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Syndrome Coronavirus 2 Based on CT Scans
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Objectives: The main objective of the study was to determine
the prevalence of venous thromboembolism events in patients
infected with severe acute respiratory syndrome coronavirus 2
requiring venovenous extracorporeal membrane oxygenation. The
secondary objective was to compare venous thromboembolism
events and coagulation variables in patients requiring venovenous
extracorporeal membrane oxygenation according to the pathogen.
Design: Retrospective observational analysis at a single center.
Setting: Tertiary referral university teaching hospital.

Patients: Patients with severe acute respiratory syndrome corona-
virus 2-related severe acute respiratory distress syndrome requir-
ing venovenous extracorporeal membrane oxygenation therapy
with an injected CT scan performed after extracorporeal mem-
brane oxygenation retrieval.

Interventions: None.

Measurements and Main Results: \We included 13 severe acute
respiratory syndrome coronavirus 2 patients requiring venovenous
extracorporeal membrane oxygenation. All of these patients ex-
perienced venous thromboembolism: 10 patients (76.9%) had
isolated cannula-associated deep vein thrombosis, two patients
(15.4%) had isolated pulmonary embolism, and one patient (7.7%)
had both cannula-associated deep vein thrombosis and pulmo-
nary embolism. Eleven patients (84.6%) had cannula-associated
deep vein thrombosis. A jugular associated cannula-associated
deep vein thrombosis was identified in seven patients (53.8%), a
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femoral associated cannula-associated deep vein thrombosis was
identified in 10 patients (76.9%), and six patients (46.2%) had both
femoral and jugular cannula-associated deep vein thrombosis. A
pulmonary embolism was found in three patients (23.1%). No pa-
tient had central venous catheter-related deep vein thrombosis.
One patient had thrombotic occlusion of the centrifugal pump,
and one had oxygenator thrombosis requiring circuit replacement.
Three patients (23.1%) had significant bleeding. Three patients
(28.19%) had laboratory-confirmed heparin-induced thrombocyto-
penia, and all of them developed cannula-associated deep vein
thrombosis. These three patients had femoral cannula-associated
deep vein thrombosis, and two had an oxygenator or pump throm-
bosis. The mean activated partial thromboplastin time ratio was
higher in the severe acute respiratory syndrome coronavirus 2
group than in the influenza group and the community-acquired
pneumonia group (1.91 vs 1.48 vs 1.53; p = 0.001), which was
also found in regard to the percentage of patients with an acti-
vated partial thromboplastin time ratio greater than 1.8 (47.8% vs
20% vs 20.9%; p = 0.003) and the mean prothrombin ratio (86.3
vs 61.6 vs 67.1; p = 0.003). There was no difference in baseline
characteristics or venous thromboembolism events.

Conclusions: We report a 100% occurrence of venous throm-
boembolism in critically ill patients supported by venovenous ex-
tracorporeal membrane oxygenation for severe acute respiratory
syndrome coronavirus 2-related acute respiratory distress syn-
drome using CT scan imaging despite a high target and close
monitoring of anticoagulation. (Crit Care Med 2020; XX:00-00)
Key Words: acute respiratory distress syndrome; cannula; deep
vein thrombosis; extracorporeal membrane oxygenation; severe
acute respiratory syndrome coronavirus 2

enovenous extracorporeal membrane oxygenation
(ECMO) is a validated therapeutic option for very se-
vere acute respiratory distress syndrome (ARDS) that
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does not respond to a lung protective ventilation strategy in the
prone position (1).

The global coronavirus disease pandemic has led to nu-
merous admissions to the ICU for the treatment of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) with very
high mortality among patients requiring invasive mechanical
ventilation (2).

