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ABSTRACT (247 words) 

BACKGROUND : Microcirculatory alterations have been observed at the early phase of 

sepsis, although macrocirculation seems preserved. The aim of this study was to 

analyze the effect of crystalloid fluid therapy on mesenteric microcirculation, assessed 

by the confocal laser endomicroscope Cellvizio ®, in a porcine model of endotoxinic 

shock. 

 

METHODS : Prospective endotoxinic shock (lipopolysaccharide LPS infusion) 

experimental trial . Piglets were divided into 3 groups: 6 in the sham group (no LPS 

injection, no fluid), 9 in the control group (LPS infusion, no fluid), and 6 in the 

crystalloids group (LPS infusion and fluid resuscitation with crystalloids). Fluid 

resuscitation consisted in a fluid bolus of 20 mL/kg 0.9% saline over 30 minutes 

followed by a 10 mL/kg/h fluid rate over 4 hours. Mesenteric microcirculation was 

assessed using a confocal laser endomicroscope (Cellvizio ®). Blood flow within 

capillaries was visually assessed according to the point of care microcirculation (POEM) 

score. 

 

RESULTS : At baseline, the 3 groups were similar regarding hemodynamic, biological 

and microcirculatory parameters. At T360, the POEM score significantly decreased in 

the control and crystalloids groups, whereas it remained unchanged in the sham group 

(respectively 1.62±1.06 , 1.2±0.45 and 5.0±0, p=0,011) There was no significant 

difference in cardiac output at T360 between the sham and crystalloids groups 

(3.1±0.8 vs 2.3±0.6 , p=0.132) or between the control and crystalloids groups 

(2.0±0.6 vs 2.3±0.6, p=0.90).   
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CONCLUSION : There was no significant improvement of microcirculatory alterations 

after crystalloids resuscitation despite improvement in macrocirculatory parameters in 

early experimental sepsis.  

 

Keywords : sepsis, endotoxinic shock, microcirculation, crystalloid, cellvizio, confocal 

laser endomicroscopy 
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BACKGROUND 

Microcirculation represents the anatomical structure where oxygene and nutrients 

exchange and the largest surface organ in the human body. During sepsis, 

pathophysiological alterations in microcirculation occur(1), inducing tissue 

hypoperfusion and cellular hypoxia(2)(3), leading to multi-organ failure.  

Endothelial dysfunction is both a marker and the cause of organ failure. Johannson et 

al. introduced the concept of SHINE "shock-induced endotheliopathy" which gathers 

endothelial alterations found in different states of shock, strongly associated with poor 

outcome (4)(5). Microcirculatory alterations have been observed at the early phase of 

sepsis, even though macrocirculation seems preserved (i.e loss of haemodynamic 

coherence(6)(7). Usually, these alterations are described as a decrease in vascular 

density ("capillary rarefaction") and a decrease in capillary perfusion all together called 

functional capillary density (FCD) , the main determinant of tissue oxygenation. During 

sepsis, a wide heterogeneity in microcirculation alterations has been described, as all 

vascular territories may not be affected in the same way. This heterogeneity has been 

associated with an altered and low capillary blood flow(8).  

Most of previous studies focusing on microcirculation analysis in septic shock evaluated 

sublingual microcirculation, using several evaluation tools such as the SDF (Sidestream 

Dark Field), IDF (Incident Dark Field), OPS (Orthogonal Polarization Spectral), or the 

NIRS (Near InfraRed Spectroscopy)(9)(10). Although these studies have resulted in 

important observations on the prognostic implications of microcirculatory alterations 

in critically ill patients, it remains questioned whether sublingual microcirculation 

alterations may adequately reflect microcirculatory intestinal alterations, at least at the 

early phase of sepsis.(11)  
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During sepsis, it is known that gut can become a pro-inflammatory organ making SIRS 

(systemic inflammatory response syndrome) worse and leading to multiple organ 

failure in a vicious circle(12). Besides, a real-time in vivo analysis of the 

microcirculation with these tools seems more challenging and time consuming as it 

requires a significant reprocessing of the images.  

The probe-based confocal laser endomicroscope (Cellvizio®) firstly developed to guide 

abdominal and pulmonary biopsies has the advantage to allow a real-time in vivo 

visualization of the capillaries while fluorescent dyes such as FITC dextran are 

concomitantly used (13). Laemmel et al showed that fiber confocal fluorescence 

microscopy (FCFM) allows to study the microcirculation in vivo, with a very high 

correlation (R2=0,98) to intravital fluorescence microscopy. FCFM brings advantages 

such as confocality (avoiding the superposition of vessels), portability due to the small 

size of the probe and a good spatial resolution. FCFM allows to study the organ in its 

physiological environment (14). To date, only one study has reported Cellvizio® data 

in a porcine model of septic shock but its use was mainly endoluminal, and only focused 

on histological analysis of the intestinal mucosa.(15) 

Another way to monitor microcirculation is through endothelial cell related biomarkers 

such as soluble VEGF receptor, syndecan, soluble thrombomodulin, angiopoietins 1 

and 2, highly correlated with glycocalyx damages. (16)  

We chose an endotoxinic shock model induced by a LPS infusion, to get as close as 

possible to the capillary hyperpermeability linked to sepsis. 

