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Abstract
Introduction: Severe COVID-19 is often compounded by a prothrombotic state 
that is associated with poor outcomes. In this investigation, we aimed to evaluate 
ADAMTS13 activity, von Willebrand factor level (VWF:Ag), and the corresponding 
ADAMTS13 activity/VWF:Ag ratio, in patients with COVID-19 and for associations 
with disease progression and acute kidney injury (AKI).
Methods: Patients presenting to the emergency department (ED) with COVID-19 
were enrolled in this prospective, observational study. ADAMTS13 activity and 
VWF:Ag were measured at index ED visit. The primary endpoint was severe AKI de-
fined by KDIGO stage 2 + 3 criteria, while the secondary endpoint was peak 30-day 
COVID-19 severity.
Results: A total of 52 adult COVID-19 patients were enrolled. Overall, we observed 
that 23.1% of the cohort had a relative deficiency in ADAMTS13 activity, while 80.8% 
had elevated VWF:Ag. The ADAMTS13 activity/VWF:Ag ratio was significantly 
lower in patients with severe AKI (P =  .002) and those who developed the severe 
form of COVID-19 (P  =  .020). The ADAMTS13 activity/VWF:Ag ratio was nega-
tively correlated with age (P < .001) and LDH (P < .001), while positively correlated 
with hemoglobin (P = .041). After controlling for confounders, a one-unit increase in 
ADAMTS13/VWF:Ag ratio was associated with 20% decreased odds of severe AKI.
Conclusion: A low ADAMTS13 activity:VWF:Ag ratio at ED presentation is associ-
ated with progression to severe COVID-19 disease and severe AKI, with a pattern 
suggestive of a secondary microangiopathy. Further interventional studies should be 
conducted to assess the restoration of ADAMTS13:VWF:Ag ratio in hospitalized pa-
tients with COVID-19.
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1  | INTRODUC TION

Coronavirus disease 2019 (COVID-19), the respiratory and systemic 
illness caused by severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), is clearly associated with coagulopathy, now termed 
COVID-19-associated coagulopathy (CAC).1 The severity of CAC 
correlates with severity of COVID-19 illness and manifests clinically 
as arterial and venous thromboembolism, especially in critically ill 
patients.1 On routine laboratory assessment, CAC is typically asso-
ciated with moderately increased D-dimer values, mild thrombocy-
topenia, and modestly prolonged prothrombin time (PT).2,3 CAC is 
thought to be sustained via a combination of direct cytopathic endo-
thelial injury by SARS-CoV-2, as well as hyperinflammation leading 
to immunothrombosis.4 However, the exact mechanisms underlying 
CAC have yet to be fully elucidated.

Recent evidence has pointed to the substantial possibility of a 
thrombotic microangiopathy (TMA)-like phenomenon, secondary to 
SARS-CoV-2 infection.5 Recent laboratory studies have reported a 
relative ADAMTS13 deficiency in patients hospitalized with COVID-
19, along with elevations in lactate dehydrogenase (LDH) and serum 
creatinine (SCr), with decreases in hemoglobin and platelets.2,5 
When combined with clinical and pathologic findings of acute kidney 
injury (AKI), lung injury, and cardiac injury, this becomes suggestive 
of a TMA-like picture, as opposed to disseminated intravascular co-
agulopathy (DIC).6-8

ADAMTS13, also known as “a disintegrin and metalloproteinase 
with a thrombospondin type 1 motif, member 13” or “von Willebrand 
factor-cleaving protease,” is a liver-generated enzyme, which cleaves 
large von Willebrand factor (VWF) multimers in blood.9 In COVID-
19, elevated levels of VWF have been reported, which is likely due 
to a combination of endothelial injury and its release as an acute 
phase reactant.9,10 Low ADAMTS13 activity, due to consumption or 
inflammation-mediated degradation, may result in accumulation of 
ultralarge VWF multimers that may then interplay with platelets to 
cause microthrombosis and trigger immunothrombosis.4,8 Thus, the 
presence of low ADAMTS13 coupled with high VWF may represent 
a “double insult” leading to a heightened state of hypercoagulability, 
and also to a TMA-like phenomenon, first localized to lung, but even-
tually spreading systematically, leading to end-organ damage.

Huisman et al9 reported a disproportionately high level of VWF 
antigen (VWF:Ag) to ADAMTS13 level in a case series of 12 COVID-
19 patients with suspected TMA, while Bazzan et al,11 in a series of 
88 COVID-19 patients, found low ADAMTS13 levels to be a predic-
tor of mortality.

