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Abstract: Acute hypoxemic respiratory failure (AHRF) is defined as acute and progressive, and
patients are at a greater risk of developing acute respiratory distress syndrome (ARDS). Until now,
most studies have focused on prognostic and diagnostic biomarkers in ARDS. Since there is evidence
supporting a connection between dysregulated coagulant and fibrinolytic pathways in ARDS progres-
sion, it is plausible that this dysregulation also exists in AHRF. The aim of this study was to explore
whether levels of soluble endothelial protein C receptor (sEPCR) and plasminogen differentiate
patients admitted to the emergency department (ED) with AHRF. sEPCR and plasminogen levels
were measured in 130 AHRF patients upon ED presentation by ELISA. Our results demonstrated
that patients presenting to the ED with AHRF had elevated levels of sEPCR and plasminogen. It
seems that dysregulation of coagulation and fibrinolysis occur in the early stages of respiratory failure
requiring hospitalisation. Further research is needed to fully comprehend the contribution of sEPCR
and plasminogen in AHRF.
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1. Introduction

Respiratory failure (RF) is characterised by the inability of the lungs to either ade-
quately provide oxygen to the body, causing hypoxemia, or sufficiently remove carbon
dioxide from the body, leading to hypercapnia [1]. Acute respiratory failure (ARF) can be
caused by respiratory, cardiovascular, or systemic disease, and is characterised by acute
and increasing hypoxemia that occurs in previously healthy individuals. ARF is a hetero-
geneous syndrome, associated with high hospital morbidity and mortality rates [2]. In
the absence of chronic hypoxemic respiratory failure (requiring long-term oxygen therapy
at home), patients diagnosed with de novo hypoxemic respiratory failure suffer from
significant hypoxemia and tachypnoea [3].

Acute hypoxemic respiratory failure (AHRF) is defined as acute and progressive.
Hence, patients are at a greater risk of developing acute respiratory distress syndrome
(ARDS) [4]. Using the Berlin definition, ARDS is diagnosed by early onset or worsening of
the respiratory symptoms, the presence of bilateral opacities on chest imaging, and non-
cardiogenic respiratory failure, leading to mild, moderate, or severe oxygen impairment
(PaO2/FIO2 ≤ 300 mmHg) [5]. Pathophysiologically, it is characterised by damage to the
capillary endothelium and alveolar epithelium, and fluid accumulation in the alveolar
space, leading to alveolar oedema. The European Society of Intensive Care Medicine
(ESICM) clinical practice guideline (CPG) recommends that patients with AHRF should
receive high-flow nasal cannula (HFNC) oxygen and not conventional oxygen therapy to
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reduce the risk of intubation [6]. Recently, a new global definition of ARDS, based on the
Berlin definition, was proposed, to include patients receiving non-invasive support [7].
In this revised definition, the authors suggested a new ARDS category consisting of non-
intubated ARDS patients who are on high-flow nasal oxygenation (HFNO) or non-invasive
ventilation at the time of diagnosis, with an oxygen delivery threshold of 30 L/min with
HFNO [7].

Over the past years, several endothelial biomarkers have been assessed as possible
therapeutic targets, as well as in diagnosing and monitoring ARDS patients; however,
little progress has been made. Considering the underlying molecular pathophysiological
mechanisms, finding generalisable biomarkers could lead to the development of a gold-
standard diagnostic biomarker panel or could help patients’ clinical stratification [8]. In
patients with ARDS, both the coagulation cascade and the fibrinolytic system are activated
systemically and, in the lung, favour the formation of fibrin clots [9]. Since there is evidence
supporting a connection between dysregulated coagulant and fibrinolytic pathways in
ARDS progression [10,11], it is plausible that this dysregulation also exists in AHRF. Most
studies have examined the disruption of the abovementioned pathways in established
ARDS; hence, the aim of the current study was to explore whether there is a connection
between AHRF and two key components of coagulation and fibrinolysis.

The protein C pathway is known for its anticoagulant and cytoprotective activities. To
maintain vascular haemostasis and regulate the inflammatory response, protein C needs
to be activated. Membrane-bound endothelial cell protein C receptor (EPCR) is the key
receptor of protein C activation by the thrombin–thrombomodulin (TM) complex [12].
However, in the presence of inflammatory mediators, EPCR is cleaved in its soluble (s)
form in the circulation. sEPCR inhibits the anticoagulant activity of the activated protein
C (APC) [13]. On the other hand, plasminogen (PLG) is the zymogen form of plasmin
and has a central role in the fibrinolytic pathway. The conversion of PLG to plasmin, the
primary fibrinolysin, is mediated via the action of two plasminogen activators, tissue-type
plasminogen activator (tPA) and urokinase-type plasminogen activator (uPA) [14]. Data
from clinical and in vivo studies indicate that PLG also contributes to the regulation of the
inflammatory response [15].

In previous studies, we have demonstrated the promising prognostic capability of
sEPCR levels in sepsis and COVID-19 [16–18], while we also found that critically ill
COVID-19 non-survivors had higher PLG levels compared to survivors on ICU admis-
sion [19]. In view of the above, the purpose of the present study was to explore whether
sEPCR and PLG levels differentiate patients presenting to the emergency department (ED)
with AHRF, regardless of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection, and to examine whether sEPCR and PLG levels could provide important clinical
information regarding AHRF progression.

2. Materials and Methods

This observational single-centre study took place in the ED of “Evangelismos” Hospi-
tal from December 2021 to March 2023. The Research Ethics Committee of “Evangelismos”
Hospital approved this study (476/7-10-2021) and all procedures were conducted in com-
pliance with the Helsinki Declaration. Prior to study enrolment, informed consent was
obtained from all subjects involved in this study.

