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Abstract
Extracorporeal membrane oxygenation (ECMO) plays an important role as a life-saving tool for patients with therapy-refractory
cardio-respiratory failure. Especially, for rare and infrequent indications, scientific data is scarce. The conducted paper focuses
primarily on our institutional experience with a 19-year-old patient suffering an acute chest syndrome, a pathognomonic
pulmonary condition presented by patients with sickle cell disease. After implementation of awake ECMO therapy, the patient
was successfully weaned off support and discharged home 22 days after initiation of the extracorporeal circulation. In addition to
limited data and current literature, further and larger data sets are necessary to determine the outcome after ECMO therapy for this
rare indication.
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Introduction

Sickle cell disease (SCD) is an autosomal recessive hemoglo-
binopathy leading to the formation of rigid sickled-shaped red
blood cells due to polymerization of hemoglobin [1]. Next to
various complications, pulmonary embolism (PE) is reported
to be associated with a 6%mortality rate among SCD patients
in a retrospective case-control study performed byNovelli and
colleagues [2]. Severe forms of PE can trigger hemodynamic
deterioration, as well as contribute to an acute chest syndrome
(ACS), pathognomonic for SCD patients [2]. Clinical data
showed an underestimation of PE in SCD patients [2].
However, the detection of SCD in patients with acute PE
without any prior history of SCD might be challenging.
Furthermore, avoidance of concomitant complications should
aim early diagnostics and prompt therapy.

In this regard, we report a case of a young patient with a
primary presentation of an acute PE and concomitant ACS,
treated with venoarterial extracorporeal membrane oxygena-
tion (VA-ECMO) due to severe cardio-respiratory failure.
Furthermore, we present a review of current literature
concerning this complex and specific patient cohort.

Report

A 19-year-old patient with African roots was initially admitted
to a secondary care hospital due to severe dyspnea and tachy-
cardia. Echocardiographic diagnostics showed a massive im-
pairment of right heart function and led to detection of a PE in
the conducted computed tomography (CT). Thrombolytic
therapy with alteplase was initiated and the patient showed
subjective improvement. Nevertheless, in a later CT-scan,
the PE was still evident. The presence of a deep vein throm-
bosis was not verifiable. In an acceptable cardio-respiratory
state, rivaroxaban was established as further anticoagulation
treatment. However, 2 days later, the patient developed fever,
a rise of inflammation parameters, as well as a progress of
pneumonic infiltrates in the CT scan (Fig. 1). Accordingly,
antibiotics (Piperacillin/Tazobactam) were implemented.

Six days after initial treatment, the patient showed signs of
re-exacerbation of initial pulmonary and cardiac organ
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dysfunction. The chest CT scan promptly performed revealed
a central presentation of a PE (Fig. 2).

Echocardiography showed severe signs of right ventricular
failure. Additionally, severe hypoxia developed despite the
attempt of non-invasive ventilation with 100% FiO2, which
in turn led to a fulminant hemodynamic decline and excessive
need for vasoconstrictive therapy. Arterial blood gas analysis
showed the following parameters: SO2, 58.8%; PO2, 33;
PCO2, 29; BE, 6.6; HCO2, 17.0; Hb, 10.1; pH, 7.38; Na

+,
143; K+, 3.3; Lactate, 2.9; and Ca2+, 1.24.

Therefore, the patient was admitted to our department for
further treatment in this therapy-refractory state of cardiopul-
monary deterioration.

Due to initial failure of the treatment with alteplase, repe-
tition of thrombolysis therapy was not performed. Moreover,
surgical extraction of the thrombus formation was not consid-
ered beneficial due to high risk of intra- and postoperative
bleeding. The initiation of mechanical ventilation seemed to
be unavoidable. However, we decided to implement an awake
VA-ECMO therapy via inguinal vessels (Rotaflow, Maquet,
Rastatt, Germany), to avoid further hemodynamic deteriora-
tion due to the accompanying necessity of analgosedation.
Initial ECMO parameters were FiO2 100%, gas-flow 3.0 L/
min, and ECMO-flow 3.90 L/min.

