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ABSTRACT
Objectives: To investigate the clinical and CT features of critically ill patients requiring ventilation who early recovered from 

COVID-19 pneumonia.

Methods: The clinical, laboratory and CT features of COVID-19 patients at Tongji Hospital in Wuhan from Jan 31, 2020, to April 
20, 2020, were retrospectively analyzed. Patients who required ventilation during treatment were defined as group 1. Meanwhile, 
patients who received conventional oxygen inhalation therapy in the same wards were defined as group 2. The clinical characteristics 
and follow-up CT images were collected and compared between the two groups. 

Results: A total of 160 discharged patients were included, of whom 43 were in group 1 and 117 were in group 2. The average 
age of patients in group 1 (61.9 ± 14.6 d) was significantly higher than that in group 2 (p=0.004), and the proportion of patients 
with complications in group 1 was markedly higher than that in group 2 (38 [88.4%] vs 54[46.2%]). Compared to patients in 
group 2, patients in group 1 more frequently had lymphopenia, with higher levels of high-sensitivity C-reactive protein, ferritin. In 
group 1, 27 patients (62.8%) showed ground-glass opacities (GGOs), and 42 (97.7%) showed signs of fibrosis. Patients in group 1 
experienced longer hospital stays than those in group 2 (52.5 ± 12.8 d vs 17.7 ± 10.3 d, p<0.001).

Conclusion: Critically ill patients who required ventilation assistance for COVID-19 were older, worse laboratory test results. A 
great majority of patients showed pulmonary fibrosis on chest CT when they were discharged. 
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INTRODUCTION
Coronavirus disease 2019 (COVID-19), the illness caused by 

severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
was first identified in Wuhan, China in December 2019 and has since 
rapidly spread to more than 200 countries and become a worldwide 
pandemic [1,2]. Coronaviruses belong the order Nidovirales and to 
the family Coronaviridae, a family that includes viruses that cause 
diseases ranging from the common cold to severe acute respiratory 
syndrome (SARS) and Middle East respiratory syndrome (MERS) 
[3]. In the past twenty years, two coronavirus epidemics have 
occurred. SARS-CoV provoked a large-scale epidemic beginning in 
China and involving two dozen countries with approximately 8,000 
cases and 800 deaths, and the MERS-CoV began in Saudi Arabia, 
had approximately 2,500 cases and 800 deaths and still causes 
sporadic cases [4]. More and more patients have infected and died 
from COVID-19, overloading and even overwhelming the global 
medical health system.

The treatment of COVID-19 is multistep and requires 
multidisciplinary cooperation, and oxygen therapy represents the 
major treatment intervention for patients with severe infection 
[4]. Nasal catheter oxygen inhalation, mask oxygen inhalation, 
high-flow oxygen inhalation, noninvasive ventilation and invasive 
ventilation are common methods of oxygen therapy during the 
disease course. Mechanical ventilation may be necessary in cases 
of respiratory failure refractory to ordinary oxygen inhalation 
therapy. It described patients with critical COVID-19 who were 
admitted to an ICU in Wuhan, China. The mortality rate among 
those who required noninvasive ventilation was 23 (79%) of 29, 
and among those who required invasive mechanical ventilation, it 
was 19 (86%) of 22 [5]. Even with various treatments, it remains 
difficult for critically ill patients to survive. Treatment of critically 
ill patients with COVID-19 pneumonia remains challenging [6,7]. 
Therefore, by analyzing the clinical characteristics of patients 
who recovered quickly from critical pneumonia, especially those 
who required ventilator assistance for breathing, we can better 
understand the characteristics and course of the disease.

In this study, patients who were discharged from a single center 
who had been critically ill with pneumonia after using ventilators 
were recruited. Their main clinical characteristics, laboratory tests 
and the CT features of discharged patients in the same wards cured 
by conventional oxygen inhalation were also collected. We analyzed 
the follow-up chest CT features to make a more comprehensive 
analysis of the disease and prognosis of discharged patients.

