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To Editor, 

Ilonzo et al. 1 reported, in their recent and interesting
article, their clinical experience in 4 patients
affected by COVID-19 and undergoing major limb
amputation secondary to acute irreversible ischemia.
On histological examination with hematoxylin/eosin,
they found inflammatory cells associated with
endothelium/apoptotic bodies, mononuclear cells, small
vessel congestion, and lymphocytic endotheliitis and
concluded that the findings in these patients are more
likely an infectious angiitis due to COVID-19. 

COVID-19 may predispose to both venous and
arterial thromboembolic disease due to high-grade
inflammation, hypoxia, immobilization, and diffuse
intravascular coagulation, but direct damage to the
endothelium by the virus is not yet demonstrated.
Conversely, the microorganisms can generally induce the
expression of numerous factors, including tissue factor
on monocytes and macrophages, by binding to pattern-
recognizing receptors on immune cells. The triggering
of host inflammatory reaction also results in increased
production of pro-inflammatory cytokines that have
pleiotropic effects, including activation of coagulation. 

In our experience, we have observed numerous cases
of venous and arterial thromboembolism not only in the
acute phase of COVID-19, but (even more interestingly)
even after recovery. 2–6 

Despite successful treatment of initial COVID19, there
is the possibility of acute thrombosis during follow-up,
despite normalization of hemostatic and inflammatory
parameters. The real prevalence of this event is difficult
to determine. We think that our patients support the
hypothesis that the integrity and functional characteristics
of the endothelial cells, initially deranged during the viral
infection may persist for a longer period, despite apparent
normalization of hemostatic parameters. 7–9 

Whether SARS-CoV-2 is able to directly attack vascular
endothelial cells expressing high levels of ACE2, and
then lead to abnormal coagulation and sepsis, still needs
to be explored. The question of how the SARS-CoV-2
spreads to extrapulmonary organs and the mechanism of
endothelial damage remains an enigma. 
Ann Vasc Surg 2021; 73: e6–e7 
https://doi.org/10.1016/j.avsg.2021.01.067 
© 2021 Elsevier Inc. All rights reserved. 
Manuscript received: January 27, 2021; manuscript accepted: January 
28, 2021published online: 3 February 2021 
DECLARATION OF COMPETING 

INTEREST 

None. 

Antonio Bozzani ∗, Vittorio Arici 
Vascular and Endovascular 
Surgery, Foundation I.R.C.C.S. 
Policlinico San Matteo, Pavia, 
Italy 

Guido Tavazzi 
Anesthesiology and Intensive 
Care Unit, Fondazione IRCCS 
Policlinico San Matteo, Pavia, 
Italy 
Department of Medical, Surgical, 
Diagnostic and Pediatric Science, 
University of Pavia, Pavia, Italy 

Stefano Boschini 
Vascular and Endovascular 
Surgery, Foundation I.R.C.C.S. 
Policlinico San Matteo, Pavia, 
Italy 

Francesco Mojoli 
Anesthesiology and Intensive 
Care Unit, Fondazione IRCCS 
Policlinico San Matteo, Pavia, 
Italy 
Department of Medical, Surgical, 
Diagnostic and Pediatric Science, 
University of Pavia, Pavia, Italy 

Raffaele Bruno 
Infectious Diseases Unit, 
Fondazione IRCCS Policlinico 
San Matteo, Pavia, Italy 
Department of Medical, Surgical, 
Diagnostic and Pediatric Science, 
University of Pavia, Pavia, Italy 

Antonio V. Sterpetti 
The Sapienza University of Rome 

Franco Ragni 
Vascular and Endovascular 
Surgery, Foundation I.R.C.C.S. 
Policlinico San Matteo, Pavia, 
Italy 

Correspondence to: Antonio Bozzani, MD , Vascular 
and Endovascular Surgery, Foundation I.R.C.C.S. 

Policlinico San Matteo, P.le Golgi 19, 27100 Pavia, Italy 

E-mail: a.bozzani@smatteo.pv.it 
e6 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.avsg.2021.01.067&domain=pdf
https://doi.org/10.1016/j.avsg.2021.01.067
mailto:a.bozzani@smatteo.pv.it


Volume 73, 2021 e7 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

REFERENCES 

1. Ilonzo N, Kumar S, Borazan N, et al. Endothelitis in
COVID-19-positive patients after extremity amputation for
acute thrombotic events. Ann Vasc Surg 2020 ; S0890-
5096(20)31101-8. doi: 10.1016/j.avsg.2020.12.004 . 

2. Bozzani A, Arici V, Tavazzi G, et al. Acute arterial and deep
venous thromboembolism in COVID-19 patients: risk factors
and personalized therapy. Surgery 2020;168:987–92. doi: 10.
1016/j.surg.2020.09.009 . 

3. Bozzani A, Tavazzi G, Arici V, et al. Acute deep
vein thrombosis in COVID 19 hospitalized patients.
Risk factors and clinical outcomes. Phlebology 2020
Sep 14:268355520958598. Online ahead of print.
doi: 10.1177/0268355520958598 . 

4. Bozzani A, Arici V, Franciscone MM, et al. Severe acute
respiratory syndrome coronavirus 2 infection and the upper
limb deep vein thrombosis risk. Ann Vasc Surg 2020;66:11–
13 Epub 2020 Apr 23. doi: 10.1016/j.avsg.2020.04.037 . 

5. Perotti C, Arici V, Cervio M, et al. Allogeneic lethally irradiated
cord blood mononuclear cells in no-option critical limb
ischemia: a "box of rain". Stem Cells Dev 2013;22:2806–12
Epub 2013 Jul 13. doi: 10.1089/scd.2013.0172 . 
6. Arici V, Bozzani A, Odero A. Successful endovascular
treatment of a bronchial artery aneurysm refractory to
transcatheter embolization. Ann Vasc Surg 2013;27 802.e13-
5. doi: 10.1016/j.avsg.2012.07.029 . 

7. Arici V, Perotti C, Fabrizio C, et al. Autologous immuno
magnetically selected CD133 + stem cells in the treatment
of no-option critical limb ischemia: clinical and contrast
enhanced ultrasound assessed results in eight patients. J Transl
Med 2015;13:342. doi: 10.1186/s12967- 015- 0697- 4 . 

8. Bozzani A, Arici V, Tavazzi G, et al. Acute thrombosis of lower
limbs arteries in the acute phase and after recovery from
COVID19. Ann Surg 2021 Online ahead of print. doi: 10.1097/
SLA.0000000000004700 . 

9. Bozzani A, Pallini M, Arici V, et al. Re-organization of the
vascular surgery department during the acute phase of the
COVID19 outbreak: lessons learned and future perspectives.
Ann Vasc Surg 2021 Online ahead of print. doi: 10.1016/j.avsg.
2020.12.001 . 

https://doi.org/10.1016/j.avsg.2020.12.004
https://doi.org/10.1016/j.surg.2020.09.009
https://doi.org/10.1177/0268355520958598
https://doi.org/10.1016/j.avsg.2020.04.037
https://doi.org/10.1089/scd.2013.0172
https://doi.org/10.1016/j.avsg.2012.07.029
https://doi.org/10.1186/s12967-015-0697-4
https://doi.org/10.1097/SLA.0000000000004700
https://doi.org/10.1016/j.avsg.2020.12.001

