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Abstract

Objective: To evaluate the clinical course of and risk factors for arterial thrombotic events in adult
inpatients with coronavirus disease 2019 (COVID-19).

Methods: All consecutive adult patients admitted for COVID-19 infection in a referral center in
France and discharged from the hospital between April 1 and April 30, 2020, were included. All
arterial thrombotic events that occurred through discharge were considered for analysis. Epidemio-
logic, demographic, clinical, laboratory, treatment, and outcome data were extracted from electronic
medical records with use of a standardized data collection form.

Results: Overall, 531 COVID-19+ patients were analyzed. Among them, 30 (5.6%) experienced arterial
thrombotic events. Arterial thrombotic events in the setting of COVID-19 infection happened at a median
of 11 (5-20) days after the first symptoms of infection; occurred in high-risk patients according to tradi-
tional cardiovascular risk factors; had an atypical pattern, such as thrombosis of the aorta, upper limb, or
renal arteries or cerebral microvasculopathy in 7 (23.3%) cases; and were associated with an in-hospital
mortality rate of 40%. Arterial thrombotic events increased the risk of death by 3-fold in COVID-19+
patients (hazard ratio, 2.96; 95% CI, 1.4 to 4.7, P=.002). A subdistribution survival hazard model
showed that a concentration of D-dimer above 1250 ng/mL increased the risk of arterial thrombotic events
in COVID-19+4 patients by more than 7 (subdistribution hazard ratio, 7.68; 95% CI, 2.9 to 20.6; P<.001).
Conclusion: A dramatically high rate of in-hospital death was observed in patients who suffered
arterial thrombotic events in the setting of COVID-19 infection. A D-dimer level above 1250 ng/mL at

atients with coronavirus disease 2019  analyze the impact on survival. Most studies

entry may identify COVID-19+ patients at risk for arterial thrombotic events.
(COVID-19) are at increased risk of
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‘ thrombosis."  Given the rapidly

growing pandemic, there is an urgent need
to measure the rate of thrombotic manifesta-
tions associated with COVID-19 and to

in the field have reported on venous throm-
bosis and focused on patients hospitalized in
intensive care units. The primary goal of this
study was to assess the incidence of and risk
factors for arterial thrombotic events in all
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hospitalized patients with COVID-19 in a
referral center in France during 1 month.

METHODS

Patients

All consecutive adult patients admitted for
COVID-19 infection at Bichat Hospital,
Paris, and discharged from the hospital
between April 1 and April 30, 2020, were
retrospectively reviewed. Bichat Hospital,
Paris, is a referral center in France for pa-
tients with suspected or confirmed
emerging infectious diseases.” Inclusion
criteria for COVID-19 inpatients were age
older than 18 years, diagnosis of COVID-
19 according to World Health Organization
interim guidance, and positive response for
severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) on reverse transcrip-
tase polymerase chain reaction (RT-PCR)
testing of a respiratory sample (nasopha-
ryngeal swab or invasive respiratory sam-
ple). COVID-19 infection was considered
despite a negative SARS-CoV-2 RT-PCR
test result at time of admission in patients
who had close contact with a confirmed
COVID-19 case before onset of symptoms,
symptoms suggestive of COVID-19 infec-
tion (cough, fever, shortness of breath,
sudden onset of anosmia, ageusia, or dys-
geusia), typical computed tomography
(CT) scan appearance (“crazy paving”
pattern), and no alternative diagnosis.
Patients not admitted because of mild clin-
ical symptoms or who were transferred to
another hospital or in whom COVID-19
infection was not confirmed after review
were excluded. The International Classifica-
tion of Diseases, Tenth Revision code for
COVID-19 infection (U071) was used to
screen patients. Data were extracted from
the French Diagnosis Related Groups-
based information system database. Infor-
mation regarding eligibility conditions,
exclusion criteria, and epidemiologic, de-
mographic, clinical, laboratory, treatment,
and outcome data were extracted from
electronic medical records using a stan-
dardized data collection form.

