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 Background: Chest imaging may be taken into consideration in detecting viral lung infections, especially if there are no tests 
available or there is a need for a prompt diagnosis. Imaging modalities enable evaluation of the character and 
extent of pulmonary lesions and monitoring of the disease course. The aim of this study was to verify the prog-
nostic value of chest CT in COVID-19 patients.

 Material/Methods: We conducted a retrospective review of clinical data and CT scans of 156 patients with SARS-CoV-2 infection 
confirmed by real-time reverse-transcription polymerase-chain-reaction (rRT-PCR) assay hospitalized in the 
Central Clinical Hospital of the Ministry of the Interior in Warsaw and in the Medical Centre in Łańcut, Poland. 
The total severity score (TSS) was used to quantify the extent of lung opacification in CT scans.

 Results: The dominant pattern in discharged patients was ground-glass opacities, whereas in the non-survivors, the 
dominant pulmonary changes were consolidations. The non-survivors were more likely to have pleural effu-
sion, pleural thickening, lymphadenopathy, air bronchogram, and bronchiolectasis. There were no statistical-
ly significant differences among the 3 analyzed groups (non-survivors, discharged patients, and patients who 
underwent prolonged hospitalization) in the presence of fibrotic lesions, segmental or subsegmental pulmo-
nary vessel enlargement, subpleural lines, air bubble sign, and halo sign.

 Conclusions: Lung CT is a diagnostic tool with prognostic utility in COVID-19 patients. The correlation of the available clini-
cal data with semi-quantitative radiological features enables evaluation of disease severity. The occurrence of 
specific radiomics shows a positive correlation with prognosis.
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Background

The etiology, clinical symptoms and course, and diagnostic 
imaging findings of COVID-19 are similar to those of the last 
2 coronavirus epidemics – severe acute respiratory syndrome 
(SARS) and Middle-East respiratory syndrome (MERS) – although 
there are also some significant differences [1,2].

The most common clinical symptoms of CVID-19 are cough, fe-
ver, fatigue and dyspnea, while muscle pain, sore throat, loss 
of smell, diarrhea, and mild cardiovascular symptoms are rare-
ly reported [3-5]. Around 30% of SARS-CoV-2-positive patients 
never developed any clinical symptoms [6].

Complications associated with SARS-CoV-2 infection include: 
acute respiratory distress syndrome (ARDS), secondary infec-
tions including sepsis, acute kidney damage, acute heart dam-
age, multiple organ failure, and death [7,8].

Among the most frequently found abnormalities in laboratory 
tests in patients with COVID-19 are leukopenia and lympho-
penia, low procalcitonin level, increased inflammatory mark-
ers (CRP and ESR), prothrombin time, lactate dehydrogenase, 
creatinine kinase, and D-dimer level [9,10].

Evaluation of the character and extent of pulmonary lesions 
and monitoring of the progression/regression of the disease 
are based on chest imaging.

Chest X-ray may be the first-line imaging modality applied in 
patients with suspected COVID-19, despite of its low diagnos-
tic value in the initial stages and in patients with a mild course 
of infection. In these patients, chest radiography results can 
be normal, but asymmetric patchy or diffuse airspace opaci-
ties can be observed [8,11].

In the later stages of the disease, chest radiographs may show 
progression to the signs of acute respiratory distress syndrome 
(ARDS) and can be useful in follow-up of the disease.

Chest imaging plays a major role in detecting viral lung infec-
tion, especially if there are no tests available or there is a need 
for prompt diagnosis. Imaging modalities enable evaluation of 
the character and extent of pulmonary lesions and monitor-
ing of the disease course. Expected findings on chest radio-
graph (CRX) and CT in COVID-19 patients are those of atypi-
cal pneumonia or organizing pneumonia. The most commonly 
seen distribution pattern involves bilateral, peripheral, basal, 
and/or multilobar changes. Chest imaging shows limited sen-
sitivity for COVID-19 in mild and/or early cases, as up to 18% 
of patients with mild disease or early in the disease course 
demonstrate a normal chest radiograph or CT, but this propor-
tion decreases to 3% in severe cases [12].

