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BACKGROUND: We analyzed bleeding and thrombotic complications in COVID-19-associated
ARDS requiring extracorporeal membrane oxygenation (ECMO). METHODS: This was a single-
center observational study of adult subjects undergoing ECMO for COVID-19 (r = 67) or all other
cause of ARDS (n = 60), excluding trauma patients. RESULTS: In the COVID-19 group, duration
of invasive mechanical ventilation prior to ECMO was lower (2 [0—4] d vs 3 [1-6] d) and ECMO re-
trieval less frequent (71% vs 87%). No significant differences were found in Simplified Acute
Physiology Score II, Acute Physiology and Chronic Health Evaluation II (APACHE II), or in the in-
hospital survival predicted by the Respiratory ECMO Survival Prediction score. During the first 7 d
of ECMO support, the COVID-19 group presented higher platelets and fibrinogen, lower activated
partial thromboplastin time, but no differences in D-dimer. Thrombotic complications were similar
between groups. Higher rates of severe bleeding, namely airway bleeding (37.3% vs 15.0%) and
hemothorax (13.4% vs 3.3%), were found in COVID-19, with lower hemoglobin and higher red blood
cell transfusions. COVID-19 ARDS was associated with longer ECMO duration (47 [17-80] d vs 19
[12-30] d) and absence of a statistically significant difference concerning in-hospital mortality.
CONCLUSIONS: COVID-19-associated ARDS requiring ECMO presented high rates of severe
bleeding complications and a protracted course. Further studies are needed to clarify the risks
and benefits of ECMO in severe COVID-19-associated ARDS. Key words: ARDS; COVID-19;
bleeding; thrombosis; extracorporeal membrane oxygenation. [Respir Care 2023;68(5):575-581. ©

2023 Daedalus Enterprises]

Introduction

COVID-19 can lead to severe ARDS. Extracorporeal
membrane oxygenation (ECMO) may be considered in
refractory respiratory failure when positive-pressure ventila-
tion alone is insufficient to maintain adequate gas exchange
or when adherence to lung-protective ventilation strategies
and prone position results in unacceptable levels of hypoxe-
mia and respiratory acidosis.' From the beginning of the
pandemic, ECMO has been used in refractory severe
COVID-19-associated ARDS,** with a recent systematic
review describing a ~7% use rate, with overall in-hospital
mortality of 39%.*

However, ECMO is a resource-intensive and invasive
technique with a procoagulant effect’ and major bleeding and
thrombotic complications. This could be particularly relevant
given that severe COVID-19 is an acute inflammatory dis-
ease and hypercoagulable state, with endothelial injury®®
and increased circulating prothrombotic factors.”'" This
COVID-19-associated coagulopathy is characterized by a
high rate of thrombotic events.'>"> Bleeding, despite being
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less frequent, still occurs in ~30% of subjects,'>'*'® having a
greater impact than thrombosis in the mortality of ECMO
subjects.'*"” This finding is in line with pre-pandemic data on
subjects receiving ECMO for ARDS of other causes.'®

In this context, to better ascertain the potential benefits and
risks associated with ECMO use in severe COVID-19, the aim
of the present study was to compare the incidence of throm-
botic and hemorrhagic complications between subjects with
COVID-19 and non—COVID-19 subjects with severe ARDS
requiring ECMO. Namely, we compared baseline characteris-
tics, pre-ECMO ventilatory and gas exchange parameters,
blood and coagulation, bleeding and thrombotic complications,
as well as clinical outcome, between adult non-trauma subjects
with COVID-19 or all other causes of ARDS.

Methods
A retrospective cohort study of adult subjects without
trauma and with severe respiratory failure treated with

ECMO for > 7 d in Hospital S. Joao (Porto, Portugal)
between January 2018-September 2021 was performed.

