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Abstract

BACKGROUND
A critically ill coronavirus disease 2019 (COVID-19) patient complicated by acute
respiratory distress syndrome is reported. The patient survived following

treatment with awake veno-venous extracorporeal membrane oxygenation
(ECMO).

CASE SUMMARY

A 53-year-old male patient attended our hospital following a cough for 11 d and
fever for 9 d. According to his computed tomography (CT) scan and real-time
reverse transcription-polymerase chain reaction assay of a throat swab, nucleic
acid was positive, confirming that he had COVID-19. He was subsequently
transferred to the intensive care unit due to respiratory failure. The patient
received antiviral drugs, a small dose of glucocorticoid, and respiratory support,
including mechanical ventilation, but the treatment effect was poor. On the 28"
day after admission, veno-venous ECMO and prone position ventilation (PPV)
were performed, combined with awake ECMO and other comprehensive rehabil-
itation measures. On the 17*day of ECMO, the patient started to improve and his
chest CT and lung compliance improved. ECMO was discontinued after 27 days,
and mechanical ventilation was also discontinued after 9 days. The patient was
then transferred to the rehabilitation department.

CONCLUSION

COVID-19 can damage lung tissues and cause evident inflammatory exudation,
thus affecting oxygenation function. Awake ECMO, PPV, and comprehensive
rehabilitation are effective in patients with critical COVID-19 and respiratory
failure.

Key Words: COVID-19; Awake extracorporeal membrane oxygenation; Prone position
ventilation; Rehabilitation; Case report
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Core Tip: Coronavirus disease 2019 (COVID-19) symptoms include fever, cough, and
breathing difficulties. Critically ill patients are often complicated by acute respiratory
distress syndrome. Awake extracorporeal membrane oxygenation, prone position
ventilation, and comprehensive rehabilitation are effective in patients with critical
COVID-19 and respiratory failure.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) is caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), a novel coronavirus. The first case was confirmed in
China, but COVID-19 has now become a pandemic. SARS-CoV2 infection leads to
excessive exudation in pulmonary capillaries, manifesting as interstitial edema, and
ground-glass opacities can be observed on imaging[1]. COVID-19 has various clinical
manifestations, including fever and respiratory tract syndromes. Some COVID-19
patients experience mild symptoms, and no obvious abnormities are detected on chest
computed tomography (CT), while a few patients have rapid severe respiratory
failure, with a high mortality rate[2]. In these latter patients, a ventilator or extracor-
poreal membrane oxygenation (ECMO) is needed to support breathing[3].

ECMO can provide gas exchange and support cardiac function in patients with
acute respiratory distress syndrome (ARDS) or cardiac failure. Following the CESAR
trial in 2009, veno-venous (V-V) ECMO was established and is widely used to treat
patients suffering from severe ARDS[4]. However, COVID-19 requires a relatively
longer course of treatment than other known forms of viral pneumonia. In addition, it
can progress quickly, thus contributing to respiratory failure[5]. Refractory hypoxemia
is the most common clinical manifestation in critically ill COVID-19 patients. Previous
studies have proved that awake ECMO can reduce the mortality rate of severe ARDS
patients[6]. According to some reports, the combination of ECMO and prone position
ventilation (PPV) can effectively cure viral pneumonia. From studies on its complic-
ations, it was discovered that the combination of ECMO and PPV is safe[7,8].

The prevalence of ARDS in COVID-19 patients is associated with extremely high
mortality, especially before the introduction of effective antiviral treatment[9]. We
report a patient with ARDS and COVID-19 who survived following the application of
ECMO.

CASE PRESENTATION

Chief complaints
A 53-year-old man with a cough for 11 d, excess sputum, and fever for 9 d was
admitted to our hospital.

History of present illness

The patient attended our hospital with a respiratory tract infection. His chest X-ray
indicated ground-glass opacities in the lower right lung (Figure 1A). SARS-CoV-2
infection was confirmed following real-time reverse transcription-polymerase chain
reaction assay of a nasopharyngeal specimen. The patient was given high-flow nasal
cannula oxygen therapy, arbidol, lopinavir + ritonavir, and methylprednisolone (40
mg/d for 8 d).

