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A public health emergency of current international concern is the outbreak of a severe respiratory illness, that is,
coronavirus disease (COVID-19). The disease initially started in Wuhan, China, and it rapidly spread to most
regions of the world. Herein, we report a case of critical COVID-19 pneumonia treated with extracorporeal
membrane oxygenation from symptom onset day 19 (SOD#19) to SOD#30. We describe the patient’s clinical
course, from mild symptoms at the time of illness onset to symptoms of severe pneumonia as the illness pro-

gressed. We provide important information regarding our clinical experience for further understanding of
management discrepancies, as treatment with extracorporeal membrane oxygenation or pharmacotherapy (e.g.,
antivirals, immunomodulators, and glucocorticoids) is often dependent on the severity of symptoms.

1. Introduction

An outbreak of a severe respiratory illness, coronavirus disease
(COVID-19), occurred in Wuhan, China, in December 2019. The virus
that causes COVID-19, which has rapidly spread to most regions of the
world, is called severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) [1]. So far, there are few reports on critical patients with
COVID-19 [2,5-7]. Here, we report the clinical course of a patient with a
severe case of COVID-19 complicated with acute respiratory distress
syndrome (ARDS). We report the patient’s response to intensive care,
including invasive ventilation in the early stage of the illness and
extracorporeal membrane oxygenation (ECMO) with antiviral, immu-
nomodulatory, and glucocorticoid therapies as the illness progressed.

2. Case presentation

On February of 2020, a 76-year-old woman was referred to our

hospital in Matsumoto, Japan, from another hospital in Japan, where
she was admitted for sore throat, dry cough, and fever that started on
February 7, 2020 (symptom onset day 1; SOD#1). (The term “symptom
onset day” is used to illustrate the patient’s clinical course, and the term
“hospital day” is used to describe treatment measures.) Past medical
history was significant for diabetes mellitus, hypertension, and glau-
coma, but she was otherwise healthy and did not smoke. The patient, an
American living in the United States, was visiting Japan and arrived at
Yokohama Harbor aboard the Diamond Princess cruise ship. Due to a
COVID-19 outbreak inside the cruise ship, she was kept in the cruise ship
and underwent viral testing as part of quarantine inspection. A reverse
transcription polymerase chain reaction (RT-PCR) test, performed by the
Japan Ministry of Health, Labour and Welfare, produced a positive result
for SARS-CoV-2.

One day before admission to our hospital, the patient was started on
lopinavir-ritonavir (400 mg/100 mg twice daily orally) and moxi-
floxacin (400 mg once a daily orally). She was transferred to our hospital
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on SOD#12 (hospital day 1; HD#1). On admission, her body tempera-
ture was 38.3 °C, and her oxygen saturation (SpO3) by pulse oximetry
was 93% on 8 L/min of supplemental oxygen via mask. Physical ex-
amination revealed coarse crackles in the upper chest on the right.
Laboratory examination revealed peripheral blood lymphopenia (350/
pL) and elevated levels of blood urea nitrogen (BUN, 28.9 mg/dL),
creatinine (1.62 mg/dL), C-reactive protein (CRP, 12.90 mg/dL), and
lactate dehydrogenase (LDH, 325 U/L) (Table 1).

Chest computed tomography (CT) images showed ground-glass
opacities (GGOs) and consolidation (Fig. 1A and B).

Due to possible community-acquired pneumonia caused by bacteria
and influenza virus, the patient was treated with piperacillin-
tazobactam and peramivir (at a loading dosage of 300 mg, reduced to
150 mg every 24 hours due to renal failure). Her respiratory failure
progressed, leading to endotracheal intubation. An endotracheal aspi-
rate obtained through the intubation tube was positive for SARS-CoV-2
on RT-PCR. Laboratory examination revealed a low gamma-globulin
level on HD#3 (SOD#14); intravenous immune globulin (IVIG) (at a
dosage of 5000 mg every 24 hours intravenously) was administered
from HD#3 (SOD#14) to HD#8 (SOD#19).