However, to the best of our knowledge, no study has investi-
gated the direct relationship between the ADAMTS13 and VWF 
axis with respect to outcomes in COVID-19 patients. Therefore, 
the aim of this investigation was to study this relationship, explor-
ing ADAMTS13 activity/VWF:Ag ratio measured at emergency de-
partment presentation and COVID-19 clinical outcomes, specifically 
severe AKI and COVID-19 severity, as well as to correlate this ratio 
with other biochemical markers of TMA. Given that renal injury is 
the most common manifestation of TMA, as commonly associated 

with multi-organ dysfunction syndrome, impairment of innate im-
munity, and increased mortality risk among critically ill patients,12 
severe AKI was chosen as the primary endpoint of this study.

2  | METHODS

2.1 | Study design

This prospective, observational investigation was performed on the 
Cincinnati Emergency Department (ED) COVID-19 cohort. Adults 
(≥18  years) presenting to the ED of the University of Cincinnati 
Medical Center (UCMC) between April and May 2020 with symp-
toms clinically suspicious for COVID-19 and receiving a clinically 
indicated blood draw were initially enrolled. Only patients dis-
playing a positive test result for SARS-CoV-2 on standard-of-care 
reverse transcriptase-polymerase chain reaction (RT-PCR) on na-
sopharyngeal swab were included. Patients with a negative RT-PCR 
results, or who were <18 years of age at time of ED visit, or who 
were known prisoners, were excluded. This study was approved by 
the Institutional Review Board of the University of Cincinnati and 
performed under a waiver of informed consent. This study was 
performed in compliance with the Declaration of Helsinki and in ac-
cordance with local and national regulations.

2.2 | Sample collection and processing

Patient blood samples were collected during the index ED visit via 
a clinically routine blood collection. All laboratory analyses were 
performed either at the UCMC Clinical Laboratory or the Clinical 
Nephrology Lab of the Cincinnati Children's Hospital Medical 
Center. Samples for routine standard-of-care laboratories were 
processed immediately, per standard laboratory protocols. Samples 
for assessing ADAMTS13 activity and VWF:Ag were centrifuged at 
2000 g for 15 minutes at 4°C within 3 hours of collection and subse-
quently frozen at −80°C until analysis.

2.3 | Measurements

The complete blood cell count (CBC) with differential was per-
formed using a Beckman Coulter UniCel DxH 800 Cellular Analysis 
System on EDTA-collected blood. Serum creatinine was measured 
using a kinetic alkaline picrate (modified Jaffe) method on either a 
Beckman Coulter AU480 Chemistry Analyzer or a Beckman Coulter 
AU5822 Chemistry Analyzer. Plasma aspartate transaminase (AST), 
alanine aminotransferase (ALT), total bilirubin, and albumin were an-
alyzed on a Beckman Coulter AU5822 Chemistry Analyzer. Plasma 
concentrations of ferritin, fibrinogen, myoglobin, haptoglobin, and 
C-reactive protein were measured with a Behring Nephelometer 
II System (BN II, Siemens Medical Solutions USA, Inc). Lactate de-
hydrogenase was assayed with Dimension RxL Max Integrated 
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Chemistry System (Siemens Medical Solutions USA, Inc), while pro-
calcitonin was measured with a chemiluminescent immunoassay 
(CLIA) on a Diasorin Liaison XL (DiaSorin S.p.A.). Measurements of 
plasma prothrombin time (PT), activated partial thromboplastin time 
(APTT), and D-dimer were carried out with Stago STA-R Evolution 
or Stago STA R MAX (Diagnostica Stago). VWF:Ag was measured 
using a Technozym enzyme-linked immunosorbent assay kit (ELISA; 
DiaPharma Group Inc). A VWF:Ag level of >215 U/dL was consid-
ered elevated.13 ADAMTS13 activity was measured using a fluores-
cence resonance energy transfer (FRET) assay (Immucor, Inc). An 
ADAMTS13 activity level of >67% was defined as normal activity. 
All assays were performed according to manufacturers' instructions 
and guidance.