SARS-CoV-2 induces coagulation disorders resulting from
a hyperinflammatory state (“cytokine storm”) (3), leading to a
high incidence of thromboembolism events, especially in inten-
sive care patients (4), despite the use of anticoagulant therapy
(5, 6). Therefore, close monitoring of anticoagulation with a
higher target than usual, especially in patients with risk fac-
tors for thrombosis and/or elevated p-dimer, is suggested (4).
During venovenous ECMO, the occurrence of venous throm-
boembolism has been studied, with an incidence of up to 85%
of cases (7). In SARS-CoV-2 patients requiring venovenous
ECMO, the prevalence of venous thromboembolism events
has only been investigated using ultrasonography.

Thus, we hypothesized that SARS-CoV-2-related ARDS
patients requiring venovenous ECMO are at very high risk of
venous thromboembolism. The main objective of the study
was to determine the prevalence of venous thromboembo-
lism events in SARS-CoV-2 patients requiring venovenous
ECMO using a CT scan for diagnosis. The secondary objective
was to compare venous thromboembolism events in patients
supported by venovenous ECMO according to the pathogen
involved.

MATERIALS AND METHODS

We conducted a retrospective study in a medical ICU of a
teaching university hospital in Marseille, France. All patients
admitted for SARS-CoV-2-related ARDS requiring venove-
nous ECMO therapy with an injected CT scan performed after
ECMO weaning were included. According to French ethics
laws and our Institutional Review Board, the requirement for
informed consent was waived.

A thoraco-abdominopelvic CT scan with iodinated contrast
injection is routinely performed after venovenous ECMO re-
trieval in our center.

Anticoagulation practice was protocolized and was not
modified throughout the study period. Unfractionated hep-
arin (UFH) was used for anticoagulation. Due to prothrom-
botic evidence in severe SARS-CoV-2 patients, a therapeutic
UFH dose was administered using anti-factor Xa for monitor-
ing with a range between 0.3 and 0.6 international units (IU)/
mL. Heparin-induced thrombocytopenia (HIT) was system-
atically investigated in cases of thrombocytopenia less than
100g/L or a reduction of greater than 50% from the patient’s
baseline platelet count using heparin-platelet factor 4 antibody
testing associated with the platelet aggregation test. If positive,
UFH was stopped and substituted for argatroban.

The intensity of anticoagulation was assessed using anti-fac-
tor Xa and the activated partial thromboplastin time (APTT)
ratio. The mean anti-factor Xa was calculated as the mean
anti-factor Xa value of all anti-factor Xa measured during the
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venovenous ECMO period. The same calculation was per-
formed to assess the platelet count, fibrinogen level, APTT
ratio, and prothrombin ratio. Furthermore, we calculated the
percentage of platelet counts lower than 100g/L, defined as
the number of platelet counts lower than 100g/L divided by
the total number of platelet counts performed times 100. The
same operation was performed for fibrinogen level (threshold
> 6g/L) and APTT ratio (threshold > 1.8) (8). The APTT ratio
and prothrombin ratio were determined using a normal con-
trol plasma value for the denominator.

For comparison with SARS-CoV-2 patients, we extracted
data from a group with 10 influenza patients and a group with
24 bacterial community-acquired pneumonia (CAP) patients
from a database of a previous study on venous thromboembo-
lism events after venovenous ECMO (8). All of these patients
underwent femoro-jugular cannulation.

First, we reported the prevalence of venous thromboembo-
lism in patients with SARS-CoV-2-related ARDS. Second, we
compared venous thromboembolism events and coagulation
variables during venovenous ECMO in SARS-CoV-2 patients
and non-SARS-CoV-2-related ARDS patients, including influ-
enza patients and bacterial CAP patients.

Descriptive statistics included percentages for categorical
variables and the median (interquartile range) for continuous
variables. Comparisons between the three categories (SARS-
CoV-2 group, influenza group, and bacterial CAP group) for
continuous variables were performed using the Kruskal-Wallis
test with a post hoc method for multiple comparisons (step-
up Simes method to calculate adjusted p value). Comparisons
between the three categories (SARS-CoV-2 group, influenza
group, and CAP group) for categorical variables were per-
formed using the Pearson chi-square test for trend.

