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Abstract

During the Coronavirus-19 pandemic, chest X-ray scoring system have been validated by Al-Smadi and Toussie in this group
of patients and even RALE score, previously designed for ARDS, have been used to estimate correlation with mortality. The
aim of this study was to evaluate the prognostic value of As-Smadi, Tuossie and RALE scores in predicting death in the same
population of patients when associated to clinical data. In this retrospective clinical study, data of patients with COVID-19,
admitted to our hospital from 1st October 2020 to 31st December 2020 were collected. CXR images of each patient were
analyzed with the three different scores above mentioned. 144 patients (male 96 aged 68.5 years) were included in the study.
93 patients reported a least 1 comorbidity and 36 died. The association with increasing age, presence of comorbidities, and
lower hemoglobin was significantly associated with risk of death for all the regression models. When considering the radio-
logical score, a significant effect was found for the Al Smadi and RALE scores, while no evidence of association was found
for the Toussie score. The fraction of new information is 16.7% for the Al Smadi score, 12.9% for the RALE and 5.1% for
the Toussie score. The improvement in the prognostic usefulness with respect to the base model is particularly interesting

for the Al Smadi score. The highest c-index was also obtained by the model with the Al Smadi score.
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Introduction

Since its first appearance at the end of 2019, the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
has rapidly spread worldwide causing the pandemic named
Coronavirus Disease 2019 (COVID-19) which affected more
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than 264 millions of people, leading to deaths, more than 5
million of them, until the beginning of December 2021 [1].

Several publications have supported the role of chest
computed tomography (CT) in early diagnosis to predict the
severity of the disease and its prognosis [2—4]. A number
of scores have been suggested to assess the severity of the
disease [5]and even artificial intelligence (Al) using deep-
learning (DL) algorithms has been used to improve diagnos-
tic accuracy, lowering false-negative rate, and aid the rapid
evaluation of chest CT scans [6, 7]

However, with the progression of the pandemic the use
of two-view chest radiography (CXR) as a useful and eas-
ily available screening and diagnostic tool has been recom-
mended [8, 9].

The role of CXR in predicting the course and severity of a
disease has already been highlighted during the 2002 severe
acute respiratory syndrome (SARS) and the 2012 Middle
Est respiratory syndrome (MERS) outbreaks [10]. Toussie
et al. and Al-Smadi et al. and Borghesi et al. have separately
suggested scores to assess CXR in patients admitted to emer-
gency department (ED) for COVID-19 [11-13]. All these
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scores demonstrated their utility as prognostic indicators of
poorer outcome in COVID-19 patients, although the first one
has been tested only on young-middle-aged adults. Further-
more, radiographic assessment of the quantity of lung edema
(RALE) score, initially proposed by Warren et al. [14] to
evaluate patients affected by ARDS, have been used to esti-
mate the degree of pulmonary involvement in this group of
patients and its correlation with mortality [15, 16].

Even if the utility of CXR evaluation in patients with
COVID-19 has been already demonstrated, in none of the
previous studies the prognostic value of the different radio-
graphic scoring systems has been compared. In addition,
to the best of our knowledge, the prognostic value of the
different CXR scores has never been analyzed using a mul-
tiple regression model which takes into consideration also
demographic, hematologic, and clinical data collected at the
time of hospital admission.

The aim of this study was to evaluate the prognostic value
of As-Smadi, Tuossie and RALE scores in predicting death
in the same population of patients admitted to our hospital
for COVID-19 infection. The availability of information
regarding the prognostic value of the above mentioned CXR
scores might be useful in the clinical practice as well as
in outcome research. The results here reported suggest that
several factors might be associated with death in patients
with COVID-19.

Materials and methods

In this retrospective clinical study, clinical, hematologic
and demographical data of patients with COVID-19 infec-
tion who were admitted to the Pneumology Unit hospital in
the period from Ist October 2020 to 31st December 2020
were analyzed. The study was approved by our local ethic
committee.

