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Abstract: The presence of a procoagulant state, COVID-19-related coagulopathy, and an increased
rate of thrombotic events (TEs) is widely known about. However, descriptive studies are scarce.
Here, we conducted a large retrospective study including 2894 hospitalized COVID-19 patients
followed up during the first 18 months of the pandemic to completely characterize any TE. Major
TEs showed a 3.45% incidence rate. TEs were associated with increased intubation/90-day mortality
risk [OR =1.71, 95% CI (1.12-2.61), p < 0.013]. Venous thrombotic events (VTEs) were more frequent
than arterial thrombotic events (ATEs) (72% vs. 28%), associated with enhanced levels of D-dimer
(cross-linked fibrin derivatives formed during thrombolysis), which were related to mortality but
more useful for early detection of thrombosis. In this regard, D-dimer plasma levels above 2014
ug/mL at hospital admission identify TEs with 91% accuracy (AUC =0.91, p <0.001), rising to almost
95% (AUC = 0.94, p < 0.001) with a cut-off value of 2666 pg/mL in VTEs. Moreover, 41% of TEs
occurred in patients receiving LMWH thromboprophylactic treatments in hospital or domiciliary
therapies. SARS-CoV-2 infection along with a sedentary lifestyle derived from the confinement in
2020 could be more determinant than a procoagulant state in patients with risk factors for TEs.
Furthermore, the normal results obtained from the thrombophilia study after the acute process are
linked to this independent procoagulant state and to SARS-CoV-2-derived coagulopathy.

Keywords: thrombotic events; COVID-19; D-dimer; thrombophilia; diagnosis; prognosis

1. Introduction

Coronavirus disease 2019 (COVID-19) is an infectious process associated with
important multisystemic clinical manifestations [1,2]. It is responsible for high rates of
hospitalization, intensive care unit (ICU) admission, morbidity, and mortality [3-5].
Symptoms and complications are mainly related to respiratory failure; however, a wide
variety of them have been described [4]. Moreover, the presence of immune dysregulation
with abnormal cytokine release [6], endothelitis [7], and coagulopathy [8] has been
extensively described in severe cases. Thus, these immunological alterations could enable
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one to categorize COVID-19 into different phenotypes [4] and to find specific diagnosis,
prognosis, and therapeutic biomarkers [9].

Since the beginning of the pandemic in China, the presence of alterations in
coagulation parameters has been described [8,10]. The initial phase of the infection is
associated with increased levels of D-dimer and fibrinogen, whereas activated partial
prothrombin time, prothrombin time, and platelet counts are often normal [11]. This
coagulopathy creates a procoagulant state that impairs host defense mechanisms,
immunity, and the coagulation system [11]. Thus, thrombotic events (TEs) became related
to COVID-19, and the risk of them increases according to viral infection severity and ICU
admission [12,13].

Therefore, protocolized treatments recommended low-molecular-weight heparin
(LMWH) thromboprophylaxis in hospitalized patients with COVID-19 to prevent the
development of arterial and venous TEs [14-16]. Nowadays, this strategy has been
demonstrated to be related to a reduction in mortality and TEs [17]. In fact, some studies
advocate the use of therapeutic doses of LMWH, according to the results of clinical trials
[18,19]. Furthermore, the risk of TEs also occurs after hospital discharge, when their
presence is associated with hospital readmission and 90-day mortality [14].

After more than 2 years of attempting to better understand the dysregulation of the
immune system and coagulopathy, clear evidence has demonstrated the increased risk of
TEs. Multiple excellent reviews and strong hypotheses were formulated in this regard
[8,11,12,20,21]. However, major descriptive studies only focused on TEs are limited.
Moreover, they tend to present a low sample size, mainly centered on venous
thromboembolism [16] and critically ill patients hospitalized in the ICU [13]. There is a
paucity of extensive studies with a large follow-up and detailed characterization of not
only venous but also arterial TEs including the time of diagnosis, the specific incidence
rate over the course of the pandemic, the implications for previous anticoagulant
treatments, or the possible use of D-dimer levels as an accurate biomarker for the detection
of TEs [20]. In addition, a description according to the geographical area could be of
interest, with scarce studies in the Spanish population [22].

Taking this into account, here we aim to perform a large retrospective study
including all hospitalized COVID-19 patients in a tertiary hospital in Spain during the first
18 months to fully characterize all TEs. Our objective is to describe the type of TE, the
specific location, the significance of thrombotic risk factors and laboratory values, and the
relevance of in-hospital meters or the implications for in-hospital diagnosis of TEs
compared to those at admission. Moreover, we also intend to delve into the potential use
of D-dimer for TE detection in COVID-19.

2. Materials and Methods
2.1. Study Design and Patient Selection

A retrospective cohort study was performed. All patients admitted to the Hospital
Clinico Universitario de Valladolid, Spain (a tertiary care center providing health care to
250,000 inhabitants) between 1 March 2020 and 31 August 2021 with a diagnosis of
COVID-19 were included. In all patients included, SARS-CoV-2 infection was confirmed
by polymerase chain reaction (PCR) of a nasopharyngeal sample.

Data were obtained from the records contained in the minimum basic dataset
(MBDS) of the hospital. The medical records included sex, date of birth, dates of hospital
admission and discharge, medical center, and diagnosis and procedure codes, in
accordance with the International Classification of Diseases 10th Revision, Clinical
Modification (ICD-10-CM). In the case of the data related to the D-dimer test, they were
obtained at the time in the hospital's central laboratory by using a HemosIL D-dimer HS
500 (Instrumentation Laboratory SpA, Milano, Italy; reference range: 0.1-500 ng/mL),
following the manufacturer's instructions. This information matched that of the MBDS of
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the National Hospital Data Surveillance System in Spain [23]. This study adhered to the
STROBE guidelines for cohort studies [24].

2.2. Thrombosis Identification

The following ICD 10 codes (File S1) were used to identify all thrombotic events (TEs)
in each of the COVID-19 patients admitted to the hospital [25]. The primary endpoint of
the study was the presence of any venous (VTE) or arterial (ATE) thrombotic event at
admission or during hospital stay. Primary or secondary diagnosis of TEs was also
included. Subsequent confirmation was performed by reviewing the clinical record.
Misdiagnoses, probable diagnoses of TEs without objective diagnostic proof, and non-
thrombotic cerebral or cardiac infarctions were excluded (1 = 39). Pulmonary embolism
(PE) required a positive angiotomography, conventional angiography, or pulmonary
perfusion scintigraphy. Deep vein thrombosis (DVT) required a compatible echo-doppler,
ATE-associated compatible arterial echo-doppler, conventional arterial angiography,
magnetic resonance imaging, computed tomography, or cardiac catheterization. Thus, 39
putative thrombotic diagnoses were misclassified and, thus, eliminated from the group of
TEs. Assuming these criteria, our sample (n = 2894) was divided into two groups: (i)
thrombotic event (n = 100) and (ii) non-thrombotic event (1 = 2794). The flowchart in
Figure 1 explains the study design and TE identification.

Hospital providing health care to
250,000 inhabitants

1th March 2020 to 31t August 2021
COVID-19 hospital admissions

n = 2894
Thrombotic Event Non-Thrombotic Event
n =100 n =2794
ATE VTE
n=28 n=72

Figure 1. Flowchart of Patient Enrollment. ATE: arterial thrombotic event; VTE: venous thrombotic
event.

2.3. Thrombosis Characterization

Once the 100 TEs were correctly identified, a broad characterization was performed.
The type of thrombotic event (venous or arterial), the specific localization, the presence of
any antiaggregant or anticoagulant treatment at diagnosis, and the number of
rethromboses were collected. In addition, risk factors and specific laboratory
determinations related to thrombosis were included. Indeed, D-dimer plasma levels,
platelet count, activated partial thromboplastin time (APTT), and prothrombin time (PT)
at hospital admission and at the moment of the TE were included. Moreover, the moment
of the TE was sought in detail to classify out-of-hospital (at admission) and in-hospital
(during hospital stay) events. Patients were also categorized in terms of severity and
mortality based on intensive care unit (ICU) admission, 90-day-mortality, or both



J. Clin. Med. 2022, 11, 3443

4 of 16

(intubation or death risk). Comorbidity was defined by the Charlson index [26]. Finally,
we complemented the patients’ descriptions together with the thrombophilia study,
which was only performed in those patients with a direct request from the physician in
charge. Factor V Leiden mutation, prothrombin G20210A mutation, protein C deficiency,
protein S deficiency, antithrombin deficiency, coagulation factor VIII, Clauss fibrinogen,
and lupus anticoagulant (dilute Russell’s viper venom (dRVV) and silica clotting time
(SCT)) tests composed our routine thrombophilia study up to 65 years old; meanwhile,
only coagulation factor VIII and lupus anticoagulant tests were conducted in the elderly.

