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Glucocorticoid pulse therapy in an elderly patient with post-COVID-19 organizing pneumonia: A case report
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Abstract
BACKGROUND
Pulmonary fibrosis often occurs as a sequel of coronavirus disease 2019 (COVID-19); however, in some cases, it can rapidly progress, similar to the acute exacerbation of interstitial lung disease. Glucocorticoids are the standard treatment for severe COVID-19 pneumonia requiring oxygen supply; however, the post-COVID-19 efficacy of high-dose steroid therapy remains unclear. Here, we presented a case of an 81-year-old man who developed acute respiratory failure after COVID-19 and was treated with glucocorticoid pulse therapy.

CASE SUMMARY
An 81-year-old man with no respiratory symptoms was admitted due to a diabetic foot. He had been previously treated for COVID-19 pneumonia six weeks prior. However, upon admission, he suddenly complained of dyspnea and required a high-flow oxygen supply. Initial simple chest radiography and computed tomography (CT) revealed diffuse ground-glass opacities and consolidation in both lungs. However, repeated sputum tests did not identify any infectious pathogens, and initial broad-spectrum antibiotic therapy did not result in any clinical improvement with the patient having an increasing oxygen demand. The patient was diagnosed with post-COVID-19 organizing pneumonia. Thus, we initiated glucocorticoid pulse therapy of 500 mg for three days followed by a tapered dose on hospital day (HD) 9. After three days of pulse treatment, the patient's oxygen demand decreased. The patient was subsequently discharged on HD 41, and chest radiography and CT scans have almost normalized nine months after discharge.

CONCLUSION
Glucocorticoid pulse therapy may be considered when the usual glucocorticoid dose is ineffective for patients with COVID-19 sequelae.
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Core Tip: In cases wherein standard glucocorticoid therapy is ineffective in patients with coronavirus disease 2019 (COVID-19) sequelae, glucocorticoid pulse therapy may be considered. This treatment approach was effective in the present case of an 81-year-old man with post-COVID-19 organizing pneumonia who developed acute respiratory failure after infection. The patient showed significant improvement in oxygen demand and imaging tests after three days of pulse treatment; he eventually recovered without any symptoms of interstitial lung disease. Therefore, glucocorticoid pulse therapy is a potential treatment option for patients with COVID-19 sequelae who require oxygen therapy and do not respond to standard therapy.

INTRODUCTION
As the coronavirus disease 2019 (COVID-19) pandemic persists into its third year, various manifestations of COVID-19 sequelae have been documented[1]. Pulmonary fibrosis is frequently reported as a COVID-19 sequel, ranging from 10%-84%, depending on the disease severity, demographics, and initial radiological findings[2]. Unlike certain types of interstitial lung disease (ILD) that can progress over time, post-COVID-19 fibrosis generally stabilizes or may even show gradual improvement after the acute phase of the disease. However, irreversible or progressive fibrotic changes have been documented in only a few cases[3,4].
Acute respiratory failure has been reported as an acute exacerbation (AE) of ILD after COVID-19 in patients without a history of ILD, which has shown a poor prognosis. Currently, effective treatment options for AE of ILD are limited. Glucocorticoids are currently recommended, with a weak positive recommendation for the management of AE of idiopathic pulmonary fibrosis, which is one of the most common types of ILD. However, evidence supporting the use of glucocorticoids in this context is limited and mainly based on expert consensus, small uncontrolled studies, or retrospective studies[5]. Corticosteroids have been shown to improve clinical outcomes in patients with COVID-19 pneumonia requiring oxygen therapy in several randomized trials[6]. Here, we presented a case of a patient who developed acute respiratory failure after COVID-19 and was treated with glucocorticoid pulse therapy. This report contributes to the limited evidence for the use of glucocorticoids in the management of post-COVID-19 pneumonia, specifically in cases of AE of ILD.

CASE PRESENTATION
Chief complaints
An 81-year-old man who presented with shortness of breath immediately after admission.

History of present illness
The patient was scheduled for admission to the Department of Endocrinology for glycemic control, as indicated by a hemoglobin A1C (HbA1c) level of 9.5%, and management of diabetic gangrene in both feet. The patient had been taking metformin for one year to control his blood sugar levels. However, his serum glucose levels have not been well controlled for the past month, as measured at home, and he subsequently developed diabetic foot, requiring hospitalization. The patient had no respiratory symptoms at the time of admission. However, shortly after admission, the patient suddenly complained of dyspnea, and his initial peripheral transcutaneous oxygen saturation (SpO2) level was 67% while breathing room air.

History of past illness
The patient had been diagnosed with COVID-19 at another institution six weeks before admission. He was hospitalized for approximately two weeks due to COVID-19 pneumonia and received treatment with remdesivir and steroids. After discharge, the patient did not require additional medication or home oxygen, and he did not complain of any other symptoms, such as respiratory distress, despite being almost inactive due to diabetic gangrene. Six weeks later, the patient was admitted to our institute for further management of uncontrolled diabetes and diabetic foot disease.