RESULTS

Between March 18, 2020, and May 5, 2020, 14 patients were
admitted for SARS-CoV-2-related ARDS requiring ECMO
support. One patient required venoarterial ECMO for acute
cor pulmonale due to massive pulmonary embolism, and the
13 remaining patients required venovenous ECMO for refrac-
tory hypoxemia. All of these patients were weaned off ECMO
support. All venovenous ECMO patients were included in the
analysis.

All patients were in shock requiring norepinephrine at
a dose greater than 1 pg/kg/min during the venovenous
ECMO period. Femoro-jugular cannulation was performed
for all patients. CT scans were performed a median of 1
day (0-3 d) after decannulation occurred. On May 5, seven
patients (53.1%) were weaned from mechanical ventilation
and the median duration of mechanical ventilation was 24
days (18-29.5 d).

One-hundred percent of SARS-CoV-2 patients supported
by venovenous ECMO experienced venous thromboembo-
lism: 10 patients had isolated cannula-associated deep vein
thrombosis (CaDVT), two patients had isolated pulmonary
embolism, and one patient had both CaDVT and pulmonary
embolism. The venous thromboembolism characteristics of
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the 13 patients supported by venovenous ECMO are presented
in Table 1. Eleven patients (84.6%) had CaDVT. A pulmonary
embolism was found in three patients (23.1%) including one
patient with femoral and jugular CaDVT and two with an iso-
lated pulmonary embolism (Table 1). No patient had central
venous catheter-related deep vein thrombosis. One patient had
thrombotic occlusion of the centrifugal pump, and one had
oxygenator thrombosis. Five patients (38.5%) had hemolysis,
and four required ECMO circuit replacement. Three patients
(23.1%) had significant bleeding (one epistaxis, one subarach-
noid hemorrhage, and one gynecological bleeding), and one
required RBC transfusion. The mean APTT ratios were 1.91,
1.50, and 1.76, and anti-factor Xa levels were 0.41, 0.39, and
0.72 TU/mL.

One patient had a moderate antithrombin III deficiency
requiring human antithrombin III concentrate administra-
tion. The median level of antithrombin III in the cohort was
81% (66.5-91.9%). A HIT test was performed in eight patients
(61.5%) and three patients (23.1%) had a laboratory-con-
firmed HIT. These three patients had femoral CaDVT, and two
had oxygenator or pump thrombosis.

The comparison between groups according to the path-
ogen is presented in Table 2. The mean APTT ratio, the
percentage of APTT ratio greater than 1.8 and the mean pro-
thrombin ratio were higher in the SARS-CoV-2 group than in
the influenza group and CAP group. There was no difference
considering baseline characteristics or venous thromboem-
bolism events.
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DISCUSSION
We found that venous thromboembolism was systematically
found in SARS-CoV-2-related ARDS patients requiring veno-
venous ECMO. One-hundred percent of SARS-CoV-2 patients
supported by venovenous ECMO experienced venous throm-
boembolism: 10 patients (76.9%) had isolated CaDVT, two
patients (15.4%) had isolated pulmonary embolism, and one
patient (7.7%) had both CaDVT and pulmonary embolism.
Prothrombotic activity in SARS-CoV-2 patients is increased
and leads to a higher venous thromboembolism rate in ICU
patients despite venous thromboembolism prophylaxis (5, 6).
In our cohort, 100% of the patients developed venous throm-
boembolism despite relatively high and close monitoring of
anticoagulation during ECMO support. Abnormal coagu-
lation tests are common in SARS-CoV-2 patients due to the
presence of lupus anticoagulant and coagulation factor defi-
ciency (9), which may induce a spontaneous prolonged APTT
and interfere with UFH monitoring. Therein, therapeutic anti-
coagulation was monitored using anti-factor Xa in our cohort
and confirmed therapeutic use of UFH without reduction in
thromboembolism events. However, three patients (23.1%)
developed an HIT, suggesting a high incidence of HIT in SARS-
CoV-2 patients, but the finding was not statistically significant
(Table 2); this finding awaits confirmation in a larger series.
The incidence of CaDVT varies between 18.1% and 85.4%
according to diagnostic methods (7, 10, 11), and recently we have
reported a prevalence of 71.4% when using exclusively a CT scan
for diagnosis (8) which is consistent with the present results. When

