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Abstract
BACKGROUND
Coronavirus disease 2019 (COVID-19) severity is classified as asymptomatic, mild, moderate, severe, and critical. Mild cases account for a large percentage of cases in the epidemic and typically exhibit a favorable prognosis. However, a 49%-67% mortality is noted in critical cases. No COVID-19-specific drug has been reported to date, and symptomatic and optimal supportive care, including oxygenation, anti-coinfection treatments, and ventilation, represent the mainstay of treatment for this disease, especially in critical patients.

CASE SUMMARY
In the above-mentioned context, we share our experience with the treatment of one critical COVID-19 case and review the relevant literature.

CONCLUSION
Timely tracheal intubation, reasonable mechanical ventilation support, appropriate anti-infection treatment, and early anticoagulation and immunity support are key factors in the successful treatment of this case.

Key Words: COVID-19; Critical case; Supportive treatment; Mechanical ventilation support; Case report; Literature review

Pang QL, He WC, Li JX, Huang L. Symptomatic and optimal supportive care of critical COVID-19: A case report and literature review. World J Clin Cases 2020; 8(23): 6181-6189 URL: https://www.wjgnet.com/2307-8960/full/v8/i23/6181.htm DOI: https://dx.doi.org/10.12998/wjcc.v8.i23.6181

Core Tip: The mortality of severe coronavirus disease 2019 (COVID-19) patients is high, and no effective antiviral drugs are available now. Therefore, it is important to identify a suitable treatment strategy that is associated with improved prognosis of COVID-19, especially in critically ill patients. Here, we share our experience with the treatment of one critical COVID-19 case. We conclude that timely intubation, reasonable mechanical ventilation support, appropriate anti-infection treatment, early anticoagulation and immune support, and other comprehensive measures may help to reduce the course of disease and patient mortality.

INTRODUCTION
[bookmark: _Hlk38741528]In late December 2019, a novel coronavirus pneumonia (COVID-19) caused by a zoonotic coronavirus named severe acute respiratory syndrome coronavirus 2 (SARS-COV-2) emerged in Wuhan, China. The disease is currently spreading worldwide and triggering a great public health concern[1]. To control transmission, the basic reproduction rate (RO) should be less than one. However, the RO of SARS-COV-2 is thought to be between 1.4-6.49, which is greater than that noted for SARS[2]. As of June 24, 2020, 9247908 confirmed cases and 477536 deaths have been reported worldwide.
According to the virulence-transmission trade-off hypothesis, such highly contagious pathogens are likely less virulent because killing the host too quickly does not benefit pathogen transmission among hosts. Indeed, a large proportion of patients present mild symptom or are asymptomatic. One study based on more than 72000 patients from China reported that 81% of cases exhibited mild presentation[3]. On the Diamond Princess Cruise ship, the estimated asymptomatic proportion was 17.9%[4]. However, it is important to note that the fatality rate is quite high if patients do not receive proper treatment and suitable organ support. In early stages of the outbreak, the mortality rate was 17% in China given the lack of experience of treatment of this disease[5]. In Wuhan, the mortality rate was 25% in the middle of the epidemic[6]. An increased fatality rate was seen in severe and critically ill patients; one large retrospective study from Italy showed that mortality reached 26% among patients admitted to the intensive care unit (ICU)[7]. In some locations, the mortality rate in critically ill patients could be as high as 49%-67%[6,8]. Given that no proven cure exists at this time, it is important to identify a suitable treatment strategy that is associated with improved prognosis of COVID-19, especially in critically ill patients. Here, we share our therapy experience with one critical case of COVID-19 to provide reference for clinical application.

CASE PRESENTATION
Chief complaints
On January 27, 2020, a 64-year-old Chinese woman of Han nationality was admitted to our hospital because of cough for 15 d. She had experienced fever, chest tightness, and shortness of breath for 5 d. She stayed in Wuhan for 12 d before she came back to Shenzhen on January 22.

History of past illness
Her past medical history was unremarkable. 