On HD#8 (SOD#19), the patient’s respiratory status progressively
deteriorated; she exhibited dyspnea despite fever alleviation. The
respirator setting at the time was assist/control (volume-controlled
ventilation), tidal volume was 300 ml, positive end-expiratory pressure
(PEEP) was 14 cmH50, and respiratory frequency was 13 per minute.
Her hypoxemia was not improved even if we regulated PEEP. We
considered whether this deterioration might be due to increased airway
dead space caused by pulmonary embolism or acute pulmonary edema;
however, these diagnoses could not be confirmed with evidence on chest
CT scans, which were unobtainable because there was concern about the
risk of infecting other patients in the radiology unit. We conducted a
compression ultrasound, but were not able to point out deep vein
thrombosis. The patient’s respiratory status continued to worsen and,
despite optimal ventilator settings, we were unable to maintain her
Pa0,/FiO; above 70 torr. Therefore, we decided to proceed to venous-
venous extracorporeal membrane oxygenation (V-V ECMO) on HD#8
(SOD#19). For V-V ECMO, venous catheters were placed in the right
common femoral vein (for drainage) and right internal jugular vein (for
infusion). Her hemodynamics were maintained using vasoactive agents;
we were able to normalize her body water with diuretics and stabilize
her oxygenation by ECMO. On HD#16 (SOD#27), to prevent bacterial
infection related to catheterization, the previous antibiotics were

Table 1
Laboratory examination results on admission.
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replaced with vancomycin. Her respiratory status gradually improved.
On HD#16 (SOD#27), viral testing of an endotracheal aspirate sample
showed that SARS-CoV-2 was undetectable using RT-PCR. A tracheot-
omy was performed on HD#18 (SOD#29); ECMO was discontinued on
HD#19 (SOD#30). Intravenous meropenem was administered for
ventilator-associated pneumonia (VAP) prophylaxis.

Chest CT scans obtained on HD#22 (SOD#33) showed enlarged
abnormal shadows, GGOs, and consolidation in the upper lobe of the
right lung, suggesting organizing pneumonia (Fig. 1C and D), which
could result in chronic respiratory failure after ECMO cessation. On
HD#25 (SOD#36), the patient was started on methylprednisolone 250
mg daily for three days with improvement of her organizing pneumonia
on chest x-ray (Fig. 2E and F). On HD#40 (SOD#51), the patient was
taken off the respirator, and her condition was stable.

3. Discussion

We herein report the clinical features of COVID-19 in a critical pa-
tient who met the criteria of ARDS with refractory hypoxemia. In
accordance with the first report of COVID-19 from China, the patient
initially presented with mild cough and intermittent fever before rapid
progression to severe pneumonia that required mechanical ventilation
[3]. Detection of SARS-CoV-2 RNA in a sputum sample on SOD#14
suggests long-term persistence of viral shedding and potential trans-
missibility (Fig. 3).

So far, recent studies have described relatively mild cases of COVID-
19 in multiple countries [8-11]. In a report from the Chinese Center for
Disease Control and Prevention, five percent of patients with COVID-19
were critical and required intensive care [4]. In critical cases, ARDS,
septic shock, difficulty in correcting metabolic acidosis, and coagulation
disorders may develop rapidly [3]. The current case did not respond to
treatment with lopinavir-ritonavir, necessitating ECMO. Accumulating
evidence strongly indicates that old age and comorbidities like diabetes
mellitus and hypertension are risk factors for poor outcome [5,6], as
seen in this patient. In particular, old age increases risk of ARDS and
death associated with COVID-19 [23].

The laboratory abnormalities in this case (elevated serum CRP, LDH,
BUN, creatinine, and D-dimer levels) coincide with those noted in pre-
vious reports [5,6]. The persistent peripheral blood lymphopenia in this
case might be indicative of COVID-19 severity, as previous reports have
shown lymphopenia to be common in patients with COVID-19 requiring
intensive care [6,31]. Therefore, it was debated whether IVIG therapy

Measurement Result Reference Range Measurement Result Reference Range
Hemotology BNP 122.9 pg/mL 0.0-20.0 pg/mL
White blood cell count 6620/uL. 3300-8600/pL Serology

Absolute neutrophil count 6130/pL 1170-6130/pL C-reactive protein 12.90 mg/dL 0.00-0.14 pg/mL
Absolute lymphocyte count 350/pL 350-900/uL KL-6 407 U/mL 105-435 U/mL
Red blood cell count 317 x 10%/uL 386-492 x 10%/uL Anti-nuclear antibody negative -

Hemoglobin 9.7 g/dL 11.6-14.8 g/dL Rheumatoid factor negative -

Hematocrit 29.3% 35.1-44.1% Blood Coagulation

Platelet count 14.9 x 10*/uL 15.8-34.8 x 10*/uL PT 14.7 s 10.0-40.0 s
Blood Chemistry PT-INR 1.33 0.85-1.15

