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◼ Endothelial Cells (EC)

Endothelial cells are vascular, nonconventional immune cells that

play a major role in the systemic response after bacterial infection

1. Endotheliopathy

J Thromb Haemost. 2019 Feb;17(2):283-294.



◼ Endothelial Glycocalyx

The endothelial glycocalyx is a carbohydrate-rich gel-like layer up to 

3 um thick that covers the entire luminal surface of the vasculature

1. Endotheliopathy

Curr Neurovasc Res. 2016;13(3):249-60. Crit Care. 2013 Sep 14;17(5):R203.



◼ Endothelial Glycocalyx

It consists largely of membrane-binding proteoglycans, 

glycosaminoglycan side-chains, and polysaccharide hyaluronan

1. Endotheliopathy

Ann Intensive Care. 2024 Apr 24;14(1):64. https://assignmentpoint.com/proteoglycan/



◼ Endothelial Glycocalyx

It consists largely of membrane-binding proteoglycans, 

glycosaminoglycan side-chains, and polysaccharide hyaluronan

1. Endotheliopathy

https://themedicalbiochemistrypage.org/glycosaminoglycans-and-proteoglycans Front Cardiovasc Med . 2022 May 13:9:897087.



◼ Endothelial Glycocalyx

GAGs have negative electric charges to form a hydrated dense gel-

like layer with a high reflection capability for albumin

1. Endotheliopathy

Front Immunol. 2023 Oct 3:14:1251876.



◼ Endothelial Glycocalyx

GAGs have negative electric charges to form a hydrated dense gel-

like layer with a high reflection capability for albumin

1. Endotheliopathy

Nutrients. 2023 Jun 25;15(13):2873 Am J Pathol. 2020 Apr;190(4):742-751.



◼ Endothelial Glycocalyx

1. Endotheliopathy

Front Cardiovasc Med . 2022 May 13:9:897087.



◼ Endothelial Response in Sepsis 

1. Endotheliopathy

Ann Intensive Care. 2024 Apr 24;14(1):64.

Pro-inflammatory

Pro-adhesive

Pro-thrombotic



1. Endotheliopathy

Am J Respir Crit Care Med. 2020 Aug 1;202(3):361-370

◼ Endothelial Response in Sepsis 

It is very challenging to discriminate between appropriate 

activation and endothelial dysfunction

Homeostasis

Dysregulation



◼ Pro-inflammatory EC Phenotype  

1. Endotheliopathy

Am J Respir Crit Care Med. 2020 Aug 1;202(3):361-370
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1. Endotheliopathy

Matrix Biol Plus . 2021 Nov 27:12:100094.

◼ The degradation of the endothelial glycocalyx

Increased enzymatic and non-enzymatic proteolytic processes

Cause the changes in the glycocalyx



1. Endotheliopathy

Front Immunol . 2023 Apr 4:14:1144229

◼ The degradation of the endothelial glycocalyx



1. Endotheliopathy

◼ The degradation of the endothelial glycocalyx

Front Cardiovasc Med . 2022 May 13:9:897087.



1. Endotheliopathy

◼ The degradation of the endothelial glycocalyx

Sci Rep. 2024 May 7;14(1):10477



1. Endotheliopathy

◼ Pro-adhesive EC Phenotype

Biomed Pharmacother . 2024 Sep:178:117180. 

Adhesion molecules



1. Endotheliopathy

◼ Pro-adhesive EC Phenotype

Front Immunol . 2023 Apr 4:14:1144229



1. Endotheliopathy

◼ Endothelial Cell hyper-permeability

The vascular barrier is impaired owing to glycocalyx breakd

own, EC apoptosis, and junction protein dysregulation

Biomed Pharmacother . 2024 Sep:178:117180. 



1. Endotheliopathy

◼ Endothelial Cell hyper-permeability

Am J Pathol . 2020 Apr;190(4):742-751.



1. Endotheliopathy

◼ Endothelial Cell hyper-permeability

Crit Care . 2024 Mar 23;28(1):97. 



1. Endotheliopathy

◼ Endothelial Cell hyper-permeability

Crit Care . 2024 Mar 23;28(1):97. 



