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ABSTRACT

Although the pathophysiology of pulmonary disease caused by coronavirus disease-2019 (COVID-19) is not yet fully understood, successful
extracorporeal membrane oxygenation (ECMO) use has been reported for COVID-19-related severe acute respiratory distress syndrome (ARDS).
We report a case series of 12 patients who received long venovenous ECMO (VV ECMO) runs for refractory hypoxia (median PF ratio of 71.8,
interquartile range (IQR) 53.5-78.5) from COVID-19-related ARDS. A majority (75%) of the patients were males with a median age of 44 (IQR
37-53.5). Overall, six (50%) patients survived to hospital discharge with five of them (83.3%) noted to be cerebral performance category 1 or 2
at the time of discharge. Survivors consistently showed an improvement in sequential organ failure assessment scores within 72 hours of ECMO
initiation. The median ECMO duration was 28 days (IQR 13.5-50). Despite using standard anticoagulation strategy, six (50%) of our patients had
one or more major bleeding episodes, which proved to be directly fatal in four (25%) patients. Although the overall outcomes of our cohort were
acceptable, our patients had much longer ECMO runs (mean 38 days in survivors) and with much higher, often fatal bleeding complications.
We compare our data with other published COVID-19 VV ECMO series.
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HIGHLIGHTS

+ Venovenous extracorporeal membrane oxygenation is
an effective life-saving rescue strategy for patients with
refractory ARDS from COVID-19 but survivors should expect
to be on ECMO and in hospital for a long duration along with
a higher incidence of major and potentially fatal bleeding
complications.

+  Optimum patient selection criteria and timing of ECMO initiation
as well as appropriate anticoagulation strategy need further
research.
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INTRODUCTION

Although majority of coronavirus disease-2019 (COVID-19)-related
acute respiratory distress syndrome (ARDS) meets the Berlin
definition,' its pathophysiological and radiological features
suggest it is not a typical ARDS.? The underlying pathogenesis,
understanding of which is still evolving, associated cytokine
storm, and significant extrapulmonary manifestations make
it a distinct multisystem disease.?> Some of the established
ARDS strategies, such as prone positioning and high positive
end-expiratory pressure (PEEP) also seem to be effective in
COVID-19 related ARDS.** A substantial proportion, up to 17%
in a large single-center series, goes on to develop refractory
hypoxemia requiring venovenous extracorporeal membrane
oxygenation (VV ECMO).% Several centers have reported their
VV ECMO experiences but with variable patient selection and
outcomes.””'” The management of these patients has also been
marred with confusion regarding appropriate anticoagulation
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strategy with numerous reports of COVID associated coagulopathy
resulting in a higher incidence of pulmonary thromboembolism."!
While a need for higher dose chemical thromboprophylaxis
has been recognized, the guidelines differ considerably on the
specifics.”” However, more recent data from the Inspiration trial
do not support a higher dose chemoprophylaxis as a first-line
strategy.'? Aggravating the confusion, a large number of case
reports of major bleeding complications in COVID-19 patients,
independent of chemoprophylactic strategy have now been
reported.”>1

We present below our case series of 12 patients from the
Cleveland Clinic Abu Dhabi, a tertiary referral center in the UAE.
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Bleeding Complications in COVID-19 Patients on VV ECMO

CAse DESCRIPTION

Cleveland Clinic Abu Dhabi is the only Extracorporeal Life Support
Organization (ELSO) registered ECMO center in the United Arab
Emirates. A total of 17 COVID-19 patients received ECMO at our
institute between April and October 2020. Five patients who received
venoarterial ECMO (VA ECMO) or hybrid ECMO configurations, or are
still in the ICU, were excluded from the current report that describes
only the VV ECMO patients who have been discharged from the
hospital. All patients were cannulated percutaneously at the bedside
with ultrasound guidance in a femoral-jugular configuration. Four
patients were retrieved after cannulation by our team at the referring
hospitals. Specific protocols for the management of ARDS and VV
ECMO in COVID-19 patients were prepared and approved in advance
ofthe pandemic peakin the UAE. For all patients who were admitted to
our unit before ECMO initiation, ECMO to rescue Lung Injury in severe
ARDS trial (EOLIA) criteria were used for patient selection'® and ELSO
definitions were used to classify any observed complications."” Prior
to ECMO initiation, confirmed COVID-19 patients at our institution
received higher dose chemical thromboprophylaxis based on their
D-dimer levels. However, once on ECMO, we decided to adopt our
standard anticoagulation regime using an infusion of unfractionated
Heparin, targeting an activated partial thromboplastin time (apTT) of
40-60 seconds. All data after the patient arrived at our facility were
collected prospectively until death or hospital discharge with 90-day
outcomes confirmed with telephone calls.