Total protein 5.1 g/dL 6.6-8.1 g/dL APTT 3255 20.0-80.0's
Albumin 2.2 g/dL 4.1-5.1 g/dL Fibrinogen 614.0 mg/dL 100.0-700.0 mg/dL
Blood urea nitrogen 28.9 mg/dL 8.0-20.0 mg/dL D-dimer 3.2 ug/mL 0.0-30.0 pg/mL
Creatinine 1.62 mg/dL 0.65-1.07 Arterial Blood Gas After Intubation (FiO; 0.5)

AST 30 U/L 13-30 U/L pH 7.296 7.340-7.450

ALT 16 U/L 10-42 U/L PaCO, 48.0 Torr 32.0-45.0 Torr
LDH 325 U/L 124-222 U/L PaO, 95.5 Torr 75.0-100.0 Torr
Total bilirubin 0.79 mg/dL 0.40-1.50 mg/dL HCO3 21.7 mmol/L 22.0-28.0 mmol/L
y-glutamyl transferase 9 U/L 13-64 U/L Pa0y/F;0; 191 -

Amylase 70 U/L 44-132 U/L

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BNP, brain natriuretic peptide; FiO,, fraction of inspired oxygen; KL-6, Krebs von den
Lungen-6; LDH, lactate dehydrogenase; PaCO,, partial pressure of arterial carbon dioxide; PaO,, partial pressure of arterial oxygen; PT, prothrombin time; INR, in-

ternational normalized ratio.
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Day 9 of symptom onset (SOD#9)
(3 days before admission to our hospital)

A. (Hospital day 1)

D. (Hospital day 19)

_J

(SOD#33)
(Hospital day 22)

B. (Hospital day 4)

E. (Hospital day 25)

Respiratory Medicine Case Reports 30 (2020) 101113

Fig. 1. Chest computed tomography (CT) images.
(A-B) Images taken on SOD#9. (A) Ground-glass
opacities (GGOs) in the anterior segment of the
right upper lobe. (B) Partial consolidation and GGOs
in the right middle and lower lobes and distribution
of lesions in the subpleural area and periphery of the
lung, showing “crazy-paving” pattern. (C-D) Images
taken on SOD#33. (C) Subpleural consolidation in the
right lung. (D) Posterior consolidation with air
bronchogram in the posterior segments of the lower
lobes of both lungs.

F. (Hospital day 35)

Fig. 2. (A-C) Chest X-rays showing the progression of ground-glass opacification with consolidative abnormalities. (D-F) Slow improvement of shadows.

should be performed. However, a few reports have shown that the ef-
ficacy and adverse effects of IVIG therapy are unclear [3,5,6].

The present patient was treated with invasive ventilation, which was
later switched to ECMO to manage respiratory failure. An over-
abundance of body fluid may contribute to refractory hypoxemia in
patients with ARDS. In this case, ECMO showed great effectiveness in
treating the patient’s rapidly deteriorating respiratory status due to
pneumonia. The World Health Organization generally recommends
referring patients with refractory hypoxemia to expert centers that are
capable of providing ECMO for treatment of severe ARDS due to COVID-
19 [17,22]. Recent evidence has suggested that ECMO use in the most

severe ARDS cases was associated with reduced mortality [21]. In
contrast, the potential harm of ECMO in patients with COVID-19 was
described by Yang et al., who reported death in five of six patients with
severe COVID-19 who were treated with ECMO [7]. Risk factors such as
advanced age or other complications (e.g., hypertension, diabetes) may
be associated with mortality after ECMO induction rather than ECMO
induction itself. While the role of ECMO in the management of
COVID-19 remains unclear, we suggest that intensive treatment with
ECMO offered clinical benefits in the present case.

The present case of COVID-19 pneumonia rapidly progressed to
ARDS. The patient’s worst respiratory status was observed on HD#8
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Lopinavir-ritonavir

Respiratory Medicine Case Reports 30 (2020) 101113

400 mg/100 mg twice daily

B e ]
Moxifloxacin _ - Meropenem
Oseltamivir - Vancomycin
Peramivir 800 pg/day Ciclesonide
IVIG 5000 mg per day mé,ﬁf,, Methylprednisolone

