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Abstract: Globally, at the time of writing (20 March 2021), 121.759.109 confirmed COVID-19 cases
have been reported to the WHO, including 2.690.731 deaths. Globally, on 18 March 2021, a total of
364.184.603 vaccine doses have been administered. In Italy, 3.306.711 confirmed COVID-19 cases with
103.855 deaths have been reported to WHO. In Italy, on 9 March 2021, a total of 6.634.450 vaccine
doses have been administered. On 15 March 2021, Italian Medicines Agency (AIFA) decided to
temporarily suspend the use of the AstraZeneca COVID-19 vaccine throughout the country as
a precaution, pending the rulings of the European Medicines Agency (EMA). This decision was
taken in line with similar measures adopted by other European countries due to the death of
vaccinated people. On 18 March 2021, EMA’s safety committee concluded its preliminary review
about thromboembolic events in people vaccinated with COVID-19 Vaccine AstraZeneca at its
extraordinary meeting, confirming the benefits of the vaccine continue to outweigh the risk of
side effects, however, the vaccine may be associated with very rare cases of blood clots associated
with thrombocytopenia, i.e., low levels of blood platelets with or without bleeding, including
rare cases of cerebral venous thrombosis (CVT). We report the case of a 54-year-old woman who
developed disseminated intravascular coagulation (DIC) with multi-district thrombosis 12 days
after the AstraZeneca COVID-19 vaccine administration. A brain computed tomography (CT)
scan showed multiple subacute intra-axial hemorrhages in atypical locations, including the right
frontal and the temporal lobes. A plain old balloon angioplasty (POBA) of the right coronary artery
was performed, without stent implantation, with restoration of distal flow, but with persistence of
extensive thrombosis of the vessel. A successive thorax angio-CT added the findings of multiple
contrast filling defects with multi-vessel involvement: at the level of the left upper lobe segmental
branches, of left interlobar artery, of the right middle lobe segmental branches and of the right
interlobar artery. A brain magnetic resonance imaging (MRI) in the same day showed the presence
of an acute basilar thrombosis associated with the superior sagittal sinus thrombosis. An abdomen
angio-CT showed filling defects at the level of left portal branch and at the level of right suprahepatic
vein. Bilaterally, it was adrenal hemorrhage and blood in the pelvis. An evaluation of coagulation
factors did not show genetic alterations so as the nasopharyngeal swab ruled out a COVID-19
infection. The patient died after 5 days of hospitalization in intensive care.
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1. Introduction

In December 2019, health Chinese authorities recognized a cluster of acute respiratory
disease of unknown etiology [1]. Afterwards, a new viral agent, SARS-CoV-2, was isolated
as responsible for the heart of an epidemic located in Hubei. On 30 January 2020, the
World Health Organization (WHO) defined the COVID-19 epidemic as a public health
emergency and on 11 March 2020 as a pandemic in the world [1,2]. Currently, a valuable
therapy has not yet been improved so that mechanical respiratory support is the only
treatment in critically ill patients [3-5]. In this scenario, it was essential to develop a
vaccine as soon as possible, to prevent SARS-CoV-2 and to protect persons who are at
high risk for complications. At the time of writing three vaccines have been approved in
Italy: the mRNA-1273 vaccine Moderna [6], the mRNA BNT162b2 Pfizer drug [7], and the
ChAdOx1 nCoV-19 vaccine (AZD1222), that consists of a replication-deficient chimpanzee
adenoviral vector ChAdOx1, containing the SARS-CoV-2 structural surface glycoprotein
antigen (spike protein; nCoV-19) gene [8]. Globally, at the time of writing (20 March
2021), 121.759.109 confirmed COVID-19 cases have been reported to WHO, including
2.690.731 deaths. Globally, on 18 March 2021, a total of 364.184.603 vaccine doses have been
administered. In Italy, 3.306.711 confirmed COVID-19 cases with 103.855 deaths have been
reported to WHO. In Italy, on 9 March 2021, a total of 6.634.450 vaccine doses have been
administered [2].

