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A B S T R A C T   

Purpose: Aim is to assess the temporal changes and prognostic value of chest radiograph (CXR) in COVID-19 
patients. 
Material and methods: We performed a retrospective study of confirmed COVID-19 patients presented to the 
emergency between March 07–17, 2020. Clinical & radiological findings were reviewed. Clinical outcomes were 
classified into critical & non-critical based on severity. Two independent radiologists graded frontal view CXRs 
into COVID-19 pneumonia category 1 (CoV-P1) with <4 zones and CoV-P2 with ≥4 zones involvement. Inter
observer agreement of CoV-P category for the CXR preceding the clinical outcome was assessed using Kendall’s τ 
coefficient. Association between CXR findings and clinical deterioration was calculated along with temporal 
changes of CXR findings with disease progression. 
Results: Sixty-two patients were evaluated for clinical features. 56 of these (total: 325 CXRs) were evaluated for 
radiological findings. Common patterns were progression from lower to upper zones, peripheral to diffuse 
involvement, & from ground glass opacities to consolidation. Consolidations starting peripherally were noted in 
76%, 93% and 48% with critical outcomes, respectively. The interobserver agreement of the CoV-P category of 
CXRs in the critical and non-critical outcome groups were good and excellent, respectively (τ coefficient = 0.6 & 
1.0). Significant association was observed between CoV-P2 and clinical deterioration into a critical status (χ2 =
27.7, p = 0.0001) with high sensitivity (95%) and specificity (71%) within a median interval time of 2 days 
(range: 0–4 days). 
Conclusion: Involvement of predominantly 4 or more zones on frontal chest radiograph can be used as predictive 
prognostic indicator of poorer outcome in COVID-19 patients.   

1. Introduction 

The pandemic pneumonia caused by 2019 novel Coronavirus (2019- 
nCoV) grew exponentially in the United States as it approaches its peak 
in multiple localities which has led to shortages of personal protective 
equipment, increased demand for ventilators, and prompted health care 
providers to make difficult decisions in the face of limited hospital beds 
and resources. Investigators are eager to understand the value of im
aging for the screening, diagnosis and management of patients with 
known or suspected COVID-19 infection [1]. 

Previous publications have described the role of Chest computed 
tomogram (CT) in early diagnosis, predicting the severity and moni
toring the progression of the disease [2–5], however, professional or
ganizations such as the American College of Radiology (ACR) have 

classified its role as “usually not appropriate” for acute respiratory 
illness hence recommends the CT should be used sparingly [6]. 

Chest radiograph (CXR) played a role in determining the course and 
the severity of disease during the 2002 severe acute respiratory syn
drome (SARS) and the 2012 Middle East respiratory syndrome (MERS) 
outbreaks [7]. Since prior reports have studied the role of clinical factors 
in predicting COVID-19 disease severity and mortality such as age, co- 
morbidities and various laboratory and inflammatory parameters 
[8,9], we will focus in this study on evaluating the correlation of CXR 
findings with COVID-19 disease course and severity outcome which may 
assist the clinicians in predicting the clinical course of patient’s disease 
based on CXR imaging findings. 
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2. Materials and methods 

2.1. Patient study and image acquisition 

2.1.1. Study population 
Institutional review board approval was obtained for a retrospective 

study of patients with Reverse transcription polymerase chain reaction 
(RT-PCR) confirmed 2019-nCoV infection who presented to the emer
gency department from March 07, 2020 to March 17, 2020. A waiver of 
informed patient consent was granted by the ethics committee. Patients 
without CXR were excluded from imaging and statistical analysis. 

2.1.2. Clinical data analysis 
We collected clinical data including demographics, past medical 

history, presenting complaint and other symptoms, history of contact 
exposure, and hospital course. 

The clinical severity outcomes of COVID-19 patients were classified, 
based on the seventh edition of the China Guidelines for the Diagnosis 
and Treatment Plan of Novel Coronavirus (2019-nCoV) Infection by the 
National Health Commission and U.S. Center for Disease Control and 
Prevention (CDC) Clinical Guidance for Management of Patients with 
Confirmed Coronavirus Disease as detailed into critical status, if the pa
tient developed severe or critically severe symptoms during hospital 
course, and non-critical status, if the patient was discharged after 
improvement or resolution of symptoms (Table 1) [10,11]. 

