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Abstract
Infection by coronavirus 2, cause of the severe acute respiratory syndrome (SARS-CoV-2) in humans, was detected for 
the first time in Wuhan, China, in 2019, and spread globally over the course of 2020. Its different clinical manifestations 
are challenging, with a wide spectrum of presentations, ranging from asymptomatic infections to severe forms that 
can result in death. The objective of this study is to describe a series of four cases of acute arterial ischemia involving 
the upper limbs in patients diagnosed with COVID-19, which were managed clinically with anticoagulation, platelet 
antiaggregation, and prostanoids. Two patients were discharged from hospital with regression and delimitation of the 
ischemic zone, without needing surgical intervention, while two patients died from pulmonary complications. Adequate 
understanding of the pathophysiology of this disease could support better clinical management of its complications. 
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Resumo
A infecção pelo coronavírus 2 causador da síndrome respiratória aguda grave (SARS-CoV-2) em humanos foi 
detectada pela primeira vez em Wuhan, na China, em 2019 e dispersada mundialmente ao longo de 2020. As diferentes 
manifestações clínicas, com amplo espectro de apresentação, desde infecções assintomáticas até formas graves que 
podem levar a óbito, são desafiadoras. Este trabalho objetiva descrever uma série de quatro casos de isquemia arterial 
aguda dos membros superiores em pacientes diagnosticados com COVID-19, os quais foram manejados clinicamente 
com anticoagulação, antiagregação plaquetária e uso de prostanoides. Dois pacientes receberam alta hospitalar com 
regressão e delimitação da área isquêmica, sem necessidade de intervenção cirúrgica, e dois pacientes faleceram em 
decorrência de complicações pulmonares. Uma adequada compreensão da fisiopatologia dessa doença pode favorecer 
um melhor manejo clínico de suas complicações. 
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INTRODUCTION

The emergence of a new disease caused by the 
severe acute respiratory syndrome coronavirus 2 
(SARS-COV-2) in December 2019 in Wuhan, China, 
brought with it the challenge of achieving clinical and 
pathophysiologic characterization. The disease spread 
all over the world during the first half of 2020, was 
named the novel coronavirus disease (COVID-19) 
by the World Health Organization, which declared 
it a pandemic in March 2020.1

Initially presenting as a respiratory syndrome 
involving the lower respiratory tract, a large variety 
of signs, symptoms, and clinical presentations were 
soon observed, ranging from oligosymptomatic cases 
to cases that progress to respiratory insufficiency, 
coagulopathy, multiple organ failure, and death.2,3 
Studies have identified a hypercoagulable state that 
can provoke complications in the micro and macro 
circulation.4-6

Below, a series will be described of four patients 
who exhibited acute arterial ischemia in the upper limbs 
and were diagnosed with COVID-19. This project was 
approved by the Research Ethics Committee CAAE 
37208320.5.0000.0066, ruling number: 4.303.538.

CASE REPORTS

Case 1
The patient was an 18-year-old, previously 

healthy, female who presented at the emergency 

room complaining of continuous pain of moderate 
and progressive intensity, associated with cyanosis 
of the fourth finger of the right hand, with onset 2 
days previously. She denied fever, trauma, respiratory 
complaints, allergies, smoking, injected drug use, 
or contact with people diagnosed with COVID-19. 
She reported that she was taking a combined oral 
contraceptive regularly (levonorgestrel 0.15 mg 
and ethinylestradiol 0.03 mg). Physical examination 
was unremarkable, with the exception of upper limb 
palpation, during which pulses were present and 
symmetrical, but the distal phalanx of the fourth 
finger of the right hand had a lower temperature and 
had blanching cyanosis (Figure 1). The results of 
laboratory tests ordered at admission are shown in 
Table 1. Tests for rheumatoid factor and anti-DNA 
antibody were negative and a lupus anticoagulant 
test was positive. Vascular echography (VE) of the 
right upper limb showed patent arteries with normal 
caliber and triphasic flow and no abnormalities were 
provoked by maneuvers to identify thoracic outlet 
syndrome (TOS). A reverse transcriptase- polymerase 
chain reaction (RT-PCR) assay for SARS-CoV-2 in 
a nasopharyngeal sample was positive.