2.4. Hospital Protocol Treatment

The hospital protocol for the treatment of COVID-19 pneumonia was changing as
new evidence became available but included the following considerations:
Lopinavir/Ritonavir 200/50 mg/mL solution twice a day and hydroxychloroquine 400 mg
twice a day. Based on inflammatory criteria, the standard of care would also consider:
Interferon 1B 0.25 mg every 48 h, corticosteroids 240 mg every day for three days,
Tocilizumab, Baricitinib, or Anakinra. Antibiotic treatment was required in the case of
suspected bacterial superinfection. Oxygen support (nasal cannula, high-flow nasal
cannula, and non-invasive or invasive mechanical ventilation) was administered to
patients depending on the severity of hypoxemia. All hospitalized patients received
thrombotic prophylaxis using low-molecular-weight heparin (LMWH) with either
bemiparin 3500 UI or enoxaparin 40 mg every day, which was maintained for 15 days
after hospital discharge.

2.5. Statistical Analysis

In our population of 250,000 inhabitants, a sample size of 97 patients was calculated
considering a confidence interval of 95% and a margin of error of 0.1. The sample size
calculation was performed using the Piface software by Russel V. Lenth (version 1.76).

Descriptive statistics were used to summarize demographic data, clinical
characteristics, and analytical data. Categorical variables were expressed as total number
and percentage [ (%)], and significance was assessed by the chi-squared test. Continuous
variables were represented by the median and interquartile range [median (IQR)], and
significance was tested using Mann-Whitney U.

Multivariate regression models were performed regarding the evaluation of different
associations: intubation or 90-day mortality risk and the presence of TEs; D-dimer levels
and the identification of TEs; and D-dimer levels and mortality risk. Internal validation of
each model was conducted with the leave-one-out-cross-validation (LOOCV) procedure
and operation characteristic (ROC) curve analysis [27]. Cumulative event rate based on
death or requirement of mechanical ventilation was determined using the Kaplan—-Meier
method by comparing D-dimer levels. Cumulative incidence curves were determined
with the log-rank test. The stratified Cox proportional-hazards model was used to
estimate the hazard ratio and 95% confidence interval.

Statistical analysis was performed by a PhD-licensed statistician using the R
statistical package version 3.1.1 R Core Team and statistical package IBM SPSS Statistics
software (SPSS) version 25. Statistical significance was fixed at p < 0.05.

2.6. Ethics Approval

This study was approved by the Ethics Committee of the Hospital Clinico
Universitario de Valladolid (cod: PI 20-1717) following the ethical code of the World
Medical Association (Declaration of Helsinki). Confidentiality was adequately protected
in accordance with Spanish data protection law.
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3. Results
3.1. Comparison between TEs and Non-TEs

A total of 2894 patients were diagnosed with COVID-19 in our hospital area and were
split into two groups: TE (n = 100) and non-TE (n = 2794). Clinical characteristics of both
groups are shown in Table 1a. There were no differences between groups in terms of age.
However, patients with TEs were on average older than 65 years old, with statistical
significance (72 [72%] vs. 1715 [61.38%], p = 0.032). No differences were observed with
regard to sex; however, males showed a tendency to be overrepresented in the TE group
(61 [61%] vs. 1503 [53.8%], p = 0.155). In fact, the cumulative risk for TEs was markedly
higher in males (log-rank = 4.601, p = 0.032), which is shown in Figure S1. Moreover,
patients with TEs exhibited more comorbidities, calculated by a Charlson index > 2 (29
[29%] vs. 565 [20.22%], p = 0.033), and were mainly associated with significantly higher
rates of active cancer (13 [13%] vs. 107 [3.83%], p < 0.001) as well as higher domiciliary
oxygen requirements at hospital discharge (18 [18%] vs. 320 [11.45%], p = 0.045). Finally,
hospital meters revealed an increased length of hospital stay (12 [12] vs. 9 [9], p = 0.002),
greater ICU admission requirement (25 [25%] vs. 303 [10.85%], p < 0.001), and higher
intubation/90-day mortality risk (39 [39%] vs. 697 [24.94%], p = 0.002) in the TE group. A
multivariate analysis was performed to evaluate the association between TEs and
intubation or 90-day mortality risk in COVID-19, adjusted by gender, age > 65 years, and
Charlson index > 2 (Table S1). It was observed that the existence of any TE was associated
with a 1.7-fold increased risk of intubation or 90-day mortality risk in COVID-19 (OR =
1.71, 95%ClI (1.12-2.61), p < 0.013); likewise, being male, presenting age > 65 years, and a
Charlson index > 2 also increased the risk of poor outcome by a factor of 1.5-2.7.

Table 1. (a) Clinical characteristics of hospitalized COVID-19 patients according to the diagnosis of
thrombotic events (TE). (b) Different characteristics between arterial and venous thrombotic events.

(a) Presence of Thrombotic Event (TE) (b) Type of Thrombotic Event

TE Non-TE ATE VTE
(1 =100) (n=2794) (n=28) (n=72) P
Age
Age, [median [IQR]] 73.50 [21] 71 [24] 0.190 71 [21] 74[21] 0511

Age > 65 years, [1n (%)] 72 (72) 1715 (61.38) 0.032 20(71.43)  52(72.22) 0937
Sex, [n (%)]

Female 39 (39) 1291 (46.20) 0.155 9(32.14) 30 (41.67) 0.381
Male 61 (61) 1503 (53.80) 19 (67.85) 42 (58.33)
Comorbidities, [1 (%)]

Previous TE - - - 7 (25) 8 (11.11) 0.081
Charlson index >2 29 (29) 565 (20.22) 0.033 7 (25) 22 (30.56)  0.583
Hypertension 49 (49) 1271 (45.49) 0.489 16 (57.14) 33 (45.83)  0.310
Smoking 23 (23) 609 (21.80) 0.775 10 (35.71) 13 (18.05) 0.06
Diabetes mellitus 23 (23) 551 (19.72) 0.419 10 (35.71) 13 (18.05) 0.06
Dyslipemia 37 (37) 858 (30.71) 0.181 9(32.14) 28 (38.88) 0.53
Atrial fibrillation 8 (8) 227 (8.12) 0.964 3(10.71) 5 (6.94) 0.53
Coronary heart disease 2 (2) 132 (4.72) 0.203 0(0) 2 (2.77) 0.373
Cardiac disease 4 (4) 103 (3.69) 0.870 1(3.5) 3 (4.16) 0.892
Chronic kidney disease 10 (10) 246 (8.8) 0.679 3 (10.71) 7 (9.78) 0.882
Pulmonary disease 99 285 (10.20) 0.696 3 (10.71) 6 (8.33) 0.709
Domiciliary oxygen at discharge 18 (18) 320 (11.45) 0.045 1(3.67) 17 (23.61)  0.019
Peripheral vascular disease 8 (8) 176 (6.30) 0.493 5 (17.85) 3 (4.16) 0.023
Active cancer 13 (13) 107 (3.83) <0.001 1(3.67) 12 (16.66) 0.08

TE at admission

17 (60.71) 53 (77.61)  0.206
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Pre-admission pharmacological treatments, [1 (%)]

Antiaggregant therapy
Anticoagulant therapy

- - 4 (14.28) 9(125) 0812
- - 4(14.28) 7(9.72) 0513

Laboratory values, [median [IQR]]

