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increase mortality (Fig.  1) [1–3]. COVID-19 associated 
vasculopathies seem to arise by complex interactions 
between endothelial cells, coagulation and immune sys-
tem after SARS-CoV-2 infection with subsequent endo-
thelial dysfunction, immunothrombosis and formation of 
neutrophil extracellular traps (NETs). Thus, a hypercoag-
ulable and pro-inflammatory state is promoted although 
the exact pathophysiological mechanisms need to be 
elucidated [4–7]. Since COVID-19 associated vascu-
lopathies may complicate the clinical course, significant 
efforts were made to investigate clinical characteristics 
of these complications. Additionally, different anticoagu-
lation approaches have been evaluated in various trials. 
This review gives an overview of epidemiological, diag-
nostic, therapeutic and prognostic aspects of COVID-19 
associated vasculopathies.

COVID-19 associated VTE
The frequency of COVID-19 associated VTE ranged 
from 13 to 14.7% according to two meta-analyses of 
observational studies with a reported pooled prevalence 
of pulmonary embolism (PE) of approximately 8% and 

Introduction
In the end of 2019, severe acute respiratory syndrome-
coronavirus 2 (SARS-CoV-2) spreads rapidly worldwide 
leading to the coronavirus disease 2019 (COVID-19) with 
various clinical manifestations ranging from asymptom-
atic cases to fatal acute respiratory distress syndrome. 
COVID-19 has been initially defined as a contagious 
disease affecting primarily the upper and lower respira-
tory tract. However, at a later stage in the pandemic, non-
respiratory symptoms and the involvement of other organ 
systems than respiratory system were also observed 
in COVID-19. COVID-19-associated vasculopathies, 
including venous (VTE) and arterial thromboembolism 
(ATE) and to a minor extent also vasculitic changes, have 
been frequently described among patients with COVID-
19, which potentially complicate the clinical course and 
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Abstract
Coronavirus disease 19 (COVID-19) has shown to be an infectious disease affecting not only of the respiratory 
system, but also cardiovascular system leading to different COVID-19-associated vasculopathies. Venous and 
arterial thromboembolic events have been frequently described among hospitalized patients with COVID-19 
and inflammatory vasculopathic changes have also been observed. Several of the reported COVID-19 associated 
vasculopathies exhibit differences on epidemiology, clinical characteristics and outcome compared to non-
COVID-19 types. This review focuses on the epidemiology, clinical, diagnostic and therapeutic characteristics as well 
as outcome data of COVID-19 associated thromboembolic events and inflammatory vasculopathies, elaborating 
similarities and differences with non-COVID-19 cohorts.
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of deep vein thrombosis (DVT) of approximately 11%, 
respectively. In addition, both studies revealed signifi-
cantly higher VTE rates in patients admitted to intensive 
care unit (ICU) compared to a mixed cohort or to non-
ICU patients (23.2% vs. 9% and 31% vs. 7%, respectively) 
[8, 9]. Contradicting the observation of higher DVT than 
PE rates, the meta-analysis by Kollias et al. [10] demon-
strated a higher prevalence for PE in COVID-19. Screen-
ing approaches led to a significant increase of VTE 
detection rates with reported prevalence rates of 37% for 
PE and of 40% for DVT in COVID-19 patients admit-
ted to ICU [9]. These data indicate that ICU patients 
with COVID-19 may benefit from screening approaches 
for VTE. While pre-COVID-19 data reported a DVT 
prevalence rate of 60.1% in patients with acute PE, this 
prevalence was with 11% lower in COVID-19 patients 
with PE [11, 12]. The results support the assumption of 
additional in-situ thrombus formation within pulmonary 
vessels, potentially triggered by immunothrombosis [6, 
13]. Despite deviating results regarding the elevated risk 
of VTE in mixed COVID-19 cohorts vs. non-COVID-19 

patients, ICU data revealed an increased risk for COVID-
19 patients throughout several studies with three to six 
times higher VTE rates compared to a non-COVID-19 
ICU cohort [1, 14–18]. Moreover, PE rates were higher in 
COVID-19 compared to H1N1 influenza, SARS or mid-
dle east respiratory syndrome infections [19]. Another 
venous thrombotic disease with increased prevalence 
rates in hospitalized COVID-19 patients compared to 
conventional cases represents cerebral venous throm-
bosis (CVT). According to a meta-analysis, pooled data 
estimated a frequency of eight cases per 10,000 in hos-
pitalized COVID-19 patients, thus exceeding the antici-
pated rate of five cases per million of conventional cases 
from a pre-Covid era. Notably, the percentage of CVT 
among all cardiovascular events associated with COVID-
19 was approximately 4% [20, 21]. Main risk factors for 
COVID-19 associated VTE include elevated D-dimer 
levels, male gender and concomitant cancer, while asso-
ciations with age and obesity revealed divergent results. 
Additionally, coronary artery disease, Hispanic or Black 

Fig. 1  Common clinical manifestations of COVID-19 associated vasculopathies. The widespread procoagulant state and proinflammatory milieu due to 
SARS-CoV-2 involve the entire vasculature with thromboembolic and vasculitic complications. Figure created with BioRender.com
Abbreviations: KLD: Kawasaki-like disease
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ethnicity and HIV infection also increased the risk for 
VTE [12, 22–24].

COVID-19 associated PE and DVT
Despite a common occurrence in COVID-19, only a few 
data are available that investigate signs and symptoms of 
COVID-19 associated PE and DVT. Data of a prospective 
registry including patients with symptomatic and con-
firmed acute VTE in COVID-19 reported similar symp-
toms of PE as in conventional PE. 20% of patients with 
COVID-19 associated PE suffered from hypotension with 
systolic blood pressure < 100 mmHg or requirement of 
vasopressors and 18% had a tachycardia (heart rate > 110/
min) [25]. However, symptoms of COVID-19 associated 
pneumonia are often similar to those of PE, including 
dyspnea, tachypnea, tachycardia, cough or chest pain. 
Thus, the clinical diagnosis of PE is potentially obscured 
and complicated. Of note, 88% of reported patients 
received thromboprophylaxis at the time of VTE diag-
nosis, which highlights the excessive thrombogenicity in 
moderate and severe COVID-19 cases [25]. Symptoms of 
DVT in COVID-19 were also similar to those of conven-
tional DVT, including lower limb pain or edema as the 
most frequently described symptoms [26, 27]. In contrast, 
typical locations of COVID-19 associated PE and DVT 
differed from conventional PE and DVT. Most patients 
in a non-COVID-19 cohort presented with central PE, 
while segmental and subsegmental PE were predominant 
in COVID-19 patients [17, 28–30]. While proximal lower 
limb DVT occurs predominantly in non-COVID-19 
cases, data of COVID-19 patients varied with similar 
rates of proximal and distal DVT, although a predomi-
nance of distal DVT was observed [26, 31]. An eleva-
tion of D-dimer level is a common finding in COVID-19, 
but does not necessarily indicate concomitant VTE. 
However, concomitant VTE in COVID-19 was often 
accompanied by markedly increased D-dimer levels. 
According to one study, 72.3% of DVT cases presented 
with D-dimer levels > 3000 ng/mL, and levels > 5000 ng/
mL were robustly related to DVT (OR 19.44) [26]. Whyte 
et al. [32] detected even higher D-dimer levels in PE 
patients with a median value of 8000 ng/mL. Further-
more, C-reactive protein (CRP) levels were also signifi-
cantly elevated in both PE and DVT while prothrombin 
time was comparable to patients without VTE [26, 32]. 
However, guidelines on the diagnostic approach for VTE 
in COVID-19 recommend against D-dimer and bio-
marker-based management in general [33, 34]. Instead, 
the diagnostic approach for VTE in COVID-19 patients 
should be based on clinical features which may indicate 
PE or DVT, such as an acute lower limb edema, erythema 
or pain, abrupt and unexplained clinical deterioration, 
hypoxemia, or right ventricular dysfunction. If any of 
these features is observed, computed tomography (CT) 

of the pulmonary arteries or compression ultrasonogra-
phy of the veins should be performed for the detection 
of VTE [33, 34]. Echocardiography in COVID-19 patients 
with PE revealed pulmonary artery pressure > 40 mmHg 
in 36% and right ventricular dysfunction was observed 
in 33% [25]. Implementation of established therapeutic 
guidelines for anticoagulation in PE and DVT is recom-
mended in confirmed cases with initial administration of 
therapeutic low-molecular-weight heparin (LMWH) and 
continuation of anticoagulative therapy by switching to a 
direct oral anticoagulant for at least three months [34]. 
Outcome studies revealed that COVID-19 cohorts with 
DVT seem to have an increased mortality risk compared 
to COVID-19 cases without DVT (40.3% vs. 14.9%) [35]. 
However, mortality rates between patients with COVID-
19 associated DVT and non-COVID-19 patients with 
DVT were similar (17% vs. 19%, respectively) [36]. The 
risk of in-hospital death in patients with PE was signifi-
cantly higher in a COVID-19 cohort compared to a non-
COVID-19 group (12.8% vs. 5.3%) [37].

