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Abstract. In this article, we analyze and report cases of three patients who were admitted to Renmin Hospital, Wuhan
University, China, for treating COVID-19 pneumonia in February 2020 and were unresponsive to initial treatment of steroids.
They were then received titrated steroids treatment based on the assessment of computed tomography (CT) images augmented
and analyzed with the artificial intelligence (AI) tool and output. Three patients were finally recovered and discharged. The
result indicated that sufficient steroids may be effective in treating the COVID-19 patients after frequent evaluation and timely
adjustment according to the disease severity assessed based on the quantitative analysis of the images of serial CT scans.
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1. Introduction

Since December 2019, an outbreak of a novel coronavirus infected pneumonia (COVID-19) has led
worldwide panic. As of April 16th, more than 2,011,725 cases and 131,150 deaths were confirmed
globally. Furthermore, it has been reported that a 28-day mortality of critically ill patients with COVID-
19 pneumonia was at 61.5% (32/52), even with advanced organ supporting techniques [1]. Notably, the
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presentation of overwhelming inflammation has been considered as the dominant mechanism account-
ing for the worsening of COVID-19 pneumonia. This infers that steroids may be a recommended
prescription for reducing the inflammatory response, and thus a potential strategy for reversing pro-
gression. However, whether to use it in viral pneumonia is widely argued and even objected to in
COVID-19 pneumonia [2].

In this article, we analyze and report three COVID-19 pneumonia patients who were unresponsive
to initial treatment of steroids but were ultimately cured through a tailored strategy. This strategy
incorporated the use of computerized tomography (CT) images analyzed by an artificial intelligence
(AI) system to monitor progression and facilitate clinical decision-making.

2. Materials and methods

We retrospectively identified three patients who were admitted into the intensive care unit at Ren-
min Hospital, Wuhan University (Hubei province, China), for COVID-19 pneumonia in February
2020, and were attended to by a medical rescuing team from Zhongshan Hospital, Fudan University
(Shanghai, China). Inclusion criteria required that patients were diagnosed as COVID-19 by Reverse
Transcription-Polymerase Chain Reaction (RT-PCR) and were unresponsive to initial steroid treatment.
The therapeutic details during hospital stay were presented in Figs. 1–3.

Fig. 1. Timeline of disease course of case 1. A. Therapeutic details according to days from illness onset and days from
hospital admission. B. Chest CT images of the patient at 4 stages. Chest CT scans were performed on hospital day 1 (I),
day 8 (II), day 13 (III), and day 26 (IV), respectively. Areas within green lines indicate the lesions of lungs analyzed by AI
system. C. The changes of mass of lesions at 4 stages and the adjusted dosage of MP (mg/per day) depending on CT scans.
Mass was calculated as: M = V ∗ (A + 1000)/1000 , where M is mass in g, V is volume in cm3, and A is mean attenuation
in Hounsfield Unit (HU, reflects the degree of X-ray absorption of the tissue). MP, Methylprednisolone.
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Fig. 2. Timeline of disease course of case 2. A. Therapeutic details according to days from illness onset and days from
hospital admission. B. Chest CT images of the patient at 4 stages. Chest CT scans were performed on hospital day 2 (I),
hospital day 9 (II), day 14 (III), and day 36 (IV), respectively. Areas within green lines indicate the lesions of lungs analyzed
by AI system. C. The changes of mass of lesions at 4 stages and the adjusted dosage of MP (mg/per day) depending on
CT scans. Mass was calculated as: M = V ∗ (A + 1000)/1000 , where M is mass in g, V is volume in cm3, and A is mean
attenuation in Hounsfield Unit (HU, reflects the degree of X-ray absorption of the tissue). MP, Methylprednisolone.

An automatic pneumonia analysis system, Dr. Wise@Pneumonia (version 1.0, Beijing Deepwise &
League of Ph.D Technology Co. LTD), was used to segment pneumonia regions in CT images and
calculate corresponding quantitative measurements of volume, CT value, location, and mass, and sub-
sequently quantify the level of COVID involvement to facilitate analysis and decision-making during
treatment. The system is built based on deep neural networks, where two major modules were designed
to ensure the effectiveness and efficiency in pneumonia detection, and voxel segmentation. First, an
MVP-Net [3] was used to detect bounding boxes of pneumonia findings in CT images. Attention mech-
anism and 3D context module were applied to enhance the detection sensitivity, and multiple binary
symptom classifiers were trained to discriminate the consolidation, ground-glass opacity, nodule and
so forth. In our internal dataset, the MVP-Net detected 90.1% of consolidations, 90.3% of ground glass
opacities, and 91.5% of pulmonary nodules. Then U-net is used to classify each voxel within the 3D
cube into lesion or non-lesion class [4]. The trained system was used on all three cases in these reports.

