
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Brain Hemorrhages xxx (xxxx) xxx
CHINESE ROOTS
GLOBAL IMPACT

Contents lists available at ScienceDirect

Brain Hemorrhages

journa l homepage: www.kea ipubl ish ing.com/en/ journa ls /bra in -hemorrhages /
Case Report
Intracerebral hemorrhage associated COVID-19 patient with normal
coagulation profile after ECMO treatment: A case report
https://doi.org/10.1016/j.hest.2022.08.002
2589-238X/� 2022 International Hemorrhagic Stroke Association. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

⇑ Corresponding author.
E-mail address: mostafameshref1988@gmail.com (M. Meshref).

Please cite this article as: W. Osman Amer, H. Awad El gharieb, H. Ibrahim et al., Intracerebral hemorrhage associated COVID-19 patient with norma
ulation profile after ECMO treatment: A case report, Brain Hemorrhages, https://doi.org/10.1016/j.hest.2022.08.002
Wael Osman Amer a,b, Hussein Awad El gharieb a,c, Hossam Ibrahim d, Ahmed Alanazi e, Mostafa Meshref a,⇑
aNeurology Department, Faculty of Medicine, Al-Azhar University, Cairo, Egypt
b Professor of Neurology, Faculty of Medicine, Al-Azhar University, Cairo, Egypt
cAssistant Professor of Neurology, Faculty of Medicine, Al-Azhar University, Cairo, Egypt
dConsultant Intensive Care, King Salman Armed Forces Hospital, Tabuk, Saudi Arabia
e Training Internal Medicine Resident, King Salman Armed Forces Hospital, Tabuk, Saudi Arabia

a r t i c l e i n f o
Article history:
Received 16 July 2022
Received in revised form 4 August 2022
Accepted 9 August 2022
Available online xxxx

Keywords:
Coronavirus
Extracorporeal membrane oxygenation
(ECMO)
ICH
Coagulation profile
a b s t r a c t

Background: Coronavirus disease 2019 (COVID-19) is a novel coronavirus-caused infectious acute respi-
ratory disease that can progress to severe acute respiratory distress syndrome (ARDS). For severe cases,
extracorporeal membrane oxygenation (ECMO) is an excellent treatment option. ECMO had a number of
side effects, including bleeding. Intracerebral hemorrhage can occur in COVID patients due to a variety of
mechanisms, including covid’s effect on ACE-2 receptors and subsequent hypertension, coagulopathy,
DIC, or medication, such as anticoagulant use.
Case: We present a case of a 53-year-old male COVID-19 patient who developed multiple, massive, sev-
ere intracerebral hemorrhages (ICH) despite a normal coagulation profile after ECMO treatment.
Conclusion: COVID-19 can progress to severe acute respiratory distress syndrome (ARDS), necessitating
the use of extracorporeal membrane oxygenation (ECMO). Although ICH is not a common complication
in patients with COVID-19 disease, it is unknown why this patient had a lower threshold of ICH despite
having a normal coagulation profile.
� 2022 International Hemorrhagic Stroke Association. Publishing services by Elsevier B.V. on behalf of
KeAi Communications Co. Ltd. This is an open access article under the CC BY-NC-ND license (http://crea-

tivecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Coronavirus disease 2019 (COVID-19) is a novel coronavirus-
caused infectious acute respiratory disease.1 The disease may pro-
gress to severe and refractory acute respiratory distress syndrome
(ARDS), necessitating the use of extracorporeal membrane oxy-
genation (ECMO).2 ECMO appears to be an effective method of
treating ARDS in a variety of conditions, including COVID-19.2,3

ICH occurs less common with COVID-19 infected patient about
(0.7 %),but has a high mortality rate.4,5 However, some studies
showed increased the risk ICH occurrence in COVID-19 cases on
ECMO treatment and the percentage became (20 %).6 This variabil-
ity in increasing the haemorrhage risk with ECMO use because of
multiple factors including ECMO duration, antithrombotic therapy,
altered intrinsic coagulation, renal function status, blood compo-
nents’ need, rapid hypercapnia at ECMO initiation, and even pre-
ECMO morbidity.7
Case presentation