After 12 d of treatment, he developed respiratory failure, with partial pressure of
oxygen/ fraction of inspiration O, (PaO,/FiO,) < 150 mmHg for 12 h and a respiratory
rate > 30/min over 6 h, suggesting that the patient satisfied the criteria for mechanical
ventilation and was admitted to the intensive care unit (ICU) for treatment.
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Figure 1 Chest X-ray images of a 53-year-old man with coronavirus disease 2019 at four time points. A: Chest X-ray at admission; B: Chest X-ray
after tracheal intubation; C: Chest X-ray after 96 h of mechanical ventilation; D: Chest X-ray after establishing extracorporeal membrane oxygenation.

History of past illness
He had a history of hypertension. The patient's respiratory function was normal
without a history of smoking.

Personal and family history
The patient did not have a history of drug allergies or genetic diseases.

Physical examination

On admission, symptoms included cough, expectoration of white sputum, and a body
temperature of 38.7°C. Coarse breath sounds in both lungs with wet rales distributed
at the base were identified on auscultation.

Laboratory examinations
On hospital day 2, laboratory tests showed 185 mg/L of C-reactive protein, and the
white blood cell count was 18.65 x 109/L. His renal and liver function tests were
normal. Blood gas analysis after inserting the ventilator showed that the partial
pressure of carbon dioxide and the partial pressure of oxygen were 47.00 mmHg and
59.00 mmHg, respectively.

Imaging examinations

A chest X-ray revealed increased density in the lower lung lobes, with the spread of
plaques and a blurred border (Figure 1B). Over the next 96 h, lung protective strategies
and fluid restriction were applied, but the patient’s condition did not improve, with
poor lung compliance, hypoxemia, as well as dense opacifications due to diffuse
lesions in the lungs (Figure 1C).
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Figure 2 Chest computed tomography at three time points. Two representative slices of the middle and lower lobe were chosen. A: 48 h of
extracorporeal membrane oxygenation; B: 1 wk of extracorporeal membrane oxygenation and prone position ventilation; C: 5 d of awake extracorporeal membrane
oxygenation and rehabilitation.

FINAL DIAGNOSIS

Critical COVID-19 requiring mechanical ventilation and ECMO, awake ECMO and
rehabilitation treatment.

TREATMENT

PPV was adopted, together with sedative and analgesic drugs, a muscle relaxant, lung
recruitment and phlegm drainage, but no significant improvement was observed.
After 12 d of mechanical ventilation, a tracheotomy was performed, but testing
showed that the patient was still positive for SARS-CoV-2. The patient’s PaO,/FiO,
dropped to 80 mmHg for 24 h, which met the standard for ECMO. The patient was
given ECMO treatment on the 16" day of mechanical ventilation. In terms of the
initiation parameter of ECMO, the mode was V-V, the intubation locations were the
left femoral vein and right internal jugular vein, and the size of the tubes were 16F and
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22F. A chest X-ray showed that the catheter was in a reasonable position and the
pulmonary lesions were aggravated (Figure 1D).

During the running time, the activated partial thromboplastin time (APTT) was
maintained at 40-60 (48.5 £ 5.3) s. The ECMO system was set at a blood flow of 3.5-4.0
L/min and a sweep flow rate of 4.0-7.0 L/min that were adjusted based on the PaCO,
obtained by blood gas analysis. The target coagulation profile was monitored by
detecting the levels of APTT. During ECMO therapy, the target oxygenations were
normal PaCO, and PaO,.

With the support of ECMO, hemolysis occurred, and plasma-free hemoglobin was
> 120 mg/dL. In addition, Enterococcus faecalis led to infectious shock and unstable
blood volume, but there was no improvement after adequate fluid resuscitation. The
ECMO catheter was replaced with right femoral vein and left internal jugular vein
tubes 19F or 22F in size. The blood flow of ECMO subsequently improved, and
hemolysis and infectious shock were controlled.