Platelet at admission, (x103/L) - - - 262 [124.5] 210([152.25] 0.116
Platelet at TE onset, (x10%/L) - - - 290 [130.25] 227.50 [178.5] 0.203
D-dimer at admission, (ng/mL) - - - 1404.5 [1617] 5649 [12,473] <0.001
D-dimer at TE onset, (ng/mL) - - - 2200 [4254] 7021 [15,633] <0.001
D-dimer after 2 months, (ng/mL) - - 379 [736.50] 331.50 [332.5] 0.525
APTT at admission (s) - - - 27.5 [5] 27 [4] 0.593

PT at admission, (s)

- - 13.5 [1.25] 13 [3] 0.989

Hospital meters

Length of hospital stay, days

median [IOR] 12 [12] 99] 0.002 125 [21] 12[10] 0298
ICU admission, [1 (%)] 25 (25) 303 (10.85)  <0.001 13 (4642) 12(16.66)  0.002
[ng]t]h of ICU stay, days [median 8 [15] 15 [20] 0.021 4121 115[15]  0.219
90-day mortality, [11 (%)] 2 (22) 501 (17.93) 0.299 6(2142)  16(2222) 0931
Intubation/90-day mortality, [11 (%)] 39 (39) 697 (24.94) 0.002 16 (57.14) 23 (31.94)  0.020

Continuous variables are represented as [median, (interquartile range, IQR)]; categorical variables
are represented as [n, (%)]. TE, thrombotic event; ATE, arterial thrombotic event; VTE, venous
thrombotic event; D-dimer, dimerized plasmin fragment D; PT, prothrombin time; APTT, activated
partial thromboplastin time.

3.2. Evolution of the Incidence Rate of TEs during the 18 Months of Follow-Up

For the follow-up period (1 March 2020 to 31 August 2021), the incidence rate of TEs
month by month is shown in Figure 2. We were also able to observe the different dynamics
throughout the waves of COVID-19 until the end of the fourth one in June 2021 in Spain.
There were no new hospitalizations under the new diagnosis of COVID-19 or TEs in July
and August 2021. The distribution of TEs along the different months of the study was
distinct (p < 0.001), since TEs occurred just after the onset of a wave, with a consequent
concomitant decrease in incidence.

600
500 -
400 —+ = =
300 -
COVID
B Thrombosis
200 —
100 — B O B B S B B B
o= ®M = = = B = = S = N = O = N
O © 0 © O 0 © 0 © O wW wH «H «oH -
G g g g o | |ogl o g oo o § o g ol gl
= . > c = (=] = > = 7] o = = > [ =
© o © 3 5 o = © o ©
£ ® ¢ =4 ® 8§ o 2 T 5 & £ @ g =/

Figure 2. Evolution of the incidence rate of hospitalized thrombotic events (TEs) according to the
incidence of in-hospital COVID-19 patients between 1 March 2020 and 31 August 2021.



J. Clin. Med. 2022, 11, 3443

7 of 16

3.3. Location of TE

The TE group was composed of 28 ATEs and 72 VTEs. Clinical characteristics of both
groups are shown in Table 1b. There were no differences in terms of age and gender
between ATEs and VTEs. The ATE group presented a higher prevalence of peripheral
vascular disease (p = 0.023), while an increased requirement of domiciliary oxygen at
hospital discharge (1 [3.67%] vs. 17 [23.61%], p = 0.019) was more frequent in the VTE
group. Furthermore, D-dimer levels were significantly lower in the VTE group at
admission (5649.5 [12,473] vs. 1404.5 [1617] ng/mL, p < 0.001) and at the time of the TE
(7021 [15,633] vs. 2200 [4254] ng/mL, p < 0.001). No differences were found in relation to
other laboratory measurements or prior antiplatelet or anticoagulant treatments. Hospital
meters showed a higher requirement of ICU admission (13 [46.42%] vs. 12 [16.66%], p =
0.002) in COVID-19 patients with a diagnosis of an ATE, also associated with greater
intubation/90-day mortality risk (16 [57.14%] vs. 23 [31.94%], p = 0.020).

The specific location of each TE is represented in Figure 3. Most VTEs were
pulmonary embolisms (68, 94.44%), and the remainder were deep vein thromboses. Five
patients presented both VTE diagnoses at the same time. ATEs mainly corresponded to a
diagnosis of cerebral infarction (18, 64.29%), followed by intracardiac thrombosis (8,
28.57%), iliac artery (1, 3.57%), and abdominal aorta (1, 3.57%).

18%

= Pulmonary Embolism (PE)

m Deep Vein Thrombosis (DVT)

lliac Artery

m Intracardiac Thrombosis

= Abdominal Aorta

m Cerebral Infarction

Figure 3. Location of the thrombotic events (n = 100). The venous ones (n = 72) are represented in
blue, and the arterial ones (1 = 28) are represented in orange-red; * means that the 68 cases with PE
include 5 cases with DVT as well.

The presence of previous domiciliary anticoagulant therapy was observed in 11
patients (11% of TEs). Type of treatment is described in detail in Figure 4.
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LMWH

Apixaban
2

VKA Rivaroxaban

Dabigatran 1

1

Figure 4. Type of anticoagulant therapy before admission in patients with domiciliary anticoagulant
treatment (n = 11). VKA, vitamin K antagonists; LMWH; low-molecular-weight heparin; DOAC:
direct oral anticoagulant (Apixaban 5 mg twice a day, Dabigatran 150 mg twice a day, and
Rivaroxaban 20 mg once a day).

3.4. Importance of Out-Of-Hospital and In-Hospital Diagnosis of TEs

Considering the 100 TEs, 70 of them (70%) were diagnosed at the moment of hospital
admission, this being the reason for those patients attending the emergency department.
Therefore, 70% of the TEs occurred in outpatients (out-of-hospital TEs). The remaining 30
events (30%) were diagnosed during the hospital stay (in-hospital TEs) in patients with
no apparent thrombotic symptoms at admission. The day of diagnosis of these in-hospital
TEs is described in Figure 5, occurring, in most cases, between days 6 and 11 of the hospital
stay (19/30, 63.33%).

Number of Thrombotic Events

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Days of Hospitalization

Figure 5. Day of in-hospital thrombotic event onset during hospital stay (1 = 30).

In-hospital TE diagnosis was significantly more frequent in males compared to out-
of-hospital TEs (80% vs. 52.86%, p = 0.011). Moreover, previous antiplatelet therapy was
predominant in the group of in-hospital thrombosis (8 [26.67%] vs. 5 [7.14%], p = 0.008).
In-hospital TEs also presented significantly longer hospital (19 [21] vs. 9 [8], p <0.001) and
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ICU stays (19 [28] vs. 5 [8], p = 0.050), but no differences in terms of mortality were found
(Table 2a). The most interesting aspect for clinical practice may be the D-dimer levels at
admission. Those COVID-19 patients who suffered TEs during their hospital stay showed
a lower elevation of D-dimer levels at admission (918 [920] ng/mL) in comparison with
reference values (up to 500 ng/mL). This presumably would be a consequence of the viral
infection. However, those patients with a diagnosis of a TE at admission showed
markedly higher levels (6272 [12,441] vs. 918 [920] ng/mL, p < 0.001) compared to those
who did not have thrombosis at that moment.

Table 2. (a): Clinical characteristics comparing out-of-hospital thrombotic events (diagnosis at
hospital admission) and in-hospital thrombotic events (in-hospital diagnosis). (b) Differences in
terms of mortality according to the presence of thrombotic events.

