
Vol:.(1234567890)

La radiologia medica (2022) 127:602–608
https://doi.org/10.1007/s11547-022-01487-4

1 3

CHEST RADIOLOGY

Prognostic significance of peripheral consolidations at chest x‑ray 
in severe COVID‑19 pneumonia

Federica Novelli1  · Valentina Pinelli1 · Luigi Chiaffi1 · Anna Maria Carletti1 · Massimiliano Sivori1 · Ugo Giannoni2 · 
Fabio Chiesa2 · Alessandro Celi3

Received: 24 June 2021 / Accepted: 23 March 2022 / Published online: 13 April 2022 
© Italian Society of Medical Radiology 2022

Abstract
To evaluate the possible prognostic significance of the development of peripheral consolidations at chest x-ray in COVID-19 
pneumonia, we retrospectively studied 92 patients with severe respiratory failure  (PaO2/FiO2 ratio < 200 mmHg) that under-
went at least two chest x-ray examinations (baseline and within 10 days of admission). Patients were divided in two groups 
based on the evolution of chest x-ray toward the appearance of peripheral consolidations or toward a greater extension of 
the lung abnormalities but without peripheral consolidations. Patients who developed lung abnormalities without peripheral 
consolidations as well as patients who developed peripheral consolidations showed, at follow-up, a significant worsening of 
the  PaO2/FiO2 ratio but a significantly lower mortality and intubation rate was observed in patients with peripheral consoli-
dations at chest x-ray. The progression of chest x-ray toward peripheral consolidations is an independent prognostic factor 
associated with lower intubation rate and mortality.
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Introduction

Portable chest x-ray (CXR) is widely used for the follow-up 
of lung abnormalities in coronavirus disease-19 (COVID-
19). The most common CXR lung abnormalities in COVID-
19 are lung consolidations, ground glass opacities (GGO) 
and reticular opacities [1–6]. One particular feature of 
COVID-19 pneumonia is the high frequency of peripheral 
lung involvement, often mimicking other inflammatory pro-
cesses such as organizing pneumonia or eosinophilic pneu-
monia [1, 7, 8]. Chest computed tomography (CT) studies 
have shown peripheral involvement in 33–86% of patients, 
characterized by GGO in the early stages and greater preva-
lence of consolidations in more advanced stages [9–11]. 
Such peripheral lung involvement can be readily identified 
in CXR, especially when characterized by consolidations. 
CXR studies have reported 40–63% of exclusive involve-
ment of the peripheral zone [3–5]. Although some studies 
have evaluated the prognostic significance of chest CT or 
CXR findings, they mainly took into consideration the total 
extent of the disease rather than a specific characteristic [6, 
12, 13].
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In this study, we evaluated the characteristics of patients 
who developed CXR peripheral consolidation and the pos-
sible prognostic significance of such finding.

Patients and methods

Patients

This was a retrospective study of patients admitted to our 
sub-intensive respiratory unit from September to December 
2020 with SARS-CoV-2 infection confirmed by real-time 
RT-PCR on nasopharyngeal swab. The inclusion criteria 
were as follows: (1) patients with severe disease (defined 
by a  PaO2/FiO2 ratio < 200 mmHg at nadir); (2) patients 
who underwent at least two CXR’s (one at admission and 
the second within 10 days of admission); (3) patients with 
lung abnormalities involving > 50% of the lung parenchyma 
or with peripheral consolidations in at least one of the two 
CXR’s. The study was conducted in compliance with the 
Declaration of Helsinki, with the approval of the local ethic 
committee.

We divided the patients based on the presence or absence 
of peripheral consolidations at baseline or follow-up CXR. 
Among the patients admitted in the study period, we arbi-
trarily selected the first 46 patients of the two groups among 
those that fulfilled the inclusion criteria. No patient was 
excluded for any reason after being considered in the first 
batch of 46 per group.

To investigate the prognostic significance of the appear-
ance of peripheral consolidations on CXR in patients hospi-
talized for severe respiratory failure due to bilateral SARS-
CoV-2 pneumonia we analyzed two clinically relevant 
outcomes, death within the hospitalization and the need for 
endotracheal intubation (ETI).

Chest x‑ray

All patients underwent digital anteroposterior bedside CXR 
at full inspiration using a portable radiography unit at admis-
sion and within 10 days of admission. In an initial training 
set, 25 CXR’s were reviewed independently by two experi-
enced thoracic radiologists (FC and UG) and also observed 
by two clinical pulmonologists (FN and VP). The remaining 
CXR’s were independently evaluated by the pulmonologists; 
results were compared, and when disagreement was found, 
final decisions were determined by consensus.

The finding considered in the evaluation of CXR were 
the presence and extension of reticular alterations, GGO and 
consolidations. CXR alterations were defined according to 
the Fleischner Society’s nomenclature [14]:

–  reticular alterations, as innumerable small linear opaci-
ties;

–  GGO, as areas of increased lung opacity, within which 
the margins of pulmonary vessels may be indistinct;

–  consolidation, as an increase in lung opacity that 
obscures the margins of the vessels and airway walls.

We have defined the extension of the lung abnormalities 
using a cut-off of 50% of lung fields and we have assigned a 
score of 1 if the lung abnormalities were extended less than 
50% of the lung fields and a score of 2 if they were extended 
more than 50% of the lung fields. We have defined peripheral 
zones as areas beyond 2 cm from the lobar bronchial struc-
tures as far as visible [15]. We divided the patients on the 
basis of the presence or absence of peripheral consolidations 
at baseline or follow-up CXR (Fig. 1a–d).