CRX may be normal in the initial stages of COVID-19 and re-
veal asymmetric patchy or diffuse airspace opacities. The sen-
sitivity of CRX is significantly lower in comparison to CT – 69% 
vs 91%, respectively, in one study [11].

In mild or early disease, CRX demonstrates normal image in 
18% of cases, and this rate decreases to 3% in severe cases [8]. 
It also has limited value in quantitative analysis in terms of 
progression/regression.

The American College of Radiology Recommendations for the 
Use of Chest Radiography and Computed Tomography (CT) 
for Suspected COVID-19 Infection (11 March 2020) conclud-
ed that CXR did not improve the clinical outcomes (duration 
of illness) for patients with lower respiratory tract infection 
and CXR should be performed only if considered medically 
necessary [13].

Lung ultrasound (LUS) is very useful in the evaluation of crit-
ically ill COVID-19 patients, especially in cases where CT im-
aging cannot be performed. This is also a method of choice 
for repeated imaging in intensive care patients. Distribution 
of visible changes demonstrates a bilateral and posterobas-
al predominance. It has been reported that ultrasound shows 
multiple B-lines, pneumonic consolidations typically associat-
ed with preservation of flow or hyperemia, and irregular thick-
ened pleural line with subpleural consolidations [14]. Although 
lung ultrasound was found to be a valuable imaging modality 
in the diagnostics of pneumonia (especially in patients with 
ARDS), the range of view is small [15]. Although LUS is not the 
recommended method for COVID-19 pneumonia imaging, it 
may be performed repeatedly without exposure to radiation. 
However, it requires a radiologist with experience in interpret-
ing this kind of image in COVID-19 patients [16-20].

The features depicted in lung CTs are unspecific and may oc-
cur in atypical or organizing pneumonia. The most commonly 
reported findings include (Figures 1-5):
•	 Ground-glass	opacities	(GGO);
•	 Crazy	paving	appearance;
•	 Air	space	consolidations;
•	 Bronchovascular	thickening	within	the	lesions;
•	 Traction	bronchiectasies.

The distribution of pulmonary changes is usually bilateral, sub-
pleural, and peripheral.

There are some studies indicating that CT might be a valuable 
tool in acute settings, showing some imaging characteristics. 
The most specific features were: 
•	 Ground-glass	opacities	(GGO);
•	 Peripheral	distribution;
•	 Bronchovascular	thickening.
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Pathologies seen in pulmonary CT scans undergo temporal 
changes [21,22]. CT manifestations can be divided into 4 stag-
es [23]. Within the first 4 days (days 0-4) is regarded as the ear-
ly	stage,	in	which	the	CT	result	is	normal	or	only	slight	GGOs	
are seen. Then, in the progressive stage (days 5-8) there are 
GGO	and	crazy	paving.	In	the	severe	stage	(days	9-13),	there	
may be consolidations. In the regression stage (>14 days), 
there are fibrous stripes and gradual regression of symptoms.

CT plays an important role in the evaluation of disease sever-
ity. The methodology proposed by various groups is based on 
automatic or manual segmentation corresponding with the 
morphological structure of the lung, together with quantita-
tive assessment of the involved lung. The involvement of the 
pulmonary parenchyma can be quantified automatically us-
ing segmentation software.

Figure 1.  Non-contrast chest CT image of a 20-year-old man 
with mild COVID-19 pneumonia in the axial plane. CT 
scan shows ground-glass opacities in multiple lung 
segments.

Figure 2.  A 66-year-old male COVID-19 patient presenting cough 
and myalgia for 7 days. CT scan shows a reticular 
pattern	superimposed	on	the	background	of	GGO,	
resembling the sign of crazy paving stones.

Figure 3.  A 82-year-old male COVID-19 patient presenting 
fever with cough for 11 days. CT scan shows bilateral 
pulmonary consolidations.

Figure 4.  A 49-year-old female COVID-19 patient presenting 
fever for 8 days. CT scan in the axial plane shows 
vascular enlargement in the left lung lobe.
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Application of a severity scale based on CT radiomics may have 
an impact on daily routine, as there is a need for efficient ear-
ly detection based not only on time-consuming viral nucleic 
acid testing and prognosis of COVID-19 in patients with con-
firmed disease.