Physical examination
Physical examination results on admission were as follows: Temperature, 37.5 ºC; blood pressure, 124/74 mmHg; SpO2, 91%; pulse, 85 times/min; respiration rate, 22 times/min. The respiratory sounds of both lungs were thick, and no obvious dry or wet rales were heard. Nothing special was identified upon physical examination.

Laboratory examinations
Initial routine blood results were as follows: White blood cells, 5.3 × 109/L; neutrophil percentage, 78%; lymphocytes, 0.9 × 109/L. Blood gas analysis results were as follows: pH, 7.45; PO2, 82 mmHg; PCO2, 37 mmHg; FIO2, 40%. Liver and kidney function and myocardial enzyme values were normal. Inflammation indicators, C reactive protein (CRP, 52 mg/L), and interleukin 6 (IL-6, 153 pg/mL) were increased significantly, but the procalcitonin value was normal.

Imaging examinations
Chest computed tomography (CT) revealed bilateral multi-patchy consolidation and ground-glass opacities (Figure 1).

FINAL DIAGNOSIS
Pharyngeal swab nucleic acid test for SARS-COV-2 was positive. The final diagnosis was COVID-19.

TREATMENT
High-flow nasal catheter oxygen therapy was administered to the patient soon after admission. Intermittent noninvasive mechanical ventilation was used, and the oxygenation index was maintained at approximately 200 mmHg. Interferon (60 µg, twice daily) atomization combined with lopinavir/ritonavir tablets (500 mg, oral, twice daily) was administered. Gamma globulin (10 g, intravenous drip, once daily) and thymalfasin (1.6 mg, subcutaneous injection, once every 12 h) were administered to enhance immunity. Naltrexate calcium (4100 µg subcutaneous injection, once daily) was administered to correct coagulation abnormalities. However, the patient's condition deteriorated, and the oxygenation index decreased to 150 mmHg on the 5th day following admission. Invasive mechanical ventilation in the prone position (VCV-A/C mode, 14-16 h/d) was immediately implemented. The oxygenation index quickly increased to 300 mmHg. Antiviral therapy, i.e., ribavirin (0.5, intravenous drip, twice daily), was administered. Ceftazidime (2.0, intravenous drip, once every 8 h) combined with linezolid (600 mg, intravenous drip, once every 12 h) was administered for anti-infection. Immunoglobulin (300 mL daily) and methylprednisolone (60 mg daily) were administered for 3 consecutive days to enhance immunity and anti-inflammatory responses, respectively. On the 7th day following admission, the patient had a large amount of thin yellow sputum. CT assessment revealed increased exudate in the lungs (Figure 2). Inflammation indicators, such as CRP (65 mg/L) and IL-6 (56 pg/mL), increased significantly. Alveolar lavage fluid galactomannan (GM) (4.2 S/CO) and blood GM (0.8 S/CO) increased, and 1,3 β-glucan level increased to 266.8 pg/mL. Secondary pulmonary aspergillosis was suspected; therefore, voriconazole (200 mg once every 12 h) was administered.

OUTCOME AND FOLLOW-UP
Following these treatments, the whole condition was gradually relieved, and prone position ventilation was stopped on the 9th day of admission. Three days later, tracheal intubation was removed. The nucleic acid test of COVID-19 was negative on the 21st day following admission. After an additional 3 d, the patient was discharged from the ICU. On April 4, 2020, with no complain of any discomfort, the chest CT showed an almost complete resolution of infiltrates (Figure 3), and the patient had completely recovered and was discharged.

