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The COVID-19 global pandemic, infecting 
over 3.5 million people and killing over a quarter of 
a million in the first 4 months of 2020 [1], required 
physicians all over the world to suddenly face a 
completely new nosological identity, with unknown 
characteristics and clinical challenges. 

Italy was the first Western country hardly hit 
by the epidemic, with the region of Milan being in 
the epicenter of the phenomenon. San Raffaele Sci-
entific Institute was one of the first centers to 
organize an all-out response to the virus [2]. Our 
multidisciplinary scientific team was the first to 
hypothesize and publish a theory about acute res-
piratory distress syndrome (ARDS) pathogenesis in 
COVID-19, accounting for the peculiar clinical and 
radiological presentation  [3]. The syndrome was 
called MicroCLOTS (microvascular COVID-19 lung 
vessels obstructive thromboinflammatory syn-
drome): the replication of SARS-CoV-2 in cells 
expressing the surface receptor angiotensin-con-
verting enzyme 2 (ACE2) may stimulate innate 
immune responses and complement activation, 
causing a massive local release of pro-inflammato-
ry cytokines ultimately resulting in severe tissue 
injury and microvascular thrombosis.  

As cells expressing ACE2 include lung epithe-
lial cells, but also arterial and venous endothelial 
cells and arterial smooth muscle cells of multiple 
organs [4], MicroCLOTS theory may explain also 
the high incidence of both venous and arterial 
thromboembolism in COVID-19 patients. In fact, 

up to 1/3 of critically ill patients with COVID-19 
appears to develop thrombotic complications [5] in 
spite of adequate thromboprophylaxis protocols. 
Thromboembolic complication ranged from deep 
venous thrombosis to ischemic stroke to the detec-
tion of thrombi in the lungs. 

The presence of MicroCLOTS in the lungs may 
also explain the inefficacy or even the harm of high 
PEEP ventilation and excessive negative fluid bal-
ance, which are constricting pulmonary arterioles 
already partially obstructed by clots 

Renal involvement also has a major role in 
COVID19: preliminary reports from Wuhan, China 
indicate that acute kidney injury occurred in 25 to 
29 percent of critically ill patients [6, 7]. While West-
ern world data on this topic are still lacking, the 
issue is being investigated [8]: autopsies reported 
peritubular erythrocyte aggregation and glomeru-
lar fibrin thrombi with ischemic collapse in kidneys 
of deceased COVID19 patients [9], possibly imply-
ing a similar etiology to pulmonary MicroCLOTS. 

Managing a wide range of COVID-19 patients 
over the last two months, it appears we’ve being two 
different entities: an inflammatory phase, which 
responds well when targeting interleukins [10, 11] 
or complement [12] and a thrombotic phase which 
seems to respond well to thromboprophylaxis with 
low molecular weight heparin started early (at home 
or at hospital arrival) and to full anticoagulation in 
intensive care unit patients  [13] and in selected 
patients in the main wards.

Correspondence to: 
 
Giovanni Landoni  
E-mail: landoni.giovanni@hsr.it 



15w w w . r e a n i m a t o l o g y . c o mG E N E R A L  R E A N I M AT O L O G Y,  2 0 2 0 ,  1 6 ;  3

DOI: 10.15360/1813-9779-2020-3-0-2
Редакционные с татьи 

Кeferences 
1. https://gisanddata.maps.arcgis.com/apps/opsdashboard/index.html#/ 

bda7594740fd40299423467b48e9ecf6  
2. Zangrillo A., Beretta L., Silvani P., Colombo S., Scandroglio M., Dell’ac-

qua A., Fominskiy E., Landoni G., Monti G., Azzolini M.L., Monaco F., 
Oriani A., Belletti A., Sartorelli M., Pallanch O., Saleh O., Sartini C., 
Nardelli P., Lombardi G., Morselli F., Scquizzato T., Frontera A., Ruggeri 
A., Scotti R., Scotti A., Dagna L., Rovere-Querini P., Castagna A., Scar-
pellini P., Di Napoli D., Ambrosio A., Ciceri F., Tresoldi M. Fast resha-
ping of intensive care unit facilities in a large metropolitan hospital 
in Milan, Italy: facing the COVID-19 pandemic emergency. Crit Care 
Resusc 2020. Epub ahead of print 

3. Ciceri F., Beretta L,. Scandroglio A.M., Colombo S., Landoni G., Ruggeri 
A., Peccatori J., D’Angelo A., De Cobelli F., Rovere-Querini P., Tresoldi 
M., Dagna L., Zangrillo A. Microvascular COVID-19 lung vessels ob-
structive thromboinflammatory syndrome (MicroCLOTS): an atypi-
cal acute respiratory distress syndrome working hypothesis. Crit Care 
Resusc 2020. Epub ahead of print 