(a) Type of TE (b) Mortality According to TE
Out-Of-Hospital In-Hospital Survivors Non-Survivors
(n="70) (n=30) (n=178) (n=22)
Age
Age, [median [IQR]] 73.50 [20] 73.7[23] 0916 72.5][20] 78 [13] 0.032

Age > 65 years, [1 (%)] 50 (71.43) 22 (73.33) 0.846 53 (67.95) 19 (86.36)  0.089
Sex, [n (%)]

Female 33 (47.14) 6 (20) 35 (44.9) 4(18.2)

Male 37 (52.86) 24 (80) 0011 43 (55.1) 18 (81.8) 0.023
Comorbidities, [1 (%)]

Previous TE 9 (12.86) 6 (20) 0.359 11 (14.1) 4 (18.18) 0.636
Charlson index > 2 20 (28.57) 9 (30) 0.885 20 (25.64) 9 (40.91) 0.163
Hypertension 34 (48.55) 15(50) 0.896 37 (47.4) 12 (54.54)  0.556
Smoking 15 (21.43) 8 (26.67) 0.568 16 (20.5) 7 (31.8) 0.266
Alcohol consumption 3 (4.29) 2(6.67) 0.617 2(2.56) 3 (13.6) 0.035
Diabetes mellitus 14 (20) 9 (30) 0.276 16 (20.51) 7 (31.81) 0.266
Dislipemia 29 (41.43) 8 (26.67) 0.161 30 (38.46) 7 (31.81) 0.569
Atrial fibrillation 5(7.14) 3 (10) 0.629 6(7.69) 2 (9.09) 0.831
Coronary heart disease 1(1.43) 1(3.33) 0533 1(1.28) 1(4.54) 0.334
Cardiac disease 2 (2.86) 2(6.67) 0373 3(3.84) 1 (4.54) 0.882
Chronic kidney disease 5 (7.14) 5(16.67) 0.146 8(10.25) 2 (9.09) 0.872
Pulmonary disease 7 (10) 2(6.67) 0594 7(8.97) 2 (9.09) 0.987
Domiciliary oxygen at discharge 12 (17.14) 6 (20) 0.733 - - -
Peripheral vascular disease 5(7.14) 3 (10) 0.629 6 (7.69) 2 (9.09) 0.831
Active cancer 12 (17.14) 1(3.33) 0.060 9 (11.53) 4 (18.18) 0.413
Characteristics of the TE, [n (%)]

ATE 17 (24.28) 11 (36.67) 0.206 22 (28) 6 (27.2) 0.931
TE at admission - - - 54 (69.23) 16 (72.73)  0.752
Pre-admission pharmacological treatments, [n (%)]

Antiaggregant therapy 5(7.14) 8(26.67) 0.008 9 (11.53) 4 (18.18) 0.413
Anticoagulant therapy 7 (10) 4(13.3) 0.625 9(11.53) 3 (13.63) 0.789
Laboratory values, [median [IQR]]

Platelet at admission, (x103/L) 249 [176] 203 [100.5] 0.037 240[161.5] 207 [117.75] 0.050
Platelet at TE, (x103/L) 249 [176] 230 [189] 0.758 253 [181] 214[168.75] 0.021

D-dimer at admission, (ng/mL)

6272 [12,441]  918[920] <0.0012755.5 [5702] 6312 [17,597] 0.096

D-dimer at TE, (ng/mL)

6272 [12,441] 5432 [22,144] 0.604 5536 [9816] 13863 [39,605] 0.017

D-dimer after 2 months, (ng/mL)

336 [367] 384[1112] 0.532 336[326]  1530[1451] 0.09 *

Hospital meters
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Length of hospital stay, days [median (IQR)] 98] 19[21] <0.001 11.5[13] 13 [14] 0.990
ICU admission, [ (%)] 13 (18.57) 12 (40) 0.023 17 (21.8) 8 (36.3) 0.173
Length of ICU stay, days [median (IQR)] 5 [8] 1928] 0.050 6 [15] 16 [29] 0.412

90-day-mortality, [11 (%)]

16 (22.86) 6(20)  0.752 - i )

Intubation/death, [ (%)]

25 (35.71) 14 (46.67) 0.303 - - -

Continuous variables are represented as [median, (interquartile range, IQR)]; categorical variables
are represented as [%, (n)]. TE, thrombotic event; ATE, arterial thrombotic event; VTE, venous
thrombotic event; D-dimer, dimerized plasmin fragment D; PT, prothrombin time; APTT, activated
partial thromboplastin time; * only four patients composed the group of non-survivors.

The area under the receiver operating (ROC) curve revealed that D-dimer is an
exceptional biomarker for detecting TEs in COVID-19 at admission (AUC =0.91, p <0.001)
(Figure S2a). Furthermore, the resulting cut-off value of D-dimer was 2014 ng/mL,
showing a sensitivity of 83% and a specificity of 80% (Table S2). An improved
identification capability was observed considering only VTEs (AUC = 0.94, p < 0.001)
(Figure S2b), with a cut-off value of 2666 pg/mL (sensitivity of 85% and specificity of 90%)
(Table S2). A multivariate analysis was performed in which D-dimer levels over 2014
ng/mL at admission were associated with a higher risk of presenting any TE at that
moment in the emergency department [OR = 16.78, 95%CI (5.21-54.01), p < 0.001]. In the
case of VTEs, this risk was 77-fold higher when considering D-dimer levels over 2666
ng/mL [OR =77.19, 95%CI (10.57-563.82), p < 0.001]. D-dimer, gender, age, active cancer,
and prior antiplatelet and anticoagulant therapy were the variables included in both
multivariate analyses (data not shown).

3.5. Mortality Associated with TEs in COVID-19

The comparison between survivors and non-survivors diagnosed with TE is shown
in Table 2b. Non-survivors were predominantly male (18 [81.8%)] vs. 43 [55.1%)], p = 0.023)
and of advanced aged (78 [13] vs. 72.5 [20], p = 0.032). Regarding comorbidities, differences
were found only in alcohol consumption, which was higher in non-survivors (3 [13.6%]
vs. 2 [2.56%], p =0.035). Non-survivors presented significantly lower platelet count at both
admission (207 [117.75] vs. 240 [161.5], p = 0.050) and the moment of TE diagnosis (214
[168.75] vs. 253 [181], p = 0.021), while D-dimer levels were extremely elevated at any time
in these patients. However, there were no differences in either length of hospital stay or
ICU admission.

In this scenario, D-dimer levels did not predict mortality in any TE (AUC =0.67, p =
0.017) or in VTEs (AUC = 0.71, p = 0.011) (Table S3), as accurate as for identifying TEs at
hospital admission. Kaplan-Meier curves in both any TE (Figure S3) and only VTEs
(Figure S4) revealed a significantly higher cumulative percentage of non-survivors in
those patients with D-dimer levels over its cut-off value of 8176 ng/mL (p = 0.003 and p =
0.005, respectively), in accordance with the results obtained from the stratified sex- and
gender-adjusted Cox proportional-hazard models, which revealed that the presence of D-
dimer levels over 8176 ng/mL was associated with a three-fold increased risk of 90-day
mortality in any TE (hazard ratio: 3.03, CI 95% (1.26-7.26), p = 0.013), rising almost to a
four-fold increased 90-day mortality risk in the case of VTEs only (hazard ratio: 3.83, CI
95% (1.22-12.08), p = 0.022) (Tables S4 and S5).

3.6. Thrombophilia Study

A total of 12 patients underwent a conventional thrombophilia study after hospital
discharge. The median age was 54.5 years, five of them being over 65 years of age, and
there were nine males and three females. The location of TEs corresponded to six VTEs
(five PEs) and six ATEs (three cerebral infarctions, two intracardiac thromboses, and one
iliac artery). The descriptive data regarding protein C, protein S, antithrombin,
coagulation factor VIII, Clauss fibrinogen, and lupus anticoagulant (dARVV and SCT) tests
were shown in Table 3 as well as the molecular biology test results for Factor V Leiden
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mutation and prothrombin G20210A mutation. The thrombophilia study was completely
normal in all patients. There were no mutations, genetic deficiencies, or positive lupus
anticoagulant testing. We could only highlight a slight elevation in coagulation factor VIII
(199% [103]), in line with the inflammatory context of COVID-19.

Table 3. Description of the results of the thrombophilia study (n = 12) performed after acute viral
infection.

