Vascular Thrombosis in Severe COVID-19
Requiring Extracorporeal Membrane

Oxygenation: A Multicenter Study

OBJECTIVES: Coronavirus disease 2019 has been reported to be a prothrom-
botic condition; however, multicenter data comparing this with other viral pneu-
monias in those requiring extracorporeal membrane oxygenation are lacking.
We conducted a multicenter study using whole-body CT to examine the preva-
lence, severity, and nature of vascular complications in coronavirus disease 2019
in comparison with patients with other viral pneumonias.

DESIGN: We analyzed whole-body CT scans for the presence of vascular throm-
bosis (defined as pulmonary artery thrombus, venous thrombus, systemic arterial
thrombus, or end-organ infarct). The severity, distribution, and morphology of pul-
monary artery thrombus were characterized. Competing risk cumulative incidence
analysis was used to compare survival with discharge.

SETTING: Three centers of the English national extracorporeal membrane oxy-
genation service.

PATIENTS: Consecutive patients admitted with either coronavirus disease 2019
or noncoronavirus disease 2019 viral pneumonia admitted from January 2019.

INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: One-hundred thirty-six patients
(45.2 £ 10.6 yr old, 39/146 [27%] female) requiring extracorporeal membrane
oxygenation support underwent whole-body CT scans at admission. Of these, 86
had coronavirus disease 2019 pneumonia, and 50 had noncoronavirus disease
2019 viral pneumonia. Vascular thrombosis was seen more often in patients with
coronavirus disease 2019 (odds ratio, 12.9 [95% CI 4.5-36.8]). In those with
coronavirus disease 2019, 57 (73%) demonstrated pulmonary artery thrombus or
pulmonary perfusion defects. Eighty-two percent of thrombus exhibited emboli-like
morphology. The location of pulmonary artery thrombus and parenchymal perfusion
defects was only concordant in 30% of cases. The risk of mortality was higher
in those with coronavirus disease 2019 compared with noncoronavirus disease
2019 pneumonia (x? = 3.94; p = 0.047). Mortality was no different in coronavirus
disease 2019 patients with or without vascular thrombosis (x> = 0.44; p =0.51).

CONCLUSIONS: In patients who received extracorporeal membrane oxygena-
tion, coronavirus disease 2019 is associated with a higher prevalence of vascular
thrombosis compared with noncoronavirus disease viral pneumonias. The pattern
of pulmonary vascular changes suggests concurrent embolic disease and small
vessel disease. Despite this, vascular thrombosis was not linked to poorer short-
term prognosis in those with coronavirus disease 2019.

KEY WORDS: coronavirus disease 2019; embolism and thrombosis;
extracorporeal membrane oxygenation; tomography, x-ray computed

high prevalence of vascular thrombosis has been reported in coronavirus
disease 2019 (COVID-19), with this associated with an elevated risk of
mortality (1). The prevalence of thrombus in COVID-19 varies with
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disease severity, reported in 5% of non-ICU cohorts
and 31% of ICU cohorts in a recent meta-analysis (1).

However, other viral pneumonias have been reported
to also exhibit high rates of thromboembolic events (2).
Critically ill patients are generally predisposed to
coagulopathy and thromboembolism due to a combi-
nation of systemic inflammation, platelet activation,
endothelial dysfunction, and stasis of blood flow (3).
Evidence that the prevalence or severity of vascular
thrombosis is different from other viral pneumonias
is limited (4). It is also not clear whether the high re-
ported rates of pulmonary artery thrombus (PAT) is
thromboembolic or an in situ thrombosis due to a
combination of severe local inflammatory changes and
microvascular angiopathy (5).

Identification of the true prevalence and risk of
COVID-19 for vascular thrombosis as well as its na-
ture is important as it may guide treatment, either in
the use of current anti-thrombotic drugs or develop-
ment of new treatments targeting a virus-specific caus-
ative pathway (6).