Routine blood tests included at least
complete blood count, electrolyte values,
creatinine concentration, liver tests, lactate
dehydrogenase level, C-reactive protein
(CRP) level, D-dimer level, and ferritin activ-
ity. Laboratory confirmation for SARS-CoV-2
was obtained at the Bichat Hospital Virology
Department, Paris, France. RT-PCR assays
were performed in accordance with the pro-
tocol established by the World Health Orga-
nization (Coronavirus Disease [COVID-19])
Technical Guidance: Laboratory Testing for
2019-nCoV in Humans).

The severity of COVID-19 was analyzed at
the time of admission on the basis of the
extent (<10%, between 10% and 25%, be-
tween 25% and 50%, and >50%) of lung
involvement on CT scan. All consecutive adult
COVID-19—negative patients (Supplemental
Table, available online at http//www.
mayoclinicproceedings.org) admitted for arte-
rial thrombotic events at Bichat Hospital,
Paris, and discharged from the hospital be-
tween March 1 and March 31, 2020, were
used as controls (Supplemental Figure 1,
available online at http://www.mayoclinic
proceedings.org).

Arterial Thrombotic Events

International Classification of Diseases, Tenth
Revision codes for arterial thrombotic events
were used to screen patients and controls,
including 121.x, 1236, 1240, 1513, 163.x,
165.x, 166.x, 1676, 174.x, 1788, H348, and
H349. All arterial thrombotic events that
occurred through discharge were considered
for analysis. Extensive screening for conven-
tional cardiovascular risk factors (age, sex,
smoking status, body mass index, dyslipide-
mia, past cardiovascular event [CVE], high
blood pressure, diabetes mellitus) was un-
dertaken in all cases.

Ethical Statement

Our study is a human noninterventional
study in which participants were assigned
to a diagnosis strategy within current prac-
tice. The study involved products with a
marketing authorization that are prescribed
in the usual manner and used in accordance

Mayo Clin Proc. ® February 2021;96(2):295-303 ® https://doi.org/10.1016/j.mayocp.2020.11.018

www.mayoclinicproceedings.org


http://www.mayoclinicproceedings.org
http://www.mayoclinicproceedings.org
http://www.mayoclinicproceedings.org
http://www.mayoclinicproceedings.org
https://doi.org/10.1016/j.mayocp.2020.11.018
http://www.mayoclinicproceedings.org

COVID-19 INFECTION AND ARTERIAL THROMBOTIC EVENTS

with authorizations by French agencies.
Epidemiologic methods were used to analyze
the data, and information used in the study
was collected for clinical care. According to
the Public Health French Law (French
Research Standard MR-004), approval from
an Institutional Review Board and written
consent are not required for human nonin-
terventional studies. For ethical consider-
ation, however, patients were informed that
data collected in medical records might be
used for research study in accordance with
the privacy rule. The study protocol con-
forms to the ethical guidelines of the 1975
Declaration of Helsinki. Our study involves
personal health data and has been authorized
by the Commission nationale de l'informa-
tique et des libertés (declaration number
2218921v0).

Statistical Analyses

Categorical variables are presented as num-
ber (percentage). Quantitative variables are
presented as median (interquartile range).
Odds ratio and hazard ratio (HR) are pre-
sented with 95% ClIs. Factors associated
with the presence of arterial thrombotic
events on univariate and multivariable logis-
tic regression procedures were analyzed.
Data were compared between groups using
the XZ (or Fisher) test for categorical vari-
ables and the Mann-Whitney U test for
continuous variables. To perform the multi-
variate logistic regression procedure, we
used all clinically relevant variables that
had a level of significance <.20 as covariates.
The onset of 2 major outcomes—death and
arterial thrombotic events—from admission
to last follow-up was considered. By use of
the Kaplan-Meier method, the survival curve
associated with death was plotted according
to arterial thrombotic event status, and the
survival associated with arterial
thrombotic events was plotted according to
the D-dimer level at admission. We calcu-
lated univariate HRs using Cox proportional
hazard models. We used a subdistribution
hazard model to analyze survival without
an arterial thrombotic event, according to
the presence of a high D-dimer level and
considering death as a competing risk. All

curve

tests were two sided, and P values <.05
were considered to indicate a significant as-
sociation. All the analyses were made with
R software version 3.4.4 (R Foundation for
Statistical Computing).