A 53-year-old male patient who had previously been healthy
was admitted to another hospital as a case of ARDS with a high
probability of COVID-19 infection. The patient was mechanically
ventilated when he arrived. The plan was to start ECMO treatment.
The right femoral vein was cannulated with a 23-gauge French
cannula for venous access and a 21-gauge French cannula for arte-
rial return during the procedure, with no immediate complications.
After being connected to VV ECMO with 4.1 l cardiac output ECMO
flow, the patient’s saturation improved from 69 to 97 percent. The
patient was then transferred to our hospital. On arrival, he was
vitally stable, and the pump speed was 2800 RPM, ECMO flow
4.1 l FIO2 100 percent sweep gas flow 2.5LPM, peripheral satura-
tion 89 percent, MAP 65 mmHg, no heparin infusion or bolus given
except 10,000 units during cannulation, activated clotting time
was 163 until 200 sec, PTT was until 121 sec, and INR was 1.51.
Three hours later, the patient’s pupils were discovered to be
4 mm dilated, and an urgent brain CT was ordered, which revealed
multiple cavitary lesions with air-fluid level and hemorrhagic
transformation as illustrated in Fig. 1 which showed the ICH
l coag-
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Fig. 1. CT brain which showed ICH progression over admission days.
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progression over the admission days. The swab was tested for
COVID-19 infection using RT-PCR. Furthermore, even with an opti-
mal coagulation profile, the hemorrhage worsened over time, and
no specific pattern was observed, as shown in Fig. 2 which showed
images of the last CT brain which illustrated massive multiple ICH
with increased ventricular compression, increased IVH, increased
SAH and increased the inferior displacement of the cerebellar ton-
sils (herniation). During ECMO, the patient was ventilated as fol-
lows: pressure control (PC) with pressure support (PS), tidal
volume (TV) was target 3–4 ml/kg, PEEP decreased 14 to 5 cmH2o,
respiratory rate (RR) was 12/min, arterial blood gas (ABG) was par-
tial pressure of oxygen (PO2) was 71.2, co2 was 44.3, and mixed
venous saturation was 66 percent. Our national guidelines protocol
for Covid 19 management includes antibiotics, antiviral Covid-19
treatment, vitamin replacement, steroids, and cytokine IL6 antago-
nist Tocilizumab IV two doses as protocol. With fixed acceptable
coagulation profiles during case follow up as shown in Table 1,
there was an improvement in chest X-ray and ABG. Bacterial
growth was not detected in blood cultures. The echocardiogram
was normal. The patient was continued on ECMO treatment and
ICU supportive measures for eleven days, but unfortunately, he
died because of severe COVID-19 infection and massive ICH.
Discussion

Coronavirus disease 2019 (COVID-19) is a new coronavirus-
caused acute infectious respiratory disease.1 COVID-19 disease
can progress to severe acute respiratory distress syndrome (ARDS)
lead to consider extracorporeal membrane oxygenation (ECMO).2