We have previously investigated the effects of fluid resuscitation during different types 

of shock(17)(18). However, these studies focused on macrocirculatory effects of fluid. 

There is increasing evidence that normalization of the microcirculation and 
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maintenance of end-organ perfusion may be of great value in sepsis management 

(19)Whether fluid administration improves microcirculation in the acute phase of septic 

shock remains controversial (20) 

We thus sought to perform an experimental study to assess the effects of crystalloid 

fluid therapy on mesenteric microcirculation, using a new device, the confocal laser 

endomicroscope Cellvizio®, in a porcine model of endotoxinic shock. 

  



 7 

Methods 

This study was conducted as a prospective experimental trial in a piglet model. The 

Animal Care and Use Committee Languedoc-Roussillon (CEEA-LR-12013) approved the 

protocol and all experiments were performed in an authorized animal research 

laboratory. All facilities and transport comply with current legal requirements. 

Twenty-one female piglets weighing 32 ± 3 kg were fasted over night prior to the 

experiment, with free access to water. The animals were intravenously anesthetized 

with sufentanil (0.3µg/kg) and propofol (bolus of 3mg/kg followed by 1mg/kg/h) after 

intramuscular premedication with ketamine (15mg/kg)  and midazolam (1mg/kg) and 

mechanically ventilated after surgical tracheotomy with an inspired fraction of oxygen 

of 0.21, a tidal volume of 8 mL/kg, a positive end-expiratory pressure of 5 cm H2O 

delivered by a DragerTM ventilator. An internal jugular central venous line and a 

PiCCOTM femoral arterial catheter were inserted under ultrasound guidance. A urinary 

catheter was surgically placed in the bladder by a midline minilaparotomy.  

 

Study protocol (Figure 1) 

After surgical preparation, animals were stabilized for 30 minutes. Baseline 

measurements were performed and piglets were then assigned to one of the 3 study 

groups: 6 piglets in the sham group (no LPS injection, no fluid), 9 in the control group 

(LPS infusion, no fluid), and 6 in the experimental crystalloid group (LPS infusion and 

fluid resuscitation with crystalloids).  

Basal hydration with polyionic glucose solution at 100 ml/h was infused during the 

whole experiment.  
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At T0, endotoxinic shock was induced by infusing an Escherichia coli O111:B4  

lipopolysaccharide (4%) at a dose of 150 µg/kg over 30 minutes. (21) At T120, 0.9% 

saline fluid resuscitation was started as a bolus of 20 mL/kg over 30 minutes followed 

by a 10 mL/kg/h infusion rate for 3.5 hours in the crystalloids group. 

A protocolized haemodynamic resuscitation was performed by trained intensivists in 

all study groups: a vasopressor support with norepinephrine and dobutamine were 

administered when necessary, to maintain mean arterial pressure (MAP) above 65 

mmHg, according to current recommendations on sepsis management. (22). 

Euthanasia was performed at the end of the experiment under general anesthesia with 

an overdose of thiopental (60 à 80 mg/kg) 

 

Haemodynamic data : 

From the transpulmonary thermodilution PiCCOTM analysis, the following parameters 

were recorded at T0, T60, T180 and T360: cardiac output (CO), global end diastolic 

volume (GEDV), extravascular lung water (EVLW), pulmonary vascular permeability 

index (PVPI), indexed stroke volume (SVI), systemic vascular resistances (SVR). From 

the pulse contour PiCCOTM analysis, stroke volume variations (SVV), pulse pressure 

variations (PPV), and dP/dt max (an index of cardiac contractility) were collected. 

Additional haemodynamic data were recorded at T0, T60, T180 and T360: MAP, heart 

rate (HR), central venous pressure (CVP) and urine output.  

 

Microcirculation assessment 

We used a probe-based confocal laser endomicroscope (Cellvizio®, Mauna Kea 

technology, France) with the concomitant administration of 1 mL of an intravascular 
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dye, FITC dextran (70 kDa) to assess the mesenteric microcirculation. The procedure 

was standardized: the mesenteric network was visualized by affixing the laser probe 

in gentle contact with the mesentery without damaging the vessels, at the ileal 

segment level accessed from the minilaparotomy performed for the urinary catheter. 

The mesentery was maintained hydrated with warmed saline throughout 

microcirculation analysis. The CellVizio® was used at T0, T180 and T360. Images were 

recorded in vivo in a real time manner by the CellViewer software as digital sequences 

of at least 60 s duration (12 frames per second) (23)and analysed thereafter using the 

Cellviewer® software to collect FCD , mean vessel diameter (MVD), and total vessel 

length (TVL), according to the Cardiovascular and dynamics section of the ESICM latest 

recommandations(24). The vessel detection algorithm detects the medial axis and the 

border of tubular structures represented by FITC-induced contrast in a specified region 

of interest (ROI). The length, area, and diameter of the capillaries were calculated as 

a mean of these tubular structures. For quantification of FCD, the quotient of the 

capillary area divided by the total area of a given ROI was calculated.  Blood flow 

within the capillaries was also visually scored according to the POEM score as 

previously described.(25)  

Briefly, the POEM scoring system is a 5-point ordinal scale that integrates assessments 

of both flow and heterogeneity. It enables assessing real-time microcirculatory 

parameters determined on four video clips from the same piglet at the same time point 

according to the POEM methodology, i.e, from 1 (critically impaired) to 5 (normal flow 

without heterogeneity). (supplemental material 1) In order to evaluate POEM score 

agreement and reliability, all videos were analyzed twice by the same observer blinded 
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to study group allocation and results of first assessment. A second observer 

independently analyzed the videos and performed POEM scoring. 