MATERIALS AND METHODS 
Patients

This study received medical ethical committee approval 
from the Ethics Committee of Tongji Hospital, Tongji Medical 
College, Huazhong University of Science and Technology, and the 
requirement for patient informed consent was waived under 
the Council for International Organizations of Medical Sciences 
guidelines. A single-center case series of 160 consecutive patients 
with laboratory-confirmed COVID-19 at Tongji Hospital in Wuhan 
from January 31, 2020, to April 20, 2020, were retrospectively 
included. All enrolled patients were diagnosed under the guidelines 
released by the National Health Commission of China [8]. All 
patients also met specified de-isolation and discharge criteria as 
follows [8,9]: (1) the body temperature returned to normal for more 
than three days; (2) respiratory symptoms improved significantly; 

(3) chest CT imaging showed significant improvement with the 
reabsorption of acute exudative lesions; and (4) the nucleic acid 
tests of samples from the respiratory tract were negative on two 
consecutive tests (with a sampling time interval of at least 24 
hours). Patients who met the discharge criteria were discharged to 
a rehabilitation hospital designated for step-down care or to hotel 
isolation. 

Patients requiring invasive ventilation or noninvasive 
ventilation during treatment were defined as group 1. Treatment 
of patients was consistent with current standards for tracheal 
intubation and respiratory treatment. Endotracheal intubation was 
performed for patients showing no improvement in respiratory 
distress, tachypnea (respiratory rate greater than 30 breaths per 
minute), and poor oxygenation (PaO2 to FiO2 ratio less than 150 
mmHg) after 2 hours of high-flow oxygen therapy or noninvasive 
ventilation [10]. Moreover, 117 patients who used conventional 
oxygen inhalation during treatment in the same wards were defined 
as group 2. Clinical laboratory data included complete blood counts, 
serum biochemical tests (including liver and renal parameters and 
myocardial marker, lactate dehydrogenase, coagulation profiles). 
The data collection forms were reviewed independently by two 
researchers.

Review of CT Images

According to the recommendations of the National Health 
Commission, patients should undergo follow-up CT scans before 
discharge. Chest CT images were obtained using one of three CT 
systems (LightSpeed Plus-GE, Aquilion ONE, and UCT 780) with 
patients in the supine position. All CT images were reviewed 
by two radiologists (S.C.Z. and G.T.K, with 11 and 8 years of 
clinical experience, respectively) using the picture archiving 
and communication system (PACS). CT images were reviewed 
to optimally assess the lung parenchyma (window level, -500 to 
-700 Hounsfield units [HU]; window width, 1,000-1,500 HU) and 
mediastinum (window level, 20–50 HU; window width, 350-450 
HU).

All terms were defined according to the Fleischner Society 
guidelines [11]. The CT images were evaluated for the following. 
(1) The presence of ground-glass opacities (GGOs) and the 
location of the lesion (peripheral, bilateral, multifocal or unifocal 
involvement). (2) Pulmonary fibrosis as indicated by the presence of 
a subpleural line, parenchymal bands, irregular interfaces, traction 
bronchiectasis, or reticulation [12,13]. A thickened interstitium 
could not be used as evidence of fibrosis, as it could also be present 
during acute lung disease [13]. Lobes with fibrosis were recorded. 
(3) The presence of other manifestations, such as consolidation, 
lymph node enlargement, pericardial effusion, and pleural effusion. 
Total lesion involvement (including GGOs and pulmonary fibrosis 
signs) in one or more of 18 segments in the lungs was collected. 
Decisions were made by consensus among the radiologists.

Statistical Analysis

All statistical analyses were performed with SPSS version 
23.0 (Chicago SPSS Inc). Continuous data with normal and non-
normal distributions are expressed as the mean (± SD) and 
median (interquartile range [IQR]) values, respectively. Normally 
distributed data were analyzed by Student’s t-test; otherwise, 
the Mann-Whitney U test was used. A two-tailed p < 0.05 was 
considered statistically significant.
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RESULTS
Demographics and Characteristics of Patients with COVID-19

Table 1: General clinical data of patients with COVID-19.

