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Severity of lung involvement on chest
X-rays in SARS-coronavirus-2 infected
patients as a possible tool to predict clinical
progression: an observational retrospective
analysis of the relationship between
radiological, clinical, and laboratory data

Elisa Baratella'®, Paola Crivelli?®, Cristina Marrocchio®®,
Alessandro Marco Bozzato’®, Andrea De Vito*®, Giordano Madeddu*®,
Laura Saderi®®, Marco Confalonieri®®, Luigi Tenaglia’®, Maria Assunta Cova'

ABSTRACT

Objective: To investigate the diagnostic accuracy of a chest X-ray (CXR) score and
of clinical and laboratory data in predicting the clinical course of patients with SARS
coronavirus 2 (SARS-CoV-2) infection. Methods: This is a pilot multicenter retrospective
study including patients with SARS-CoV-2 infection admitted to the ERs in three
hospitals in Italy between February and March of 2020. Two radiologists independently
evaluated the baseline CXR of the patients using a semi-quantitative score to determine
the severity of lung involvement: a score of 0 represented no lung involvement, whereas
scores of 1 to 4 represented the first (less severe) to the fourth (more severe) quartiles
regarding the severity of lung involvement. Relevant clinical and laboratory data were
collected. The outcome of patients was defined as severe if noninvasive ventilation
(NIV) or intubation was necessary, or if the patient died. Results: Our sample comprised
140 patients. Most of the patients were symptomatic (132/138; 95.7%), and 133/140
patients (95.0%) presented with opacities on CXR at admission. Of the 140 patients, 7
(5.0%) showed no lung involvement, whereas 58 (41.4%), 31 (22.1%), 26 (18.6%), and
18 (12.9%), respectively, scored 1, 2, 3, and 4. In our sample, 66 patients underwent
NIV or intubation, 37 of whom scored 1 or 2 on baseline CXR, and 28 patients died.
Conclusions: The severity score based on CXR seems to be able to predict the clinical
progression in cases that scored 0, 3, or 4. However, the score alone cannot predict the
clinical progression in patients with mild-to-moderate parenchymal involvement (scores
1 and 2).

Keywords: Coronavirus infections; Radiography, thoracic; Pneumonia; Respiratory
insufficiency; Severe acute respiratory syndrome.
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INTRODUCTION

In December 2019, an epidemic caused by the SARS
coronavirus 2 (SARS-CoV-2) occurred in China. The
most incident symptoms and clinical signs are related
to impairment of the respiratory system.®? Forms of
interstitial pneumonia can be diagnosed and can sometimes
require invasive ventilatory support. A rapid accurate
assessment of pulmonary parenchymal damage is needed
in order to design a tailored therapeutic plan.®3% CT is
currently deemed the most sensitive imaging tool when

based on CT images to assess the severity of the disease
and to predict the final clinical outcome.*?*4) However,
chest X-rays are frequently requested in patients with
acute pulmonary symptoms admitted to the ER, as well
as in critical patients in the ICU, being a technique that
is inexpensive, is largely available at the bedside, and
has low radiation exposure. The relatively low sensitivity
of chest X-rays in patients with a SARS-CoV-2-related
interstitial pneumonia‘**>”) could be overcome by combining
chest X-rays with clinical and laboratory data, including

coronavirus disease 2019 (COVID-19) is suspected, based
on the detection of specific and highly suggestive signs
(e.g., ground-glass opacities with or without consolidation
in the lung periphery),>>1" and recently published studies
have investigated the potential role of artificial intelligence

arterial blood gas (ABG) analysis.

This pilot retrospective study aims at investigating the
diagnostic accuracy of a chest X-ray score and of clinical
and laboratory data in predicting the outcome of patients
with SARS-CoV-2 pulmonary infection.
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METHODS

Study population

A pilot retrospective multicenter study was carried
out in three Italian institutions (Cattinara Hospital and
Maggiore Hospital, both located in the city of Trieste;
and Azienda Ospedaliera Universitaria, in the city of
Sassari). Patients with SARS-CoV-2 infection, confirmed
by a positive RT-PCR result from nasopharyngeal swabs
performed at admission to the ER between February
and March of 2020, were retrospectively identified.
Patients were included if they were > 18 years of
age and had a chest X-ray performed at the onset of
the respiratory symptoms. The most relevant clinical
and epidemiological data, including smoking status,
major comorbidities, and signs and symptoms at the
onset of the disease were collected from the medical
records of all patients (Table 1).