It has already been reported that patients with comorbidities 
such as chronic obstructive pulmonary disease, cardiovascular 
disease, hypertension, and the elderly are more prone to se-
vere morbidity [24]. Identification of reliable models enabling 
the prognosis of COVID-19 infection outcomes in terms of pro-
gression to severe condition or death might assist in thera-
peutic decision-making.

CT scan sensitivity in COVID-19 is much higher than that of 
chest X-ray, at 91% vs 69%, respectively [11]. CT findings may 
be present before the onset of clinical symptoms in up to 54% 
of asymptomatic patients with COVID-19 [22,25,26]. The diag-
nostic value of CT findings has also been shown in cases with 
an initial false-negative result of reverse transcription poly-
merase chain reaction (RT-PCR) [27,28].

The aim of the study was to verify the prognostic value of 
chest CT in COVID-19 patients.

Material	and	Methods

We conducted a retrospective review of clinical data and CT 
scans of 156 consecutive patients with SARS-CoV-2 infection 
confirmed by real-time reverse-transcription polymerase-chain-
reaction (rRT-PCR) assay of nasal and pharyngeal swab spec-
imens, according to the World Health Organization guidance 

[29]. The abovementioned patients were hospitalized in the 
Central Clinical Hospital of the Ministry of the Interior in Warsaw 
and in the Medical Centre in Lancut, Poland.

Patients from these 2 institutions who underwent CT exami-
nations within the first 7 days of hospitalization were includ-
ed in the study and then classified into 3 groups depending on 
the following criteria: (1) patients who died, (2) patients dis-
charged from hospital following 2 consecutive negative rRT-
PCR tests, and (3) patients with prolonged hospital stay and 
virus shedding (over 3 weeks). The rest of the patients were 
excluded from the study.

CT scans were carried out on two 16-detector CT scanners, in 
supine position, during a single inspiratory breath-hold. The 
scanning range was from the apex of the lungs to the costo-
phrenic angle. CT scan parameters were as follows: 80-120 
KVp, 100 mAs, 1.2-mm slice thickness, and 1.2 pitch. CT scans 
were reviewed using a work station equipped with OsiriX MD 
v. 8.0.2 software at a window width and level of 1500 HU and 
-600 HU, respectively, for lung parenchyma.

We reviewed severity scoring systems applied to evaluate chest 
CT in COVID-19 patients [30]. We decided to use the Total 
Severity Score (TSS) proposed by Kunwei Li et al to quantify 
the extent of lung opacification [31]. According to this sever-
ity scale, each of the 5 lung lobes was assessed for percent-
age of lobar involvement and classified as none (0%), min-
imal (1-25%), mild (26-50%), moderate (51-75%), or severe 
(76-100%), with corresponding scores of 0, 1, 2, 3, or 4, re-
spectively. The TSS was reached by adding the 5 lobe scores 
to each other (range from 0 to 20) [31]. We decided to mod-
ify the Total Severity Score (modified TSS) and to include ad-
ditional qualitative features of lung involvement: (A) predomi-
nantly ground-glass opacities, (B) predominantly crazy paving 
pattern, (C) predominantly consolidations, and (X) other char-
acteristics [30].

CT scans were assessed for the presence of ground-glass opac-
ities, crazy paving pattern, and consolidations with the analy-
sis of their peripheral or peribronchovascular distribution (or 
both). We also assessed each patient for the presence of air 
bronchogram, bronchiolectasis, air bubble, fibrotic lesions, re-
ticular pattern, centrilobular nodules, halo sign, reverse halo 
sign, subpleural lines, pleural thickening (>2 mm), pleural ef-
fusion, segmental or subsegmental pulmonary vessel enlarge-
ment, and thoracic lymphadenopathy (>10 mm in short axis).

All CT scans were reviewed by 2 radiologists with 7 and 16 
years of experience (B.M. and K.S., respectively). Imaging was 
assessed independently and disagreements were resolved by 
discussion and consensus.