2.4 | Data collection

Patient data were extracted from electronic medical records (EMR) 
and recorded into a REDCap (Research Electronic Data Capture) 
database. Variables extracted included patient demographics, past 
medical history, clinical course, and COVID-19 complications. Data 
extraction was performed by an ED physician, with select records 
checked for accuracy by a second ED physician. Data on the clini-
cal course of patients hospitalized at index ED visit were recorded 
through discharge, while data on the clinical course of patients dis-
charged at the index ED visit were monitored for 30 days.

2.5 | Outcomes and study definitions

The primary outcome was development of AKI during the COVID-
19 course of illness defined as Kidney Disease Improving Global 
Outcomes (KDIGO) Stage 2 and 3 evaluated using SCr criteria.14 
When a previous SCr value prior to COVID-19 illness was not avail-
able, the lowest SCr during the 30-day follow-up was used for evalu-
ating AKI over the course of illness.

The secondary outcome was progression to severe COVID-19 
during hospitalization or within 30 days of index ED presentation. 
Patient severity was first evaluated using an 8-point ordinal scale as 
outlined by the World Health Organization (WHO) R&D Blueprint,15 
which allowed to classify patients into two severity groups: mild/
moderate (ordinal scale 1-4) or severe (ordinal scale 5-8) illness.

2.6 | Statistical analysis

Categorical variables were reported as absolute number (n) and 
relative frequency (%), while continuous variables were reported 
as median and interquartile range (IQR). Categorical variables were 
compared using the chi-squared test (χ2) or Fisher's exact test, as 
appropriate, based on expected accounts. Continuous variables 
were compared using the nonparametric Mann-Whitney U test, 
while comparisons of multiple continuous variables were analyzed 

using Kruskal-Wallis one-way analysis of variance. Correlations 
between variables were performed using Spearman's correla-
tion. Multivariable logistic regression was employed to identify if 
ADAMTS13/VWF:Ag ratio and baseline variables were independ-
ent predictors of the primary and secondary outcomes. All baseline 
patient characteristics (excluding laboratory values) from Table  1 
with a P-value of <.10 were included in the model, and relevant 
variable selection was performed using a bidirectional stepwise al-
gorithm. Adjusted odds ratios (ORs) and 95% confidence intervals 
(95% CIs) were computed. Statistical analysis was performed using 
Prism 8 (GraphPad Software) and R (version 4.0.2; R Foundation 
for Statistical Computing) with a P  <  .05 considered statistically 
significant.

3  | RESULTS

3.1 | Patient characteristics and outcomes

A total of 52 adult patients with laboratory-confirmed COVID-19 
were enrolled, 12 (23.1%) of whom reached the primary outcome of 
severe AKI, 2 with stage 2 KDIGO AKI and 10 with stage 3 KDIGO 
AKI. Eight (15.4%) patients needed renal replacement therapy. A 
total of 16 (30.8%) patients reached the secondary endpoint of se-
vere COVID-19 within 30 days of index ED visit, while 36 (69.2%) 
had mild/moderate COVID-19. Among the 12 severe AKI patients, 
5 (41.7%) had mild/moderate COVID-19 and 7 (58.3%) had severe 
COVID-19. Three (25%) of the patients with severe AKI died during 
hospitalization. No major arterial or venous thrombotic events were 
observed. The baseline characteristics of our cohort at index ED visit 
according to the primary outcome are shown in Table 1. Patients who 
developed severe AKI were older (P = .003) and disproportionality 
black as opposed to white or his panic (P = .042). Moreover, higher 
rates of coronary artery disease (P = .015), heart failure (P = .003), 
hypertension (P =  .002), chronic kidney disease (P =  .002), chronic 
liver disease (P = .041), and cancer (P = .034) were observed in those 
who developed severe AKI. Interestingly, patients who were current 
smokers (P = .003) but not former smokers (P = .421) were observed 
to have higher rates of severe AKI during course of illness. In pa-
tients who developed severe AKI, procalcitonin (P <  .001), ferritin 
(P =  .017), myoglobin (P <  .001), and LDH (P =  .039) were signifi-
cantly elevated, while hemoglobin was significantly lower (P = .013). 
No difference was found for D-dimer (P  =  .289), PT (P  =  .672) or 
platelet count (P = .924).

