Intensive Care Med
https://doi.org/10.1007/5s00134-020-06059-6

WHAT’S NEW IN INTENSIVE CARE
®

Check for
updates

Facing COVID-19 in the ICU: vascular

dysfunction, thrombosis, and dysregulated

inflammation

Daniel E. Leisman', Clifford S. Deutschman? and Matthieu Legrand®”

© 2020 Springer-Verlag GmbH Germany, part of Springer Nature

Current management guidelines for COVID-19 reflect
the assumption that critically ill patients infected with
SARS-CoV-2 develop acute respiratory distress syn-
drome (ARDS). However, lemerging data and clinical
reports increasingly suggest an%ve view that
severe COVID-19 reflects a confluence of vascular| dys-
function, thrombosis, and dysregulated|inflammation.

Severe COVID-19 is distinct from ARDS

and cytokine-release syndromes

Published data [1, 2], anecdotal observations, and discus-
sions with colleagues worldwide indicate that COVID-
induced respiratory phenotypes are distinct from typical
ARDS in several ways [2]. COVID-19 patients develop
profound hypoxemia early in their disease course. How-
ever, overt respiratory dysfunction at these early stages
is unusual. Pulmonary compliance in intubated COVID-
19 patients appears to be only modestly decreased, and
patients are therefore relatively easy to ventilate [1]. Gat-
tinoni et al. [1] described hyperperfusion of poorly ven-
tilated lung, perhaps due to vasodilation and them
Hypomc vasoconstriction, While benefit from low-to-
moderate levels o and |prone positioning have been
noted, these authors suggest that they result jmore from
hemodynamics|effects| than lung recruitment [1]. Later in
the course of COVID-19, some patients develop a pheno-

type more consistent with ARDS [1, 2].
The reported in _COVID-
19 is also . with either typical - or
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cytokine-release syndromes
Qin et al. [3] report mean

(SD: 10—55)‘# (normal range: 7 pg/mL). Other
smaller COVID-19 reports have ranged from 7 to 125 pg/
mL. These ﬁndingsMwith eleva-
tions seen in typical and in CRS: Sinha et al. report
mean_interleukin-6 levels of 111-600) pg/mL in
‘ nflammatory” [

mL in nflammatory

hthan reported in the 'Wuhan data.
patients mean”lﬁﬁe frequently as
as /m . er inflammatory cytokines (e.g.,
interleukin-8, interleukin-1) demonstrate |similar pat-
terns. In summary, COVID-19 is associated with only
mild inflammatory cytokine elevation and demonstrates
physiology and immunology that are difficult to reconcile

with|ARDS or|CRS! Analternative mechanism of disease
therefore seems likely.

Vasculopathy and dysregulated inflammation
in COVID-19
The combination of observed physiology and emerging
pathologic evidence points toward a vascular disease
process as contributing factor in COVID-19 pathogen-
esis. Pulmonary shunting is consistent with /intense vas-
odilation and ‘endothelia dysfunction. The observation
that 89% of hospitalized patients in Rome showed sub-
segmental vascular enlargement on their admission com-
puted tomographyﬁsupports this view [6]. Reports of
increased respiratory |dead |space suggest lung-vascular
rombosis from thrombotic microangiopathy or pul-
monary%bolismi The latter was recently reported in up
to 40% of hospitalized COVID-19 patients [7]. Autopsies
performed on patients who died early on were indeed
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8]. Vascular dis- expected to be quite -as it F
angiotensin-converting enzyme- , which 1is

reported in  essential for coronavirus uptake.
SARS-CoV-2 initiates cellular infection by bind-
i on the surface of human cells, including

! . injury,
isordered cytokine release, amage-associated

[10]. If direct infection drives injury,

SARS - CoV-2
n Infection E Dysregulated Inflammation B Hypo-Inflammation
Endothelial Dysfunction

Angll Inflammatory

Angl Angll Ang (1-7) Cytokines Angll
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* Virus infects cell via ACE-2 » ACE-1 shedding occurs o ACE-1 activity falls
e Initial local inflammation e Increased ACE-1 activity « | Angll to sub-physiologic levels
& endothelial activation
« Rapid 11 Angll, positive e Loss of Angll vasoconstrictive
| Angll metabolism feedback loop inflammation and auto-regulatory effects
. : and coagulation.
* Disordered cytokine release . » Microvascular dysfunction
: . ¢ Leukocyte infiltration .
Pro-inflammatory cytokine augmented by Angll. « 4 ACE-2 expression
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Fig. 1 (1) The SARS-CoV-2 virus cell by binding to-Z. Cellular infection initiates localized inflammation,
tissue damage, and Membrane fusion also
i augmenting endothelial activation, and leukocyte and platelet

which can induce a

conductance and i possibly increasing
ACE, angiotensin-converting enzyme; Angl, angiotensin-I; Angll, angiotensin-Il; Ang (1-7), angiotensin (1-7); DAMPs, damage-associated molecular
pattern molecules
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which triggers endothelial acti-

actic effects
and suppression. Importantly, admission
in 19 patients are reportedl
levels . In addition,

expression,

is consistent wi
sion noted at autopsy [10].
increases microvascular permeability under basal condi-
tions but decreases permeability during inflammation, an
effect attributed to the inflammation-induced shift from
type-1 to type-2 receptor expression [15].

expres-
reportedly

Implications for thera eutlcs and research

Postulating that - -
!dlsease as important implications for ongoing

research. However, more evidence is needed to explore
vascular injury through biomarkers, imaging, and histol-
ogy.ICOVID—19 is indeed primarily a
early invasive mechanical

strategies.
We reiterate that there is

investigation.

a randomized trial of
-19 patients who have
warranted. Illness progression may also be an effect mod-
ifier, with potential benefits of anti-inflammation and

angiotensin blockade earlier in critical disease and harms
at later time points.

Conclusion
COVID-induced respiratory failure involves physi-
ologic, clinical, and immunologic phenotypes that are

OVID- instead retlects
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BUT....

Procoagulant pattern of COVID-19 ARDS

* Prospective observational: 16 COVID19 patients
with ARDS evaluated on ICU admission

* 10 pts followed 7d, procoagulant on admission:
*D-dimers: 5.5 ng/mL, IQR 2.5-6.5

* Fibrinogen 794 mg/dL, IQR 583-933

* Fibrinogen correlated with IL-6 levels: (R? =0.506)

* After increasing anticoagulation, D-dimers,
viscoelastic measures improved

Ranucci: JTH 2020: Aprl7 ePub
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