The patient underwent respiratory isolation and platelet 
antiaggregation was started with acetylsalicylic acid 
(ASA) at 100 mg/day, combined with full anticoagulation 
with enoxaparin (1 mg/kg every 12). Since the 
patient was still in pain, she was put on intravenous 
alprostadil (40 mcg every 12h) and prednisone at an 
anti-inflammatory dosage (0.5 mg/kg/day) for 7 days. 
She progressed with improvement in pain, regression 

Table 1. Laboratory tests at admission.
Patient 1 Patient 2 Patient 3 Patient 4

Hemoglobin (g/dL) 10.3 10.7 12.4 10.7

Hematocrit (%) 30.9 32.1 36.2 31

Leukocytes/mL 5,906 9,858 13,680 4,278

Platelets/mL 229,400 218,800 222,063 181,500

INR 1.08 1.37 1.2 1.32

APTTr 1.04 1.03 1.08 1.26

PCR (mg/dL) 11 15.9 35.3 115.2

CPK 35 65 260 106

Urea (g/dL) 28 50 39 90

Creatinine (g/dL) 0.52 1.24 0.6 1.41

D-dimer (mcg/dL) 1,750 - 1,825 881

Glycemia (mg/dL) 75 102 136 112

Glycated HB (%/dL) 4.8 - 10.8 -

Sodium (mg/dL) 131 142 141 138

Potassium (mg/dL) 4.1 3.6 3.9 5.1

Calcium (mg/dL) 9.4 8.4 8.9 8.5

Magnesium (mg/dL) 2.2 1.9 1.95 1.81
INR = international normalized ratio; APTTr = activated partial thromboplastin time relation; PCR = polymerase chain reaction; CPK = creatine phosphokinase; 
HB = hemoglobin.
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of cyanosis, and resolution of the temperature gradient 
and was discharged from hospital on the 14th day 
after admission (Figure 2).

Case 2
The patient was a 57-year-old female with systemic 

arterial hypertension (SAH) and type 2 diabetes 
mellitus (DM) who presented at the emergency room 
complaining of intense and continuous pain in the 
second finger of the left hand that was unresponsive 
to standard analgesics, had onset 2 days previously 
and was associated with paresthesia, low temperature, 
and non-blanching cyanosis (Figure 3). She denied 
fever, trauma, coughing, use of injected drugs, and 
smoking. She stated that she was using glibenclamide, 
enalapril, ASA, cilostazol, and nifedipine regularly. 
General physical examination found nothing of note; 
palpation of the upper and lower extremities identified 
pulses present and symmetrical and a temperature 
drop at the level of the distal phalanx of the second 
finger of the left hand. The results of laboratory tests 
ordered at admission are shown in Table 1. VE of the 
left upper limb showed patent arteries with normal 
caliber and triphasic flow and no significant stenosis. 
No abnormalities were provoked by maneuvers to 
identify TOS. The echocardiogram showed normal 
ejection fraction, with no areas of ventricular asthenia 
or thrombi identifiable in the cardiac chambers.

The patient was put on full anticoagulation with 
enoxaparin (1 mg/kg every 12), combined with intravenous 
alprostadil (40 mcg every 12h) and prednisone at an 
anti-inflammatory dosage (0.5 mg/kg/day) for 7 days. 
The patient recovered well, but since the non-blanching 
cyanosis of the finger remained, she was maintained 
on oral anticoagulation with warfarin, targeting an 
international normalized ratio (INR) between 2 and 3, 
in order to monitor her progress in outpatients follow-
up. She was discharged after 7 days in hospital on 
oral warfarin and with an INR of 2.15. At a 14-day 
outpatients visit, a small area of necrosis was found 
on the distal phalanx (Figure 4). Since a nasal swab 
had not been taken when she had been in hospital, a 
serological test for COVID-19 was ordered and the 
result was positive for IgG.

Case 3
The patient was a 75-year-old female ex-smoker 

(40 pack-years) with grade III obesity, type 2 DM, 
SAH, and motor sequelae involving the left lower 
limb caused by a prior stroke. She presented at the 
emergency room complaining of pain in the left hand, 
with sudden onset 7 days previously. The pain was 
continuous and worsening progressively and had 
progressed to cyanosis of the fingers. She denied 

Figure 1. Cyanosis of the fourth finger of the right hand.