1. Endotheliopathy

◼ Endothelial Cell hyper-permeability

Clin Transl Med . 2023 Jan;13(1):e1170.



1. Endotheliopathy

◼ Endothelial Cell hyper-permeability

N Engl J Med 2010;363:689-691



1. Endotheliopathy

◼ Pro-thrombotic EC Phenotype

Am J Respir Crit Care Med. 2020 Aug 1;202(3):361-370



1. Endotheliopathy

◼ Vasodilation

Am J Respir Crit Care Med. 2020 Aug 1;202(3):361-370



1. Endotheliopathy

◼ Vasodilation

N Engl J Med. 2001 Aug 23;345(8):588-95.Front Pediatr. 2022 Nov 17:10:1035567



1. Endotheliopathy

◼ Endotheliopathy

Ann Intensive Care. 2024 Apr 24;14(1):64.



1. Endotheliopathy

◼ Endotheliopathy

Ann Intensive Care. 2024 Apr 24;14(1):64.



1. Endotheliopathy

Front Med (Lausanne) . 2023 Nov 9:10:1252021.



◼ Identification of EC dysfunction

Two clinically applicable measures for the evaluation of

endotheliopathy

2. Identification

Intensive Care Med Exp . 2023 Dec 20;11(1):96.



◼ Serologic markers

2. Identification

Biomarkers Ref Population Results

Syndecan-1
Jones. J Crit
Care 2016

175 patients with sepsis Syndecan-1 was elevated in nonsurvivors

Angiopoetin-1, 2
Zhao. Critical 
Care 2015

440 patients with sepsis
Ang-2/Ang-1 ratio was associated with 
poor outcomes

Soluble 
Thrombomodulin

Jenson. Semin
Thromb
Hemost 2015

1,103 patients with 
sepsis

sTM predicted risk of multiple organ 
failure

Anti-thrombin III
Wang. Clin
Exp Med 2021

251 patients with sepsis
Anti-thrombin III was an independent risk 
factor for mortality

Protein C
Rivers. Crit
Care Med
2009

971 patients with sepsis
Protein C was predictive of poor 
outcomes

ICAM-1
Restrepo. 
Cytokine 2016

48 patients with sepsis Serum ICAM-1 was associated with MOF



◼ Microvascular assessment

2. Identification

Scand J Trauma Resusc Emerg Med . 2018 Feb 14;26(1):16.



◼ Microvascular assessment

2. Identification

Crit Care . 2021 Mar 19;25(1):112

This observational, prospective, cross-sectional study including 51 participants, of which 

34 critically ill patients from ICU of a single center was to evaluate the associations 

between novel microvascular variables and clinical severity



◼ Sepsis induced Coagulopathy

2. Identification

Intensive Care Med (2024) 50:1580–1592



◼ Sepsis induced Coagulopathy

2. Identification

Unpublished



◼ Sepsis induced Coagulopathy

2. Identification

Unpublished



◼ Capillary Refill Time

2. Identification

Intensive Care Med (2024) 50:580–582



◼ Capillary Refill Time

2. Identification

Ann Intensive Care. 2011 Jul 19;1(1):27.



◼ Capillary Refill Time

2. Identification

JAMA. 2019;321(7):654-664.

Multicenter, randomized trial included 424 patients with septic shock who were randomized 

to a step-by-step resuscitation protocol aimed at either normalizing capillary refill time (n 

= 212) or normalizing or decreasing lactate levels at rates greater than 20% per 2 hours 

(n = 212), during an 8-hour intervention period.



◼ Capillary Refill Time

2. Identification

Ann Transl Med. 2020 Jun;8(12):789.



◼ Capillary Refill Time

2. Identification

Ann Intensive Care. 2020 Aug 26;10:114.

Post-hoc analysis of the ANDROMEDA-SHOCK trial including 372 patients who had available data at 2 

h after the enrollment were conducted to determine whether patients with normal CRT at T2 allocated 

the LT arm were associated with worse outcomes.