 

Laboratory measurements 

Standard lab tests were performed at T0 and T360. 

At T0 and T360, soluble Vascular Endothelial Growth Factor Receptor  (sVEGFR) levels 

were measured in duplicate using a commercial enzyme-linked immunosorbent assay 

(ELISA) kit (Quantikine, R&D Systems, Minneapolis, MN, USA) according to the 

manufacturer’ s instructions.  

 

 

Statistical analysis  

Statistical analysis was performed using R software (version 3.3.2) (26). Data are 

presented as medians and interquartile range (25 th to 75 th percentiles) for 

continuous variables, absolute values and percentages for categorical variables. 

Groups were compared using the Mann-Whitney rank-sum test. Because of multiple 

testing, to ensure a global type I error of 0.05 (5%), for each test the level of 

significance was set at 0.016 (1.6%) thanks to the Bonferroni’s correction.(27) To 

assess inter-rater and intra-rater agreement for the POEM score, we computed the 

proportion of overall and specific agreement(28). We checked the reliability of this 

scoring thanks to the weighted Cohen's kappa(29) (30). We also calculated 95% 

confidence intervals with a non-parametric bootstrap approach consisting in 

resampling 10000 times with no replacement and using the accelerated bias corrected 

percentile method(31).  
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Results 

At baseline, haemodynamic, biological and microcirculatory parameters were similar 

between the three study groups (Table 1). 

No death occurred within the 6 hours of the experiment.  

 

Macrocirculatory parameters 

MAP was maintained above 65 mmHg during the 6 hours of experiment for 90.5% of 

the piglets (19/21). At T360, CO was significantly lower in the control group compared 

to the sham group (p=0.005) (Table 2a). There was no significant difference in CO at 

T360 between the sham and crystalloids groups (p=0.132). Urine output was 

significantly lower in both control and crystalloids groups compared to the sham group 

(p=0.009 and p=0.004, respectively). 

 

Microcirculatory parameters 

We obtained analyzable images using the Cellvizio® endomicroscope in 90,5% of the 

cases (Figure 2). We did not find any significant difference in FCD and MVD between 

the three study groups at any time whereas TVL was not evaluable due to respiratory 

variations. (Table 2b) At T360, the POEM score was significantly lower in the control 

and crystalloids groups (p=0.005 and p=0.011, respectively), whereas it remained 

unchanged in the sham group (Table 2b, Figure 3). The proportion of inter-rater 

agreement was 45.6% (95% CI [33.3-57.9]). The weighted kappa coefficient was 0.68 

(95% CI [0.50-0.81]).  

The proportion of intra-rater agreement was 57.9% (95% CI [45.6-70.2]). The 

weighted kappa coefficient was 0.84 (95% CI [0.71-0.92]).  
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Laboratory variables 

Biological data are shown in Table 2c. At T360, bicarbonates were lower in the 

crystalloids group compared to the sham group (p=0,008). At T360, sVEGFR1 levels 

were significantly higher in both control and crystalloids groups compared to the sham 

group (p=0,001 and p=0,004, respectively). There were no significant difference 

between control and crystalloids group. (p=0,8662) (Figure 4) 
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Discussion 

Key findings 

To our knowledge, this is the first study reporting the effects of crystalloids infusion 

on mesenteric microcirculation assessed by a probe-based confocal laser 

endomicroscopy (Cellvizio®) in early experimental sepsis. Our results show no 

significant improvement of microcirculatory alterations after crystalloids resuscitation 

despite improvement in macrocirculation. Microcirculation assessment tools should be 

considered to guide haemodynamics resuscitation in sepsis. We report the feasibility 

of using a probe-based confocal laser endomicroscopy Cellvizio® in the experimental 

setting to better understand microcirculatory alterations.  

 

Relationship with previous papers 

Sepsis treatment guidelines (22) mainly focus upon the normalization of 

macrocirculatory alterations, with less attention to restore microcirculatory dysfunction 

that has been shown to worsen outcomes.(32) Increased microcirculatory blood flow 

during sepsis resuscitation has been correlated with reduced organ failure at 24h even 

while macrocirculation remains unchanged, supporting the hypothesis that therapeutic 

interventions should specifically target microcirculation goals to potentially improve 

organ failure in sepsis. (33) In septic patients, fluid resuscitation is a vital component 

of patient management. However, in our study, crystalloids fluid resuscitation did not 

improve microcirculatory dysfunction. These findings are in accordance with previous 

experimental studies focusing on the effects of fluid resuscitation on microvascular 

dysfunction in septic shock. Lopez et al. previously reported persistent sublingual 

microvascular dysfunction despite early haemodynamic resuscitation using crystalloids 
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infusion and vasopressors in an endotoxinic shock.(34)Similarly, Ergin et al. 

demonstrated that fluid administration partially resolves LPS-induced shock whatever 

the type of fluid considered (0.9% NaCl, hydroxyethyl starch-ringer acetate 

solution)(35) whereas Danieni et al. showed that only 20% albumin restored 

microcirculatory haemodynamics. (36) On the opposite, clinical studies found an 

improvement in microcirculatory parameters such as microvascular flow index (MFI) 

after fluid therapy among patients with an initial significant alteration of MFI (<2.6) 

(37) especially at the early phase of sepsis.  (38)   However, none of these studies 

have evaluated intestinal microcirculation. 