Thrombophilia Study
dRVV, [median (IQR)] 1.12 (0.56)
SCT, [median (IQR)] 1.13 (0.36)
Protein S, (%), [median (IQR)] 73.5 (41)
Protein C, (%), [median (IQR)] 108.5 (35)
Coagulation factor VIII, (%), [median (IQR)] 199 (103)
Antithrombin, (%), [median (IQR)] 98 (33)
Clauss fibrinogen, (mg/dL), [median (IQR)] 363 (363)
Factor V Leiden mutation, [n (%)] 12, 100% (No mutated)
Prothrombin G20210A mutation, [ (%)] 12, 100% (No mutated)

Continuous variables are represented as [median, (interquartile range, IQR)]; categorical variables
are represented as [11 (%)]. dRRV, dilute Russell’s viper venom time; SCT, silica clotting time.

4. Discussion

This retrospective study, including 2894 adult patients with COVID-19 who were
admitted to the hospital and followed up over 18 montbhs, is, to the best of our knowledge,
the most complete study ever conducted in the Spanish population on both major arterial
and venous thrombotic events. The most relevant findings of our investigation were: (i)
the incidence of major thrombotic events (TEs) was 3.45%, involving a total of 100 events;
(i) the diagnosis of any TE was associated with a two-fold increased risk of intubation or
90-day mortality in COVID-19; (iii) venous thrombotic events (VTEs) were twice as
frequent as arterial thrombotic events (ATEs), being related to higher levels of D-dimer;
(iv) 70% of TEs were out-of-hospital TEs (occurring as outpatients and diagnosed at
hospital admission), and the remaining 30% occurred during the hospital stay with
LMWH-concomitant prophylaxis; (v) D-dimer levels above 2014 pg/mL at hospital
admission identified TEs with an accuracy of 91%, rising to almost 95% with a cut-off
value of 2666 ug/mL for identifying only VTEs; (vi) the top independent risk factor of
mortality in TEs was, once again, D-dimer; (vii) the thrombophilia study was normal for
all studied cases.

During these two pandemic years, after coagulopathy and prothrombotic state were
suggested in COVID-19, studies evaluated the incidence of TEs in hospitalized patients.
De vita et al. reported 121 events in 2579 COVID-19 patients (4.7%) with AIRD, of which
one half were VTEs [28]. Ilyas et al. encountered a rate of 3.9% for ATEs and 3.7% for VTEs
in a US. registry enrolling 21,528 hospitalized adults in which males were
overrepresented [29]. Lodigiani et al. recorded 28 events (7.7%) in 388 Italian patients,
most of them diagnosed at hospital admission [30]. Oba et al. studied 516 patients in
Tokyo, of whom 42 patients (6.20%) suffered a TE [31]. Furthermore, Klok et al. described
a TE incidence of 31% in ICU patients with COVID-19 [13]. Moreover, Giannis et al.
reported that 1.55% of COVID-19 patients suffered a VIE within 90 days after hospital
discharge [32]. In contrast, lower incidence rates of TEs (3.45%) were found in our study.
These rates are closer to the results described in those studies with larger sample sizes.
Every TE in our hospital database was verified in order to avoid misdiagnosis, such as
erroneous over-diagnosis, especially associated with ATE. Therefore, the incidence rate in
the Spanish population might be slightly lower than that of other population-based
studies; however, prospective and robust studies should be performed.
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The occurrence of thrombotic events is more frequently associated with advanced
age, male sex, and the presence of TE risk factors [14,30,31]. These are essentially the same
factors that are associated with severe COVID-19 [1,5,33,34]. Nevertheless, we observed a
higher Charlson index, older age, and a higher proportion of males as well as poorer in-
hospital meters in the TE group. The greater comorbidity related to the presence of TEs in
patients with COVID-19 compared to those without TEs would render this type of patient
particularly vulnerable. Although these differences have already been described, the
timing of clinical presentation could possibly be the most interesting finding of our
investigation. In fact, 70% of the TEs in our work were diagnosed at hospital admission
(out-of-hospital TE), including 11 patients with domiciliary anticoagulation therapy. This
implies that 41% of TEs occurred in patients who were receiving LMWH
thromboprophylactic treatments in hospital or domiciliary therapies. Most of the studies
are focused on debating anticoagulation doses and the length of time for which
antithrombotic therapy should be sustained after hospital discharge [35,36]. As far as we
know, it was only Lodigiani et al. who reported that 50% of TEs were diagnosed after
hospital admission [30]. This deserves some reflection and consideration of what this is
due to and which strategies we could implement to prevent thrombosis. For example,
recent clinical trials advocate the use of therapeutic doses of LMWH [18,19]. If we analyze
the incidence rates month by month, TEs are as frequent as they were at the beginning of
the pandemic. The sedentary lifestyle derived from the confinement imposed by the
pandemic in 2020 for weeks and even months might have an influence on this [37], being
a key point in explaining the increased number of TEs, especially during the first wave.
Moreover, as we showed, the more comorbidity a patient exhibits, the higher is the risk of
severe COVID-19 and TEs.

With regard to thrombotic predisposition in COVID-19, autopsies identified
unsuspected thromboembolism or microthrombosis in alveolar capillaries in over 60% of
patients [38]. This supports the existence of a hypercoagulability state, the underlying
mechanisms of which are still unclear. It is presumed to be influenced by different
interactions [39] involving the immune system (cytokine release), the inflammatory
system (mediators of inflammation), and the coagulation systems [8,40]. Moreover,
increased platelet activity related to viral-mediated endothelial inflammation appears to
be implicated [41]. D-dimer (cross-linked fibrin derivatives formed during thrombolysis)
is the most commonly associated laboratory biomarker of TEs in COVID-19-related
hypercoagulability [20]. Several studies have described that increased plasma levels of D-
dimer predict risk of TEs and mortality [42,43], as we evidenced in our work. The negative
predictive value of D-dimer in TEs is widely known [44], but its levels are not used to
identify TEs (positive predictive value), especially when baseline D-dimer levels are
already elevated, for example, in COVID-19. Furthermore, the routine COVID-19
analytical profile generally includes D-dimer, making it impossible to use pre-test
probability (low, intermediate, high) in VTE screening. Thus, the positive predictive value
of D-dimer would be even more useful. In our study, we observed that presentation of
plasma levels of D-dimer above 2014 ug/mL at hospital admission identifies TEs with 90%
accuracy, rising to almost 95% with a cut-off value of 2666 ug/mL for identifying only
VTEs. Some studies supported our results, demonstrating statistically significant results
when comparing D-dimer levels in TE and non-TE patients with COVID-19 [31,45-47].
The principal differences with respect to these studies reside in the cut-off values that we
proposed. Thus, and in accordance with our results, increased D-dimer levels above 2014
ug/mL for any TE or 2666 pig/mL for VTEs could be sufficient reason to conduct diagnostic
radiological testing for thrombosis detection. Therefore, besides reference intervals and
cut-offs, D-dimer levels have very specific applications (e.g., disseminated intravascular
coagulation (DIC)); COVID-19 would be another entity to consider.

A further important point on which we focused was thrombophilia. The majority of
studies did not report significant alterations in routine coagulation tests (APTT and PT),
in line with our results [31,47]. Platelet count might be related to prognosis, decreasing in
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severe and late phases of the disease [31,48]. A number of studies profiled natural
anticoagulants, coagulant factors, and anti-phospholipid antibodies during hospital stay,
especially in critically ill patients [49], showing values of protein C, protein S,
antithrombin, and coagulation factors V and VII below the normal range, while
coagulation factor VIII activities were significantly above the normal range [49]. However,
these abnormalities are plausible in any severe infectious or acute thrombotic process. The
thrombophilia study should be performed after the acute phase, with no studies available
at the present moment. In our work, considering the scant number of patients with a
thrombophilia study, no relevant alterations were detected, with the exception of a
minimal persistent elevation in coagulation factor VIII activity. This could explain a
delayed recovery from viral infection and the associated increase in D-dimer levels in
some patients after two months. These considerations confirm the existence of a COVID-
19-related coagulopathy, this dysregulation being directly responsible for TEs (not
influenced by a positive thrombophilia study).

Finally, we should point out some limitations of this study. Firstly, it is a retrospective
database-driven design. Secondly, no routine radiological screening test was performed
to identify thromboembolism, which may underestimate the diagnoses of thrombosis.
Thirdly, there was a small sample size in the TE group. Thirdly, the results obtained with
respect to D-dimer as a biomarker for detecting TEs in COVID-19 at admission must be
clinically validated in other prospective multicenter cohorts. Lastly, this is a single-center
study, usually an obvious limitation, but here we were able to obtain complete and
optimal information from the clinical records to better characterize every patient and
attempt to obtain the optimum results.