575



CoAGULOPATHY IN COVID-19 REQUIRING ECMO

We excluded patients with ECMO runs shorter than 7 d. For
this period, we screened 171 potentially eligible patients. Of
these, 16 were excluded due to polytrauma, 7 due to ECMO
runs shorter than 7 d, and 21 because important data were
missing, namely regarding hemostatic parameters. Our pri-
mary outcome was the incidence of bleeding and thrombotic
complications under ECMO support. Sdo Joao University
Hospital is a 1,100-bed tertiary hospital. With a current case
volume of ~100 patients/y (~50% respiratory ECMO; neo-
natal and pediatric ECMO representing < 10% of the total),
our ECMO reference center is an Extracorporeal Life
Support Organization member (center 227). Being the sole
ECMO reference center in the north of Portugal, a region
with approximately 4 million inhabitants, most of our respira-
tory patients are transported by our ECMO team from refer-
ring hospitals, with cannulation in loco and patient transfer to
our center already under ECMO support. Specific ECMO
data were collected and presented from a dedicated database.

Subjects undergoing ECMO for COVID-19 (COVID-19
group, n = 67) or all other cause of ARDS (non-COVID,
n = 60) were compared. In the COVID-19 group, confirma-
tion of SARS-CoV-2 infection on hospital admission was
performed via nasopharyngeal swabs and tracheal aspirate
(in mechanically ventilated subjects) with polymerase chain
reaction assays. Airway bleeding severity was classified as
mild/moderate or severe based on bronchoscopy reports.
Bleeding was considered severe whenever a high volume of
active bleeding was documented, large clots obstructing the
main airways were present, and/or hemostatic interventions
were required.

Study Population and Technique of Extracorporeal Support

Criteria and contraindications for ECMO in refractory
acute respiratory failure, the technique of extracorporeal
support, subjects’ management on ECMO, including antico-
agulation therapy, and weaning from extracorporeal support
were described previously.'” No relevant alterations were
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Current knowledge

COVID-19 is a hypercoagulable state with increased
thrombotic and bleeding risk. Thrombotic complications
are described as more frequent than bleeding events in
patients with COVID-19 requiring extracorporeal mem-
brane oxygenation (ECMO); however, the latter appears
to have greater impact on mortality. Reported mortality
in these patients varies from 18—68%.

What this paper contributes to our knowledge

Thrombotic complications were similar between groups.
COVID-19 subjects presented more bleeding events,
namely airway bleeding and hemothorax. These compli-
cations were associated with prolonged ECMO courses.

made to this protocol since its publication. Regarding anti-
coagulation, unfractionated heparin was used for a target
activated partial thromboplastin time (aPTT) of 1.5 times
the normal.

Data Collection and Statistical Analysis

The Ethics Committee of the Hospital S. Jodao approved
the study and waived the requirement for subject consent.
Variables are reported either as number of cases and per-
centage or median and interquartile ranges. Comparisons
between groups (COVID-19 vs other etiologies) were per-
formed using independent samples ¢ test (normal distributed
data) or Mann-Whitney U test (non-normal distributed
data) for continuous variables, whereas the chi-square test
or Fisher exact test was used for categorical variables, as
appropriate. Results were considered statistically signifi-
cant if P < .05. For statistical analysis, SPSS 28.0 (IBM,
Armonk, New York) was used.

Results
Baseline Subject Characteristics

Our study included relatively young subjects, mostly
male, with no significant comorbidities (Table 1). Smoking
was less frequent in the COVID-19 group (3% vs 28%).
Non-pulmonary ARDS was present in 18% of subjects in
the non-COVID group.

Notably, subjects with COVID-19 had a shorter dura-
tion of invasive mechanical ventilation pre-ECMO. Most
subjects were retrieved from referring hospitals, although
this occurred less frequently in the COVID-19 group. No
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Table 1.  Baseline Characteristics of Subjects Requiring Extracorporeal Membrane Oxygenation for Severe ARDS
All COVID-19 Non-COVID* P
(N =127) (n=067) (n = 60)

Age,y 52 (45-59) 49 (44-58) 53 (45-62) .14
Male 89 (70) 45 (67) 44 (73) 45
Charlson Index 1(0-2) 1(0-2) 1(0-2.5) .15
Comorbidities