RESULTS

Characteristics of Patients

A consecutive 531 patients with COVID-19
infection were admitted in our national
referral center during a 1l-month period
(Supplemental Figure 1). The SARS-CoV-2
RT-PCR test result was positive on a respira-
tory sample in 499 (94%) cases. The median
time between first symptoms and infection
diagnosis was 7 (3 to 10) days.

At admission, 351 (66.1%) patients were
male with a median age of 66.1 (52.8-77.1)
years. Most patients had chronic comorbid-
ities. More than 40% (217/531 patients)
had 3 or more major cardiovascular risk fac-
tors besides advanced age and male sex,
including smoking, overweight, dyslipide-
mia, past CVE, high blood pressure, and
diabetes.

At admission, a thoracic CT scan showed
pneumonia in all patients. Disease extension
on chest CT scan was between 25% and 50%
in 236 (44.4%) patients and more than 50%
in 58 (10.9%) patients. Serum CRP level was
high in 482 patients (90.8%) at admission
and higher than 50 mg/dL in most cases
(70.3%). Seventy (13.2%) patients had crit-
ical illness requiring mechanical ventilation.
The median duration from admission to
discharge was 9 (5 to 13) days. The time
from admission to last follow-up was 20
(11-36) days. Overall in-hospital death was
17.5% (93/531; Table 1).

Arterial Thrombotic Events in the Setting of
COVID Infection

Thirty COVID-19+ patients (5.6%) experi-
enced arterial thrombotic events that
occurred 2 (0-11) days after admission and
11 (5-20) days after first symptoms of
COVID-19 infection. An arterial thrombotic
event was the first symptom of COVID-19
infection in 1 (3.3%) patient and the main
reason for admission in 12 (40%) patients.
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TABLE 1. Characteristics of Patients®"<