Overall patients Group 1 Group 2
P value

(n = 160) (n = 43) (n = 117)

Sex (M:F) 69:91 27:16:00 42:75 0.002

Age, years 56.5 ± 13.0 61.9 ± 14.6 54.5 ± 11.8 0.004

>50 115(71.9%) 35(76.7%) 80(68.4%) 0.117

Comorbidity, n (%) 92(57.5%) 38(88.4%) 54(46.2%) <0.001

Hypertension 55(34.4%) 28(65.1%) 27(23.1%) <0.001

Diabetes 33(20.6%) 14(32.6%) 19(16.2%) 0.029

Cardiovascular disease 11(6.9%) 5(11.6%) 6(5.1%) 0.167

Chronic respiratory disease 13(8.1%) 8(18.6%) 3(2.6%) 0.001

Cerebrovascular disease 5(3.1%) 3(7.0%) 2(1.7%) 0.121

Chronic kidney disease 3(1.9%) 2(4.7%) 1(0.9%) 0.176

Chronic liver disease 5(3.1%) 5(11.6%) 0(0%) 0.001

Neoplastic disease 6(3.8%) 6(14.0%) 0(0%) <0.001

Average hospital time(day) 27.0 ± 19.0 52.5 ± 12.8 17.7 ± 10.3 <0.001

Signs and Symptoms

Fever, n/N (%) 140(87.5%) 41(95.3%) 99(84.6%) 0.103

Cough, n/N (%) 132(82.5%) 41(95.3%) 91(77.8%) 0.009

Fatigue, n/N (%) 70(43.8%) 27(62.8%) 43(36.8%) 0.004

Diarrhea, n/N (%) 44(27.5%) 12(27.9%) 32(27.4%) 1

Dyspnea, n/N (%) 84(52.5%) 32(74.4%) 52(44.4%) 0.001

Myalgia, n/N (%) 32(20.0%) 7(16.3%) 25(21.4%) 0.656

Expectoration, n/N (%) 57(35.6%) 16(37.2%) 41(35.0%) 0.853

Headache, n/N (%) 22(13.8%) 6(14.0%) 16(13.7%) 1

Pharyngalgia, n/N (%) 12(7.5%) 2(4.7%) 10(8.5%) 0.517

Systolic pressure, mm Hg 127.5 ±15.7 132.3 ± 14.2 125.5 ± 15.9 0.012

>140mm Hg, n (%) 37(22.7%) 13(28.3%) 20(17.1%) 0.11

Heart rate, bpm 91.5 ± 15.1 92.9 ± 15.4 91.0 ± 14.9 0.477

Respiratory rate, per min 24.3 ± 3.1 28.7 ± 4.7 21.4 ± 2.6 0.016

≥30, n (%) 22(13.5%) 22(47.8%) 0 <0.001

PaO2/FiO2

>300, n/N (%) 69(43.1%) 0 69(59.0%) <0.001

200-300, n/N (%) 62(38.8%) 14(32.6%) 48(41.0%) 0.365

100-200, n/N (%) 24(15.0%) 24(55.8%) 0 <0.001

≤100, n/N (%) 5(3.1%) 5(11.6%) 0 <0.001

Glucocorticoid‡ usage 54(33.8%) 31(72.1%) 23(19.7%) <0.001

Total dose of Glucocorticoid 
(mg) 354.6±244.4 399.0±284.1 301.3±181.4 0.155

Data were expressed as mean (± SD), median (interquartile range [IQR]) or n/N (%). The p value between the two groups 
was tested using unpaired 2-sided Student’s t test or Fisher exact test. Glucocorticoid‡: methylprednisolone.
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The demographic characteristics are shown in Table 1. Among 
the 160 included patients, 43 patients (27 men, 16 women) were 
in group 1 (ventilator-assisted), and 117 patients (42 men, 75 
women) were in group 2 (ordinary oxygen therapy). The average 
age of group 1 was significantly higher than that of group 2 (61.9 
± 14.6 years vs 54.5 ± 11.8 years, p=0.004), and 71.9% of the 
patients were older than 50 years old. The proportion of patients 
with complications in group 1 was significantly higher than that in 
group 2 (38 [88.4%] vs 54 [46.2%], p<0.001), and the incidence of 
dyspnea in group 1 was higher than that in group 2 (32 [74.4%] 