COVID-19 associated CVT
COVID-19 symptoms typically preceded CVT-related 
signs in 90% of cases, and neurological signs and symp-
toms seemed to be analogous to conventional CVT. 
Headache was the most commonly described symptom 
(85%), followed by epileptic seizures (42%), and altered 
mental status (28%), while encephalopathy, focal signs, 
and hemiparesis also occurred as main presenting com-
plaints [20, 38]. COVID-19 associated CVT occurred 
preferably in the transverse sinus (65%), while the sig-
moid sinus and superior sagittal sinus were affected in 
approximately 45%. Moreover, COVID-19 associated 
CVT occurs frequently within the deep cerebral venous 
system and multiple cerebral venous vessel involvement 
is predominately observed. Additionally, hemorrhagic 
lesions were detected in 42% [20, 38]. Similar to COVID-
19 associated PE and DVT, data of laboratory param-
eters revealed elevated D-dimer and CRP levels in most 
COVID-19 associated CVT cases. Lymphopenia was 
another commonly reported laboratory finding [20, 39]. 
Neither diagnosis nor therapy of COVID-19 associated 
CVT differ from conventional CVT cases, as no specific 
guidelines have been established so far. Therefore, CT or 
magnetic resonance imaging of cerebral sinuses repre-
sent the first-line imaging techniques, and administration 
of anticoagulative drugs represents the first-line therapy 
[20, 39, 40]. Outcome data of COVID-19 associated CVT 
revealed higher rates of in-hospital mortality (25–40%) 
compared to non-COVID-19 patients with CVT (6%). 
Especially, parenchymal hemorrhage was associated with 
adverse outcome [20, 38, 41].
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COVID-19 associated ATE
Compared to VTE, ATE seems to occur less frequently 
in COVID-19 with a reported pooled frequency of 2.0% 
(95% prediction interval [PI], 0.4–9.6%) in hospitalized 
COVID-19 patients [2]. In this meta-analysis including a 
pooled cohort of more than 100,000 patients, myocardial 
infarction occurred in 0.8% (95% PI 0.1–8.1%), ischemic 
stroke in 0.9% (95% PI, 0.3–2.9%) and acute limb ischemia 
(ALI) in 0.2% (95% PI, 0.0-4.2%). Other ATE occurred in 
0.5% (95% PI, 0.1-3.0%). Interestingly, the PIs for overall 
ATE frequency and myocardial infarction are quite large, 
which may be due to heterogeneity of the included stud-
ies and the different definitions for myocardial infarction. 
Another explanation for this finding may be the lower 
virulence and pathogenicity of new viral lineages, which 
was also reported by Candeloro et al. [2], but also the use 
of antithrombotic prophylaxis during hospitalization, as 
the rate of ATE decreased from 2020 to 2022 [42, 43]. 
Rates of hemorrhagic stroke seem to be less common 
than of ischemic stroke in COVID-19, but the percentage 
of hemorrhagic stroke is eventually higher than in non-
COVID-19 cases (28:72% vs. 13:87%) [44, 45]. COVID-19 
associated lower limb ischemia seems to be more fre-
quent than upper limb ischemia, as only case reports of 
COVID-19 associated upper limb ischemia are available 
to the best of our knowledge [2, 46]. However, incidence 
rates of ATE in COVID-19 seem to be comparable to 
those in non-COVID-19 viral pneumonia, assuming that 
COVID-19-specific immunothrombotic mechanisms 
and endothelial dysfunction may have less impact on the 
arterial system than on the venous system [2]. Reported 
risk factors for the development of COVID-19 associated 
ATE are age, male gender, Hispanic ethnicity, preexisting 
arterial hypertension, diabetes, metabolic syndrome, and 
coronary artery disease as well as D-dimer levels > 500 
ng/mL. Pre-treatment of statins may be a protective fac-
tor against ATE [22, 47]. Additionally, COVID-19 sever-
ity might also serve as a risk factor for the occurrence 
of ATE, as higher incidence rates of overall ATE (12%), 
myocardial infarction (8%), ischemic stroke (3%), and 
limb or mesenteric ischemia (2.5%) were reported in a 
systematic review by Jenner et al. [48] including more 
than 2900 patients treated on ICU.

COVID-19 associated myocardial infarction
Clinical features of COVID-19 associated acute coro-
nary syndrome (ACS) seem to differ partially compared 
to non-COVID-19 ACS. Higher prevalence of atypical 
symptoms, such as dyspnea and syncope, than typical 
chest pain was observed in COVID-19 in comparison 
to a pre-COVID-19 cohort with ST-elevation myocar-
dial infarction (STEMI), although chest pain was still a 
common symptom with up to 60% [49–51]. Additional 
data revealed that COVID-19 patients with STEMI and 

non-STEMI (NSTEMI) had higher rates of cardiogenic 
shock, heart failure and malignant arrhythmia com-
pared to non-COVID-19 patients with ACS, while car-
diac arrest was comparable between both cohorts [49, 
52, 53]. Of note, one study revealed significantly higher 
rates of very late STEMI presentation (> 12 h from symp-
tom onset) in the COVID-19 cohort compared to a con-
trol group [54]. Considerable are the findings of different 
studies postulating that the fear of COVID-19 exposure 
on the one hand and inadequate avoidance of medical 
institutions to prevent overburdening the system on the 
other hand led to delayed consultations [55–58]. Hence, 
this delay from symptom onset to seeking help likely 
contributed to higher rates of cardiogenic shock and 
heart failure. These reasons, however, also apply to ACS 
patients without COVID-19. In COVID-19, the addi-
tional prothrombotic and proinflammatory state might 
aggravate myocardial injury and oxygen mismatch and 
may explain the subsequent more pronounced isch-
emia and worse outcome [54, 59–61]. Interestingly, the 
clinical characteristics of COVID-19 associated STEMI 
seemed to change during the pandemic, as evaluated by 
Garcia et al. [62]. This study revealed that patients pre-
sented significantly more often with typical ischemic 
symptoms and with a trend to lower cardiogenic shock 
rates in 2021 compared to 2020. Changes of the electro-
cardiogram (ECG) were comparable among ACS patients 
with and without COVID-19 [51, 54]. Levels of high-
sensitivity troponin, creatine kinase, and N-terminal pro-
B-type natriuretic peptide were significantly elevated in 
STEMI patients with COVID-19 compared to STEMI 
patients without COVID-19, while there were no signifi-
cant differences for those biomarkers between NSTEMI 
patients with and without COVID-19 [54, 63]. Addi-
tionally, STEMI and NSTEMI patients with COVID-19 
revealed higher levels of lactate dehydrogenase (LDH) 
and CRP compared to non-COVID-19 cases [54]. Analy-
ses of coronary angiographies revealed a higher throm-
bus burden, elevated stent thrombosis rates, and greater 
incidence of multiple thrombotic culprit lesions in 
COVID-19 patients [52, 63]. Due to diagnostic similari-
ties of COVID-19 associated ACS with only some spe-
cific differences to non-COVID-19 ACS, the European 
Society of Cardiology has published a guidance paper 
for diagnosis and management of cardiovascular disease 
during COVID-19 pandemic in 2022 [64, 65]. Regard-
ing these recommendations, the ECG diagnostic criteria 
for all cardiac conditions also relate to COVID-19 cases 
and the measurement of cardiac troponin is suggested 
in all cases with suspected ACS, even if troponin levels 
are notably elevated in severe COVID-19. Additionally, 
according to another joint consensus statement, COVID-
19 patients with signs of concomitant acute myocardial 
infarction, including classic symptoms and ECG findings, 
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might benefit from additional noninvasive imaging [66]. 
Therefore, the use of cardiac ultrasound to assess the car-
diac function and to detect wall motion abnormalities 
is endorsed. These results can further support a STEMI 
diagnosis and evaluate the need for fibrinolysis reperfu-
sion. Both guidance papers stated that the same treatment 
approach is indicated in COVID-19 patients with STEMI 
as for non-COVID-19 patients regarding primary percu-
taneous coronary intervention (PCI). Urgent fibrinolysis 
in COVID-19 patients with STEMI at a referral hospital 
is recommended, as well as a subsequent transfer for res-
cue PCI if indicated. COVID-19 patients with NSTEMI 
are also managed accordingly to non-COVID-19 cases 
[65, 66]. Comparing STEMI treatments in cases with and 
without concomitant COVID-19, door-to-balloon times 
were markedly increased in infected subjects. The mean 
door-to-balloon time was more than eight minutes lon-
ger and COVID-19 patients received primary PCI less 
often compared to controls (71% vs. 93%) [49, 55, 67]. 
These aspects may also be a reason for the significantly 
higher mortality in patients with COVID-19 associated 
STEMI compared to subjects without COVID-19 [49, 
54, 67]. In the study by Garcia et al. [62], a reduction of 
door-to-balloon times was observed together with a 
decline in mortality in COVID-19 patients with STEMI 
when comparing the year 2020 with 2021, whereas no 
significant differences were detected regarding PCI rates 
between SARS-CoV-2 positive STEMI patients in 2020 
and 2021. In contrast, there were no significant differ-
ences in mortality if COVID-19 patients with NSTEMI 
were compared to non-COVID-19 NSTEMI patients 
[54]. However, it should be mentioned that the pandemic 
had adverse effects on all patients with ACS, regardless of 
their COVID-19 status, resulting in a marked reduction 
in PCI and longer door-to-balloon times compared to a 
pre-COVID-19 era [68]. Moreover, screening for SARS-
CoV-2 was always indicated where available due to infec-
tion control measures before primary PCI could proceed. 
Therefore, dedicated Covid-catheter labs and ICU isola-
tion beds had to be available [69]. These logistical aspects 
likely have contributed to longer door-to-balloon times 
and increased mortality in patients with COVID-19 pre-
senting with STEMI.

COVID-19 associated stroke
COVID-19 associated ischemic stroke seems to have a 
predominance of large vessel involvement compared to 
small vessel disease, which was present in only 2-4.4% of 
COVID-19 cases while pre-COVID-19 stroke data attri-
bute 20% of stroke cases to small vessel disease [70–73]. 
In contrast, the rate of hemorrhagic strokes did not dif-
fer between COVID-19 and non-COVID-19 patients 
during the pandemic [74]. Vogrig et al. [73] detected 
multi-territory involvement and affection of otherwise 