All COVID-19+  COVID-19+ AT—  COVID-19+ AT+
(N=531) (n=501 [94.4%)) (n=30 [5.6%)) P
Age (y) 66.1 (52.8-77.1) 65.7 (52.4-76.6) 70.7 (57-79.5) 24
Male sex 351 (66.1) 327 (65.3) 24 (80.0) 14
Laboratory confirmation of SARS-CoV-2 499 (94) 472 (94.2) 27 (90) >99
Time of first symptoms to diagnosis (d) 7 (3-10) 7 (3-10) 6 (2-8) 74
Comorbidities
Cancer’ 46 (8.7) 43 (8.6) 3 (10) 6l
ESRD 35 (6.6) 31 (62) 4 (133) 25
HIV infection 19 (4.1 18 (4.1) I (33) >99
Inflalmmatory disorders® 38 (72) 35 (7.0) 3 (10) 37
Solid organ transplant” 31 (5.8) 29 (5.8) 2 (6.7) >.99
Cardiovascular risk factors
High blood pressure 283 (53.4) 265 (53.0) 18 (60.0) 56
Smoking 172 (34.2) 159 (33.5) 13 (43.3) .30
Diabetes 173 (32.6) 164 (32.8) 9 (30.0) 9l
Dyslipidemia [71 (32.3) 158 (31.7) 13 (433) 26
Past CVE 15 (21.7) 101 (20.2) 14 (46.7) 001
BMI (kg/m?) 265 (24-30.7) 26.7 (24-30.8) 252 (23.6-284) 22
BMI >25 kg/m? 256 (48.2) 242 (48.3) 14 (46.7) >99
Atrial fibrillation 47 (8.9) 43 (8.6) 4 (13.3) .58
Treatment at admission
Antiplatelet 137 (25.8) 125 (25.0) 12 (40.0) A
Statin 138 (26.1) 126 (25.3) 12 (40.0) 09
ACE inhibitors or ARB 183 (34.7) 170 (34.2) 13 (43.3) 4l
Lung involvement on CT scan
<10% 67 (12.6) 65 (13.0) 2 (6.7) 36
109%-25% 177 (33.3) 168 (33.5) 9 (30.0) 69
25%-50% 180 (33.9) 172 (34.3) 8 (26.7) 39
>50% 58 (10.9) 51 (10.2) 7 (23.3) 02
Critical illness® 70 (13.2) 64 (12.8) 6 (20.0) .39
Treatment received
Antiviral drugs 162 (30.6) 149 (29.9) 13 (43.3) .18
Hydroxychloroquine 52 (9.8) 50 (10) 2 (67) 76
Steroids 260 (49.1) 244 (48.9) 16 (53.3) 78
Anti—IL-1 87 (16.4) 78 (15.6) 9 (30.0) 07
Anti—IL-6 19 (3.6) 18 (3.6) I (33) >.99
Anticoagulant treatment 267 (50.3) 252 (50.3) 15 (50) >.99
Laboratory findings
Hemoglobin (g/dL) 129 (11.5-14.2) 129 (11.5-14.2) 13 (1'1.5-14) 65
Hematocrit (%) 379 (34.1-41) 379 (34.1-41) 38.6 (34.9-40.7) 79
Leukocytes (107/L) 6.7 (49-89) 6.8 (4.9-8.8) 6.0 (44-9.7) 97
Neutrophils (107/L) 49 (3.3-6.9) 50 (3.3-69) 43 (3.1-7.8) 97
Lymphocytes (10%/L) 0.99 (0.70-1.4) 098 (0.71-1.38) 1.09 (0.58-1.67) 68
Monocytes (10%/L) 0.50 (0.36-0.71) 0.50 (0.36-0.70) 0.60 (0.37-0.77) 38
Platelets (10%/L) 203 (160-266) 203 (159-264) 217 (179-310) 26
APTT (sec) 34.1 (304-39.6) 339 (304-39.4) 36.7 (304-41.9) 19
PT (sec) 113 (11.3-11.3) [1.3 (11.3-11.3) 1.3 (11.3-11.3) 86
Fibrinogen (g/L) 54 (4.6-63) 55 (4.6-6.3) 49 (4.2-55) 02
D-dimer (ng/mL)" 869 (525-1359) 836 (514-1320) 1860 (1268-7409)  <.00I
CRP (mg/L) 78 (33-133) 78 (33-133) 109 (18-127) VA

Continued on next page
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TABLE 1. Continued

All COVID-19+  COVID-194+ AT—  COVID-19+ AT+
(N=531) (n=501 [94.4%]) (n=30 [5.6%)) P

Laboratory findings, continued

Creatinemia (um/L) 79 (63-118) 79 (63-117) 90 (72-183) 04

LDH (U/L) 320 (245-398) 316 (247-391) 378 (230-485) .10

AST (UL) 38 (24-61) 38 (24-60) 54 (27-94) 03

ALT (UL) 33 (23-50) 33 (23-50) 36 (23-60) .70

Ferrtinemia (ng/L) 74 (338-1359) 737 (343-1350) 870 (275-1500) 59
Follow-up

Length of hospitalization (d) 9 (5-13) 9 (5-13) 13 (8.2-24.7) .005

Length of follow-up (d) 20 (11-36) 20 (11-36) 18 (9.75-39) 96

In-hospital death' 93 (17.5) 81 (16.2) 12 (40.0) 002

°ACE, angiotensin-converting enzyme; ALT, alanine transaminase; APTT, activated partial thromboplastin time; ARB, angiotensin Il re-
ceptor blocker; AST, aspartate transaminase; AT, arterial thrombotic events; BMI, body mass index, calculated as weight in kilograms
divided by height in meters squared; COVID- 9, coronavirus disease 2019; CRP, C-reactive protein; CT, computed tomography; CVE,
cardiovascular event; ESRD, end-stage renal disease; HIV, human immunodeficiency virus; IL, interleukin; LDH, lactate dehydrogenase;
PT, prothrombin time; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

S| conversion factors: To convert hemoglobin values to g/L, multiply by 10; to convert fibrinogen values to pmol/L, multiply by 3401 to
convert U/L values to pkat/L, multiply by 0.0167; to convert ferritin values to pmol/L, multiply by 0.445038.