Inclusion criteria were: diagnosis of COVID-19 infection
(confirmed through revers transcription polymerase chain
reaction, RT-PCR, for SARS-CoV2), availability of CXR
images performed within 5 days from hospital admission
or from RT-PCR positivity (for patients who developed the
infection during hospital stay).

Clinical, hematologic and demographical data included
age, sex, smoking habit, comorbidities, symptoms at presen-
tation, laboratory results were collected as well as informa-
tion regarding the treatments performed during hospitaliza-
tion and the hospitalization course.

Radiological evaluation
Each of the enrolled patients underwent a CXR using a digi-

tal portable anteroposterior technique to avoid the spread-
ing of virus in the radiology department. CXR images were
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analyzed by an experienced radiologist (MZ) on a de-identi-
fied Picture Archiving and Communication System (PACS).
MZ was blinded to clinical data, except for COVID-19 posi-
tivity. Each CRX was evaluated using three different scoring
systems.

e Toussie score [11]: each lung was divided in three zones:
the lower one (from the costophrenic sulcus to inferior
hilar markings), the middle zone (from the inferior hilar
markings to superior hilar markings) and the upper zone
(from superior hilar markings to the apices). Each zone
was scored 1 if opacities were detected or O in case of
absence of abnormalities, then a total value was obtained
summarizing all the scores.

e Al-Smadi score [12]: each lung was divided into three
zones (the upper zone extends from the apex to the lower
border of the anterior second rib, the middle one from
the lower border of anterior 2nd rib to lower border of
anterior 4th rib, and the lower one from the lower border
of anterior 4th rib to the lung base). According to the
number of involved zones a score from O to 6 is assigned
and the CXR is classified as COVID-19 pneumonia 1
(CoV-P1 if the total score is <4) or COVID-19 pneumo-
nia 2 (CoV-P2 if the total score is >4).

e RALE score [14]: radiograph was divided into quadrants,
defined vertically by the vertebral column and horizon-
tally by the first branch of the left main bronchus. Each
quadrant was assigned a consolidation (0—4) and a den-
sity score (1-3). The final RALE score is sum of the
products of the consolidation and density score for each
quadrant and ranges from O (no infiltrates) to 48 (dense
consolidation in > 75% of each quadrant).

Statistical analysis

Data were presented as mean + standard deviation (SD)
for continuous variables or frequency and percentage for
categorical variables. Continuous variables were compared
using the ¢ test while categorical variables were compared
using the Chi-Square since a normal distribution was found
at Kolmogorov—Smirnov test. The association between
clinical and demographic characteristics and death as out-
come was also evaluated using logistic regression analysis.
According to these results and to the percentage of miss-
ing data for each variable, a multiple logistic regression
model was established (base model). The rule of thumb of
considering about 10 events for each included variable was
considered in building the multivariable model. Continuous
variables were modelled using restricted cubic splines with
3 knots to account for possible mild non-linearities. Comor-
bidities significantly associated with death were grouped
together in one single variable highlighting the presence
of at least one of these comorbidities. The base model was
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compared with the same model with the addition of one of
the radiographic scores to evaluate their prognostic added
value. The explained variation of the base model (B) and
of the model with the addition of a radiographic score (A)
were calculated according to the variance of the predicted
risks. Then the fraction of new information provided by the
score was calculated as 1-B/A [17, 18]. Calibration, i.e. how
much the predicted probabilities fit the observed data, of the
regression models were evaluated using a calibration plot
reporting actual vs model predicted probabilities. Apparent
and bias-corrected (using 500 bootstrap replicates to avoid
over-optimism) estimates were reported. The discrimination
ability of the models was quantified using Harrell c-index
(bootstrap correct for optimism). All statistical tests were
performed using the R software [19, 20] and the rms library.

Results

A total of 144 patients with a confirmed diagnosis of SARS-
CoV?2 infection were enrolled in this study. The majority
of them were males (96 males, 48 females) with a mean
age of 68.5 years (23-94). Males were significantly younger
than females (66.6 +13.4 years and 72.3 + 14 respectively;
p=0.02). Eight-point-five percent of the cohort was com-
posed by patients who were referred to the Pulmonary Unit
because found positive at COVID-19 infection during hos-
pital stay for other causes. The remaining patients were
referred to our unit directly from the ED of our hospital. A
total of 36 patients (25%) died during hospitalization.