vs 52[44.4%], p=0.001). Regarding clinical signs, the average blood 
pressure of group 1 at admission was significantly higher than 
that of patients in group 2 (p=0.012); the average respiratory rate 
of patients was markedly increased (p=0.016), but the average 
heart rate was comparable between the two groups (p=0.477). All 
patients were discharged after a mean hospitalization period of 
27.0 d (range: 9.0-74.0 days). Group 1 patients experienced longer 
hospital stays than group 2 patients (52.5 ± 12.8 d vs 17.7 ± 10.3 d, 
p<0.001). Systemic corticosteroid usage rates differed significantly 
between the two groups (p<0.001), while there was no significant 

difference in the average corticosteroid dosage between the two 
groups (p=0.155)

Laboratory Findings of Patients with COVID-19 
Compared with normal ranges, the whole blood count of 22 

(18.8%) patients in group 2 showed mild leucopenia, while almost 
all patients in group 1 had white blood cell (WBC) counts that were 
normal or above the upper limit of normal. Lymphocyte counts 
were significantly lower in group 1 patients (0.62 × 109/L) than in 
group 2 patients (1.34 × 109/L). Lymphopenia (lymphocyte count 
<0.8 × 109/L) developed in 28 (65.1%) patients in group 1 and 25 
(21.4%) patients in group 2 (p<0.001). Overall, group 1 patients 
had increased WBC counts (p <0.001) but lower lymphocyte counts 
(p <0.001). Compared with patients in group 2, inflammation-
related marker levels (high-sensitivity C-reactive protein and 
ferritin) were markedly higher in group 1 patients, meanwhile the 
levels of aspartate aminotransferase (AST), lactate dehydrogenase 
(LDH), blood urea nitrogen, high-sensitivity troponin, NT-proB-
type natriuretic peptide (NT-pro BNP), D-dimer, and procalcitonin 
as well as prothrombin time were significantly higher in group 1 
patients (Table 2).

Table 2: Laboratory findings of patients with COVID-19.

Laboratory Findings All Patients Group 1 Group 2 p value Normal Range

(n=160) (n = 43) (n = 117)

White blood cell count, × 109 /L 5.9(4.5-8.0) 10.0(7.2-12.6) 5.35(4.33-6.66) <0.001 3.5-9.5

≤ 4, n (%) 25/160(15.6%) 3/43(7.0%) 22/117(18.8%)

4-10, n (%) 111/160(69.4%) 19/43(44.2%) 92/117(78.6%)

≥10, n (%) 24/160(15.0%) 21/43(48.8%) 3/117(2.6%) <0.001

Lymphocyte count, × 10 9 /L 1.1(0.7-1.6) 0.62(0.46-0.84) 1.34(0.89-1.89) <0.001 1.1-3.2

≤ 0.8, n (%) 53/160(33.1%) 28/43(65.1%) 25/117(21.4%) <0.001

Hemoglobin, g/L 126.0(115.0-134.5) 130.0(111.0-138.0) 125.5(115.0-132.0) 0.592 115-150

Platelet count, × 10⁹/L 210.0(166.0-269.0) 199.0(130.0-292.0) 215.0(168.8-264.5) 0.472 125-350

<100, n (%) 8/160(5.0%) 6/43(14.0%) 2/117(1.7%) 0.005

Alanine aminotransferase, U/L 25.0(15.3-44.0) 32.0(20.0-49.0) 24.0(15.0-41.5) 0.196 ≤ 33