We conducted a multicenter study using whole-
body CT to examine the prevalence, severity, and na-
ture of vascular complications in severe COVID-19 in
comparison with patients with other viral pneumonias.

METHODS

This multicenter retrospective observational study was
performed at three of the five centers providing extra-
corporeal membrane oxygenation (ECMO) in United
Kingdom. Standard procedure in these ECMO serv-
ices includes the routine acquisition of a whole-body
CT at the point of admission to the ECMO center to
look for complications of ECMO insertion, interven-
able complications of the condition requiring ECMO
support, and any findings to suggest futility of care.
The imaging assessments are done after ECMO has
been initiated, and the patient is transferred back to
the ECMO center. The study was approved by the in-
stitutional review boards of the three centers (Royal
Papworth Hospital Research and Development, refer-
ence S02716) with a waiver for consent due to the ob-
servational nature of the study.

Study Population

The study included consecutive patients older than 18
years admitted for viral pneumonia between January 1,
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2019, and April 30, 2020. Diagnoses were made based
on a positive viral reverse transcriptase-polymerase
chain reaction. Unless contraindicated, all patients
were on prophylactic low molecular weight heparin
prior to ECMO. Once on ECMO, all patients receive
heparinization aiming activated partial thrombo-
plastin time ratio 1.5-2 or anti-Xa 0.3-0.7—unless
deep vein thrombosis/pulmonary embolus is demon-
strated in which case full anticoagulation was initiated.
None of the patients received routine antiplatelets
unless administered for other indications.

Data Collection

Clinical data were collected from the patient’s notes at
the point of referral to the ECMO center. This included
past medical history, and baseline observations and bi-
ochemical markers obtained at the time of admission
tor ECMO.

The whole-body CT scans included a noncontrast
CT head and post-IV contrast CT chest abdomen and
pelvis to the upper thigh following the administra-
tion of IV contrast agent. The precise scanning pro-
tocol varied slightly between centers but ultimately
provided for a minimum dataset of a systemic arterial
phase chest scan and a portal venous phase abdomen
and pelvis scan.

A dedicated systematic review of the CT scans was
performed for the current study. Scans were reviewed
for vascular thrombosis in the pulmonary and sys-
temic circulation and venous circulation. Pulmonary
arterial thrombosis (PAT) was defined as a filling de-
fect within the pulmonary vasculature including within
the central, branch, segmental, or subsegmental ves-
sels. PAT was further characterized according to their
morphology and severity. The morphology was con-
sidered consistent with embolus if it exhibited features
of central filling defect within the vessel with periph-
eral contrast opacification, straddling bifurcations with
clot extending into both branches, and visualization
of contrast distal to the location of the clot (presence
of this was considered strongly suggestive of embolus,
but its absence was not considered exclusive of em-
bolus). Morphology suggestive of an in situ thrombus
(IST) was considered if there was complete pulmonary
occlusion with a proximal concave morphology, with
the clot occurring in regions of diseased lung (Fig. 1 for
examples of the two morphology types). Where neither
of these patterns were met nor there was overlap, the
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‘Embolus’

Figure 1. Morphologic features of pulmonary artery thrombus
(PAT) and parenchymal perfusion defects. In the top two images,
the PAT exhibits typical characteristic of multiple emboli with
central filling defects with peripheral contrast opacification,
extending into both branches at a bifurcation points with some

of these exhibiting opacification of the pulmonary arteries distally
(black arrowheads). In the middle two images, there is complete
occlusion of the right lower lobe pulmonary artery with a large
wedge perfusion defect in an area of severely disease lung. Rather
than the classical crescent of an embolus, the clot is creeping
along the outer edge of the vessel toward a more proximal branch
(white arrow). The bottom images demonstrate two examples of
parenchymal perfusion defects. IST = in situ thrombus.

morphology was considered indeterminate. To assist
in intercenter homogeneity of classification, slides
with the above criteria were circulated to each center
with several exemplar images of each classification
contained within this. For this classification, a single
reader at each center reread all the studies with PAT.
Any initially scored as indeterminate was reread with
the lead center before final classification was assigned.
For severity, the PAT was characterized as unilateral
versus bilateral, extent of distribution (central, branch,
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segmental, subsegmental) with this recorded based on
the most proximal clot, with the number of segments
involved recorded on an ordinal scale (single segment,
2-4 segments, > 5 segments). The presence, location,
and segmental involvement of pulmonary parenchymal
hypoperfusion were also recorded (Fig. 1).

