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Abstract
Introduction: The aim of this was to evaluate the function
of vascular biomarkers to predict the need for hemodi-
alysis in critically ill patients with COVID-19. Methods:
This is a prospective study with 58 critically ill patients
due to COVID-19 infection. Laboratory tests in general
and vascular biomarkers, such as VCAM-1, syndecan-1,

angiopoietin-1, and angiopoietin-2, were quantified on
intensive care unit (ICU) admission. Results: There was a
40% death rate. VCAM and Ang-2/Ang-1 ratio on ICU
admission were associated with the need for hemodial-
ysis. Vascular biomarkers (VCAM-1, syndecan-1, angio-
poietin-2/angiopoietin-1 ratio) were predictors of death
and their cutoff values were useful to stratify patients
with a worse prognosis. In the multivariate cox regression
analysis with adjusted models, VCAM-1 (OR 1.13 [CI 95%:
1.01–1.27]; p = 0.034) and Ang-2/Ang-1 ratio (OR 4.87 [CI
95%: 1.732–13.719]; p = 0.003) were associated with the
need for dialysis. Conclusion: Vascular biomarkers,

karger@karger.com
www.karger.com/kbr

© 2023 The Author(s).
Published by S. Karger AG, Basel

Correspondence to:
Gdayllon Cavalcante Meneses, gdayllon @ yahoo.com.br

This article is licensed under the Creative Commons Attribution-
NonCommercial 4.0 International License (CCBY-NC) (http://www.
karger.com/Services/OpenAccessLicense).Usage anddistribution for
commercial purposes requires written permission.

D
ow

nloaded from
 http://karger.com

/kbr/article-pdf/49/1/27/4156294/000535035.pdf by guest on 20 January 2024

https://www.karger.com/kbr
https://www.karger.com/kbr
https://www.karger.com/kbr
https://doi.org/10.1159/000535035
mailto:karger@karger.com
https://www.karger.com/kbr
http://www.karger.com/Services/OpenAccessLicense
http://www.karger.com/Services/OpenAccessLicense


mostly VCAM-1 and Ang-2/Ang-1 ratio, showed better
efficiency to predict the need for hemodialysis in critically
ill COVID-19 patients. © 2023 The Author(s).

Published by S. Karger AG, Basel

Plain Language Summary
This study reports the use of endothelial biomarkers as
useful tools to predict the first dialysis requirement during
the ICU stay in patients with severe COVID-19. Endothelial
dysfunction is an important mechanism to explain the
pathophysiology of acute kidney injury caused by severe
acute respiratory syndrome coronavirus 2 infection.

© 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

The infection caused by the novel severe acute re-
spiratory syndrome coronavirus 2, named COVID-19,
has shown a broad clinical spectrum. The most com-
plicated cases have been characterized by the develop-
ment of severe acute respiratory syndrome, as well as
other organ dysfunctions [1, 2]. Even with the advent of
vaccines, there is concern about the emergence of new
virus variants, an increase in the number of cases, and the
collapse of the health system. In this context, acute kidney
injury (AKI) has also gained notoriety, generating great
worldwide concern due to the high demand for high-cost
therapies, such as hemodialysis [3, 4].

The severe acute respiratory syndrome coronavirus 2
can induce immune dysregulation and the consequent
inflammatory hyperactivity result in systemic endothelial
dysfunction and a hypercoagulable state. These mecha-
nisms can result in AKI due to intravascular volume
depletion, hypotension, and consequent renal hypo-
perfusion, leading to prerenal AKI or even acute tubular
necrosis. The “cytokine storm” may be closely related to
alveolar and tubular damage in severe acute respiratory
syndrome patients, characterizing a lung-kidney cross-
talk [5, 6].

AKI in COVID-19 patients is multifactorial and
includes worsening of previous risk factors, acute in-
flammatory response, cardiorenal syndrome, hemo-
dynamic instability, and hypovolemia. The incidence is
similar to that reported in other pandemics, notably in
the H1N1 flu, suggesting the systemic inflammatory
response may be the major contributor to severe AKI
in the setting of virus-related critical diseases [7].