The Italian authorities have used the following vaccination strategy, reserving the
mRNA vaccines for health personnel and the population over 80 years old, and the ad-
ministration of the COVID-19 Vaccine AstraZeneca for law enforcement personnel, school
personnel and the population between 70 and 80 years old [9]. A strategy for monitoring
adverse events of vaccines is based on the collaboration of local and national health struc-
tures, assisted by Italian Medicines Agency (AIFA) [10,11]. On 15 March 2021, AIFA has
decided to suspend temporarily the use of the AstraZeneca Covid19 vaccine throughout
the country as a precaution, pending the rulings of the European Medicines Agency (EMA).
This decision was taken in line with similar measures adopted by other European countries
due to the death of some vaccinated people [10]. On 18 March 2021, EMA’s safety commit-
tee concluded its preliminary review about thromboembolic events in people vaccinated
with COVID-19 Vaccine AstraZeneca at its extraordinary meeting [12]. The Committee
confirmed that:

e the benefits of the vaccine in combating the still widespread threat of COVID-19
(which itself results in clotting problems and may be fatal) continue to outweigh the
risk of side effects;

e the vaccine is not associated with an increase in the overall risk of blood clots (throm-
boembolic events) in those who receive it;

e there is no evidence of a problem related to specific batches of the vaccine or to
particular manufacturing sites;

e however, the vaccine may be associated with very rare cases of blood clots associated
with thrombocytopenia, i.e., low levels of blood platelets with or without bleeding,
including rare cases of cerebral venous thrombosis (CVT).

Rare cases—around 20 million people in the UK and European Economic Area (EEA)
received the vaccine until 16 March and the EMA reviewed only 7 cases of blood clots
in multiple blood vessels (disseminated intravascular coagulation (DIC)) and 18 cases of
CVT. A causal link with the vaccine is not proven but is possible and it deserves further
analysis [12].

We report the case of a woman who developed DIC with multi-district thrombosis
12 days after the AstraZeneca COVID-19 vaccine administration.
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2. Case

The study was conducted according to the guidelines of the Declaration of Helsinki.
Approval by the Institutional Review Board was not needed considering the nature of the
study: the findings description of a single case report. Informed consent was obtained
by the patient. On 13 March 2021, a 54-year-old woman patient arrived at the emergency
room at 10.00 a.m. because of an acute cerebrovascular accident. In anamnesis a Meniere’s
disease and recent administration of the AstraZeneca vaccine (12 days ago) was reported,
without any kind of drug therapy. At clinical evaluation left side signs were found, with a
Glasgow Coma Score (GCS) 13; the lower limbs were normothermic and normoconformed,
with the preserved femoral, popliteal, and posterior tibial wrist bilaterally. Laboratory tests
showed elevated cardiac enzymes, PT 51%, PTT 41 sec, elevated D dimers and normal
fibrinogen with blood count, normocytic anemia (HB 8.7 g/dL) and thrombocytopenia,
signs of DIC. ECG showed signs of myocardial infarction. Ecocolordoppler examination
excluded deep vein thrombosis (DVT) in the explored vessels, with patency of the distal
popliteal femoral arterial axis with normal flows.

Clinical and laboratory tests excluded sepsis, various infections, malignancy, vascular
diseases, toxic and immunological reactions.

Evaluation of coagulation factors did not show genetic alterations so as the nasopha-
ryngeal swab ruled out a COVID-19 infection.

No severe trauma was reported.

A brain computed tomography (CT) scan showed multiple subacute intra-axial
hemorrhages in atypical locations, including the right frontal and the temporal lobes
(Figure 1), with ipsilateral hemorrhagic subarachnoid suffusion, raising the suspicion of
Labbe/superior longitudinal sinus thrombosis, even if brain angio-CT demonstrated only
a non-occlusive thrombosis of the vein of Galen (Figure 2a), but also a floating thrombus
within the aortic arch (Figure 2b).

Figure 1. Brain computed tomography (CT) scan: presence of multiple subacute intra-axial hemorrhages in atypical
locations (a,b).
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Figure 2. CT-angiography: partial thrombosis of the vein of Galen (a); presence of a floating thrombus within the aortic arch (b).

The patient was transferred to the Hemodynamics room at 1.00 p.m. a plain old
balloon angioplasty (POBA) of the right coronary artery was performed, without stent
implantation, with restoration of distal flow, but with persistence of extensive thrombosis
of the vessel (Figure 3) with a theoretic indication for administration of intracoronary
antiplatelet agents (Aggrastat). However, given the hematological and neurological status,
such therapy was not performed. A progressive worsening of the neurological state was

observed until a comatose status (GCS 6) started during the procedure. The patient was
transferred to the Intensive Care Unit.