The presence of end-organ infarcts and evidence of
hemorrhage were also collected. End-organ infarcts
were considered present in the presence of a perfusion
defect in a vascular territory or whole organ hypoper-
fusion with a visible arterial or venous occlusion. CNS
watershed infarcts or global hypoxic-ischemic injury
was not classed as ischemic events as these are typically
due to global hypoperfusion rather than focal vascular
thrombosis. Ischemic colitis was similarly not classed
as an ischemic event if it occurred in a watershed ter-
ritory. Hematomas at the sites of ECMO cannulation
were not classed as hemorrhagic events.

Patient status at the time of data collection was re-
corded using the World Health Organization COVID-19
Therapeutic Trial Synopsis seven-point ordinal scale
(where 1 = deceased, 2 = ECMO, 3 = invasive ventila-
tion, 4 = noninvasive ventilation, 5 = hospital on oxygen,
6 = hospital not requiring oxygen, and 7 = discharged).
In patients transferred back to their base hospital for
longer term care following discharge from the ICU, their
status at the time of transfer was used, and the date of dis-
charge was used in the analysis. In patients still in ICU,
their data were censored at the point of data collection.

Outcomes

The primary outcome was the relative frequency of vas-
cular thrombosis in COVID-19 compared with non-
COVID-19 viral pneumonia. Vascular thrombosis was
defined as imaging evidence of PAT, venous thrombus,
systemic arterial thrombosis, or end-organ infarct.

Secondary outcomes included the relative frequency
of hemorrhage and association of the presence of vas-
cular thrombosis with clinical outcomes.

Due to a combination of patient factors and resource
limitation, 22 patients with COVID-19 and one patient
with non-COVID-19 pneumonia had a delay of more
than 24 hours between their initiation of ECMO and
their CT. The use of continuous heparin infusion while
on ECMO is likely to have impacted the prevalence
of both thrombosis and hemorrhage. As a result, only
those patients with a CT acquired within 24 hours of
ECMO initiation were included for analyses.
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Statistical Analysis

Continuous variables are reported as mean * sp, whereas
categorical variables are reported as n/N (%). For contin-
uous variables, independent t tests were used to compare
thebaselinevariablesand prevalence of vascular outcomes
between those with and without COVID-19, as well as to
compare characteristics between those with and without
vascular thrombosis. Chi-square or Fisher exact tests were
used for categorical and ordinal variables as appropriate.
Logistic regression was used to compare rates of vascular
thrombosis between those with and without COVID-19
and factors associated with thrombus. A competing
risk analysis was performed using the “cmprsk” pack-
age within R (https://cran.r-project.org/web/packages/
cmprsk/cmprsk.pdf). Cumulative incidence plots were
constructed for death and survival until discharge with
censoring for those still in ICU at the time of data collec-
tion. For modeling of factors associated with mortality in
COVID-19, a competing risk regression was performed
using a proportional hazards model as per Fine and Gray
(7). Multivariable analysis was not performed due to the
limited number of endpoints. Statistical significance
was defined as p value of less than 0.05. All analysis was
performed using SPSS v25 (IBM, Chicago, IL) and R
(RStudio version 1.1.463, RStudio, Boston, MA).

RESULTS

A total of 149 patients supported with venovenous
ECMO were admitted. We excluded 12 who did not
have a CT, three who died after ECMO initiation and
before CT, and 23 who had a CT greater than 24 hours

after admission (Fig. 2). The remaining 113 patients
(44.7 £ 10.5 yr old; 35/113 [31%] female) included
64 with COVID-19 pneumonia and 49 with non-
COVID-19 viral pneumonia.