The clinical course of the patients was considered
nonsevere when there was no hospitalization or when
only oxygen therapy was necessary during hospital
stay. The clinical course was considered severe when
there was a need for noninvasive ventilation (NIV)
or intubation or if the patient died, considered as a
composite outcome and as single outcomes.

Chest X-ray imaging

Chest X-rays were obtained using the following
equipment: Definium 8000 (GE Healthcare, Chalfont St
Giles, United Kingdom) and Visitor T30R (Villa Sistemi
Medicali, Buccinasco, Italy) in the hospitals in Trieste;
and Mobilett XP Hybrid (Siemens Healthineers, Erlangen,
Germany) in the Azienda Ospedaliera Universitaria in
Sassari. All chest X-rays were performed in a single
frontal projection in a posteroanterior view if the
patient was able to maintain the standing position; in
the remaining cases, an anteroposterior view in the
sitting or supine position was acquired.

All chest X-rays were independently evaluated by
two radiologists with experience in thoracic imaging
(15 and 6 years’ experience, respectively); discrepant
interpretations of the images were resolved by
consensus. The radiologists used a semi-quantitative
score in order to quantify the extent of pulmonary
involvement (by less or more dense consolidations)
on the chest X-rays (Figure 1). This severity score
was adapted from the one proposed by Feng et al.(*®
for patients with pneumonia secondary to avian
influenza virus infection and was calculated as follows:
each lung was divided craniocaudally into three main
zones. The upper zone included the parenchymal
region above the carina, the middle zone included the
parenchyma below the carina and above the inferior
pulmonary vein, and the lower zone involved the
parenchyma below the inferior pulmonary vein; given
their anatomical extent, the middle and lower zones
were further divided into a lateral and a medial area
(i.e. five regions per lung for a total of ten regions).
A maximum of 10% of parenchymal involvement was
assigned for each area. If an area was partly spared, a
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score of 5% was considered. The scores of each lung
were summed up to provide the final severity score.
A score of 0 was defined as a total lung involvement
of 0%, whereas a score of 1, 2, 3, and 4 indicated a
total lung involvement in the range of 1-25%, 26-50%,
51-75%, and 76-100%, respectively.

Patients underwent a follow-up chest X-ray if there
was worsening of the clinical symptoms, if a chest device
was placed, or if the response to therapy needed to be
assessed. These follow-up exams were scored as well.

Laboratory data

Baseline laboratory data obtained within 24 h from
admission were recorded, including white blood cell
(WBC) count, C-reactive protein (CRP), and ABG analysis
(pH, Pa0,, PaCO,, Sa0,, and HCO,). In the present
study, the major parameter obtained from the ABG
analysis was the PaO,/FiO, ratio, classified as follows: a
Pa0,/FiO, ratio > 300 (normal); between 300 and 200
(mild hypoxemia); between 200 and 100 (moderate
hypoxemia), and < 100 (severe hypoxemia).(*®)

Statistical analysis

An ad hoc electronic database was created to compile
all of the variables in our study. Qualitative variables
were described as absolute and relative frequencies.
Quantitative variables were expressed as means and
standard deviations or as medians and interquartile
ranges (IQR) in case of parametric or nonparametric
distribution, respectively. Qualitative variables were
compared with the chi-square test or the Fisher’s exact
test when appropriate, whereas the Mann-Whitney test
was used in order to detect any statistical differences in
the comparison of nonparametric quantitative variables.

For correlations between the chest X-ray scores and
the clinical outcomes of patients only the baseline
chest X-rays were considered. Intraclass correlation
coefficients were computed to assess interobserver
reproducibility. Logistic regression analyses were
carried out to assess the relationship of independent
clinical, epidemiological, and demographic variables
with individual and composite severe outcomes (i.e.,
NIV, intubation, or death). A two-tailed p-value <
0.05 was considered statistically significant. The Stata
statistical software package, version 16 (StataCorp LP,
College Station, TX, USA) was used for data processing
and statistical analysis.