Figure 2. Fourth finger of the right hand after 14 days.

Figure 3. Non-blanching cyanosis of the second finger of the 
right hand.

Figure 4. Dry necrosis, delimited, second finger of the right 
hand after 14 days.
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trauma, fever, coughing, dyspnea, or use of injected 
drugs. She was taking metformin, glibenclamide, 
insulin, atenolol, hydrochlorothiazide, phenytoin, 
and ASA. Physical examination found axillary, 
brachial, and ulnar pulses were present and normal, 
but the radial pulse was absent. The third finger had 
non-blanching cyanosis and a lower temperature and 
the remaining fingers of the left hand had blanching 
cyanosis (Figure 5). The results of laboratory tests 
ordered at admission are shown in Table 1. VE of the 
left upper limb showed patent arteries, with normal 
caliber and triphasic flow, with diffuse atherosclerosis 
and atherosclerotic occlusion of the proximal third 
of the radial artery. Maneuvers to identify TOS were 
negative. The echocardiogram showed a 61% ventricular 
ejection fraction, with no areas of ventricular asthenia 
or thrombi identifiable in the cardiac chambers. 
Computed tomography (CT) of the chest showed 
diffuse ground glass signs, compromising more than 
50% of the pulmonary fields bilaterally (Figure 6). 
Her RT-PCR assay for SARS-CoV-2 was positive.

She was put on full anticoagulation with enoxaparin 
(1 mg/kg every 12h), ASA 100 mg/day, and intravenous 
alprostadil (40 mcg every 12h). Her severe respiratory 
condition deteriorated and she died after 27 days in 
hospital.

Case 4
The patient was an 84-year-old female who 

presented at the emergency room with a history of 
dry coughing, general malaise, lack of appetite, and 
recurrent episodes of dyspnea, with onset 7 days 
previously. She described the following personal 
history: SAH and dyslipidemia, taking losartan, ASA, 
and simvastatin. Physical examination found diffuse 
rales throughout the entire right hemithorax and the 
lower third of the left hemithorax, respiratory rate 
was 24 inspirations per minute, oxygen saturation 
was 77% in room air and 92% with an oxygen mask 
(4 L/min). Palpation of upper and lower extremities 
detected pulses present and symmetrical, with no 
temperature gradient. The results of laboratory tests 
ordered at admission are shown in Table 1. An RT-
PCR assay of a nasopharyngeal sample was positive 
for SARS-CoV-2. CT of the thorax showed diffuse 
ground-glass interstitial-alveolar opacities (Figure 7).

The patient’s condition became critical and, on 
the 10th day after admission to the intensive care 
unit (ICU), she exhibited non-blanching cyanosis 
involving the right hand only, with pulses still present 
(Figure 8). She was put on a full anticoagulation 
protocol with unfractionated heparin, which contained 
the ischemia. However, the patient died from infectious 
and pulmonary complications after 42 days in hospital.

Figure 5. Non-blanching cyanosis of the third finger of the left hand.

Figure 6. Axial computed tomography image of the chest, 
showing bilateral ground glass signs.

Figure 7. Axial computed tomography image of the chest, 
showing bilateral ground glass signs.

Figure 8. Right hand with non-blanching cyanosis, blistering, 
and distal pulses present.
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DISCUSSION

The initial presentation of COVID-19 is usually 
with respiratory symptoms such as dry coughing, 
sore throat, and general nonspecific symptoms, 
such as asthenia, body pains, and fever.2,3 The most 
severe cases, requiring oral endotracheal intubation 
and developing septic shock and coagulopathy, 
generally occur during a later phase, between the 7th 
and 12th days of the disease, provoking a need for 
invasive support.2,3 Age over 60 years and presence 
of comorbidities such as obesity, DM, and SAH are 
recognized risk factors for unfavorable prognosis.2,3