3.2 | ADAMTS13 and VWF:Ag

The levels of ADAMTS13 and VWF:Ag and their ratio stratified by AKI 
are shown in Table 2. ADAMTS activity was found to be 35% lower 
in patients with severe AKI (P =  .005), while VWF:Ag was 67.5 U/
dL higher in patients with severe AKI, albeit this difference did not 
reach statistical significance (P = .062). A total of 12 patients (23.1%) 
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TA B L E  1   Patient demographics and baseline characteristics at index ED visit by presence or absence of severe acute kidney injury

Variable All patients (n = 52)

Severe acute kidney injury

No (n = 40) Yes (n = 12) P-value

Age (y): median (IQR) 51 (39-66) 47 (37-64) 66 (51-71) .003

Sex (male): n (%) 30 (57.7%) 23 (57.5%) 7 (58.3%) 1.000

Race: n (%)

Black 22 (42.3%) 13 (32.5%) 9 (75.0%) .042

Hispanic 18 (34.6%) 17 (42.5%) 1 (8.3%)

White 7 (17.3%) 7 (17.5%) 2 (16.7%)

Other 3 (5.8%) 3 (7.5%) 0

Comorbidities: n (%)

Coronary artery disease 8 (15.4%) 3 (7.5%) 5 (41.7%) .015

Heart failure 9 (17.3%) 3 (7.5%) 6 (50%) .003

Hypertension 26 (50%) 15 (37.5%) 11 (91.7%) .002

Hyperlipidemia 15 (28.8%) 11 (27.5%) 4 (33.3%) .726

Diabetes 21 (40.4%) 15 (37.5%) 6 (50%) .518

Chronic obstructive pulmonary disease 8 (15.4%) 4 (10%) 4 (33.3%) .072

Asthma 8 (15.4%) 6 (15%) 2 (16.7%) 1.000

Chronic kidney disease 6 (11.5%) 1 (2.5%) 5 (41.7%) .002

Chronic liver disease 7 (13.5%) 3 (7.5%) 4 (33.3%) .041

Cerebrovascular disease 1 (1.9%) 0 1 (8.3%) .375

Cancer 4 (7.7%) 1 (2.5%) 3 (25%) .034

Obesity 18 (34.6%) 16 (40%) 2 (16.7%) .179

Inherited immunodeficiency 0 (0%) 0 (0%) 0 (0%) —

Acquired immunodeficiency (HIV, transplant) 3 (5.8%) 2 (5%) 1 (8.3%) .561

Autoimmune disease 2 (3.8%) 2 (5%) 0 (0%) 1.000

Current smoker 12 (23.1%) 5 (12.5%) 7 (58.3%) .003

Former smoker 11 (21.2%) 10 (25%) 1 (8.3%) .421

Laboratories at ED visit: n (%)

White blood cell count (×103/mm3) 6.7 (5.2-9.5) 5.7 (5.1-9.3) 7.8 (5.4-12.5) .372

Absolute neutrophil count (×103/mm3) 4.5 (3.7-7.2) 4.5 (3.7-6.8) 5.6 (4.2-9.5) .170

Absolute lymphocyte count (×103/mm3) 1.0 (0.7-1.4) 01.0 (0.7-1.4) 0.9 (0.6-1.2) .555

Platelet count (×103/mm3) 208.5 (163.8-253) 206 (166.2-246.2) 211 (140.5-265) .924

Hemoglobin (g/dL) 13.3 (11.4-14.3) 14 (12.3-15.1) 12 (10.9-12.9) .013

C-reactive protein (mg/dL) 4.8 (1-12.1) 4.7 (0.7-10.8) 7.9 (4.2-8.8) .131

Procalcitonin (ng/mL) 0.11 (0.05-0.33) 0.07 (0.05-0.17) 1.02 (0.38-2.55) <.001

Ferritin (μg/L) 366.5 (121-1285) 288 (108-1062.5) 995.5 (368.8-2610) .017

Lactate dehydrogenase (U/L) 310 (248-448.8) 298.5 (237.8-394.2) 404 (297.8-554.5) .039