Figure 5.  Non-contrast chest CT image of a 27-year-old man 
with mild COVID-19 pneumonia in the coronal plane. 
CT scan shows traction bronchiectasis in the right 
upper and middle lobe.
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The clinical status of all patients on the day of CT imaging was 
assessed using the “Modified Early Warning Score (MEWS)”, 
which includes measurements of systolic blood pressure, heart 
rate, respiratory rate, body temperature and level of conscious-
ness [32] (Table 1). The choice of clinical status assessment 
was made relying upon the experience of physicians in col-
laborating hospitals.

Demographic data, clinical history, symptoms, and laboratory 
findings at hospital admission were extracted from electron-
ic medical records.

In statistical data analysis, the chi-square test and the H 
Kruskal-Wallis test were applied. All calculations were per-
formed using Statistica v. 13.3 software.

The study was approved by the Ethics Committee of the Central 
Clinical Hospital of the Ministry of the Interior.

Results

Out	of	156	patients	(at	a	mean	age	of	56.7	years;	range	28-
92 years old) included in the study, 67 (42.9%) were females 
and 89 (57.1%) were males. Fifteen died (referred to as ‘non-
survivors’), 85 were discharged within 3 weeks (referred to 
as ‘discharged patients’), and 56 were hospitalized with viral 
shedding longer than 3 weeks (referred to as ‘patients who 
underwent prolonged hospitalization’).

The most common symptoms exhibited by this cohort were fe-
ver (63.1%), cough (71.9%), and dyspnea (52.3%). Twenty-four 
percent of patients were clinically asymptomatic. Patients who 
died were older than the discharged ones and the patients who 
underwent prolonged hospitalization (mean age 70.2 vs 51.9 
vs 59.9 years, respectively). There was a higher prevalence of 
diabetes in the non-survivor group than among discharged pa-
tients and those with prolonged hospital stay (33.3% vs 8.2% 
vs 17.9%, respectively). There were no statistically significant 

differences in the frequency of hypertension between the non-
survivors and the prolonged hospitalization group (53.3% vs 
44.6%	respectively;	P>0.05). In the group of discharged pa-
tients, this rate was 28.4%. The mean time from hospital ad-
mission to death was 7.3 days. In the discharged group, the 
mean hospitalization time was 11.4 days.

Comparing both the discharged patients and the patients with 
hospitalization longer than 3 weeks with the non-survivors, 
the latter exhibited higher median CRP levels (95.5 vs 23 vs 
19.1 mg/dL, respectively, P<0.0003). Non-survivors demon-
strated significantly higher median levels of LDH in compari-
son to the discharged patients (303 vs 213 U/L, respectively, 
P<0.02). However, the differences between the non-survivors 
and the patients with prolonged hospital stay were not sta-
tistically significant (303 vs 244 U/L, respectively, P=0.85). 
Differences in WBC count between the studied groups were 
statistically insignificant.

Among 156 patients included in the study, 136 patients (87.2%) 
had CT evidence of pneumonia. Among the total cohort, 103 
patients (66.0%) had ground-glass opacities, 72 (46.2%) had 
crazy-paving pattern, and 99 (63.5%) had consolidations. 
These changes had peripheral distribution in 134 (85.9%) cas-
es. In 63 (40.3%) patients, we observed pulmonary infiltrates 
in both peribronchovascular and peripheral regions. Four pa-
tients (2.6%) developed pneumonia only in the peribroncho-
vascular location.

The chi-square test displayed statistically significant differenc-
es (P=0.00336) in the occurrence of the dominant nature of 
lung changes among the 3 analyzed groups of patients. Among 
the discharged patients, the dominant radiological pattern 
(56.5% of patients) was ground-glass opacities (mTSS, type 
A). A similar situation occurred in the group with prolonged 
hospital stay, where the dominant pulmonary changes were 
also ground-glass opacities (46.4%). In the patients who died, 
the clearly dominant type of pulmonary changes (73.3% of pa-
tients) was consolidations (mTSS, type C).