The inclusion criteria were adults (>18 years) and the presence of de novo AHRF. De
novo AHRF was considered if a patient required an oxygen flow rate of 5 L/min or more to
maintain oxygen saturation (SpO2) levels > 90% in the absence of prior chronic RF. Exclusion
criteria were no requirement for hospital admission, post-operative ARF (within one week),
chronic hypoxemic RF (requiring long-term oxygen therapy at home), hypercapnic RF,
transfer from another hospital or facility, pregnancy, admission to the hospital purely to
facilitate comfort care, and lack of informed consent. ARDS was assessed according to
the Berlin and the newly proposed definition [5]. SARS-CoV-2 infection was confirmed
by real-time reverse transcription PCR (RT-PCR) in nasopharyngeal swabs. The quick
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sequential organ failure assessment (qSOFA) (respiratory rate of 22/min or greater, altered
mentation, or systolic blood pressure of 100 mm Hg or less) was calculated in the patients
presenting to the ED [20]. The enrolled patients with AHRF required hospitalisation and
were disposed either in the general ward or in the ICU.

Following study enrolment, patients’ demographics, current medication, underly-
ing medical conditions, qSOFA score and vital signs, clinical variables including airway
management (the type of oxygen delivery device and arterial blood gases), AHRF-related
variables such as predisposing risk factors and the presence of infiltrates in radiographic
imaging, laboratory findings, and outcomes were recorded.

Moreover, a total of 30 SARS-CoV-2-negative, age- and sex-matched patients who
visited the ED for another medical reason and did not require hospitalisation were recruited
in the study and were used as the control group.

Blood samples were obtained within 6 h from ED presentation. Blood was drawn in
BD Vacutainer™ Heparin Plasma Tubes (Becton, Dickinson and Company, Franklin Lakes,
NJ, USA), portioned and stored into aliquots at −80 ◦C until used.

Soluble plasminogen (Wuhan Fine Biotech Co. Ltd., Wuhan, China; intra-assay coefficient
of variability (CV) < 8%; detection limit = 46.875 pg/mL; assay range, 78.125–5000 pg/mL)
and sEPCR (R&D Systems, Inc., Minneapolis, MN, USA; CV = 5.8%; detection = 0.3 ng/mL;
assay range, 0.3–20 ng/mL) were measured in the plasma samples by enzyme-linked
immunosorbent assay (ELISA) according to the manufacturers’ instructions. The assays
used two different polyclonal antibodies against the molecules as catching and tagging
antibodies. The researcher who performed the measurements was blinded to the samples
measured. Prior to assaying, the appropriate sampling dilution was determined. Samples
were diluted 1:10,000 for the measurement of soluble PLG, while for sEPCR, the samples
were pre-treated with HCl and neutralised with NaOH (as per protocol instructions) and
were subsequently diluted 1:20 (final dilution 1:39). All samples were assayed in duplicates.

Data are presented as individual values (n, %), mean ± standard deviation (SD) for
normally distributed variables, and median with interquartile range (IQR) for variables with
skewed distribution, as appropriate. Student’s t-test or the non-parametric Mann–Whitney
test for skewed data was used for two group comparisons, while the chi-square test was
performed for associations between qualitative variables. More than two group comparison
were performed with one-way ANOVA, followed by Dunn’s multiple comparison test.
Receiver operating characteristic (ROC) curves were plotted using the presence of AHRF
as the classification variable and the biomarker levels on ED presentation as prognostic
variables. The optimal cut-off value for predicting AHRF was calculated as the point
with the greatest combined sensitivity and specificity. The IBM SPSS statistical package,
version 22.0 (IBM Software Group, Armonk, NY, USA), and GraphPad Prism, version 8.0
(GraphPad Software, San Diego, CA, USA), were used for data analysis. p-values < 0.05
were considered statistically significant.

3. Results
3.1. Study Population

During the study period, 432 patients who presented to the ED were evaluated for
inclusion in this study. According to the inclusion and exclusion criteria, 253 were included
in the original study. Of these, 61 patients were over 80 years old, and we decided not to
measure endothelial biomarkers in these patients, since endotheliopathy is pronounced in
elderly frail patients. In 62 patients, we had missing data. Hence, 130 AHRF patients were
finally included in the measurements. The study flow chart is shown in Figure 1.

All enrolled patients with AHRF required hospitalisation and were disposed either
in the general ward (n = 103) or in the ICU (n = 27). The median age of our patients was
67 years, nearly half were male (48.5%), and 78.5% had comorbidities, with hypertension
being the most prominent. Fifty-one patients were under medication for their underlying
conditions. Most patients (56.9%) had a qSOFA score of zero. The major predisposing factor
for AHRF was SARS-CoV-2 infection, with 73 patients testing positive (56%), followed by
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pulmonary infection (n = 36). One patient did not present with any AHRF predisposing fac-
tors. Table 1 presents the demographic and clinical characteristics of the study population.
Thirty subjects (median age of 60 years, 57% male, and 83% with at least one comorbidity,
with hypertension being the most prevalent) who presented to the ED without AHRF and
did not require hospitalisation were also included for biomarker assessment.

Biomedicines 2024, 12, 1081 4 of 12 
 

years, nearly half were male (48.5%), and 78.5% had comorbidities, with hypertension be-
ing the most prominent. Fifty-one patients were under medication for their underlying 
conditions. Most patients (56.9%) had a qSOFA score of zero. The major predisposing fac-
tor for AHRF was SARS-CoV-2 infection, with 73 patients testing positive (56%), followed 
by pulmonary infection (n = 36). One patient did not present with any AHRF predisposing 
factors. Table 1 presents the demographic and clinical characteristics of the study population. 
Thirty subjects (median age of 60 years, 57% male, and 83% with at least one comorbidity, 
with hypertension being the most prevalent) who presented to the ED without AHRF and did 
not require hospitalisation were also included for biomarker assessment. 

 
Figure 1. Study flow chart. AHRF = acute hypoxemic respiratory failure; RF = respiratory failure. 

Table 1. Demographics, airway management, biochemical data, and outcomes of the study population. 