ECMO appears effective to treat ARDS in many conditions include
Fig. 2. Last follow up CT brain which showed massive multiple ICH with increased v
displacement of the cerebellar tonsils (herniation).
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COVID-19.2,3 Bleeding is one of the most serious ECMO complica-
tions, but achieving a normal coagulation profile can help prevent
it.2 Our patient’s coagulation profile was kept normal and optimal
(no heparin infusions or boluses were given except for 10,000 units
during cannulation). COVID-19 disease, on the other hand, appears
to be a risk factor for coagulopathy,8 and to reduce the influence of
precipitating events, Anticoagulation is typically achieved by a
continuous intravenous infusion of unfractionated heparin (UFH)
targeting an APTT of 60–80 s, as well as activated clotting time
(ACT) with a treatment target of 180–220 s.9 Fluid-blood levels
in acute intracerebral hemorrhage may indicate the presence of
coagulopathy with moderate sensitivity and high specificity,
according to CT findings.10 ICH is uncommon in COVID-19 patients
and is associated with a high mortality rate.11 The pathophysiology
of ICH in a COVID-19 patient is unknown; however, there was mas-
sive ICH in our case despite the use of therapeutic anticoagulation.
This hemorrhage could be explained by hypoxia in Covid-19
patients, which causes disruption of the blood brain barrier and
increased susceptibility to intracerebral hemorrhage, according to
Rich et al.12 While Ding et al. demonstrated the neuroinvasive
potential of corona virus in his study on corona-related types,13,14.
Varga et al. and Ackermann et al. also found autopsy evidence of
vasculitis in SARS-Cov-1. Endothelial damage occurs in SARS-
Cov-2, and microscopic descriptions of endothelial cerebral veins
may result in microscopic bleeds and eventual intracerebral hem-
orrhage.15–17 Multiple studies have drawn attention to the facili-
tated entry of COVID-19 in its host, which has been shown to be
via the Angiotension Converting Enzyme 2 (ACE2) receptors of
the Human cell surface mediated by its S-Protein, patients with
hypertension have reduced ACE2 expression in patients with
Covid-19 virus occupied this receptors with furthermore reduction
entricular compression, increased IVH, increased SAH and increased the inferior



Table 1
Showed the case follow up coagulation profile.

Day/ Serial
Coagulation screen

(PT) Reference value
(11–13.5 sec.)

(APTT) Reference
value (60–80 sec.)

(INR) Reference
value (0.8–1.2)

(ACT) Reference value (70–120 sec.)
our treating target was (180–220)
Reference value for therapeutic
anticoagulant (up to 600 sec.)

Day 1 21.30 81.10 1.60 215
Day 2 20.10 33.10 1.51 173
Day 3 20.80 28.50 1.56 225
Day 4 25.80 42.10 1.92 228
Day 5 21.60 36.40 1.62 164
Day 6 19.90 33.30 1.50 232
Day 7 19.50 32.10 1.47 179
Day 8 18.80 32.10 1.42 135
Day 9 17.60 29.30 1.33 172
Day 10 17.50 34.80 1.33 126
Day 11 17.10 36.80 1.30 137
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of ACE2 with subsequent increase the risk of ICH with elevated
blood pressure.18 Another hypothesis proposed Covid-19 patients
frequently have prolonged prothrombin time and coagulopathy,
which increases the risk of secondary intracerebral haemorrhage.19

Furthermore, Covid-19 infection causes distinct coagulopathy in
the form of increased D-dimer concertation, prolonged prothrom-
bin time, platelet dysfunction, and DIC, as described by Ding
et al. in their study of Corona virus-related types.13 Other studies
support that COVID-19 patients with severe illness are also at risk
for ICH.20,21 According to some studies, the use of anticoagulants is
associated with an increased risk of ICH in the future.21 Hence, We
described a COVID-19 patient who developed multiple massive
ICH hemorrhages despite receiving a low prophylactic dose of
low molecular weight heparin and having a normal optimal coag-
ulation profile. The hemorrhage worsened over time even with an
optimal coagulation profile, as shown in Fig. 1. We supposed that
the cause of this ICH is due to both the COVID-19 infection severity
and also the ECMO treatment usage with co-existence risk vari-
ables. Those variables includes the ECMO duration, usage of
antithrombotic therapy, altered intrinsic coagulation, renal func-
tion status, blood components’ need, rapid hypercapnia at ECMO
initiation, and even pre-ECMO morbidity.7 Our findings highlight
the importance of further research into coagulation abnormalities
in Covid-19 patients in order to assess the risk of hemorrhagic
complications as a result of COVID-19 disease.

Conclusion

COVID-19 can progress to severe acute respiratory distress syn-
drome (ARDS), necessitating the use of extracorporeal membrane
oxygenation (ECMO). Although ICH is not a common complication
in patients with COVID-19 disease, it is unknown why this patient
had a lower threshold of ICH despite having a normal coagulation
profile.
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