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Objective: To investigate chest computed tomography (CT)findings associatedwith severe COVID-19 pneumonia
in the early recovery period.
Methods:We retrospectively analyzed the cases of patients diagnosedwith severe COVID-19 pneumonia at a sin-
gle center between January 12, 2020, and March 16, 2020. The twelve ICU patients studied had been diagnosed
SARS-CoV-2 (COVID-19) nucleic acid positive. Patient clinical symptomswere relieved or disappeared, and basic
clinical information and laboratory test results were collected. The study focused on the most recent CT imaging
characteristics.
Results: The average age of the 12 patients was 58.8 ± 16.2 years. The most prevalent symptoms were fever
(100%), dyspnea (100%), and cough (83.3%). All patients experienced acute respiratory distress syndrome
(ARDS), of which 9 were moderate to severe. Six patients used noninvasive ventilators, and 4 patients used me-
chanical ventilation. One patient was treated with extracorporeal membrane oxygenation (ECMO). The lympho-
cyte count decreased to 0.67 ± 0.3 (× 10 9/L). The average day from illness onset to the last follow-up CT was
56.1 ± 7.7 d. The CT results showed a decrease in ground glass opacities (GGO), whereas fibrosis gradually in-
creased. The common CT features included GGO (10/12, 83.3%), subpleural line (10/12, 83.3%), fibrous stripes
(12/12, 100%), and traction bronchiectasis (10/12, 83.3%). Eight patients (66.7%) showed predominant reticula-
tion and interlobular thickening. Four patients (33.3%) showed predominant GGO. Lung segments involvedwere
174/216 (80.6%).
Conclusions: Fibrous stripes and GGO are common CT signs in critically ill patients with COVID-19 pneumonia in
the early recovery period. Signs of pulmonary fibrosis in survivors should be carefully monitored.

© 2020 Elsevier Inc. All rights reserved.
1. Introduction

Since mid-December 2019, some hospitals in Wuhan, Hubei Prov-
ince, China, have identified many patients with an unknown pneumo-
nia, now known as a new type of acute respiratory infection caused by
a coronavirus infection [1,2]. On February 12, 2020, the International
Virus Classification Commission officially classified the new coronavirus
as severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) [3].
Subsequently, the World Health Organization (WHO) named the dis-
ease Corona Virus Disease 2019 (COVID-19) [4]. Since then, COVID-19
has attracted attention worldwide [5,6].

Computed tomography (CT) plays an important role in the diagnosis
of respiratory diseases [7]. Previous radiological studies have reported
that a typical CT feature of COVID-19 pneumonia is bilateral ground-
glass opacification (GGO), which can be combined with peripheral and
posterior lung distributions [7-10]. Similar to other coronavirus
pneumonia, such as severe acute respiratory syndrome (SARS) andMid-
dleEast respiratorysyndrome(MERS),COVID-19cancauseacute respira-
tory distress syndrome (ARDS) [1,11]. In a retrospective studyof critically
ill patients, the authors reported that 67%of patients hadARDS, and61.5%
of patients diedwithin 28days [12]. The treatment of critically ill patients
remainschallenging, and the long-termqualityof lifeof thesepatientshas
attracted increased attention. Pulmonary fibrosis was reported in 62% of
survivors of coronavirus-SARS pneumonia during follow-up [13]. This
study explores the CT findings of lungs in critically ill survivors during
the early recovery period, focuses on patient lung imaging, and provides
more information for diagnosis and treatment.

2. Methods

2.1. Patients and data sources

The study was approved by the Ethics Committee of Tongji Hospital,
TongjiMedical College, HuazhongUniversity of Science and Technology,
and complies with the 1964 Helsinki Statement and subsequent
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Table 1
Characteristics of the 12 critical patients with COVID-19.

Characteristics Patients (N = 12)

Age, years 58.8 ± 16.2
Male 9 (75.0%)
Time before transfer ICU, day 15.9 ± 6.8
Comorbidity
Hypertension 7 (58.0%)
Diabetes 4 (33.3%)
COPD 0 (0%)
Immunosuppression 0 (0%)
Heart disease 1 (8.3%)
Asthma 0 (0%)

ARDS level
Mild 3 (25.0%)
Moderate 5 (41.7%)
Severe 4 (33.3%)

Shock 2 (16.7%)
Respiratory support
High flow oxygen therapy 12 (100%)
Non-invasive ventilator 6 (50.0%)
Ventilator 4 (33.3%)
ECMO 1 (8.3%)

Length of stay ICU, day 21.8 ± 8.6
ADL scores 97.1 ± 4.0

Data are n (%), n/N (%), Mean ± SD, where N is the total number of patients with
available data.
ECMO: Extracorporeal membrane oxygenation.