The median age was 44 (IQR 37-53.5) and 75% of patients
were males. Four patients were from India, three from the UAE,
two from Pakistan, one each from Nepal, Uganda, and Palestine.
This demographic spread represents the extremely diverse ethnic

(50%) survived to hospital discharge. Five out of these six discharged
patients (83.3%) were classified as either cerebral performance
category 1 or 2 at hospital discharge. The duration between
symptom onset and intubation and between intubation and ECMO
had no bearing on survival or the duration of ECMO required.
Table 2 shows the respiratory and COVID-19 specific management.
All our patients received tocilizumab but only seven (56%) received
steroids, including three who received it primarily for septic shock.
Table 3 shows characteristics relating to ECMO and its complications.
All our patients had Murray’s lung injury score of 3.5-4 at ECMO
initiation and six (50%) were in shock requiring pressors. Survivors
were consistently noted to show a significant improvement in
sequential organ failure assessment (SOFA) score (delta SOFA) within
72 hours of ECMO initiation. Eleven (91.7%) patients had some form
of minor bleeding while there were 11 episodes of major bleeding

Table 2: Respiratory and COVID-19 management

N =12, data as a proportion

Management strategy (%) or median with IQR

Respiratory management,

preintubation
High-flow nasal cannula 10 (83.3%)
Non-invasive ventilation (NIV) 11 (91.7%)
Prone positioning (awake, self) 10 (83.3%)

Ventilatory management,

postintubation
Ventilator mode Pressure control (7), volume

control (2), Pressure regulated

volume control (PRVC) (3)

composition of the UAE population with a predominance of PEEP 14 (12-15)
people from the Indian subcontinent. One patient had previously Neuromuscular paralysis 12 (100%)
undiagnosed polycystic kidney disease, one had bronchial asthma, Prone positioning 11(91.7%)
four had poorly controlled type Il diabetes mellitus, and five had Prone positioning hours 62 (28-80)
essential hypertension. Seven patients were overweight (BMI 25-30) Inhaled nitric oxide 7 (58.3%)
and only one patient was morbidly obese (BMI 55). Indication for ~ Barotrauma (pneumothorax) 6 (50%)
ECMO initiation was refractory hypoxia in all cases with a median ~ Ventilatory management, on ECMO
PF ratio of 71.8 (IQR 53.7-78.5). In addition, four patients (25%) also Lung rest 12 (100%)
had uncompensated hypercapnic acidosis with pH <7.2. Prone positioning 2(16.7%)
Table 1 summarizes the overall clinical course of these patients. Extubated on ECMO 2(16.7%)
While seven patients (58.3%) were alive at 90 days, only six patients Tracheostomy 10 (83.3%)
Table 1: Overall clinical course and outcomes
Duration (days) Outcomes LOS (days)
Case Symptomsto Intubation ECMO to Hospital
No.  Age/sex intubation to ECMO  wean/death ICU (CPC)  90-day ICU Hospital
1 36/M 8 3 4 (death) Dead Dead(5) Dead 8 12
2 38/M 10 6 73 (wean) Alive  Alive (2) Alive 98 147
3 42/M 7 1 34 (wean) Alive  Alive (1)  Alive 73 20
4 50/F 9 2 9 (death) Dead Dead(5) Dead 16 16
5 46/M 8 10 27 (death) Dead Dead(5) Dead 42 42
6 54/M 8 8 42 (wean) Alive  Alive (3) Alive 59 137
7 42/M 3 2 66 (wean) Alive  Alive (2)  Alive 94 104
8 53/M 19 1 18 (death) Dead Dead(5) Dead 25 27
9 35/M 12 2 31 (death) Dead Dead(5) Dead 38 44
10 60/M 12 5 15 (wean) Alive  Alive (1)  Alive 38 55
1 60/F 1 9 92 (death) Dead Dead(5) Alive 107 107
12 25/F 21 6 11 (wean) Alive  Alive (1)  Alive 23 36

M, male; F, female; ICU, intensive care unit; CPC, cerebral performance category; LOS, length of stay
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in six patients, including four (25%) intracranial hemorrhages (ICH)