5. Conclusions

The incidence of major thrombotic events (TEs) was 3.45%, mainly in elderly males
with comorbidities and increasing two-fold the risk of intubation or 90-day mortality in
COVID-19. Venous thrombotic events (VTEs) were clearly more frequent than arterial
thrombotic events (ATE), associated with higher D-dimer levels. 70% of the diagnoses
were out-of-hospital TEs, and almost 50% of TEs received concomitant anticoagulant
treatment (prophylaxis with LMWH in hospital or anticoagulant therapy at home). Our
study found an association between D-dimer levels and early TE identification in COVID-
19 (positive predictive value); however, further prospective studies should be conducted
to validate these results and find the best cut-off value from which to perform a diagnostic
radiological test. Normal thrombophilia study findings after the acute process, except for
a minimal persistent elevation of coagulation factor VIII activity, are in accordance with
an independent procoagulant state and SARS-CoV-2-derived coagulopathy. These
considerations would have a direct benefit in clinical practice in terms of knowing how
and when we should identify a TE and also for the development of new appropriate
therapeutic and prophylactic approaches.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/jcm11123443/s1, File S1. ICD 10 codes used to identify all
thrombotic events (TEs) in each of the COVID-19 patients admitted to the hospital; Figure S1.
Cumulative risk for TEs depending on gender; Figure S2. (a) ROC curve analysis for evaluating D-
dimer accuracy to detect TEs in COVID-19 at admission. (b) ROC curve analysis for evaluating D-
dimer accuracy to detect VTEs in COVID-19 at admission; Figure S3. Kaplan-Meier survival curves
in TEs for 90-day mortality; Figure S4. Kaplan-Meier survival curves in VTEs for 90-day mortality;
Table S1. Multivariate analysis for evaluating the association between TE and risk of intubation or
90-day mortality in COVID-19; Table S2. Accuracy of D-dimer levels for detecting all TEs and VTEs;
Table S3. D-dimer level accuracy for detecting mortality in all TEs and in VTEs only; Table S4.
Stratified Cox proportional-hazard model for 90-day mortality in any TE; Table S5. Stratified Cox
proportional-hazard model for 90-day mortality in VTE.



J. Clin. Med. 2022, 11, 3443 14 of 16

Author Contributions: Conceptualization, A.T-V. CB.-C., M.M.-F. and M.]J.P.-P.; methodology,
ATV, CB.-C, MMM.-F. and M.J.P.-P.; formal analysis, A.T.-V., M.M.-F., L.S.-D.P. and J.P.M.-G.;
investigation, AT.-vV. CB.-C, M.]J.C. and M.].P.-P.; writing—original draft preparation, AT-V,
C.B.-C. and M.M.-F.; writing—review and editing, AT-V., CB.-C, MJ.C.,, L.S.-D.P., ].P.M.-G,,
M.M.-E. and M.].P.-P.; visualization, AT.-V, MMM.-F. and L.S.-D.P; supervision, M.M.-F., ].P.M.-G.
and M.].P.-P. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Instituto de Salud Carlos III (CB21/13/00051 and
COV20/00491), Junta de Castilla y Leon (18IGOF), and Consejeria de Educacion de Castilla y Le6n
(VA256P20). This study was also supported by Instituto de Salud Carlos III (co-funded by European
Regional Development Fund/European Social Fund “Away to make Europe”/“Investing in your
future”); a Rio Hortega contract was awarded to L.S-D.P. (grant number CM20/00138).

Institutional Review Board Statement: This study was conducted in accordance with the
Declaration of Helsinki and approved by the Ethics Committee of Hospital Clinico Universitario de
Valladolid (cod: PI20-1717).

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

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

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

References

1.

10.

11.

12.

13.

Chen, N.; Zhou, M.; Dong, X.; Qu, J.; Gong, F.; Han, Y.; Qiu, Y.; Wang, J.; Liu, Y.; Wei, Y.; et al. Epidemiological and Clinical
Characteristics of 99 Cases of 2019 Novel Coronavirus Pneumonia in Wuhan, China: A Descriptive Study. Lancet 2020, 395, 507—
513. https://doi.org/10.1016/S0140-6736(20)30211-7.

Zhu, N.; Zhang, D.; Wang, W.; Li, X,; Yang, B.; Song, J.; Zhao, X.; Huang, B.; Shi, W.; Lu, R;; et al. A Novel Coronavirus from
Patients with Pneumonia in China, 2019. N. Engl. ]. Med. 2020, 382, 727-733. https://doi.org/10.1056/NEJMo0a2001017.

Gallo Marin, B.; Aghagoli, G.; Lavine, K.; Yang, L.; Siff, E.J.; Chiang, S.S.; Salazar-Mather, T.P.; Dumenco, L.; Savaria, M.C.;
Aung, S.N.; et al. Predictors of COVID-19 Severity: A Literature Review. Rev. Med. Virol. 2021, 31, 1-10.
https://doi.org/10.1002/rmv.2146.

Giamarellos-Bourboulis, E.J.; Netea, M.G.; Rovina, N.; Akinosoglou, K.; Antoniadou, A.; Antonakos, N.; Damoraki, G.;
Gkavogianni, T.; Adami, M.-E.; Katsaounou, P.; et al. Complex Immune Dysregulation in COVID-19 Patients with Severe
Respiratory Failure. Cell Host Microbe 2020, 27, 992-1000.e3. https://doi.org/10.1016/j.chom.2020.04.009.

Zhou, F; Yu, T;; Du, R;; Fan, G,; Liu, Y.; Liu, Z.; Xiang, J.; Wang, Y.; Song, B.; Gu, X; et al. Clinical Course and Risk Factors for
Mortality of Adult Inpatients with COVID-19 in Wuhan, China: A Retrospective Cohort Study. Lancet 2020, 395, 1054-1062.
https://doi.org/10.1016/50140-6736(20)30566-3.

Tamayo-Velasco, A.; Martinez-Paz, P.; Pefiarrubia-Ponce, M.J.; de la Fuente, I.; Pérez-Gonzélez, S.; Ferndndez, I.; Duefias, C.;
Goémez-Sanchez, E.; Lorenzo-Lopez, M.; Gémez-Pesquera, E.; et al. HGF, IL-1a, and IL-27 Are Robust Biomarkers in Early
Severity Stratification of COVID-19 Patients. J. Clin. Med. 2021, 10, 2017. https://doi.org/10.3390/jcm10092017.

Varga, Z.; Flammer, A.].; Steiger, P.; Haberecker, M.; Andermatt, R.; Zinkernagel, A.S.; Mehra, M.R.; Schuepbach, R.A,;
Ruschitzka, F.; Moch, H. Endothelial Cell Infection and Endotheliitis in COVID-19. Lancet 2020, 395, 1417-1418.
https://doi.org/10.1016/50140-6736(20)30937-5.

Iba, T; Levy, J.H; Levi, M. Thachil, J. Coagulopathy in COVID-19. |. Thromb. Haemost. 2020, 18, 2103-2109.
https://doi.org/10.1111/jth.14975.

Tamayo-Velasco, A.; Pefiarrubia-Ponce, MJ.; Alvarez, F.J.; Gonzalo-Benito, H.; de la Fuente, I.; Martin-Fernandez, M.; Eiros,
J.M.; Martinez-Paz, P.; Miramontes-Gonzalez, ].P.; Fiz-Lopez, A.; et al. Evaluation of Cytokines as Robust Diagnostic Biomarkers
for COVID-19 Detection. J. Pers. Med. 2021, 11, 681. https://doi.org/10.3390/jpm11070681.

Levi, M,; Thachil, J.; Iba, T.; Levy, ].H. Coagulation Abnormalities and Thrombosis in Patients with COVID-19. Lancet Haematol.
2020, 7, e438—e440. https://doi.org/10.1016/52352-3026(20)30145-9.