Several tools have been proposed to assess microcircultory alterations during 

experimental sepsis. Handheld microscope devices using high-resolution image 

sensors and incident dark field imaging allowing automatic analysis of images have 

been widely studied(39). Only one study reported microcirculatory assesment using 

the probe-based confocal laser endomicroscopy Cellvizio® in a porcin model of septic 

shock. (15) In this experimental study, the authors observed a decrease in FCD during 

sepsis that was reversible with fluid administration. These results differ from what we 

observed mainly because microcirculation was assessed at the mucosal perfusion level 

while in the present study we focused on studying mesenteric circulation. Furthermore, 

Schmidt et al. used colloids resuscitation that has been shown to have greater effects 

on microcirculation compared to saline (40).  

Interestingly, our results confirm the feasibility of using the Cellvizio® endomicroscope 

in the experimental setting allowing the in vivo and real time visualization of 

pathological microcirculatory flows using a relatively simple score that would be easier 

to implement at bedside.  It has been previously reported that a visual assessment by 
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a trained operator is a reliable surrogate of a calculated value (41). In the present 

study, inter-rater agreement was good especially for the extreme values of the POEM 

score (1 or 5) enabling to reproducibly categorize microcirculation in “altered” or 

“normal” microcirculation.  

 

 

Implications of study findings 

In addition to goal-directed resuscitation procedures aimed at optimizing systemic 

haemodynamic variables, a microcirculatory-guided fluid resuscitation procedure 

would be needed to ensure the ultimate purpose of fluid resuscitation, which is to 

maximize oxygen transport to the tissue cells by optimizing convective and diffusive 

transport of oxygen. Since hypovolemia induces convection limitation (low convective 

flow) and fluid overload diffusion limitation (large diffusion distance), defining the 

optimal fluid volume should be the first concern of the intensivist. (42) 

However, in the present study, the microcirculation remains profoundly altered in the 

groups of septic animals, whether they receive crystalloids or not. There was no 

relationship between changes in microvascular perfusion and initial arterial pressure 

or cardiac index or changes during fluid administration. These data confirm the loss of 

haemodynamic coherence observed between macro and micro circulation in septic 

shock. Fluid therapy may not always be adequate to improve microcirculation 

dysfunction suggesting that other therapeutic interventions should be considered. 

Current macrocirculatory goals do not seem sufficient for effective resuscitation, aimed 

at reducing organ failures. Previous studies suggest that improvement of 

microcirculation at the early phase of resuscitation is associated with a decrease in 
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organ failure at 24 hours.(33) These notions have brought out the concept of 

« microcirculation guided fluid therapy »(42)  However, further studies are needed to 

confirm whether microcirculation-guided fluid therapy can improve organ dysfunction. 

Other treatments such as different vasopressors have been tried in order to restore 

normal microcirculation, without success.(43) Development of assessment tools easily 

implemented at bedside is another prerequisite to microcirculation-guided therapy in 

sepsis. 

 

Study limitations 

Unfortunately, lactate levels were not available during the experiment to correlate with 

microcirculatory alterations. Nevertheless, signs of organ hypoperfusion were recorded 

and VEGF Receptor 1 serum levels were higher in both control and fluids groups, 

compared to sham group. Yang et al showed that plasma sVEGFR1 levels had good 

correlation with organ hypoperfusion such as renal dysfunction, metabolic acidosis and 

hematologic dysfunction.(44) 

We only studied crystalloids resuscitation as these fluids are recommended as first line 

treatment in international guidelines (SSC). However, it woud be interesting to 

compare different type of fluids (crystalloids, colloids and albumin for example) and 

their effect on the POEM score, especially in an experimental setting  (45)(46)(47) 

In our study, we used an endotoxinic shock model, inducing early macro and micro 

circulatory alterations, and severe and lethal shock. These results can not be 

extrapolated to all types of shock. We were not able to quantify the capillary leak. 
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Conclusion 

 

There were no significant improvement of microcirculatory alterations after crystalloids 

resuscitation despite improvement in macrocirculation haemodynamics, assessed by a 

probe-based confocal laser endomicroscopy (Cellvizio®) in early experimental sepsis 

on a piglet model. Targeting macrocirculation and fluid therapy goals may not be 

sufficient to prevent and treat organ failures in sepsis. Microcirculation guided therapy 

should be considered for sepsis resuscitation. 
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All n=21 Sham n=6 Control n=9 Crystalloids n=6 

SAP (mmHg) 103  [91 ; 122] 

 

100.5  [92 ; 113.5] 

 

109  [96 ; 128] 

 

90  [80.2 ; 107.2] 

 

DAP (mmHg) 68  [61 ; 84] 

 

76  [62.8 ; 94.5] 

 

77  [67 ; 88] 

 

60  [52 ; 64.2] 