Hypertension 57 (45) 29 (43) 28 (47) .70

Obesity 52 (41) 30 (45) 22 (37) .35

Diabetes mellitus 22 (17) 13 (19) 9 (15) 51

Smoking 19 (15) 2(3) 17 (28) <.001
Type of ARDS

Pulmonary/non-pulmonary 116 (91)/11 (9) 67 (100)/0 49 (82)/11 (18) <.001
Etiology ARDS <.001

Viral pneumonia 84 (66) 67 (100) 17 (28)

Bacterial pneumonia 22 (17) 0 22 (37)

Pneumonia without SPD 7 (6) 0 7(12)

Extra-pulmonary sepsis 5(4) 0 5(8)

Other 9(7) 0 9 (15)
Pre-ECMO course, d

Hospital to ECMO 4 (1-7) 4 (1-7) 4(1-9) 31

Invasive ventilation to ECMO 2 (1-5) 2 (04) 3(1-6) .008
ECMO retrieval 99 (79) 47 (71) 52 (87) .035
SAPS I 44 (31-55) 44 (31-56) 42 (30-52) .50
APACHE I 21 (14-26) 21 (14-26) 21 (14-26) 18
RESP score 4(2-5) 4 (3-5) 3 (1-5) .003
Pre-ECMO cardiac arrest 6 (4.7) 3(4.4) 305 > .99

Data are presented as n (%) or median (interquartile range).

#*Non-COVID refers to subjects supported with extracorporeal membrane oxygenation due to severe ARDS whose etiology was not COVID-19.

SPD = specific pathogen detected

ECMO = extracorporeal membrane oxygenation

SAPS II = Simplified Acute Physiology Score IT

APACHE II = Acute Physiology and Chronic Health Evaluation II
RESP = Respiratory ECMO Survival Prediction

significant differences were found in Simplified Acute
Physiology Score II and Acute Physiology and Chronic
Health Evaluation II (APACHE II). In-hospital survival pre-
dicted by the Respiratory ECMO Survival Prediction
(RESP) score (76%) was similar in both groups. Three sub-
jects in each group suffered cardiac arrest before ECMO
cannulation. The preferred cannulation strategy was fem-
oro-jugular in both groups (93.9% in the COVID-19 group
and 75.9% in the non-COVID cohort).

Ventilatory Parameters and Gas Exchange Before
ECMO

Regarding ventilatory parameters (Table 2), no signifi-
cant differences were detected between groups in the level
of Fio,, PEEP, tidal volume, minute ventilation, plateau
pressure, or static respiratory system compliance before
starting ECMO support. Likewise, similar pre-ECMO lev-
els in gas exchange parameters such as P, /Fio,, Paco,, pH,
and blood lactate were observed in both groups.
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Blood and Coagulation Before and During ECMO

Hemoglobin, platelets, aPTT, D-dimers, and fibrinogen
values on the first (day 1), third (day 3), and seventh day
(day 7) of ECMO support are presented (Table 3).

Atday 1 and day 3, COVID-19 had higher platelet count,
but at day 7 no significant differences were detected
between groups. Inversely, aPTT raised at a similar extent
in both groups during the first week of ECMO support as
systemic anticoagulation ensued, except in day 3, where it
was significantly lower in COVID-19 group. Except for
day 1, fibrinogen was higher in COVID-19 group. No dif-
ferences were observed between groups concerning hemo-
globin and D-dimer levels. COVID-19 group had an
inferior lowest hemoglobin and mean aPTT during the first
week of ECMO support.