Re-examination of the CT scan illustrated lesions in both lungs and severe
exudation (Figures 2A). In the early stage of ECMO, PPV was also carried out at the
same time. The specific method of implementation was as follows: Four nurses helped
to turn the patient, one nurse checked the ECMO regularly, and a respiratory
physician was responsible for the management and protection of intubation. One
doctor ensured the stability and flow of the ECMO tubes in case of pressure sores;
therefore, materials were placed between the patient’s skin and the bed. To prevent
pressure sores bandages were applied to fix the ECMO tube.

During ECMO (12 h/d), the ventilator mode setting was BIPAP, 26-30 cmH,O Peak
inspiratory pressure, 6-8 cmH20O PEEP and 18-25 rpm RR. The parameters of
PPV:PEEP were reduced to 2 cmH,O and 22-26 PIP, but other parameters were
unchanged. In addition to the prone position, other care measures were also taken,
including hand washing, closed endotracheal suction, and appropriate sedation to
assist improvement (Figure 2B). On the 17" day after ECMO initiation, exhaled tidal
volume increased to 6 mL/kg and chest radiography demonstrated that lung effusion
had improved, after which the combination of awake ECMO and other comprehensive
bed and floor rehabilitation exercises were adopted.

OUTCOME AND FOLLOW-UP

The patient performed rehabilitation therapy on the bed and floor. Bending arms and
lowing legs were bed exercises. He also sat on the side of the bed for 30 min/day and
performed passive functional leg exercises. Later, he also underwent training on his
standing position. When the patient was transferred to the ICU, he received nutrition
through a jejunal nutrient canal, aimed at 25-30 kcal/kg and the volume of food
ingested was gradually increased. SARS-CoV-2 nucleic acid was negative 3 d after
ECMO application. On the 27" day of ECMO support, chest CT showed improvement
(Figure 2C), and the patient discontinued V-V ECMO. During the treatment period,
the mechanical ventilator parameters and blood gas analysis were monitored
(Figure 3). On the 9" day after ECMO removal, the patient was successfully closed
casing. Following high flow nasal cannula oxygen therapy for 4 d, he was transferred
to the rehabilitation department.

DISCUSSION

At present, initial reports from China and Italy suggest high mortality (2.16%) and
stressed ICU capacity[10,11], with more than 10% mortality in some regions due to
COVID-19. As a designated center, we admitted and treated a total of 104 patients, 78
of whom were seriously ill. Reports have indicated that COVID-19 patients who were
hospitalized in the ICU rarely recovered. The patients supported with ECMO were
reported to be less than one/week. Although this patient experienced long-term
ECMO treatment, there are no reports on this treatment strategy.

SARS-CoV-2 belongs to the Coronaviridae family and betacoronavirus genus, and is
the seventh coronavirus known to infect humans[12]. Coronaviruses are enveloped
positive-sense, and single-stranded RNA viruses with mammalian and avian hosts.
The SARS-CoV-2 virion is composed of a helical capsid formed by nucleocapsid (N)
proteins bound to the RNA genome and an envelope made up of membrane (M) and
envelope (E) proteins, coated with trimeric spike (S) proteins[13]. The S protein binds
to the angiotensin-converting enzyme 2 receptor on the plasma membrane of type 2
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pneumocytes and intestinal epithelial cells. After binding, the S protein is cleaved by a
host membrane serine protease and TMPRSS?2 to facilitate viral entry[14].

Multiple clinical trials are underway to define the potential roles of antiviral agents
and specific immunomodulators[15]. Antiviral agents under investigation include
inhibitors of endosome maturation (hydroxychloroquine), viral RNA-dependent RNA
polymerase (remdesivir, favipiravir) and viral protein synthesis and maturation
(lopinavir/ritonavir); immunomodulators under investigation include interferon-p
and blockade of IL-6 receptor or IL-6 (tocilizumab, siltuximab, sarilumab)[16,17].
Passive immunization with convalescent plasma and active immunization strategies,
involving live-attenuated virus, chimeric virus, subunits, nanoparticles, RNA, and
DNA, are undergoing development and testing[18].