Figure 3. Plain Old Balloon Angioplasty (POBA) of the right coronary artery (a—c): restoration of the distal flow, with
persistence of extensive thrombosis.

A successive thorax angio-CT added the findings of multiple contrast filling defect
with multi-vessel involvement: at the level of the left upper lobe segmental branches, of left
interlobar artery, of the right middle lobe segmental branches and of the right interlobar
artery (Figure 4).
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Figure 4. CT-angiography: presence of multiple contrast filling defects involving the left upper lobe segmental branches (a),
the right segmental artery (b); MPR coronal plane in (c).

Brain magnetic resonance imaging (MRI) in the same day showed the presence of an
acute basilar thrombosis (Figure 5a) associated with the superior sagittal sinus thrombosis
(Figure 5b) with the delineation of hyperacute ischemic lesions in the vascular territory of
the right posterior cerebral artery and of the perforating pontine branches (Figure 6).

Figure 5. MR-angiography: acute basilar thrombosis associated with superior coronal (a) and sagittal (b) sinus thrombosis.

An abdomen angio-CT showed filling defects at the level of left portal branch (Figure 7)
and at the level of right suprahepatic vein (7). Bilaterally, it was adrenal hemorrhage
(Figure 8) and blood in the pelvis.

A brain CT performed one day later showed a diffuse ischemic hypodensity involving
the right occipito-temporal and the superior cerebellar regions, the right thalamic and
internal capsula regions, pons, and mesencephalon (Figure 9), conditioning edema-based
mass effect and contralateral shift of the midline structures.
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Figure 6. Brain MRI (DWI): acute ischemic lesion with restricted diffusion involving the pons, mesencephalon, the right
superior cerebellar hemisphere with the vermis (a), and the right posterior temporal lobe (b).

Figure 7. CT scan; in (a) MPR (arrow shows thrombosis of the left portal branch) and in (b) axial plain during portal phase
arrow shows thrombosis if the right (Figuer suprahepatic vein).

P
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Figure 8. CT scan without (a) and with contrast (b) shows adrenal hemorrhage (arrow).
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Figure 9. Brain CT scan: diffuse ischemic hypodensity involving the right occipito-temporal (a) and the superior cerebellar

regions, the right thalamic and internal capsula regions, pons and mesencephalon (b).

The patient died after 5 days of hospitalization in intensive care.

3. Discussion

The efficacy and safety of the ChAdOx1 nCoV-19 vaccine includes data from four
ongoing blinded, randomized, controlled trials done across three countries: COV001
(phase 1/2; UK), COV002 (phase 2/3; UK), COV003 (phase 3; Brazil), and COV005
(phase 1/2; South Africa). The interim efficacy is assessed by a prespecified global pooled
analysis combining data from COV002 and COV003. The safety of the vaccine is assessed
using data from all four studies [8]. Three of the studies are single blind and one is double
blind (COV005). Primary efficacy was assessed in participants who received two doses of
the vaccine. All four studies included participants who received two doses, with a booster
dose incorporated into the three trials, that were initially designed to assess a single-dose of
ChAdOx1 nCoV-19 compared with control (COV001, COV002, and COV003) after review
of the antibody response data from COV001 [8]. All four studies stated that the vaccine
has a good safety profile with serious adverse events and adverse events of special interest
balanced across the study arms. Serious adverse events occurred in 168 participants, 79
of whom received ChAdOx1 nCoV-19 and 89 of whom received MenACWY or saline
control [8]. A total of 175 events were reported (84 in the ChAdOx1 nCoV-19 group and
91 in the control group), three of which were considered possibly related to either the
experimental or a control vaccine. A case of transverse myelitis was reported 14 days
after ChAdOx1 nCoV-19 booster vaccination possibly related to vaccination. A potentially
vaccine-related serious adverse event was reported 2 days after vaccination in South Africa
in an individual who recorded fever higher than 40 °C, but who recovered rapidly without
an alternative diagnosis and was not admitted to the hospital. Four non-COVID-19 deaths
were reported from the studies (three in the control arm and one in the ChAdOx1 nCoV-19
arm), all considered unrelated to the vaccine [8]. Nevertheless, due to the occurrence of
some episodes of DIC and CVT, on 15 March 2021, European countries decided to suspend
temporarily the use of the AstraZeneca Covid19 vaccine throughout the country as a
precaution, pending the rulings of the EMA. According to the EMA data, around 20 million
people in the UK and EEA had received the ChAdOx1 nCoV-19 vaccine as of March 16
and EMA had reviewed only 7 cases of blood clots in multiple blood vessels (disseminated
intravascular coagulation, DIC) and 18 cases of CVST. A causal link with the vaccine is not



