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Covid-19, Angiogenesis, and ARDS Endotypes
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The SARS-CoV-2 pandemic has inspired new in-
terest in understanding the fundamental pathology 
of acute respiratory distress syndrome (ARDS), 
which has been associated with severe coronavi-
rus disease 2019 (Covid-19). ARDS has long been 
recognized to be remarkably heterogeneous, 
with not only a wide range of causes but also a 
broad spectrum of severity, abnormalities on 
imaging, and gas-exchange impairment.1 The 
form of ARDS that is associated with Covid-19 is 
no different.2

A long-standing goal3 has been to define en-
dotypes that subdivide ARDS into groups on the 
basis of distinct biologic and pathologic pro-
cesses in order to design higher-yield clinical 
trials and tailor treatment. Ackermann and col-
leagues now report in the Journal4 their use of 
novel techniques to better elucidate some of the 
biologic pathways that result in clinical ARDS. 
The investigators performed a detailed histo-
logic study of lungs obtained on autopsy from 
patients with Covid-19 and historical samples 
from the 2009 H1N1 influenza outbreak (seven 
samples in each group). Unsurprisingly, both 
groups had evidence of diffuse alveolar damage, 
with widespread signs of thrombosis. Such in-
jury to the alveoli is the pathognomonic histo-
logic finding in ARDS, and both microthrombo-
sis and macrothrombosis are also commonly 
observed.5 However, Ackermann and colleagues 
also analyzed the up-regulation of genes associ-
ated with inflammatory conditions and unique 
“intussusceptive angiogenesis” using some new 
techniques, including immunohistochemical as-
say, microcomputed tomographic imaging, scan-
ning electron microscopy, corrosion casting, and 

direct multiplexed measurements of gene ex-
pression. The results of these collective methods 
suggest the presence of increased levels of angio-
genesis in human ARDS. The authors further 
report quantitatively more intussusceptive angio-
genesis in the Covid-19 lungs than in the influ-
enza samples and a corresponding differential 
up-regulation of angiogenesis-associated genes. 
These findings are intriguing, and it is tempting 
to ascribe this difference as being specific to 
SARS-CoV-2. Indeed, the novelty of the virus has 
led to a widespread attribution of many findings 
in patients with Covid-19 to the virus itself.6

In the present study, however, several limita-
tions complicate a direct comparison of the 
Covid-19 and influenza samples. The authors 
acknowledge that the extent and degree of fibrin 
organization in the influenza samples, along 
with a greater weight of the lungs, indicate that 
these patients had a more advanced stage of dif-
fuse alveolar damage than the patients with 
Covid-19. Such damage progresses through dif-
ferent stages as time elapses from the initial 
injury, so this temporal heterogeneity compli-
cates any direct comparison. The authors attempt 
to control for this confounder by examining the 
correlation between the degree of angiogenesis 
and the length of hospital stay, not corrected for 
the length of illness, variables that they found to 
be correlated in the Covid-19 group but not in 
the influenza group. However, since the groups 
were sampled at different stages of disease, the 
relevance of this finding is unclear. And there 
are other important clinical differences between 
the groups. None of the patients with Covid-19 
had been intubated (two had received noninva-
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sive ventilation), whereas the majority of patients 
with influenza had been intubated and treated 
with ventilator settings that we would now con-
sider not to be lung protective.7 The sample size 
of the study was also small, which is particularly 
problematic in a heterogeneous condition such 
as ARDS.

These data are therefore unable to define dif-
ferences specific to Covid-19 and H1N1 influ-
enza. The investigators’ conclusion that “vascu-
lar angiogenesis distinguished the pulmonary 
pathobiology of Covid-19 from that of equally 
severe influenza virus infection” has to be con-
sidered speculative. It should also be noted that 
regulators of angiogenesis (e.g., angiopoietin-2) 
have long been acknowledged as ARDS biomark-
ers,8 even in the pre–Covid-19 era. Nevertheless, 
this observation of angiogenesis in an early stage 
of diffuse alveolar damage is important.

This study emphasizes the heterogeneity that 
is fundamental to the clinical syndrome of ARDS, 
which affects not only prognosis and potential 
treatment response but also the interpretation of 
clinical trials.9 Future studies are needed to de-
termine whether these reported differences in 
angiogenesis represent distinct time points in a 
similar disease process or a true endotype that 
occurs only in a subgroup of patients. Regard-
less, the finding of a novel pathological process 
opens up the possibility of developing sorely 
needed new treatments and should spur further 
research. In this work, Ackermann and colleagues 
have made an important contribution that may 
ultimately lead to a greater understanding of ARDS 

and perhaps to more precision in the identifica-
tion of ARDS endotypes.

Disclosure forms provided by the authors are available with 
the full text of this editorial at NEJM.org.

From Massachusetts General Hospital, Boston. 

This editorial was published on May 21, 2020, at NEJM.org.

1. Bellani G, Laffey JG, Pham T, et al. Epidemiology, patterns 
of care, and mortality for patients with acute respiratory distress 
syndrome in intensive care units in 50 countries. JAMA 2016; 
315: 788-800.
2. Grasselli G, Zangrillo A, Zanella A, et al. Baseline character-
istics and outcomes of 1591 patients infected with SARS-CoV-2 
admitted to ICUs of the Lombardy region, Italy. JAMA 2020; 323: 
1574-81.
3. Prescott HC, Calfee CS, Thompson BT, Angus DC, Liu VX. 
Toward smarter lumping and smarter splitting: rethinking strat-
egies for sepsis and acute respiratory distress syndrome clinical 
trial design. Am J Respir Crit Care Med 2016; 194: 147-55.
4. Ackermann M, Verleden SE, Kuehnel M, et al. Pulmonary vas-
cular endothelialitis, thrombosis, and angiogenesis in Covid-19. 
N Engl J Med. DOI:  10.1056/NEJMoa2015432.
5. Greene R, Lind S, Jantsch H, et al. Pulmonary vascular ob-
struction in severe ARDS: angiographic alterations after i.v. fi-
brinolytic therapy. AJR Am J Roentgenol 1987; 148: 501-8.
6. Gattinoni L, Chiumello D, Caironi P, et al. COVID-19 pneu-
monia: different respiratory treatments for different pheno-
types? Intensive Care Med 2020 April 14 (Epub ahead of print).
7. The Acute Respiratory Distress Syndrome Network. Ventila-
tion with lower tidal volumes as compared with traditional tidal 
volumes for acute lung injury and the acute respiratory distress 
syndrome. N Engl J Med 2000; 342: 1301-8.
8. Terpstra ML, Aman J, van Nieuw Amerongen GP, Groeneveld 
ABJ. Plasma biomarkers for acute respiratory distress syndrome: 
a systematic review and meta-analysis. Crit Care Med 2014; 42: 
691-700.
9. Iwashyna TJ, Burke JF, Sussman JB, Prescott HC, Hayward 
RA, Angus DC. Implications of heterogeneity of treatment effect 
for reporting and analysis of randomized trials in critical care. 
Am J Respir Crit Care Med 2015; 192: 1045-51.

DOI: 10.1056/NEJMe2018629
Copyright © 2020 Massachusetts Medical Society.

The New England Journal of Medicine 
Downloaded from nejm.org on May 21, 2020. For personal use only. No other uses without permission. 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 