Our patient was an early case of COVID-19 transmission, with rapid progression
and poor response to antiviral drugs after onset of the disease. Oxygenation becomes
worse in patients after the use of non-invasive ventilation, which further confirmed
that COVID-19 has a long disease course and oxygenation deteriorates rapidly, thus
distinguishing it from traditional viral pneumonia[19]. Some COVID-19 patients may
require the support of high-level pressure ventilation. However, due to high airway
pressure, oxygen concentration, severe viral infection, along with protein exudation,
mechanical ventilation can result in severe lung injury and decreased lung compliance
[20].

The treatment for early critical patients is a conservative intubation strategy.
However, when the disease progresses, with high systemic organ failure and a low
cure rate, ECMO can be carried out to guarantee oxygenation. However, ECMO is an
invasive procedure, with a high incidence rate, thereby requiring a well-equipped
ECMO center and experienced and skilled medical personnel. In our center, 10
patients with severe COVID-19 received ECMO, and 7 of these patients were
successfully treated. Our comprehensive treatment, with ECMO as a bridge, has
resulted in significant improvements in patients suffering from COVID-19.

PPV can improve oxygenation in ARDS patients, especially when administered for a
long period (17 h or 18 h)[21]. Two recent meta-analyses indicated that PPV can reduce
the death rate of patients in the ICU[22,23]. Following ECMO treatment which
improved oxygenation and stabilized circulation, our patient also received PPV. On
CT, the distribution of lung lesions and atrophy of lung tissue were evident. Following
PPV, the lung CT scan and clinical manifestations indicated that the treatment was
effective.

Phlegm and alveolar lavage fluid were negative for SARS-CoV-2. On the 17" day, he
accepted awake ECMO and his lungs markedly improved. During this process, an
artificial airway and positive pressure ventilation cannot prevent ventilator-associated
pneumonia and ventilator-induced lung injury[24]. In the early stage of his rehabil-
itation, sedative and analgesic drugs were reduced to maintain consciousness.
Spontaneous ventilation can promote the even distribution of lung ventilation, and
reduce the occurrence of ventilator-induced diaphragm dysfunction[25].
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In addition to awake ECMO, the patient adopted various rehabilitation measures,
including standing by the bed and riding a bike, after which his muscle power
improved. Awake ECMO allowed the patient to change posture and he was
encouraged to cough, which had apparent advantages in phlegm drainage[26]. The
patient also required a high level of care and protection, which was difficult to
implement during awake ECMO. It is difficult for elderly patients to perform rehabil-
itation exercise due to their poor basic ability; therefore, more health care staff and
workers are needed, which is a massive challenge.

Multiple complications can develop during ECMO, and hemorrhage is the most
common complication. In the present case, a conservative anticoagulation strategy was
carried out, due to the long disease course, early hemorrhage in the digestive tract, and
a high risk of bleeding. Some studies have demonstrated that in patients with severe
COVID-19, as the ECMO time increases, the risk of bleeding rises[27,28]. An essential
steps is to control bleeding during the ECMO process[29]. The APTT was set between
40 s and 60 s. In our experience, in addition to the combination of awake ECMO and
active rehabilitation, a low level anticoagulation strategy is necessary. The patient
should be closely monitored in case of hemorrhage complications which should be
timely managed.

As a bridge to recovery, V-V ECMO was quickly introduced to support the patient,
who was discharged on the 13" day fully recovered, and without adverse effects.
Before he was discharged from our center, his lung function had improved and he did
not receive oxygen therapy. Another 10 cases accepted combination treatment of
ECMO and PPV, and 7 of these patients were able to breathe without ECMO.
Therefore, this method deserves to be promoted.

CONCLUSION

Severe COVID-19 patients have a high rate of mortality, especially older patients.
Conventional ventilator treatment is ineffective in critically ill patients. Although
ECMO can lead to multiple complications, its clinical effects cannot be neglected. For
some patients, if the effects of conventional ventilation are ineffective, ECMO
treatment can be considered.
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