uncommonly involved vessels as potential typical fea-
tures of COVID-19 associated stroke. According to 
some studies, which compared COVID-19 patients with 
stroke patients before the pandemic, cryptogenic stroke 
rates were slightly increased in COVID-19 with reported 
rates of 35–40% [71, 73, 75]. In contrast, data from the 
“Global COVID-19 Stroke Registry” revealed a non-sig-
nificant decrease of cryptogenic strokes in COVID-19 
when compared to contemporaneous non-COVID-19 
patients. Moreover, multi-territory involvement was 
comparable between COVID-19 and controls [72]. Stud-
ies demonstrated severe neurological deficits in patients 
with COVID-19 associated ischemic stroke and present-
ing with significantly elevated NIH stroke scale (NIHSS) 
scores in relation to non-COVID-19 associated stroke 
patients (median NIHSS 13 vs. 6 according to one study 
[72, 74]. Of note, ischemic stroke was associated with 
additional thrombotic events in about 25% of COVID-19 
patients [73, 76]. The most common neurological find-
ings in acute COVID-19 associated stroke were motor 
deficits, dysarthria, and sensory deficits [77, 78]. Altered 
level of consciousness, aphasia and facial paresis were 
additional frequently observed symptoms, and COVID-
19 patients had more often seizures [74, 78]. Alterations 
of biomarkers in COVID-19 associated ischemic stroke 
included prolonged activated partial thromboplastin time 
and elevated CRP, fibrinogen and D-dimer levels, while 
data on LDH levels are divergent [73, 79]. Due to limited 
existing data on the specific diagnostic and therapeutic 
management in COVID-19 associated stroke, established 
stroke guidelines were also used in COVID-19 cases [80, 
81]. CT imaging is used in suspected stroke, and systemic 
fibrinolysis or mechanical thrombectomy are performed 
in confirmed stroke cases if indicated. Studies compar-
ing treatment strategies between stroke patients with 
and without COVID-19 revealed no differences in the 
frequency of performed systemic fibrinolysis or mechani-
cal thrombectomy [82]. However, some data indicated a 
greater risk of intracranial hemorrhage after administra-
tion of recombinant tissue plasminogen activator (rtPA) 
in COVID-19 patients with elevated CRP and D-dimer 
levels, which are commonly increased in COVID-19 
[83, 84]. One explanation for the increased risk of intra-
cranial hemorrhage may be the fact that rtPA is hepati-
cally metabolized and hepatic parameters are also 
commonly elevated in COVID-19 [73]. Although hemo-
stasis and properties of clot formation can be safely mea-
sured by thromboelastography, also in acute liver injury, 
no decision-making is recommended for or against sys-
temic fibrinolysis depending on laboratory markers in 
COVID-19 so far [84, 85]. In contrast, the performance 
of mechanical thrombectomy in COVID-19 associated 
stroke revealed lower rates of successful recanalization, 
while no difference was shown in treatment duration and 
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symptom-to-treatment times [72]. In general, COVID-19 
patients with stroke exhibited higher rates of symptom-
atic intracerebral hemorrhage, symptomatic subarach-
noid hemorrhage, and 24-hour mortality following 
intravenous thrombolysis as well as endovascular treat-
ment in relation to a contemporaneous non-COVID-19 
cohort [72]. Another study evaluating outcome data of 
patients with COVID-19 associated stroke revealed a 
significantly elevated in-hospital mortality compared to 
COVID-19 patients without stroke (19.4% vs. 6.2%) with 
an increased risk for the development of cerebral edema, 
intracerebral hemorrhage, and myocardial infarction [82, 
86, 87]. Additionally, COVID-19 associated stroke was 
associated with higher rates of ICU admission and intu-
bation compared to stroke patients without COVID-19 
[88]. Moreover, Hernández-Fernández et al. [89] revealed 
that COVID-19 associated stroke patients may exhibit 
longer hospitalization rates, slower recovery times and 
unfavorable functional prognosis evaluated by the modi-
fied Rankin Scale in over 64% of cases. These outcomes 
are supported by the “Global COVID-19 Stroke Registry” 
which revealed higher 3-month mortality rates, worse 
3-month mortality modified Rankin scale shift as well as 
3-month favorable outcomes in their COVID-19 cohort 
[72].

COVID-19 associated limb ischemia
As mentioned above, COVID-19 associated ALI is a rare 
finding among patients with COVID-19 [2]. In the major-
ity, ALI was diagnosed subsequently to SARS-CoV-2 
infection while 27% presented to hospital with ALI symp-
toms alone, assuming a quite high rate of asymptomatic 
SARS-CoV-2 infection in ALI [90]. COVID-19 associated 
ALI most commonly affects femoro-popliteal arteries, 
followed by tibial arteries [91, 92]. Additionally, Goldman 
et al. [93] found higher rates of COVID-19 associated 
ALI in more proximal regions as well as a greater clot 
burden. Of the reported studies, leg pain and leg discol-
oration were the most frequent symptoms of COVID-19 
associated ALI, which is comparable to non-COVID-19 
associated ALI. Also the frequency of the Rutherford 
classification grading used in ALI is comparable between 
COVID-19 and non-COVID-19 revealing that Ruth-
erford IIa and IIb are most commonly observed grades 
[91–94]. Except of an increase of D-dimer levels during 
hospitalization in COVID-19, which may be an indicator 
of ALI, there is limited significance of other laboratory 
markers for the diagnosis of ALI [95, 96]. Recommenda-
tions of the European Society for Vascular Surgery on an 
adjusted management approach in COVID-19 associated 
ALI suggest a preferential use of CT angiography for the 
detection of ALI, but with the advice to extend the imag-
ing from the aortic arch to the feet or hands due to the 
anatomically more extensive disease. Following verified 

ALI diagnosis, the standard management approach 
also applies to COVID-19 patients including adequate 
analgesia, rehydration and administration of heparin. 
Open surgery and endovascular treatment are the defi-
nite therapeutic options and thromboembolectomy is 
the most used technique, while hospitalized COVID-
19 patients, especially those with severe disease, might 
benefit from endovascular techniques as a less invasive 
procedure [90, 96, 97]. In contrast, a systematic review 
by Galyfos et al. [98] revealed that medical treatment 
was selected as first-line therapy in more than 40% of 
included COVID-19 associated ALI patients. This treat-
ment option led on the one hand to a non-significantly 
elevated amputation risk, but on the other hand to an 
increased mortality compared to COVID-19 associated 
ALI patients receiving any intervention. Moreover, stud-
ies reported that 14–23% of COVID-19 patients already 
receiving anticoagulation at the time of ALI diagnosis 
developed rethrombosis after revascularization despite 
full heparin-based anticoagulation [92, 99–101]. Similar 
results were also reported by another systematic review, 
in which 13% of intervened COVID-19 associated ALI 
patients required a re-intervention due to persistent or 
recurring limb ischemia. Additionally, the technical suc-
cess rate in these patients was low with 68%. Of note, 
19% of COVID-19 associated ALI patients were ineligible 
for surgical or endovascular procedures due to critical 
status [90]. Amputation and mortality rates of COVID-
19 associated ALI cohorts ranged between 8 and 25% 
and between 29 and 38%, respectively, which are higher 
compared to non-COVID-19 patients with ALI [90, 93, 
96, 98, 102, 103]. Additionally, mortality and amputation 
rates were lower in COVID-19 associated ALI patients 
who had symptoms limited to the leg without other sys-
temic or respiratory COVID-19 manifestations [93].

COVID-19 associated other ATE
Other COVID-19 associated ATE include mesenteric 
ischemia, splenic, and renal arterial infarctions. All 
three conditions are, however, rarely reported in the 
literature and mostly only in case reports [104–107]. 
While conclusive data on mesenteric ischemia are yet 
limited and derived at least from comprehensive or sys-
tematic reviews including case reports and small case 
series, conclusive data on splenic or renal arterial infarc-
tions are to the best of our knowledge missing and can-
not be reflected in this review. Another limitation of 
COVID-19 associated mesenteric ischemia is the fact 
that the derived studies differentiated only partially or 
not between ATE or VTE as the origin of mesenteric 
ischemia [108–111]. Reported rates of detected thrombi 
in visceral arteries in COVID-19 associated mesenteric 
ischemia range from 15 to 38%, suggesting a predomi-
nant small vessel affection [109, 111]. Of those reported 



Page 7 of 13Greistorfer and Jud Thrombosis Journal           (2023) 21:61 

COVID-19 patients with arterial mesenteric ischemia, 
abdominal pain, vomiting and nausea were frequently 
observed symptoms, and abdominal distension was a 
common finding in physical examination. CT was the 
imaging method of choice for its detection [108–111]. 
No differentiation was made between arterial and venous 
mesenteric ischemia in the reported studies regarding 
biomarkers, therapy or outcome. Therefore, only pooled 
results for arterial and venous mesenteric ischemia can 
be reflected in this review. D-dimer, CRP and leukocytes 
were commonly elevated but did not correlate with out-
come [109, 111]. COVID-19 associated mesenteric isch-
emia was typically treated by initial administration of 
heparin followed mostly by laparotomy with ischemic 
bowel resection, while endovascular interventions were 
only rarely performed (< 5%) [109, 111]. Reported mor-
tality rates of COVID-19 associated mesenteric ischemia 
ranged from 34 to 54% [108–111].

COVID-19 associated vasculitis
Epidemiological data of COVID-19 associated vasculiti-
des are scarce as specific vasculitides other than COVID-
19 associated endotheliitis are a rare manifestation in 
COVID-19 [112]. The most common forms include 
COVID-19 associated Chilbalin-like lesions (CLL), com-
monly called colloquially as ‘Covid toes’, and COVID-19 
associated Kawasaki-like disease (KLD) [113]. COVID-19 
associated CLL seem to occur more frequently in Europe 
and North America, in adolescent patients between 15 
and 19 years without predominant sex, and in patients 
with a low body-mass index [114–116]. However, defi-
nite prevalence or incidence rates are still missing with 
only proposed incidence rates ranging widely from 0.2 to 
20% of reported cases [115]. Parts of the foot are more 
commonly affected by COVID-19 associated CLL than 
parts of the hand [116]. COVID-19 associated KLD is 
commonly associated with multisystem inflammatory 
syndrome in children (MIS-C) or pediatric inflamma-
tory multisystem syndrome (PIMS), which represent a 
systemic disorder featuring fever, hyperinflammation and 
organ dysfunction associated with COVID-19. Specific 
epidemiological data for COVID-19 associated KLD are 
not available so far, while incidence rates for MIS-C or 
PIMS ranging from 0.03 to 0.07% with a reported median 
age of eight years [117–119]. MIS-C can occur as KLD 
but symptoms comparable to toxic shock syndrome or 
bacterial sepsis may be also possible, and coronary dila-
tations and aneurysms may also occur in MIS-C without 
meeting the criteria for Kawasaki disease [119–121]. Due 
to this overlap, a strict differentiation between KLD and 
MIS-C or PIMS is hardly possible, also in literature. Clin-
ical features of COVID-19 associated KLD compared to 
pre-outbreak cohorts of Kawasaki disease revealing that 
gastrointestinal and neurological symptoms, myocarditis, 

and shock syndrome occurred more frequently while 
coronary dilatations and aneurysms are less common 
in KLD [121–124]. Evidence of potential COVID-19 
association on other specific vasculitides, including 
ANCA-vasculitis, giant-cell arteritis, immunoglobulin A 
vasculitis or Goodpasture syndrome, are largely missing 
and only some case reports and case series mentioned 
a potential linkage between SARS-CoV-2 infection and 
their occurrence [125–128]. Specific diagnostic, thera-
peutic and prognostic aspects of COVID-19 associated 
vasculitis are yet reported for CLL and KLD, while the 
respective aspects of other vasculitides with a reported 
potential COVID-19 association are comparable to non-
COVID-19 patients.