The more common reported comorbidities were: hyper-
tension (45.1%), cardiovascular diseases (32.6%), diabetes
mellitus (20.1%), dyslipidemia (10.4%), asthma and/or
chronic obstructive pulmonary disease (9%) and obesity
(8.3%). Ninety-three patients (67%) reported at least one
comorbidity. The results of the comparison of the distribu-
tion of these comorbidities between patients who died and
who survived are reported in Table 1. A significant differ-
ence in the prevalence of cardiovascular disease, hyperten-
sion, obesity, and pulmonary interstitial disease between
patients who died and who survived was found.

As far as the symptoms are concerned, at the time of
admission, fever (77.1%), dyspnea (61.8%) and cough
(31.9%) were the more frequent complaints, less frequently
patients complained of fatigue (11.8%), diarrhea (9%),
ageusia and/or anosmia (2.1%) and myalgia (1.4%). The
distribution of death according to the presence of symp-
toms is reported in Table 2. No significant differences were
found in the distribution of death according to the presence/
absence of these symptoms. Laboratory results are reported
in Table 3. Significant differences were found in the distribu-
tion of procalcitonin (PCT), and D-DIMER and hemoglobin
between patients according to death.

Table 1 Distribution of death
according to the presence of
comorbidities No Yes

Death P

Cardiovascular disease (miss-

ing=38)
Yes 31 16 0.008
No 76 13
Hypertension (missing=4)
Yes 44 21 0.023
No 64 11
Diabetes mellitus (miss-
ing=4)
Yes 19 10 0.094
No 89 22
Obesity (missing=3)
Yes 3 9 <0.001
No 105 24
Dyslipidemia (missing="7)
Yes 12 3 1.000
No 95 27

Asthma/chronic obstructive
pulmonary disease (miss-

ing=7)
Yes 9 4 0.481
No 98 26

Pulmonary interstitial disease
(missing=7)
Yes 2 5 0.006
No 105 25

The number of affected patients,
as well as the results of Chi-
Square test are reported. The
presence of a significant differ-
ence is highlighted in bold

Ninety-two patients (74.2% of cases) received medical
treatment with steroids, more precisely 37 received dexa-
methasone according the RECOVERY trial [21]and 55
methylprednisolone, following the Salton F. protocol [22].
Antibiotic and low molecular weight heparin was prescribed
for 91.3% and 62.9%, respectively. No significative differ-
ence on mortality was observed between patients treated
with steroid, regardless which steroids protocol was used,
and the remaining dosage of the main treatment has been
described in Table 4.

During the study period, patients underwent different
treatments according to the clinical trial or emerging clini-
cal recommendations, thus 11 patients received tocilizumab,
45 were put on anti-retroviral treatment (remdesivir or lopi-
navir/ritonavir) and hydroxychloroquine was given to 32
patients. Mean hospital stay was 19.7 +11.7 days. Respira-
tory failure was observed in all patients at the time of admis-
sion and the majority of them (56%) required positive pres-
sure support (CPAP-Helmet), while 24% of patients required
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Table 2 Distribution of death
according to the presence of
symptoms No Yes

Fever (missing=1)

Yes 87 24 0.139
No 21 11

Cough (missing=3)
Yes 37 9 0.454
No 71 24

Dyspnoea (missing=3)
Yes 64 25 0.086
No 44 8

Ageusia/Anosmia (miss-
ing=3)
Yes 3 0 1.000
No 105 33

Myalgia (missing =3)
Yes 2 0 1.000
No 106 33

Diarrhea (missing =3)
Yes 8 5 0.183
No 100 28

Fatigue (missing =3)
Yes 15 2 0.360

No 93 31

The number of patients com-
plaining the symptom, as well
as the results of Chi-Square test
are reported. The number of
missing values is also reported

orotracheal intubation due to respiratory gas exchange dete-
rioration during hospital stay.