J. Pers. Med. 2021, 11, 285

8 of 10

proven but is possible and deserves further analysis [12]. The EMA Pharmacovigilance
Risk Assessment Committee (PRAC) involved experts in blood disorders in its review
and worked closely with other health authorities including the UK’s MHRA which has
experience with administration of this vaccine to around 11 million people. Overall, the
number of thromboembolic events reported after vaccination, both in studies before licens-
ing and in reports after rollout of vaccination campaigns (469 reports, 191 of them from the
EEA), was lower than that expected in the general population [8]. This allows the PRAC to
confirm that there is no increase in overall risk of blood clots. However, in younger patients
there remain some concerns, related in particular to these rare cases. The Committee’s
experts looked in extreme detail at records of DIC and CVST reported from Member States,
9 of which resulted in death. Most of these occurred in people under 55 and the majority
were women [12]. Because these events are rare, and COVID-19 itself often causes blood
clotting disorders in patients, it is difficult to estimate a background rate for these events
in people who have not had the vaccine. In fact, besides the respiratory manifestations
with severe disabling complications, another major concern is represented by evidence of
consistent hemostatic changes in patients with severe or critical COVID-19, likely related
to a pro-thrombotic switch [13-32]. Among COVID-19 patients, it is reasonable to assume
that those with a very severe disease could exhibit high risk of venous thromboembolism
(VTE), including deep vein thrombosis (DVT) and/or pulmonary embolism (PE) [31]. In
recently published studies, the incidence of PE in patients with coronavirus disease 2019
(COVID-19) who underwent pulmonary CT angiography was reported to be between 23%
and 30% [14,15] and the severity of COVID-19 infection should be an important feature in
the onset of PE in critically ill patients [14,15]. However, based on pre-COVID-19 figures, it
was calculated that less than 1 reported case of DIC might have been expected by 16 March
among people under 50 within 14 days of receiving the vaccine, whereas 5 cases had been
reported. Similarly, on average 1.35 cases of CVST might have been expected among this
age group whereas by the same cut-off date there had been [12]. A similar imbalance was
not visible in the older population given the vaccine [12].

We reported the case of a woman who developed a multidistrict thrombotic condition
12 days after AstraZeneca COVID-19 vaccine administration. Although it is not possible to
establish the causal link with the vaccine, it should nevertheless be emphasized that the
patient had no concomitant cause of DIC.

DIC is defined as a condition characterized by systemic intravascular activation of
coagulation, leading to the widespread deposition of fibrin, with formation of widespread
microvascular thrombosis. During the coagulation process, consumption of coagulation
factors and aggregation of platelets occur resulting in reduced levels of both procoagulant
and anticoagulant clotting proteins. Therefore, thromboembolic events and hemorrhage
may coexist [32,33]. The uniqueness of the case herein reported relies on the widespread
arterial and venous large vessel involvement, with polidistrict organ dysfunction related
to the predominance of thrombus formation. To the best of our knowledge this is the first
case described in the literature in which a temporal relationship with the administration
of a vaccine is found. DIC is not a disease by itself, but always secondary to an existing
disease. It may occur especially after sepsis, various infections, malignancy, obstetric
and vascular diseases, severe trauma, toxic and immunological reactions [34-36]. Severe
anaphylaxis and hemolytic transfusion reaction are associated to DIC [34]. A variety of
relevant mechanisms contributing to the derangement of coagulation in DIC have been
elucidated. Initiation and propagation of coagulation with concurrent impairment of
physiological anticoagulant pathways and a deficit of endogenous fibrinolysis, all as a
result of systemic inflammatory activation, are resulting in platelet activation and fibrin
deposition. Important inflammatory mediators that govern these processes include tumor
necrosis factor (TNF)-« and interleukin (IL)-1 and IL-6. In addition, recent work indicates
that intravascular webs (“neutrophil extracellular traps”) composed of denatured DNA
from destructed cells and entangling neutrophils, platelets, fibrin, and cationic proteins,
such as histones, may play a crucial role in the development of thrombus deposition [34].
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In this reported case there is no evidence of sepsis, as well as no genetic alterations
of coagulation or recent trauma or malignancy. The only factor showing a temporal
association was vaccine administration.