TABLE 1. Characteristics of Venous Thromboembolism and Anticoagulation in Severe
Acute Respiratory Syndrome Coronavirus 2 Patients

Femoral Jugular Inferior Superior Mean Anti-Factor Mean Activated
Vein Vein Vena Cava Vena Cava Pulmonary Xa (International Partial Thromboplastin
Variables (o:10)4 ) CaDVT (o:10)4 ) CaDVT Embolism Units/mL) Time Ratio
Patient 1 No Yes No No No 0.29 1.70
Patient 2 Yes Yes Yes No No 0.35 1.85
Patient 3 Yes Yes Yes No No 0.34 2.26
Patient 4 Yes Yes Yes No No 0.45 2.29
Patient 5 Yes No No No No 0.41 1.91
Patient 6 No No No No Yes 0.21 1.61
Patient 7 Yes No Yes Yes No 0.50 2.12
Patient 8 Yes Yes Yes No No 0.39 1.50
Patient 9 Yes Yes No No Yes 0.39 1.58
Patient 10 No No No No Yes 0.47 2.81
Patient 11 No No Yes No No 0.72 1.76
Patient 12 Yes No Yes No No 0.44 2.50
Patient 13 Yes No Yes No No 0.43 343
Total 9 (69.2) 6 (46.2) 8(61.5) 1.(77) 3(23.1) 0.41 (0.35-0.45) 1.91 (1.69-2.29)

CaDVT = cannula-associated deep vein thrombosis.

Activated partial thromboplastin time ratio is provided as times over the baseline value. Mean denotes the arithmetic mean of all measures completed during the
venovenous extracorporeal membrane oxygenation period. Values are expressed as n (%) or median (interquartile range).
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TABLE 2. Comparison of Coronavirus Disease 2019 Patients With Influenza Pneumonia
Patients and Bacterial Community-Acquired Pneumonia Patients

Coronavirus Bacterial
Disease 2019 Influenza Community-Acquired

Variables Group (n =13) Group (n = 10) Pneumonia Group (n=24) p
Age, yr, median (IQR) 50 (43-62) 58 (47-60) 49 (37-58) 0.12
Male sex, n (%) 9 (69.9) 6 (60.0) 20 (83.3) 0.28
Body mass index, kg/m? median (IQR) 31 (27-36) 30 (26-34) 25 (22-31) 0.08
Simplified Acute Physiology Score 2, median (IQR) 492 (37-46) 51 (39-54) 46 (43-51) 0.19
Sequential Organ Failure Assessment, median (IQR) 8(8-11) 10 (6—10) 11 (8-13) 0.08
Comorbidities, n (%)