In patients with COVID-19 associated CLL, abnormal 
D-dimer levels and antinuclear antibodies were found in 
14.8% and in 11.5% while abnormalities of inflammatory 
parameters like ferritin, CRP or lymphocytes were found 
only sporadically [116]. COVID-19 associated CLL seem 
to be a benign and self-limited disorder as only 15.5% of 
patients had received any form of therapy, ranging from 
topical corticoids, heparin and nitroglycerin to oral cor-
ticoids, subcutaneous heparins and tocilizumab accord-
ing to a meta-analysis [116]. However, digital necrosis 
with histopathologic features of vasculitis have also been 
reported by case reports while all of these reported cases 
occurred in severe COVID-19 cases [129–131]. There-
fore, it remains elusive if vasculitic processes were the 
exclusive trigger of necrotic acral lesions or if digital 
necrosis occurred due to an interaction of immunomod-
ulated thrombotic disturbances, which are frequently 
seen in severe COVID-19 [132]. COVID-19 associated 
KLD patients revealed higher levels of CRP, ferritin, pro-
calcitonin, alanine aminotransferase, lipase, troponin and 
creatinine and lower levels of lymphocytes, hemoglobin 
and sodium, while fibrinogen was inconsistently elevated 
[121, 124]. The treatment regimen for COVID-19 associ-
ated KLD did not differ to classic Kawasaki disease and 
there is no consensus so far which therapeutic regimen is 
ideal or better suited. Thus, intravenous immunoglobulin 
with or without aspirin and additional immunosuppres-
sive agents, including steroids, infliximab or tocilizumab, 
are administered depending on the clinical course and 
clinicians’ preference. However, patients with COVID-
19 associated KLD received more often additional cor-
ticosteroids in combination with immunoglobulins [122, 
124]. Short-term outcome of COVID-19 associated KLD 
seems to be favorable regarding cardiac function and cor-
onary aneurysm regression, while long-term cardiac out-
come data or specific mortality rates for KLD are scarce 
[124, 133]. In pediatric and adolescent MIS-C, a mortal-
ity rate of 1.76% have been reported [122].
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Anticoagulation in COVID-19
During the pandemic, various antithrombotic treatment 
and management approaches have been evaluated and 
discussed. As the occurrence of VTE dominated, different 
trials primarily investigated the outcomes of hospitalized 
COVID-19 patients without suspected or with confirmed 
VTE depending on prophylactic or therapeutic antico-
agulation regimens [134, 135]. One main finding was that 
all hospitalized patients with COVID-19 receive VTE 
prophylaxis, unless contraindicated (e.g. active bleed-
ing) [136]. Typically, heparins are administered, with 
LMWH being the preferred agent. In the case of a history 
of heparin-induced thrombocytopenia, fondaparinux 
might serve as an alternative. Patients already receiving 
anticoagulants before hospital admission should continue 
their medication unless contraindications arise. Though, 
a switch to shorter acting agents such as LMWH might 
be indicated [136, 137]. In non-critically ill, hospitalized 
patients, therapeutic heparin doses are recommended 
over prophylactic doses, resulting in increased organ 
support-free days [134, 135, 137, 138]. However, thera-
peutic heparin dose did not reveal significant advantages 
regarding in-hospital mortality or hospitalization length, 
but was associated with a slightly elevated risk of major 
bleeding [135]. In patients admitted to ICU without sus-
pected or documented VTE, prophylactic heparin doses 
are preferred over therapeutic or intermediate heparin 
doses due to lack of significant advantages of therapeu-
tic anticoagulation regarding all-cause mortality or organ 
support-free days [134, 136–139]. Thus, in the case of 
deteriorating patients with subsequent ICU admission, 
initial treatment with therapeutic heparin doses should 
be switched to prophylactic doses unless VTE is con-
firmed [137].

All included panels recommend against the prescrip-
tion of anticoagulants in non-hospitalized COVID-19 
patients with normal risk for VTE and no indication for 
post-discharge prophylaxis when no VTE was detected 
[136–138]. However, in high-risk individuals, post-
discharge thromboprophylaxis with 10  mg rivaroxa-
ban daily significantly reduced the composite endpoint 
(VTE, symptomatic ATE, any fatal cardiovascular event) 
according to one trial [140]. Moreover, no panel recom-
mend the administration of antiplatelet therapy, neither 
in hospitalized patients nor in outpatients, as different 
trials concluded no advantages regarding a reduction in 
organ support-free days, in-hospital mortality, or risk of 
progression to mechanical ventilation [137, 141–144]. 
Finally, it should be addressed that the current domi-
nance of SARS-CoV-2 omicron variant and its subtypes 
could change these recommendations due to milder and 
potentially less thrombogenic courses [136].

Conclusion
Epidemiological data attribute hospitalized COVID-19 
patients an increased risk for COVID-19 associated VTE, 
also if compared to other viral infectious diseases. Stud-
ies emphasized notably higher rates of VTE in COVID-
19 ICU cohorts, especially if a systematical screening 
approach was used. As screening approaches led to 
even higher detection rates of VTE, and data revealing 
a predominance of smaller vessel affection, the ques-
tion arises whether these examinations actually caused 
the increased rates of otherwise occult thrombi. Conse-
quently, screenings in other infections, such as influenza, 
might also detect higher rates of occult and asymptom-
atic thrombi. However, in the case of COVID-19 patients 
being transferred to ICU because of clinical deteriora-
tion, the screening approach could unveil its cause and is 
therefore reasonable.

COVID-19 associated ATE and vasculitic disorders 
seem to occur with a comparable extent like in other 
viral infectious diseases, although frequencies rise with 
severity of COVID-19. Of interest is the finding that PE 
was comparable or even more prevalent to DVT in some 
studies, suggesting a role of in-situ pulmonary thrombi 
formation, which may be a disease-specific feature in 
COVID-19. In-situ pulmonary thrombi formation may 
be driven by endothelial dysfunction, immunothrombotic 
processes and formation of NETs [4–7]. However, these 
pathways may affect the arterial circulation to a lesser 
extent as the frequency rates were comparable to non-
COVID-19 viral pneumonia, except in severe COVID-
19 cases [2, 48]. Furthermore, these pathophysiological 
pathways seem to affect, at least in the venous system but 
not in the arterial system, predominantly smaller-sized 
vessels, as incidence rates of sub-/segmental PE and dis-
tal DVT were higher [28–31, 71, 73, 91, 92]. Additionally, 
the microcirculation may be also affected to a certain 
extent as COVID-19 associated CLL is not uncommon, 
while other forms of vasculitides are only anecdotally 
described, except for KLD [115]. Despite some epidemio-
logical differences, many clinical aspects of COVID-19 
associated vasculopathies revealed comparable results 
to non-COVID-19 patients (Table  1). Symptoms of the 
above-mentioned COVID-19 associated vasculopathies 
did not differ relevantly compared to the respective con-
ventional disorders, as only COVID-19 associated myo-
cardial infarction had a higher prevalence of atypical 
symptoms [49–51]. Similarly, determined risk factors, 
diagnostic approaches including biomarkers, and treat-
ment options for the respective COVID-19 associated 
vasculopathies are also comparable to conventional vas-
culopathies. High efforts were made to establish reliable 
biomarkers or at least cut-off values for COVID-19 asso-
ciated VTE or ATE, but without desired results. Espe-
cially, D-dimer was a frequently investigated parameter 
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and some results were conclusive [26, 32]. However, this 
parameter is not a robust marker for COVID-19 asso-
ciated VTE or ATE as severe COVID-19 disease with-
out evidence of VTE or ATE also exhibits substantially 
increased D-dimer levels. Other conventional biomark-
ers, such as CRP, have limited significance and specific 
cut-off values are lacking so far to discriminate reliably 
between severe COVID-19 and actual VTE or ATE. 
Therefore, biomarker-based management in COVID-19 
is not recommended so far. Moreover, although some 
international societies already published COVID-19 spe-
cific diagnostic and therapeutic recommendations, these 
recommendations are mostly identical to those of the 
respective conventional vasculopathies, with only slight 
modifications [33, 34, 64, 65, 96]. Prophylactic anticoagu-
lation in COVID-19 depends on the severity of disease, 
without recommendation for non-hospitalized patients 
at normal risk. In hospitalized non-critically ill individu-
als, therapeutic doses of LMWH are preferred, while crit-
ically ill patients in ICU benefit from prophylactic doses. 
Regarding outcome data, many COVID-19 associated 
vasculopathies seem to be unfavorable and may severely 
deteriorate the clinical course, except for DVT, CLL 
and KLD, while long-term data regarding cardiac com-
plications are still missing in the latter. Especially, acute 
myocardial infarction and acute stroke were markedly 
more severe in COVID-19 patients and associated with 
increased mortality and worse clinical outcome despite 
identical treatment approaches. However, it should be 
mentioned that the pandemic had adverse effects on all 
patients with ATE, regardless of their COVID-19 status. 
A marked reduction of PCI and longer door-to-balloon 
times in COVID-19 patients with ACS compared to a 
pre-COVID-19 era was reported, and these logistical 
aspects may also attribute to other ATE [68]. Therefore, 
physicians should be aware of these vascular COVID-19 
associated complications, especially in hospitalized and 
ICU-treated COVID-19 patients.

Despite tremendous knowledge growth in the field 
of COVID-19 associated vasculopathies, the gained 
knowledge is still subject to limitations. Firstly, reported 

prevalence and incidence varied partially widely across 
the studies and different screening approaches for the 
respective VTE or ATE were used. Additionally, the 
increasing administration of anticoagulation in newer 
studies and the fact that cohorts included patients from 
different time points during the pandemic may sub-
stantially influence epidemiological and outcome data. 
Furthermore, on the one hand, several meta-analyses 
included mainly retrospective studies, and on the other 
hand, several studies on specific clinical data, including 
symptomatology and subtypes of COVID-19 associated 
vasculopathies, included only a small sample size. All 
of this limits the significance. Moreover, diagnostic and 
treatment recommendations, which originated from the 
initial stage of the pandemic, might be outdated, and, as 
most studies solely declared all-cause mortality within 
their cohorts, the actual proportion of thromboembolic 
deaths remains still elusive.