No difference in age was present between those with
and without COVID-19. Those with COVID-19 were
more likely to be male (COVID: 49/64 [77%], non-
COVID: 30/49 [59%]; p = 0.048) and had a higher prev-
alence of background hypertension (COVID: 14/64
[23%], non-COVID: 0/50 [0%]; p < 0.001) and dia-
betes (COVID: 16/64 [25%], non-COVID: 3/49 [6%];
p=0.01) (Table 1).

The prevalence of vascular thrombosis was 38 of
64 (59%) for patients with COVID-19 and five of 49
(10%) for patients with non-COVID-19 pneumonia
(Table 2). PAT made up the majority of these, with 33
of 64 COVID-19 patients (52%) having PAT, five of 64
(8%) having venous thrombosis, and four of 64 (6%)
demonstrating end-organ ischemia. Of those with
end-organ ischemia, three patients had strokes, two
had splenic infarcts, and one had ischemic colitis sec-
ondary to portal vein thrombosis. No systemic arterial
thrombosis was evident.

There was no difference in the location or extent
of PAT between COVID-19 and non-COVID pneu-
monia (Supplementary Table S1, http://links.lww.
com/CCM/G849). Pulmonary parenchymal per-
fusion defects were significantly more common in
COVID (42/64; 66%) than non-COVID pneumonia
(7/49; 14%) (Supplementary Table S1, http://links.Iww.
com/CCM/G849). In those with COVID-19, the ma-
jority of thrombi exhibited embolus-like features (82%),

with only 12% exhibiting

Patients admitted with viral pneumonia for ECMO support (n= 149)

Excluded, n=15

» Deceased before CT could be
performed, n=3

« CT not performed (reason not
documented), n=12

Patients with viral pneumonia and CT performed (n=136)

CT performed >24 hours after
initiation of ECMO, n=23

Patients included in final analysis (n=113)

IST-like features and 6%
being indeterminate. Fifty-
seven (73%) demonstrated
evidence of PAT or paren-
chymal perfusion defects.
Of these, PAT occurred in
isolation in five patients
(8%) with no perfusion de-
fect, 14 patients (22%) had
perfusion defects with no
pulmonary emboli, and 28
(44%) had both PAT and
perfusion defect. Thirty-

Figure 2. Study flow chart of participants included in the study. ECMO = extracorporeal membrane

oxygenation.
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six percent of PAT were in
regions of the lung most
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TABLE 1.

Comparison of Baseline Variables Between Those With Coronavirus Disease 2019

and Noncoronavirus Disease 2019 Viral Pneumonias

Clinical Variables

N
Age, yr, mean % sp
Sex, female, n (%)
Body mass index, mean * sp
Hypertension, n (%)
Cardiovascular disease, n (%)
Chronic kidney disease, n (%)
Diabetes, n (%)
Preexisting lung disease, n (%)
Asthma
Other
Viral etiology, n (%)
Severe acute respiratory syndrome coronavirus 2
Influenza
Respiratory syncytial virus
Rhinovirus
Coronavirus (non-COVID)
Adenovirus
Other

Vitals at admission to extracorporeal membrane oxygenation, mean % sp

Heart rate, beats/min
Systolic BP, mm Hg
Diastolic BP, mm Hg
Pao,, kPa

Baseline biochemical markers
WBC, 10°/L
Lymphocytes, 10°%/L
Platelet, 10°/L
C-reactive protein, mg/L
p-dimer, mg/L
Prothrombin time, s
Activated partial thromboplastin time, s
Fibrinogen, g/L
Urea, mmol/L

Creatinine, pmol/L

Acute Physiology and Chronic Health Evaluation score

COVID 2019

64
45.0 9.4
15 (23)
28.9 * 7.0
14 (23)
1(2)
1(2)
16 (25)

9 (14)
8 (13)
1(1)