DISCUSSION
[bookmark: OLE_LINK1802][bookmark: OLE_LINK1803]SARS-COV-2 is a single-stranded, positive-sense encapsulated RNA virus that is categorized as a β-coronavirus similar to SARS-CoV and Middle East respiratory syndrome coronavirus. These three viruses are believed to be of zoonotic origin and exhibit cross-species transmission. SARS-CoV is most closely related to SARS-CoV-2, which shares approximately 80% identity at the nucleotide level, and both viruses bind to cells via the same cellular receptor, namely, angiotensin-converting enzyme 2 (ACE2)[9]. The lung is the most vulnerable target for COVID-19, and most fatal cases are attributed to diffuse alveolar damage and progressive respiratory failure[10]. However, ACE2 is not only expressed on the surface of lung alveolar epithelial cells, it is also present in vascular endothelial cells, enterocytes of the small intestine, and arterial smooth muscle cells[11]. In addition, in cases with sepsis or septic shock, the entire body system is affected due to cytokine storm. As a result, critically ill patients can present many complications in addition to acute respiratory distress syndrome (ARDS), such as acute renal injury, cardiovascular complications[12], thromboembolic disease[13], acro-ischemia, and secondary or fungal infections[10,14]. Therefore, complicated clinical manifestations present, and treatment of this disease is tricky.
In this case, the patient had a history of exposure, and the manifestations, such as fever, cough, shortness of breath, and the chest radiograph with typical ground glass opacities, were all suspicious of SARS-COV-2 infection. The diagnosis of COVID-19 was subsequently confirmed after a positive nucleic acid test for SARS-COV-2. In total, 60%-80% of COVID-19 cases exhibit mild and moderate presentations with a favorable prognosis[8,15]. However, in critical patients with progressive deterioration after admission, an approximately 49%-67% mortality was noted[6,8]. Among those requiring mechanical ventilation support, mortality rates of 81%-88% are observed[16]. Risk factors associated with critical illness in COVID-19 have been examined[6,14]. Specifically, older age, comorbidities, gender, smoking, the degree of lesions in the lung, and the increase of potential biological markers, such as IL-6, CRP, and D-dimer (DD), all exhibit a potential connection to disease severity.
[bookmark: OLE_LINK1804][bookmark: OLE_LINK1805]Although multiple treatment strategies, such as lopinavir/ritonavir, hydroxychloroquine (or chloroquine), abidor, interferon, and ribavirin, have been investigated for COVID-19 treatment[17-20], no consistent conclusions were obtained, and many questions have also arisen with regard to the rigorous designs of those studies[21,22]. To date, no definitive cure for COVID-19 has been recommended by the International Campaign to Save Sepsis and the National Institutes of Health[23]. We used a combination of interferon, lopinavir/ritonavir, and ribavirin for antiviral treatment. However, the nucleic acid test results remained positive 21 d after admission, suggesting that these drugs may not be suitable for SARS-COV-2 clearance. Radcliffe is reported as the most promising drug for COVID-19 treatment, and one observation study based on critical COVID-19 patients showed that Radcliffe improved prognosis in 68% (36/53) of patients. In addition, 57% of cases were successfully weaned from extubation, and the mortality rate was 13%[24]. Nevertheless, limitations of that study include the lack of a random control, the simultaneous use of other antivirus drugs, and the limited number of patients included. Thus, that study was underpowered to produce convincing conclusions, and more evidence is required to clarify the clinical value of Radcliffe in COVID-19 treatment.
[bookmark: OLE_LINK1806][bookmark: OLE_LINK1807]Symptomatic and optimal supportive care represents the primary treatment for this disease. Given that approximately 67% of critical COVID-19 cases have ARDS[16], reasonable respiratory support is more important. High-flow oxygen therapy (HFNC) or noninvasive mechanical ventilation (NIV) are priority choices for patients with mild ARDS, cases that do not respond well to HFNC or NIV treatment, or those with moderate or severe ARDS (P/F < 150 mmHg). Invasive mechanical ventilation should be performed as early as possible[23,25], but the treatment should not be excessive given that improper ventilation performance may cause ventilator-related lung injury and increase the risk of nosocomial infection[26,27]. Invasive mechanical ventilation in COVID-19 patients should also follow the ARDS lung protection ventilation strategy[10]. Gattinoni et al[28,29] classified COVID-19 respiratory failure cases into two different types based on severity. One type is characterized by no obvious dyspnea, and lung compliance is approximately normal (> 50 mL/cm water column). In addition, low ventilation/blood flow ratio, small lung weight, and low recoverability are noted, and the underlying mechanism of hypoxemia is attributed to pulmonary vasoconstriction, which results from an imbalance in the ventilation/blood flow ratio. The other types of respiratory failure account for 