Iba, T.; Levy, ].H.; Levi, M.; Connors, ].M.; Thachil, J. Coagulopathy of Coronavirus Disease 2019. Crit. Care Med. 2020, 48, 1358—
1364. https://doi.org/10.1097/CCM.0000000000004458.

Goémez-Mesa, ].E.; Galindo-Coral, S.; Montes, M.C.; Mufioz Martin, A.]. Thrombosis and Coagulopathy in COVID-19. Curr.
Probl. Cardiol. 2021, 46, 100742. https://doi.org/10.1016/j.cpcardiol.2020.100742.

Klok, F.A.; Kruip, M.].H.A,; van der Meer, N.J.M.; Arbous, M.S.; Gommers, D.A.M.P.].; Kant, KM.; Kaptein, F.H.].; van Paassen,
J.; Stals, M.A.M.; Huisman, M.V_; et al. Incidence of Thrombotic Complications in Critically Il ICU Patients with COVID-19.
Thromb. Res. 2020, 191, 145-147. https://doi.org/10.1016/j.thromres.2020.04.013.



J. Clin. Med. 2022, 11, 3443 15 of 16

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Hanif, A.; Khan, S.; Mantri, N.; Hanif, S.; Saleh, M.; Alla, Y.; Chinta, S.; Shrestha, N.; Ji, W.; Attwood, K.; et al. Thrombotic
Complications and Anticoagulation in COVID-19 Pneumonia: A New York City Hospital Experience. Ann. Hematol. 2020, 99,
2323-2328. https://doi.org/10.1007/s00277-020-04216-x.

Paranjpe, I.; Fuster, V.; Lala, A.; Russak, A.].; Glicksberg, B.S.; Levin, M.A.; Charney, A.W.; Narula, J.; Fayad, Z.A.; Bagiella, E.;
et al. Association of Treatment Dose Anticoagulation With In-Hospital Survival Among Hospitalized Patients With COVID-19.
J. Am. Coll. Cardiol. 2020, 76, 122-124. https://doi.org/10.1016/j.jacc.2020.05.001.

Spyropoulos, A.C.; Weitz, ].I. Hospitalized COVID-19 Patients and Venous Thromboembolism: A Perfect Storm. Circulation
2020, 142, 129-132. https://doi.org/10.1161/CIRCULATIONAHA.120.048020.

Tang, N.; Bai, H.; Chen, X.; Gong, J.; Li, D.; Sun, Z. Anticoagulant Treatment Is Associated with Decreased Mortality in Severe
Coronavirus Disease 2019 Patients with Coagulopathy. J. Thromb. Haemost. 2020, 18, 1094-1099. https://doi.org/10.1111/jth.14817.
Spyropoulos, A.C.; Goldin, M.; Giannis, D.; Diab, W.; Wang, J.; Khanijo, S.; Mignatti, A.; Gianos, E.; Cohen, M.; Sharifova, G.; et
al. Efficacy and Safety of Therapeutic-Dose Heparin vs Standard Prophylactic or Intermediate-Dose Heparins for
Thromboprophylaxis in High-Risk Hospitalized Patients With COVID-19: The HEP-COVID Randomized Clinical Trial. JAMA
Intern. Med. 2021, 181, 1612-1620. https://doi.org/10.1001/jamainternmed.2021.6203.

ATTACC Investigators; ACTIV-4a Investigators; REMAP-CAP Investigators; Lawler, P.R.; Goligher, E.C.; Berger, J.S.; Neal,
M.D.; McVerry, B.J.; Nicolau, J.C.; Gong, M.N.; et al. Therapeutic Anticoagulation with Heparin in Noncritically Il Patients with
Covid-19. N. Engl. ]. Med. 2021, 385, 790-802. https://doi.org/10.1056/NE]JMo0a2105911.

Rostami, M.; Mansouritorghabeh, H. D-Dimer Level in COVID-19 Infection: A Systematic Review. Expert Rev Hematol 2020, 13,
1265-1275. https://doi.org/10.1080/17474086.2020.1831383.

Iba, T.; Levy, ].H.; Connors, ].M.; Warkentin, T.E.; Thachil, J.; Levi, M. The Unique Characteristics of COVID-19 Coagulopathy.
Crit Care 2020, 24, 360. https://doi.org/10.1186/s13054-020-03077-0.

Garcia-Cervera, C.; Giner-Galvafi, V.; Wikman-Jorgensen, P.; Laureiro, J.; Rubio-Rivas, M.; Gurjian Arena, A.; Arnalich-
Fernandez, F.; Beato Pérez, ].L.; Vargas Nufiez, J.A.; Gonzalez Igual, ].J.; et al. Estimation of Admission D-Dimer Cut-off Value
to Predict Venous Thrombotic Events in Hospitalized COVID-19 Patients: Analysis of the SEMI-COVID-19 Registry. ] Gen Intern
Med 2021, 36, 3478-3486. https://doi.org/10.1007/s11606-021-07017-8.

Ministerio de Sanidad —Portal Estadistico Del SNS—Registro de Altas de Los Hospitales Del Sistema Nacional de Salud. CMBD.
Available online: https://www.sanidad.gob.es/estadEstudios/estadisticas/cmbdhome.htm (accessed on 27 January 2022).

von Elm, E.; Altman, D.G.; Egger, M.; Pocock, S.J.; Getzsche, P.C.; Vandenbroucke, J.P.; STROBE Initiative The Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE) Statement: Guidelines for Reporting Observational Studies.
Lancet 2007, 370, 1453-1457. https://doi.org/10.1016/S0140-6736(07)61602-X.

ECIE-Maps—CIE-10-ES Diagndsticos. Available online:
https://eciemaps.mscbs.gob.es/ecieMaps/browser/index_10_mc.html#search=&flags=111100&flagsL.T=11111111&searchld=164
4605289212&indiceAlfabetico=&listaTabular=id-2-class-Tab.D&expand=0&clasification=ciel0mc&version=2010 (accessed on
11 February 2022).

Charlson, M.E.; Pompei, P.; Ales, K.L.; MacKenzie, C.R. A New Method of Classifying Prognostic Comorbidity in Longitudinal
Studies: Development and Validation. . Chronic Dis. 1987, 40, 373-383. https://doi.org/10.1016/0021-9681(87)90171-8.

James, G.; Witten, D.; Hastie, T.; Tibshirani, R. An Introduction to Statistical Learning. Springer Texts in Statistics (STS, Volume 103);
Springer: New York, NY, USA, 2013.

De Vita, A.; De Matteis, G.; d’Aiello, A.; Ravenna, S.E.; Liuzzo, G.; Lanza, G.A.; Massetti, M.; Crea, F.; Gasbarrini, A.; Franceschi,
F.; et al. Incidence and Predictors of Thrombotic Complications in 4742 Patients with COVID-19 or Other Acute Infectious
Respiratory Diseases: A Propensity Score-Matched Study. J. Clin. Med. 2021, 10, 4973. https://doi.org/10.3390/jcm10214973.
Ilyas, S.; Henkin, S.; Martinez-Camblor, P.; Suckow, B.D.; Beach, ].M.; Stone, D.H.; Goodney, P.P.; Ebinger, ]J.E.; Creager, M.A ;
Columbo, J.A. Sex-, Race- and Ethnicity-Based Differences in Thromboembolic Events Among Adults Hospitalized With
COVID-19. ]. Am. Heart Assoc. 2021, 10, e022829. https://doi.org/10.1161/JAHA.121.022829.

Lodigiani, C.; Iapichino, G.; Carenzo, L.; Cecconi, M.; Ferrazzi, P.; Sebastian, T.; Kucher, N.; Studt, J.-D.; Sacco, C.; Bertuzzi, A.;
et al. Venous and Arterial Thromboembolic Complications in COVID-19 Patients Admitted to an Academic Hospital in Milan,
Italy. Thromb. Res. 2020, 191, 9-14. https://doi.org/10.1016/j.thromres.2020.04.024.