O O O O O o

88.8 £ 20.5
116 £ 20
68+ 15

12.8 8.9

129+ 72
0.85 £ 0.46
300+ 120
258 £ 130
13.6 £ 20.0
135+ 2.2
40.2 £ 21.2
772 £ 9.94
14.7 £ 9.9
177 £190
13.9 + 6.1

Non-COVID

49
442+ 11.9
20 (41)

20177

91.9+19.3
108 £ 13
56 + 7

14.7 £ 71

11.0+ 9.1
0.67 = 0.56
178 + 87
192 + 101
15.4+ 4.0
50.0 £ 279
4.09 + 2.59
11.3%+ 70
154 £ 104
14.4 + 4.1

P

0.71

0.048

0.93
< 0.001

0.51
0.03
0.001
0.34

0.24

0.07
< 0.001

0.004

0.002
0.046
0.01
0.04
0.42
0.70

BP = blood pressure, COVID = coronavirus disease.

d-dimer was not routinely collected in extracorporeal membrane oxygenation admission bloods pre COVID.
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TABLE 2.

Comparison of Imaging Findings Between Those With Coronavirus Disease 2019
and Noncoronavirus Disease 2019 Viral Pneumonias in Those With CT Performed With 24
Hours of Initiation of Extracorporeal Membrane Oxygenation

CT Findings COVID 2019 Non-COVID OR (95% CI) o)
N 64 49
Vascular thrombosis, n (%) 38 (59) 5 (10) 12.9 (4.5-36.8) < 0.001
Pulmonary artery thrombus 33 (52) 5(10) 9.4 (8.3-26.7) < 0.001
Venous thrombus 5 (8) 1(2) 4.1 (0.5-36.0) 0.21
Arterial 0 0 1
End-organ ischemia®®, n (%) 4 (e) 0 (0) 1
Brain 3 (5) 0
Spleen 2 (3) 0
Renal 0 0
Bowel 1(2) 0
Hemorrhage?, n (%) 10 (16) 4 (8) 2.1 (0.6-7.1) 0.24
Brain 9 (14) 3 (6)
Abdomen 1(2) 1(2)
Other 0 (0) 0 (0)

COVID = coronavirus disease, OR = odds ratio.

2Subtotals may add up to more than total as ischemia/hemorrhage could occur in more than one territory.

*OR not calculable as zero events in the non-COVID 2019 group.

severely affected by consolidation and ground glass
changes, and the location of PAT and perfusion defects
were only concordant in 30% of cases.

On binary logistic regression, the diagnoses of
COVID-19 were associated with an odds ratio (OR) of
12.9 (95% CI, 4.5-36.8; p < 0.001) for vascular throm-
bosis. On multiple variable regression in a model in-
cluding age, sex, hypertension, and diabetes, the risk
remained elevated with an OR for vascular throm-
bosis of 7.4 (95% CI, 2.4-22.5; p < 0.001). COVID-19
was associated with an OR of 11.5 (95% CI, 4.4-29.7;
P <0.001) for pulmonary parenchymal perfusion defect.
If these were considered evidence of thrombotic event,
then 51 of 64 patients (79.7%) with COVID had evi-
dence of thrombosis of their admission study, with an
OR 0f20.1 (95% CI, 7.6-53.1; p < 0.001) for thrombosis.

The prevalence of hemorrhage was 10 of 64 (16%)
in the COVID-19 patients and four of 49 (8%) in
non-COVID-19 patients (OR, 2.1 [95% CI, 0.6-7.1])
(Table 2). Intracranial hemorrhage accounted for
the majority of these events, with nine of 64 patients
(14%) with COVID-19 having evidence of an intracra-
nial bleed and one of 64 (2%) having an intramuscular
rectus sheath hematoma.

Critical Care Medicine

There was no difference in baseline clinical vari-
ables, observations, nor biochemical markers in
COVID-19 patients, with and without vascular throm-
bosis (Supplementary Table S2, http://links.lww.com/
CCM/G849).