Overall, specific vascular diseases seem to occur fre-
quently in COVID-19 which may complicate the clinical 
course. Although numerous studies on clinical aspects of 
COVID-19 associated vasculopathies are available, the 
gained knowledge has still limitations. Therefore, fur-
ther clinical research is required for specific diagnostic 
and therapeutic options and to reveal robust outcome 
and long-term sequelae data in COVID-19 associated 
vasculopathies.

Abbreviations
ACS	� Acute coronary syndrome
ALI	� Acute limb ischemia
ATE	� Arterial thromboembolism
CLL	� Chilblain-like lesions
COVID-19	� Coronavirus disease 2019
CRP	� C-reactive protein
CVT	� Cerebral venous thrombosis
DVT	� Deep vein thrombosis
ECG	� Electrocardiogram
ICU	� Intensive care unit
KLD	� Kawasaki-like disease
LDH	� Lactate dehydrogenase
LMWH	� Low-molecular-weight heparin
MIS-C	� Multisystem inflammatory syndrome in children
NETs	� Neutrophil extracellular traps
NSTEMI	� Non-ST-elevation myocardial infarction

Table 1  Comparison of vascular complications of hospitalized COVID-19 patients to non-COVID-19 cohorts with the main differences 
and similarities

DVT PE CVT MI Stroke ALI
Incidence ↑ ↑ ↑ = = =

Severity = ↓ ↑ ↑ ↑ =

Symptoms = = = =* = =

Diagnosis = = = = = =

Therapy = = = = = =

Mortality = ↑ ↑ ↑ ↑ ↑
=: no significant difference

*: more atypical symptoms

Abbreviations: ALI: acute limb ischemia; CVT: cerebral venous thrombosis; DVT: deep vein thrombosis; MI: myocardial infarction; PE: pulmonary embolism
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PCI	� Percutaneous coronary intervention
PE	� Pulmonary embolism
PI	� Prediction interval
PIMS	� Pediatric inflammatory multisystem syndrome
rtPA	� Recombinant tissue plasminogen activator
SARS-CoV-2	� Severe acute respiratory syndrome-coronavirus 2
STEMI	� ST-elevation myocardial infarction
VTE	� Venous thromboembolism

Acknowledgements
Not applicable.

Authors’ contribution
T.G. wrote the main manuscript, prepared figures and tables, P.J. wrote the 
main manuscript. All authors reviewed the manuscript.

Funding
None.

Data Availability
All data generated or analysed during this study are included in this published 
article.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
All authors declare that they have no conflict of interest.

Received: 28 January 2023 / Accepted: 17 May 2023

References
1.	 Tufano A, Rendina D, Abate V, Casoria A, Marra A, et al. Venous thromboem-

bolism in COVID-19 compared to non-COVID-19 cohorts: a systematic review 
with meta-analysis. J Clin Med. 2021;10(21):4925.

2.	 Candeloro M, Schulman S. Arterial thrombotic events in hospitalized COVID-
19 patients: a short review and Meta-analysis. Semin Thromb Hemost. 2023 
Feb;49(1):47–54.

3.	 Giryes S, Bragazzi NL, Bridgewood C, De Marco G, McGonagle D. COVID-19 
Vasculitis and vasculopathy-distinct immunopathology emerging from the 
close juxtaposition of type II Pneumocytes and Pulmonary endothelial cells. 
Semin Immunopathol. 2022;44(3):375–90.

4.	 Nicosia RF, Ligresti G, Caporarello N, Akilesh S, Ribatti D. COVID-19 Vasculopa-
thy: mounting evidence for an Indirect mechanism of endothelial Injury. Am 
J Pathol. 2021;191(8):1374–84.

5.	 Birnhuber A, Fließer E, Gorkiewicz G, Zacharias M, Seeliger B, et al. Between 
inflammation and thrombosis: endothelial cells in COVID-19. Eur Respir J. 
2021;58(3):2100377.

6.	 Bonaventura A, Vecchié A, Dagna L, Martinod K, Dixon DL, et al. Endothelial 
dysfunction and immunothrombosis as key pathogenic mechanisms in 
COVID-19. Nat Rev Immunol. 2021;21(5):319–29.

7.	 Leppkes M, Knopf J, Naschberger E, Lindemann A, Singh J, et al. Vascular 
occlusion by neutrophil extracellular traps in COVID-19. EBioMedicine. 
2020;58:102925.

8.	 Tan BK, Mainbourg S, Friggeri A, Bertoletti L, Douplat M, et al. Arterial and 
venous thromboembolism in COVID-19: a study-level meta-analysis. Thorax. 
2021;76(10):970–9.

9.	 Zhang R, Ni L, Di X, Wang X, Ma B, et al. Systematic review and meta-
analysis of the prevalence of venous thromboembolic events in novel 
coronavirus disease-2019 patients. J Vasc Surg Venous Lymphat Disord. 
2021;9(2):289–98e5.

10.	 Kollias A, Kyriakoulis KG, Lagou S, Kontopantelis E, Stergiou GS, et al. Venous 
thromboembolism in COVID-19: a systematic review and meta-analysis. Vasc 
Med. 2021;26(4):415–25.

11.	 Girard P, Sanchez O, Leroyer C, Musset D, Meyer G, et al. Deep venous throm-
bosis in patients with acute pulmonary embolism: prevalence, risk factors, 
and clinical significance. Chest. 2005;128(3):1593–600.

12.	 Gómez CA, Sun CK, Tsai IT, Chang YP, Lin MC, et al. Mortality and risk factors 
associated with pulmonary embolism in coronavirus disease 2019 patients: a 
systematic review and meta-analysis. Sci Rep. 2021;11(1):16025.

13.	 Nicolai L, Leunig A, Brambs S, Kaiser R, Weinberger T, et al. Immunothrom-
botic Dysregulation in COVID-19 pneumonia is Associated with respiratory 
failure and Coagulopathy. Circulation. 2020;142(12):1176–89.

14.	 Mai V, Tan BK, Mainbourg S, Potus F, Cucherat M, et al. Venous thromboem-
bolism in COVID-19 compared to non-COVID-19 cohorts: a systematic review 
with meta-analysis. Vascul Pharmacol. 2021;139:106882.

15.	 Cook DJ, Crowther MA. Thromboprophylaxis in the intensive care unit: focus 
on medical-surgical patients. Crit Care Med. 2010;38(2 Suppl):76–82.

16.	 Helms J, Tacquard C, Severac F, Leonard-Lorant I, Ohana M, et al. High risk 
of thrombosis in patients with severe SARS-CoV-2 infection: a multicenter 
prospective cohort study. Intensive Care Med. 2020;46(6):1089–98.

17.	 Poissy J, Goutay J, Caplan M, Parmentier E, Duburcq T, et al. Pulmonary 
embolism in patients with COVID-19: awareness of an increased prevalence. 
Circulation. 2020;142(2):184–6.

18.	 Thomas MR, Scully M. Clinical features of thrombosis and bleeding in COVID-
19. Blood. 2022;140(3):184–95.

19.	 Miesbach W, Makris M. COVID-19: Coagulopathy, risk of thrombo-
sis, and the Rationale for Anticoagulation. Clin Appl Thromb Hemost. 
2020;26:1076029620938149.

20.	 Baldini T, Asioli GM, Romoli M, Carvalho Dias M, Schulte EC, et al. Cerebral 
venous thrombosis and severe acute respiratory syndrome corona-
virus-2 infection: a systematic review and meta-analysis. Eur J Neurol. 
2021;28(10):3478–90.

21.	 Bousser M-G, Ferro JM. Cerebral venous thrombosis: an update. Lancet 
Neurol. 2007;6(2):162–70.

22.	 Bilaloglu S, Aphinyanaphongs Y, Jones S, Iturrate E, Hochman J, et al. 
Thrombosis in hospitalized patients with COVID-19 in a New York City Health 
System. JAMA. 2020;324(8):799–801.

23.	 Li JY, Wang HF, Yin P, Li D, Wang DL, et al. Clinical characteristics and 
risk factors for symptomatic venous thromboembolism in hospitalized 
COVID-19 patients: a multicenter retrospective study. J Thromb Haemost. 
2021;19(4):1038–48.

24.	 Roberts LN, Navaratnam AV, Arya R, Briggs TWR, Gray WK. Venous thrombo-
embolism in patients hospitalised with COVID-19 in England. Thromb Res. 
2022;213:138–44.

25.	 Fernández-Capitán C, Barba R, Díaz-Pedroche MDC, Sigüenza P, Demelo-
Rodriguez P, et al. Presenting characteristics, treatment patterns, and out-
comes among patients with venous thromboembolism during hospitaliza-
tion for COVID-19. Semin Thromb Hemost. 2021;47(4):351–61.

26.	 Jiménez S, Miró Ò, Llorens P, Martín-Sánchez FJ, Burillo-Putze G, et al. 
Incidence, risk factors, clinical characteristics and outcomes of deep venous 
thrombosis in patients with COVID-19 attending the Emergency Depart-
ment: results of the UMC-19-S8. Eur J Emerg Med. 2021;28(3):218–26.

27.	 Bikdeli B, Madhavan MV, Jimenez D, Chuich T, Dreyfus I, et al. COVID-19 and 
thrombotic or thromboembolic disease: implications for Prevention, Anti-
thrombotic Therapy, and Follow-Up: JACC State-of-the-art review. J Am Coll 
Cardiol. 2020;75(23):2950–73.

28.	 García-Sanz MT, Pena-Álvarez C, López-Landeiro P, Bermo-Domínguez A, 
Fontúrbel T, et al. Symptoms, location and prognosis of pulmonary embo-
lism. Rev Port Pneumol. 2014;20(4):194–9.

29.	 Gąsecka A, Borovac JA, Guerreiro RA, Giustozzi M, Parker W, et al. Thrombotic 
complications in patients with COVID-19: pathophysiological mechanisms, 
diagnosis, and treatment. Cardiovasc Drugs Ther. 2021;35(2):215–9.

30.	 Lodigiani C, Iapichino G, Carenzo L, Cecconi M, Ferrazzi P, 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.

31.	 Zhang L, Feng X, Zhang D, Jiang C, Mei H, et al. Deep vein thrombosis 
in hospitalized patients with COVID-19 in Wuhan, China. Circulation. 
2020;142(2):114–28.

