or other therapies left to the discretion 
of the team in charge of the patient).

Univariate and multivariate analysis were performed 
to assess the relationship between each covariate and 
30-days mortality.

The results are expressed as an absolute value with 
relative percentage for the qualitative variables, as 
a mean with standard deviation for the quantitative 
variables of normal distribution and as a median with 
interquartile range (1st quartile - 3rd quartile) for the 
quantitative variables of non-Gaussian distribution.

Univariate analysis comparisons were made using 
Student's t-test for quantitative variables of normal 
distribution, Wilcoxon's test for continuous variables 
of non-Gaussian distribution, and Chi-square test for 
categorical variables.

In order to reduce the potential effect of 
confounding covariates on the relationship between 
30-days mortality and changes in SBP, DBP, MAP, HR 
and mottling score, a propensity score analysis was 
performed. The propensity score was estimated using 
a logistic regression based on confounding covariates 
on 30-days mortality: pre-hospital duration, vascular 
filling volume, norepinephrine infusion, initial values 
of SBP, DBP, MAP, HR, and skin mottling score. The 
“nearest neighbor matching” method was used to 
match patients from the logit of the propensity score 
[30]. A threshold of 10% of the absolute differences 
of the means was used to estimate the balance of 
covariates after matching [31]. After matching, the 
association between 30-days mortality and micro and 
macrocirculation parameters was evaluated by logistic 
regression.

The tests performed are two-sided with a p-value 
<0.05 defining the significance of the difference. 
Statistical analyzes were performed using R software 
version 3,4,2 

(http://www,R-project,org; the R Foundation for 
Statistical Computing, Vienna, Austria).

RESULTS

In this study, 337 patients with septic shock, according 
to the definition of the consensus conference “sepsis 3” 
of 2016, were retrospectively analyzed [17].

Global characteristics of the population are 
summarized in Table 1.

Suspected origin of septic shock during pre-hospital 
care was mainly pulmonary (n=153, 46%), digestive 
(n=78, 23%) and urinary (n=52, 15%).

Univariate analysis

The results of the univariate analysis are summarized 
in Table 2.

Multivariate analysis

After matching by propensity score, the association 
between 30-days mortality and micro and 
macrocirculation parameters were evaluated by logistic 
regression. The balance of covariates after matching is 
represented by Figures 1, 2, 3, 4 and 5 for SBP, DBP, 
MAP, HR and skin mottling score respectively.

* Micro-circulation

For microcirculation, when the skin mottling score 
decreased by at least 2 points, then the OR of death at 
D30 was 0.83 [0.75-0.91].

* Macro-circulation

Thus, for macrocirculation, between the start and 
the end of pre-hospital care:

- when the SBP increased by at least 30mmHg then 
the OR of death on D30 was 0.77 [0.65-0.84],

- when the DBP increased by at least 5mmHg then 
the OR of death on D30 was 0.95 [0.88-0.99],

- when the MAP increased by at least 30% then the 
OR of death on D30 was 0.88 [0.77-0.92],

- when the HR decreased by at least 30 beats per 
minute then the OR of death at D30 was 0.62 [0.55-
0.76].

DISCUSSION

In this study, we observed that the improvement 
in the micro and macrocirculatory hemodynamic 
parameters of patients with septic shock treated in pre-
hospital setting by a mICU team is associated with a 
30-days mortality decrease.

Indeed, data from previous studies had reported that 
circulatory, clinical or biological failures are associated 
with worsening of the patient [32–36].

From a pathophysiological point of view, the 
inflammation caused by sepsis is associated with 
vasodilation and vascular permeability as reflected by 
micro and macrocirculatory parameters [37].

In prehospital setting, only clinical parameters are 
available to assess the micro and macrocirculatory. For 
macro-circulation, MAP being considered to reflect 
tissue perfusion, the importance of maintaining or 
restoring it to reduce the occurrence or worsening 
of organ failures appears essential. Since invasive 
monitoring is rarely possible in pre-hospital, a non-
invasive MAP measurement is the only one that can 
be used in pre-hospital. For microcirculation, the 
advisability of considering clinical parameters as a 
therapeutic target has already been reported for skin 
mottling score and capillary refill time [38].