RESULTS

The study involved 140 patients, 86 (61.1%) being
male. The median age was 71 (IQR: 58.8-80.0) years.
Only 26 patients (18.7%) were current smokers.
The most common comorbidity was hypertension,
in 79 patients (56.8%), followed by diabetes, in 38
(27.3%). Almost all of the patients were symptomatic
at admission to the ER (n = 134; 95.7%). Common
symptoms were fever (in 87.1%), dyspnea (in 56.8%),
and cough (in 50.0%). During follow-up, 73 of the 140
patients met the composite severe outcome criteria,
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Table 1. Characteristics of the study patients (N = 140) at baseline and outcomes.?

Male, n (%) 86/140 (61.4)
Age, years 71 [58.5-80.0]
< 50 years 18/140 (12.9)
Age bracket, n (%) 50-75 years 72/140 (51.4)
> 75 years 50/140 (35.7)

Never smoker
Current smoker
Former smoker

100/139 (71.9)
26/139 (18.7)
13/139 (9.4)

139/139 (100.0)

Smoking status, n (%)

RT-PCR, n (%)

Comorbidities

Presence of comorbidity, n (%)
BMI > 30 kg/m?, n (%)

COPD, n (%)

Diabetes, n (%)

Hypertension, n (%)

116/139 (83.5)
23/139 (16.6)
15/139 (10.8)
38/139 (27.3)
79/139 (56.8)

CHD, n (%) 29/139 (20.9)
Liver disease, n (%) 6/139 (4.3)
Cancer, n (%) 24/139 (17.3)
Kidney disease, n (%) 23/138 (16.7)
Immunodeficiency, n (%) 0/139 (0.0)

Symptoms

Presence of a symptom, n (%) 132/138 (95.7)

Fever, n (%)
Cough, n (%)
Sputum, n (%)
Dyspnea, n (%)

121/139 (87.1)
69/138 (50.0)
17/138 (12.3)
79/139 (56.8)

Baseline chest X-rays

Time from the onset of symptoms to performing X-ray, days 4[1-8]
No lung involvement 7/140 (5.0)
Lung involvement, 1-25% 58/140 (41.4)
Lung involvement, 26-50% 31/140 (22.1)
Lung involvement, 51-75% 26/140 (18.6)
Lung involvement, 76-100% 18/140 (12.9)

Baseline laboratory data

Chest X-ray score, n (%)

WBC/mL 5,920 [4,145-8,850]
CRP, mg/L 29.6 [11.6-101.4]
pH 7.45 + 0.04
Pa0,, mmHg 62.7 [53.4-76.6]
PaC0,, mmHg 34.5+5.2
Sa0,, % 94.7 [91-96]
HCO,, mmol/L 24.5+2.7

Pa0,/Fi0, ratio

Mild hypoxia, n (%)
Moderate hypoxia, n (%)
Severe hypoxia, n (%)

279.0 [173.5-333.5]
25/97 (25.8)
25/97 (25.8)
13/97 (13.4)

Oxygen therapy, n (%) 96/140 (68.6)
NIV, n (%) 38/140 (27.1)
Intubation, n (%) 28/140 (20.0)
Death, n (%) 28/138 (20.9)
Recovery, n (%) 41/113 (36.3)
Discharge 9/115 (7.8)
Patient management, n (%)  Hospitalization 66/115 (57.4)
ICU 40/115 (34.8)

BMI: body mass index; CHD: coronary heart disease; WBC: white blood cell; CRP: C-reactive protein; and NIV:
noninvasive ventilation. Values expressed as mean £ SD or median [interquartile range], except where otherwise
indicated.
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and 28 (20.9%) died. The mean time between hospital
admission and death was 7.0 + 3.8 days (Table 1).

Of the 140 patients, 7 (5%) had no lung involvement
(were scored 0) on the baseline chest X-ray, 58
(41.4%) were scored 1, 31 (22.1%) were scored 2, 26
(18.6%) were scored 3, and 18 (12.9%) were scored
4. Follow-up X-rays of the chest were performed in
74 patients, all of which showing scores > 1—mean
follow-up period = 6 days (range: 1-17 days). Scores of
1, 2, 3, and 4 were found, respectively, in 14, 11, 23,
and 26 patients. None of the patients with a baseline
score of 3 or 4 showed a decrease in their follow-up
scores (Table 2). The intraclass correlation coefficient
to assess interobserver reproducibility was 0.95 (95%
CI: 0.93-0.96).