N Fever —— AR ——

(> 37,5"0) Former hospital admission V-V ECMO
Mechanical ventilation mode A/C (VCV) A/C (PCV) CPAP +PSV
1 1 | | | | || | |11
I 1 I 1 | I I 1 T 1 1
Hospital day (HD) 1 3 8 16 20 25 28 30 3738 40 ReRf::‘egr;ce
Day of symptom onset (S0D)1 9 12 14 19 27 31 36 39 41 48 49 51
White cell count (per uL) 6620 6030 5170 5290 5710 17610 10020 3300-8600
Lymphocyte count (per uL) 350 360 420 780 1080 1440 750 1000-3900
Lactate dehydrogenase (U/L) 325 289 174 321 285 363 198 124-222
Immunoglobulin G (mg/dL 549 874
C.reacﬁvge protein ((mgldL)) 129 167 15.0 6.71 9.96 0.43 1.45 0.00-0.14
PaO,/FiO, 191 181 52.9 222 202 284 406
rRT-PCR (sputum) + — - - ==
(nasopharynx) - ==

Fig. 3. Diagram showing the patient’s clinical course by day of illness and day of hospitalization. A/C, assist/control; CPAP, continuous positive airway pressure;
FiO2, fraction of inspired oxygen; IVIG, intravenous immune globulin; PaO2, partial pressure of arterial oxygen; PCV, pressure-controlled ventilation; PSV, pressure
support ventilation; rRT-PCR, real-time reverse transcriptase polymerase chain reaction; TAZ-PIPC, piperacillin-tazobactam; V-V ECMO, veno-venous extracorporeal

membrane oxygenation; VCV, volume-controlled ventilation.

(SOD#19), as vascular hyperlucency caused pulmonary edema due to
uncontrollable inflammation. ECMO was introduced at that time to
manage respiratory failure. Continued ECMO was tied to successful
treatment in this patient. We assumed that intensive management of
body fluid levels and proper enteral nutrition in the critical stage of the
illness were strongly associated with our successful treatment (Fig. 4).
The patient’s respiratory status was significantly improved until we
started administering glucocorticoids for organizing pneumonia on
HD#25 (SOD#36). In light of the comorbidities of diabetes mellitus and
infectious disease in this patient, glucocorticoids were administered for
three days. Of note, a recent report suggested that treatment with
methylprednisolone in the recovery phase might have been beneficial
for patients with COVID-19 who developed ARDS [23]. As we experi-
enced in the treatment of this patient, glucocorticoids may be effective
for organizing pneumonia due to COVID-19. In contrast, a study by

Lansbury et al. demonstrated that glucocorticoids were associated with
an increased risk of mortality in patients with influenza [19]. Although
glucocorticoids have been widely used in the management of severe
acute respiratory syndrome (SARS), some studies have demonstrated
adverse effects with both short- and long-term administration [18-20].

No randomized controlled trials have yet resulted in a recommen-
dation for antiviral treatment for patients with suspected or confirmed
COVID-19. Management of patients with COVID-19 currently consists of
ensuring appropriate infection control and supportive care [17]. In
clinical practice, antiviral agents, including neuraminidase inhibitors
(oseltamivir, peramivir, zanamivir, etc.) and ribavirin, in combination
with protease inhibitors (like lopinavir-ritonavir) are often used tenta-
tively [15]. Lopinavir-ritonavir has been proposed for the treatment of
COVID-19 due to its potential effectiveness in treating SARS, as reported
in a series of studies [12,13]. Moreover, lopinavir has shown an

(mL or kcal) 5000 B2 =y . 0800  (KgorC)
.78 i LN L * Body weight (kg)
4000 ;1:) = 731 70.
3000 60.0 Urinary volume (mL)
7 Infusion volume (mL)
2000 50.0
A!L —— Kilogram calorie (kcal)
o R LT TIAL LA .. %0 e Bodytemperature (°C)
PAabs att | A 13 AT A377 Al 1°F |or8 | [6d N: 111 ”
o | HA | \ 200 Enteral nutrition (mL)
Hospital day (HD)" ° 7V9@ f 17 10 2 M’ 31 3335 3’\*’] B Total balance (mL)
-1000 — 20.0
. 55 === noradrenaline
Vasopressor == fyrosemide
or == {olvaptan
r, === spironolactone
D [ u ret|C === dexmedetomidine
=== fentanyl
mmm  erythrocyte transfusion

Symptoms and treatments

Fig. 4. Diagram showing the fluid strategies by the day of hospitalization.
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inhibitive effect on Middle East respiratory syndrome coronavirus in an
in vitro study [14]. Our patient was treated with lopinavir-ritonavir and
peramivir, but the clinical benefits did not seem significant. Further
studies, including randomized controlled trials, are urgently needed to
examine the effectiveness of lopinavir-ritonavir in treating COVID-19
[15].

In summary, we highlight the clinical course of severe COVID-19 in
this critical patient and share important clinical information pertaining
to our experience, particularly regarding the effective management of
acute respiratory failure using ECMO.
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