2.2. Imaging study analysis 

Images were independently reviewed on a de-identified Picture 
archiving and communication system (PACS) by two experienced radi
ologists (SJ and NL with 23 and 5 years of experience) respectively. To 
minimize bias, the reviewers were blinded to the clinical data other than 
COVID-19 positivity. All patients had a CXR using digital portable 
anteroposterior (AP) technique per hospital protocol to minimize in- 
hospital transmission through the radiology department. Inter- 
observer disagreements on CXR findings were resolved by consensus 
or third radiologist. 

Radiographic features were described according to Fleischner Soci
ety glossary of terms including ground glass opacity (GGO) and 
consolidation [12–14]. Each lung was divided into three zones. The 
upper zone extends from the apex to the lower border of the anterior 
second rib or to the superior hilar markings, middle zone from the lower 
border of anterior 2nd rib to lower border of anterior 4th rib or from the 
superior hilar markings to the inferior hilar markings, and the lower 
zone from the lower border of anterior 4th rib to the lung base or from 
the inferior hilar markings to lung base (Fig. 1A). Each zone involvement 
was assigned 1 point with a total score of 6. The CXRs were then clas
sified to one of two categories: COVID-19 pneumonia 1 (CoV-P1) if total 
score < 4 and COVID-19 pneumonia 2 (CoV-P2) if total score ≥ 4. We 
followed the temporal changes of CXR findings as well. 

2.3. Statistical analysis 

The receiver operating characteristic (ROC) curve for the clinical 
outcome with respect to CXR summed scores was used to determine the 
dividing point achieving high sensitivity and specificity to be used as 
cut-off value for CoV-P category classification. Baseline CXRs at pre
sentation and the first CXR, based on consensus, that met the definition 
of a CoV-P2 category along the course of each patient’s disease were 
included in the statistical analysis. Interobserver agreement in the lung 
zone involvement score and the CoV-P category were assessed using 
Kendall’s τ coefficient. 

Levels of agreement range from 0 to 1, where a level of 0.8 or greater 
represented excellent agreement; a level of 0.5 or greater to less than 
0.8, good agreement; a level of 0.2 or greater to less than 0.5, fair 
agreement; and a level of less than 0.2, poor agreement. A p-value of 
<0.05 indicated a statistically significant agreement. 

The statistical difference of the CoV-P category of chest radiograph 
preceding the clinical outcome, whether critical or non-critical, was 
tested using Chi-square test. The mean, median and mode of the time 
difference between the first CXR that met the definition of a CoV-P2 
category and clinical deterioration to a critical status outcome were 
reported. A p-value of <0.05 indicated a statistically significant differ
ence. Statistical analysis was performed using SPSS statistical software 
(V.26.0, 2019 SPSS Inc). 

3. Results 

3.1. Patient demographics and presentations 

A total of 62 patients (male vs female: 33 and 29) with confirmed 
2019-nCoV presented to the emergency department during the study 
period with a mean age of 57.9 years (range: 25–95). Cough, fever and 
shortness of breath were the most prevalent presenting symptoms (71%, 
62% and 44% respectively). Eighteen patients (29%) presented with GI 
symptoms of abdominal pain, diarrhea and vomiting, and 13 patients 
presented with neurological symptoms (21%), including one with focal 
seizure. One patient reported loss of taste sensation. Cardiovascular 
disease was the most prevalent co-morbidity (65%) followed by diabetes 
(45%), and chronic obstructive lung disease including asthma (26%). 
Interestingly, only 13 of the 62 patients (21%) reported a history of ill 
contact (Table 2). 

Sixteen of 62 patients (26%) passed away with mean age of 63.3 ±
11.7 years (range: 47–95, M:F = 9:7) Of these, 10 had type 2 diabetes 
(63%), 10 had cardiovascular disease (63%), 6 had chronic respiratory 
disease (38%), and 4 had chronic kidney disease (25%). Among these 
patients, 75% had at least 2 of these co-morbidities. 