For optimal management, the "sepsis 3" conference 
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in an adult population exclusively; therefore, the results 
cannot be extrapolated directly to a pediatric population. 
Third, the external validity is low due to the specificity 
of the French pre-hospital emergency medical system. 
Fourth, the study population is represented by septic 
shock, therefore the results cannot be extrapolated to 
non-septic shock patients, i.e., sepsis. Nevertheless, the 
micro and macrocirculatory hemodynamic parameters 
reported in this study are simple and accessible since 
the prehospital setting to assess the severity and the 
treatment effect of septic shock cared for by a mICU 
team. Further studies are needed to confirm whether 
these parameters could be used to increase prehospital 
management and triage of septic shock.   

CONCLUSION

In this study, we report an association between 
survival and micro and macrocirculatory hemodynamic 
parameters improvement among septic shock patients 
cared for by a mICU team in the prehospital setting

An early intervention, from the prehospital setting, 
personalized mean arterial pressure management 
appears desirable among hypertensive patients.

of 2016 [17], recommends a fluid volume expansion 
initiated in the first hours, followed by the administration 
of norepinephrine even if the MAP remains below 
65 mmHg [8,17]. However, recent studies show the 
benefits of using norepinephrine earlier in order to 
reduce the time to target MAP and improve survival 
[39–41].

A MAP target of 65 mmHg for all patients without 
taking into account their personal history does not 
appear physiologically logical. Indeed, among patients 
suffering from, pathophysiological changes aim to 
allow adaptation to the higher blood pressure regimen 
[42–44]. Previous studies have reported the benefit 
of a higher blood pressure target in hypertensive 
population without altering heart function [45–47], 
microcirculation [48] and kidney function [23]. Thus, 
Lee et al. reported that a MAP target between 75 
and 85 mmHg is associated with increased survival 
in hypertensive patients with septic shock [49]. In 
addition, it has been reported that the shorter the 
duration of the period of low blood pressure, e.g., 
hypoperfusion, the better is the survival [50].

However, this study has limitations. First, this is a 
retrospective study. Second, the study was conducted 

FIGURE 1 - Systolic blood pressure love plot before and after matching. 

Legend: CCF: chronic cardiac failure, HTA: hypertension, ImmunoD: immunosuppression, CRF: chronic renal failure..
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FIGURE 2 - Diastolic blood pressure love plot before and after matching. 

Legend: CCF: chronic cardiac failure, HTA: hypertension, ImmunoD: immunosuppression, CRF: chronic renal failure.

FIGURE 3 - Mean blood pressure love plot before and after matching. 

Legend: CCF: chronic cardiac failure, HTA: hypertension, ImmunoD: immunosuppression, CRF: chronic renal failure.
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FIGURE 4 - Heart rate love plot before and after matching. 

Legend: CCF: chronic cardiac failure, HTA: hypertension, ImmunoD: immunosuppression, CRF: chronic renal failure.

TABLE 1 - Global characteristics of the population

General population (n=337) 

Age (years) 69 ± 15

Weight (kg) 71 ± 16

Height (cm) 170 ± 8

Male gender 226 (67%)

Hypertension 136 (40%)

Chronic heart failure 55 (16%)

Diabetes mellitus 84 (25%)

Cancer 114 (34%)

COPD 46 (14%)

Chronic renal failure 38 (11%)

Initial SBP (mmHg) 100 ± 45

Initial DBP (mmHg) 58 ± 20

Initial MAP (mmHg) 71 ± 22
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Initial HR (beats.min-1) 113 ± 29

Initial RR (movements.min-1) 30 [22 – 38]

Initial pulse oximetry (%) 92 [85 – 96]

Initial temperature (°C) 38.5 [36.7 – 39.3]

Initial glycemia (mmol.l-1) 8.1 [5.9 – 11.0]

Initial Glasgow coma score 15 [13– 15]

Initial lactatemia (mmol.l-1) 6.2 ± 3.7

Prehospital vascular filling (ml) 750 [500 – 1200]

Prehospital norepinephrine administration 100 (30%)

Dose of norepinephrine (mg.h-1) 1.0 [0.5 – 2.0]

Prehospital antibiotic therapy 114 (34%)

Prehospital duration (min) 70 ± 31

Final SBP (mmHg) 105 ± 26

Final DBP (mmHg) 61 ± 19

Final MAP (mmHg) 75 ± 19

Final HR (beats.min-1) 107 ± 24

Final RR (movements.min-1) 25 [20 – 33]

Final pulse oximetry (%) 97 [94 – 99]

Final temperature (°C) 38.2 [36.7 – 38.9]

Final blood sugar (mmol.l-1) 7.4 [5.5 – 10.0]

Final Glasgow coma score 15 [14 – 15]

