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Pulmonary intravascular 
coagulopathy in 
COVID-19 pneumonia

We read with interest the Viewpoint 
by Dennis McGonagle and colleagues.1 
To account for unusual clinicopatholo
gical features of COVID19 disease, 
particularly coagulopathy, the authors 
point to dysregulated immunity and 
systemic inflammation reminiscent 
of a cytokine storm or macrophage 
activation syndrome (MAS). Although 
the authors’ contribution comes down 
firmly on the immunological side of 
the debate over whether COVID19 
coagulopathy is due principally to 
immune or endothelial dysfunction,2 
the common background assump
tion to both sides is that modelling 
COVID19 using previously described 
clinical syndromes and traditional 
pharmacological and physiological 
mechanisms will lead to deeper insights 
into the disease.

We question this assumption on both 
clinical and physicalchemical grounds. 
McGonagle and colleagues themselves 
detail the many important ways in 
which MAS differs from COVID19. 
Indeed, many key features of MAS, 
including hyperferritinaemia, only 
occur in the most severe COVID19 
cases. But the deeper problem in 
analysing COVID19 pathogenesis, as 
reflected in the authors’ usage of the 
term diffuse to describe virtually every 
aspect of the pathology of COVID19, 
is that few truly discrete lesions exist in 
the bodies of patients with COVID19. 
It is true that, late in the disease, 
alveolar damage occurs, as it is found 
at autopsy. But, in contrast to severe 
acute respiratory syndrome coronavirus 
(SARSCoV), severe acute respiratory 
syndrome coronavirus 2 (SARSCoV2) 
does not injure pneumocytes and other 
cells in the alveolar lining sufficiently to 
induce either early respiratory distress 
or radiographic evidence of alveolar 
inflammation and oedema.

Indeed, the unexpected preservation 
of lung compliance in the face of 

hypoxaemia suggests that SARSCoV2 
has fairly modest effects on pneu
mocytes and other pulmonary cells. 
Otherwise, one would expect early and 
intense alveolar cellular inflammation 
and oedema. However, what is actually 
seen on CT is bilateral interstitial 
oedema and often virtually normal gas 
volume in the lungs on presentation. 
The absence of apparent alveolar 
damage on CT has led many authors 
to presume that hypoxaemia is not 
due to a failure of gas exchange at the 
alveolarcapillary interface, but instead 
to a more general vascular abnor
mality leading to ventilationperfusion 
mismatch. The presence of viral inclus
ion structures in endothelial cells of 
pulmonary blood vessels has been 
taken as evidence that the primary 
target of viral damage is not the alveoli 
but the endothelium.

However, we believe SARSCoV2 
does not directly damage the cells 
of the alveolus or endothelium but 
instead injures their loosely adherent 
extracellular surface layers.2 As such 
layers are only understandable through 
physicochemical analysis, we sug
gest that COVID19 presents such an 
unusual clinicopathological course 
that we need an entirely new con
ceptual frame work to explain the 
disease. The most notable anomaly in 
COVID19 presentation is profound 
hypoxaemia in the face of preserved 
lung compliance. Although abnormal 
hypoxic vasoconstriction could explain 
the hypoxaemia to some degree, 
little evidence exists for such aberrant 
vascular mechanisms until quite late in 
the disease course.

But could the virus somehow short
circuit gas exchange at the alveolar 
surface in a more direct way? In fact, 
although still little known, pulmonary 
surfactant has a gas exchange func
tion,3 which is more important than 
its better known surfacetension
lowering function. Although, according 
to older physicalchemical knowledge, 
damage to surfactant should lead to 
drastically impaired lung compliance, 
new knowledge strongly suggests that 

surfactant damage would mainly hinder 
gas exchange and have little, if any, 
effect on compliance.4

Paradoxically, SARSCoV2 appears 
to create less systemic inflammation 
and general cell damage than previous 
viruses that cause acute respiratory 
distress and might have evolved a 
way of undergoing replication cycles 
while sparing host cells. Therefore, we 
postulate that SARSCoV2 mainly 
injures the alveolar and endo thelial 
surface layers. Such subtle damage 
would coherently explain the unusual 
com bination of pulmonary and endo
thelial effects of SARSCoV2 infec tion, 
including alterations in blood vis cosity 
and clotting tendency.5 In the appendix, 
we outline the main anomalies in 
COVID19 and compare current expla
nations with our surfacelayer damage 
hypothesis.
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