Characteristics  
Number of patients, n 130 
Age (years), (median, IQR) 67 (59–73) 
Sex, n (%)  

Male 63 (48.5) 
Female 67 (51.5) 

Comorbidities, n (%) 102 (78.5) 
Hypertension  56 
Chronic liver disease 33 
Cancer 30 
Diabetes 28 
Heart condition 22 
Hyperlipidaemia  20 
Chronic kidney disease 9 
Asthma/COPD exacerbation 3 

Current medication, n (%) 51 (39.2) 
Statins 31 
Aspirin  17 
Chemotherapy 8 
Steroids 8 

Figure 1. Study flow chart. AHRF = acute hypoxemic respiratory failure; RF = respiratory failure.

Table 1. Demographics, airway management, biochemical data, and outcomes of the study population.

Characteristics

Number of patients, n 130
Age (years), (median, IQR) 67 (59–73)
Sex, n (%)

Male 63 (48.5)
Female 67 (51.5)

Comorbidities, n (%) 102 (78.5)
Hypertension 56
Chronic liver disease 33
Cancer 30
Diabetes 28
Heart condition 22
Hyperlipidaemia 20
Chronic kidney disease 9
Asthma/COPD exacerbation 3

Current medication, n (%) 51 (39.2)
Statins 31
Aspirin 17
Chemotherapy 8
Steroids 8
Amiodarone 1
PD-1/PDL-1 inhibitors 1

qSOFA, n (%)
0 74 (56.9)
1 40 (30.8)
2 14 (10.8)
3 2 (1.5)
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Table 1. Cont.

Characteristics

Vital signs
Temperature (◦C), (median, IQR) 36.7 (36.5–37.6)
Mean arterial pressure (mmHg), (median, IQR) 88 (80–96)

Airway management
Other mean of oxygenation 85
Nasal canula 24
Venturi 19
Intubation 1
HFNC 1

Arterial blood gases
SpO2 (%), (mean ± SD) 91 ± 5
PaO2 (mmHg), (median, IQR) 60 (53–68)
PaCO2 (mmHg), (median, IQR) 34.3 (30.2–39.2)
HCO3 (mEq/L), (mean ± SD) 24.9 ± 3.9
pH, (median, IQR) 7.45 (7.40–7.49)
SaO2 (%), (mean ± SD) 90.7 ± 5.8
Lactate (mmol/L), (median, IQR) 1.1 (0.8–1.7)

Predisposing risk factors, n (%) 129 (99.2)
SARS-CoV-2 infection 73
Pulmonary infection 36
Other 19
Non-pulmonary infection 4
Asthma/COPD exacerbation 3
Trauma/burns 1
Drugs 1

ED disposition
General ward 103 (79.2)
ICU 27 (20.8)

Laboratory date
Haematocrit, (mean ± SD) 38.2 ± 6.6
Haemoglobin, (mean ± SD) 12.6 ± 2.6
White blood cell count (per µL), (median, IQR) 9360 (6080–13,550)
Neutrophils (%), (median, IQR) 78.9 (69.6–86.4)
Lymphocytes (%), (median, IQR) 12.4 (7.6–20.5)
Platelets (per µL), (mean ± SD) 239,200 ± 100,800
PT (s), (median, IQR) 12.6 (12.0–13.6)
APTT (s), (median, IQR) 32.3 (29.1–35.6)
INR, (median, IQR) 1.08 (1.02–1.15)
Glucose (mg/dL), (median, IQR) 112 (98–143)
Urea (mg/dL), (median, IQR) 37 (27–53)
Creatinine (mg/dL), (median, IQR) 0.9 (0.7–1.2)
AST (IU/L), (median, IQR) 29.5 (19.0–49.8)
ALT (IU/L), (median, IQR) 22 (13–38)
ALP (U/L), (median, IQR) 78 (61–105)
γ-GT (IU/L), (median, IQR) 29 (17–58)
LDH (U/L), (median, IQR) 326 (234–504)
CK (U/L), (median, IQR) 88 (49–172)
CKMB (IU/L), (median, IQR) 28 (19–50)
CRP (mg/dL), (median, IQR) 8.8 (3.7–16.9)
Troponin (ng/mL), (median, IQR) 14 (8–30)
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Table 1. Cont.

Characteristics

Outcomes
Oxygen days (days), (median, IQR) 9 (4–20)
Mechanical ventilation, n (%) 29 (22.3)
Day of intubation, (median, IQR) 2 (1–8)
Duration of mechanical ventilation (days), (median, IQR) 11 (5–20)
HFNC, n (%) 34 (26.2)
Duration of HFNC (days), (median, IQR) 5 (2–10)
LoS in the ICU (days), (median, IQR) 16 (9–23)
ARDS, n (%) 29 (22.3)
LoS in the hospital (days), (median, IQR) 11 (8–19)
28-day hospital mortality, n (%) 20 (15.4)

Data are presented as the number of patients (n), percentages of total related variable (%), and mean ± SD
for normally distributed variables or median (IQR) for skewed data. Measurements were performed within
6 h from ED presentation. ARDS was defined according to the Berlin definition. Definition of abbreviations:
γ-GT = γ-Glutamyl transpeptidase; ALP = alkaline phosphatase; ALT = alanine transaminase; APTT = activated
partial thromboplastin time; AST = aspartate transaminase; CK = creatine kinase; CKMB = creatinine kinase
myocardial band; COPD = chronic obstructive pulmonary disease; CRP = C-reactive protein; ED = emergency
department; HFNC = high-flow nasal canula; ICU = intensive care unit; INR = international normalised ratio;
LDH = lactate dehydrogenase; LoS = length of stay; PaCO2 = partial pressure of carbon dioxide; PaO2 = partial
pressure of oxygen; PD-1 = programmed death-1; PDL-1 = programmed death-ligand 1; PT = prothrombin time,
qSOFA = quick sequential organ failure assessment; SaO2 = arterial oxygen saturation; SpO2 = oxygen saturation;
SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2.