 

MAP (mmhg) 85  [78 ; 104] 

 

89  [78.5 ; 106.2] 

 

93  [79 ; 108] 

 

80.5  [67 ; 84.2] 

 

HR (bpm) 109  [97 ; 128] 

 

108.5  [100.2 ; 

132.5] 

 

98  [97 ; 114] 

 

118  [110.2 ; 126.5] 

 

CVP (mmHg) 13  [12 ; 14] 

 

12.5  [10.2 ; 14.8] 

 

13  [12 ; 13] 

 

13  [12.2 ; 13] 

 

CO (L/min) 3.6  [2.9 ; 4] 

 

3.2  [2.6 ; 3.8] 

 

3.6  [3.1 ; 4.2] 

 

3.6  [3.1 ; 4.3] 

 

PPV (%) 18  [15 ; 21] 

 

16  [15.2 ; 19] 

 

17  [15 ; 21] 

 

20.5  [18 ; 24.5] 

 

SVV (%) 14  [11 ; 15] 

 

13  [10.2 ; 17.2] 

 

14  [12 ; 15] 

 

15  [14.2 ; 15.8] 

 

SVI (ml/m2) 26  [23 ; 34] 

 

26  [26 ; 27.5] 

 

26  [23 ; 35] 

 

32.5  [22.8 ; 37.8] 

 

GEDV (ml) 547  [483 ; 585] 

 

539  [512.2 ; 575.5] 

 

559  [526 ; 605] 

 

494  [434.8 ; 541.2] 

 

EVLW (ml/kg) 14  [13 ; 15] 

 

14.5  [12.5 ; 15] 

 

14  [14 ; 16] 

 

13  [13 ; 13] 

 

PVPI  2.7  [2.5 ; 2.9] 

 

2.7  [2.6 ; 2.8] 

 

2.8  [2.4 ; 2.8] 

 

2.8  [2.5 ; 3.1] 

 

dP/dTmax (mmHg/s) 585  [518 ; 638] 

 

587.5  [584.2 ; 590] 

 

540  [500 ; 638] 

 

607  [534.2 ; 724.8] 

 

SVR(dyn.s.cm-5.m2) 2100 [1494 ; 

2570] 

 

1962.5[1768.8; 

2838] 

 

2114 [1985 ; 

2570] 

 

1263  [1136.5 ; 

2171] 

 
EtCO2 (mmHg) 35  [33 ; 38] 

 

38  [35 ; 42.5] 

 

34  [31 ; 36] 

 

37  [34.8 ; 37.8] 

 

HCO3 (mmol/L) 26.9  [25.4 ; 27.7] 

 

26.9  [26.5 ; 27.1] 

 

26.1  [24.9 ; 29.2] 

 

26.9  [24.8 ; 28.7] 

 

Alb (mmol/L) 28.4  [25.5 ; 30.4] 

 

27.9  [25.7 ; 31.2] 

 

27.9  [25.2 ; 28.4] 

 

29.7  [29.2 ; 35.3] 

 

Urea (mmol/L) 2.6  [2.2 ; 3.3] 

 

2.6  [2.2 ; 3] 

 

2.6  [2.2 ; 3.1] 

 

3  [2.4 ; 4.8] 

 

Creat (micromol/L) 96  [84 ; 105] 

 

89  [84 ; 102.2] 

 

96  [89 ; 107] 

 

98.5  [95.8 ; 99.8] 
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Table 1 – Hemodynamic and biological characteristics at baseline 

 

 

 

SAP :Systolic Arterial Pressure, DAP : Diastolic Arterial Pressure, MAP : Mean Arterial 

Pressure, HR : Heart Rate, CVP : Central Venous Pressure, CO : Cardiac Output, PPV : Pulse 

Pressure Variation, SVV : Stroke Volume Variation, SVI : Index Stroke Volume, GEDV : Global 

End-Diastolic Volume, EVLW : Extra Vascular Lung Water, PVPI : Pulmonary Vascular 

Permeability Index, SVR : Systemic Vascular Resistance, FCD : Functional Capillary Density, 

MVD : Mean Vessel Diameter, TVL : Total Vessel length, VEGFR1 : Vascular Endothelial 

Growth Factor Receptor 1 

 

Results are expressed as median (IQR).  

Na (mmol/L) 137  [134 ; 138] 

 

136.5  [135.2 ; 

139.2] 

 

135  [133 ; 138] 

 

138  [138 ; 140.2] 

 

K (mmol/L) 4  [3.8 ; 4.2] 

 

4.5  [4.1 ; 4.8] 

 

4  [3.8 ; 4.1] 

 

3.8  [3.4 ; 4.1] 

 

Cl (mmol/L) 95  [94 ; 97] 

 

95.5  [94.2 ; 96.8] 

 

95  [94 ; 95] 

 

97  [94 ; 97] 

 

pH 7.5  [7.5 ; 7.6] 

 

7.5  [7.5 ; 7.6] 

 

7.5  [7.5 ; 7.6] 

 

7.5  [7.5 ; 7.5] 

 

pCO2 (mmHg) 36  [32 ; 38] 

 

35.5  [32.8 ; 36] 

 

34  [31 ; 38] 

 

37  [35.2 ; 38.8] 

 

pO2 (mmHg) 

VEGFR1 (ng/ml) 

180  [155 ; 192] 

2.5 [2.1 : 4.2] 

169  [159.8 ; 185] 

2.6 [1.5 ; 3.3] 

192  [170 ; 195] 

2.3 [2 ; 6,5] 

167.5  [152.8 ; 

183.8] 

2.6 [1.5 ; 3.3] 
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Figure 1 – Study Protocol 
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Figure 2 – Microcirculatory assessment acquired with the confocal laser 

endomicroscope Cellvizio 

 

 

 

 

 

 

Mesenteric capillaries in green light after FITC dextran injection (left panel).  