Final Lactatemia (mmol.l-1) 5 ± 3.7

SOFA score 7 [3 – 10]

SAPS2 score 58 ± 22

Length of stay in intensive care unit (days) 5 [3 – 9]

Length of stay in hospital (days) 12 [7 – 20]

Pre-hospital hemodynamic optimization (%) 204 (61%)

The results are expressed as an absolute value with relative percentage for the qualitative variables, as an average with standard deviation 

for the quantitative variables of normal distribution and as a median with interquartile range (1st quartile - 3rd quartile) for the quantitative 

variables of non-Gaussian distribution..
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TABLE 2 - Results of univariate analysis between survivors and deceased at D30.

Survivors (n=237) Deceased (n=100) P value

Age (years) 67 ± 15 73 ± 14 0.003

Weight (kg) 71 ± 16 70 ± 15 0.583

Height (cm) 170 ± 8 170 ± 9 0.773

Male gender 156 (66%) 70 (70%) 0.456

Hypertension 93 (39%) 43 (43%) 0.521

Heart Failure 32 (14%) 23 (23%) 0.033

Diabetes mellitus 64 (27%) 20 (20%) 0.176

Cancer 74 (31%) 40 (40%) 0.121

COPD 28 (12%) 18 (18%) 0.133

Chronic renal failure 24 (10%) 14 (14%) 0.306

Initial SBP (mmHg) 101 ± 50 98 ± 28 0.554

Initial DBP (mmHg) 59 ± 20 57 ± 20 0.484

Initial MAP (mmHg) 71 ± 22 70 ± 21 0.668

Initial HR (beats.min-1) 114 ± 28 111 ± 31 0.416

Initial RR (movements.min-1) 20 [22 – 36] 30 [25 – 39] 0.207

Initial SpO2 (%) 93 [88 – 97] 90 [83 – 95] 0.071

Initial body core temperature (°C) 38.6 [37.1 – 39.4] 38.2 [35.8 – 39.0] 0.031

Initial glycemia (mmol.l-1) 8.6 [6.2 – 11.9] 7.1 [5.2 – 9.6] 0.007

Initial Glasgow coma score 15 [13 – 15] 15 [12 – 15] 0.061

Initial lactatemia (mmol.l-1) 5.8 ± 3.5 6.9 ± 4.0 0.049

Prehospital vascular filling (ml) 800 [500 – 1150] 750 [500 - 1200] 0.504

Prehospital norepinephrine infusion 68 (29%) 32 (32%) 0.507

Norepinephrine dose (mg.h-1) 1.0 [0.5 – 2.0] 1.0 [0.7 – 2.0] 0.668

Prehospital antibiotic therapy administration 83 (35%) 31 (31%) 0.476

Prehospital duration (min) 70 ± 32 72 ± 30 0.567

Final SBP (mmHg) 105 ± 26 102 ± 27 0.264

Final DBP (mmHg) 61 ± 19 60 ± 19 0.483
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Final MAP (mmHg) 76 ± 19 72 ± 18 0.175

Final HR (beats.min-1) 107 ± 24 109 ± 26 0.338

Final RR (movements.min-1) 25 [18 – 30] 30 [21 – 35] 0.004

Final SpO2 (%) 97 [95 – 99] 97 [92 – 98] 0.030

Final body core temperature (°C) 38.3 [37.2 – 39.0] 38 [35.9 -38.9] 0.009

Final glycemia (mmol.l-1) 7.4 [5.0 – 10.0] 7.3 [5.6 – 9.1] 0.660

Final Glasgow coma score 15 [14 – 15] 14 [13 – 15] 0.004

Final lactatemia (mmol.l-1) 3.8 ± 3.1 6.2 ± 4.3 <10-3

SOFA score 6 [3 – 9] 9 [6 – 12] <10-3

SAPS2 score 52 ± 20 70 ± 23 <10-3

In intensive care unit length of stay (days) 5 [3 – 10] 4 [2 – 8] 0.04

In hospital length of stay (days) 15 [9 – 23] 5 [2 – 12] <10-3

Pre-hospital hemodynamic optimization (%) 147 (62%) 57 (57%) 0.389

Results are expressed as an absolute value with relative percentage for the qualitative variables, as an average with standard deviation 

for the quantitative variables of normal distribution and as a median with interquartile range (1st quartile - 3rd quartile) for the quantitative 

variables of non-Gaussian distribution. Values in bold and italics correspond to those with a p value <0.05..
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