Aspartate transaminase (U/L) 52.5 (34.5-71.5) 53 (34.5-70) 52 (35-82) .917

Alanine aminotransferase (U/L) 31.5 (17.8-53.3) 42 (20-57.5) 25 (6-36) .056

Total bilirubin (mg/dL) 0.6 (0.4-0.8) 0.6 (0.4-0.75) 0.6 (0.5-0.8) .568

Albumin (g/dL) 3.7 (3.4- 4.1) 3.8 (3.6-4.2) 3.4 (3.3-3.8) .064

Fibrinogen (g/L) 5.4 (3.4-6.9) 5.2 (3.1-6.6) 5.6 (4.5-8.5) .18

Haptoglobin (mg/dL) 254 (162.8-332.2) 254 (168.8-330.5) 249.5 (162.8-389) .836

Myoglobin (μg/L) 32.1 (18-184.2) 23.8 (16.5-43.3) 351.5 (186.8-1064.8) <.001

Prothrombin time (s) 16.1 (13.9-17.2) 16 (13.5-17.2) 16.2 (15-17.1) .672

D-dimer (μg/mL FEU) 1.19 (0.71-1.72) 1.25 (0.62-1.59) 1.11 (0.93-2.4) .289

Days since symptom onset: median (IQR) 7 (3-10) 7 (3-10) 4 (2-9) .459
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have low ADAMTS13 levels (<67%). The majority of patients (80.8%) 
had elevated VWF, while 10 (19.2%) patients had levels within the 
normal range. The corresponding ADAMTS13/VWF:Ag ratio was sig-
nificantly lower in patients with severe AKI (P = .002) (Figure 1A), as 
well as in those needing renal replacement therapy (P = .039).

Levels of ADAMTS13 and VWF:Ag and their ratio by peak 30-day 
COVID-19 severity are shown in Table 3. ADAMTS13 trended lower in 
patients progressing to severe disease (P = .005), while VWF:Ag was 
not significantly different between groups (P = .463). The ADAMTS13/
VWF:Ag ratio trended lower with disease severity, with patients with 
severe disease having a significantly lower ratio compared to those 
with mild/moderate disease (P = .020). (Figure 1B). A further analysis 
comparing these variables between a more detailed clinically defined 
cohort (mild vs moderate vs severe) is available in Table S1.

The ADAMTS13/VWF:Ag ratio correlated with age and other 
laboratory values associated with TMA (Figure 2). Both age (r = −.50 
[95% CI: −0.68, −0.25]; P < .001) and LDH (r = −.44 [95% CI: −0.63, 
−0.18]; P  <  .001) were negatively correlated with ADAMTS13/
VWF:Ag, while hemoglobin positively correlated with ADAMTS13/
VWF:Ag (r = .29 [95% CI: 0.01, 0.54]; P = .041). No correlation was 
found between platelet count and ADAMTS13/VWF:Ag (r  =  .03 
[95% CI: −0.26, 0.31]; P =  .838). Myoglobin was substantially ele-
vated in patients with severe AKI, and also negatively correlated 
with ADAMTS13/VWF:Ag (r = −.59 [95% CI: −0.87, −0.03]; P = .046).

3.3 | Multivariate analysis

The results of multivariate logistic regression are presented in 
Table S2. After controlling for confounders, such as advanced age 
and presence of comorbidities, a one-unit increase in ADAMTS13/
VWF:Ag ratio was associated with 20% decreased odds of severe 
AKI (OR: 0.8 [95% CI: 0.7, 0.9]; P = .018). In contrast, history of hy-
pertension (OR: 16.3 [95% CI: 1.2, 220.0]; P = .036) or chronic kidney 
disease (OR: 63.8 [95% CI: 1.8, 2253.5]; P =  .022) was associated 
with significant increases in the odds of severe AKI. Stepwise algo-
rithm variable selection did not find advanced age or smoking to be 
relevant in this analysis.

4  | DISCUSSION

In this prospective, observational study of 52 laboratory-confirmed 
COVID-19 patients we found that low ADAMTS13/VWF:Ag ratio 

was associated with poor clinical outcomes, including disease sever-
ity and severe AKI. This finding, combined with laboratory patterns 
observed in these patients consisting of elevated LDH, low hemo-
globin but with nonsignificant changes in D-dimer and prothrombin 
time, are suggestive of a TMA-like phenomenon, as opposed to an 
infection-driven coagulopathy.

We observed that nearly a fourth (23.1%) of our COVID-19 pa-
tients had relative ADAMTS13 deficiency, while ~80% had elevated 
VWF:Ag. These results are consistent with early studies in COVID-
19 patients. Martinelli et al5 reported mild relative deficiency of 
ADAMTS13 activity in a sample of 13 COVID-19 patients with 
schistocytes confirmed by microscopy, while Morici et al16 reported 
in a case series of critically ill COVID-19 patients that 5 of 6 had low 
ADAMTS13 activity accompanied by high VWF:Ag. Huisman et al9 
similarly reported low ADAMTS13 activity in the presence of high 
VWF:Ag in COVID-19 patients with suspected TMA, while Ladikou 
et al10 described high levels of VWF:Ag in critically ill COVID-19 pa-
tients similar to that seen in critically ill patients with severe sepsis. 
Finally, Bazzan et al11 observed high VWF:Ag and low ADAMTS13 
activity in 9 fatal cases of COVID-19 as opposed to values in 79 
survivors.