◼ Treatments targeting endothelial dysfunction

The current global guidelines do not propose specific treat

ments for endotheliopathy

3. Therapeutic strategy



◼ Treatments targeting endothelial dysfunction

3. Therapeutic strategy

Endothelial dysfunction

Inflammation Glycocalyx

ThrombosisVasodilatation



◼ Inflammation

3. Therapeutic strategy

Steroid

Ann Intensive Care. 2024 Apr 24;14(1):64.



◼ Inflammation

3. Therapeutic strategy

Crit Care Med . 2024 May 1;52(5):e219-e233.



◼ Inflammation

3. Therapeutic strategy

Front. Immunol., 21 July 2020



◼ Inflammation

3. Therapeutic strategy

Crit Care Med . 2024 May 1;52(5):e219-e233.



◼ Inflammation

3. Therapeutic strategy

N Engl J Med 2018;378:809-18

A multicenter, double-blind, randomized, controlled trial included 1,241 adults patients with 

septic shock who received intravenous hydrocortisone 50 mg q 6 hr and Fludrocortisone 50 µg 

qd for 7 days without tapering versus placebo.



◼ Inflammation

3. Therapeutic strategy

JAMA Intern Med. 2023 May 1;183(5):451-459.

This retrospective cohort study from 2016 to 2020 used the enhanced claims-based Premier 

Healthcare Database, which included approximately 25% of US hospitalizations. Participants 

were adult patients hospitalized with septic shock and receiving norepinephrine who began 

hydrocortisone treatment. 



◼ Inflammation

3. Therapeutic strategy

Lancet Respir Med 2024; 12: 366–74



◼ Treatments targeting endothelial dysfunction

3. Therapeutic strategy

Endothelial dysfunction

Inflammation Glycocalyx

ThrombosisVasodilatation



◼ Glycocalyx

3. Therapeutic strategy

Ann Intensive Care. 2024 Apr 24;14(1):64.

Albumin



◼ Glycocalyx

3. Therapeutic strategy

N Engl J Med . 2014 Apr 10;370(15):1412-21.

The multicenter, randomized trial including 1,818 patients with severe sepsis was to compare 

receiving either 20% albumin and crystalloid solution or crystalloid solution alone. In the albumin 

group, the target serum albumin concentration was 3.0 g/dL.



◼ Glycocalyx

3. Therapeutic strategy

Crit Care. 2021;25(1):113.

The sub-study of ALBIOS was aimed to evaluate the effects of albumin supplementation on 

endothelial dysfunction in patients with septic shock (n = 375)



◼ Glycocalyx

3. Therapeutic strategy

Crit Care . 2024 Feb 7;28(1):43.

The proof-of concept study including 50 patients with sepsis and prolonged CRT > 3 s was to 

compare CRT normalization at 1 h between saline 500 mL and albumin 20% 100 mL over 15 min 

infusion



◼ Treatments targeting endothelial dysfunction

3. Therapeutic strategy

Endothelial dysfunction

Inflammation Glycocalyx

ThrombosisVasodilatation



◼ Thrombosis

3. Therapeutic strategy

Intensive Care Med . 2023 Mar;49(3):273-290.



◼ Thrombosis

3. Therapeutic strategy



◼ Thrombosis

3. Therapeutic strategy

J Intensive Care . 2025 Mar 14;13(1):15



◼ Thrombosis

3. Therapeutic strategy

J Intensive Care . 2025 Mar 14;13(1):15



◼ Thrombosis

3. Therapeutic strategy

J Intensive Care . 2025 Mar 14;13(1):15



◼ Treatments targeting endothelial dysfunction

3. Therapeutic strategy

Endothelial dysfunction

Inflammation Glycocalyx

ThrombosisVasodilatation



◼ Vasodilatation

3. Therapeutic strategy

CHEST 2023; 163(3):567-574



◼ Vasodilatation

3. Therapeutic strategy

Crit Care . 2024 Feb 7;28(1):43.

A single-center randomized controlled trial assigned 91 patients with septic shock to MB or 

placebo. Patients assigned to MB group received an intravenous (IV) infusion of 100 mg of MB in 

500 ml of 0.9% sodium chloride solution over 6 h once daily for a total of 3 doses. 
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