
E19© 2020 Forum Multimedia Publishing, LLC

ABSTRACT

Pneumonia caused by coronavirus disease 2019 (COVID-
19) is a highly contagious disease. Unfortunately, research 
on extracorporeal membrane oxygenation (ECMO) assisted 
treatments for patients with COVID-19 infection is limited. 
In this case study, a patient who was in late pregnancy (35+2 
weeks of pregnancy) and suffering from severe COVID-19 
was extremely irritable during ECMO-assisted treatment 
after she underwent a cesarean section. Her Richmond Agita-
tion Sedation Scale (RASS) score reached +3. Nevertheless, 
the patient successfully was treated with a continuous single/
combined application of propofol, midazolam, dexmedetomi-
dine, hibernation mixture, and other drugs for several days 
(maintaining RASS -2 to -4) and provided with anti-infection, 
mechanical ventilation, nutritional support, fluid balance 
under hemodynamic monitoring, liver support, and other 
organ function support treatments. ECMO-assisted sedation 
strategy for patients was introduced and discussed in this case 
to provide a certain reference for the clinical diagnosis and 
treatment of such patients.

INTRODUCTION

ECMO-assisted treatment for patients who are in late 
pregnancy and suffering from severe COVID-19 is clini-
cally rare, and current ECMO-assisted sedation practice for 
these patients lacks evidence-based guidelines [Shekar 2019; 
Lal 2019]. Reasonable sedation practice is closely related to 
the reduction of hospitalization time, mechanical ventilation 
time, hospitalization cost, mortality rate, and hospital infec-
tion rate of critically ill patients [Jackson 2010]. However, 
excessive sedation can cause adverse consequences, such as 
extended ventilator support time, increased hospitalization, 
and increased discharge mortality [DeBacker 2018; Shehabi 
2012; Balzer 2015]. Some unique challenges are encountered 
in selecting a sedative during the ECMO-assisted treatment 
of patients infected with COVID-19. The sedation measures, 
during ECMO support for this case, were reported.

CASE REPORT

A patient, who was pregnant for 35+2 weeks, was admit-
ted to the hospital on February 1, 2020. She presented with 
a sore throat for four days and was running a fever with dys-
pnea for half a day. She also had a dry cough, nasal conges-
tion, runny nose, chills, palpitations, and shortness of breath 
after she returned to Guangdong from Hubei. The symptoms 
were not significantly relieved after she received high-flow 
oxygen inhalation. Physical examination showed the follow-
ing: respiratory rate of 39 breaths/min, body temperature of 
39.5°C, and oxygen saturation of 78%. A ventilator immedi-
ately was applied through endotracheal intubation to assist 
ventilation, and emergency cesarean section, hemofiltration, 
anti-infection, booster, and other symptomatic treatments 
were performed in a bedside manner. An emergency chest 
CT revealed infection in the lower left lung, and the results 
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from the Municipal Disease Control Center showed that the 
oropharyngeal swab subjected to nucleic acid screening was 
positive for novel coronavirus 2019. She was then transferred 
to a designated hospital for further treatment.

Medical examination upon admission showed the fol-
lowing: body temperature of 36.3°C; pulse, 150 times/min; 
breathing, 25 times/min; and blood pressure, 122/79 mmHg 
(maintained by norepinephrine 2.0 ug/kg/min). She was 
under anesthesia in the hospital. The breath sounds in both 
lungs were thick, and moist rales could be heard. The heart 
rate was 150 beats/min, the rhythm was uniform, and no 
murmur was heard in the auscultation area of each valve. The 
aided examination revealed the following: 6.8×109/L WBC, 
0.13 LYMPHR, 0.832 MEUTR, 110 g/L HGB, 3.48×1012/L 
RBC, and 160×109/L PLT. Preliminary diagnosis indicated 
the following: 1) novel coronavirus pneumonia (critical and 
severe); 2) septic shock; 3) multiple organ dysfunction syn-
drome (heart, lung, liver, kidney); and 4) late pregnancy (35+2 
weeks of pregnancy) and after cesarean section.

The patient initially was treated with anti-infection, 
mechanical ventilation, nutritional support, fluid balance 
under hemodynamic monitoring. On February 6, 2020, she 
was further treated with VV ECMO for support as the oxy-
genation index (PO2/FiO2) was 48 mmHg, pH was 7.15, PO2 
was 48 mmHg, and PCO2 was 68 mmHg under high mechan-
ical ventilation (tidal volume: 450ml; respiratory frequency: 
14bpm; positive end expiratory pressure: 15cm · H2O; inspi-
ratory peak pressure: 35cm · H2O; inhaled oxygen concentra-
tion: 100%). Originally, she was given lung-protective venti-
lation, and target tidal volume was 6 mL/kg of predicted body 
weight and plateau pressure was ≤30 cm H2 O, but oxygen 
partial pressure (PaO2) was <50 mmHg. Deep sedation was 
induced with prone positioning, but the ratio of partial pres-
sure to inspired O2 (PaO2 /FiO2) was 48 mmHg under high 
ventilator parameters.