Interestingly, ADAMTS13:VWF:Ag ratio was negatively cor-
related with age, which may be partly explained by expected 
trends observed with advancing age. Kokame et al17 reported that 
ADAMTS13 activity decreases with age, especially after 60 years, 
while plasma VWF:Ag levels increase in the elderly, thus resulting 
in significant changes in their ratio (increase in VWF/ADAMTS13 
ratio, or decrease in ADAMTS13/VWF ratio). Such changes likely 
contribute to a prothrombotic state with advancing age, poten-
tially contributing to pathologies such as myocardial infarction 
and stroke.17 Similarly, we hypothesize that such changes may 
contribute to COVID-19 severity and in part explain higher mor-
bidity and mortality in elderly patients. Thus, elderly patients with 
lower baseline ADAMTS13 activity, but higher VWF levels, may 
not be able to compensate for the inflammation-driven release of 
large VWF multimers, leading to faster and/or enhanced accumu-
lation of microthrombi within the lungs. Given the possibility for 
age to confound the primary analysis due to multiple factors, we 
explored advancing age as an independent predictor of severe AKI 
in multivariate analysis; however, it was not significant when con-
trolling for other variables.

The ADAMTS13:VWF:Ag ratio was also found to be nega-
tively correlated with LDH, while positively correlated with hemo-
globin. These correlations further paint a picture of a secondary 

Severe AKI

No (n = 40) Yes (n = 12) P-value

ADAMTS13 (% activity) 106 (81-107) 71 (56-89) .005

VWF:Ag (U/dL) 243 (205.9-328.5) 310.5 (277.9-353.6) .062

ADAMTS13/VWF:Ag ratio 0.36 (0.28-0.48) 0.21 (0.18-0.33) .002

Note: Results presented as median (IQR).

TA B L E  2   ADAMTS13 and VWF:Ag by 
presence of severe acute kidney injury 
(AKI)
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microangiopathy, with progressive tissue death and erythrocyte in-
jury accompanying decreases in the ratio driven by low ADAMTS13 
activity and accumulation of large VWF multimers. However, 
no correlation could be observed between platelet count and 

ADAMTS13:VWF:Ag ratio. Previous investigations in patients with 
consumptive coagulopathies showed that decreased ADAMTS13 
activity does not necessarily correlate with platelet count, but cor-
related with dynamic changes in platelet count.18 This could explain 

F I G U R E  1   ADAMTS13/VWF:ratio 
measured at emergency department 
presentation in patients with and without 
severe acute kidney injury (AKI) (A) 
and according to peak 30-d COVID-19 
severity (B)

Peak 30-d COVID-19 severity

P-valueMild/Moderate Severe

ADAMTS13 (% activity) 107 (83.5-107) 72 (55.8-95.3) .005

VWF-1 U/dL (or %) 267 (210.4-328.9) 307.5 (226.9-329.2) .463

ADAMTS13/VWF ratio 0.36 (0.28-0.48) 0.24 (0.20-0.36) .020

Note: Results presented as median (IQR).

TA B L E  3   ADAMTS13 and VWF:Ag 
according to peak 30-d COVID-19 
severity

F I G U R E  2   Correlation of ADAMTS13/VWF:Ag ratio with age (A), lactate dehydrogenase (LDH) (B), hemoglobin (C), and platelet count (D)
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the observations in our study, where measures from only a single 
early time point were used. Serial measurements of platelets should 
be further investigated in patients with COVID-19. Mild thrombo-
cytopenia appears to be most common finding in CAC, and a low 
platelet count has been clearly established as unfavorable prognos-
tic factor in COVID-19.19