The first three cases presented above did not develop 
typical clinical complaints and sought medical care 
because of microcirculation ischemia involving the 
upper limbs. Patients 1 and 2 had favorable clinical 
course and did not need interventions or prolonged 
hospital stays; anticoagulant treatment and antiplatelet 
drugs were started early, which could have contributed 
to preventing progression of the ischemic injuries.7

Tang et al.4 demonstrated that elevation of fibrin 
degeneration products, including D-dimer, and 
changes affecting the fibrinolytic system can be present 
from the initial phases of COVID-19, predisposing 
to pro-thrombotic states and worse prognosis.5,6 
Anatomopathological studies have identified fibrin 
deposits in the alveoli and interstitial space in the 
lungs, with additional evidence of microcirculation 
thrombosis.8 Moreover, adoption of anticoagulation 
protocols has been associated with reduced mortality 
of patients with COVID-19.9,10 Presence of the lupus 
anticoagulant antibody has been observed in patients 
with COVID-19 and its possible relationship with 
the prothrombotic state is under investigation.11 It is 
still unclear whether the changes to hemostasis are 
directly caused by SARS-COV-2 or whether they are a 
consequence of an exacerbated inflammatory response, 
the “cytokine storm”.12 As such, use of heparin may 
contribute both because of its anticoagulant effect and 
because of its anti-inflammatory effect.13-17

Use of prostanoids in cases of critical ischemia 
without the conditions for revascularization has been 
described in the literature and there are previous 
reports of good results in terms of relief from pain 
and a small favorable effect on healing of wounds. 
There is also a case report of their use in the context 
of COVID-19.18,19 In the cases presented here, 
improvements in pain were observed after introduction 
of alprostadil, without adverse reactions.

An increase in cases of acute arterial ischemia has 
been reported during the pandemic. Bellosta et al.20 
described 20 cases of acute arterial ischemia of lower 

limbs requiring surgical revascularization. Mortality was 
40% and full anticoagulation during the postoperative 
period was related to better prognosis and a lower rate 
of reinterventions during the postoperative period.20 
In this sample of patients, they did not observe 
major hemorrhagic events among the patients put on 
anticoagulation and outcomes were apparently good 
in relation to containment of ischemic phenomena.

REFERENCES

1. World Health Organization [site da Internet]. Coronavirus disease 
(COVID-19). 2020 [atualizado 2020 nov 26; citado 2020 dez 3]. 
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/
advice-for-public.

2. Huang C, Wang Y, Li X,  et  al. Clinical features of patients 
infected with 2019 novel coronavirus in Wuhan, China. Lancet. 
2020;395(10223):497-506. http://dx.doi.org/10.1016/S0140-
6736(20)30183-5. PMid:31986264.

3. Zhu N, Zhang D, Wang W, et al. A novel coronavirus from patients 
with pneumonia in China, 2019. N Engl J Med. 2020;382(8):727-33. 
http://dx.doi.org/10.1056/NEJMoa2001017. PMid:31978945.

4. Tang N, Li D, Wang X, Sun Z. Abnormal coagulation parameters are 
associated with poor prognosis in patients with novel coronavirus 
pneumonia. J Thromb Haemost. 2020;18(4):844-7. http://dx.doi.
org/10.1111/jth.14768. PMid:32073213.

5. Han H, Yang L, Liu R, et al. Prominent changes in blood coagulation 
of patients with SARS-CoV-2 infection. Clin Chem Lab Med. 
2020;58(7):1116-20. http://dx.doi.org/10.1515/cclm-2020-0188. 
PMid:32172226.

6. Zhou F, Yu T, Du R,  et  al. Clinical course and risk factors for 
mortality of adult inpatients with COVID-19 in Wuhan, China: 
a retrospective cohort study. Lancet. 2020;320(10229):1054-62. 
http://dx.doi.org/10.1016/S0140-6736(20)30566-3. PMid:32171076.

7. Liu X, Li Z, Liu S, et al. Potential therapeutic effects of dipyridamole 
in the severely ill patients with COVID-19. Acta Pharm Sin B. 
2020;10(7):1205-15. http://dx.doi.org/10.1016/j.apsb.2020.04.008. 
PMid:32318327.