32.	 Whyte MB, Kelly PA, Gonzalez E, Arya R, Roberts LN. Pulmonary embolism in 
hospitalised patients with COVID-19. Thromb Res. 2020;195:95–9.



Page 11 of 13Greistorfer and Jud Thrombosis Journal           (2023) 21:61 

33.	 Moores LK, Tritschler T, Brosnahan S, Carrier M, Collen JF, et al. Prevention, 
diagnosis, and treatment of VTE in patients with Coronavirus Disease 2019: 
CHEST Guideline and Expert Panel Report. Chest. 2020;158(3):1143–63.

34.	 Spyropoulos AC, Levy JH, Ageno W, Connors JM, Hunt BJ, et al. Scientific 
and Standardization Committee communication: clinical guidance on the 
diagnosis, prevention, and treatment of venous thromboembolism in hospi-
talized patients with COVID-19. J Thromb Haemost. 2020;18(8):1859–65.

35.	 Marini CP, Lewis E, Petrone P, Zenilman A, Lu Z, et al. Incidence and effects of 
deep vein thrombosis on the outcome of patients with coronavirus disease 
2019 infection. J Vasc Surg Venous Lymphat Disord. 2022;10(4):803–10.

36.	 Chang H, Rockman CB, Jacobowitz GR, Speranza G, Johnson WS, et al. Deep 
vein thrombosis in hospitalized patients with coronavirus disease 2019. J Vasc 
Surg Venous Lymphat Disord. 2021;9(3):597–604.

37.	 Miró Ò, Jiménez S, Llorens P, Roussel M, Gorlicki J, et al. Pulmonary 
embolism severity and in-hospital mortality: an international compara-
tive study between COVID-19 and non-COVID patients. Eur J Intern Med. 
2022;98:69–76.

38.	 Al-Mufti F, Amuluru K, Sahni R, Bekelis K, Karimi R, et al. Cerebral venous 
thrombosis in COVID-19: a New York Metropolitan Cohort Study. AJNR Am J 
Neuroradiol. 2021;42(7):1196–200.

39.	 Abdalkader M, Shaikh SP, Siegler JE, Cervantes-Arslanian AM, Tiu C, Radu RA, 
et al. Cerebral venous sinus thrombosis in COVID-19 patients: a Multicenter 
Study and Review of Literature. J Stroke Cerebrovasc Dis. 2021;30(6):105733.

40.	 Ghosh R, Roy D, Mandal A, Pal SK, Chandra Swaika B, et al. Cerebral venous 
thrombosis in COVID-19. Diabetes Metab Syndr. 2021;15(3):1039–45.

41.	 Ostovan VR, Foroughi R, Rostami M, Almasi-Dooghaee M, Esmaili M, et al. 
Cerebral venous sinus thrombosis associated with COVID-19: a case series 
and literature review. J Neurol. 2021;268(10):3549–60.

42.	 Lippi G, Mattiuzzi C, Henry BM. Updated picture of SARS-CoV-2 variants and 
mutations. Diagnosis (Berl). 2021;9(1):11–7.

43.	 Lopes RD, de Barros E, Silva PGM, Furtado RHM, Macedo AVS, Bronhara 
B, et al. Therapeutic versus prophylactic anticoagulation for patients 
admitted to hospital with COVID-19 and elevated D-dimer concentration 
(ACTION): an open-label, multicentre, randomised, controlled trial. Lancet. 
2021;397(10291):2253–63.

44.	 Tsao CW, Aday AW, Almarzooq ZI, Alonso A, Beaton AZ, et al. Heart Disease 
and Stroke Statistics-2022 update: a Report from the American Heart Associa-
tion. Circulation. 2022;145(8):e153–e639.

45.	 Syahrul S, Maliga HA, Ilmawan M, Fahriani M, Mamada SS, et al. Hemorrhagic 
and ischemic stroke in patients with coronavirus disease 2019: incidence, risk 
factors, and pathogenesis - a systematic review and meta-analysis. F1000Res. 
2021;10:34.

46.	 Rosa FD, Burihan MC, Simões EA, Abdala JPS, Barros ODC, et al. Acute upper 
limb arterial ischemia in patients diagnosed with COVID-19: case series. J Vasc 
Bras. 2021;20:e20200234.

47.	 Glober N, Stewart L, Seo J, Kabrhel C, Nordenholz K, et al. Incidence and 
characteristics of arterial thromboemboli in patients with COVID-19. Thromb 
J. 2021;19(1):104.

48.	 Jenner WJ, Kanji R, Mirsadraee S, Gue YX, Price S, et al. Thrombotic complica-
tions in 2928 patients with COVID-19 treated in intensive care: a systematic 
review. J Thromb Thrombolysis. 2021;51(3):595–607.

49.	 Garcia S, Dehghani P, Grines C, Davidson L, Nayak KR, et al. Initial findings 
from the North American COVID-19 Myocardial Infarction Registry. J Am Coll 
Cardiol. 2021;77(16):1994–2003.

50.	 Gitto M, Novelli L, Reimers B, Condorelli G, Stefanini G. Specific characteristics 
of STEMI in COVID-19 patients and their practical implications. Kardiologia 
Polska (Polish Heart Journal). 2022;80(3):266–77.

51.	 Kumar N, Verma R, Lohana P, Lohana A, Ramphul K. Acute myocardial infarc-
tion in COVID-19 patients. A review of cases in the literature. Arch Med Sci 
Atheroscler Dis. 2021;6:e169–e75.

52.	 Rodriguez-Leor O, Cid Alvarez AB, Pérez de Prado A, Rossello X, Ojeda S, et 
al. In-hospital outcomes of COVID-19 ST-elevation myocardial infarction 
patients. EuroIntervention. 2021;16(17):1426–33.

53.	 Fardman A, Zahger D, Orvin K, Oren D, Kofman N, et al. Acute myocardial 
infarction in the COVID-19 era: incidence, clinical characteristics and in-
hospital outcomes-A multicenter registry. PLoS ONE. 2021;16(6):e0253524.

54.	 Milovančev A, Petrović M, Popadić V, Miljković T, Klašnja S, et al. Characteris-
tics and outcomes of patients with Acute Coronary Syndrome and COVID-19. 
J Clin Med. 2022;11(7):1791.

55.	 Chew NWS, Ow ZGW, Teo VXY, Heng RRY, Ng CH, et al. The global effect of the 
COVID-19 pandemic on STEMI Care: a systematic review and Meta-analysis. 
Can J Cardiol. 2021;37(9):1450–9.

56.	 Piccolo R, Bruzzese D, Mauro C, Aloia A, Baldi C, et al. Population Trends 
in Rates of Percutaneous Coronary revascularization for Acute Coro-
nary Syndromes Associated with the COVID-19 outbreak. Circulation. 
2020;141(24):2035–7.

57.	 Tam CF, Cheung KS, Lam S, Wong A, Yung A, et al. Impact of Coronavirus 
Disease 2019 (COVID-19) outbreak on ST-Segment-Elevation Myocardial 
Infarction Care in Hong Kong, China. Circ Cardiovasc Qual Outcomes. 
2020;13(4):e006631.

58.	 Trabattoni D, Montorsi P, Merlino L. Late STEMI and NSTEMI patients’ emer-
gency calling in COVID-19 outbreak. Can J Cardiol. 2020;36(7):1161e7–8.

59.	 Cajanding RJM. Comprehensive Review of Cardiovascular involvement in 
COVID-19. AACN Adv Crit Care. 2021;32(2):169–87.

60.	 Montone RA, Iannaccone G, Meucci MC, Gurgoglione F, Niccoli G. Myocardial 
and microvascular Injury due to Coronavirus Disease 2019. Eur Cardiol. 
2020;15:e52.

61.	 Tavazzi G, Pellegrini C, Maurelli M, Belliato M, Sciutti F, et al. Myocardial 
localization of coronavirus in COVID-19 cardiogenic shock. Eur J Heart Fail. 
2020;22(5):911–5.

62.	 Garcia S, Dehghani P, Stanberry L, Grines C, Patel RAG, et al. Trends in Clinical 
Presentation, Management, and outcomes of STEMI in patients with COVID-
19. J Am Coll Cardiol. 2022;79(22):2236–44.

63.	 Choudry FA, Hamshere SM, Rathod KS, Akhtar MM, Archbold RA, et al. High 
Thrombus burden in patients with COVID-19 presenting with ST-Segment 
Elevation myocardial infarction. J Am Coll Cardiol. 2020;76(10):1168–76.

64.	 Baigent C, Windecker S, Andreini D, Arbelo E, Barbato E, et al. European 
Society of Cardiology guidance for the diagnosis and management of 
cardiovascular disease during the COVID-19 pandemic: part 1-epidemiology, 
pathophysiology, and diagnosis. Cardiovasc Res. 2022;118(6):1385–412.

65.	 Task Force for the management of COVID-19 of the European Society of 
Cardiology. ESC guidance for the diagnosis and management of cardiovascu-
lar disease during the COVID-19 pandemic: part 2-care pathways, treatment, 
and follow-up. Cardiovasc Res. 2022;118(7):1618–66.

66.	 Mahmud E, Dauerman HL, Welt FGP, Messenger JC, Rao SV, et al. Manage-
ment of acute myocardial infarction during the COVID-19 pandemic: a 
Consensus Statement from the Society for Cardiovascular Angiography 
and Interventions (SCAI), the American College of Cardiology (ACC), and 
the American College of Emergency Physicians (ACEP). Catheter Cardiovasc 
Interv. 2020;96(2):336–45.

67.	 Ghasemzadeh N, Kim N, Amlani S, Madan M, Shavadia JS, et al. A review of 
ST-Elevation myocardial infarction in patients with COVID-19. Cardiol Clin. 
2022;40(3):321–8.

68.	 Garcia S, Stanberry L, Schmidt C, Sharkey S, Megaly M, et al. Impact of COVID-
19 pandemic on STEMI care: an expanded analysis from the United States. 
Catheter Cardiovasc Interv. 2021;98(2):217–22.

69.	 Mahmud E, Dauerman HL, Welt FGP, Messenger JC, Rao SV, et al. Manage-
ment of Acute Myocardial Infarction during the COVID-19 pandemic: a 
position Statement from the Society for Cardiovascular Angiography and 
Interventions (SCAI), the American College of Cardiology (ACC), and the 
American College of Emergency Physicians (ACEP). J Am Coll Cardiol. 
2020;76(11):1375–84.