Automatic vascular analysis of region of interest (ROI) using the Cell Viewer software 

(right panel). 
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Table 2a – Time course of hemodynamic parameters between T0 and T360. 

 

 

 

 

 

Sham n=6 Control n=9 Crystalloids n=6 

SAP (mmHg) 

    

 

T0 101  [93 ; 114] 109  [96 ; 128] 90  [80 ; 107] 

 

T60 123  [114 ; 132] 115  [107 ; 141] 110  [104 ; 111] 

 

T180 134  [124 ; 135] 101  [79 ; 116] 111 [91; 120] 

 

T360 135  [110 ; 140] 98  [86 ; 121] 114 [94 ; 131] 

     
DAP (mmHg)     

 T0 76  [63 ; 95] 77  [67 ; 88] 60  [52 ; 64] 

 T60 87 [76 ; 100] 77  [64 ; 102] 64  [57 ; 71] 

 T180 85  [80 ; 89] 70  [55 ; 85] 73  [49 ; 81] 

 T360 90  [71 ; 96] 66  [59 ; 80] 69  [50 ; 95] 

MAP (mmHg)     

 T0 89  [79 ; 106] 93  [79 ; 108] 81  [67 ; 84] 

 T60 101  [90 ; 115] 90  [86 ; 119] 83  [82 ; 90] 

 T180 105  [97 ; 110] 85  [65 ; 114] 90  [70 ; 96] 

 T360 108  [85 ; 114] 79  [69 ; 96] 88  [64 ; 112] 

HR (bpm)     

 T0 109  [100 ; 133] 98  [97 ; 114] 118  [110 ; 127] 

 T60 100  [94 ; 120] 123  [80 ; 142] 120 [111 ; 127] 

 T180 92  [89 ; 114] 140  [109 ; 143] 130  [106 ; 133] 

 T360 102  [89 ; 134] 160  [140 ; 189] 101  [93 ; 126] 

  Urine output (ml) 
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T0 23  [9 ; 39] 30  [20 ; 70] 55  [36 ; 138] 

 

T180 40  [40 ; 40] 10  [5 ; 10] 5  [4 ; 11] 

 

T360 75  [63 ; 230] ❖  ▽ 0  [0 ; 30] ❖ 0  [0 ; 4] ▽ 

CO (L/min)     

 T0 3.2  [2.6 ; 3.8] 3.6  [3.1 ; 4.2] 3.6  [3.1 ; 4.3] 

 T60 3.3  [2.6 ; 3.5] 4.0  [3.2 ; 4.5] 3.7  [3.1 ; 4.1] 

 T180 3.0  [2.7 ; 3.5] 2.9  [2.3 ; 3.1] 3.5  [2.3 ; 3.7] 

 T360 2.8  [2.5 ; 3.2] † 2.1  [2.0 ; 2.5] † 2.0  [1.9 ; 2.6] 

SVR (dyn.s.cm-5.m2) 

 

T0 

 

1963  [1769 ; 2838] 

 

2114  [1985 ; 2570] 

 

1263  [1137 ; 2171] 

 

 

T60 

 

2452  [2216 ; 2835] 

 

1993  [1342 ; 2572] 

 

1458  [1096 ; 1554] 

 

 

T180 

 

2474  [2254 ; 3082] 

 

2586  [2284 ; 2658] 

 

1774  [1307 ; 2908] 

 

 

T360 

 

2600  [2337 ; 2948] 

 

2368  [2270 ; 2548] 

 

2458  [1837 ; 3361] 

 
EVLW (ml/kg) 

    

 

T0 14.5  [12.5 ; 15.0] 14.0  [14.0 ; 16.0] 13.0  [13.0 ; 13.0] 

 

T60 14.0  [12.2 ; 15.8] 18.0  [15.0 ; 20.0] 14.5  [13.2 ; 15.8] 

 

T180 14.5  [13.0 ; 16.0] 17.0  [14.0 ; 17.0] 15.5  [13.2 ; 17.0] 

 

T360 15.0  [12.5 ; 16.0] 16.0  [15.0 ; 28.0] 15.5  [14.2 ; 16.8] 

SVI (mL/m2) 

    

 

T0 26  [26 ; 28] 26  [23 ; 35] 33  [23 ; 37.8] 

 

T60 33  [31 ; 36.8] 34  [30 ; 37] 30  [27 ; 37] 

 

T180 32  [29 ; 33.8] 21  [17 ; 23] 25  [24 ; 27] 

 

T360 30  [27 ; 31] ‡ 16  [16 ; 17] ‡ 25  [17 ; 27] 

dP/dt max (mmHg/s)  