In multivariable logistic regression, we observed that a low 
ADAMTS13:VWF:Ag ratio at ED presentation independently pre-
dicted severe AKI in patients with COVID-19. We chose severe AKI 
as the primary outcome as this is a typical feature of TMA. Moreover, 
a recent meta-analysis in COVID-19 patients found that AKI was 
associated with 18-fold increase in odds of severe disease and 23-
fold increase in odds of mortality.20 While we provide substantial 
evidence of a TMA-like phenomenon, it is important to consider 
that the observed AKI is likely a combination of multiple factors. As 
observed in this analysis, we found very high myoglobin values in 
patients with severe AKI, and a significant negative correlation was 
also noted between ADAMTS13:VWF:Ag ratio and myoglobin. Thus, 
high myoglobin driven by muscle cell death may contribute to AKI. 
Moreover, renal tropism of SARS-CoV-2 has now been clearly de-
scribed in patients with COVID-19.21 Braun et al22 recently demon-
strated that SARS-CoV-2 RNA was found in the kidneys of 60% of 
autopsied patients, and that this renal tropism was associated with 
cytopathic injury, ischemia, disease severity, and outcomes, includ-
ing development of AKI. Thus, the etiology of AKI is likely complex 
in COVID-19, and further exacerbated by prerenal insults in patients 
with critical illness.

Despite our observations, it is difficult to ascertain to what 
extent ADAMTS13:VWF:Ag imbalance contributes to CAC. Low 
ADMATS13 levels have been associated with poor outcomes 
in patients with sepsis.23,24 In this study, we found that low 
ADAMTS13:VWF:Ag was associated with poor outcomes in COVID-
19. Nonetheless, whether mild ADAMTS13 deficiency, as seen in 
COVID-19 or otherwise, can significantly contribute to driving a 
TMA-like phenomenon is unknown.16 However, low ADAMTS13 ac-
tivity is still likely to substantially contribute to the development of 
thrombosis, especially with concomitant high VWF levels. Here, we 
would expect an interruption of the normal equilibrium and interplay 
between ADAMTS13 and VWF. Further investigations are needed 
to elucidate the mechanism of CAC, including further evaluation of 
VWF, as well as evaluation of complement pathways, which may sig-
nificantly contribute to TMA.

Although heparin may be a prophylaxis option for preventing 
thromboembolism in COVID-19, it is unlikely to be effective at pre-
venting or treating microthrombi in the lung and other tissues, es-
pecially that driven by VWF. Treatment could be aimed at restoring 
the balance in the ADAMTS13:VWF:Ag ratio.11,16,25 Thus, it seems 
reasonable to conclude that fresh frozen plasma, plasma exchange, 
recombinant ADAMTS13, caplacizumab (anti-VWF), and antiplatelet 
agents may reveal more beneficial effects at preventing severe AKI 
and other TMA insults in patients with COVID-19.16,25 In fact, ob-
servational data from multiple case series in critically ill COVID-19 
patients have demonstrated a potential improvement in outcomes 

with therapeutic plasma exchange that should be further evaluated 
in randomized controlled trials.26,27

This study was limited by a relatively small sample size; however, 
to the best of our knowledge, is the largest study to date measuring 
ADAMTS13 and VWF:Ag in patients with COVID-19, and the only 
study to have investigated these values with respect to outcomes. The 
cohort in our study did not experience major thromboembolic events 
and thus our results should be confirmed in other cohorts with poten-
tially worse outcomes. However, given the timeline of the pandemic, 
the presence of a high-risk prothrombotic state was well known by 
the time the first wave hit our institution; thus, appropriate counter-
measures were prepared for hospitalized patients, with the majority 
receiving heparin. Also, not all patients had a pre-COVID SCr value 
available to define a baseline. It is hence possible that AKI may be un-
derrepresented in our cohort if patients presented with AKI that did 
not improve during the observation period and were thus classified 
as unchanged from baseline. Finally, though informative from patho-
physiologic standpoint, the clinical value of ADAMTS13:VWF:Ag 
ratio remains unclear and requires further investigation.

5  | CONCLUSION

We found that low ADAMTS13:VWF:Ag ratio at ED presentation is 
associated with an increased risk of progressing to critical COVID-
19 illness and severe AKI, with a pattern suggestive of a secondary 
microangiopathy. Nearly, a fourth of our patients presented with 
relative deficiency in ADAMTS13 activity, while 80.8% had elevated 
levels of VWF:Ag. The ADAMTS13:VWF:Ag ratio correlated with 
age, reinforcing evidence that patients with advanced age may be 
more susceptible to thrombotic complications and unfavorable out-
come in COVID-19. Interventional studies should be conducted to 
assess the benefit of restoring ADAMTS13:VWF:Ag ratios in hospi-
talized patients with COVID-19.
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