70.	 Arboix A, Blanco-Rojas L, Martí-Vilalta JL. Advancements in understanding the 
mechanisms of symptomatic lacunar ischemic stroke: translation of knowl-
edge to prevention strategies. Expert Rev Neurother. 2014;14(3):261–76.

71.	 Luo W, Liu X, Bao K, Huang C. Ischemic stroke associated with COVID-19: a 
systematic review and meta-analysis. J Neurol. 2022;269(4):1731–40.

72.	 Marto JP, Strambo D, Ntaios G, Nguyen TN, Herzig R, et al. Safety and 
outcome of revascularization treatment in patients with Acute ischemic 
stroke and COVID-19: The Global COVID-19 Stroke Registry. Neurology. 
2023;100(7):e739–e50.

73.	 Vogrig A, Gigli GL, Bnà C, Morassi M. Stroke in patients with COVID-19: clinical 
and neuroimaging characteristics. Neurosci Lett. 2021;743:135564.

74.	 Fuentes B, Alonso de Leciñana M, García-Madrona S, Díaz-Otero F, Aguirre 
C, et al. Stroke Acute Management and Outcomes during the COVID-
19 outbreak: a Cohort Study from the Madrid Stroke Network. Stroke. 
2021;52(2):552–62.

75.	 Yaghi S, Bernstein RA, Passman R, Okin PM, Furie KL. Cryptogenic stroke. Circ 
Res. 2017;120(3):527–40.

76.	 Saber H, Saver JL. Distributional validity and Prognostic Power of the National 
Institutes of Health Stroke Scale in US administrative Claims Data. JAMA 
Neurol. 2020;77(5):606–12.



Page 12 of 13Greistorfer and Jud Thrombosis Journal           (2023) 21:61 

77.	 Ntaios G, Michel P, Georgiopoulos G, Guo Y, Li W, et al. Characteristics and 
outcomes in patients with COVID-19 and Acute Ischemic Stroke: The Global 
COVID-19 Stroke Registry. Stroke. 2020;51(9):e254–8.

78.	 Shahjouei S, Tsivgoulis G, Farahmand G, Koza E, Mowla A, et al. SARS-CoV-2 
and stroke characteristics. Stroke. 2021;52(5):e117–30.

79.	 Strambo D, De Marchis GM, Bonati LH, Arnold M, Carrera E, et al. Ischemic 
stroke in COVID-19 patients: mechanisms, treatment, and outcomes in a 
consecutive Swiss Stroke Registry analysis. Eur J Neurol. 2022;29(3):732–43.

80.	 Ospel JM, Goyal M. Endovascular stroke treatment during the COVID-19 
pandemic. Nat Rev Neurol. 2020;16(7):351–2.

81.	 Qureshi AI, Abd-Allah F, Al-Senani F, Aytac E, Borhani-Haghighi A, et al. 
Management of acute ischemic stroke in patients with COVID-19 infection: 
insights from an international panel. Am J Emerg Med. 2020;38(7):1548e5–e7.

82.	 Qureshi AI, Baskett WI, Huang W, Shyu D, Myers D, et al. Acute ischemic stroke 
and COVID-19. Stroke. 2021;52(3):905–12.

83.	 Jiang J, Tan C, Zhou W, Peng W, Zhou X, et al. Plasma C-Reactive protein 
level and outcome of Acute ischemic stroke patients treated by intrave-
nous thrombolysis: a systematic review and Meta-analysis. Eur Neurol. 
2021;84(3):145–50.

84.	 Simonetto M, Wechsler PM, Merkler AE. Stroke treatment in the era of COVID-
19: a review. Curr Treat Options Neurol. 2022;24(4):155–71.

85.	 Stravitz RT, Lisman T, Luketic VA, Sterling RK, Puri P, et al. Minimal effects of 
acute liver injury/acute liver failure on hemostasis as assessed by thrombo-
elastography. J Hepatol. 2012;56(1):129–36.

86.	 Cappellari M, Zini A, Sangalli D, Cavallini A, Reggiani M, et al. Thrombolysis 
and bridging therapy in patients with acute ischaemic stroke and COVID-19. 
Eur J Neurol. 2020;27(12):2641–5.

87.	 Katz JM, Libman RB, Wang JJ, Sanelli P, Filippi CG, et al. Cerebrovascular com-
plications of COVID-19. Stroke. 2020;51(9):e227–e31.

88.	 Akhtar N, Abid F, Singh R, Kamran S, Imam Y, et al. Characteristics and 
comparisons of acute stroke in “recovered” to “active COVID-19 and “pre-
pandemic” in Qatar database. J Thromb Thrombolysis. 2022;53(4):824–8.

89.	 Hernández-Fernández F, Sandoval Valencia H, Barbella-Aponte RA, 
Collado-Jiménez R, Ayo-Martín Ó, et al. Cerebrovascular disease in patients 
with COVID-19: neuroimaging, histological and clinical description. Brain. 
2020;143(10):3089–103.

90.	 Attisani L, Pucci A, Luoni G, Luzzani L, Pegorer MA, et al. COVID-19 and 
acute limb ischemia: a systematic review. J Cardiovasc Surg (Torino). 
2021;62(6):542–7.

91.	 Bellosta R, Luzzani L, Natalini G, Pegorer MA, Attisani L, et al. Acute limb isch-
emia in patients with COVID-19 pneumonia. J Vasc Surg. 2020;72(6):1864–72.

92.	 Ilonzo N, Rao A, Safir S, Vouyouka A, Phair J, et al. Acute thrombotic manifes-
tations of coronavirus disease 2019 infection: experience at a large New York 
City health care system. J Vasc Surg. 2021;73(3):789–96.

93.	 Goldman IA, Ye K, Scheinfeld MH. Lower-extremity arterial thrombosis 
Associated with COVID-19 is characterized by greater Thrombus burden and 
increased rate of amputation and death. Radiology. 2020;297(2):E263–e9.

94.	 Kempe K, Starr B, Stafford JM, Islam A, Mooney A, et al. Results of surgical 
management of acute thromboembolic lower extremity ischemia. J Vas Surg. 
2014;60(3):702–7.

95.	 Fournier M, Faille D, Dossier A, Mageau A, Nicaise Roland P, et al. Arte-
rial thrombotic events in adult inpatients with COVID-19. Mayo Clin Proc. 
2021;96(2):295–303.

96.	 Jongkind V, Earnshaw JJ, Bastos Gonçalves F, Cochennec F, Debus ES, et 
al. editors. ‘s Choice - Update of the European Society for Vascular Surgery 
(ESVS) 2020 Clinical Practice Guidelines on the Management of Acute Limb 
Ischaemia in Light of the COVID-19 Pandemic, Based on a Scoping Review of 
the Literature. Eur J Vasc Endovasc Surg. 2022;63(1):80 – 9.

97.	 Parisi R, Costanzo S, Di Castelnuovo A, de Gaetano G, Donati MB, et al. Differ-
ent anticoagulant regimens, mortality, and bleeding in hospitalized patients 
with COVID-19: a systematic review and an updated Meta-analysis. Semin 
Thromb Hemost. 2021;47(4):372–91.

98.	 Galyfos G, Sianou A, Frountzas M, Vasilios K, Vouros D, et al. Acute 
limb ischemia among patients with COVID-19 infection. J Vasc Surg. 
2022;75(1):326–42.

99.	 Etkin Y, Conway AM, Silpe J, Qato K, Carroccio A, et al. Acute arterial throm-
boembolism in patients with COVID-19 in the New York City Area. Ann Vasc 
Surg. 2021;70:290–4.

100.	 Gonzalez-Fajardo JA, Ansuategui M, Romero C, Comanges A, Gómez-
Arbeláez D, et al. Mortality of covid-19 patients with vascular thrombotic 
complications. Med Clin (Barc). 2021;156(3):112–7.

101.	 Sánchez JB, Cuipal Alcalde JD, Ramos Isidro R, Luna CZ, Cubas WS, et al. Acute 
Limb Ischemia in a peruvian cohort infected by COVID-19. Ann Vasc Surg. 
2021;72:196–204.

102.	 Behrendt C-A, Seiffert M, Gerloff C, L’Hoest H, Acar L, et al. How does SARS-
CoV-2 infection affect survival of Emergency Cardiovascular Patients? A 
Cohort Study from a german insurance claims database. Eur J Vasc Endovasc 
Surg. 2021;62(1):119–25.

103.	 Kahlberg A, Mascia D, Bellosta R, Attisani L, Pegorer M, et al. Vascular surgery 
during COVID-19 emergency in hub hospitals of Lombardy: experience on 
305 patients. Eur J Vasc Endovasc Surg. 2021;61(2):306–15.

104.	 Azouz E, Yang S, Monnier-Cholley L, Arrivé L. Systemic arterial thrombosis and 
acute mesenteric ischemia in a patient with COVID-19. Intensive Care Med. 
2020;46(7):1464–5.

105.	 Mavraganis G, Ioannou S, Kallianos A, Rentziou G, Trakada G. A COVID-19 
patient with simultaneous renal infarct, Splenic Infarct and aortic thrombosis 
during the severe disease. Healthc (Basel). 2022;10(1):150.

106.	 Mancini M, Randazzo G, Piazza G, Dal Moro F. Arterial thrombotic complica-
tions in COVID-19: a case of renal infarction. Biomedicines. 2022;10(10):2354.

107.	 de Roquetaillade C, Chousterman BG, Tomasoni D, Zeitouni M, Houdart E, 
et al. Unusual arterial thrombotic events in COVID-19 patients. Int J Cardiol. 
2021;323:281–4.

108.	 Kerawala AA, Das B, Solangi A. Mesenteric ischemia in COVID-19 patients: a 
review of current literature. World J Clin Cases. 2021;9(18):4700–8.

109.	 Ojha V, Mani A, Mukherjee A, Kumar S, Jagia P. Mesenteric ischemia in 
patients with COVID-19: an updated systematic review of abdominal CT find-
ings in 75 patients. Abdom Radiol (NY). 2022;47(5):1565–602.

110.	 Pirola L, Palermo A, Mulinacci G, Ratti L, Fichera M et al. Acute mesenteric 
ischemia and small bowel imaging findings in COVID-19: a comprehensive 
review of the literature. World J Gastrointest Surg. 202;13(7):702–16.