> 40 U/L, n (%) 46/160(28.8%) 15/43(34.9%) 31/117(26.5%) 0.123

Aspartate aminotransferase, U/L 24.0(17.0-39.5) 35.0(20.0-56.0) 23.0(17.0-35.5) 0.004 ≤ 32

> 40 U/L, n (%) 40/160(25.0%) 18/43(41.9%) 22/117(18.8%) 0.328

Total bilirubin, μ mol/L 9.1(7.0-12.8) 11.9(7.5-15.1) 8.95(6.7-11.5) 0.056 ≤ 21

Blood urea nitrogen, mmol/l 4.8(3.7-6.4) 6.4(5.0-9.3) 4.3(3.4-5.3) <0.001 3.1-8.8

Creatinine, μ mol/L 64.0(54.0-76.0) 65.0(51.0-91.0) 64(54.8-73.3) 0.468 45-85

> 84μ mol/L, n (%) 25/160(15.6%) 12/43(27.9%) 13/117(11.1%) 0.016

Lactate dehydrogenase, U/L 250.0(186.8-368.8) 435.0(294.0-602.0) 219.0(178.0-272.5) <0.001 135-214

> 300 U/L, n (%) 53/160(33.1%) 32/43 (74.4%) 21/117(17.9%) <0.001

Prothrombin time, seconds 13.6(13.1-14.4) 14.6(13.3-15.8) 13.5(13.1-14.1) <0.001 11.5-14.5

Activated partial thromboplastin 
time, seconds 38.0(35.6-42.5) 39.3(34.2-45.1) 37.8(35.7-41.6) 0.43 29.0-42.0

High-sensitivity troponin, pg/mL 3.3(1.9-12.4) 15.0(4.1-45.3) 2.5(1.9-6.4) <0.001 ≤ 15.6
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> 34.2 pg/mL, n (%) 12/122(9.8%) 10/37(27.0%) 2/85(2.4%) <0.001

NT-proB-type natriuretic peptid, 
pg/mL 91.0(41.0-293.2) 292.0(93.5-864.0) 70.0(32.5-146.5) <0.001 < 247

C-reactive protein, mg/L 8.3(1.3-41.1) 80.0(15.9-152.3) 4.0(1.1-23.7) <0.001 < 1

> 10 mg/L, n (%) 82/160(51.3%) 36/43(83.7%) 46/117(39.3%) <0.001

ESR, mm/H 33.0(16.0-62.0) 44.0(22.0-68.0) 29.0(15.0-61.0) 0.38 < 20

> 20 mm/H, n (%) 70/98(71.4%) 16/19(84.2%) 54/80(67.5%) 0.174

D-dimer, mg/L 0.68(0.28-1.99) 3.29(1.53-13.22) 0.47(0.24-0.89) <0.001 < 0.5

> 0.5 mg/L, n (%) 93/158(58.8%) 40/42 (95.2%) 53/116(45.7%) <0.001

Procalcitonin, ng/mL 0.04(0.02-0.09) 0.16(0.09-0.45) 0.03(0.02-0.05) <0.001 0.02-0.05

> 0.5 ng/mL, n (%) 8/160(5.0%) 8/43(18.6%) 0/117(0%) <0.001

Ferritin, ug/L 457.6(224.0-742.5) 974.8(566.5-2322.6) 393.1(206.9-583.4) <0.001 30-400

> 500 ug/L, n (%) 56/125(44.8%) 20/24(83.3%) 36/101(35.6%) <0.001

ESR: Erythrocyte sedimentation rate
Data were expressed as median (interquartile range [IQR]) or n/N (%), where N is the total number of patients with 
available data. The p value between the two groups was tested using Mann-Whitney U test or Fisher exact test.