3.2. AHRF and Biomarker Levels

Soluble (s) EPCR and PLG levels were concurrently measured in the plasma samples of
the 130 AHRF patients and the control group. As seen in Figure 2, the levels of sEPCR were
significantly elevated in the AHRF patients compared to the control group (88.92 ng/mL vs.
39.94 ng/mL, respectively, p < 0.0001, Figure 2A). Regarding PLG levels, similar results were
observed; PLG levels were profoundly increased in the AHRF patients compared to the
control group. More specifically, PLG levels were 61.29 × 106 pg/mL vs. 2.02 × 106 pg/mL,
respectively (p < 0.0001, Figure 2B).

ROC curves were generated thereafter to test the prognostic accuracy of the biomarkers
or their combination using AHRF as the classifying variable. sEPCR showed an area under
the curve (AUC) of 0.83 (0.76–0.89) (p < 0.0001). A cut-off value of 66.60 ng/mL showed a
sensitivity of 64.5% and a specificity of 93.3% for AHRF. Plasminogen levels showed an
AUC of 0.90 (0.85–0.95) (p < 0.0001), with a cut-off value of 7.11 × 106 pg/mL, showing a
sensitivity of 70% and a specificity of 96.7%. The ROC curves had a similar prognostic accu-
racy (p > 0.05). The combination of the two biomarkers showed an AUC of 0.97 (0.95–0.99)
(p < 0.0001). When we compared the ROC curve generated from the combination of the
two biomarkers, we observed that it had a statistically significantly higher prognostic
accuracy compared to either biomarker alone (sEPCR vs. combination, p < 0.0001, and PLG
vs. combination, p = 0.002). Figure 2C depicts the ROC curves generated.

Since more than half of the AHRF patients had SARS-CoV-2 infection as a predisposing
factor, we also analysed the levels of the two biomarkers only in the SARS-CoV-2-negative
patients (n = 57) compared to the control group. Our results showed that the subset of the
SARS-CoV-2-negative AHRF patients also had higher sEPCR and PLG levels compared
to the control group (80.27 ng/mL vs. 39.94 ng/mL, p < 0.0001, and 59.97 × 106 pg/mL
vs. 2.02 × 106 pg/mL, p < 0.0001, respectively). Of note, the AHRF SARS-CoV-2-positive
patients tended to have higher sEPCR levels compared to the AHRF SARS-CoV-2-negative
patients (105.80 ng/mL vs. 80.27 ng/mL, p = 0.1), while they had higher PLG levels
(62.21 × 106 pg/mL vs. 59.97 × 106 pg/mL, p = 0.047).

We subsequently compared the biomarker levels based on the patients’ disposition.
ICU-admitted patients (n = 27) had similar sEPCR and PLG levels compared to general
ward patients (n = 103), whereas both subgroups had higher levels compared to the control
group (sEPCR, p < 0.01, and PLG, p < 0.0001).
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Figure 2. Emergency department (ED) presentation levels of sEPCR and PLG in patients with AHRF
(n = 130) and the control group (n = 30). (A) sEPCR and (B) Plasminogen levels are presented as box
plots. Line in the middle is the median value; lower and upper lines are the 25th and 75th centiles;
whiskers are the range of values; bullets are outliers. Two-group comparisons were performed
with the non-parametric Mann–Whitney test. **** p < 0.0001. (C) A receiver operating character-
istic (ROC) curve analysis was generated using AHRF as the classifying variable. Blue line, PLG
(sensitivity = 70%, specificity = 96.7%); green line, sEPCR (sensitivity = 64.5%, specificity = 93.3%);
yellow line, combination of PLG and sEPCR (sensitivity = 89.3%, specificity = 96.7%). AHRF = acute
hypoxemic respiratory failure; PLG = plasminogen; sEPCR = soluble endothelial protein C receptor.

Based on the Berlin definition, only intubated patients are included in the ARDS
definition. The newly proposed global definition also includes non-intubated patients
supported by HFNO. Taking these into consideration, we finally assigned the AHRF
patients to two subgroups according to the subsequent development of ARDS, using both
the Berlin definition (n = 29) and the newly proposed global definition (n = 45). We then
compared the ED levels of sEPCR and soluble PLG within the AHRF subgroups and versus
the control group. We found that, regardless of the definition used, AHRF patients who
will develop ARDS and those who will not, had similar levels of both sEPCR and PLG on
ED admission (p > 0.05); however, the AHRF patients who will subsequently either develop
ARDS or not, had elevated ED levels compared to the control group (sEPCR, p < 0.01, and
PLG, p < 0.0001).

4. Discussion

In the present study, we were able to show that patients admitted to the ED with
AHRF present with elevated levels of sEPCR and plasminogen. It seems possible that
dysregulation of the coagulation and fibrinolytic pathways may be present in the early
stages of de novo AHRF requiring hospitalisation.

Patients who suffer from AHRF are at a greater risk of deteriorating to ARDS. Since
2012, the clinical diagnosis for ARDS has been based on the Berlin definition [5]. How-
ever, this definition does not include non-intubated ARDS patients. Recently, Matthay
et al. suggested a new global definition of ARDS, revising the Berlin definition criteria to
also include non-intubated patients supported by HFNO [7]. To date, most studies have
examined the ability of various biomarkers to prognosticate or diagnose ARDS, post-ICU
admission. Hence, in the present study, we aimed to measure selected coagulation and
fibrinolysis biomarkers within 6 h from ED presentation in patients with AHRF to explore
whether the disrupted coagulation and fibrinolysis pathways seen in ARDS are also present
in AHRF. We also examined whether these biomarkers could possibly provide important
clinical information regarding outcomes.
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Over recent years, the number of biomarkers examined in critical illnesses, such as
ARDS and sepsis, has continued to increase [16,21]. Based on previous studies of our group,
we chose to measure sEPCR and PLG to observe early signs of abnormal coagulant and
fibrinolytic function in patients presented to the ED.