111.	 Serban D, Tribus LC, Vancea G, Stoian AP, Dascalu AM, et al. Acute Mesenteric 
Ischemia in COVID-19 patients. J Clin Med. 2021;11(1):200.

112.	 Satturwar S, Fowkes M, Farver C, Wilson AM, Eccher A, et al. Postmortem find-
ings Associated with SARS-CoV-2: systematic review and Meta-analysis. Am J 
Surg Pathol. 2021;45(5):587–603.

113.	 McGonagle D, Bridgewood C, Ramanan AV, Meaney JFM, Watad A. COVID-19 
vasculitis and novel vasculitis mimics. Lancet Rheumatol. 2021;3(3):e224–33.

114.	 Baeck M, Peeters C, Herman A, Chilblains. COVID-19: further evidence against 
a causal association. J Eur Acad Dermatol Venereol. 2021;35(1):e2–e3.

115.	 Gao JC, Huang A, Desai A, Safai B, Marmon S. “COVID toes”: a true viral phe-
nomenon or a diagnosis without a leg to stand on? JAAD Int. 2022 Dec;9:1–6.

116.	 Rocha KO, Zanuncio VV, Freitas BAC, Lima LM. COVID toes”: a meta-analysis of 
case and observational studies on clinical, histopathological, and laboratory 
findings. Pediatr Dermatol. 2021;38(5):1143–9.

117.	 Feldstein LR, Rose EB, Horwitz SM, Collins JP, Newhams MM, et al. Multisys-
tem inflammatory syndrome in U.S. children and adolescents. N Engl J Med. 
2020;383(4):334–46.

118.	 Karagiannidis C, Sander LE, Mall MA, Busse R. Incidence and outcomes of 
SARS-CoV-2-associated PIMS in Germany: a nationwide analysis. Infection. 
2022;50(6):1627–9.

119.	 Payne AB, Gilani Z, Godfred-Cato S, Belay ED, Feldstein LR, et al. Incidence of 
Multisystem Inflammatory Syndrome in Children among US Persons infected 
with SARS-CoV-2. JAMA Netw Open. 2021;4(6):e2116420.

120.	 Riphagen S, Gomez X, Gonzalez-Martinez C, Wilkinson N, Theocharis P. 
Hyperinflammatory shock in children during COVID-19 pandemic. Lancet. 
2020;395(10237):1607–8.

121.	 Whittaker E, Bamford A, Kenny J, Kaforou M, Jones CE, et al. Clinical charac-
teristics of 58 children with a Pediatric Inflammatory Multisystem Syndrome 
temporally Associated with SARS-CoV-2. JAMA. 2020;324(3):259–69.

122.	 Jiang L, Tang K, Levin M, Irfan O, Morris SK, et al. COVID-19 and multisystem 
inflammatory syndrome in children and adolescents. Lancet Infect Dis. 
2020;20(11):e276–88.

123.	 McCrindle BW, Li JS, Minich LL, Colan SD, Atz AM, et al. Coronary artery 
involvement in children with Kawasaki disease: risk factors from analysis of 
serial normalized measurements. Circulation. 2007;116(2):174–9.

124.	 Toubiana J, Cohen JF, Brice J, Poirault C, Bajolle F, et al. Distinctive features of 
Kawasaki Disease following SARS-CoV-2 infection: a controlled study in Paris, 
France. J Clin Immunol. 2021;41(3):526–35.

125.	 Izci Duran T, Turkmen E, Dilek M, Sayarlioglu H, Arik N. ANCA-associated 
vasculitis after COVID-19. Rheumatol Int. 2021;41(8):1523–9.

126.	 Luther R, Skeoch S, Pauling JD, Curd C, Woodgate F, et al. Increased number 
of cases of giant cell arteritis and higher rates of ophthalmic involvement 
during the era of COVID-19. Rheumatol Adv Pract. 2020;4(2):rkaa067.



Page 13 of 13Greistorfer and Jud Thrombosis Journal           (2023) 21:61 

127.	 Messova A, Pivina L, Muzdubayeva Z, Sanbayev D, Urazalina Z, et al. COVID-19 
and New Onset IgA Vasculitis: a systematic review of Case Reports. J Emerg 
Nurs. 2022;48(4):348–65.

128.	 Nahhal S, Halawi A, Basma H, Sr, Jibai A, Ajami Z. Anti-glomerular basement 
membrane disease as a potential complication of COVID-19: a Case Report 
and Review of Literature. Cureus. 2020;12(12):e12089.

129.	 Çabuk FK, Sakiz D. Necrotizing skin findings in Coronavirus Disease 2019: a 
Case Report. Iran J Pathol. 2021 Winter;16(1):79–83.

130.	 Chaudhary H, Mohan M, Jain A, Kumar V, Takia L, et al. Acral Gangrene: Ugly 
Cousin of “COVID Toes” in Multisystem Inflammatory Syndrome in Children 
Associated with SARS-CoV-2? Pediatr Infect Dis J. 2021;40(8):e312–3.

131.	 Novara E, Molinaro E, Benedetti I, Bonometti R, Lauritano EC, et al. Severe 
acute dried gangrene in COVID-19 infection: a case report. Eur Rev Med 
Pharmacol Sci. 2020;24(10):5769–71.

132.	 O’Sullivan JM, Gonagle DM, Ward SE, Preston RJS, O’Donnell JS. Endothelial 
cells orchestrate COVID-19 coagulopathy. Lancet Haematol. 2020;7(8):e553–5.

133.	 Feldstein LR, Tenforde MW, Friedman KG, Newhams M, Rose EB, et al. Char-
acteristics and outcomes of US children and adolescents with Multisystem 
Inflammatory Syndrome in Children (MIS-C) compared with severe Acute 
COVID-19. JAMA. 2021;325(11):1074–87.

134.	 REMAP-CAP Investigators; ACTIV-4a Investigators; ATTACC Investigators, 
Goligher EC, Bradbury CA, McVerry BJ, Lawler PR, Berger JS, et al. Therapeutic 
anticoagulation with heparin in critically ill patients with COVID-19. N Engl J 
Med. 2021;385(9):777–89.

135.	 ATTACC Investigators; ACTIV-4a Investigators; REMAP-CAP Investigators, 
Lawler PR, Goligher EC, Berger JS, Neal MD, McVerry BJ, et al. Therapeutic 
anticoagulation with heparin in noncritically ill patients with COVID-19. N 
Engl J Med. 2021;385(9):790–802.

136.	 Cuker A, Peyvandi F. COVID-19: Hypercoagulability 2023 [updated 
07.04.2023]; 2023. Accessed at May 9th at: https://www.uptodate.com/
contents/covid-19-hypercoagulability?search=anticoagulation%20
in%20covid&source=covid19_landing&usage_type=main_
section#disclaimerContent.

137.	 COVID-19 Treatment Guidelines Panel. Coronavirus Disease 2019 (COVID-19) 
Treatment Guidelines: National Institutes of Health. ; 2023. Accessed at May 
9th at: https://www.covid19treatmentguidelines.nih.gov.

138.	 Cuker A, Tseng EK, Nieuwlaat R, Angchaisuksiri P, Blair C, et al. American 
Society of Hematology 2021 guidelines on the use of anticoagulation for 
thromboprophylaxis in patients with COVID-19. Blood Adv. 2021;5(3):872–88.

139.	 Sadeghipour P, Talasaz AH, Rashidi F, Sharif-Kashani B, Beigmohammadi MT, 
et al. Effect of Intermediate-Dose vs Standard-Dose Prophylactic Antico-
agulation on thrombotic events, extracorporeal membrane oxygenation 
treatment, or Mortality among patients with COVID-19 admitted to the 
Intensive Care Unit: the INSPIRATION Randomized Clinical Trial. JAMA. 
2021;325(16):1620–30.

140.	 Ramacciotti E, Barile Agati L, Calderaro D, Aguiar VCR, Spyropoulos AC, et al. 
Rivaroxaban versus no anticoagulation for post-discharge thromboprophy-
laxis after hospitalisation for COVID-19 (MICHELLE): an open-label, multicen-
tre, randomised, controlled trial. Lancet. 2022;399(10319):50–9.

141.	 Abani O, Abbas A, Abbas F, Abbas M, Abbasi S, et al. Aspirin in patients 
admitted to hospital with COVID-19 (RECOVERY): a randomised, controlled, 
open-label, platform trial. Lancet. 2022;399(10320):143–51.

142.	 Berger JS, Kornblith LZ, Gong MN, Reynolds HR, Cushman M, et al. Effect of 
P2Y12 inhibitors on Survival Free of Organ Support among Non-Critically 
Ill hospitalized patients with COVID-19: a Randomized Clinical Trial. JAMA. 
2022;327(3):227–36.

143.	 Bohula EA, Berg DD, Lopes MS, Connors JM, Babar I, et al. Anticoagulation 
and Antiplatelet Therapy for Prevention of venous and arterial thrombotic 
events in critically ill patients with COVID-19: COVID-PACT. Circulation. 
2022;146(18):1344–56.

144.	 REMAP-CAP Writing Committee for the REMAP-CAP Investigators, 
Bradbury CA, Lawler PR, Stanworth SJ, McVerry BJ, McQuilten Z, et al. 
Effect of Antiplatelet Therapy on Survival and Organ Support-Free days 
in critically ill patients with COVID-19: a Randomized Clinical Trial. JAMA. 
2022;327(13):1247–59.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://www.uptodate.com/contents/covid-19-hypercoagulability?search=anticoagulation%20in%20covid
https://www.uptodate.com/contents/covid-19-hypercoagulability?search=anticoagulation%20in%20covid
https://www.uptodate.com/contents/covid-19-hypercoagulability?search=anticoagulation%20in%20covid
https://www.covid19treatmentguidelines.nih.gov

	﻿Clinical characteristics of COVID-19 associated vasculopathic diseases
	﻿Abstract
	﻿Introduction
	﻿COVID-19 associated VTE
	﻿COVID-19 associated PE and DVT
	﻿COVID-19 associated CVT


	﻿COVID-19 associated ATE
	﻿COVID-19 associated myocardial infarction
	﻿COVID-19 associated stroke
	﻿COVID-19 associated limb ischemia
	﻿COVID-19 associated other ATE

	﻿COVID-19 associated vasculitis
	﻿Anticoagulation in COVID-19
	﻿Conclusion
	﻿References