Under ECMO support , an angiography-driven
thrombectomy was performed with improvement of hemody-
namics and respiratory state in the following days. The appli-
cation of unfractionated heparin targeting an activated clotting
time of 180 to 200 s resulted in heparin-induced thrombocy-
topenia necessitating therapy with argatroban. Fortunately,
there was no tendency of clot formation with the administered
anticoagulation. Particularly, lung recovery was noticeable in
the following chest-X-rays (Fig. 3). When ECMO weaning
was initiated, a nasal high flow was established to ensure a
successful transition. During this time, the patient was limited
to mobilization inside the bed. Six days after initiation of
ECMO circulation, the patient could be weaned off support.

However, short-term follow-up diagnostics could exclude
a paraneoplastic genesis of PE. Moreover, the conducted
blood smear showed a hypogranulation of neutrophil
granulocytes. The share of lymphocytes was within a normal
range. Due to increased platelets (thrombocytes: 505 × 19/L)
on admission, further testing in the direction of genetic pre-
disposition of thrombotic events showed a factor V disorder of
the normal genotype. Fur thermore , hemoglobin

Fig. 1 Computed tomography showing pneumonic infiltrates in the left
upper lobe of the lung

Fig. 2 Computed tomography showing pulmonary embolus
Fig. 3 X-ray of the chest 3 days after ECMO explantation showing no
signs of pathology after treatment
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electrophoresis clearly showed homozygous sickle cell hemo-
globinopathy (hemoglobin S 49.8%, hemoglobin F 48.2%,
hemoglobin A 20%). Additionally, the patient’s father suf-
fered from SCD as he reported at a later point. Based on the
diagnosis of SCD, anticoagulation treatment was implement-
ed with phenprocoumon targeting an international normalized
ratio (INR) of 2.5 to 3.5. The range was set at a higher target
than usual, given the presented risk factors.

Without any further disturbances following an uneventful
course on the normal ward, the patient was discharged 22 days
after ECMO therapy. In a 5-month follow-up, the patient
showed no signs of remaining cardio-respiratory failure, no
thrombotic events, and no exacerbation of SCD.

Discussion and Literature Review

ECMO therapy is widely used as salvage therapy in patients
developing therapy refractory PE [3]. However, we describe
the first case of an awake VA-ECMO therapy due to PE and
following ACS in a patient with unknown SCD.

Next to various complications concerning vaso-occlusive
conditions associated with SCD, PE and ACS are serious
complications and common reasons for hospitalization as well
as death in patients suffering from SCD [2]. In this regard,
ECMO circulation may serve as a life-saving treatment option
for this rare patient cohort.

Veno-Venous (VV)-ECMO Therapy in Patients with
ACS

Few reports are available in the literature concerning SCD
patients with need for VV-ECMO therapy. Moreover, the ma-
jority of reports presented patients with initial ACS and al-
ready diagnosed SCD. Sewaralthahab and colleagues reported
the first adult patient in the USA suffering from ACS and
being treated with VV-ECMO. After 20 days of ECMO treat-
ment and full recovery of respiratory function, the patient was
weaned off support and transferred to the referring hospital
[4]. Mashhour et al. presented a case of a 14-year-old child
with SCD and therapy refractory ACS, necessitating ECMO
therapy. The ECMO was explanted 111 h after initiation, and
the patient was discharged from the hospital 1 month after
admission. Finally, the authors conclude ECMO therapy in
SCD patients to be associated with increasing survival com-
pared to conservative treatment with mechanical ventilation
and medical therapy [5].

In a report from Germany, a 28-year-old patient developed
a vaso-occlusive crisis due to massive alcohol consumption.
Upon admission, the patient was intubated and severe respi-
ratory failure indicated VV-ECMO therapy. After successful
treatment, the patient left the hospital 19 days after the emer-
gency hospitalization [6].