 T0 588  [584 ; 590] 540  [500 ; 638] 607  [534 ; 725] 

 T60 700  [549 ; 863] 739  [584 ; 882] 825  [737 ; 976] 
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 T180 712  [555 ; 839] 504  [496 ; 637] 724  [526 ; 931] 

 T360 524  [431 ; 772] 784  [689 ; 964] 646  [555 ; 1051] 

 

† sham vs control p=0,006     ‡ sham vs control p=0.013   ▽ sham vs crystalloids, p= 0.004   ❖ sham 

vs control, p=0.009 SAP :Systolic Arterial Pressure, DAP : Diastolic Arterial Pressure, MAP : Mean Arterial 

Pressure, HR : Heart Rate, CO : Cardiac Output, PPV : Pulse Pressure Variation, SVI : Index Stroke 

Volume, EVLW : Extra Vascular Lung Water,  SVR : Systemic Vascular Resistance 

 

Data are expressed as median (IQR). Groups were compared using the Mann-

Whitney rank-sum test. 
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Table 2b – Time course of Cellvizio parameters.  

 

Data are expressed as median (IQR). Groups were compared using the Mann-

Whitney rank-sum test. Missing data : n=2 at T180 in the sham group, n=2 at T360 

in the sham group, n=1 at T360 in the control group, n=1 at T360 in the crystalloids 

group 

  

 

Sham n=6 Control n=9 Crystalloids n=6 

POEM     

   T0 5.0  [5.0 ; 5.0] 5.0  [5.0 ; 5.0] 5.0  [5.0 ; 5.0] 

   T180 5.0  [5.0 ; 5.0] 4.0  [1.0 ; 5.0] 3.0  [1.2 ; 4.8] 

   T360 5.0  [5.0 ; 5.0] ▽ † 1.0  [1.0 ; 2.0]  † 1.0  [1.0 ; 1.0]  ▽ 

FCD (cm-2)    

 T0 0.014 [0.013 ; 0.014] 0.012  [0.012 ; 0.013] 
0.013  [0.012 ; 

0.013] 

 T180 0.013 [0.011 ; 0.014] 0.013  [0.012 ; 0.015] 
0.013  [0.012 ; 

0.014] 

 T360 0.013 [0.013 ; 0.016] 0.013  [0.012 ; 0.014] 
  0.012  [0.010 ; 

0.013] 

MVD (µm)    

 T0 13.1  [12.4 ; 15.8] 11.4  [11.0 ; 15.9] 14.9  [13.8 ; 16.0] 

 T180 13.9  [12.7 ; 15.0] 13.1  [12.7 ; 14.2] 12.9  [12.4 ; 13.8] 

 T360 13.6  [13.3 ; 14.4]  12.0  [11.6 ; 12.6] 11.9  [10.7 ; 12.2] 

     

▽ sham vs crystalloids, p=0.011    † sham vs control p=0.005   

FCD: Functional Capillary Density, MVD : Mean Vessel Diameter 
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Table 2c – Time course of biological parameters 

 

  

Sham n=6 Control n=9 Crystalloids n=6 

Albumin 

(mmol/L) 
    

 T0 27.9  [25.7 ; 31.2] 27.9  [25.2 ; 28.4] 29.7  [29.2 ; 35.3] 

 T360 27.3  [23.6 ; 30.7] 26.6  [24.6 ; 29.2] 24.8  [21.0 ; 28.5] 

HCO3- (mmol/L)     

 T0 26.9  [26.5 ; 27.1] 26.1  [24.9 ; 29.2] 26.9  [24.8 ; 28.7] 

 T360 28.3  [27.2 ; 29.0] † 22.4  [21.7 ; 24.3] 16.5  [14.8 ; 20.3] † 

Urea (mmol/L)     

 T0 2.6  [2.2 ; 3.0] 2.6  [2.2 ; 3.1] 3.0   [2.4 ; 4.8] 

 T360 3.7  [3.6 ; 3.8] 4.9  [4.1 ; 6.1] 4.5  [4.1 ; 6.8] 

Creatinine (µmol/L)    

 T0 89  [84 ; 102] 96  [89 ; 107] 99  [96 ; 100] 

 T360 98  [83 ; 109] 131  [113 ; 155] 140  [127 ; 154] 

Na (mmol/L)     

 T0 137  [135 ; 139] 135  [133 ; 138] 138 [138 ; 140] 

 T360 136  [135 ; 137] 135  [135 ; 136] 141 [138 ; 142] 

K (mmol/L)     

 T0 4.5  [4.1 ; 4.8] 4.0  [3.8 ; 4.1] 3.8  [3.4 ; 4.1] 

 T360 4.5  [4.5 ; 4.7] 5.3  [5.0 ; 6.2] 4.7  [4.3 ; 4.9] 

Cl (mmol/L)     
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 T0 96  [94 ; 97] 95  [94 ; 95] 97  [94 ; 97] 

 T360 96  [95 ; 98] 95  [93 ; 95] 99  [99 ; 101] 

pH     

 T0 7.5  [7.5 ; 7.6] 7.5  [7.5 ; 7.6] 7.5  [7.5 ; 7.5] 

 T180 7.6  [7.6 ; 7.6] 7.5  [7.4 ; 7.5] 7.3  [7.3 ; 7.4] 

pCO2 (mmHg)     