“Categorical variables are presented as number (%). Continuous variables are presented as median (interquartile range).

9Cancer was considered when it was diagnosed less than 5 years before the COVID-19 infection. It included prostate cancer (n=8),
breast cancer (n=8), colon cancer (n=7), low-grade non-Hodgkin lymphoma (n=7), skin cancer (n=>5), myelodysplastic syndrome
(n=4), lung cancer (n=2), endometrial/ovarian cancer (n=2), liver cancer (n=1), pancreatic cancer (n=1), and bladder cancer (n=1).
€Inflammatory disorders were considered when corticosteroid use was required. They included asthma (n=13) and chronic autoim-
mune/inflammatory systemic diseases (n=25).

'Solid organ transplant included kidney (n=19), heart (n=8), lung (n=3), and liver (n=1) transplants.

ECritical illness was defined as mechanical ventilation. Anti—IL-| treatment was anakinra; anti—IL-6 treatment was tocilizumab. Antiviral
drugs included lopinavir/ritonavir (n=155) and remdesivir (n=7). Anticoagulant treatment was given at prophylactic or therapeutic dose
in 217 (81.3%) and 50 (18.7%) patients, respectively.

"The reference concentration of D-dimer at our institution is less than 234 ng/mL.

In-hospital death was defined as death at discharge.

Arterial thrombotic events consisted of In-hospital death was dramatically higher

myocardial infarction (n=9 [30%]), stroke
(n=8 [26.7%]), and acute or subacute limb
ischemia (n=6 [20%]). Interestingly, age,
sex, high blood pressure, smoking, diabetes,
dyslipidemia, past CVE, and body mass in-
dex were not statistically different between
COVID-19+ and COVID-19— control in-
hospital patients with arterial thrombotic
events (Supplemental Table). However,
despite a similar risk for a CVE,
COVID-19+ patients displayed atypical arte-
thrombotic events (n=7 [23.3%]),
including massive aortic thrombosis (n=2),
splenic infarction (n=1), renal artery throm-
bosis (n=1), diffuse cerebral microvasculop-
athy (n=1), and upper extremity arterial
thrombosis (n=1), that were not observed
in the control group (Supplemental Table).

rial

in COVID-19+ patients with arterial throm-
botic events compared with COVID-19—
arterial thrombotic event controls (40% vs
3.1%; P<.001) and COVID-19+ patients
with no arterial thrombotic events (40% vs
16.2%; P=.002). Overall, in the setting of
COVID-19 infection, the Cox model showed
that arterial thrombotic events increased the
risk of death by 3-fold (HR, 2.96; 95% ClI,
1.4 to 4.7; P=.002; Figure 1).

Association Between D-Dimer Levels and
Arterial Thrombotic Events in COVID-19
Infection