At the time of data collection, follow-up of a me-
dian of 13 days (range, 0-36 d) was available for the
COVID-19 patients and 15 days (range, 1-67 d) for the
non-COVID-19 patients.

On May 30, 2020, of the 64 COVID patients, 18
of 64 (28 %) had died, 13 of 64 (20%) remained on
ECMO, nine of 64 (14 %) were off ECMO support but
remained on ventilatory support, eight of 64 (13 %)
remained in ICU on noninvasive ventilation, seven
of 64 (11 %) remained in hospital on oxygen therapy,
three of 64 (5 %) were in hospital without supple-
mental oxygen therapy, and six of 64 (9 %) had been
discharged. In those with non-COVID-19 viral pneu-
monia, 15 of 50 (30%) had died, and 35 of 50 (70%)
survived to discharge.

In those patients with COVID-19, there was no dif-
ference in the cumulative prevalence of death (y? =
0.43; p = 0.51) or discharge (x* = 0.57; p = 0.45) be-
tween those with or without vascular thrombosis on
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CT (Supplemental Fig. S1, http://links.Iww.com/
CCM/GB849). Nor was there any difference in the cu-
mulative prevalence of death (> = 3.62; p = 0.057) or
discharge (y* = 0.53; p = 0.47) between those with or
without hemorrhage. In univariate competing risk re-
gression, age, history of CVD, CKD, p-dimer levels, fi-
brinogen, and troponin were positively associated with
mortality in those with COVID-19 (Supplementary
Table S3, http://links.lww.com/CCM/G849).

DISCUSSION

In this multicenter study of patients with severe viral
pneumonia requiring ECMO support, we found that
those with COVID-19 had a 12-fold greater risk of
vascular thrombosis compared with other viral pneu-
monias. Despite this, there was no difference in out-
comes between COVID-19 patients with and without
vascular thrombosis.

Vascular thrombosis rates in COVID-19 range from
3-23% of patients admitted to hospital requiring ward
level care (8, 9) to 10-69% in patients admitted to ICU
(10-12). Concerns have been raised that this is an over-
estimate as most studies report the cumulative event
rates, with a further risk of confirmation bias (11).
In one study comparing COVID-19 patients with a
historical control, 66% of COVID-19 patients com-
pared with only 28% of the historic cohort received
CT pulmonary angiogram due to a hyperawareness of
a potential COVID-19 thrombosis interaction leading
to greater efforts to investigate for it (12). Our find-
ings of a 59% vascular thrombosis rate confirm a high
prevalence of vascular thrombosis when a system-
atic approach free from referral bias is undertaken.
This is similar to the 51% prevalence reported in a
smaller single-center study of COVID-19 patients
requiring ECMO (13).