Table 3: ECMO characteristics

Characteristic N = 12, data as a proportion (%) or median with IQR
Severity
PF ratio 71.5(53.5-78.5)

Respiratory ECMO survival prediction (RESP)

Murrays’ lung injury score
SOFA at ECMO initiation
SOFA at 72 hours

Delta SOFA at 72 hours

Shock (needing pressors)
Lactate

Symptom onset to ECMO, days
Survivors
Nonsurvivors

Intubation to ECMO, days
Survivors
Nonsurvivors

ECMO cannulation
Configuration
Cannulae
Need for VVV

ECMO complications
Minor bleeding
Major bleeding
Intracranial hemorrhage(s)

Pulmonary hemorrhage
Hemothorax

Pericardial tamponade
Psoas hematoma
Tracheal hemorrhage
Transfusions (units)
Packed red blood cells (PRBC)
Platelets
Fresh frozen plasma (FFP)
Oxygenator failure/change
Massive pulmonary embolism
ECMO duration, days

Survivors
Nonsurvivors

ICU length of stay, days
Survivors
Nonsurvivors

Hospital length of stay, days
Survivors
Nonsurvivors

3(2-4.5)

3.8(3.5-3.9)

6 (5-8)

4.5 (3-7.5)

Survivors: median —2.5 (-3 to —2), mean -2.5
Nonsurvivors: median 0 (0-1), mean 0.167
p-value 0.0057 (<0.05)

6 (50%)

1.87 (1.36-2.33)

Mean 15 =+ 3.378, median 15 (11.5-19)
Mean 14.17 + 6.227, median 14 (8-17)
Mean 15.83 + 3.217, median 16 (12-20)

p =0.32 (>0.05)

Mean 4.5 + 1.765, median 4 (2-6.5)

Mean 4.5 + 1.944, median 2.5 (2-9)

4.5 + 3.15 (mean), median 5.5 (2-6)
p=0.5(>0.05)

Femoral-Jugular (100%)
25/19 Fr (8), 29/19Fr (1), 23/19Fr (2), 25/17 Fr (1)
2 (20%)

11 (91.7%)—cannulation sites, oropharyngeal, Upper Gl

4 (33.3%) total

(25%) on ECMO

(8.3%) developed ICH 2 weeks after ICU Discharge
(16.7%)—both needed embolization

(16.7%)—1 needed video-assisted thoracoscopic surgery
(VATS) procedure and decortication

3
1
2
2

17.5(7-27)

0(0-2)

0(0-1.5)

5(41.7%)

2(16.7%)

Mean 34.25 + 16.087, median 28 (13.5-50)
Mean 38.5 + 20.486, median 32.5 (15-66)
Mean 30 + 26.29, median 21.5 (9-30)
p=0.31(>0.05)

Mean 48.83 + 19, median 36 (23-79.5)
Mean 59.17 + 23.44, median 62.5 (28-88)
Mean 36.17 + 36.17, median 26.5 (15-32)
p=0.131 (>0.05)

Mean 65.58 + 26.78, median 47.5 (27.5-106)
Mean 92.83 + 33.25, median 93 (53-133)
Mean 38.33 + 30.14, median 27.5 (15-42)

p =0.019 (<0.05)

(Fig. 1). One patient had psoas hematoma and one patient developed = median duration was 32.5 days (IQR 15-66).
bronchial hemorrhage (Fig. 2). Three patients with ICH progressed
to brain death and one bronchial hemorrhage also proved to be DiscussionN

days overall (IQR 13.5-50), even longer in the survivors where the

fatal. Five patients (41.7%) required more than one oxygenator. The
duration of ECMO was very long in our series, with a median of 28

In this small series of 12 patients requiring VV ECMO for refractory
COVID related ARDS, 50% of patients survived to hospital discharge
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Fig. 2: Nonneurological bleeding complications (left: retroperitoneal hematoma; right: refractory bronchial hemorrhage with
complete airway obstruction)

with a majority of them in good functional status at the time of
discharge. The most recently updated ELSO COVID dashboard also
reveals only a 49% inhospital survival in 5,608 patients who have
received ECMO for COVID-19in ELSO registered centers worldwide.'®
However, several others have reported their experience with ECMO
for this condition with better outcomes. In the French series of 83
patients® where EOLIA criteria were used for ECMO initiation, a 69%
survival rate at 60 days post-ECMO was reported, while a group
from Chicago reported 85% survival using the same criteria in their
series of 40 patients.'” Earlier, ELSO also published outcomes in 978
COVID-19 patients who received VV ECMO for refractory ARDS,
reporting an overall hospital survival of 63%.”