There are yet no effective therapies or strategies to
reduce the incidence of AKI in this patient population
[8, 9], and hemodialysis remains the main supportive
therapy in patients who develop severe kidney injury,
showing a strong association with high mortality
rates [4].

Endothelial dysfunction and coagulopathy have been
reported as the bases of severe AKI associated with
COVID-19. The endothelial biomarkers can detect early
kidney injury and allow the adoption of efficient mea-
sures to prevent disease progression and its complica-
tions. This finding could facilitate the monitoring of
patients at higher risk [10].

Accordingly, this study aimed to analyze the prediction
performance of biomarkers of endothelial damage in
relation to the need of hemodialysis in severe COVID-19
patients. These insights can provide early diagnosis
strategies, rational use of resources, and encourage the
development of new studies about better therapeutic
approaches.

Methods

Study Design and Selected COVID-19 Patients
This is a prospective, cross-sectional study, conducted with

58 critically ill patients admitted in the intensive care unit
(ICU) due to COVID-19 at Instituto Doutor José Frota Hos-
pital (IJF), a large tertiary hospital in the city of Fortaleza, state
of Ceará, Northeastern Brazil, during the period between June
2020 and April 2021. The study included patients of both
genders, aged 18 years and older, who had a confirmed di-
agnosis of COVID-19 by RT-PCR, and who agreed to par-
ticipate in the research and signed the free and informed
consent form. Patients from medical wards and those who were
admitted in the ICU after the wards were excluded. Moreover,
patients with a previous kidney disease registered in medical
records and hospitalized for other causes than COVID-19 or
who acquired COVID-19 during hospital stay were excluded.
Also, patients who died during the first hours of ICU stay and
patients without information on the precise time dialysis was
initiated were also excluded.

Laboratory and Clinical Parameters of COVID-19 Patients
The patients were followed throughout the ICU stay.

Medical records were assessed for patient characteristics, such
as sociodemographic parameters, symptoms and comorbidities,
length of ICU stay, time from ICU admission until the first
dialysis, number of dialysis sessions, time between symptom
onset and ICU admission, supportive care (vasopressor use,
need for mechanical ventilation, and dialysis), and survival. The
severity of the patients admitted to the ICU was estimated using
the Simplified Acute Physiology Score 3 (SAPS 3). This is an
international tool that uses data from patient admission to the
ICU to assess the likelihood of death in the hospital outcome
[11]. SAPS 3, oxygenation index (calculated using the ratio of
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arterial oxygen partial pressure (PaO2 in mm Hg) to fractional-
inspired oxygen, mortality, ICU length of stay, and all the ICU
data were calculated from a cloud database program (Epi-
medTM System®). https://www.epimedsolutions.com/sistema-
epimed-monitor-uti/.

All recruited patients had blood samples collected on hospital
admission. These samples were centrifuged, aliquoted, and frozen
at −80°C until the biomarkers were analyzed. To verify whether the
patients had AKI or not, the Kidney Disease: Improving Global
Outcome criteria was used [12]. Briefly, AKI stage 1 was con-
sidered for patients who had serum creatinine (sCr)
increases ≥0.3 mg/dL and up to 2-fold above the basal sCr. In-
creases within the range of 2 up to 3-fold greater than the basal sCr
level were classified as AKI stage 2 and increases in the sCr level
more than 3-fold of the basal level, as well as SCr values ≥4 mg/dL
were considered as AKI stage 3.

Endothelial Biomarker Measurements
Endothelial biomarkers were quantified by ELISA assays, using

isolated serum samples of the enrolled patients. Specific kits were
acquired from R&D Systems® for angiopoietin-1 (cat# DY623)
and angiopoietin-2 (cat# DY623). In the case of VCAM-1 and
syndecan-1, the kits from Abcam® (ab47355 and ab47352) were
used, respectively. The procedures were followed according to the
manufacturer’s recommendations.