3.2. Imaging study findings 

Six patients did not have CXRs, hence, only 56 patients were 
included in the imaging and statistical analysis. A total of 325 CXRs were 
reviewed. 

There were 56 baseline CXRs at presentation (Fig. 1) with radiologic 
features detailed (Table 3). The most common pattern of baseline CXRs, 
irrespective of the CoV-P category, was GGO (56%) followed by mixed 
pattern (23%) and consolidation (7%). Eight patients (14%) had normal 
baseline CXRs. The majority of patients had bilateral findings (86%) and 
lower predominant (middle and lower zones) (89%) on baseline CXRs. 
Six baseline CXRs had a peripheral distribution (11%), while 89% had 
no transverse predilection to either peripheral or perihilar distribution. 

Among the 56 baseline CXRs, 27 CXRs were categorized as CoV-P1 
(Table 4). Eight of these CXRs were normal (30%). The most common 
pattern was GGO (56%). One CXR had consolidation pattern involving 2 
zones (4%), and this patient developed critical outcome before meeting 
the criteria of CoV-P2 category (false positive). All CXRs had predomi
nantly lower zones involvement and the majority did not show 

Table 1 
Clinical outcome according to severity  

Category Severity Criteria 

Non- 
critical 

Mild 
No dyspnea, no asthma, with or without cough, no 
underlying chronic diseases, e.g.: heart, lung and 
kidney diseases, low grade fever 

Moderate Mild symptoms with dyspnea, high grade fever, 
underlying respiratory or other chronic diseases 

Critical 

Severe 
Respiratory distress with RR > 30 times/min, oxygen 
saturation at rest <93%, or PaO2/FiO2 < 300 mmHg 

Critically 
severe 

Respiratory failure needing mechanical ventilation, 
shock, or combination with other organ failure 
needing ICU intensive care  
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predilection of transverse distribution (85%). Two of these 27 CXRs 
(7%) eventually developed diffuse involvement of 5 and 6 zones, both 
were the false positives that deteriorated to a critical status without CoV- 
P2 CXR (false positives), as demonstrated (Fig. 1). One of these false 
positives had consolidation only, as mentioned earlier, and the other had 
mixed pattern involving 3 zones with area of peripheral consolidation in 
the right lower and middle zones of the chest radiograph. 

For each of the 56 patients, we identified the first CXR that met the 
definition of a CoV-P2 category among baseline and follow-up CXRs, 
which yielded 44 CXRs (Table 5). Mixed pattern of both consolidation 
and GGO was the most common pattern (52%). 39 of these CXRs (89%) 
evolved to a predominantly consolidative pattern on follow up CXRs. In 
20/44 CoV-P2 CXRs (45%), the consolidation started peripherally then 
became diffuse (Figs. 1C and 2C). Five of the 44 CoV-P2 CXRs main
tained a mixed pattern without evolving to a consolidative pattern; four 
of these were not associated with a critical outcome (false positives). 
Among these 44 CXRs, 30 (68%) eventually developed diffuse involve
ment of all 6 zones on subsequent images. 

Among the 10 patients with combined CoV-P1 CXR and non-critical 
outcomes (Fig. 1), 4 were discharged home from ED and 6 were 
admitted and maintained CoV-P1 on follow-up CXRs. Only 2 patients 

with CoV-P1 CXRs deteriorated to a critical outcome without developing 
CoV-P2 CXR (false negatives). Of the 42 patients with critical outcome, 
40 (95%) had a CoV-P2 CXR preceding the clinical deterioration by a 
mean time of 1.8 days (an example of this is illustrated in Fig. 3). Thirty 
two of 42 patients with critical outcome eventually developed diffuse 
involvement of all zones (76%), 39 eventually developed predominantly 
consolidative patterns (93%), and 20 patients of these had areas of 
consolidation starting peripherally (48%). Twenty two of 56 patients 
(39%) evolved into clinical and radiologic acute respiratory distress 
syndrome (ARDS). None of the patients had cavitation or demonstrable 
pleural effusion on CXR. 