3. Results

3.1. Case 1

A 54-year-old female complained of fever and chills for 4 days accompanied with dyspnea and
diarrhea. Chest CT scan on hospital day 1showed multifocal ground glass opacities (GGO) and infil-
trates located on bilateral lungs (Fig. 1). On admission, she received supplemental oxygen via mask and
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Fig. 3. Timeline of disease course of case 3. A. Therapeutic details according to days from illness onset and days from
hospital admission. B. Chest CT images of the patient at 4 stages. Chest CT scans were performed on day of admission (I),
hospital day 7 (II), day 14 (III), and day 25 (IV), respectively. Areas within green lines indicate the lesions of lungs analyzed
by AI system. C. The changes of mass of lesions at 4 stages and the adjusted dosage of MP (mg/per day) depending on
CT scans. Mass was calculated as: M = V ∗ (A + 1000)/1000 , where M is mass in g, V is volume in cm3, and A is mean
attenuation in Hounsfield Unit (HU, reflects the degree of X-ray absorption of the tissue). MP, Methylprednisolone.

arbidol. At day 2, because of progressive dyspnea, immune globulin and low-dose Methylprednisolone
(MP) at 40 mg qd (0.67 mg/kg/d) for 6 days were added (Fig. 1A), and the patient’s clinical condition
seemed under control. On hospital day 8, her temperature increased to 38.5◦C again with worsening
dyspnea. A follow-up CT scan confirmed the deterioration of pneumonia with remarkably enlarged
diffused bilateral opacities (Fig. 1B-II), and the mass of lesion presented a sharp increase (Fig. 1C).
Mass of lesion was calculated as: M = V ∗ (A + 1000)/1000 , where M is mass in g, V is volume in
cm3, and A is mean attenuation in Hounsfield Unit (HU, reflects the degree of X-ray absorption of the
tissue) [5, 6]. Subsequently, the flow in her mask piece was increased to 10 L/min, and MP dosage to
40 mg every 12 hours (1.33 mg/kg/d) for the next 6 days, while other therapeutic regimens remained
unchanged. The patient’s clinical condition improved, including body temperature and oxygenation,
and MP was then tapered off. The CT scan on day 13 and day 26 showed bilateral diffuse opacities
and infiltrates dissipated gradually (Fig. 1B-III and IV; 1C). Finally, the patient was discharged from
hospital on day 42.

3.2. Case 2

A 69-year-old male presented to fever clinic with a history of 8-day of fever and 2-day of dyspnea.
The chest CT scan on hospital day 2 showed bilateral ground glass opacities (Fig. 2B-I). Although the
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patient was accommodated with oxygenation support, arbidol, immunoglobulin, and MP 40 mg/day
(0.62 mg/kg/d) (Fig. 2A) on admission, his weakness and dyspnea persisted. On hospital day 9, his
body temperature rose to 38.2◦C, follow-up CT showed obvious peripheral infiltration on the right lung
(Fig. 2B-II), and the mass of lesion increased (Fig. 2C). The patient’s respiratory status deteriorated
even with high gas flow via mask piece. Therefore, he was treated initially with high flow nasal cannula
(HFNC) oxygenation, with a flow rate of 60 L/min, 80% FiO2. Meanwhile, MP was added to 40 mg
every 12 hours (1.23 mg/kg/d) for the next 4 days. His temperature returned to normal immediately,
and oxygenation also gradually elevated. At hospital day 14, CT image showed previous infiltration
partially dissipated with small patchy consolidation (Fig. 2B-III), and the mass of involvement were
also reduced markedly (Fig. 2C). Then, MP was tapered off. At day 36, CT images showed previous
infiltration significantly dissipated and the consolidation was partially absorbed (Fig. 2B-IV), and the
patient was discharged on day 40.