We would like to highlight some observations from our series
and list some limitations. First, our series is too small to make any
meaningful comparisons with other much larger series. Second,
most of the patients were transferred to us from other much
smaller hospitals where the ARDS management they received
was not standardized and often not evidence-based. Third, most
of our patients came from a lower socioeconomic class with no
previous health screening as evident from the poor baseline
control or knowledge of their comorbidities. Fourth, as suggested

Indian Journal of Critical Care Medicine, Volume 25 Issue 12 (December 2021)

previously, many patients were referred to the institute late in
the course of the disease and the team had no control over the
management of patients before being referred to. Also, since the
previously published literature does not support the use of steroids
in viral pneumonias?®?' and patients received ECMO prior to the
publication of the Recovery trial,?? not all patients received steroids.
Itis plausible that these factors could have had an impact on survival
as well as the duration of ECMO.

Fifth, our patients had a much higher incidence of bleeding
complications than any of the other reported series. In the French
series reported above, the incidence of major bleeding was 42%
but only four (5%) had hemorrhagic stroke despite using a higher
than usual apTT target for anticoagulation in their cohort.? In
another series of 43 patients from the United Kingdom, only 18.6%
of patients had major bleeding and no ICH were observed.? Risk
factors previously identified with a higher incidence of ICH in ECMO
patients include female sex, thrombocytopenia, renal failure, and a
sudden drop in pCO, after ECMO initiation.?>~*’ None of our patients
with ICH had these risk factors noted around the time of bleeding
(Figure 3). Also, no correlation was noted between the duration of
ECMO and risk of bleeding. Our demographic while different from
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the studies discussed above is not, however, different from our
previous ECMO patients in whom we did not see unusually high
bleeding complications. It is therefore plausible that mechanisms
other than anticoagulation per se could also be at play. It has been
reported that COVID-19 nonsurvivors have a far higher incidence
of disseminated intravascular coagulation.?® Fibrinolysis and
associated drop in fibrinogen could potentially be responsible
for bleeding. It remains to be seen if fibrinogen replacement
could prevent the bleeding complications.? It has now been well
established that COVID-19 uses angiotensin-converting enzyme 2
(ACE2) receptors to infect the pneumocytes, but these receptors are
widely present in the endothelium throughout the body including
the brain. The neurotropic behavior of COVID-19 facilitated by ACE2
expression on neurovascular endothelium and or dysregulated
vascular tone due to drop in ACE2 and unopposed action of
angiotensin-Il (AT-1) may also be responsible for hemorrhagic
strokes.3%3! Having said that, all four patients with intracranial
bleed had fibrinogen >1.5 g/L and none had systolic or diastolic
hypertension in the 72 hours leading up to the bleed.

Sixth, there is some evidence that putting many of these
patients on ECMO much earlier in the disease could have saved
more lives. In a series of 27 patients from New York, where a
much lower threshold for ECMO initiation was used (PF ratio
<150 mm Hg or pH <7.25 with paCO, greater than 8 kPa), a 96.3%
survival rate was reported. Many of our patients were referred late
to our facility and others received many proning sessions before
going on ECMO (median 62 hours, IQR 28-80). This could also
explain the longer days on ECMO in our series (median 32.5 days
in survivors, IQR 15-66), which was much higher than 14 days in
one series? and 20 days in the French series.® Further research
should explore what qualifies a satisfactory or sustained response
to prone positioning and when further proning sessions should
be abandoned in favor of ECMO.

Finally, three of our patients were weaned from ECMO after
6 weeks and one of them was weaned after 12 weeks. This
observation again highlights the time needed for lung recovery in
viral pneumonias and especially COVID-19, which could occur after
several weeks or months. Lung transplantation has been considered
as a therapeutic option in patients with severely injured lungs after
COVID-19 disease. Although some experts have suggested that we
should consider transplantation after just 4-6 weeks of illness,*? this
is very contentious as the 5-year survival after lung transplant has
not greatly improved over the years and as shown in our series, lung
recovery can be complete even after months of illness. Hence, amore
conservative approach that avoids lung transplants may be preferred.
Further data should explore determining the definition of meaningful
lung recovery and who might and might not require a transplant.
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