Statistical Analysis
Categorical data were expressed as absolute counts and per-

centages. The χ2 test or Fisher’s exact test was used to evaluate the
association between categorical data and dialysis requirement
during the ICU stay. The quantitative data were explored, and
normality was determined using the Kolmogorov-Smirnov test.
Normal data were expressed as the mean ± standard deviation and
non-normal data as the median and interquartile range. The
quantitative data were compared according to dialysis requirement
during ICU stay using Student’s t test or Mann-Whitney test,
according to data normality.

To evaluate the predictive performance of endothelial bio-
markers for dialysis requirement during ICU stay, ROC curves
were constructed, and the area under the ROC curve (AUC-
ROC) together with 95% confidence intervals were estimated.
The better cutoff for each biomarker was determined using the
highest Youden index (Youden index = sensitivity +
specificity – 1). Moreover, the patients were stratified according
to selected cutoffs (lower vs. higher than cutoff), aiming to
assess the prognostic value during the first 30 days of ICU stay
through the Kaplan-Meier analysis using the “first dialysis” as
the dependent event. The log-rank test was used to evaluate the
statistical difference between the two groups based on the cutoff
groups. Moreover, unadjusted and adjusted Cox proportional
hazards regression analyses were performed using quantitative
levels of endothelial biomarkers and previously associated
parameters with dialysis requirement (using as condition p <
0.05). Platelet levels, age, gender, and the collinearity of vari-
ables were assessed. For the multivariate model, the backward
elimination test with the likelihood ratio was used as a stepwise
method, with the final models including all variables. The
platelet levels were manually removed from specific models
aiming to investigate the explanatory models for dialysis re-
quirement without platelet influence. The data were analyzed

using SPSS software for Macintosh, version 23 (IBM
Corp. Armonk, NY, USA). A value of p < 0.05 was considered
statistically significant for all analytical tests.

Results

Characteristics of COVID-19 Patients Admitted to
ICU and Dialysis Requirement
A total of 368 patients were admitted to the ICU

during the period between June 2020 and April 2021, and
blood samples were collected for biomarker analysis from
116 patients. Twenty-three patients had a negative RT-
PCR result for COVID-19 and 15 patients had another
main diagnosis rather than COVID-19 upon ICU ad-
mission and were excluded; thus, 78 patients remained in
the sample. Moreover, 4 patients with previous CKD and
16 patients who died during the first 24 h were also
excluded. Hence, a total of 58 patients with ICU ad-
mission due to COVID-19 infection as the leading cause
of hospitalization were assessed (Fig. 1, flowchart of the
included critically ill COVID-19 patients).

The patients who required dialysis were older (62.4 ±
12.5 vs. 53.5 ± 16.5 years, p = 0.037) and had a higher
prevalence of AKI (95% vs. 39%, p < 0.001). Moreover,
the dialysis group required more vasopressor use (70% vs.
26%, p = 0.001) and mechanical ventilation (95% vs. 69%,
p = 0.022) on ICU admission and had a higher mortality
rate in comparison with the group that did not require
dialysis during the ICU stay. There was no difference
regarding the frequencies of comorbidities, including
diabetes, hypertension, obesity, and evaluated symptoms,
such as dyspnea, hypoxemia, and fever on admission
between the groups (Table 1, characteristics, SAPS 3, and
laboratory parameters on admission of ICU according to
the need for dialysis during ICU stay of the critically ill
COVID-19 patients).

Regarding laboratory parameters evaluated on ICU
admission, COVID-19 patients who needed dialysis
during the ICU stay had decreased platelets and increased
lactate dehydrogenase (LDH), urea, and creatinine levels.
No statistical significance was observed for D-dimer and
C-reactive protein levels, as well as for hemoglobin, any
leucogram parameters, and for any liver markers (bili-
rubin, aspartate transaminase, alanine transaminase).
The SAPS 3 on ICU admission was markedly higher in
COVID-19 patients who required dialysis during the ICU
stay (63 ± 13.8 vs. 49.5 ± 14.2, p < 0.001) (Table 1
characteristics, SAPS 3, and laboratory parameters on
admission of ICU according to the need for dialysis
during ICU stay of the critically ill COVID-19 patients).
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Early Endothelial Biomarker Levels and Dialysis
Requirement in Critically Ill COVID-19 Patients
The levels of the endothelial biomarkers on admission

were compared between the groups according to the need
for dialysis in the ICU. VCAM-1 and Ang-2/Ang-1 ratio
were increased in the dialysis group. Syndecan-1 showed
a tendency toward significance (p = 0.065) and its level
was higher in the dialysis group (Fig. 2, levels of systemic
endothelial biomarkers of critically ill COVID-19 patients
according to the need for dialysis).