Radiological evaluation

In the majority of cases, CXR showed a bilateral involve-
ment (54.9%). The presence of ground glass opacities, con-
solidation and reticular interstitial pattern were observed
in 43.7%, 33% and 7% respectively. In 16.3% of cases no
significative abnormality was diagnosed at the CXR. In
addiction no complication such as pneumothorax, pneumo-
mediastinum, and pleural effusion was observed at the time
of diagnosis.

The CXR of all the patients were evaluated using the
three different radiological scores (Fig. 1). According to
Al-Smadi scoring system, 71 patients (49.3%) were cat-
egorized as CoV-P1, while 73 (50.7%) were categorized as
CoV-P2. Death was significantly more frequent in those cat-
egorized as CoV-P2 (27 out of 73 vs 9 out of 71, p <0.001
at Chi Square test). The mean RALE score was 11.8+9.07
(0-40). The ¢ test showed a significant difference between
the RALE score obtained in patients who died and in those
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Table 3 Laboratory results in the cohort of patients according to
death

Missing Death P
No Yes

RPC (mg/ 7 9.9+8.2 13.6+11.3 0.151
dL)

PCT (ng/ 26 0.54+2.1 25+53 <0.001
mL)

D-DIMER 24 2690+10,130 11,955+37,263  0.019
(ng/mL)

WBC (x10% 3 7.23+3.97 8.6+5.58 0.143
pL)

Hb (g/dL) 20 13.79+1.67 12.43+1.99 <0.001

Neut (x10% 5 5.56+3.45 7.08+5.53 0.142
pL)

Ly (x10% 8 0.91+0.60 0.77+0.38 0.500
pL)

PLT 2 216.77+95.28 193.35+63.89 0.422
(x109/L)

The mean + standard deviation, as well as the results of the ¢ test are
reported. The number of missing measurements is reported. Signifi-
cant differences are highlighted in bold

RPC reactive protein C, PCT procalcitonin, WBC white blood cell,
Hb Hemoglobin, Neut neutrophils, Ly lymphocytes, PLT platelets

who survived (17.19+10.51 vs 10.01 +£7.79, p<0.001 at
t test). Finally, 15 out of 144 patients (10.4%) scored 0 at
Toussie, 12 (8.3%) scored 1, 25 (17.4%) scored 2, 12 (8.3)
scored 3, 37 (25.7%) scored 4, 21 (14.6%) scored 5, and 22
(15.3%) scored 6. A significant association with death was
found at ¢ test (p <0.001). In particular, death was more fre-
quent in patients who scored higher than 2 at Toussie score.

Regression analysis

Binary logistic regression was performed to assess the
association among the collected variables and the event of
death. The results are reported in Table 4. When consider-
ing continuous variables, a significant non-linear effect was
demonstrated for age (p =0.004) and PCT (p=0.003). At
univariate analysis, presence of comorbidities, age, reactive
protein C (RPC), PCT and Hemoglobin showed a significant
effect. RPC was not included in the multivariable regression
model as there was no evidence of association with death
according to ¢ test (Table 3), while PCT was excluded for
the number of missing measurements. At the end, a multiple
logistic regression model with presence of comorbidities,
age (linear and non-linear effect) and hemoglobin was esti-
mated (Base model).Three models were then compared to
the base model: model 1 was specified with the addition of
the Al Smadi score; model 2 with the RALE score; model
3 with Toussie score. RALE and Toussie scores were mod-
elled as a linear function.
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Table 4 Main treatment, dosage and course used

Treatment Dosage Course

Dexamethasone 6 mg die For up 10 days

Methylprednisolone 80 mg a loading dose of 80 mg iv at baseline, followed by an infusion
of 80 mg/d in 240 mL of normal saline at 10 mL/h for at least
8 days, until achieving either a PaO,:FiO,>350 mmHg or a
CRP <20 mg/L; after which, oral administration at 16 mg or 20 mg
iv twice daily until CRP reached <20% of the normal range or a
Pa0,:FiO, > 400 (alternative SatHbO, >95% on room air)