Considering its poor prognosis, we aimed to
identify risk factors for arterial thrombotic
events in COVID-19+ patients. By comparing
the characteristics of COVID-19+ patients
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arterial thrombotic event onset. The corre-
1001 sponding receiver operating characteristics
curve showed that D-dimer level is predic-
£ 075 1 tive for arterial thrombotic events in
g COVID-19+ patients (area under the curve,
g 0501 0.77; 95% CI, 0.66 to 0.88; P<.001), with a
g plasma D-dimer level of 1267 ng/mL
§ 025 T showing a sensitivity of 76.2% (95% ClI,
' 54.9% to 89.4%) and a specificity of 72.7.%
0.00 (95% CI, 67.7% to 77.2%) for arterial throm-
' ' ' ' ' botic events (Supplemental Figure 2,
0 20 . 4_}0 60 80 available online at http://www.
Time in days .. . .
Number at risk mayoclinicproceedings.org).  Accordingly,
— AT— 4501 % 105 5 5 the subdistribution survival hazard model
,,,,, AT+ :‘ 30 s 8 | 0 considering death as a competing event
' ' ' ' ' showed that a D-dimer level above 1250
0 20 40 60 80 . .
Time in days n'g/ml.d measured in plgsma ear'ly after admis-
sion is strongly associated with the occur-
[=ar AT] rence of arterial thrombotic events during
FIGURE 1. Overall survival in COVID-19+ patients according to arterial follow-up (subdlstnbutlor} HR, 7.68; 95%
thrombotic event (AT) status. Kaplan-Meier curves represent survival CL, 2.9 to 20.6; P<.001; Figure 2).
without in-hospital death according to AT status. Time O was the day of
admission. Follow-up ended at discharge. The solid line represents the
outcome in patients without AT (AT—). The dashed lines represent the DISCUSSION
outcomes in patients with AT (AT-+). Analysis was performed on 531 Previous studies varied in the incidence of
patients. thrombosis in patients with COVID-19, but
all suggested a heightened risk, particularly
for deep venous thrombosis and pulmonary
with and without arterial thrombotic events, embolism.>* Few studies, however, specif-
we observed that a past CVE and a higher ically focused on arterial thrombotic events
plasma level of D-dimer were both associated ~ in COVID-19+ patients. A previously pub-
with arterial thrombotic events (Table 1). In  lished study reported an incidence of
the multivariable analysis, only D-dimer level ~ 11.1% of arterial thrombotic events among
was associated with arterial thrombotic events  a consecutive 3334 hospitalized COVID-19
in COVID-19+ patients (Table 2). patients in 4 hospitals in New York City.’
D-dimer was measured in plasma 1 [0-3]  In our referral center in France, we found a
day after admission and 2 (1-14) days before  lower arterial thrombotic event rate of
TABLE 2. Multivariable Analysis of Risk Factors for Arterial Thrombotic Events in COVID-19+ Patients®®
OR (95% Cl) P
Age 1,007 (0970-1.045) 7
Male sex 1.409 (0.464-5.251) 3l
Past CVE 2.659 (0.898-7.521) 07
Lung involvement 1.947 (0.719-5.850) 20
D-dimer® 1.003 (1.000-1.007) 04
*CVE, cardiovascular event; OR, odds ratio.
°A multivariable logistic regression procedure was performed considering clinically relevant factors identified in univariate analysis with a P
value <.2.
“D-dimer values were obtained | (0-3) day after admission and 2 (1-14) days before onset of an arterial thrombotic event in COVID-
|9+ patients and were available for analysis in 351 patients.
300 Mayo Clin Proc. ® February 2021;96(2):295-303 ® https://doi.org/10.1016/j.mayocp.2020.11.018
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5.6%, more consistent with other published
studies in Spain and Italy.”’

D-dimer level at admission was high and
consistent with an early distinct coagulation
disorder associated with COVID-19. Evi-
dence for abnormal coagulation parameters
associated with COVID-19 appeared in early
reports from China.” Disseminated intravas-
cular coagulation could be ruled out because
D-dimer levels were increased far out of pro-
portion with any abnormalities in prothrom-
bin time, activated partial thromboplastin
time, fibrinogen level, or platelet count
(Table 1).”'° Elevated levels of D-dimer are
common in critically ill patients.'"'"”
D-dimer levels are not routinely measured
otherwise but are now routinely assessed in
symptomatic patients with COVID-19.
Whether the elevated D-dimer levels and
thrombotic manifestations are caused by a
specific COVID-19 coagulopathy or merely
related to coagulation activation associated
with severe inflammation is unknown. In
our study, in contrast to previous re-
ports,">'* arterial thrombotic events were
not associated with inflammatory markers
such as CRP.