CT Findings of Patients with COVID-19

Figure 1: Chest CT images before the discharge of patients who received ordinary oxygen inhalation therapy 
(group 2).
A. A 51-year-old female COVID-19 patient whose CT scan on the 46th day after onset shows a few small GGOs in 
the bilateral lower lobes (black arrows). 
B. A 46-year-old female COVID-19 patient whose CT scan on the 26th day after onset shows lesion resolution with a 
few parenchymal bands in the bilateral lower lobes (black arrows). 
C. A 60-year-old female COVID-19 patient whose CT scan on the 36th day after onset shows lesion resolution with a 
subpleural line in the lower lobes (black arrows).

The time interval between the illness onset and last CT scan 
before discharge was 40.8 ± 15.0 d in all patients (range: 9.0-89.0 
days), and the mean time was longer in group 1 patients than in 
group 2 (56.7 ± 12.9 d vs 34.9 ± 10.9 d, p<0.001). In general, the CT 
signs of discharged patients can be normal, ground grass opacities 
(GGOs) or pulmonary fibrosis. The CT lesions of group 2 patients 
were resolved more quickly than those of group 1 patients. Among 
the 117 discharged patients in group 2, 37 patients (31.6%) had 
completely normal lung CT findings, 61 (52.1%) showed GGOs, and 
37 (31.6%) showed signs of pulmonary fibrosis (Figure 1). Whereas 
in Group 1, no patients had completely normal lung CT findings, 27 
(62.8%) showed GGOs, and 42 (97.7%) showed signs of fibrosis 
(Figure 2). The representative CT images of GGOs in both groups 
were peripheral, bilateral, and multilobe distributions, and some 
appearances of GGOs in group 1 were diffuse (Figure 2). We also 
observed a decrease in GGOs in the lungs accompanied by obvious 
signs of fibrosis in group 1 (Figure 2); moreover, fibrosis changes 
in groups 1 patients were more extensive than those in group 2 

(lung lobes involved 3.2 ± 1.5 vs 0.6 ± 1.1, p<0.001). In group 1, 
pulmonary fibrosis mainly manifested as subpleural lines (36 
[89.3%]), parenchymal bands (38 [88.4%]), traction bronchiectasis 
(21 [48.8%]) (Figure 2), and reticulation (11 [25.6%]). Regarding 
the distribution of lesions, the main manifestations were seen with 
symmetrical distribution in the double lower lungs (35 [81.4%]). 
The less common pulmonary fibrosis in group 2 mainly manifested 
as parenchymal bands (37 [31.5%]) (Figure 1) and subpleural lines 
(16 [13.7%]) (Figure 1). Other manifestations, such as interlobular 
septal thickening and mediastinal lymphadenopathy, were also 
obvious (30 [69.8%] vs 37 [31.6%]; 20 [46.5%] vs 32 [27.4%] in 
group 1 and group 2, respectively). Some patients showed lung 
consolidation (12 [27.9%]), and 3 patients had pericardial effusion 
and 5 had pleural effusion in group 1. The total abnormal lung 
segments involved in patients (including GGOs and pulmonary 
fibrosis signs) were significantly different between the two groups 
(8.4 ± 4.0 in group 1 vs 2.7 ± 2.4 in group 2, p<0.001). The main 
chest CT imaging features are shown in Table 3.
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Figure 2: Chest CT images before the discharge of patients requiring ventilation (group 1)

A. A 62-year-old female COVID-19 patient whose CT scan on the 43rd day after onset shows GGOs (white arrows) 
and parenchymal bands (black arrows) in lobe. 

B. A 70-year-old female COVID-19 patient whose CT scan on the 65th day after onset shows GGOs and 
parenchymal bands, and the predominance of GGOs was still obvious and diffuse. 

C. A 58-year-old male COVID-19 patient whose CT scan on the 55th day after onset shows few GGOs and 
subpleural lines, parenchymal bands, and traction atelectasis (black arrows) in the bilateral lower lobes.

Table 3: CT features of the COVID-19 patients before discharge.