Personal and family history
The medical history included medications, such as digoxin, diltiazem, and edoxaban for atrial fibrillation and metformin for diabetes mellitus. His baseline HbA1c level was 7.2% during a hospital visit six months prior. No other respiratory illness was observed. The patient had a smoking history of 2.5 pack years.

Physical examination
Upon admission, the patient's vital signs were as follows: blood pressure, 114/77 mmHg; heart rate, 138/min; respiratory rate, 28/min; body temperature, 37.0 °C; SpO2, 67% on room air. The patient presented with coarse breath sounds and rhonchi in both lung fields.

Laboratory examinations
Arterial blood gas analysis (ABGA) revealed hypoxemia [arterial oxygen partial pressure (PaO2): 63.2 mmHg], hypocapnia (arterial carbon dioxide partial pressure: 28.6 mmHg), and respiratory alkalosis (pH7.5) with oxygen supply at 5 L/min via nasal prong. However, his bicarbonate (HCO3, 21.7 mmol/L) and lactic acid (2.0 mmol/L) levels were within normal range. Mild leukocytosis with a white blood cell counts of 12.1 × 109/L, elevated C-reactive protein (17.53 mg/dL), and erythrocyte sedimentation rate (120 mm/h) were found. In addition, the patient's initial blood glucose level was markedly elevated (387 mg/dL). However, procalcitonin level was within the normal range (0.25 ng/mL). No obvious abnormalities were observed in any biochemical indices.

Imaging examinations
On initial chest radiography, diffuse bilateral consolidation with ground-glass opacities (GGO) were observed in both lungs, and a small amount of bilateral pleural effusion was noted (Figure 1A). Chest computed tomography (CT) performed 6 weeks after the patient was hospitalized for COVID-19 pneumonia revealed peribronchovascular and peripherally distributed consolidations, with greater severity in the left lung (Figure 2A and B). On admission, enhanced chest CT revealed diffuse and multifocal patchy consolidation and GGOs in both lungs, along with a small to moderate amount of bilateral effusion (Figure 2C and D).

Transthoracic echocardiography
To evaluate breathing difficulty, transthoracic echocardiography was performed to assess cardiac function. The results revealed mild diastolic dysfunction, mild pulmonary hypertension with a mean pressure gradient of 38 mmHg, and left ventricular hypertrophy. No abnormalities were observed.

HOSPITAL COURSE
Initially, severe community-acquired pneumonia was suspected, and broad-spectrum antibiotics (piperacillin/tazobactam and levofloxacin) were administered. On hospital day (HD) 2, due to progressing dyspnea and increased oxygen demand, the patient was transferred to the intensive care unit (ICU), and high-flow nasal cannula (HFNC) with a fraction of inspired oxygen (FiO2) of 0.7 was initiated. Bronchoalveolar lavage was performed under bronchoscopy for diagnostic purposes; however, it was not performed because of the high oxygen demand and the patient's refusal to undergo tracheal intubation, as specified in their advance healthcare directives. Repeated sputum tests, including Gram stain/culture, acid-fast bacilli stain/culture, COVID-19, respiratory viruses, atypical pathogens, tuberculosis, and Pneumocystis jiroveci polymerase chain reaction did not reveal any pathogens. Additionally, all autoantibodies confirming underlying ILD, such as rheumatoid factors and antinuclear antibodies, tested negative. Although the patient was not immunocompromised, he was treated for Pneumocystis jiroveci using trimethoprim/sulfamethoxazole in addition to methylprednisolone (62.5 mg) since he did not respond to broad-spectrum antibiotics on HD 5.

FINAL DIAGNOSIS
Based on the patient's recent history of COVID-19 and steroid responsiveness, the final diagnosis was post-COVID-19 organizing pneumonia.

TREATMENT
Despite the use of broad-spectrum empirical antibiotics and usual doses of steroids, the patient's oxygen demand did not decrease, and there was no significant improvement in bilateral lung parenchymal disease on follow-up chest radiography (Figure 1B) until HD 9. While maintaining the HFNC FiO2 at 0.7, the patient's ABGA showed hypoxemia and respiratory alkalosis (PaO2, 72.3; PCO2, 38.2; pH, 7.52; HCO3, 30.4). The patient's PaO2/FiO2 ratio was 103.3, indicating moderate acute respiratory distress syndrome (ARDS) according to the Berlin definition[7]. Since repeated sputum tests did not reveal any pathogens, we initiated high-dose steroid pulse therapy (methylprednisolone at a dose of 500 mg/day for three days) in combination with broad-spectrum antibiotics, considering other undiagnosed ILD or post-COVID ILD. After initiating pulse therapy, the patient's dyspnea slowly improved, and the oxygen demand decreased. On follow-up chest radiography and low-dose CT on HD 12, the extent of bilateral consolidation with GGOs had partially decreased, and there was mild progression of bronchial dilatation (Figures 1C, 2E and F). We concluded that steroid pulse therapy was effective during the patient's clinical course. After reducing the methylprednisolone dose to 60 mg, we slowly tapered the dose while monitoring the patient's condition. 