Another case of a young patient with known SCD was
described by Parhar and colleagues. Due to food poisoning,
emergent hospitalization was necessary indicating the estab-
lishment of mechanical ventilation due to hypoxemic respira-
tory failure and hemodynamic deterioration. Further diagnos-
tics showed a bilateral lung consolidation. Even though the
treatment was escalated with exchange transfusions, ongoing
pulmonary failure led to an implantation of VV-ECMO via a
femoro-femoral access. ECMO therapy was successfully fin-
ished after 12 days. Unfortunately, a follow-up after 6 months
presented chronic respiratory insufficiency. Despite of this,
the authors suggested a femoro-femoral approach to be asso-
ciated with lower risk of stroke on ECMO. Moreover, they
described the use of a second oxygenator in case of insuffi-
cient CO2-clearance [1].

The earliest paper describing VV-ECMO as a treatment
option for sickle cell disease was published in 1997. The re-
port described a case of an 8-year-old boy undergoing a vaso-
occlusive crisis, quickly progressing into an acute chest syn-
drome. Due to therapy-refractory pulmonary insufficiency,
VV-ECMO therapy was established. After 11 days, a success-
ful weaning process was conducted. In a 5-year follow-up, the
patient showed no residue of abnormal pulmonary function
[7]. In the report of Al-Sawaf et al., the authors described a 21-
year-old patient with homozygote SCD being transferred from
another hospital due to acute respiratory failure. After being
treated with fluids and intravenous opioids due to severe pain,
he developed purulent sputum and a worsened general state.
VV-ECMO therapy was established in fulminant respiratory
failure. After 7 days, the patient could be weaned off support.
The patient was discharged from the hospital 4 weeks upon
admission. In their report, the authors specifically addressed
the need for sufficient hemoglobin levels during ECMO-
therapy in SCD-patients achieved through exchange transfu-
sions [8]. Concerning our case, exchange transfusions were
not necessary in regard of acceptable hemoglobin levels.

VA-ECMO Therapy in Patients with ACS and
Hemodynamic Decline

In contrast to most of the reports mentioned, we described the
use of VA-ECMO support due to hemodynamic and concom-
itant respiratory failure. The report by Quentin et al. focusses
also on VA-ECMO support. However, they treated a patient
with postcardiotomy cardiogenic shock and known SCD pa-
thology prior to surgery, making in this way a comparison to
our case description difficult [9].

Similar to our experience, Grein et al. presented a patient
with fulminant PE, lysis therapy, and initiation of VA-ECMO
circulation. Moreover, the patient had a medical history
consisting of two prior events of ACS in his childhood.
Finally, ECMO therapy was finished 6 days after and the
patient was successfully discharged home [10].
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Studies Analyzing ECMO Therapy in SCD Patients

What case reports mentioned combine is that they highlight
the positive aspects of implemented ECMO treatment and
their impact on patients with SCD and ACS. Beside the men-
tioned case reports, there are only two original studies with
special attention on patients with ECMO support due to ACS
and their outcome (Table 1). The multicenter study by
Boissier et al. investigated 22 patients of which 45% (n =
10) were treated with VV-ECMO and 55% (n = 12) with
VA-ECMO. The authors showed a significant impact of the
initial cardio-respiratory state prior to ECMO therapy on the
outcome of examined patients [11]. The second study studied
all SCD patients listed in the ELSO-registry from 1990 to
2012 [12]. Sixty-five patients with an age range from 30 days
to 18 years were analyzed in this report. Even though respira-
tory failure was the most common indication for ECMO-treat-
ment, 80% of the patients were treated with VA-ECMO. The
median ventilation time of pre-ECMO mechanical ventilation
was 15.5 h (range: 0–859 h), while median duration of ECMO
treatment was 155 h (range: 5–689 h). The most common
complications were kidney injury (45%), bleeding (25%),
inotrope treatment (40%), and oxygenator clotting (15%).
The overall survival was 52%. The VV group showed a higher
survival with 85% of cases compared to only 43% in the VA
group [12].