Tocilizumab 8 mg/kg One administration followed by a second one if well tolerated

(max 800 mg)
Enoxaparin 100 Ul/kg

(max 8000 UT)
die for antithrombotic prophylaxis; bid for
full anticoagulation treatment

Fig.1 A 70-year-old female admitted to our hospital. Hypertension
was the only co-morbidities referred. Chest radiograph at the time
of admission in the hospital has been scored with Al Smadi score
(A) [9], Toussie (B) [8] and RALE score (C) [10]. The radiologist
observed GGO involving bilateral lower zones and right middle zone
and assigned CoV-P1 category (3 points), according to the Al Smadi

As shown in Table 5, the association with age, presence
of comorbidities and hemoglobin was significant for all the
regression models. As expected, increasing age is associ-
ated with an increase of the risk of death. The increase in
hemoglobin levels is associated with a decrease in the risk
of death. The presence of comorbidities has a very strong
association with the risk of death. When considering the
radiological score, a significant effect was found for the Al
Smadi and RALE scores, while no evidence of association
was found for the Toussie score.

In Fig. 2, the calibration of the different models is
reported. The calibration plots of the regression models with
the addition of the chest radiography scores show improve-
ments with respect to the baseline model, especially for
the Al Smadi score. In particular, the amount of explained
variation by the base model was 34.2%, while the relative
explained variation and fraction of new information added
by each chest radiography score are reported in Table 4. The

score and point 3 according Toussie score. The evaluation of the
CXR using RALE score gave a total of 7 points as quadrant (a) was
scored 1 for consolidation and 2 for density, quadrant b zero points
for both the variables, quadrant (c) 2 points and (d) 1 points, both for
density and consolidation

fraction of new information is 16.7% for the Al Smadi score,
12.9% for the RALE and 5.1% for the Toussie score. The
improvement in the prognostic usefulness with respect to
the base model is particularly interesting for the Al Smadi
score. The highest c-index was also obtained by the model
with the Al Smadi score.

Discussion

The outbreak of SARS-CoV2 pandemic has arisen the need
of improving simple and robust predictive model, combin-
ing clinical and radiological information, to help clinicians,
especially in the ED, to detect more severe patients as well
as predict outcomes.

In this study a model combining age, the presence of at
least one comorbidity and hemoglobin values may predict
the death in adult affected by COVID-19. Interestingly,
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the addiction of Al-Smadi and RALE score improved the
predictive power of this model as a significative effect has
been observed. In the case of Toussie score, although among
our population death was more frequent in patients who
scored > 2 as previously observed [11], the addiction of this
information to the basal model does not add significative
information.

Furthermore, in our study, the improvement of prog-
nostic power to the basal model was higher with Al-Smadi
score with respect to the RALE score (16.7% vs 12.9%,
respectively).

Baratella et al. [23] retrospectively evaluated 140 CXR
of patients admitted to the ED in three different hospitals.
CXRs were scored 0, if no lung involvement was observed,
while scoresl to 4 showed the first (less severe) to the
fourth (more severe) quartiles regarding the severity of
lung involvement. In this study, this score was useful to
predict the clinical progression in cases with no radiologi-
cal involvement (0 score) or severe involvement at the CXR
(scores 3—4), on the contrary in patients with a mild to mod-
erate pattern (score 1 and 2) it was not able to give these
information. Compared to our study, the characteristics of
the population is similar in terms of mean age, comorbidities
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predicted vs. observed values are shown by the solid line. Ideal cali-
bration (dashed) corresponds to a perfectly calibrated model where
actual probabilities equal predicted probability. The model with the
best calibration is the one including Al Smadi score

and symptoms at the time of presentation. Although the pro-
portion of CXR with no lung involvement was higher in our
study (5% vs 16.3%), in our case the use of invasive ventila-
tion was required in 56% of patients compared to 38%. No
major differences have been observed in terms of intubation
(our study 24% vs Baratella’s 28%) and death (25% our study
vs Baratella’s 20.9%).