Oba, S.; Hosoya, T.; Amamiya, M.; Mitsumura, T.; Kawata, D.; Sasaki, H.; Kamiya, M.; Yamamoto, A.; Ando, T.; Shimada, S.; et
al. Arterial and Venous Thrombosis Complicated in COVID-19: A Retrospective Single Center Analysis in Japan. Front
Cardiovasc. Med. 2021, 8, 767074. https://doi.org/10.3389/fcvm.2021.767074.

Giannis, D.; Allen, S.L.; Tsang, J.; Flint, S.; Pinhasov, T.; Williams, S.; Tan, G.; Thakur, R.; Leung, C.; Snyder, M.; et al.
Postdischarge Thromboembolic Outcomes and Mortality of Hospitalized Patients with COVID-19: The CORE-19 Registry. Blood
2021, 137, 2838-2847. https://doi.org/10.1182/blood.2020010529.

Chen, Y.; Klein, S.L.; Garibaldi, B.T.; Li, H.; Wu, C,; Osevala, N.M.; Li, T.; Margolick, ].B.; Pawelec, G.; Leng, S.X. Aging in
COVID-19: Vulnerability, Immunity and Intervention. Ageing Res. Rev. 2021, 65, 101205.
https://doi.org/10.1016/j.arr.2020.101205.

Tamayo-Velasco, A.; Pefarrubia Ponce, M.J.; Alvarez, F.J.; Gonzalo-Benito, H.; de la Fuente, I.; Pérez-Gonzdlez, S.; Rico, L.;
Jiménez Garcia, M.T.; Sanchez Rodriguez, A.; Hijas Villaizan, M.; et al. Can the Cytokine Profile According to ABO Blood



J. Clin. Med. 2022, 11, 3443 16 of 16

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Groups Be Related to Worse Outcome in COVID-19 Patients? Yes, They Can. Front. Immunol. 2021, 12, 726283.
https://doi.org/10.3389/fimmu.2021.726283.

Talasaz, A.H.; Sadeghipour, P.; Kakavand, H.; Aghakouchakzadeh, M.; Kordzadeh-Kermani, E.; Van Tassell, B.W.; Gheymati,
A.; Ariannejad, H.; Hosseini, S.H.; Jamalkhani, S.; et al. Recent Randomized Trials of Antithrombotic Therapy for Patients With
COVID-19: JACC State-of-the-Art Review. ]. Am. Coll. Cardiol. 2021, 77, 1903-1921. https://doi.org/10.1016/j.jacc.2021.02.035.
Sholzberg, M.; Tang, G.H.; Rahhal, H.; AlHamzah, M.; Kreuziger, L.B.; Ni Ainle, F.; Alomran, F.; Alayed, K.; Alsheef, M,;
AlSumait, E,; et al. Heparin for Moderately 111 Patients with Covid-19. medRxiv. 2021.
https://doi.org/10.1101/2021.07.08.21259351.

Meyer, J.; McDowell, C.; Lansing, J.; Brower, C.; Smith, L.; Tully, M.; Herring, M. Changes in Physical Activity and Sedentary
Behavior in Response to COVID-19 and Their Associations with Mental Health in 3052 US Adults. Int. J. Env. Res. Public Health
2020, 17, E6469. https://doi.org/10.3390/ijerph17186469.

Wichmann, D.; Sperhake, J.-P.; Liitgehetmann, M.; Steurer, S.; Edler, C.; Heinemann, A.; Heinrich, F.; Mushumba, H.; Kniep, I.;
Schroder, A.S.; et al. Autopsy Findings and Venous Thromboembolism in Patients With COVID-19: A Prospective Cohort
Study. Ann. Intern. Med. 2020, 173, 268-277. https://doi.org/10.7326/M20-2003.

Ackermann, M.; Verleden, S.E.; Kuehnel, M.; Haverich, A.; Welte, T.; Laenger, F.; Vanstapel, A.; Werlein, C.; Stark, H.; Tzankov,
A; et al. Pulmonary Vascular Endothelialitis, Thrombosis, and Angiogenesis in Covid-19. N. Engl. |. Med. 2020, 383, 120-128.
https://doi.org/10.1056/NEJMo0a2015432.

Iwamura, A.P.D.; Tavares da Silva, M.R.; Hiimmelgen, A.L.; Soeiro Pereira, P.V; Falcai, A.; Grumach, A.S.; Goudouris, E.; Neto,
A.C; Prando, C. Immunity and Inflammatory Biomarkers in COVID-19: A Systematic Review. Rev. Med. Virol. 2021, 31, €2199.
https://doi.org/10.1002/rmv.2199.

Barrett, T.J.; Bilaloglu, S.; Cornwell, M.; Burgess, HM.; Virginio, V.W.; Drenkova, K. Ibrahim, H.; Yuriditsky, E.;
Aphinyanaphongs, Y.; Lifshitz, M.; et al. Platelets Contribute to Disease Severity in COVID-19. J. Thromb. Haemost. 2021, 19,
3139-3153. https://doi.org/10.1111/jth.15534.

Cohen, S.L.; Gianos, E.; Barish, M.A.; Chatterjee, S.; Kohn, N.; Lesser, M.; Giannis, D.; Coppa, K.; Hirsch, J.S.; McGinn, T.G.; et
al. Prevalence and Predictors of Venous Thromboembolism or Mortality in Hospitalized COVID-19 Patients. Thromb. Haemost.
2021, 121, 1043-1053. https://doi.org/10.1055/a-1366-9656.

Yao, Y.; Cao, J.; Wang, Q.; Shi, Q.; Liu, K; Luo, Z.; Chen, X.; Chen, S.; Yu, K,; Huang, Z.; et al. D-Dimer as a Biomarker for
Disease Severity and Mortality in COVID-19 Patients: A Case Control Study. |. Intensive Care 2020, 8, 49.
https://doi.org/10.1186/s40560-020-00466-z.

Nomura, H.; Wada, H.; Mizuno, T.; Katayama, N.; Abe, Y.; Noda, M.; Nakatani, K.; Matsumoto, T.; Ota, S.; Yamada, N.; et al.
Negative Predictive Value of D-Dimer for Diagnosis of Venous Thromboembolism. Int. ]. Hematol. 2008, 87, 250-255.
https://doi.org/10.1007/s12185-008-0047-x.

Bilaloglu, S.; Aphinyanaphongs, Y.; Jones, S.; Iturrate, E.; Hochman, J.; Berger, J.S. Thrombosis in Hospitalized Patients With
COVID-19 in a New York City Health System. JAMA 2020, 324, 799-801. https://doi.org/10.1001/jama.2020.13372.

Rieder, M.; Goller, I.; Jeserich, M.; Baldus, N.; Pollmeier, L.; Wirth, L.; Supady, A.; Bode, C.; Busch, H.-J.; Schmid, B.; et al. Rate
of Venous Thromboembolism in a Prospective All-Comers Cohort with COVID-19. |. Thromb. Thrombolysis 2020, 50, 558-566.
https://doi.org/10.1007/s11239-020-02202-8.

Artifoni, M,; Danic, G.; Gautier, G.; Gicquel, P.; Boutoille, D.; Raffi, F.; Néel, A.; Lecomte, R. Systematic Assessment of Venous
Thromboembolism in COVID-19 Patients Receiving Thromboprophylaxis: Incidence and Role of D-Dimer as Predictive Factors.
J. Thromb. Thrombolysis 2020, 50, 211-216. https://doi.org/10.1007/s11239-020-02146-z.

Yang, X,; Yang, Q.; Wang, Y.; Wu, Y.; Xu, J.; Yu, Y.; Shang, Y. Thrombocytopenia and Its Association with Mortality in Patients
with COVID-19. ]. Thromb. Haemost. 2020, 18, 1469-1472. https://doi.org/10.1111/jth.14848.

Zhang, Y.; Cao, W,; Jiang, W.; Xiao, M.; Li, Y.; Tang, N.; Liu, Z; Yan, X.; Zhao, Y.; Li, T.; et al. Profile of Natural Anticoagulant,
Coagulant Factor and Anti-Phospholipid Antibody in Critically Ill COVID-19 Patients. . Thromb. Thrombolysis 2020, 50, 580—
586. https://doi.org/10.1007/s11239-020-02182-9.