8. Magro C, Mulvey JJ, Berlin D,  et  al. Complement associated 
microvascular injury and thrombosis in the pathogenesis of severe 
COVID-19 infection: a report of five cases. Trans. Res. 2020;220:1-
13. http://dx.doi.org/10.1016/j.trsl.2020.04.007. PMid:32299776.

9. Tang N, Bai H, Chen X, Gong J, Li D, Sun Z. Anticoagulant 
treatment is associated with decreased mortality in severe 
coronavirus disease 2019 patients with coagulopathy. J Thromb 
Haemost. 2020;18(5):1094-9. http://dx.doi.org/10.1111/jth.14817. 
PMid:32220112.

10. Paranjpe I, Fuster V, Lala A, et al. Association of treatment dose 
anticoagulation with in-hospital survival among hospitalized 
patients with COVID-19. J Am Coll Cardiol. 2020;76(1):122-4. 
http://dx.doi.org/10.1016/j.jacc.2020.05.001. PMid:32387623.

11. Bowles L, Platton S, Yartey N,  et  al. Lupus anticoagulant and 
abnormal coagulant tests in patients with COVID-19. N Engl J Med. 
2020;383(3):288-90. http://dx.doi.org/10.1056/NEJMc2013656. 
PMid:32369280.

12. Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS, 
Manson JJ. COVID-19: consider cytokine storm syndromes and 
immunosuppression. Lancet. 2020;395(10229):1033-4. http://
dx.doi.org/10.1016/S0140-6736(20)30628-0. PMid:32192578.

https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1016/S0140-6736(20)30183-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31986264&dopt=Abstract
https://doi.org/10.1056/NEJMoa2001017
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31978945&dopt=Abstract
https://doi.org/10.1111/jth.14768
https://doi.org/10.1111/jth.14768
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32073213&dopt=Abstract
https://doi.org/10.1515/cclm-2020-0188
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32172226&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32172226&dopt=Abstract
https://doi.org/10.1016/S0140-6736(20)30566-3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32171076&dopt=Abstract
https://doi.org/10.1016/j.apsb.2020.04.008
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32318327&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32318327&dopt=Abstract
https://doi.org/10.1016/j.trsl.2020.04.007
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32299776&dopt=Abstract
https://doi.org/10.1111/jth.14817
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32220112&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32220112&dopt=Abstract
https://doi.org/10.1016/j.jacc.2020.05.001
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32387623&dopt=Abstract
https://doi.org/10.1056/NEJMc2013656
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32369280&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32369280&dopt=Abstract
https://doi.org/10.1016/S0140-6736(20)30628-0
https://doi.org/10.1016/S0140-6736(20)30628-0
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32192578&dopt=Abstract


Acute arterial ischemia in COVID-19

6/6Rosa et al. J Vasc Bras. 2021;20:e20200234. https://doi.org/10.1590/1677-5449.200234

13. Colling ME, Kanthi Y. COVID-19-associated coagulopathy: an 
exploration of mechanisms. Vasc Med. 2020;25(5):471-8. http://
dx.doi.org/10.1177/1358863X20932640. PMid:32558620.

14. Li X, Liu Y, Wang L, Li Z, Ma X. Unfractionated heparin attenuates 
LPS-induced IL-8 secretion via PI3K/Akt/NF-kB signaling pathway 
in human endothelial cells. Immunobiology. 2015;220(3):399-405. 
http://dx.doi.org/10.1016/j.imbio.2014.10.008. PMid:25454806.

15. Shastri MD, Stewart N, Horne J, et al. In-vitro suppression of IL-6 
and IL-8 release from human pulmonary epithelial cells by non-
anticoagulant fraction of enoxaparin. PLoS One. 2015;10(5):e0126763. 
http://dx.doi.org/10.1371/journal.pone.0126763. PMid:25961885.

16. Menezes-Rodrigues FS, Tavares JGP, Oliveira MP, et al. Anticoagulant 
and antiarrhythmic effects of heparin in the treatment of COVID-19 
patients. J Thromb Haemost. 2020;18(8):2073-5. http://dx.doi.
org/10.1111/jth.14902. PMid:32408391.