20%-30% of cases, and severe hypoxemia is accompanied by decreased lung compliance (< 40 mL/cm water column), a large right-to-left partial flow rate and lung weight, and high repeatability and frequently presents with mechanical ventilation-related lung injury. Respiratory support treatment of these two types of respiratory failure should be different. In the first type of patients with high lung compliance and low ventilator-induced lung injury risk, deformation can be tolerated, so the tidal volume can be greater than 6 mL/kg. The positive end-expiratory pressure (PEEP) should be set at a lower level (8-10 cmH2O) given its low recoverability. In contrast, in the second type of patients, the standard strategy for severe ARDS ventilation is generally employed, namely, maintaining a low tidal volume and increased PEEP support (can be cautiously increased to 14-15 cmH2O).
COVID-19 patients typically exhibit good responses to prone position ventilation, which should be implemented as early as possible. Some scholars perform prone position ventilation during the conventional oxygen therapy or high flow oxygen process. This position promotes collapsed alveolar recruitment, increases ventilation/blood flow ratio, and improves respiratory system compliance and right heart function[23,30]. Gattinoni et al[28] believed that prone position ventilation can improve the oxygenation in type one patients given the redistribution of intrapulmonary blood perfusion instead of the re-expansion of collapsed lung tissue, which contributes to improvements in the ventilation/blood flow ratio. In this case, no improvement was observed after HFNC and NIV implementation. Then, invasive mechanical ventilation was immediately performed in the prone position. Thus, the patient’s situation significantly improved, and we believe that this respiratory support strategy was the key to the prognosis.
A hypercoagulable state is very common in COVID-19 patients, particularly in severe and critical cases[31-33]. Increased DD levels are an independent risk factor for ARDS and death[34]. In total, 71% of fatal cases presented with disseminated intravascular coagulation[35]. In addition, venous thromboembolism (VTE) and pulmonary embolism are not rare, and the incidence of cerebral infarction in severe COVID-19 cases was 4.5%[36]. Several guidelines suggest that VTE prevention should be considered in severe and critical COVID-19 patients, and low molecular weight heparin is preferred if no anticoagulation contraindication exists[37-39]. In this case, low molecular weight heparin was administered immediately after admission. Although the DD increased significantly during the course of the disease, no complications of VTE and other thrombotic events occurred.
Antibiotics are not recommended in the early stage of virus infection. However, secondary bacterial or fungal infection may occur in critical patients who required mechanical ventilation (especially after 5-7 d of mechanical ventilation). The incidence of nosocomial-acquired pneumonia is 13.5%-31%[16,25]. In case of sepsis, the possible etiology and drug resistance should be evaluated, and early empirical anti-infection treatment should be considered. Anti-fungal treatment should be given since critical patients are prone to experience secondary fungal infections (especially aspergillus), representing one important reason for immune deficiency in COVID-19[16] given that lymphocytes are the target cell type of SARS-COV-2. In total, 80%-100% of critical COVID-19 patients exhibit decreased lymphocytes, which is associated with disease severity and mortality[16,32,40]. Therefore, clinicians should be careful when anti-bacterial treatment yielded no improvements, and signs of fungal infection should be monitored (e.g., abnormal radiological findings and positive G test/GM test). In this case, the infection deteriorated on the 10th day after admission (the 5th day after tracheal intubation) although antibiotics were administered. We found that the GM value of bronchoalveolar lavage fluid increased significantly, and pulmonary aspergillus was subsequently considered. This diagnosis was correct because the patient’s condition improved after voriconazole treatment.

CONCLUSION
The mortality of severe COVID-19 patients is high, and no effective antiviral drugs are available. Timely intubation, reasonable mechanical ventilation support, appropriate anti-infection treatment, early anticoagulation and immune support, and other comprehensive measures may help to reduce the course of disease and patient mortality.
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Figure Legends
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Figure 1 Chest radiograph revealing bilateral multipatchy consolidation and ground-glass opacities.
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[bookmark: OLE_LINK1812][bookmark: OLE_LINK1813]Figure 2 Chest computed tomography images revealing that exudate increased in the lung 11 d after admission.
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Figure 3 Chest computed tomography images showing almost complete resolution of infiltrates 39 d after admission.
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