CT features
Overall patients Group 1 Group 2

P value
(n = 160) (n = 43) (n = 117)

Days from illness onset to 
follow-up CT (day) 40.8 ± 15.0 56.7 ± 12.9 34.9 ± 10.9 < 0.001

Normal CT 37(23.1%) 0(0.0%) 37(31.6%) < 0.001

GGO 88(55.0%) 27(62.8%) 61(52.1%) 0.283

Periphery distribution 87(54.4%) 26(60.5%) 61(52.1%)

Bilateral involvement 76(47.5%) 24(55.8%) 52(44.4%)

Multifocal involvement 82(51.3%) 24(55.8%) 58(49.6%)

Unifocal involvement 7(4.4%) 3(7.0%) 4(3.4%)

Fibrosis 79(49.4%) 42(97.7%) 37(31.6%) < 0.001

Subpleural line 52(32.5%) 36(83.7%) 16(13.7%) < 0.001

Parenchymal bands 77(48.1%) 38(88.4%) 37(31.6%) < 0.001

Traction brochiectasis 26(16.3%) 21(48.8%) 5(4.3%) < 0.001

Reticulation 13(8.1%) 11(25.6%) 2(1.7%) < 0.001

Lobe of fibrosis distribution

Left upper lobe 29(18.1%) 21(48.8%) 8(6.8%)

Left lower lobe 61(38.1%) 36(83.7%) 25(21.4%)

Right upper lobe 24(15.0%) 19(44.2%) 5(4.3%)

Right middle lobe 28(17.5%) 21(48.8%) 7(6.0%)

Right lower lobe 65(40.6%) 38(88.4%) 27(23.1%)

Bilateral upper lobes 23(14.4%) 18(41.9%) 5(4.3%)

Bilateral lower lobes 56(35.0%) 35(81.4%) 21(17.9%)

Lobes of fibrosis involved 1.3 ± 1.7 3.2 ± 1.5 0.6 ± 1.1 < 0.001

Interlobular septal 
thickening 67(41.9%) 30(69.8%) 37(31.6%) < 0.001

Consolidation 14(8.8%) 12(27.9%) 2(1.7%) < 0.001

Lymph node enlargement 52(32.5%) 20(46.5%) 32(27.4%) 0.035

Pericardial effusion 3(1.9%) 3(7.0%) 0(0.0%) 0.018

Pleural effusion 5(3.1%) 5(11.6%) 0(0.0%) 0.001

Abnormal Lung Segments 
involved 3.6 ± 4.8 8.4 ± 4.0 2.7 ± 2.4 < 0.001

Data are n (%), n/N (%), mean ± SD, where N is the total number of patients with available data. The p value between the 
two groups was tested using unpaired 2-sided Student’s t test or Fisher exact test.
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DISCUSSION
At present, the situation related to COVID-19 remains grim, and 

with limited treatment methods, oxygen therapy is an important 
therapeutic option [14]. The common conspicuous symptoms of 
exacerbated COVID-19 are acute hypoxemic respiratory insufficiency 
or the requirement for oxygen and ventilation treatment [5,6]. 
Critically ill patients can receive noninvasive or invasive mechanical 
ventilation. The timing of conversion to ventilator usage still lacks 
relevant clinical evidence in COVID-19 patients [7], and methods 
to better utilize ventilators are also being explored. Some scholars 
suggested that the usage of noninvasive ventilators would increase 
the risk of infection of the medical staff in the absence of protective 
materials and that noninvasive ventilators could not shorten the 
course of ARDS caused by pneumonia, but controversy surrounding 
this topic remains [7]. Some studies have shown that strategies 
should be formulated based on the phenotypes of patients for 
different pathophysiological mechanisms [15]. In clinical work, 
we found that early intubation could better relieve hypoxemia in 
patients but resulted in the risk of ventilator-associated pneumonia 
and even multidrug resistant bacterial infection. However, if the 
intubation was delayed, the patient’s condition deteriorated rapidly 
or even died in a short term. In this article, approximately 60% of 
patients in group 1 underwent endotracheal intubation, received 
a more aggressive respiratory therapy strategy, and achieved 
treatment success. Active endotracheal intubation and mechanical 
ventilation are alternative respiratory therapies in critically ill 
patients. However, more accurate and reasonable intubation time 
strategies need further study.