17. Bikdeli B, Madhavan MV, Jimenez D, et al. COVID-19 and thrombotic 
or thromboembolic disease: implications for prevention, 
antithrombotic therapy, and follow-Up: JACC state-of-the-art 
review. J Am Coll Cardiol. 2020;75(23):2950-73. http://dx.doi.
org/10.1016/j.jacc.2020.04.031. PMid:32311448.

18. Meini S, Dentali F, Melillo E, de Donato G, Mumoli N, Mazzone 
A. Prostanoids for critical limb ischemia: a clinical review and 
consideration of current guideline recommendations. Angiology. 
2020;71(3):226-34. http://dx.doi.org/10.1177/0003319719889273. 
PMid:31769315.

19. Manhanelli M Fo, Duarte E Jr, Mariuba J, et al. Alprostadil associated 
with low molecular weight heparin to treat limb ischemia caused 
by SARS-CoV2. J Vasc Bras. 2020;19:e20200072. http://dx.doi.
org/10.1590/1677-5449.200072.

20. Bellosta R, Luzzani L, Natalini G, et al. Acute limb ischemia in 
patients with COVID-19 pneumonia. J Vasc Surg. 2020;72(6):1864-
72. http://dx.doi.org/10.1016/j.jvs.2020.04.483. PMid:32360679.

Correspondence  
Felipe Damascena Rosa  

Hospital Santa Marcelina  
Rua Santa Marcelina, 177, Serviço de Cirurgia Vascular e Endovascular 

2-A  
CEP 08270-070 - São Paulo (SP), Brasil  

Tel.: +55 (11) 2070-6486  
E-mail: felipedcena@gmail.com

Author information  
FDR - MSc in Medicina, Faculdade de Medicina de Botucatu, 

Universidade Estadual Paulista (FMB/Unesp); Vascular and 
endovascular surgeon, Serviço de Cirurgia Vascular e Endovascular, 

Hospital Santa Marcelina.  
MCB - MSc in Anatomia, Universidade Federal de São Paulo 

(Unifesp); Vascular and endovascular surgeon, Serviço de Cirurgia 
Vascular e Endovascular, Hospital Santa Marcelina.  

EAS and JPSA - Cirurgia Vascular residents, Serviço de Cirurgia 
Vascular e Endovascular, Hospital Santa Marcelina.  

OCB - Board certified in Cirurgia Vascular, Serviço de Cirurgia 
Vascular e Endovascular, Hospital Santa Marcelina.  

FN - PhD in Radiologia, Universidade de São Paulo (USP); 
Vascular and endovascular surgeon, Serviço de Cirurgia Vascular e 

Endovascular, Hospital Santa Marcelina; Setor de Radiologia Vascular 
Intervencionista coordinator, Hospital Israelita Albert Einstein.

Author contributions  
Conception and design: FDR, MCB, FN  

Analysis and interpretation: FDR, MCB, EAS, JPSA, OCB, FN  
Data collection: EAS, JPSA  

Writing the article: FDR, MCB, EAS, JPSA, OCB, FN  
Critical revision of the article: MCB, FN  

Final approval of the article*: FDR, MCB, EAS, JPSA, OCB, FN  
Statistical analysis: MCB, FN  

Overall responsibility: FDR, MCB, EAS, JPSA, OCB, FN  
 

*All authors have read and approved of the final version of the article 
submitted to J Vasc Bras.

https://doi.org/10.1177/1358863X20932640
https://doi.org/10.1177/1358863X20932640
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32558620&dopt=Abstract
https://doi.org/10.1016/j.imbio.2014.10.008
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25454806&dopt=Abstract
https://doi.org/10.1371/journal.pone.0126763
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25961885&dopt=Abstract
https://doi.org/10.1111/jth.14902
https://doi.org/10.1111/jth.14902
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32408391&dopt=Abstract
https://doi.org/10.1016/j.jacc.2020.04.031
https://doi.org/10.1016/j.jacc.2020.04.031
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32311448&dopt=Abstract
https://doi.org/10.1177/0003319719889273
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31769315&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31769315&dopt=Abstract
https://doi.org/10.1590/1677-5449.200072
https://doi.org/10.1590/1677-5449.200072
https://doi.org/10.1016/j.jvs.2020.04.483
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32360679&dopt=Abstract