4. Conclusions

According to the EMA Committee, the vaccine’s proven efficacy in preventing hospital-
ization and death from COVID-19 outweighs the extremely small likelihood of developing
thromboembolic events. However, we should be aware of the remote possibility of such
events. In case of suggestive symptoms immediate medical attention is needed, informing
healthcare professionals of the recent vaccination. Close safety monitoring of reports of
blood clotting disorders will continue, and further studies are being instituted to provide
more laboratory data as well as real-world evidence.

Author Contributions: Each author have participated sufficiently in any submission to take public
responsibility for its content: cnceptualization; Data curation; Formal analysis; Investigation; Method-
ology; Supervision; Validation; Visualization; Roles/Writing-original draft; Writing-review & editing.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki. Approval by the Institutional Review Board was not needed considering the
nature of the study: the findings description of a single case report.

Informed Consent Statement: Informed consent was obtained by the patient.
Data Availability Statement: All data are presented in the manuscript.

Conflicts of Interest: The authors have no conflict of interest to be disclosed. The authors confirm
that the article is not under consideration for publication elsewhere. Each author has participated
sufficiently in any part of the manuscript and submission to take public responsibility for its content.

References

1. Granata, V,; Fusco, R.; Izzo, E; Setola, V.; Coppola, M.; Grassi, R.; Reginelli, A.; Cappabianca, S.; Grassi, R.; Petrillo, A. Covid-19
infection in cancer patients: The management in a diagnostic unit. Radiol. Oncol. 2021. [CrossRef] [PubMed]

2. World Health Organization (WHO). Available online: https://www.who.int/emergencies/diseases/novel-coronavirus-2019
/events-as-they-happen (accessed on 10 March 2021).

3. Chaudhary, S.; Benzaquen, S.; Woo, J.G.; Rubinstein, ].; Matta, A.; Albano, J.; De Joy, R., III; Lo, K.B.; Patarroyo-Aponte, G. Clinical
Characteristics, Respiratory Mechanics and Outcomes in Critically 11l Subjects with COVID-19 Infection in an Underserved Urban
Population. Respir. Care 2021. [CrossRef] [PubMed]

4. Zhou, S.; Xu, ].; Sun, W.; Zhang, J.; Zhang, F.; Zhao, X.; Wang, X.; Zhang, W.; Li, Y.; Ning, K.; et al. Clinical Features for Severely
and Critically Ill Patients with COVID-19 in Shandong: A Retrospective Cohort Study. Ther. Clin. Risk Manag. 2021, 17, 9-21.
[CrossRef]

5. Bagherzade, M.; Parham, M.; Zohali, S.; Molaei, S.; Vafaeimanesh, J. Plasmapheresis with corticosteroids and antiviral: A
life-saving treatment for severe cases of Covid 19. Casp. . Intern. Med. 2020, 11, 572-576.

6.  Baden, L.R;; El Sahly, H.M.; Essink, B.; Kotloff, K.; Frey, S.; Novak, R.; Diemert, D.; Spector, S.A.; Rouphael, N.; Creech, C.B.; et al.
COVE Study Group. Efficacy and Safety of the mRNA-1273 SARS-CoV-2 Vaccine. N. Engl. |. Med. 2020, 384, 403-416. [CrossRef]

7.  Polack, EP; Thomas, S.J.; Kitchin, N.; Absalon, J.; Gurtman, A.; Lockhart, S.; Perez, J.L.; Pérez Marc, G.; Moreira, E.D.; Zerbini, C.;
et al. C4591001 Clinical Trial Group. Safety and Efficacy of the BNT162b2 mRNA Covid-19 Vaccine. N. Engl. |. Med. 2020, 383,
2603-2615. [CrossRef] [PubMed]