The acute phase of ARDS is characterised by diffuse alveolar damage, including
oedema and hyaline membrane formation and inflammatory lung injury [5]. Imbalance
between the coagulation cascade and the inflammatory response plays a crucial role in
ARDS pathogenesis [22]. The innate host response is further triggered by the damaged
endothelial cells, leading to an interplay between the aggregated immune cells and platelets
with the generated fibrin, a process also known as immunothrombosis, inducing the
formation of microthrombi in the vasculature [23]. Moreover, the protein C pathway is a
major component in regulating severe systemic inflammatory responses, including sepsis
and ARDS [24]. However, little is known about the pathophysiology of AHRF.

In the presence of inflammatory signals, the haemostatic equilibrium shifts in favour
of a prothrombotic and anti-fibrinolytic state [25]. Endothelial cells are considered the major
regulators of vascular homeostasis. While, under normal circumstances, the endothelium
is responsible for maintaining an anti-inflammatory, anti-thrombotic, and vasodilating
phenotype, when endothelial dysfunction is established, endothelial cells trigger fibrin
formation and enable platelet adhesion and aggregation [26].

Soluble endothelial protein C receptor haplotypes have been associated with higher
plasma levels and higher thrombotic risk [27,28]. The exact role of sEPCR in ARDS has
not been fully elucidated. Altered plasma levels of sEPCR have been associated with poor
clinical outcomes in patients with ARDS. Previous studies demonstrated that in patients
with the formerly used term acute lung injury (ALI) and in ARDS patients, protein C levels
were disrupted and could be used as an independent predictor of mortality [29,30]. In
lung specimens obtained from patients who died from severe malaria-associates ARDS,
the anticoagulant properties, as characterised by EPCR and thrombomodulin, were dys-
regulated [31]. Moreover, the presence of specific genotypes in the EPCR gene have been
associated with increased mortality in ARDS patients [32]. sEPCR has also been suggested
as a key player in sepsis pathogenesis. In patients with severe pneumococcal pneumonia,
high sEPCR levels on day 2 post-ICU admission were associated with poor sepsis out-
comes [33]. In another study, serial measurements of plasma sEPCR levels indicated that
a transient but significant increase in circulating sEPCR on day 2 of their ICU stay was
associated with a poor 28-day outcome [34]. In a previous study, we demonstrated that
ICU-admission sEPCR levels, in initially non-septic patients, could differentiate the patients
who would eventually develop sepsis [16,18]. We recently suggested that sEPCR could be
used as a point-of-care test in SARS-CoV-2-positive patients, as COVID-19 patients who
required hospitalisation had higher sEPCR levels compared to COVID-19 outpatients [17].
In the present study, we observed that despite the presence or not of COVID-19, sEPCR
levels were higher in the patients who presented to the ED with AHRF compared to the
control group. Moreover, regardless of the definition used for ARDS diagnosis, sEPCR ED
levels were comparable between the AHRF patients who will subsequently develop ARDS
or not; however, both subgroups had higher sEPCR levels compared to the non AHRF
control group. In addition, sEPCR levels did not differ according to the patients’ disposition
(general ward or ICU). As opposed to the previous aforementioned studies that measured
sEPCR in ARDS patients and found correlations with outcomes, we measured sEPCR on
ED admission prior to the development of ARDS. Therefore, we suggest that sEPCR levels
measured very early on ED admission, despite not providing us with information regarding
poor outcomes, could represent an early index of endothelial dysfunction in AHRF.

Plasminogen, a glycoprotein located in the blood plasma, plays a role in ARDS through
its involvement in the fibrinolytic system. Apart from its role in the resolution of blood
clots, PLG also affects the resolution of the inflammatory response by regulating leukocyte
recruitment and cytokine and chemokine production [35]. In previous studies, bronchoalve-
olar lavage (BAL) samples from adult patients with ARDS have shown high PLG and active
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plasmin levels, as well as high levels of the plasminogen activator inhibitor 1 (PAI-1) and
lower levels of uPA [36]. In another study, the decreased fibrinolytic activity in BAL samples
from ARDS patients was attributed to the inhibition of active plasmin and plasminogen
activators, rather to the local insufficiency of PLG [37]. No differences in soluble PLG
levels were found between critically ill COVID-19 patients and critically ill non-COVID-19
patients; however, the COVID-19 patients had higher PLG levels compared to healthy
controls [38]. Similarly, circulating PLG levels were comparable in COVID-19 patients
and healthy controls, as well as in non-ICU and ICU COVID-19 patients [39]. In another
study, COVID-19 patients who required ICU admission had lower circulating PLG levels
compared to COVID-19 patients who were discharged from the ED [40]. Finally, in a
critically ill COVID-19 cohort, we showed that, on ICU admission, non-survivors had
higher soluble PLG levels compared to survivors [19]. Herein, we found that patients
presenting to the ED with AHRF had higher soluble PLG levels compared to the control
group. Moreover, AHRF SARS-CoV-2-positive patients had higher PLG levels compared
to the AHRF SARS-CoV-2-negative patients, but levels of both subgroups were higher
than the control group. Furthermore, when the AHRF patients were divided based on the
subsequent development of ARDS, using both the Berlin and the newly proposed defini-
tion, they showed comparable ED soluble PLG levels that were higher than the control
group. Similarly to sEPCR, soluble PLG levels upon presentation to the ED did not differ
according to the patients’ disposition. Our results are in line with previous studies showing
no differences in soluble PLG levels in non-ICU and ICU patients. Studies until now have
shown increased PLG in BAL samples from adult patients with ARDS. Our findings might
imply that within 6 h from ED presentation, the disrupted fibrinolysis pathways usually
seen in ARDS are also present in AHRF.