Routine blood tests were performed in all patients at
admission to the ER, and ABG analyses were performed
in 97 patients (69.0%).

A nonsevere clinical course (no NIV, intubation, or
death) was associated with a statistically significant
smaller proportion of patients with a score of 3 or 4 on
the baseline chest X-ray (10.5% and 4.5%, respectively;
Table 3). None of the patients who were scored 0 on the
baseline chest X-ray score had a severe clinical course.
Patients with a severe clinical course had significantly
higher median absolute WBC (p = 0.02) and CRP (p =
0.0006). In addition, the median PaO,/FiO, ratio was

Figure 1. Chest X-ray score. Each lung is divided into
three main zones (upper, middle, and lower) comprising
five regions (for a total of ten regions), with a maximum of
10% of parenchymal involvement for each region.

lower in patients with severe disease—207.5 (IQR:
127.5-285.0)—in comparison with that of those with
nonsevere disease—326.0 (IQR: 279.0-387.5; p <
0.0001; Figure 2).

Table 3 shows the demographic, radiological, and
laboratory characteristics of the study patients, by
outcome—composite outcome (NIV/intubation/death)
and each of the outcomes separately. No radiological
differences were found between those who underwent
NIV and those who did not, whereas the proportion of
patients with a score of 4 was higher among those who
were intubated (25%; p = 0.03) or died (35.7%; p <
0.0001). Median PaO,/FiO, ratio was statistically lower
in patients who underwent NIV (n = 254; p = 0.04),
were intubated (n = 181; p = 0.005), or died (n = 167;
p = 0.002). Median absolute WBC was significantly
higher only in patients who died (9,330 cells/mL; p
= 0.001), whereas median CRP was statistically more
elevated in patients under NIV (90.8 mg/L; p = 0.001)
and in those who died (71.1 mg/L; p = 0.02).

Logistic regression analyses showed that severe
outcomes (NIV, intubation, or death) were associated
with diabetes (OR: 4.1; p = 0.049) and moderate
hypoxia (OR: 19.0; p = 0.02). The same risk factors
were found for the individual outcome “intubation”
(Tables S1-S4 in the supplementary material).

DISCUSSION

In our study, we performed a semi-quantitative
analysis of lung involvement based on chest X-rays in
patients with SARS-CoV-2 infection. Of the 140 patients,
133 (95.0%) showed lung opacities at admission, and
89 (63,5%) presented with mild-to-moderate lung
involvement (scores 1 and 2).

HRCT has greater sensitivity and specificity in
identifying viral pneumonia when compared with chest
X-rays, especially in an early phase of the disease.(**:*>
Even though the sensitivity of CT is greater than is
that of chest X-ray,(*%1©) the latter remains the first
imaging technique of choice in patients with respiratory
ilinesses due to its wide availability, rapidity, low
radiation exposure, and low costs.*”) Furthermore, the
use of portable X-ray machines can minimize the risk
of transmission and diffusion of the disease, because
the infection is contained inside the isolation room of
the patient.?® Wong et al.(*® showed that chest X-rays
are useful for demonstrating the presence of pulmonary
abnormalities in patients with SARS-CoV-2 infection and

Table 2. Chest X-ray findings during the follow-up period (n = 78).

Chest X-ray score
No lung involvement, n (%)
Lung involvement, 1-25%, n (%)
Lung involvement, 26-50%, n (%)
Lung involvement, 51-75%, n (%)
Lung involvement, 76-100%, n (%)
Chest x-ray score, median (IQR)

Baseline Follow-up p
1(1.3) - -

35 (44.9) 15 (19.2) 0.0006

17 (21.8) 11 (14.1) 0.21

14 (18.0) 25 (32.1) 0.04

11 (14.1) 27 (34.6) 0.003
2 (1-3) 3 (2-4) < 0.0001

IQR: interquartile range.
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Figure 2. In A and B, chest X-rays of a 72-year-old male patient. In A, the chest X-ray was scored 2 due to right

perihilar opacities (arrow). The patient presented with a PaO,/FiO, ratio = 86 and CRP = 58 mg/L at admission to the
ER; NIV was required. In B, a follow-up chest X-ray seven days later was scored 2 again (bilateral opacities). In C and
D, chest X-rays of a 62-year-old male patient. In C, the chest X-ray was scored 1 due to unilateral opacity (arrow). The
patient presented with a PaO,/FiO, ratio = 103 and CRP = 165 mg/L at the onset of symptoms. In D, a chest X-ray
performed two days later was scored 4 due to the presence of bilateral and diffuse opacities. The patient was referred

to the ICU and intubated.