8. Voysey, M,; Clemens, S.A.C.; Madhi, S.A.; Weckx, L.Y.; Folegatti, PM.; Aley, PK.; Angus, B.; Baillie, V.L.; Barnabas, S.L.; Bhorat,
Q.E; et al. Safety and efficacy of the ChAdOx1 nCoV-19 vaccine (AZD1222) against SARS-CoV-2: An interim analysis of four
randomised controlled trials in Brazil, South Africa, and the UK. Lancet 2021, 397, 99-111, Epub 8 December 2020; Erratum in
Lancet. 9 January 2021, 397, 98. [CrossRef]

9.  Covid-19-Situazione in Italia. Available online: http://www.salute.gov.it/portale/nuovocoronavirus/dettaglioContenutiNuovo
Coronavirus.jsp?area=nuovoCoronavirus&id=5351&lingua=italiano&menu=vuoto (accessed on 10 March 2021).

10.  Available online: https://www.aifa.gov.it/ (accessed on 10 March 2021).

11. Granata, V.; Fusco, R.; Setola, S.V.; Galdiero, R.; Picone, C.; I1zzo, F.; D’Aniello, R.; Miele, V.; Grassi, R.; Grassi, R.; et al.

Lymphadenopathy after BNT162b2 Covid-19 Vaccine: Preliminary Ultrasound Findings. Biology 2021, 10, 214. [CrossRef]


http://doi.org/10.2478/raon-2021-0010
http://www.ncbi.nlm.nih.gov/pubmed/33675200
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/events-as-they-happen
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/events-as-they-happen
http://doi.org/10.4187/respcare.08319
http://www.ncbi.nlm.nih.gov/pubmed/33446510
http://doi.org/10.2147/TCRM.S280079
http://doi.org/10.1056/NEJMoa2035389
http://doi.org/10.1056/NEJMoa2034577
http://www.ncbi.nlm.nih.gov/pubmed/33301246
http://doi.org/10.1016/S0140-6736(20)32661-1
http://www.salute.gov.it/portale/nuovocoronavirus/dettaglioContenutiNuovo
Coronavirus.jsp?area=nuovoCoronavirus&id=5351&lingua=italiano&menu=vuoto
https://www.aifa.gov.it/
http://doi.org/10.3390/biology10030214

J. Pers. Med. 2021, 11, 285 10 of 10

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.

35.

36.

COVID-19 Vaccine AstraZeneca: Benefits Still Outweigh the Risks Despite Possible Link to Rare Blood Clots with Low Blood
Platelets. Available online: https:/ /www.ema.europa.eu/en/news/covid-19-vaccine-astrazeneca-benefits-still-outweigh-risks-
despite-possible-link-rare-blood-clots (accessed on 10 March 2021).

Wu, C.; Chen, X,; Cai, Y,; Xia, ].; Zhou, X.; Xu, S.; Huang, H.; Zhang, L.; Zhou, X.; Du, C.; et al. Risk factors associated with acute
respiratory distress syndrome and death in patients with coronavirus disease 2019 pneumonia in Wuhan, China. JAMA Intern.
Med. 2020, 180, 934-943. [CrossRef]

Di Minno, A.; Ambrosino, P.; Calcaterra, I.; Di Minno, M.N.D. COVID-19 and Venous Thromboembolism: A Meta-analysis of
Literature Studies. Semin. Thromb. Hemost. 2020, 46, 763-771. [CrossRef]

Grillet, F,; Behr, J.; Calame, P.; Aubry, S.; Delabrousse, E. Acute Pulmonary Embolism Associated with COVID-19 Pneumonia
Detected with Pulmonary CT Angiography. Radiology 2020, 296, E186-E188. [CrossRef]

Belfiore, M.P; Urraro, E,; Grassi, R.; Giacobbe, G.; Patelli, G.; Cappabianca, S.; Reginelli, A. Artificial intelligence to codify lung CT
in Covid-19 patients. Radiol. Med. 2020, 125, 500-504. [CrossRef]

Borghesi, A.; Zigliani, A.; Masciullo, R.; Golemi, S.; Maculotti, P.; Farina, D.; Maroldi, R. Radiographic severity index in COVID-19
pneumonia: Relationship to age and sex in 783 Italian patients. Radiol. Med. 2020, 125, 461-464. [CrossRef]

Borghesi, A.; Maroldi, R. COVID-19 outbreak in Italy: Experimental chest X-ray scoring system for quantifying and monitoring
disease progression. Radiol. Med. 2020, 125, 509-513. [CrossRef]