3.3. Case 3

A 75-year-old female initially complained of fever and dyspnea accompanying with fatigue. The
pre-admission chest CT scan showed multifocal GGO and infiltrates on bilateral lungs (Fig. 3B-I).
On admission, supplemental oxygen via mask, arbidol, immunoglobulin, and low-dose MP 40 mg/day
(0.56 mg/kg/d) was given. However, the patient’s clinical condition was not resolved. On hospital
day 7, a follow-up CT scan revealed enlarged diffused bilateral opacities and sharp increased lesion
mass of COVID involvement (Fig. 3C). Subsequently, the gas flow and MP dosage were increased to
40 mg every 12 hours (1.11 mg/kg/d) for the next 4 days. The dyspnea and oxygenation were markedly
relieved, and thus, MP was tapered off. Although the CT scans on day 14 showed only slightly-
dissipated bilateral diffuse opacities and infiltrates, and the mass of lesion increased (Fig. 3B-III, IV,
3C), the mass of lesions was reduced markedly (Fig. 3C). Finally, as CT scans demonstrated dissipated
bilateral diffuse opacities and infiltrates, the patient was discharged on day 31.

4. Discussion

Much debate exists over the effectiveness of steroids on COVID-19 patients. As shown in our
three case reports, although all the cases had MP prescribed at an initial dosage of 40 mg once every
day (average dose 0.62 mg/kg/d) and all empirically failed to prevent progression of intrapulmonary
inflammation, a significant and steady improvement was observed after simply increasing the MP
dosage. Thus, we note that tailoring a strategy with serial CT monitoring might facilitate efficiency of
steroids.

The application of steroids in the treatment of pneumonia can be traced back to more than 60 years
ago [7]. It is often used in community acquired pneumonia (CAP) [8–11] and acute respiratory distress
syndrome (ARDS) [12–14], exhibiting many positive results. Note that short-term low to moderate
steroids, of even 1 mg/kg/d MP for 2 weeks initially, could show capacity in inhibiting inflammation
and improving the prognosis of ARDS. However, in viral pneumonia, studies often showed conflicting
results, which perplex clinicians during decision-making. First, patients involved in these clinical
studies were characterized by different symptoms and degree of severity, which might have introduced
bias into the result. Second, uncertainty of dosage of steroids always disturbs clinicians. Research
regarding SARS claimed that low dose of steroids (<500 mg/d, all dosage mentioned in this article
were equivalent dosage of MP) for patients with mildest symptoms [15–18], or high dose (≥500 mg/d)
for patients with severe hypothermia [15, 19] seemed effective in both improving symptoms and
outcome, although more comorbidities occurred with the higher dose [20, 21]. In studies of influenza
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A and Middle East respiratory syndrome (MERS), MP dosages varied from 5 to180 mg/d, with no
patients having exhibited a reduction in severity or mortality [22–33]. Third, there is no specific or
quantitative indicator guiding the timing of application, adjustment, or withdrawal of steroids. In
this report, considering lack of high-quality research, we tailored steroids therapy based on frequent
CT-based evaluations.

According to recent publications on CT image in COVID-19 pneumonia, we expected to find
patchy/punctate GGO, ground glass nodules (GGN), patchy consolidation, fibrous stripes and irregular
solid nodules [34]. Note that abnormal pulmonary CT manifestations can occur even in asymptomatic
patients. The COVID-19 presentation can rapidly develop into diffuse ground-glass shadows or con-
solidation within 1–3 weeks after the onset of symptoms, reaching a peak at approximately 2 weeks
after onset and correlating well with disease severity [35]. With the advent of the “imaging artificial
intelligence pneumonia auxiliary diagnosis system,” which measured the volume and mass of COVID
involvement, we were able to quantitatively and objectively evaluate CT imaging changes, incorporat-
ing information beyond that observed by visual evaluation (Fig. 3B-III, 3C and D). Using algorithm
similar to that of computing lung nodule mass, we explored the possibility of assessing severity or
treatment efficacy of COVID-19 patients. Thus, we speculate that such technology may have the poten-
tial to provide specific indicators for precise management of steroids, although a large-scale clinical
trial is necessary for wide-spread adoption.

In conclusion, the cases of three patients analyzed and reported in this article demonstrate that
steroids can be effective in the treatment of COVID-19 pneumonia when based on a tailoring strategy
incorporating quantitative analysis of serial CT images with the advanced AI. Specifically, CT images
analyzed by the AI system may facilitate efficacy of steroid therapy in treating COVID-19 patients. In
the future, the relationship between the data provided by AI system and the treatment effect will be
further analyzed in a large population study.
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