All endothelial biomarkers were evaluated using the ROC
curve analysis to predict dialysis requirement during the ICU
stay. The Ang-2/Ang-1 ratio had a better AUC-ROC (0.684,
95% CI: 0.536–0.833; p = 0.022), followed by VCAM-1
(0.673, 95% CI: 0.521–0.826; p = 0.031). In a combined

approach using VCAM-1 and syndecan-1 levels and Ang-2/
Ang-1 ratio, the AUC-ROC improved to 0.713, 95% CI:
0.568–0.858; p = 0.008. The better cutoff value for VCAM-1,
Ang-2/Ang-1 ratio, syndecan-1, and combined approach
was 1,329, 0.245, 300, and 5,490 ng/mL, respectively
(Table 2, prediction performance of endothelial biomarkers
to the need for dialysis in severe COVID-19 patients).

The Kaplan-Meier analysis with the previously deter-
mined cutoffs of endothelial biomarkers showed that
COVID-19 patients admitted to the ICU with levels above
the cutoff levels of syndecan-1, VCAM-1, and Ang-2/Ang-1
ratio needed dialysis sooner, with statistical significance
using the log-rank test (Fig. 3, survival curves for the first
dialysis during ICU stay of critically ill COVID-19 patients
stratified according to the better cutoff of endothelial

Fig. 1. Flowchart of the included critically ill
COVID-19 patients.
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biomarkers levels). Then, all these selected endothelial
biomarkers and all hospital admission clinical and labo-
ratory parameters were investigated using univariate Cox
regression (using “first dialysis” as the dependent event) in
the univariate and multivariate models.

In the univariate cox regression analysis, older age,
vasopressor use, increased SAPS 3 score, LDH, VCAM-1,
syndecan-1 levels, Ang-2/Ang-1 ratio, and decreased
platelet levels contributed for dialysis requirement
(hazard ratio >1.00). In the adjusted models with platelet

Table 1. Characteristics, SAPS 3, and
laboratory parameters on admission
in ICU according to the need for
dialysis during ICU stay of the critically
ill COVID-19 patients

Dialysis in the ICU

no (n = 37) yes (n = 21) p value*

Age, years 53.5±16.5 62.4±12.5 0.037
Gender (male) 22 (59.5) 11 (52.4) 0.601
Time from ICU admission until the

first dialysis, days
– 6 (2–7) –

Number of dialysis sessions – 5.5 (2–10) –
Time between onset of symptoms
and ICU admission, days

10 (8–15) 10 (6–13) 0.684

Symptoms and comorbidities
Comorbidities 23 (63.9) 16 (76.2) 0.335
Fever on admission 20 (62.5) 15 (78.9) 0.221
Dyspnea 34 (91.9) 19 (90.5) 1.000
Saturation 23 (63.9) 14 (66.7) 0.832
Heart disease 7 (20) 6 (31.6) 0.506
Liver disease 0 (0) 1 (5.3) 0.358
Asthma 2 (5.9) 1 (5.3) 1.000
Diabetes 9 (24.3) 8 (40) 0.217
Neurological disease 2 (5.9) 1 (5) 1.000
Lung diseases 1 (2.9) 0 (0) 1.000
Obesity 13 (36.1) 6 (31.6) 0.737
Arterial hypertension 14 (37.8) 11 (52.4) 0.282
Acute kidney injury 14 (38.9) 19 (95) <0.001

Vasopressors use 9 (25.7) 14 (70) 0.001
Mechanical ventilation use 24 (68.6) 19 (95) 0.022
Outcome <0.001

Survivors 37 (100) 5 (23.8)
Nonsurvivors 0 (0) 16 (76.2)