Score 3 2 1 0 1 2 3

Systolic blood pressure (mmHg) <70 71-80 81-100 101-199 ³200

Heart rate (beats per minute) <40 41-50 51-100 101-110 11-129 ³130

Respiratory rate (breaths per minute) <9 9-14 15-20 21-29 ³30

Temperature (°C) <35 35-38.4 >38.5

Level of consciousness Alert
Reacting to 

voice
Reacting to 

pain
Unresponsive

Table 1.  Modified Early Warning Score (MEWS) – A scale which includes measurements of systolic blood pressure, heart rate, 
respiratory rate, body temperature, and level of consciousness.
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With regard to bronchial changes, there were 76 (48.6%) patients 
with air bronchogram and 28 (17.9%) patients with bronchiolec-
tasis. In terms of pleural changes, 66 (42.3%) patients exhibit-
ed thickening of pleura and 12 had pleural effusion. Other lung 
changes detected on CT were as follows: 83 (53.2%) patients 
had fibrotic lesions, 59 (37.8%) had reticular pattern, 43 (27.5%) 
had subpleural lines, 29 (18.5%) had segmental or subsegmental 
pulmonary vessel enlargement, 12 (87.7%) had thoracic lymph-
adenopathy, 7 (4.5%) had air bubble sign, and 6 (3.8%) had halo 
sign. No centrilobular nodules or reverse halo signs were found.

The chi-square test showed statistically significant differences 
in the frequency of occurrence of some analyzed lung changes 
among the studied groups. The non-survivors in comparison 
to the discharged and the patients who underwent prolonged 
hospitalization were more likely to have pleural effusion (60.0% 
vs	4.7%	vs	10.7%,	respectively;	P<0.00001), pleural thickening 
(86.7%	vs	34.1%	vs	42.8%,	respectively;	P=0.00073), lymph-
adenopathy	(33.3	vs	2.4%	vs	8.9%,	respectively;	P=0.00016), 
air	bronchogram	 (93.3%	vs	40.0%	vs	53.6%,	 respectively;	
P=0.00057), and bronchiolectasis (46.7% vs 15.3% vs 14.3%, 
respectively;	P=0.00948). There were no statistically signifi-
cant differences among the 3 analyzed groups (non-survivors, 
discharged patients, and patients who underwent prolonged 
hospitalization) in the presence of fibrotic lesions (66.7% vs 
45.9%	vs	60.8%,	respectively;	P=0.12302), segmental or sub-
segmental pulmonary vessel enlargement (33.3% vs 15.29% 
vs	16.6%,	respectively;	P=0.24591), subpleural lines (20.0% vs 
29.4%	vs	26.8%,	respectively;	P=0.74372), air bubble sign (0% 
vs	1.2%	vs	10.7%,	respectively;	P=0.01882), and halo sign (0% 
vs	4.7%	vs	3.57%,	respectively;	P=0.67661).

The Kruskal-Wallis test showed statistically significant dif-
ferences (s <0.00001) in the TSS score among the analyzed 
groups of patients (Figure 6). The TSS score in the non-survi-
vor	group	(M=12.86;	Me=15)	was	significantly	higher	in	com-
parison	to	the	discharged	group	(M=4.62;	Me=4;	P=0,00001) 
and the group of patients hospitalized for longer than 3 weeks 
(M=5.30;	Me=5;	P=0.00057). The differences in TSS scores of 
discharged patients and patients who underwent prolonged 
hospitalization were not statistically significant.
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Figure 6.  The Kruskal-Wallis test showing statistically significant 
differences (s <0.00001) in the TSS score between the 
analyzed	groups	of	patients.	Group	A	–	‘discharged	
patients’,	Group	B	–	‘patients	who	underwent	
prolonged	hospitalization’,	Group	C	–	‘non-survivors’.
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Figure 8.  Correlation between MEWS on admission and 
patient’s	outcome.	Group	A	–	‘discharged	patients’,	
Group	B	–	‘patients	who	underwent	prolonged	
hospitalization’,	Group	C	–	‘non-survivors’.
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Figure 7.  Correlation between the number of affected lung 
lobes	and	patient’s	outcome.	Group	A	–	‘discharged	
patients’,	Group	B	–	‘patients	who	underwent	
prolonged	hospitalization’,	Group	C	–	‘non-survivors’.
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Patients who died had statistically significantly more affect-
ed	lung	lobes	(M=4.73;	Me=5)	than	the	discharged	patients	
(M=3.05;	Me=4;	P=0.01111) (Figure 7). Non-survivors exhib-
ited more affected lung lobes than patients who underwent 
prolonged	hospitalization	(M=3.54;	Me=4.5;	P=0.11956), but 
the relationship was not statistically significant. No significant 
difference was observed in the number of affected lung lobes 
between the discharged patients and the patients with pro-
longed hospital stay (P=0.63255).