Awake ECMO Therapy—New Approach for SCD
Patients

The implementation of awake ECMO therapy has gained pop-
ularity since it poses a viable alternative with clear benefits in
patients with severe respiratory failure while avoiding nega-
tive effects associated with mechanical ventilation. A review
from 2016 shed some more light at the pathophysiology and

clinical considerations for the use of awake ECMO [13]. The
authors highlighted the physiological movement of the dorsal
diaphragm, resulting in the ventilation of more compliant
parts of the lung and therefore creating optimal ventilation,
as the main benefits. Also, spontaneously breathing patients
use their respiratory muscle, which in turn ensures the expan-
sion of the chest wall, again leading to favorable ventilation
and minimized risk of developing atelectasis. Through spon-
taneous breathing, the air reaches the alveoli through a de-
crease of intrathoracic pressure, having no effect on the cardi-
ac filling and output. In contrast, mechanical ventilation in-
creases the intrathoracic pressure during inspiration, which in
turn lowers the cardiac output [13].

Mohite and colleagues from Royal Brompton Hospital
Harefield London analyzed ECMO patients bridged to lung
transplantation and paid special attention to those supported
and kept awake (7 out of 249). They claimed the clear benefit
of avoiding sedation and accompanied immobilization and
mechanical ventilation, without any significant difference be-
ing detected in the 1-year survival rate between the cohorts
[14]. In addition, Tudorache and colleagues showed for the
early phase after lung transplantation clear ameliorative im-
pact on hemodynamics in patients bridged with awake ECMO
[15].

At this point, it is of utter importance to mention this form
of treatment can only be performed in patients with the highest
form of compliance. In our case, there was a well-established
form of communication between the patient and treating pro-
fessionals ensuring the safety, as well as the comfort of the
patient.

Next to promising results concerning awake ECMO thera-
py, there are limited data investigating this form of therapy in
SCD patients. Concomitant to our report, colleagues from
France implanted an awake VV-ECMO in a patient with se-
vere ACS and threatening right heart failure. Maintaining

Table 1 Overview of all ECMO studies in sickle cells patients

Study Author Year of publication n Age (years) Sickle cell disease ECMO type ECMO duration (days) In hospital Survival

1 K. Parhar 2015 1 18 Yes VV 12 Yes

2 T. Belveyre 2019 1 19 Yes VV 7 Yes

4 S.S. Sewaralthahab 2018 1 25 Yes VV 20

5 A. Mashhour 2017 1 14 Yes VV 5 Yes

6 M. Hoffmann 2011 1 28 Yes VV 12 Yes

7 M. A. Pelidis 1997 1 8 Yes VV 11 Yes

8 O. Al-Sawaf 2019 1 21 Yes VV 7 Yes

9 Q. de Roux 2019 1 35 Yes VA 6 Yes

10 E. Grein 2012 1 21 Yes VA/VV 11 Yes

11 F. Boissier 2018 22 27* [21–1] Yes VA/VV 6* [2–8] 27%

12** K. Kuo 2015 65 7* [1 m–17] Yes VA/VV 6* [5 h–28] 52%

ACS acute chest syndrome; ECMO extracorporeal membrane oxygenation; VV veno-venous; VA veno-arterial

*Median, [range] **Kuo et al. include a case report as well as the data from the ELSO registry
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spontaneous breathing, the patient improved and was weaned
off ECMO support 7 days later [2]. Particularly, our cases are
the first to describe awake ECMO therapy in this rare patient
cohort with successful results for urgent onset of symptoms.

Conclusion

Current literature concerning patients suffering ACS and treat-
ed with ECMO is limited to a few case reports and two orig-
inal studies with low numbers of patients. However, accept-
able results for this rare patient cohort are presented. In
therapy-refractory cardio-respiratory failure, ECMO therapy
should be considered a potential treatment option for patients
with SCD. Moreover, adequate treatment should always be
administered with simultaneous diagnostics to fully address
genesis of cardio-respiratory failure, especially in patients
without prior history of SCD as it is described in our case.
In this regard, interdisciplinary treatment and deliberation are
certainly of paramount importance.

In addition, spontaneous breathing during ECMO support
may avoid adverse effects of mechanical ventilation and there-
fore should be considered a contemporary therapeutic ap-
proach, also for patients with scarce indications.

In conclusion, further and larger data sets are needed to
determine outcome after ECMO therapy in this special patient
cohort.
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