Unit length stay, days 12 (6–17) 10,5 (6–19) 0.944
SAPS 3 and laboratory data

SAPS 3 score 49.5±14.2 63±13.8 <0.001
Hemoglobin, g/L 121±21 115±22 0.348
Leukocyte count, × 109/L 12±4.5 13.5±4.3 0.226
Lymphocyte count, × 109/L 0.8 (0.6–1.2) 0.7 (0.6–1.15) 0.468
Platelet count, × 109/L 291±95 193±102 0.001
Urea, mg/dL 39 (28–55) 100 (40–170) <0.001
Creatinine, mg/dL 0.7 (0.6–0.95) 1.6 (1–2.6) <0.001
Potassium, mEq/L 4.26±0.67 4.2±0.77 0.756
AST, U/L 48 (30–63) 55 (32–83) 0.337
ALT, U/L 48 (29–68) 50 (28–71) 0.912
LDH, U/L 707 (556–892) 888 (743.5–1,355) 0.014
Total bilirubin, mg/dL 0.52 (0.31–0.76) 0.52 (0.34–0.91) 0.677
CRP, pg/mL 145.5 (36.8–208.3) 161.1 (72.5–210.1) 0.525
D-Dimer, ng/mL 1.81 (0.78–2.46) 2.26 (0.58–6.09) 0.646

Continuous data are expressed as the median and interquartile range between
parenthesis for non-normal data, or as mean ± standard deviation for normal data. AST,
aspartate transaminase; ALT, alanine transaminase; LDH, lactate dehydrogenase; CRP,
C-reactive protein. *The χ2 or exact Fisher test was used for categorical data. *The Mann-
Whitney or Student’s t test was applied according to normality of the data.
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inclusion, only age, SAPS 3 score, mechanical ventilation
use, platelet, and VCAM-1 levels remained associated
with dialysis requirement. In another context without the
inclusion of platelets in the multivariate models, the Ang-
2/Ang-1 ratio emerged as an explanatory parameter for
dialysis requirement, together with SAPS 3 score and
VCAM-1 level in the final model (Table 3, cox regression
to the need for dialysis with unadjusted values andmodels
according to the presence or absence of platelets).

Discussion

Among the proposed pathways to explain the patho-
physiology of COVID-19-associated AKI, evidence points
to a complex and multifactorial mechanism, in which the
role of endothelial dysfunction and coagulopathy stands out
[13]. This study reports the use of endothelial biomarkers as
useful tools to predict the first dialysis requirement during
the ICU stay in patients with COVID-19 and prognosis.

a b

c

e

d

Fig. 2. Levels of systemic endothelial biomarkers of critically ill COVID-19 patients according to the need for
dialysis.
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Table 2. Prediction performance of endothelial biomarkers to the need for dialysis in severe COVID-19
patients

Cutoff AUC-ROC (CI 95%) Sensitivity, % Specificity, % p value

VCAM-1, ng/mL 1,329 0.673 (0.521–0.826) 57 74 0.031
Syndecan-1, ng/mL 300 0.648 (0.487–0.809) 43 89 0.065
Angiopoietin-1, ng/mL 23 0.649 (0.495–0.803) 62 69 0.064
Angiopoietin-2, ng/mL 3.5 0.654 (0.502–0.807) 48 86 0.055
Ang-2/Ang-1 ratio 0.245 0.684 (0.536–0.833) 43 94 0.022
Combineda, ng/mL 5,490 0.713 (0.568–0.858) 81 54 0.008

Cutoffs were determined using the Youden index. aVCAM-1, syndecan-1, and Ang-2/Ang-1 ratio.

Fig. 3. Survival curves for the first dialysis during ICU stay of critically ill COVID-19 patients stratified according
to the better cutoff of endothelial biomarkers levels. Cutoffs were determined using Youden index. *VCAM-1,
syndecan-1 and Ang-2/Ang-1 ratio.
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In the present study, most of the patients were elderly
males. Aging causes a dysfunction in the immune system
that generates a decline in immune response [14]. These
alterations associate with the failure to control COVID-
19 infection and predispose to evolution to severe forms
[15]. In addition, senescence exhibits a chronic state of
low-grade systemic inflammation, increased incidence of
comorbidities, and moderate to severe frailty [16].