Regarding transfusion support, COVID-19 group had
a significantly higher need for red blood cell (RBC) units
when compared with non-COVID group (8 [2-16] vs 2
[1-6], P = .001). Other blood products, such as platelets,
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Table 2.  Ventilatory Parameters and Gas Exchange Before Starting Extracorporeal Membrane Oxygenation Support

All

COVID-19

Non-COVID

(N =127) (n=167) (n = 60) P
Ventilatory parameters
Fio, 1(0.8-1) 0.92 (0.75-1) 1(0.8-1) 46
PEEP, cm H,O 12 (10-14) 12 (10-14) 10 (8-14) .14
Tidal volume, mL 460 (410-500) 455 (420-500) 460 (400-500) .89
Tidal volume/PBW, mL/kg 7.0 (6.5-7.7) 7.0 (6.5-7.7) 7.0 (6.5-7.7) 45
Minute ventilation, L/min 11.7 (9.8-13.9) 12.3(9.8-14.1) 11.0 (9.9-12.5) 24
Plateau pressure, cm H,O 28 (24-30) 28 (24-29) 28 (24-30) .88
Static Crs, mL/cm H,O 32.1(25.0-37.9) 31.9 (25.0-37.9) 32.5(26.7-36.4) .89
Gas exchange
P,0,/Fio,, mm Hg 85 (68-95) 86 (71-94) 83 (65-97) 80
P.co,, mm Hg 52 (45-65) 52 (44-65) 54 (45-65) .85
pH 7.34 (7.25-7.42) 7.36 (7.26-7.43) 7.29 (7.23-7.40) 17
Lactate, mmol/L 1.3 (1.0-1.9) 1.3 (1.0-1.8) 1.3 (1.0-2.1) .39
mmedian (interquartile range).
*Non-COVID refers to subjects supported with extracorporeal membrane oxygenation due to severe ARDS whose etiology was not COVID-19.
PBW = predicted body weight
Crs = respiratory system compliance
Table 3.  Blood and Coagulation Before and During Extracorporeal Membrane Oxygenation
All COVID-19 Non-COVID »
(N =127) (n=67) (n = 60)
ECMO Day 1
Hb, g/dL 10.2 (8.7-11.3) 10.3 (8.7-11.4) 10.0 (8.6-11.3) .58
Platelets, 10%/L 219 (164-284) 234 (187-296) 190 (138-278) .008
aPTT, s 42.5 (35.0-51.1) 42.0 (35.0-50.5) 45.5 (36.0-53.8) .34
D-dimers, ug/dL 5.04 (3.02-9.43) 4.99 (2.48-15.87) 5.04 (3.33-7.91) .87
Fibrinogen, mg/dL 592 (448-696) 629 (509-689) 554 (403-696) 11
ECMO Day 3
Hb, g/dL 9.3 (8.5-10.8) 9.6 (8.8-10.9) 9.1 (8.2-10.6) 12
Platelets, 10°/L 210 (154-282) 220 (167-315) 196 (101-262) .007
aPTT, s 45.4 (40.2-51.3) 43.1 (38.5-49.8) 48.0 (42.2-53.0) .006
D-dimers, ug/dL 6.15 (3.21-14.03) 5.10 (3.21-13.25) 6.35 (3.22-16.62) .30
Fibrinogen, mg/dL 595 (445-706) 625 (516-741) 534 (376-654) .01
ECMO Day 7
Hb, g/dL 8.4 (7.8-9.5) 8.8 (7.9-9.9) 8.3(7.8-9.3) .10
Platelets, 10%/L 196 (146-271) 202 (152-265) 190 (132-279) 38
aPTT, s 49.6 (43.3-55.3) 50.0 (43.9-55.3) 48.6 (42.1-55.5) 57
D-dimers, ug/dL 7.80 (3.61-15.24) 7.37 (3.52-12.30) 9.69 (3.76-17.94) 18
Fibrinogen, mg/dL 599 (464-724) 634 (507-744) 565 (421-675) .02
Others
Lowest Hb(g/dL) during ECMO 6.8 (6.5-7.3) 6.7 (6.4-7.0) 7.0 (6.7-17.5) .001
Mean aPTT during ECMO, s 49.0 (44.9-52.6) 46.6 (43.6-50.2) 51.2 (47.8-54.4) <.001

Data are presented as median (interquartile range).