A wide range of age is included in our study and our data
confirm advanced age as a risk factor for poor prognosis in
COVID-19. This observation is in line with what observed
in other studies [24-28], and even in SARS and MERS out-
breaks [29, 30]. Furthermore, the increased risk of mortal-
ity in older patients in our cohort can be due, especially at
the beginning of the pandemic, to the limited availability of
intensive care setting.

At least one comorbidity has been observed in the major-
ity of patients. Cardiovascular disease, hypertension and
diabetes mellitus were the most frequent and the first two
were significantly more reported among dead, in line with
the literature [24—28]. In our cohort of patients, although
obesity was present in a small group of patients (8.6%),
the majority of them died. Our data confirm how the pres-
ence of comorbidity, particularly cardiovascular disease,

@ Springer



1686

Internal and Emergency Medicine (2022) 17:1679-1687

hypertension and obesity increased the risk of mortality in
COVID-19 patients.

In our population PCT and D-dimer values, but not CRP
were significantly higher in patients who died compared to
the others. These information suggest how the presence of a
bacterial co-infection and the possible presence of a vascu-
lar thromboembolism at the time of SARS-CoV-2 infection
diagnosis may increase the risk of mortality.

As far as the hemoglobin level is concerned, regression
analysis demonstrated a significant effect on death. This
observation is in line with previous studies, in fact ane-
mia at admission has been associated with bad prognosis
in COVID-19 patients [29-31]. Tremblay et al. described a
large cohort of patients diagnosed with COVID-19 with a
vary range of clinical presentation and showed that anemia
was a significant independent predictor of mortality, inde-
pendently form age, gender and comorbidities. According
to the authors, the value highly predictive of a bad outcome
was 11.5 g/dL in men and 11.8 g/dL in women [32] and a
similar value was observed in a non-survivor group by Ros-
sio et al. [33].

In our cohort PCT values demonstrated a significative
effect in the prediction of death. This test is not routinely
performed in our ED, thus it was not available for all patients
at the time of SARS-Cov2 diagnosis and for this reason it
was not included in the regression model. However, this data
suggests how bacterial superinfection may play a role in
worsening the severity of the disease in these patients. This
finding is in line with other studies reporting that elevated
PCT values are related to the severity of COVID-19 [23-25,
33] In addiction a meta-analysis highlighted how increased
PCT level is associated to an increase of developing severe
COVID-19 (five times higher) [34]. Moreover, it was dem-
onstrated that as the PCT increases, the disease gets worse,
suggesting its utility in the prognosis of affected patients
[35].

Study limitations

Even if the integration of clinical data and radiological chest
imaging evaluated with three different scores in a cohort
managed in the same pneumology unit represents a potential
strength, there are still some important limitations in the
present study. In particular, the retrospective design of the
study, the small number of patients and the presence of a sin-
gle rater for radiological evaluations are the most important
ones. In addition, because of the high number of missing
measurements for PCT, this variable was not included in the
base-model even if a significant effect on death was demon-
strated both at univariate analysis and with the ¢ test. Fur-
thermore, P/F values were not available for several patients
as well as the blood gas analysis was not performed routinely
in the ED and this data has been excluded from the analysis.

@ Springer

However, it must be noted that the low number of enrolled
patients is related to the fact that this study is based on the
data gathered from a single center. In addition, the radiolo-
gist who performed the evaluations had more than 40 years
of expertise in evaluating CXR. Nonetheless, the results here
reported should be considered with caution and further stud-
ies are needed to confirm these preliminary data.

Conclusions

The results here reported suggest that several factors might
be associated with death in patients with COVID-19. In
particular, the explained variation of the outcome “death”
reaches the value of 34% using a regression model which
comprises age, presence of comorbidities, and hemoglobin
measurements (34% of explained variation). By adding the
results of the CXR assessment performed with the Al-Smadi
and RALE scoring systems, the explained variation of this
model increases. However, the fraction of new information
added to the regression model is higher with the Al-Smadi
scoring system than with the RALE one.
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