for providing a baseline for both future examinations
and the monitoring of response to therapy. Our study
demonstrated the probable predictive role of X-rays
in patients with no lung involvement (score 0) and in
those with extensive lung disease (scores 3 and 4).
In patients with mild lung parenchymal involvement
(scores 1 and 2), the chest X-ray score alone was
unable to predict the clinical outcome.

Follow-up X-rays of the chest are generally required
to evaluate possible complications, the radiological
progression of the disease, and the response to
therapy, as well as to assess the placement of chest
devices (e.g., central venous catheter, endotracheal
cannula, pleural tube, etc.). Although the correlation
of a follow-up chest X-ray score with the outcome of
patients was not analyzed in the present study, this
should be investigated in future studies in order to

determine whether there is a correlation between
radiological and clinical progression of the disease,
as well as to further evaluate the predictive value of
a chest X-ray score obtained at baseline.

In our study, baseline CRP levels were significantly
higher in patients who needed NIV, died, or met the
composite outcome criteria (NIV/intubation/death). A
recent study suggested that CRP levels correlate with
a CT scan severity score and may predict SARS-CoV-2
lung infection or unfavorable outcomes in patients with
viral pneumonia.?Y Our data confirm the relationship
between CRP and poor prognosis even in patients with
mild-to-moderate lung impairment.

Our results showed that baseline WBC counts were
significantly higher in patients requiring NIV, in those
who met the composite outcome criteria, and in those
who died. This is in line with one meta-analysis(*?
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Table 3. Demographic, radiological, and laboratory characteristics of the study patients, by outcome—composite outcome
(noninvasive ventilation/intubation/death) and each of the outcomes separately.?

Characteristic

NIV/intubation/death

No (n = 67) Yes (n = 73)
Male, n (%) 37 (55.2) 49 (67.1) 0.15
Age, years 71 [54-80] 71 [60-80] 0.42
No lung involvement 7 (10.5) 0 (0.0) 0.005
Lung involvement, 1-25% 33 (49.3) 25 (34.3) 0.07
scc";sef);r(‘j‘y‘; Lung involvement, 26-50% 17 (24.4) 14 (19.2) 0.38
Lung involvement, 51-75% 7 (10.5) 19 (26.0) 0.02
Lung involvement, 76-100% 3 (4.5) 15 (20.6) 0.005
Pa0,/Fi0, ratio 326.0 [279.0-387.5] 207.5 [127.5-285.0] < 0.0001
WBC/mL 5,600 [4,000-7,220] 6,980 [4,230-9,920] 0.02
CRP, mg/L 20.6 [4.4-71.8] 59.1 [18.8-134.6] 0.0006
Characteristic NIV
No (n = 102) Yes (n = 38)
Male, n (%) 60 (58.8) 26 (68.4) 0.30
Age, years 72.0 [60.0-81.0] 66.5 [58.0-72.0] 0.03
Chest X-ray No lung involvement 7 (6.9) 0(0.0) 0.19
score, n (%) Lung involvement, 1-25% 42 (41.2) 16 (42.1) 0.92
Lung involvement, 26-50% 23 (22.6) 8 (21.1) 0.85
Lung involvement, 51-75% 17 (16.7) 9 (23.7) 0.34
Lung involvement, 76-100% 13 (12.8) 5(13.2) 0.95
Pa0,/Fi0, ratio 285.5 [185.5-354.5] 254 [127.5-292.0] 0.04
WBC/mL 6,140 [4,445-8,930] 4,935 [4.020-8,520] 0.33
CRP, mg/L 22.1[9.0-82.9] 90.8 [19.5-155.5] 0.001
Characteristic Intubation
No (n = 112) Yes (n = 28)
Male, n (%) 62 (55.4) 24 (85.7) 0.004
Age, years 71.5 [57.0-81.0] 67.5 [62.5-72.0] 0.30
No lung involvement 7 (6.3) 0(0.0) 0.35
Lung involvement, 1-25% 48 (42.9) 10 (35.7) 0.49
S::rsetﬁr(?) Lung involvement, 26-50% 28 (25.0) 3(10.7) 0.13
Lung involvement, 51-75% 18 (16.1) 8 (28.6) 0.13
Lung involvement, 76-100% 11 (9.8) 7 (25.0) 0.03
Pa0,/Fi0, ratio 287.5 [223.0-352.0] 181.0 [138.0-240.0] 0.005
WBC/mL 5,765 [4,070-8,835] 6,860 [4,450-9,140] 0.34
CRP, mg/L 39.6 [11.8-102.7] 20.8 [10.7-68.4] 0.49