3.3. Statistical and interobserver analysis 

The ROC curve for the outcome with respect to CXR score showed a 
dividing point with high sensitivity and specificity is 4 zones of 
involvement (Sensitivity of 0.9 and specificity of 0.71), so it was used as 
a cut-off value for CoV-P category classification. With respect to critical 
status, inter-observer agreement in the CXR score and the resulting CoV- 
P category were fair (τ coefficient = 0.3, P = 0.001) and good (τ coef
ficient = 0.6, P = 0.000), respectively. With respect to non-critical 

14 Cri�cal 
status

62 Patients

56 patients with 
Baseline CXRs

6 Patients with no 
CXR (Excluded)

27 patients with 
CoV-P1 CXRs

29 patients with 
CoV-P2 CXRs

2 Critical 
status

10 Non-
critical 
status

15 
evolved 
to CoV-

1 Non-
critical 
status

3 Non-
critical 
status

26 
Critical 
status

Total CoV-P1 CXR=27

Total CoV-P2 CXR=44

Total patients with critical 
outcome=42

Total patients with non-
critical outcome=14

Fig. 1. Diagram of retrospective review of baseline and follow-up CXRs.  
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status, inter-observer agreement in the CXR score and the resulting CoV- 
P category were fair (τ coefficient = 0.4, P = 0.005) and excellent (τ 
coefficient = 1.0, P = 0.000), respectively. 

There was disagreement on CoV-P category in 3 cases, which was 
resolved by consensus. There was a statistically significant difference in 
CoV-P category between the critical and non-critical status (χ2 = 27.7, P 
= 0.000) (Table 6). This indicates that the CoV-P2 category is more 
likely to be associated with deterioration into a critical clinical status 
with 95% sensitivity, 71% specificity and 89% accuracy. The mean, 
median and mode interval between the first encountered CXR with CoV- 
P2 findings and clinical deterioration to a critical status were 1.8, 2 and 
1 days, respectively (range 0–4 days; mean standard deviation and 
variance are 1.2 and 1.5 respectively). Patients with 0 days interval 
either presented to emergency with CoV-P2 or did not have regular 
follow-up CXRs. 

4. Discussion 

Early literature from China focused on the CT findings as a sensitive 
tool to diagnose and follow up COVID-19 patients [5,15,16]. As we 
developed a better understanding of the nature of this disease, various 
clinical features and laboratory tests (e.g. normal WBC count, lympho
penia, elevated LDH, prolonged prothrombin time, elevated CPK and 
elevated D-Dimer) collectively direct clinicians to suspect COVID-19 
while awaiting RT-PCR results, despite often normal initial CXR imag
ing [16,17]. Chest CTs are now reserved for certain scenarios in which 
CT might alter the treatment plan, as described in a recent multinational 
consensus statement from the Fleischner Society [18]. In this study we 
comprehensively evaluated the value of CXR findings as an adjunct to 
help clinicians make decisions in suspected cases in the emergency room 
setting, as well as in admitted patients with confirmed COVID-19. 

Our study demonstrated common patterns in the evolution of CXR 
findings with disease severity progression from GGO to predominantly 
consolidative and from lower zones involvement to diffuse. A common 
pattern of consolidation was noted to start peripherally. The vertical 
distribution and peripheral areas of consolidation noted in our study are 
in keeping with previous reports [13,19,20]. This expected temporal 
evolution of COVID-19 is comparable to previous studies of SARS and 
MERS that demonstrated ill-defined areas of airspace opacity in lower 

Table 2 
Patient demographics and clinical features  

Criteria Number of patients (%) 

Age 57.9 土 16.1 
Male 33 (53%) 
Female 29 (47%) 
History of contact 13 (21%)  

Symptoms/signs at presentation 
Fever 38 (62%) 
Cough 44 (71%) 
Chest pain 11 (18%) 
SOB 27 (44%) 
Chills 16 (26%) 
Arthralgia/myalgia/fatigue 14 (23%) 
GI symptoms 18 (29%) 
Headache 12 (19%) 
seizure 1 (2%)  

Co-morbidities 
COPD 10 (16%) 
Asthma 6 (10%) 
Cardiovascular disease 40 (65%) 
DM 28 (45%) 
Immunocompromised 6 (10%) 
Pregnancy 1 (2%) 
Renal disease 6 (10%) 
Death 16 (26%) 

(COPD: Chronic obstructive pulmonary disease, SOB: Shortness of breath, GI: 
Gastrointestinal, DM: Diabetes mellitus). 