Diabetes 2 (15.4) 2 (20.0) 3(12.5) 0.76

Immunodeficiency 0 (0.0) 1(10.0) 0(0.0) 0.78

Chronic obstructive pulmonary disease or asthma 1.(77) 0(0.0) 7 (29.9) 0.06

Chronic cardiac dysfunction 0 (0.0) 0 (0.0) 3(6.4) 0.11
History of deep vein thrombosis, n (%) 0(0.0) 1(10.0) 0 (0.0) 0.78
Antiplatelet agent continued during ECMO, n (%) 1(7.7) 0(0.0) 3(12.5) 052
Number of days of venovenous ECMO, median (IQR) 10 (8=13) 17 (10-20) 16 (10-20) 0.06
Size of discharge cannula, French, median (IQR) 29 (25-29) 25 (25-29) 25 (25-29) 0.43
Size of reinjection cannula, French, median (IOR) 17 (17-19) 17 (17-19) 19 (17-19) 0.48
Heparin-induced thrombocytopenia, n (%) 3(23.1) 1(10) 1(4.2) 0.083
Mean APTT ratio, median (IQR) 191 (1.69-229) 1.48(1.36-1.78) 1.63 (1.43-1.66)° 0.001
% APTT ratio > 1.8, median (IQR) 478 (36.8-70.4) 180 (2.0-28.1) 209 (3.6-31.8) 0.003
Mean platelet count, median (IQR) 160.4 (97.1-219.1) 201.1 (141.0-228.0) 1115 (80.8-179.2) 0.156
% platelet < 100g/L, median (IQR) 3.3 (0.0-54.5) 125 (0.0-16.7) 50.0 (6.6-79.9) 0.09
Mean prothrombin ratio, median (IQR) 86.3 (73.9-90.9) 61.6 (66.1-73.9)¢ 67.1 (62.9-79.5)f 0.003
Mean fibrinogen level, median (IOR) 5.7 (4.8-6.4) 5.0 (3.2-5.9) 5.1(4.1-6.0) 0.36
% fibrinogen level > 6 g/L, median (IQR) 41.2 (20.0-66.7) 249 (0.0-52.2) 39.3 (15.3-53.6) 0.67
Venous thromboembolism, n (%) 13 (100) 7 (70) 21 (875) 0.102

Cannula-associated deep vein thrombosis 11 (84.6) 6 (60) 20 (83.3) 0.264

Pulmonary embolism 3(23.1) 2 (20) 2(8.3) 0.426

APTT = activated partial thromboplastin time, ECMO = extracorporeal membrane oxygenation, IQR = interquartile range.

2Coronavirus disease (COVID) group vs influenza group (p < 0.01).
5COVID group vs community-acquired pneumonia (CAP) group (p < 0.01).
°COVID group vs influenza group (p < 0.05).

4COVID group vs CAP group (p <0.01).

°COVID group vs influenza group (p < 0.01).

fCOVID group vs CAP group (p < 0.05).

APTT ratio is provided as times over the baseline value.

Mean denotes the arithmetic mean of all measures completed during the venovenous ECMO period.

% APTT denotes the percentage of APTT greater than 1.8 threshold, defined by the number of APTT according to the chosen threshold divided by the total
number of APTT achieved times 100. The same was done for % b-dimer > 3 pg/mL and % fibrinogen level > 6 g/L.

compared with the influenza group, we found a higher prevalence
of CaDVT in the SARS-CoV-2 group, but the difference was not
statistically significant, probably due to a lack of power (84.6% vs
60%, respectively). Two recent cohorts of 12 SARS-CoV-2 patients
requiring venovenous ECMO reported three cases of oxygenator
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thrombosis, and in the second study, a cannula thrombosis in two
patients and a CaDVT in five patients using ultrasonography for
diagnosis (4, 11). In our study, oxygenator or pump thrombosis
occurred only in patients with HIT. We found a higher prevalence
of thromboembolism events in our study, which may be explained
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by the use of CT scans for diagnosis because of the higher perfor-
mance of CT scans for the identification of pelvic, superior and
inferior vena cava, and pulmonary artery thrombosis.

Furthermore, three patients had significant bleeding high-
lighting the precarious balance between thrombotic risk and
hemorrhagic risk in this population of patients.

The nonsignificant findings are likely due to the small sample
size of this study and its retrospective nature with inherent risk
of bias. CT scan delay may have caused thrombus migration and
nonevaluation of distal veins of the limbs to be missed, which
could have underestimated the prevalence of venous thrombo-
embolism. Larger series are needed to confirm these findings.

CONCLUSIONS

We report a 100% occurrence of venous thromboembolism
in critically ill patients supported by venovenous ECMO for
SARS-CoV-2-related ARDS using CT scan imaging despite
a high target and close monitoring of anticoagulation. Our
results emphasize that coagulation and thrombosis are at the
interplay between SARS-CoV-2 and ECMO. Although venove-
nous ECMO is potentially lifesaving, clinicians must be aware
of such complications that require very high attention for
thrombosis prevention and diagnosis in SARS-CoV-2 patients.
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