The respiratory cycle also was not stable on the 6th day 
of hospital admission. The patient was abnormally agitated 
during ECMO-assisted therapy. The RASS score even 
reached +3. The patient continuously was infused with mid-
azolam, propofol, dexmedetomidine, and hibernation mix-
ture for several days to maintain the RASS score at -2 to -4 
(Figure). Tracheotomy was performed on February 24 to pro-
mote sputum excretion and reduce infection, and the machine 
successfully was withdrawn on February 27. The patient 
finally recovered.

DISCUSSION

In this case, after the woman with COVID-19 was treated 
with ECMO, the average dosage of propofol increased from 
52 mg/h to 93 mg/h and the average dosage of midazolam 
increased from 6.3 mg/h to 8.2 mg/h to maintain the pre-
vious sedation levels (RASS -2 to -4). The patient should 
intermittently be supplemented with dexmedetomidine and 
hibernation mixture for maintenance because of the changes 
in the pharmacokinetics of sedative drugs. Changes in drug 
pharmacokinetics caused by ECMO-assisted treatment 

include modifications in drug distribution and drug clear-
ance that increase with increased circulation [DeGrado 
2017]. In the present case, the blood and the drug con-
centration were further diluted because of the progressive 
increase in the volume of patients in late pregnancy. In addi-
tion, plasma concentration and drug effect can be influenced 
by the degree of plasma protein binding, the size of a drug 
molecule, and the time of oxygenator application [Shekar 
2015]. The low concentration of lipophilic drugs in circulat-
ing plasma may be due to the isolation of ECMO oxygen-
ators and pipelines. As the lipophilic drug propofol used in 
this case can be isolated from extracorporeal circulation (i.e., 
tubing and oxygenator), drug levels in plasma are reduced, 
so higher doses are needed to achieve the same clinical 
effect as that of patients without ECMO [Lal 2019; Ham-
maren 1999]. Patients on VV ECMO also seem to require 
higher doses than those of patients on VA ECMO [Lal 
2019; Shekar 2012]. However, studies have yet to determine 
whether the patient’s excessive irritability could be related 
to the attack of novel coronavirus 2019 on the central ner-
vous system. Novel coronavirus 2019 initially was detected 
in the cerebrospinal fluid of patients with COVID-19 at 
Beijing Ditan Hospital, Capital Medical University. This 
result suggested that novel coronavirus 2019 might attack 
the central nervous system. However, more supporting data 
are required for identifying specific clinical manifestations 
and pathophysiological changes.

After ECMO-assisted tracheotomy, the average dosage 
of midazolam for the patient in this case was reduced from 
8.6 mg/h to 6.2 mg/h, and the average dosage of propofol 
was decreased from 94 mg/h to 84 mg/h. In this case, viscous 
jelly-like sputum continued to be produced in the large and 
small airways of the patient’s lungs, and it must be excreted to 
recover lung ventilation. Early tracheotomy may help reduce 
the patient’s need for sedation, induce sputum production, 
shorten ECMO maintenance time, and promote the patient’s 
ability to eat, drink, and vocalize [Shekar 2019]. Some studies 
have performed tracheotomy on 616 patients undergoing VV 
ECMO because of respiratory failure. The amount of seda-
tive drugs is decreased; spontaneous breathing function is 
increased; the mean airway pressure, positive end-expiratory 
pressure, ECMO blood flow, and gas flow are reduced; and 
tidal volume is increased [Fisser 2019]. Therefore, early tra-
cheotomy assisted with ECMO for patients with COVID-19 
might help reduce the application of sedative drugs and accel-
erate the recovery of lung function.

Further studies have shown that inhaled anesthetic drugs 
positively affect ECMO-assisted sedation for patients. 
German and Spanish sedation guidelines for critically ill 
patients recommend inhalation anesthetics (such as isoflu-
rane) as an alternative to intravenous sedation [Baron 2015; 
Celis-Rodríguez 2013]. Isoflurane can achieve bronchiecta-
sis and lung protection, which are beneficial to patients with 
ARDS and patients receiving ECMO treatment. Moreover, 
inhalation sedation is not related to hemodynamic instability 
[Meiser 2017]. Therefore, anesthetic drug inhalation showed 
potential for application in sedating patients infected by novel 
coronavirus 2019 during ECMO-assisted treatment.
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Balancing between optimal sedation levels, maximizing 
ECMO flow, and minimizing oxygen consumption in the 
case of pharmacokinetic changes during ECMO-assisted 
treatment may be difficult because of the lack of solid clinical 
pharmacokinetic data in guiding the medication of ECMO-
assisted patients [Shekar 2012]. The goal of sedation during 
ECMO, the application of EEG bispectral index monitoring, 
and timing of patients undergoing tracheotomy can serve as a 
basis for applying sedation practices to a certain extent. The 
pharmacokinetics of sedative drugs related to ECMO mostly 
come from in vitro. Therefore, further clinical research is 
urgently needed to guide the medication of such patients.
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