Table 3 
Baseline chest X-ray CXR features (56 CXRs)  

Baseline CXR feature Number of cases % 

Pattern 
Normal 8 14% 
GGO 31 56% 
Consolidation 4 7% 
Mixed 13 23%  

CoV-P category 
CoV-P1 27 48% 
CoV-P2 29 52%  

Lung involvement among CXRs with positive findings (48) 
Unilateral 8 14% 
Bilateral 48 86%  

Vertical distribution among CXRs with positive findings (48) 
Lower predominant 50 89% 
Upper predominant 0 0% 
Diffuse involvement 6 11%  

Transverse distribution among CXRs with positive findings (48) 
Peripheral 6 11% 
Perihilar 0 0% 
No predilection 50 89% 

(GGO = Ground Glass Opacities). 

Table 4 
COVID Pneumonia CoV-P1 CXR features (27 CXRs)  

CoV-P1 CXR features Number of cases % 

Pattern 
Normal 8 30% 
GGO 15 56% 
Consolidation 1 4% 
Mixed 3 10%  

Lung involvement 
Unilateral 8 30% 
Bilateral 19 70%  

Vertical distribution 
Lower predominant 27 100% 
Upper predominant 0 0% 
Diffuse involvement 0 0%  

Transverse distribution 
Peripheral 4 15% 
Perihilar 0 0% 
No predilection 23 85% 

(GGO = Ground Glass Opacities) 

Table 5 
First encountered COVID Pneumonia (CoV-P2) chest X-ray (CXR) features (44 
CXRs)  

CoV-P2 CXR features Number of cases % 

Pattern 
GGO 15 34% 
Consolidation 6 14% 
Mixed 23 52%  

Lung involvement 
Unilateral 0 0% 
Bilateral 44 100%  

Vertical distribution 
Lower predominant 33 75% 
Upper predominant 0 0% 
Diffuse involvement 11 25%  

Transverse distribution 
Peripheral 0 0% 
Perihilar 0 0% 
No predilection 44 100% 
Peripheral consolidation 20 45% 

(GGO = Ground Glass Opacities) 
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lung zones initially, which progress in follow-up images into consoli
dation involving both lungs and extend to involve the upper lobes, in 
addition to lack of pleural effusion or cavitation [21–23]. 

In our study, we evaluated the correlation between the temporal 
changes of CXR findings and the severity and the course of the disease. 
CoV-P2 was significantly associated with clinical deterioration to a 
critical status (χ2 = 27.7, P = 0.000) within a median interval time of 2 
days (range 0–4 days). The sensitivity and specificity were 95% and 
71%, respectively. Similar to our study, Antonio et al. showed that the 
number of opacified lung zones in SARS patients was a predictive 
prognostic indicator of mortality with two thirds of those patients who 
died had involvement of 4 or more zones [24]. Toussie et al. described 
the predictive value of initial CXR on admission and concluded that 
involvement of ≥ 3 zones in COVID-19 patients is associated with worse 
outcomes, however this study targeted younger adults aged 21–50 years 
old [20]. We had 2 false positives only, one of them had areas of 
consolidation involving 2 zones only and the other had mixed pattern 
with peripheral area of consolidation involving 2 zones. This may 
indicate the importance of consolidation early in the disease besides the 
extent of CXR involvement in predicting poor outcome. 

Patients with 0-day interval between CoV-P2 CXR and critical 
outcome were either presented to ED with severe/critically severe 
symptoms or did not have regular follow-up CXRs during 

hospitalization. Therefore, daily or every other day CXR may provide 
predictive value of clinical status in inpatient setting. However, based on 
our dataset, we consider daily CXRs in the ICU setting of limiting utility, 
given that it will not change clinical management, rather will instead 
increase risk of exposure to radiology personnel. 