OUTCOME AND FOLLOW-UP
The patient was transferred to the general ward on HD 12 in stable condition. He was weaned off HFNC on HD 17 and was administered low-flow oxygen via nasal cannula at 4 L/min. Although the patient still required oxygen, he recovered sufficiently to withstand general anesthesia. Therefore, on HD 28, the patient underwent below-knee amputation under general anesthesia for diabetic gangrene. The patient recovered safely after surgery and was discharged on HD 41.
Upon discharge, the patient required portable oxygen supplementation because of oxygen demand. However, oxygen supplementation was no longer necessary after six months of pulse therapy. Nine months after pulse therapy, the extensive and heterogeneous bilateral GGOs and consolidations that were previously observed had almost resolved on follow-up chest radiography and CT scans. There was no evidence of ILD in the follow-up images (Figures 1D, 2G and H).

DISCUSSION
Here, we presented a case of ARDS caused by an AE pattern of ILD after COVID-19 that resolved after steroid pulse treatment. Several reports have indicated that organizing pneumonia (OP) can worsen in the late period after COVID-19[8-10]. Vadász et al[10] reported cases of biopsy-confirmed OP that occurred between two and four weeks after severe COVID-19, followed by intubation. Both cases improved after a 4-week treatment with 1 mg/kg methylprednisolone. Ng et al[9] also reported two cases of post-COVID-19 OP that were successfully treated with corticosteroids. A medium dose (0.75-1 mg/kg) of corticosteroids is typically administered for 4-8 wk as the initial treatment for OP, followed by gradual tapering over several months[11]. Glucocorticoid therapy at low to medium doses is usually sufficient to treat OP; therefore, the use of high doses of steroids for cryptogenic or secondary OP is rare.
In contrast, the World Health Organization recommends the systemic administration of dexamethasone 6 mg for 10 days as an initial treatment for patients with severe and critical COVID-19, which was based on the RECOVERY trial[12]. The use of high-dose corticosteroids for the treatment of COVID-19 pneumonia remains controversial. A meta-analysis by Tan et al[13] showed that high-dose steroids (methylprednisolone > 100 mg/day) did not improve mortality compared with low-dose steroids. Kumar et al[14] reported that high-dose corticosteroids (methylprednisolone > 40 mg/day) were associated with increased in-hospital mortality [odds ratio: 2.14; 95% confidence interval (CI): 1.45-3.14] in hospitalized patients with COVID-19 (n = 1379). However, in randomized controlled clinical trials, patients with severe COVID-19 pneumonia who received steroid pulse therapy (methylprednisolone 250 mg/day for 3 days, n = 34) followed by a standard dose showed significantly better survival (hazard ratio,0.293; 95%CI: 0.154-0.556) compared with those who received standard treatment (n = 34)[15]. Furthermore, the administration of methylprednisolone 500 mg for three days showed clinical improvement in select cases of severe and refractory COVID-19 pneumonia[16].
Although our patient did not undergo invasive diagnostic tests, such as bronchoscopy or transbronchial lung biopsy because of the impaired general condition and high oxygen demand, the dramatic clinical improvement after steroid pulse therapy suggested a high possibility of post-COVID-19 OP clinically. Additionally, while a biopsy is necessary to diagnose OP, it may not be feasible for severely ill patients with high oxygen demand. In cases wherein ARDS with an OP pattern is confirmed after COVID-19, there is no clear evidence of late-phase infection, and steroid pulse therapy should be cautiously considered without biopsy confirmation.

CONCLUSION
It is important to consider the possibility of secondary OP in patients with prolonged respiratory symptoms and radiological involvement after COVID-19. In cases where the standard dose of glucocorticoid therapy is ineffective, pulse therapy may be considered as the last resort. However, additional clinical trials are necessary to obtain further information on this topic.
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Figure Legends
[image: ]
Figure 1 Serial chest radiographs images in HD 1, HD 9, HD 12, and 9 mo after discharge. A: Chest radiograph shows diffuse bilateral consolidations with a small amount of bilateral pleural effusions; B: Follow-up chest radiograph with antibiotic treatment shows a slight decrease in the extent of bilateral lung parenchymal; C: Follow-up chest radiograph after steroid pulse therapy shows a decrease in the extent of bilateral consolidations with residual opacities and suspicious bronchial dilation; D: Follow-up chest radiograph after discharge shows near resolution of bilateral lung disease with no evidence of reticular opacities.
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Figure 2 Serial chest computed tomography images in time of coronavirus disease 2019, HD 2, HD 12, and 9 mo after discharge. A and B: Chest computed tomography (CT) scans performed at the time of coronavirus disease 2019 (COVID-19) (6 wk prior to admission) show peribronchovascular distributed consolidations in both lungs, with greater extent in left lung; this is consistent with COVID-19 pneumonia; C and D: Chest CT scans performed on admission show diffuse ground-glass opacities and patchy consolidations in both lungs and small to moderate amount of bilateral pleural effusions; E and F: Follow-up low-dose chest CT scans after steroid pulse therapy show decreased extent and density of bilateral parenchymal opacifications and more progressed bronchial dilatation; G and H: Follow-up chest CT scans after discharge show almost resolution of bilateral lung disease with mild residual ground-glass opacities in peripheral lungs.
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