Fichera, G.; Stramare, R.; De Conti, G.; Motta, R.; Giraudo, C. It's not over until it’s over: The chameleonic behavior of COVID-19
over a six-day period. Radiol. Med. 2020, 125, 514-516. [CrossRef] [PubMed]

Neri, E.; Miele, V.; Coppola, F; Grassi, R. Use of CT and artificial intelligence in suspected or COVID-19 positive patients:
Statement of the Italian Society of Medical and Interventional Radiology. Radiol. Med. 2020, 125, 505-508. [CrossRef] [PubMed]
Agostini, A.; Floridi, C.; Borgheresi, A.; Badaloni, M.; Pirani, PE.; Terilli, F.; Ottaviani, L.; Giovagnoni, A. Proposal of a low-dose,
long-pitch, dual-source chest CT protocol on third-generation dual-source CT using a tin filter for spectral shaping at 100 kVp for
CoronaVirus Disease 2019 (COVID-19) patients: A feasibility study. Radiol. Med. 2020, 125, 365-373. [CrossRef]

Giovagnoni, A. Facing the COVID-19 emergency: We can and we do. Radiol. Med. 2020, 125, 337-338. [CrossRef] [PubMed]
Grassi, R.; Fusc, R.; Belfiore, M.P.; Montanelli, A.; Patelli, G.; Urraro, F.; Petrillo, A.; Granata, V.; Sacco, P.; Mazzei, M.A.; et al.
Cappabianca S. Coronavirus disease 2019 (COVID-19) in Italy: Features on chest computed tomography using a structured report
system. Sci Rep. 2020, 10, 17236; Erratum in Sci. Rep. 2021, 11, 4231. [CrossRef]

Di Serafino, M.; Notaro, M.; Rea, G.; Iacobellis, E; Paoli, V.D.; Acampora, C.; Ianniello, S.; Brunese, L.; Romano, L.; Vallone, G. The
lung ultrasound: Facts or artifacts? In the era of COVID-19 outbreak. Radiol. Med. 2020, 125, 738-753. [CrossRef]

Reginelli, A.; Grassi, R.; Feragalli, B.; Belfiore, M.; Montanelli, A.; Patelli, G.; La Porta, M.; Urraro, E; Fusco, R.; Granata, V,;
et al. Coronavirus Disease 2019 (COVID-19) in Italy: Double Reading of Chest CT Examination. Biology 2021, 10, 89. [CrossRef]
[PubMed]

Grassi, R.; Belfiore, M.P.; Montanelli, A.; Patelli, G.; Urraro, F.; Giacobbe, G.; Fusco, R.; Granata, V.; Petrillo, A.; Sacco, P; et al.
COVID-19 pneumonia: Computer-aided quantification of healthy lung parenchyma, emphysema, ground glass and consolidation
on chest computed tomography (CT). Radiol. Med. 2020. [CrossRef] [PubMed]

Ozel, M; Aslan, A.; Arag, S. Use of the COVID-19 Reporting and Data System (CO-RADS) classification and chest computed
tomography involvement score (CT-IS) in COVID-19 pneumonia. Radiol. Med. 2021, 12, 1-9. [CrossRef]

lerardi, A.M.; Gaibazzi, N.; Tuttolomondo, D.; Fusco, S.; La Mura, V.; Peyvandi, F,; Aliberti, S.; Blasi, F; Cozzi, D.; Carrafiello, G.;
et al. Deep vein thrombosis in COVID-19 patients in general wards: Prevalence and association with clinical and laboratory
variables. Radiol. Med. 2021, 1-7. [CrossRef]

Ippolito, D.; Giandola, T.; Maino, C.; Pecorelli, A.; Capodaglio, C.; Ragusi, M.; Porta, M.; Gandola, D.; Masetto, A.; Drago, S.; et al.
Acute pulmonary embolism in hospitalized patients with SARS-CoV-2-related pneumonia: Multicentric experience from Italian
endemic area. Radiol. Med. 2021, 1-10. [CrossRef]

Moroni, C.; Cozzi, D.; Albanesi, M.; Cavigli, E.; Bindi, A.; Luvara, S.; Busoni, S.; Mazzoni, L.N.; Grifoni, S.; Nazerian, P.; et al.
Chest X-ray in the emergency department during COVID-19 pandemic descending phase in Italy: Correlation with patients’
outcome. Radiol. Med. 2021, 1-8. [CrossRef]