#*Non-COVID refers to subjects supported with extracorporeal membrane oxygenation due to severe ARDS whose etiology was not COVID-19.
Hb = hemoglobin

aPTT = activated partial thromboplastin time

ECMO = extracorporeal membrane oxygenation
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Table 4.  Incidence of Post-Cannulation Complications
All COVID-19 Non-COVID P
(N =127) (n=167) (n = 60)
Bleeding Complications
Airway bleeding 34 (26.8) 25 (37.3) 9 (15.0) .02
Hemothorax 11 (8.7) 9(13.4) 2(3.3) .043
Hemorrhagic shock 8 (6.3) 8(11.9) 0 .007
Cannulation site bleeding 52 (40.9) 26 (38.8) 26 (43.3) .60
Cardiac tamponade 2 (1.6) 1(1.5) 1(1.7) > .99
Hematuria 19 (15.0) 12 (17.9) 7(11.7) 32
Cerebral hemorrhage 4(3.1) 3(4.5) 1(1.7) .62
Gastrointestinal bleeding 27 (21.3) 14 (20.9) 13 (21.7) 92
Nasopharyngeal and oropharyngeal bleeding 64 (50.4) 38 (56.7) 26 (43.3) 13
Thrombotic Complications
DVT 55(43.3) 32 (47.8) 23 (38.3) 28
Pulmonary embolism 2 (1.6) 1(1.5) 1(1.7) > .99
Stroke 5(3.9) 4(6.0) 1(1.7) 37
Limb ischemia 324 3 (4.5) 0 25
Clinical Outcome

ECMO duration, d 26 (13-57) 47 (17-80) 19 (12-30) <.001
Hospital LOS, d 35 (20-73) 54 (23-96) 31 (18-48) .004
ICU mortality 35 (27.6) 21 (31.3) 14 (23.3) 31

Data are presented as n (%).

*Non-COVID refers to subjects supported with extracorporeal membrane oxygenation due to severe ARDS whose etiology was not COVID-19.

DVT = deep vein thrombosis
ECMO = extracorporeal membrane oxygenation
LOS = length of stay

fresh frozen plasma, or fibrinogen, were rarely adminis-
tered (< 25% of subjects) and did not differ between
groups.

ECMO Complications and Clinical Outcome

A significantly higher rate of severe bleeding was found
in COVID-19 group (Table 4). Airway bleeding was signif-
icantly higher in the COVID-19 group, both the mild/mod-
erate bleeding (18 [26.9%] vs 8 [13.3%], P = .03) and the
severe cases (7 [10.4%] vs 1 [1.7%)], P = .03). Within the
7 subjects with COVID-19 who suffered severe airway
bleeding, 4 died, whereas mild/moderate airway bleeding 8
of 18 subjects did not survive. Hemorrhagic shock was
mainly associated with hemothorax (n = 4; ~50% of
cases); 2 cases were caused by lower-limb hematomas, 1
by retroperitoneal bleeding, and 1 due to nontraumatic
lesion of an iliolumbar artery. Of note, 6 of the 9 subjects
with COVID-19 with hemothorax died, whereas the 2 sub-
jects with hemothorax in the non-COVID group survived.
Ocular, nasal, and pharyngeal bleeding was common,
whereas cardiac tamponade and intracerebral hemorrhage
were rare.

Regarding thrombotic complications, no differences
were detected between groups. Deep vein thrombosis,
mostly related to ECMO cannulation, was common in both
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groups. Stroke, limb ischemia, and pulmonary embolism
were rare events. Acute kidney injury was a notably fre-
quent complication in both COVID-19 and non-COVID
groups (40.3% vs 46.6%, P = .47). The COVID-19 group
required longer ECMO support and hospital stay.

Discussion

In our single-center experience, severe COVID-19-asso-
ciated ARDS requiring ECMO presented high rates of
severe bleeding complications and a protracted course, with
a statistically significant difference concerning in-hospital
mortality.