Recent literature shows promising utilization of artificial intelligence 
(AI)-driven tools in the screening and diagnosis of COVID-19 pneu
monia. An example of the former application is Truncated Inception Net 
that is being proposed as a screening tool for COVID-19 outbreak using 
chest x-rays taking advantage of the AI-driven tools active-learning 
based on cross-population train/test models that utilize multitudinal 
and multimodal data [25,26]. An example of the diagnostic application 
is CV19-Net that was able to diagnose COVID-19 pneumonia and 
differentiate it from non-COVID-19 pneumonia using CXR with high 
sensitivity and specificity [27]. An area of future research is to utilize 
this data set to design an AI based algorithm to predict clinical deteri
oration using radiographic images. 

Potential strengths of our studies include imaging and clinical find
ings integration, homogenous nature of cohort, availability of data 
points and less attrition biases. Our results are subject to the inherent 
limitations of a retrospective study, single center based, small time 
period, and semi-quantitative grading of CXR images. We attempted to 
mitigate this bias with blinded observer analysis, and a protocol for 

A

D

B

C

*

Upper 
zones

Middle 
zones

Lower 
zones

Fig. 2. AP chest radiographs of a 65 years-old female presented with moderate symptoms. Hypertension was the only co-morbidity. Both observers assigned CoV-P1 
category to the baseline CXR with GGO involving bilateral lower zones (A). GGO became more extensive 2 days later (B) with CoV-P2 category assigned by both 
observers (4 and 5 zones were considered involved by each observer) with increased consolidation component. There was no significant change in clinical status 
other than improvement of shortness of breath reported by the patient at the time of this CXR. Patient deteriorated clinically on the third day with severe symptoms 
and was transferred to the intensive care unit. CXR on the fourth day (C) shows more extensive involvement with increased consolidation noted mainly peripherally 
(*). Patient was intubated 6 days after admission (critically severe) and developed ARDS features (D). 
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grading CXR findings. Furthermore, memory bias was limited with the 
large number of CXRs and only 2 observers from a large group of 30 
radiologists involved in the initial diagnostic reporting of these images. 
Selection bias is another limitation with inclusion of only patients pre
sented to the emergency and hospitalized patients granted lack of clin
ical or radiological follow up for outpatients. In addition, lack of daily 
CXRs on some patients in this study may affect the observed versus true 
interval between CoV-P2 and clinical deterioration. Future studies with 
a larger population of inpatients and outpatients would require a multi- 
institutional cohort, as well as regular clinical and radiological follow 
up. 

5. Conclusion 

We evaluated the temporal evolution and correlation of chest 

radiograph findings to deterioration into a severe or critically severe 
clinical status. Involvement of predominantly 4 or more zones on frontal 
chest radiograph can predict clinical deterioration within a median in
terval time of 2 days with high accuracy (89%). Thus, chest radiograph 
can be used as an adjunctive prognostic indicator, in addition to other 
clinical information and laboratory tests, in guiding further treatment 
and resource allocation. 
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Fig. 3. Baseline CXR (A) demonstrates GGO involving mainly the lower zones and was assigned CoV-P1 by both observers. Lower lungs seen on CT abdomen/pelvis 
(B), that was ordered for diarrhea and abdominal pain, demonstrates bilateral GGO. CXR on emergency re-visit for mild respiratory symptoms(C) demonstrates 
interval development of bilateral areas of consolidation, mainly peripherally, involving predominantly 4 zones and was assigned CoV-P2 by both observers. CTPA for 
clinical suspicion of pulmonary embolism (D) demonstrates interval development of crazy-paving with increased extension of the disease, however was negative for 
pulmonary embolism. The patient deteriorated into a critical status 3 days following CoV-P2 CXR. 

Table 6 
Correlation between COVID Pneumonia (CoV-P) category and clinical outcome  

CXR category Critical Non-critical Total 

CoV-P1 2 10 12 
CoV-P2* 40 4 44 
Total 42 14 56  

*χ2 = 27.7 P = 0.000  
Sensitivity 95%  
Specificity 71%  
Accuracy 89%   
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