 T0 36  [33 ; 36] 34  [31 ; 38] 37  [35 ; 39] 

 T180 34  [32 ; 39] 39  [37 ; 45] 38  [37 ; 40] 

pO2 (mmHg)     

 T0 169  [160 ; 185] 192  [170 ; 195] 168  [153 ; 184] 

 T180 208  [175 ; 209] 147  [125 ; 190] 148  [105 ; 179] 

VEGFR1 (ng/ml) 

 

 

T0 2.6 [1.5 ; 3.3] 2.3 [2 ; 6.5] 2.6 [1.5 ; 3.3] 

 T240 3.0 [1.6 ; 4.2] ▽ ❖ 

25.0 [14.4 ; 37.6] 

▽ 22.4 [18.9 ; 26.6] ❖ 

 

 

sVEGFR1 : Soluble Vascular Endothelium Growth Factor Receptor 1. † p=0.008   ▽ p=0,0004   

❖ p=0,0022 

 

 

Data are expressed as median (IQR). Groups were compared using the Mann-Whitney 

rank-sum test. 
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Figure 3 – Point Of carE Microcirculation Assessment Score between T0 and T360 –  

From 1 to 5.  5 = normal, 4 = normal with mild heterogeneity, 3 = Normal with marked 

heterogeneity, 2 = Impaired, 1 = Critically Impaired 
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Figure 4 – Time course of sVEGFR1 plasma levels between T0 and T360. 

 

 

Data are expressed as box plots showing median, interquartile, and full range.  
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SUPPLEMENTAL MATERIAL 

 

 

 

 

POEM Score, from Naumann et al. - Critical Care (2016) 20:310 (DOI 

10.1186/s13054-016-1492-1) 
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 En présence des Maîtres de cette école, de mes chers condisciples et 
devant l’effigie d’Hippocrate, je promets et je jure, au nom de l’Etre 
suprême, d’être fidèle aux lois de l’honneur et de la probité dans 
l’exercice de la médecine. 

 
 

 Je donnerai mes soins gratuits à l’indigent et n’exigerai jamais un 
salaire au-dessus de mon travail. 

 
 

 Admis (e) dans l’intérieur des maisons, mes yeux ne verront pas ce qui 
s’y passe, ma langue taira les secrets qui me seront confiés, et mon état 
ne servira pas à corrompre les mœurs, ni à favoriser le crime. 

 
 

 Respectueux (se) et reconnaissant (e) envers mes Maîtres, je rendrai à 
leurs enfants l’instruction que j’ai reçue de leurs pères. 

 
 

 Que les hommes m’accordent leur estime si je suis fidèle à mes 
promesses. Que je sois couvert (e) d’opprobre et méprisé (e) de mes 
confrères si j’y manque. 
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RESUME 

Contexte  

Dès la phase précoce du sepsis, des altérations au niveau de la microcirculation peuvent être 

observées, alors même que la macrocirculation paraît préservée. L’objectif de cette étude est 

d’analyser l’effet d’un remplissage vasculaire sur la microcirculation mésentérique, évaluée par 

l’endomicroscope confocal laser Cellvizio, dans un modèle porcin de choc endotoxinique. 

Matériels et méthodes  

Il s’agit d’un essai prospectif expérimental de choc endotoxinique induit par une perfusion de 

lipopolysaccharide (LPS). Les porcelets étaient répartis en 3 groupes : 6 dans le groupe sham 

(pas de LPS, pas de remplissage vasculaire), 9 dans le groupe contrôle (perfusion de LPS, pas 

de remplissage vasculaire), et 6 dans le groupe cristalloïdes (perfusion de LPS et remplissage 

vasculaire avec des cristalloïdes). Le remplissage vasculaire consistait en un bolus de 20 ml/kg 

de sérum salé isotonique à 0.9% sur 30 minutes, suivi d’une perfusion de 10 ml/kg/h sur 4 

heures. La microcirculation mésentérique était évaluée à l’aide d’un endomicroscope confocal 

laser (Cellvizio®). Le flux sanguin au travers des capillaires était évalué visuellement par le 

score POEM (Point of care microcirculation). 

Résultats 

Initialement, les 3 groupes étaient similaires sur les plans hémodynamique, biologique et 

microcirculatoire. A T360, le score POEM chutait significativement dans le groupe contrôle et 

dans le groupe cristalloïdes, alors qu’il restait inchangé dans le groupe sham (respectivement 

1.62±1.06 , 1.2±0.45 et 5.0±0, p=0,011). Il n’y avait pas de différence significative du débit 

cardiaque à T360 entre les groupes sham et cristalloïdes (3.1±0.8 vs 2.3±0.6 , p=0.132) ou 

entre les groupes contrôle et cristalloïdes (2.0±0.6 vs 2.3±0.6, p=0.90). 

Conclusion 

Nous n’avons pas observé d’amélioration significative des altérations microcirculatoires après 

remplissage vasculaire malgré une amélioration des paramètres macrocirculatoires, à la phase 

précoce d’un sepsis expérimental. 

Mots clés : sepsis, choc endotoxinique, microcirculation, cristalloïdes, cellvizio, 

endomicroscope confocal laser. 
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