Our data revealed that higher SAPS 3, vasopressor use,
and mechanical ventilation on ICU admission were as-
sociated with the need for dialysis. Some studies support
the association between dialysis and elevated mortality
[17, 18]. In addition, the correlation between elevated
SAPS 3 and pulmonary and renal dysfunction in pre-
dicting mortality has been reported [19].

Hospitalized patients often develop secondary infec-
tions and have an increased risk of sepsis-associated AKI
[20]. Hypovolemia, vasodilation, increased vascular
permeability, and restricted volume use are some
mechanisms proposed to explain hypotension in critically
ill patients, which justifies the greater need for vasoactive
drugs in this clinical scenario.

Invasive mechanical ventilation is an essential
supportive therapy in the ICU. The use of positive
pressure ventilation can activate the sympathetic tone
and lead to the activation of the renin-angiotensin-
aldosterone system [21]. Modifications in lung com-
pliance usually require a high positive end-expiratory
pressure, which leads to increased intrathoracic pres-
sure. This alteration has multiple hemodynamic effects.
For example, a decrease in the venous return to the

heart, a reduction of the cardiac output, and an increase
in the intra-abdominal pressure are potential compli-
cations in these patients. This may result in a higher
renal venous pressure, then a lower glomerular filtra-
tion rate [22]. Other studies have also reported the
association between AKI with the need for mechanical
ventilation and prolonged hospital stays [23].

Activation of platelets in COVID-19 is a key mecha-
nism in the characteristic inflammatory thrombotic re-
sponse involved in the pathogenesis of the disease [24,
25]. Microvascular obstruction of renal capillaries by
fibrin thrombi relates to ischemia, hypoxemia, and hy-
percoagulability, which may explain the relationship
between thrombocytopenia, AKI, and hemodialysis as
demonstrated in the present study [26].

The present findings evidenced the association be-
tween elevated LDH enzyme levels in COVID-19 patients
and the need for dialysis. LDH is an enzyme found in the
cells of almost all organs [27]. Thus, abnormal values
result from tissue damage and decreased oxygenation. For
instance, severe infections can cause cytokine-mediated
tissue damage and LDH release [28]. Moreover, elevated
LDH levels have been associated with severe COVID-19
pneumonia and thrombotic microangiopathy, which can
lead to renal injury [29]. Other studies have also dem-
onstrated elevated LDH levels in patients with COVID-19
and the need for dialysis [18].

The present study demonstrates the association be-
tween admitting serum levels of endothelial biomarkers
and the need for dialysis. Under normal conditions, the
endothelium regulates blood coagulation, volume, and

Table 3. Cox regression to the need for dialysis with unadjusted values and models according to the presence or absence of
platelets

Unadjusted Model 1a Model 2a

HR (CI 95%) p value HR (CI 95%) p value HR (CI 95%) p value

Age, years 1.032 (1.001–1.064) 0.042 1.066 (1.015–1.121) 0.011 1.039 (0.993–1.087) 0.095
Gender (female) 1.247 (0.53–2.939) 0.613 – – – –
SAPS 3 (each point) 1.05 (1.018–1.083) 0.002 1.084 (1.029–1.143) 0.003 1.055 (1.009–1.103) 0.018
Vasopressors use 4.4 (1.684–11.49) 0.002 – – – –
Mechanical ventilation use 6.63 (0.887–49.57) 0.065 14.38 (1.39–148.42) 0.025 5.182 (0.64–41.98) 0.123
LDH (for each 500 U/L) 2.325 (1.163–4.646) 0.017 – – – –
Platelets (each 50 (103/mm3)

decrement)
1.803 (1.314–2.474) <0.001 1.685 (1.239–2.292) 0.001 – –

VCAM-1 (for each 500 ng/mL) 1.112 (1.028–1.203) 0.008 1.134 (1.01–1.274) 0.034 1.141 (1.021–1.275) 0.020
Syndecan-1 (for each 50 ng/mL) 1.102 (1.045–1.163) <0.001 – – – –
Ang-2/Ang-1 ratio 4.63 (2.001–10.72) <0.001 – – 4.874 (1.732–13.719) 0.003