Table 3
Characteristics of the most recent CT in early recovery of the 12 patients with COVID-19.

CT features Patients (n = 12)

Days from illness onset to follow-up CT(d) 56.1 ± 7.7
GGO 10 (83.3%)
Central 0 (0%)
Peripheral 3 (25.0%)
Both central and peripheral 7 (58.3%)

Subpleural line 10 (83.3%)
Interlobular septal thickening 12 (100%)
Fibrous stripes 12 (100%)
Central 0 (0%)
Peripheral 3 (25.0%)
Both central and peripheral 9 (75.0%)

Consolidation 3 (25.0%)
Traction brochiectasis 10 (83.3%)
Small nodule 1 (8.3%)
Lymph node enlargement 7 (58.3%)
Pericardial effusion 0 (0%)
Pleural effusion 2 (16.7%)
Main CT manifestation
GGO predominance 4 (33.3%)
Reticulation predominance 8 (66.7%)

Lung Segments involved 174/216(80.6%)

Data are n (%), n/N (%),mean± SD, where N is the total number of patients with available
data.
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amendments or similar ethical standards. We retrospectively analyzed
cases of critically ill patients diagnosed with COVID-19 pneumonia at a
single center (Tongji Hospital) between January 12, 2020, and March
16, 2020. The patients in this unit were those who had been diagnosed
SARS-CoV-2 nucleic acid positive and transferred from other hospitals
or our general ward to the ICU. The study recorded patients who had
successfully been rescued to the general ward from this ward. Severe
cases were defined as: 1. Respiratory distress, respiratory rates ≥30
breaths/min; 2. SpO2 ≤ 93% at a rest state; 3. PaO2/FIO2 ratio ≤ 300; 4.
Patients with >50% lesions progression within 24 to 48 h in pulmonary
imaging. Critically ill cases were defined as: 1. Respiratory failure and
Table 2
Laboratory findings of the 12 critical patients with COVID-19.

Laboratory findings Patients (n = 12)

White blood cell count, × 10 9 /L 11.1 ± 8.2
>10 5 (41.7%)
4–10 7 (58.3%)
≤4 0 (0%)

Neutrophil count, × 10 9 /L 10.2 ± 8.1
>6.3 7 (58.3%)
1.8–6.3 5 (41.7%)
≤1.8 0 (0%)

Lymphocyte count, × 10 9 /L 0.67 ± 0.3
>3.2 0 (0%)
1.1–3.2 1 (8.1%)
≤1.1 11 (91.9%)

C-reactive protein, mg/L 90.7 ± 74.5
>10 10 (83.3%)
≤10 2 (16.7%)

ESR, mm/H 51.0 ± 29.5
>15 10 (83.3%)
≤15 2 (16.7%)

D-dimer, mg/L 9.5 ± 8.9
>0.5 12 (100%)
≤0.5 0 (0%)

LDH, U/L 566.3 ± 325.2
>225 12 (100%)
≤225 0(0%)

Procalcitonin, ng/mL 0.49 ± 0.56
>0.5 3 (25.0%)
≤0.5 9 (75.0%)

Data are n (%), n/N (%), mean± SD, where N is the total number of patients with avail-
able data.
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mechanical ventilation required; 2. Shock occurs; 3. Complications
with other organ failures that require monitoring and treatment in
ICU [14]. If accompanied by ARDS disease, ARDS classification will be
based on reported criteria [15].

We collected CT imaging data, clinical characteristics (age, gender,
and chronic medical histories: hypertension, diabetes, COPD, immuno-
suppression, heart disease, and asthma), symptoms from onset to hos-
pital admission (fever, cough, fatigue, expectoration, chest pain,
myalgia, dyspnea, abdominal pain and diarrhea, pharyngeal discom-
fort, and headache), vital signs at ICU admission (heart rate, respira-
tory rate, and blood pressure), the time before ICU transfer, ARDS
levels, the presence and type of shock (septic shock, cardiogenic
shock, and hypovolemic shock), type of respiratory support, length
of ICU stay and ADL score leaving ICU. Moreover, laboratory tests
were conducted at admission and included leukocyte, lymphocyte,
and neutrophil counts and measurements of C-reactive protein
(CRP), D-dimer, lactate dehydrogenase (LDH), procalcitonin, and
erythrocyte sedimentation rate (ESR).