The analysis showed statistically significant differences 
(P<0.00001) in MEWS score between the patients who died 
(M=3.2;	Me=3)	and	the	discharged	patients	(M=1.02;	Me=1;	
P=0.00006) (Figure 8). The MEWS score among the non-sur-
vivors was also statistically significantly higher (P=0.00187) 
than	among	patients	with	prolonged	hospitalization	(M=1.321;	
Me=1.5). No significant difference was observed in MEWS scores 
between the discharged patients and the patients who under-
went prolonged hospitalization.

Discussion

Prediction of disease evolution is important in choosing an ap-
propriate management strategy. Therefore, prediction models 
based on imaging or combination of imaging and clinical data 
for detection of people at risk of severe COVID-19 pneumonia 
need to be developed. First of all, the target population needs 
to be defined through analysis of clinical datasets. Prognostic 
outcomes, such as 30-day mortality, should be specified, al-
though there is a group who neither recovered nor died. We 
included data of those patients in the group “prolong hospi-
tal stay”, assuming that the number of patients in this group 
is significant enough to have a possible impact on the predic-
tion model. Censoring in cases of “lost to follow-up” due to 
their recovery or home referral causes inappropriate analysis 
of the gathered data [31].

CT radiomics need to be categorized in order to define patients’ 
clinical condition based on their radiological status. Validation 
of severity scales used in the evaluation of chest images is nec-
essary. Intra- and interobserver agreement for the recommend-
ed scales should be evaluated to define their clinical value.

Integrating an artificial intelligence tool into the diagnostic 
process may both reduce time consumption and bias mistake 
rate. The prognostic value of CT in COVID-19 has not been 

determined yet, although visual semi-quantitative quantifi-
cation of disease extent by CT correlated with clinical severi-
ty has already been analyzed [23]. The most feasible theoret-
ical model provides diagnostic efficacy along with simplicity 
in the clinical scenario. The AI system developed by Mei et al 
achieved an area under the curve of 0.92 with equal sensitiv-
ity in comparison to a senior thoracic radiologist. The AI sys-
tem also improved the detection rate of patients positive for 
COVID-19 through RT-PCR who had normal results of CT scans, 
and it correctly identified 17 out of 25 (68%) patients, while 
the radiologists classified all of those patients as COVID-19-
negative [33].

Our study has several limitations. No software-based quanti-
fication	was	calculated;	therefore,	errors	resulting	from	sub-
jective evaluation of disease severity cannot be excluded. 
Moreover, the presented results are based solely on COVID-
19-positive patients and thus there is a high risk of bias, rais-
ing concern that the predictions could be unreliable when ap-
plied in daily practice.

Reviewing changes in chest CT findings in consecutive pa-
tients hospitalized for COVID-19 at the early stage of the dis-
ease and then in the period of 3 weeks provides evidence for 
the effectiveness of chest CT. Visual assessment of the extent 
of lung involvement by COVID-19 pneumonia may be useful 
in routine patient management.

Conclusions

Computed tomographic radiomics exhibit a significant prog-
nostic value in COVID-19 patients. First of all, the TSS score in 
the non-survivor group is significantly higher as compared to 
the discharged group and the group of patients hospitalized 
for longer than 3 weeks. Non-survivors had statistically sig-
nificantly more affected lung lobes than the discharged pa-
tients.	Ground-glass	opacities	do	not	indicate	an	increased	risk	
of death although they occur in patients with prolonged hos-
pital stay. Consolidations are the dominant type of pulmonary 
changes in non-survivors. The signs of pleural effusion, pleu-
ral thickening, lymphadenopathy, air bronchogram, and bron-
chiolectasis are strong predictors of death.
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