Characteristic Death
No (n = 110) Yes (n = 28) p

Male, n (%) 68 (61.8) 16 (57.1) 0.65
Age, years 67.0 [56.0-76.0] 81.5 [75.0-86.5] < 0.0001

No lung involvement 7 (6.4) 0(0.0) 0.34

Lung involvement, 1-25% 51 (46.4) 6 (21.4) 0.02
Echoersef);r@y) Lung involvement, 26-50% 25 (22.7) 6 (21.4) 0.88

Lung involvement, 51-75% 19 (17.3) 6 (21.4) 0.91

Lung involvement, 76-100% 8 (7.3) 10 (35.7) < 0.0001
Pa0,/Fi0, ratio 285 [222-348] 167 [77-209] 0.002
WBC/mL 5,610 [4,010-8,000] 9,330 [5,115-11,500] 0.001
CRP, mg/L 25.7 [10.5-92.1] 71.1[19.8-147.8] 0.02

WBC: white blood cell; CRP: C-reactive protein; and NIV: noninvasive ventilation. 2Values expressed as median
[interquartile range], except where otherwise indicated.

that investigated biochemical and immune biomarker
abnormalities associated with severe iliness and mortality
in patients with COVID-19. The results showed that

J Bras Pneumol. 2020;46(4):e20200226

patients who died had a significant increase in the WBC
count, due to both an increase in the neutrophil count
and a decrease in the lymphocyte count.
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SARS-CoV-2 infects alveolar epithelial cells in the lungs
and causes pneumonia or ARDS (in severe cases).(?®)
In our study, the degree of hypoxia of the patients
was assessed using the PaO,/FiO, ratio. Severely ill
patients had a lower baseline PaO,/FiO, ratio values
than did nonseverely ill patients. In addition, the
patients who died had a significantly lower PaO,/FiO,
ratio at baseline. These results confirm that a low PaO,/
FiO, ratio at baseline is predictive of poor outcomes
in patients with COVID-19, similarly to what occurs
in patients with ARDS caused by other conditions.
Patients with such characteristics should be promptly
evaluated by ICU specialists for early intubation and
respiratory maneuvers with the patient in the prone
position, which have been shown to reduce lung stress
and strain in patients with ARDS.®%

These considerations might have clinical relevance
in both low- and high-income countries and highlight
the potential role of routine clinical and laboratory
parameters integrated with chest X-rays, a low-cost
and largely available technique, to stratify infected
patients according to their risk of worsening.

Our study has limitations. Firstly, no control CT scans
were available, which might have caused underdetection
of opacities on chest X-rays. Only 2 patients underwent
a CT scan within two days after the onset of symptoms
because of a discrepancy between clinical symptoms
and the radiological severity of the disease. Those
patients presented with doubtful findings on their
chest X-rays but had severe respiratory insufficiency.
Another limitation was the small sample size, which is
due to the nature of the study, and our results therefore
require confirmation with a greater number of patients.

In conclusion, the severity score based on chest
X-rays seems to be able to predict the clinical outcome
in patients with COVID-19 when there is no lung
involvement (score 0) and in severe cases (scores 3
and 4). However, a radiographic score alone is unable
to predict the clinical outcome in patients with mild-
to-moderate parenchymal involvement (scores 1 and
2). In these cases, the score should be associated with
clinical and laboratory data in order to identify, at the
onset of symptoms, those patients who may require
ventilatory support during hospitalization.
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