LDH; lactate dehydrogenase. aThe backward method was applied: Model 1 = platelets were included from the first step; model
2 = platelets were manually removed and did not participate in any step.
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electrolyte balance, and then can prevent thrombosis,
microangiopathies, and diffuse intravascular coagu-
lation [30]. The results confirm a major role of mi-
crocirculatory dysfunction in the pathophysiology of
severe COVID-19 infection, which could explain
multiple clinical complications of the disease. Patients
who presented these biomarker levels above the cutoff
established in our analyses progressed more rapidly
with severe renal dysfunction and required dialysis
earlier.

VCAM-1 is a biomarker detected only after endothelial
cell stimulation by cytokines and has been studied as a
diagnostic and prognostic agent for various diseases [31].
In this study, higher levels of VCAM-1 were associated
with the need for dialysis and rapid progression to severe
renal dysfunction.

Ang-1 has vascular protective effects and stimulates
vessel remodeling and angiogenesis [32]. In contrast,
Ang-2 plays a role in endothelial activation, inflam-
mation, vascular hyperpermeability, and apoptosis
[33]. High serum Ang-2 levels have been evidenced in
severe COVID-19 patients [34]. Experimental studies
with rats and ventilator-induced lung injury have also
correlated higher levels of these biomarkers with AKI
[35]. The imbalance between Ang-1 and Ang-2 levels
with a consequent increase in the Ang-2/Ang-1 ratio
and the breakdown of homeostasis due to their an-
tagonistic effects may explain the association of these
biomarkers with the need for dialysis and the speed of
progression of renal injury in the group of patients
studied.

Inflammatory reactions can induce endothelial gly-
cocalyx degradation and the release of its components,
such as syndecan-1 [36]. This process allows increased
vascular permeability, dysregulated vasodilation, and
microvessel thrombosis, which leads to the maintenance
of endothelial damage, inflammation, and coagulopathy
[37]. Syndecan-1 levels gradually increase while renal
dysfunction progresses [38]. Patients with COVID-19
and high syndecan-1 levels develop more exacerbated
endothelial damage and inflammatory reactions and have
higher mortality [39]. Some studies showed that these
biomarkers were independently associated with severe
AKI in other settings [40]. The results of the present study
revealed that syndecan-1 is a potential marker for the
prediction of hemodialysis requirement in patients with
COVID-19.

The present study had limitations. The small sample
size may compromise the effect for detecting relevance of
some variables that could have involvement in kidney
dysfunction. Moreover, despite early association between

endothelial biomarkers with the need for hemodialysis,
even in adjusted multivariate models, the data cannot
prove a causality link among them.

In conclusion, early levels of endothelial dysfunc-
tion biomarkers on ICU admission in COVID-19
patients were associated with the need for hemodi-
alysis and prognosis since vascular and coagulation
disorders seem to be crucial elements in this scenario.
Further prospective studies with larger number of
patients should evaluate the role of endothelial dys-
function biomarkers for the incidence of kidney dis-
eases in these patients and prognostic value for others
sequelae.

Summary Points
• Evidence points to the role of endothelial dysfunction
and coagulopathy in the pathophysiology of COVID-
19-associated AKI.

• Endothelial biomarkers can predict the first dialysis
requirement during the ICU stay in patients with
COVID-19 and prognosis.

• Older patients, higher SAPS 3, vasopressor use, and
mechanical ventilation on ICU admission were asso-
ciated with the need for dialysis.

• Microvascular obstruction of renal capillaries may
explain the relationship between thrombocytopenia,
AKI, and hemodialysis.

• Higher LDH enzyme levels in COVID-19 patients were
associated with the need for dialysis.

• Higher levels of VCAM-1 were associated with the
need for dialysis and rapid progression to severe renal
dysfunction.

• The increase in the Ang-2/Ang-1 ratio may explain the
association of these biomarkers with the need for di-
alysis and the speed of progression of renal injury.

• Syndecan-1 is a potential marker for the prediction of
hemodialysis requirement in patients with COVID-19.
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