Similar to related studies, we found that most common 
symptoms of COVID-19 were fever, cough, dyspnea and diarrhea and 
that mainly older patients were affected, especially those suffering 
from diabetes, hypertension or chronic respiratory diseases 
[6,16]. In terms of laboratory findings, leukocytosis (≥10×109/L) 
but lymphocytopenia (<0.8×109/L) were more frequently in the 
ventilated group than in the ordinary oxygen inhalation group. 
Lymphocytopenia was a hallmark finding in patients with severe 
COVID-19 and was present in 83.2% of the patients on admission 
[17]. The levels of AST, LDH, blood urea nitrogen, high-sensitivity 
troponin, NT-pro BNP, D-dimer and procalcitonin as well as 
prothrombin time were markedly higher in the ventilated group, 
suggesting more serious systemic organ damage. In a COVID-19 
patient with lymphopenia, worsening coagulopathy, hepatitis, and 
rising ferritin, it may make sense to target immune hyperactivity 
before end-organ manifestations such as ARDS ensue [18] In this 
study, ARDS was the most common indication for transferring 
patients to ICU and glucocorticoids were applied only to patients 
with progressive deterioration of the oxygenation index, rapid 
progression by imaging, and overactivation of the inflammatory 
response in the body. Methylprednisolone was mainly used for 
short-term relief of patients’ symptoms, with a higher proportion of 
critically ill patients who received glucocorticoid therapy requiring 
ventilation, while the average dose between the two groups did not 
reach statistical significance.

The correlation between CT findings and disease severity and 
mortality can be concluded from several studies [19,20]. In severely 
ill patients, the representative CT findings were bilateral and multi-
lobar involvement and subsegmental consolidative opacities [21]. 
In this study, the patients were discharged to a rehabilitation 
hospital designated for step-down care or to hotel isolation. 
We found that although the clinical symptoms of patients had 
improved, the lung CT of some patients remained abnormal, and 

the main abnormal manifestations were GGOs and fibrosis, while 
patients who recovered completely on lung CT were primarily in 
the ordinary oxygen inhalation group. During the recovery course 
of the disease, fibrotic lesions gradually increased, and some were 
then resolved tardily. We observed a larger range of lung lesions and 
more pronounced fibrosis in patients who had received ventilator 
assistance. The main features were the subpleural line and 
parenchymal bands, which were more pronounced in the double 
lower lungs. According to related reports, SARS and MERS patients 
also had persistent pulmonary fibrosis [22,23]. A considerable 
proportion of patients surviving the acute illness suffered 
impairment in respiratory functional capacity and health status 
after discharge from the hospital [24]. Whether these patients’ lung 
fibrosis could be resolved and whether lung fibrosis would affect 
the patient’s permanent lung function warrant further exploration.

The limitations of this study are as follows. First, the data were 
obtained at a single center with a limited sample size. Second, as an 
observational study, it was difficult to accurately assess the efficacy 
of corticosteroids and antiviral and other treatments. Third, there 
were many interference factors during treatment, including the 
patient’s own characteristics and the diversity of treatment. Due to 
limited time, chest CT scanning could not be further reviewed after 
discharge, and there was insufficient information on the progress of 
the pulmonary lesions.

CONCLUSION
Critically ill patients who required ventilator assistance for 

COVID-19 pneumonia were older and had more comorbidities, 
worse laboratory test results, and longer hospital stays than 
those who did not require ventilator assistance. A great majority 
of patients continued to show abnormal lung changes on chest 
CT when they were discharged. Among the changes, pulmonary 
fibrosis was obvious, and this topic is worthy of attention.
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