2.2. Chest CT protocols

Chest CT images were obtained on one of three CT systems
(LightSpeed Plus-GE, Aquilion ONE, and UCT 780) with patients in the
supine position. The scanning parameters were as follows: tube volt-
age = 100–120 kV, automatic tube current modulation (30–70 mAs),
pitch = 0.99–1.22 mm, matrix = 512 × 512, slice thickness =
10mm, and field of view=350mm× 350mm. All images were recon-
structedwith a slice thickness of 1.0–1.25mmwith the same increment.
According to the recommendations of the National Health and Health
Commission, patients also underwent follow-up CT scans before trans-
ferring out of the ICU.

2.3. Chest CT evaluation

We focused on themost recent CT imaging of each patient and com-
pared it with the previous film. Three radiologists (X.D, J.Z, and G.H.L
with 11, 10 and 6 years of experience in interpreting chest CT imaging,
respectively) described the main CT features, i.e., ground-glass opacity,
subpleural line, interlobular septal thickening, fibrous stripes, small
nodule, traction bronchiectasis, lymph node enlargement, pericardial
effusion, pleural effusion and lesion distribution (central/peripheral/
both central and peripheral). To quantify the extent of lesions, lung



Fig. 1. 72-year-old/Female. Follow-up axial chest CT images (34th day from onset) (b1-b2) showed a decrease in the extent of ground-glass opacities than the 10th day CT images and an
increase in fibrotic lesions (a1-a2).
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segmentswere assigned based on all abnormal areas. The CT scanswere
assessed for the presence and distribution of parenchyma abnormali-
ties. Locations of lung involvement were reported as one or more of
18 segments in the lungs. The following ruleswere used to assess the in-
volvement of the lung segment: if more than half, then record the seg-
ment (1 point). If the part involved does not exceed half, record 0.5
points. The final score was determined by consensus among the three
radiologists. Finally, for each CT scan, the radiologist was required to de-
termine the main types of CT image: 1. GGO predominant, or 2. Reticu-
lation predominant.

2.4. Statistical analysis

Statistical analysis and calculations were performed using SPSS ver-
sion 18.0 (Chicago SPSS, Inc.). Continuous variables were expressed as
Fig. 2. 26-year-old/Male. The main performance of chest CT images (61st day from onset) was r
performance of chest CT images (41st day from onset) was GGO (b1–b3).
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the means ± standard deviation, and categorical variables were re-
corded as frequencies and percentages.

3. Results

3.1. Characteristics of the patients

Datawere collected for 12 patients whowere transferred to the gen-
eral ward after ICU treatment. The average age of the 9 male and 3 fe-
male patients was 58.8 ± 16.2 years (range, 26–81 years old). The
length of time before transfer to the ICUwardwas 15.9± 6.8 d (Includ-
ing general ward treatment time). Hypertension (58.0%) and diabetes
(33.3%) were themost common concomitant diseases. Themost preva-
lent presenting symptoms were fever (100%), cough (83.3%), and dys-
pnea (100%). Less common symptoms were diarrhea, expectoration,
eticulation predominant and interlobular thickening (a1–a3). 60-year-old/Male. Themain



Fig. 3. 72-year-old/Female. Follow-up axial chest CT images (59th day from onset) (b1-b2) showed slight decrease in the extent of ground-glass opacities than the 49th day CT images,
with negligible changes in fibrotic lesions (a1–a2).
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andmyalgia. The average heart rate was 102.1 ± 12.6 bpm, and the av-
erage respiratory rate was 34.2 ± 6.1 bpm. All patients experienced
ARDS, of which 9 were moderate to severe. All patients underwent ox-
ygen therapy, of which 6 patients used noninvasive ventilators and 4
patients were treated with mechanical ventilation. One patient was
treated with extracorporeal membrane oxygenation (ECMO), whereas
two patient experienced septic shocks. All patients were alive with
high ADL scores (97.1 ± 4.0) and transferred to the general ward with
intermittent oxygen therapy. The length of stay in the ICU ward was
21.8± 8.6 d (Table 1). Regarding laboratory data, the average leukocyte
count was 11.1 ± 8.2 (× 109/L), the average neutrophil count was
10.2 ± 8.1 (× 10 9/L), and the average lymphocyte count was 0.67 ±
0.3 (× 109/L). The average C-reactive protein, ESR, D-dimer and LDH
levels increased to 90.7 ± 74.5 (mg/L), 51.0 ± 29.5 (mm/H), 9.5 ± 8.9
(mg/L), and 566.3±325.2 (U/L) respectively. The average procalcitonin
level was 0.49 ± 0.56 (ng/mL) (Table 2).