It is important to recognise our study’s limitations. Firstly, we only measured the solu-
ble levels of EPCR and PLG in the circulation and did not include measurements from BAL
samples to delineate whether the measured plasma concentrations are representative of the
lung milieu. Secondly, our control group was rather small. Nevertheless, it consisted of
patients whose characteristics were matched to the AHRF cohort. When sub-analyses were
performed, the smaller subgroups also showed differences from the control group. Finally,
we performed only one blood draw upon presentation to the ED; serial measurements
would have been more useful in further exploring the prognostic ability of the selected
biomarkers. However, as opposed to most studies investigating endothelial biomarkers
in more severe RF, in the present study, the samples were obtained in the early stages of
respiratory failure diagnosis (within 6 h post-ED presentation). Moreover, the patients had
not received any treatment for their diagnosis. To the best of our knowledge, this is the first
study to evaluate the complex interplay between inflammation, coagulation, fibrinolysis,
and endothelial dysfunction in the early stages of respiratory failure diagnosis (within 6 h
post-ED presentation).

To summarise, AHRF patients exhibited higher levels of sEPCR and soluble PLG com-
pared to the control group; however, these levels could not prognosticate the subsequent
development of ARDS, using both the Berlin definition and the newly proposed global
definition, nor worse outcomes.

5. Conclusions

Coagulation and fibrinolysis are known to be markedly abnormal in ARDS and
independently associated with adverse clinical outcomes. Herein, we demonstrated that
abnormalities in coagulation and fibrinolysis seem to be implicated in AHRF, highlighting
the need for further research to fully understand the contribution of sEPCR and PLG. AHRF
symptoms progress rapidly; hence, detecting early signs of dysregulated pathways could
provide better clinical management, risk stratification, and potential therapeutic targets.



Biomedicines 2024, 12, 1081 10 of 11

Author Contributions: Conceptualization, A.G.V., I.S. and A.K.; methodology, C.K., A.G.V., E.P.
and E.J.; validation, A.G.V., E.P., I.D., I.S. and A.K.; formal analysis, C.K., A.G.V., E.P. and E.J.;
investigation, C.K., A.G.V., E.P. and E.J.; resources, I.D., I.S. and A.K.; data curation, C.K., A.G.V.,
E.P., E.J. and I.S.; writing—original draft preparation, C.K., E.P. and E.J.; writing—review and editing,
A.G.V., I.D., I.S. and A.K.; visualisation, C.K., A.G.V., E.P., I.S. and A.K.; supervision, I.S. and A.K.;
project administration, A.G.V., I.S. and A.K.; funding acquisition, I.S. and A.K. All authors have read
and agreed to the published version of the manuscript.

Funding: This research is supported by a grant from the Hellenic Foundation for Research and
Innovation (H.F.R.I.) under the “2nd Call for H.F.R.I Research Projects to support Post-Doctoral
Researchers” (Project 80- 1/15.10.2020).

Institutional Review Board Statement: This study was conducted in accordance with the Declara-
tion of Helsinki and approved by the Research Ethics Committee of EVANGELISMOS HOSPITAL
(protocol code: 476; date of approval: 7 October 2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in this study.

Data Availability Statement: Data are available from the corresponding author upon reasonable
request.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Roussos, C.; Koutsoukou, A. Respiratory failure. Eur. Respir. J. 2003, 22, 3s–14s. [CrossRef]
2. Raffaele, S.; Leo, H. Highlights in acute respiratory failure. Eur. Respir. Rev. 2018, 27, 180008. [CrossRef]
3. Rochwerg, B.; Brochard, L.; Elliott, M.W.; Hess, D.; Hill, N.S.; Nava, S.; Navalesi, P.M.O.T.S.C.; Antonelli, M.; Brozek, J.; Conti, G.;

et al. Official ERS/ATS clinical practice guidelines: Noninvasive ventilation for acute respiratory failure. Eur. Respir. J. 2017,
50, 1602426. [CrossRef]

4. Blasio, A.D. Medical Conditions. In Ventilatory Support and Oxygen Therapy in Elder, Palliative and End-of-Life Care Patients; Springer
Nature: Cham, Switzerland, 2020; pp. 85–88.

5. Ranieri, V.M.; Rubenfeld, G.D.; Thompson, B.; Ferguson, N.; Caldwell, E.; Fan, E.; Camporota, L.; Slutsky, A.S. Acute Respiratory
Distress Syndrome: The Berlin Definition. JAMA 2012, 307, 2526–2533. [CrossRef]

6. Grasselli, G.; Calfee, C.S.; Camporota, L.; Poole, D.; Amato, M.B.P.; Antonelli, M.; Arabi, Y.M.; Baroncelli, F.; Beitler, J.R.; Bellani,
G.; et al. ESICM guidelines on acute respiratory distress syndrome: Definition, phenotyping and respiratory support strategies.
Intensive Care Med. 2023, 49, 727–759. [CrossRef]

7. Matthay, M.A.; Arabi, Y.; Arroliga, A.C.; Bernard, G.; Bersten, A.D.; Brochard, L.J.; Calfee, C.S.; Combes, A.; Daniel, B.M.;
Ferguson, N.D.; et al. A New Global Definition of Acute Respiratory Distress Syndrome. Am. J. Respir. Crit. Care Med. 2024, 209,
37–47. [CrossRef]

8. Sweeney, T.E.; Khatri, P. Generalizable Biomarkers in Critical Care: Toward Precision Medicine. Crit. Care Med. 2017, 45, 934–939.
[CrossRef]

9. Sebag, S.C.; Bastarache, J.A.; Ware, L.B. Therapeutic modulation of coagulation and fibrinolysis in acute lung injury and the acute
respiratory distress syndrome. Curr. Pharm. Biotechnol. 2011, 12, 1481–1496. [CrossRef]

10. Livingstone, S.A.; Wildi, K.S.; Dalton, H.J.; Usman, A.; Ki, K.K.; Passmore, M.R.; Li Bassi, G.; Suen, J.Y.; Fraser, J.F. Coagulation
Dysfunction in Acute Respiratory Distress Syndrome and Its Potential Impact in Inflammatory Subphenotypes. Front. Med. 2021,
8, 723217. [CrossRef]