Cereser, L.; Girometti, R.; Da Re, J.; Marchesini, F.; Como, G.; Zuiani, C. Inter-reader agreement of high-resolution computed
tomography findings in patients with COVID-19 pneumonia: A multi-reader study. Radiol. Med. 2021, 1-8. [CrossRef]
Disseminated IntravascularCoagulation (DIC). Available online: https://www.esicm.org/wp-content/uploads/2020/04/
Disseminated-Intravascular-Coagulation-_.pdf (accessed on 10 March 2021).

Levi, M,; Ten Cate, H. Disseminated intravascular coagulation. N. Engl. J. Med. 1999, 341, 586-592. [CrossRef]

Levi, M. Pathogenesis and diagnosis of disseminated intravascular coagulation. Int. |. Lab. Hematol. 2018, 40 (Suppl. 1), 15-20.
[CrossRef]

Nardone, V.; Reginelli, A.; Guida, C.; Belfiore, M.P,; Biondi, M.; Mormile, M.; Buonamici, E.B.; Di Giorgio, E.; Spadafora, M.;
Tini, P; et al. Delta-radiomics increases multicentre reproducibility: A phantom study. Med. Oncol. 2020, 37, 1-7. [CrossRef]
Reginelli, A.; Capasso, R.; Petrillo, M.; Rossi, C.; Faella, P.; Grassi, R.; Belfiore, M.P; Rossi, G.; Muto, M.; Muto, P; et al. Looking
for Lepidic Component inside Invasive Adenocarcinomas Appearing as CT Solid Solitary Pulmonary Nodules (SPNs): CT
Morpho-Densitometric Features and 18-FDG PET Findings. BioMed Res. Int. 2019, 2019, 1-9. [CrossRef] [PubMed]


https://www.ema.europa.eu/en/news/covid-19-vaccine-astrazeneca-benefits-still-outweigh-risks-despite-possible-link-rare-blood-clots
https://www.ema.europa.eu/en/news/covid-19-vaccine-astrazeneca-benefits-still-outweigh-risks-despite-possible-link-rare-blood-clots
http://doi.org/10.1001/jamainternmed.2020.0994
http://doi.org/10.1055/s-0040-1715456
http://doi.org/10.1148/radiol.2020201544
http://doi.org/10.1007/s11547-020-01195-x
http://doi.org/10.1007/s11547-020-01202-1
http://doi.org/10.1007/s11547-020-01200-3
http://doi.org/10.1007/s11547-020-01203-0
http://www.ncbi.nlm.nih.gov/pubmed/32350796
http://doi.org/10.1007/s11547-020-01197-9
http://www.ncbi.nlm.nih.gov/pubmed/32350794
http://doi.org/10.1007/s11547-020-01179-x
http://doi.org/10.1007/s11547-020-01178-y
http://www.ncbi.nlm.nih.gov/pubmed/32232651
http://doi.org/10.1038/s41598-020-73788-5
http://doi.org/10.1007/s11547-020-01236-5
http://doi.org/10.3390/biology10020089
http://www.ncbi.nlm.nih.gov/pubmed/33504028
http://doi.org/10.1007/s11547-020-01305-9
http://www.ncbi.nlm.nih.gov/pubmed/33206301
http://doi.org/10.1007/s11547-021-01335-x
http://doi.org/10.1007/s11547-020-01312-w
http://doi.org/10.1007/s11547-020-01328-2
http://doi.org/10.1007/s11547-020-01327-3
http://doi.org/10.1007/s11547-020-01320-w
https://www.esicm.org/wp-content/uploads/2020/04/Disseminated-Intravascular-Coagulation-_.pdf
https://www.esicm.org/wp-content/uploads/2020/04/Disseminated-Intravascular-Coagulation-_.pdf
http://doi.org/10.1056/NEJM199908193410807
http://doi.org/10.1111/ijlh.12830
http://doi.org/10.1007/s12032-020-01359-9
http://doi.org/10.1155/2019/7683648
http://www.ncbi.nlm.nih.gov/pubmed/30733967

	Introduction 
	Case 
	Discussion 
	Conclusions 
	References