4. Hamming I., Timens W., Bulthuis M.L.C., Lely A.T., Navis G., van Goor 
H. Tissue distribution of ACE2 protein, the functional receptor for 
SARS coronavirus. A first step in understanding SARS pathogenesis. 
J Pathol 2004; 203: 631-637. DOI: 10.1002/path.1570 

5. Klok F.A., Kruip M.J.H.A., van der Meer N.J.M., Arbous M.S., Gommers 
D.A.M.P.J., Kant K.M., Kaptein F.H.J., van Paassen J., Stals M.A.M., 
Huisman M.V., Endeman H. Incidence of thrombotic complications 
in critically ill ICU patients with COVID-19. Thromb Res. 2020; S0049-
3848 (20)30120-1. DOI: 10.1016/j.thromres.2020.04.013 

6. Chen T., Wu D., Chen H., Yan W., Yang D., Chen G., Ma K., Xu D., Yu H., 
Wang H., Wang T., Guo W., Chen J., Ding C., Zhang X., Huang J., Han 
M., Li S., Luo X., Zhao J., Ning. Q. Clinical characteristics of 113 de-
ceased patients with coronavirus disease 2019: retrospective study. 
BMJ. 2020; 368: m1091. DOI: 10.1136/bmj.m1091  

8.  Yang X., Yu Y., Xu J., Shu H., Xia J., Liu H., Wu Y., Zhang L., Yu Z., Fang 
M., Yu T., Wang Y., Pan S., Zou X., Yuan S., Shang Y. Clinical course and 
outcomes of critically ill patients with SARS-CoV-2 pneumonia in 

Wuhan, China: a single-centered, retrospective, observational study. 
Lancet Respir Med. 2020; 8 (5): e26. DOI: 10.1016/S2213-2600 
(20)30079-5 

8. Batlle D., Soler M.J., Sparks M.A., Hiremath S., South A.M., Welling P.A., 
Swaminathan S. and on behalf of the COVID-19 and ACE2 in Cardio-
vascular, Lung, and Kidney Working Group. Acute Kidney Injury in 
COVID-19: Emerging Evidence of a Distinct Pathophysiology. JASN 
May 2020, ASN.2020040419 DOI: 10.1681/ASN.2020040419 

9. Su H., Yang M., Wan C., Yi L.X., Tang F., Zhu H.Y., Yi F., Yang H.C., Fogo 
A.B., Nie X., Zhang C. Renal histopathological analysis of 26 postmor-
tem findings of patients with COVID-19 in China. Kidney Internatio-
nal. Epub ahead of print PMID: 32327202  

10. Cavalli G., De Luca G., Campochiaro C., Della Torre E., Ripa M., Ca-
netti D., Oltolini C., Castiglioni B., Tassan Din C., Boffini N., Tomelleri 
A., Farina N., Ruggeri A., Rovere-Querini P., Di Lucca G., Martinenghi 
S., Scotti R., Tresoldi M., Ciceri F., Landoni G., Zangrillo A., Scarpellini 
P., Dagna L. Interleukin 1 blockade with high dose intravenous ana-
kinra in patients with COVID-19, acute respiratory distress synd-
rome, and hyper-inflammation: a retrospective cohort study. Lancet 
Rheumatol. Published online 7 May 2020, 2020 DOI: 10.1016/ S2665-
9913 (20)30127-2 

11. Piemonti L., Landoni G. COVID-19 and islet transplantation: different 
twins. Am J Transplant 2020. In press 

12. Risitano A., Mastellos D., Huber-Lang M., Yancopoulou D., Garlanda 
C., Ciceri F., Lambris J. Complement as a Target in COVID-19? Nat Rev 
Immunol 2020. DOI: 10.1038/s41577-020-0320-7. Epub ahead of print 

13. Zangrillo A., Beretta L., Scandroglio A.M., Monti G., Fominskiy E.V., 
Colombo S., Morselli F., Belletti A., Silvani P., Crivellari M., Monaco F., 
Azzolini M.L., Reineke R., Nardelli P., Sartorelli M., Votta C.D., Ruggeri 
A., Ciceri F., De Cobelli F., Dagna L., Rovere-Querini P., Neto A.S., Bel-
lomo R., Landoni G., Tresoldi M. Characteristics, treatment, outcomes 
and cause of death of invasively ventilated patients with COVID-19 
ARDS in Milan, Italy. Crit Care Resusc 2020. Epub ahead of print 

 
Поступила 07.05.2020 