No relevant differences were found between groups in
the severity scoring systems. Of note, although the RESP
score significantly differed between groups (COVID-19: 4
[3-5] vs non-COVID-19: 3 [1-5]), both scores 3 and 4 are
associated with similar in-hospital survival. Accordingly,
no significant differences were found in the pre-ECMO venti-
latory and gas exchange parameters between group. Subjects
with COVID-19 had a shorter duration of invasive mechani-
cal ventilation pre-ECMO when compared with non-COVID
group. However, in contrast to pre-pandemic evidence, pre-
ECMO invasive ventilation duration in COVID-19 does not
seem to have impact on survival,® although more studies are
needed to confirm this finding.
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In our study, severe COVID-19-associated ARDS sup-
ported with ECMO did not show increased thrombotic
complications. ECMO support requires systemic anticoagu-
lation, which could have contributed to decreased throm-
botic complications in COVID-19 group. Pre-ECMO
cardiac arrest, higher P,co, at ECMO initiation, and obe-
sity, all recognized risk factors for thrombosis,'® were simi-
lar between groups and, therefore, are unlikely to have
confounded the results. In our medical center, computed to-
mography pulmonary angiogram (CTPA) is not routinely
performed in every patient in the first day of ECMO sup-
port, which could have underestimated incidence of pulmo-
nary thromboembolism (PTE). The difference between
incidentally detected PTE on CTPA and clinically sus-
pected PTE in ICU-treated subjects with COVID-19 can be
as high as 93-7%.%'

Bleeding events occurred more frequently in COVID-19
group. Accordingly, statistically significant inferior mean
lowest hemoglobin and higher need for RBC transfusion was
detected in this group. This could not have been caused by
higher systemic anticoagulation in this group given that the
mean aPTT during ECMO support was lower. Moreover,
ECMO-associated coagulopathy most likely did not account
for the bleeding risk observed in COVID-19 group given the
higher platelet count and fibrinogen observed in this group
during the first week of ECMO support. Additionally, it’s
worth mentioning the absence of differences concerning
D-dimer levels between cohorts, as D-dimers have popularly
been attributed with prognostic significance; and although
pre-cannulation D-dimer levels have been associated with an
increased predicted disease severity and longer ECMO
course,”? their value under ECMO must be carefully inter-
preted as it may reflect thrombus within the oxygenator or
hemostatic perturbance rather than hypercoagulability.”
Furthermore, D-dimer has poor specificity, with increased
levels seen in a variety of conditions, and fails to capture the
dynamic interplay between platelets, endothelium, and
coagulation cascade phenomena.? Thus, interpretation of D-
dimer levels is difficult and should be careful given the com-
plexity of these subjects.

In our COVID-19 cohort, airway bleeding was more
common and more severe. In subjects with severe airway
bleeding and large blood clots causing significant airway
obstruction, clots were removed by cycles of saline instilla-
tion and aspiration. In 2 cases, debridement with tissue-
grasping forceps was required. In one case, cryoextraction
and thrombectomy with Fogarty catheter were performed.
When active bleeding was observed or emerged as a
complication of clot extraction, cold saline, adrenaline,
and tranexamic acid instillation were used to control the
hemorrhage. Bleeding relapse was common, and a bron-
choscopy to review hemostasis was often required.

Similarly, hemothorax was a frequent and severe compli-
cation with difficult management and high associated
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mortality. In 4 of 9 subjects with hemothorax, thoracic sur-
gery was required. Two thoracotomies and 2 video-assisted
thoracoscopic surgeries were performed. Surgical re-inter-
vention was needed in 2 occasions due to relapsing bleed-
ing, and in one case intrathoracic gauze packing was
performed in the presence of a hemorrhagic suffusion that
involved all thoracic cavity without visible bleeding point.
A possible underlying etiology for these events may be the
development of peripheral medium and small pulmonary
artery branch aneurysms in COVID-19’s highly inflamma-
tory setting.*

Conclusions

In our single-center experience, severe COVID-19—
associated ARDS requiring ECMO presented high rates of
severe bleeding complications and a protracted course. This
could not have been accounted for by differences in the sever-
ity of the acute respiratory failure or in ECMO-associated coa-
gulopathy. Further studies are needed to further clarify the
risks and benefits of ECMO in severe COVID-19-associated
ARDS.
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