11. Gouda, M.M.; Shaikh, S.B.; Bhandary, Y.P. Inflammatory and Fibrinolytic System in Acute Respiratory Distress Syndrome. Lung
2018, 196, 609–616. [CrossRef]

12. Bouwens, E.A.M.; Stavenuiter, F.; Mosnier, L.O. Mechanisms of anticoagulant and cytoprotective actions of the protein C pathway.
J. Thromb. Haemost. 2013, 11, 242–253. [CrossRef]

13. Liaw, P.C.; Neuenschwander, P.F.; Smirnov, M.D.; Esmon, C.T. Mechanisms by which soluble endothelial cell protein C receptor
modulates protein C and activated protein C function. J. Biol. Chem. 2000, 275, 5447–5452. [CrossRef]

14. Mutch, N.J. 23—Regulation of Fibrinolysis by Platelets. In Platelets, 4th ed.; Michelson, A.D., Ed.; Academic Press: Cambridge,
MA, USA, 2019; pp. 417–431.

15. Baker, S.K.; Strickland, S. A critical role for plasminogen in inflammation. J. Exp. Med. 2020, 217, e20191865. [CrossRef]
16. Pierrakos, C.; Velissaris, D.; Bisdorff, M.; Marshall, J.C.; Vincent, J.L. Biomarkers of sepsis: Time for a reappraisal. Crit. Care 2020,

24, 287. [CrossRef]
17. Vassiliou, A.G.; Keskinidou, C.; Jahaj, E.; Gallos, P.; Zacharis, A.; Athanasiou, N.; Tsipilis, S.; Mastora, Z.; Dimopoulou, I.;

Kotanidou, A.; et al. Could Soluble Endothelial Protein C Receptor Levels Recognize SARS-CoV2-Positive Patients Requiring
Hospitalization? Shock 2021, 56, 733–736. [CrossRef]

https://doi.org/10.1183/09031936.03.00038503
https://doi.org/10.1183/16000617.0008-2018
https://doi.org/10.1183/13993003.02426-2016
https://doi.org/10.1001/jama.2012.5669
https://doi.org/10.1007/s00134-023-07050-7
https://doi.org/10.1164/rccm.202303-0558WS
https://doi.org/10.1097/CCM.0000000000002402
https://doi.org/10.2174/138920111798281171
https://doi.org/10.3389/fmed.2021.723217
https://doi.org/10.1007/s00408-018-0150-6
https://doi.org/10.1111/jth.12247
https://doi.org/10.1074/jbc.275.8.5447
https://doi.org/10.1084/jem.20191865
https://doi.org/10.1186/s13054-020-02993-5
https://doi.org/10.1097/SHK.0000000000001780


Biomedicines 2024, 12, 1081 11 of 11

18. Vassiliou, A.G.; Kotanidou, A.; Mastora, Z.; Maniatis, N.A.; Albani, P.; Jahaj, E.; Koutsoukou, A.; Armaganidis, A.; Orfanos,
S.E. Elevated soluble endothelial protein C receptor levels at ICU admission are associated with sepsis development. Minerva
Anestesiol. 2015, 81, 125–134.

19. Keskinidou, C.; Vassiliou, A.G.; Zacharis, A.; Jahaj, E.; Gallos, P.; Dimopoulou, I.; Orfanos, S.E.; Kotanidou, A. Endothelial,
Immunothrombotic, and Inflammatory Biomarkers in the Risk of Mortality in Critically Ill COVID-19 Patients: The Role of
Dexamethasone. Diagnostics 2021, 11, 1249. [CrossRef]

20. Singer, M.; Deutschman, C.S.; Seymour, C.W.; Shankar-Hari, M.; Annane, D.; Bauer, M.; Bellomo, R.; Bernard, G.R.; Chiche, J.D.;
Coopersmith, C.M.; et al. The Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA 2016, 315,
801–810. [CrossRef]

21. Spadaro, S.; Park, M.; Turrini, C.; Tunstall, T.; Thwaites, R.; Mauri, T.; Ragazzi, R.; Ruggeri, P.; Hansel, T.T.; Caramori, G.; et al.
Biomarkers for Acute Respiratory Distress syndrome and prospects for personalised medicine. J. Inflamm. 2019, 16, 1. [CrossRef]

22. Frantzeskaki, F.; Armaganidis, A.; Orfanos, S.E. Immunothrombosis in Acute Respiratory Distress Syndrome: Cross Talks
between Inflammation and Coagulation. Respiration 2016, 93, 212–225. [CrossRef]

23. Engelmann, B.; Massberg, S. Thrombosis as an intravascular effector of innate immunity. Nat. Rev. Immunol. 2013, 13, 34–45.
[CrossRef]

24. Christiaans, S.C.; Wagener, B.M.; Esmon, C.T.; Pittet, J.F. Protein C and acute inflammation: A clinical and biological perspective.
Am. J. Physiol. Lung Cell. Mol. Physiol. 2013, 305, L455–L466. [CrossRef]

25. Stark, K.; Massberg, S. Interplay between inflammation and thrombosis in cardiovascular pathology. Nat. Rev. Cardiol. 2021, 18,
666–682. [CrossRef]