Postmortem  examinations show  increased
thrombosis, microangiopathy, and endothelialitis in
COVID-19 compared with otherviral pneumonias (14).
Consistent with these autopsy findings, we observed
both a high prevalence of PAT and peripheral wedge
perfusion defects. The predominate morphologic
appearance of the PAT was that of thromboembo-
lism, further supported by its distribution in regions
of lung which were least affected by consolidation.
As consolidation induces regional hypoxia which in
turn induces vasoconstriction, higher blood flow in the
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regions of normal lung aeration is relatively increased,
increasing the likelihood of emboli ending up in the
segments. Although we only observed peripheral ve-
nous thrombus in 8% of our cohort, which might sug-
gest that the PAT was not embolic, this may be due to
the CT scan not covering the whole length of the legs
and could only assess for proximal venous thrombosis.
Previous studies using ultrasound to scan the whole
leg report rates of 15-46% of screened hospital patients
with COVID-19 with 58% reported in postmortem
studies (15-18). That 37% of wedge parenchymal
perfusion defects occurred without visible PAT, and
when the two were present in the same patient, their
distribution was only concordant in 30% of cases sup-
ports the notion of separate parallel pathophysiologic
process driving micro- and macrovascular disease.
A recent study has shown that the Spike protein of the
COVID virus directly damages vascular mitochon-
dria (19). Thus, the perfusion defects may represent
microangiopathy secondary to this, whereas the mac-
rovascular thrombosis is secondary to a severe inflam-
matory and hypercoaguable state, although further
work is necessary to better explore these hypotheses.
The need for an understanding of the processes that
lead to thrombosis is heightened by the finding of a
12-fold higher rate of vascular thrombosisin COVID-19
compared with other viral pneumonias. A 26% PAT
prevalence was reported in 107 ICU patients at a
single center with COVID-19 compared with a 7%
prevalence admitted with influenza in 2019 (20).
Helms et al (12) reported a three-fold higher rate of
PAT in 150 COVID-19 patients, although the study
compared this with a historical cohort of acute respira-
tory distress syndrome patients admitted to ICU rather
than a viral pneumonia cohort. Our multicenter study
in consecutive patients confirms these findings of an
elevated thrombotic risk particular to COVID-19.
The collective trial group (Anti-thrombotics for
Adults Hospitalized With COVID-19 , Randomized,
Embedded, Multifactorial  Adaptive  Platform
Trial for Community- Acquired Pneumonia, and
Antithrombotic Therapy to Ameliorate Complications
of COVID-19) found no benefit of routine ther-
apeutic dose anticoagulation in
patients, whereas the Intermediate vs Standard-Dose
Prophylactic Anticoagulation in Critically-ill Patients
With COVID-19: An Open Label Randomized
Controlled Trial (INSPIRATION) trial found no

intensive care

April 2022 « Volume 50 * Number 4

Copyright © 2022 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.


http://links.lww.com/CCM/G849
http://links.lww.com/CCM/G849
http://links.lww.com/CCM/G849

Clinical Investigations

benefit of intermediate-dose anticoagulation (21, 22).
Thus, despite our findings of a high prevalence of vas-
cular thrombosis, current evidence does not support
more aggressive preemptive treatment. It does how-
ever highlight the high prevalence of such findings,
which if identified in a routine and systematic manner
as performed in the current study may identify those
with most to gain from more aggressive therapy. The
ongoing antiplatelet arms of the REMAP-CAP and
RECOVERY trial will provide further evidence on al-
ternate approaches to tackling the thrombotic compli-
cations of COVID-109.

There are several limitations to the current study.
Included patients were all suffering from a se-
vere form of pulmonary disease justifying the use
of ECMO. Due to the wide geographical catch-
ment areas of the ECMO centers, data availability
on treatment prior to transfer is incomplete lim-
iting comment on, or comparison of differences be-
tween, pretransfer treatment approaches between
the two groups. The first wave of the COVID-19
pandemic was a national emergency and resulted in
an acute increase in intensive care workload. As a re-
sult, differences in care may have resulted between
the groups as highlighted by the delay in acquisition
of the CT in 27% of COVID patients, but only 2%
of non-COVID pneumonias. We have attempted to
address this issue comparing those with immediate
CT scans between the groups but cannot exclude fur-
ther downstream differences in care which could in-
fluence results. Our assessment of perfusion defects
was limited to visual assessment of contrast-enhanced
CT, rather than dedicated dual-energy CT which
could more directly quantify perfusion. Thus, subtle
hypoperfusion will have been overlooked. Indeed, a
dual-energy study in COVID-19 patients on ECMO
showed hypoperfusion in all patients despite PAT only
being evident in 39%, further supporting a parallel
microvascular and macrovascular process (23).

In conclusion, in patients who received ECMO,
COVID-19 is associated with a significantly higher
prevalence of vascular thrombosis compared with
non-COVID viral pneumonias of similar severity.
The pattern of pulmonary vascular changes suggests
concurrent embolic disease and local small vessel di-
sease with further work required to explore this issue.
Despite this, vascular thrombosis was not linked to
poorer short-term prognosis in those with COVID-19.
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