3.2. CT findings in the early recovery stage

The average time from illness onset to the most recent CT scan was
56.1 ± 7.7 days (Table 3). The CT images showed that most patients
showed decreased GGO and gradually increased fibrosis (Fig. 1). Com-
mon chest CT features in the early recovery stage included GGO (10/
12, 83.3%), subpleural line (10/12, 83.3%), interlobular septal thickening
(12/12, 100%), and fibrous stripes (12/12, 100%). The GGO showed pe-
ripheral distribution in 3 cases (25%) and both central and peripheral
distribution in 7 cases (58.3%). The fibrous stripes showed peripheral
distribution in 3 cases (25.0%) and both central and peripheral distribu-
tion in 9 cases (75.0%). Three (25.0%) patients had consolidation, 10
(83.3%) patients had traction bronchiectasis, 2 (16.7%) patients had
pleural effusion, 7 (58.3%) patients had lymph node enlargement, and
one patient had a small fibrous nodule. No patients had pericardial effu-
sion. As the predominant CT feature, eight patients (66.7%) showed re-
ticulation predominant and interlobular thickening (Fig. 2 a1–a2), and 4
(33.3%) showed GGO predominant (Fig. 2 b1–b2). Lung segments in-
volved were 174/216 (80.6%). We also found that some lung fibrotic le-
sions were absorbed slowly when comparing an older CT examination
on the 49th day with that on the 59th day, which indicated low allevia-
tion in lung fibrosis (Fig. 3).
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4. Discussion

In the study, most patients with COVID-19 pneumonia were diag-
nosed with moderate to severe ARDS. The main clinical manifestations
were moderate fever, cough, and dyspnea. Many laboratory tests were
abnormal, especially a significantly reduced lymphocyte count, indicat-
ing severe disease [16]. The disease was and remains difficult to treat.
Oxygen supportive therapy was often used, and some patients were
treated with ventilation. One patient was treated with ECMO in the
ICU, which indicated that the disease was extremely critical when con-
sidered severe. The treatment was very challenging, and surviving pa-
tients suffered from many psychological and physiological injuries.
Therefore, it is necessary to improve the quality of life for survivors.

This study directed more focus on pulmonary imaging after clinical
symptoms alleviated. Earlier reports indicated that lung abnormalities
on chest CT showed the greatest severity approximately 10 days after
the initial onset of symptoms and only began to reduce after fourteen
days when entering an absorption phase [17]. The 12 patients were
able to achieve normal living ability, as indicated by CT examinations
nearly two months after onset. However, the lesions in lung CT images
were still apparent. CT findings in the early recovery stage showed re-
duced GGO and reduced consolidation, but pulmonary fibrosis signifi-
cantly increased with multiple lung lobes involved, even diffuse
changes. Pulmonary fibrosis was manifested as fibrous shadows (such
as fibrous stripes, subpleural line, and traction bronchiectasis) and a de-
veloped network advantage. As reported, pulmonary fibrosis may de-
velop early in patients with SARS who had been discharged after
treatment [18]. In patients recovered from SARS, follow-up lung CT
scans showed persistent lung fibroses, suggesting the possibility of
long-termfibrosis [13].We also observed pulmonaryfibrosis absorption
appeared to be slow during recovery (Fig. 3). Whether these lesions
would completely disappear requires further observation. Similarly,
whether lung fibrosis will affect lung function requires further research.

5. Limitations

There are shortcomings in this study. Because critically ill patients
have a low survival rate and the number of patients was limited, it
was difficult to arrive at any definitive conclusion on the effects of



Y. Fang, J. Zhou, X. Ding et al. American Journal of Emergency Medicine 38 (2020) 2134–2138
pulmonary fibrosis and pulmonary function in the disease. Second, the
observation time of the patients was limited; the patients require a lon-
ger follow-up period.

6. Conclusion

Pulmonary fibrous stripes andGGO are commonCT signs in critically
ill patients with COVID-19 pneumonia in the early recovery period. We
need to pay more attention to the signs of pulmonary fibrosis in
survivors.
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