26. Yau, J.W.; Teoh, H.; Verma, S. Endothelial cell control of thrombosis. BMC Cardiovasc. Disord. 2015, 15, 130. [CrossRef]
27. Uitte de Willige, S.; Van Marion, V.; Rosendaal, F.R.; Vos, H.L.; de Visser, M.C.; Bertina, R.M. Haplotypes of the EPCR gene,

plasma sEPCR levels and the risk of deep venous thrombosis. J. Thromb. Haemost. 2004, 2, 1305–1310. [CrossRef]
28. Saposnik, B.; Reny, J.L.; Gaussem, P.; Emmerich, J.; Aiach, M.; Gandrille, S. A haplotype of the EPCR gene is associated with

increased plasma levels of sEPCR and is a candidate risk factor for thrombosis. Blood 2004, 103, 1311–1318. [CrossRef]
29. Ware, L.B.; Matthay, M.A.; Parsons, P.E.; Thompson, B.T.; Januzzi, J.L.; Eisner, M.D. Pathogenetic and prognostic significance of

altered coagulation and fibrinolysis in acute lung injury/acute respiratory distress syndrome. Crit. Care Med. 2007, 35, 1821–1828.
[CrossRef]

30. McClintock, D.; Zhuo, H.; Wickersham, N.; Matthay, M.A.; Ware, L.B. Biomarkers of inflammation, coagulation and fibrinolysis
predict mortality in acute lung injury. Crit. Care 2008, 12, R41. [CrossRef]

31. Maknitikul, S.; Luplertlop, N.; Grau, G.E.R.; Ampawong, S. Dysregulation of pulmonary endothelial protein C receptor and
thrombomodulin in severe falciparum malaria-associated ARDS relevant to hemozoin. PLoS ONE 2017, 12, e0181674. [CrossRef]

32. Sapru, A.; Liu, K.D.; Wiemels, J.; Hansen, H.; Pawlikowska, L.; Poon, A.; Jorgenson, E.; Witte, J.S.; Calfee, C.S.; Ware, L.B.; et al.
Association of common genetic variation in the protein C pathway genes with clinical outcomes in acute respiratory distress
syndrome. Crit. Care 2016, 20, 151. [CrossRef]

33. Chapelet, A.; Foucher, Y.; Gérard, N.; Rousseau, C.; Zambon, O.; Bretonnière, C.; Mira, J.P.; Charreau, B.; Guitton, C. An early
increase in endothelial protein C receptor is associated with excess mortality in pneumococcal pneumonia with septic shock in
the ICU. Crit. Care 2018, 22, 251. [CrossRef]

34. Guitton, C.; Gérard, N.; Sébille, V.; Bretonnière, C.; Zambon, O.; Villers, D.; Charreau, B. Early rise in circulating endothelial
protein C receptor correlates with poor outcome in severe sepsis. Intensive Care Med. 2011, 37, 950–956. [CrossRef]

35. Heissig, B.; Salama, Y.; Takahashi, S.; Osada, T.; Hattori, K. The multifaceted role of plasminogen in inflammation. Cell. Signal.
2020, 75, 109761. [CrossRef]

36. Günther, A.; Mosavi, P.; Heinemann, S.; Ruppert, C.; Muth, H.; Markart, P.; Grimminger, F.; Walmrath, D.; Temmesfeld-Wollbrück,
B.; Seeger, W. Alveolar fibrin formation caused by enhanced procoagulant and depressed fibrinolytic capacities in severe
pneumonia. Comparison with the acute respiratory distress syndrome. Am. J. Respir. Crit. Care Med. 2000, 161, 454–462.
[CrossRef]

37. Idell, S.; James, K.K.; Levin, E.G.; Schwartz, B.S.; Manchanda, N.; Maunder, R.J.; Martin, T.R.; McLarty, J.; Fair, D.S. Local
abnormalities in coagulation and fibrinolytic pathways predispose to alveolar fibrin deposition in the adult respiratory distress
syndrome. J. Clin. Investig. 1989, 84, 695–705. [CrossRef]

38. Juneja, G.K.; Castelo, M.; Yeh, C.H.; Cerroni, S.E.; Hansen, B.E.; Chessum, J.E.; Abraham, J.; Cani, E.; Dwivedi, D.J.; Fraser, D.D.;
et al. Biomarkers of coagulation, endothelial function, and fibrinolysis in critically ill patients with COVID-19: A single-center
prospective longitudinal study. J. Thromb. Haemost. 2021, 19, 1546–1557. [CrossRef]

39. Cabrera-Garcia, D.; Miltiades, A.; Yim, P.; Parsons, S.; Elisman, K.; Mansouri, M.T.; Wagener, G.; Harrison, N.L. Plasma biomarkers
associated with survival and thrombosis in hospitalized COVID-19 patients. Int. J. Hematol. 2022, 116, 937–946. [CrossRef]

40. Henry, B.M.; Benoit, S.W.; Hoehn, J.; Lippi, G.; Favaloro, E.J.; Benoit, J.L. Circulating Plasminogen Concentration at Admission in
Patients with Coronavirus Disease 2019 (COVID-19). Semin. Thromb. Hemost. 2020, 46, 859–862. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/diagnostics11071249
https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1186/s12950-018-0202-y
https://doi.org/10.1159/000453002
https://doi.org/10.1038/nri3345
https://doi.org/10.1152/ajplung.00093.2013
https://doi.org/10.1038/s41569-021-00552-1
https://doi.org/10.1186/s12872-015-0124-z
https://doi.org/10.1046/j.1538-7836.2004.00855.x
https://doi.org/10.1182/blood-2003-07-2520
https://doi.org/10.1097/01.CCM.0000275386.95968.5F
https://doi.org/10.1186/cc6846
https://doi.org/10.1371/journal.pone.0181674
https://doi.org/10.1186/s13054-016-1330-5
https://doi.org/10.1186/s13054-018-2179-6
https://doi.org/10.1007/s00134-011-2171-y
https://doi.org/10.1016/j.cellsig.2020.109761
https://doi.org/10.1164/ajrccm.161.2.9712038
https://doi.org/10.1172/JCI114217
https://doi.org/10.1111/jth.15327
https://doi.org/10.1007/s12185-022-03437-2
https://doi.org/10.1055/s-0040-1715454

	Introduction 
	Materials and Methods 
	Results 
	Study Population 
	AHRF and Biomarker Levels 

	Discussion 
	Conclusions 
	References