Elevated D-dimer levels at admission are
known to be associated with increased mor-
tality in COVID-19.">">'>1° In our study,
D-dimer level was also independently and
strongly associated with arterial thrombotic
events. According to our findings, D-dimer
levels at admission may also identify patients
at high risk for arterial thrombotic events.
Low-molecular-weight heparin was associ-
ated with lower mortality in patients with
markedly elevated D-dimer levels.'” D-dimer
has also been used to guide anticoagula-
tion.'® Noteworthy in our series, arterial
thrombotic events occurred although most
patients anticoagulation
according to current recommendations.'”

Both the fact that numerous arterial
events were unusual—such as thrombosis
of the aorta, upper limb, or renal arteries
and cerebral microvasculopathy—and the
strikingly high risk of death compared with
arterial thrombotic event control patients
with no COVID-19 infection are suggestive
of a COVID-19—specific arterial

were receiving
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FIGURE 2. Survival without arterial thrombotic events in COVID-19+
patients according to D-dimer level measured in plasma at baseline.
Kaplan-Meier curves represent the survival without an arterial thrombotic
event according to D-dimer level (>1250 or <1250 ng/mL) measured in
plasma early after admission. Time O was the day of admission. Follow-up
ended at discharge. The solid line represents the outcome in patients
with D-dimer level below 1250 ng/mL. The dashed lines represent the
outcomes in patients with D-dimer level above 250 ng/mL. D-dimer values
were obtained | (0-3) day after admission and 2 (1-14) days before onset
of an arterial thrombotic event and were available for analysis in 318 pa-
tients. The reference concentration of D-dimer at our institution is less than

vasculopathy. COVID-19 infection causes
cytokine storm, hypoxic injury, hypercoagu-
lability, increased platelet activity, and endo-
thelial damage.'*"**

In our study, COVID-19+ patients with
arterial thrombotic events shared the same
cardiovascular risk burden as the general
population. COVID-19 infection may act as
an acute second hit in patients at otherwise
high risk for CVE according to traditional
risk factors.

Our study has several limitations. First, it
is a retrospective single-center observational
study. Second, around 6% of patients have
highly probable but not microbiologically
confirmed COVID-19 infection. In clinical
practice, however, many patients presented
with a negative RT-PCR test result for
COVID-19, even though they had typical
lung manifestations and a highly suspected
contact history. In our study, patients with
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a negative RT-PCR response had recent
exposure, symptoms highly suggestive of
COVID-19 infection, typical CT scan appear-
ance, and no alternative diagnosis. In those
cases, we considered the negative RT-PCR
response a false-negative result and believed
that including those patients would more
accurately reflect the “real-life” management
of COVID-19 patients. Third, arterial throm-
botic events occurred in a small number of
patients, limiting statistical power. Last, lab-
oratory data were not uniformly available for
each evaluated laboratory parameter
including D-dimer. On the other hand,
because it helped to determine the risk fac-
tors and prognosis of arterial thrombotic
events in patients with COVID-19, the com-
parison with patients with a concomitant
arterial thrombotic event without COVID-
19 infection as a control group was strong.

CONCLUSION

The acute arterial vasculopathy related to
COVID-19 is diverse and associated with a
high risk of death. Elevated D-dimer levels
at entry may help predict arterial thrombotic
events and recognize high-risk patients.

SUPPLEMENTAL ONLINE MATERIAL
Supplemental material can be found online
at  http//www.mayoclinicproceedings.org.
Supplemental material attached to journal
articles has not been edited, and the authors
take responsibility for the accuracy of all
data.

Abbreviations and Acronyms: COVID-19 = coronavirus
disease 2019; CRP = C-reactive protein; CT = computed
tomography; CVE = cardiovascular event; HR = hazard ratio;
RT-PCR = reverse transcriptase polymerase chain reaction;
SARS-CoV-2 = severe acute respiratory syndrome coro-
navirus 2
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