Statistical analysis

Data analysis was performed with SPSS software, version 
25. Data were expressed as mean ± standard deviation or 
median [interquartile range] for normally distributed and 
non-normally distributed variables, respectively. Compari-
son between patient groups were performed with unpaired 
t-test and Mann–Whitney test as appropriate. Paired data 
were compared with paired t-test and paired Wilcoxon test. 
Multivariate logistic analysis was used to identify significant 
variables in predicting mortality. Two-side p values below 
0.05 were considered statistically significant.

Results

A total of 92 patients was considered, mean age 
70 ± 10 years; 78% were males.

Tables 1 and 2 describe the patients characteristics and 
the chest x-ray findings at hospital admission. The median 
time between onset of symptoms and the hospital admis-
sion was 6 days. Patients had a severe respiratory failure 
per inclusion criteria, lymphopenia with normal white 
blood cells, increased value of C-reactive protein (CRP) and 
procalcitonin (PCT). In 80% of cases PCT was < 0.55 ng/
mL, commonly considered the threshold to suspect bacte-
rial superinfection in COVID-19 [16]. Table 2 describes 
the chest x-ray findings at hospital admission. According 
to the onset of symptoms, we subdivided the chest x-ray 
in the 4 stages described in the literature [17, 18]: stage 
1 (0–4 days), stage 2 (5–8 days), stage 3 (9–13 days) and 
stage 4 (≥ 14 days). Most patients (54.3%) were admitted to 
the hospital in stage 2 and had little extension of the lung 
abnormalities (70.7% had a score 1 of chest x-ray). Only 
12% had peripheral consolidations, none of them in stage 1.
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Patients repeated chest x-ray after a median time of 
6.2 days. Table 3 shows demographic and laboratory find-
ings at baseline and follow-up and the rate of negative out-
come of patients subdivided in two groups according the 
presence of peripheral consolidations at follow-up.

Patients with peripheral consolidations were younger. 
Both groups had severe baseline respiratory failure that fur-
ther worsened at follow-up, but with no significant difference 
between them. Both groups had similar neutrophil and lym-
phocyte count at baseline but at follow-up patients without 

Fig. 1  Classification of chest 
x-ray. a Score 1, no peripheral 
consolidations: reticulations 
and GGO extended less than 
50% of the lung fields, without 
peripheral consolidations. b 
Score 2, no peripheral consoli-
dations: reticulations and GGO 
extended more than 50% of the 
lung fields, without periph-
eral consolidations. c Score 
1 + peripheral consolidations: 
reticulations, GGO and con-
solidations extended less than 
50% of the lung fields, presence 
of peripheral consolidations. 
d lung abnormalities (reticula-
tions, GGO and consolidations) 
extended more than 50% of 
the lung fields, presence of 
peripheral consolidations. GGO 
ground-glass opacities

Table 1  Baseline characteristics 
of the patients

CRP C-reactive protein, PCT procalcitonin
*p < 0.05
§ p < 0.01

Patients characteristics Baseline

Time from symptoms onset (days) 6.0 [4.0]
Arterial gas analysis
PaO2/FiO2, mmHg (median [interquartile range]) 213 [114]
Laboratory exams
White blood cell count (×  103/μL) (median [interquartile range]) 7.7 [4.5]
Neutrophil count (×  103/μL) (median [interquartile range]) 6.16 [4.47]
Neutrophils, % (median [interquartile range]) 82.6 [9.7]
Lymphocyte count (×  103/μL) (median [interquartile range]) 0.74 [0.58]
Lymphocytes, % (median [interquartile range]) 10.7 [7.0]
NLR (median [interquartile range]) 7.5 [7.6]
CRP (mg/dL) (median [interquartile range]) 7.7 [8.8]
PCT (ng/mL) (median [interquartile range]) (only 74 pts) 0.17 [0.37]
PCT > 0.55 ng/mL (number, %) (only 74 pts) 15 (20.3%)



605La radiologia medica (2022) 127:602–608 

1 3

peripheral consolidations had an increase in neutrophils and 
a strong reduction of lymphocytes. Furthermore, while the 
patients with peripheral consolidations had a reduction of 
CRP and PCT value at follow-up, those without peripheral 
consolidations showed a persistence of high values of these 
inflammatory markers. In particular, 30% of patients in the 
second group had a PCT value > 0.55 ng/mL, that is suspect 
for bacterial super-infection, albeit non diagnostic. The cor-
responding figure for patients in the first group was 6%.

Finally, we observed a significantly lower mortality and 
intubation rate in patients with peripheral consolidations 
at CXR (Table 3).

We performed a multivariate logistic analysis to investi-
gate a composite outcome that combines mortality and the 
need for ETI and using age, baseline CRP, CRP Δ, lym-
phocytes Δ, PCT > 0.55 ng/mL at follow-up and the pres-
ence of peripheral consolidations at CXR as covariates. 

Table 2  Baseline chest x-ray 
findings according to stage

PC peripheral consolidations

Stage of illness from the onset Number of patients 92 Score 1, no PC 
65 (70.7%)

Score 1 + PC 
11 (12%)

Score 2, 
no PC 16 
(17.3%)

Stage 1 (0–4 days) 22 (23.9%) 17 (77.3) 0 5 (22.7)
Stage 2 (5–8 days) 50 (54.3%) 36 (72) 6 (12) 8 (16)
Stage 3 (9–13 days) 15 (16.3%) 8 (53.3) 5 (33) 2 (13.3)
Stage 4 (≥ 14 days) 5 (5.4%) 4 (80) 0 1 (20)

Table 3  Comparing between 
patient without and with 
peripheral consolidations

CRP C-reactive protein, PCT procalcitonine, FU follow-up, ETI endotracheal intubation
*p < 0.05
§ p < 0.01

Peripheral consolida-
tions n = 46

No peripheral 
consolidations 
n = 46

Age 67.2 ± 10.4 72.9 ± 9.7*
Sex M/F, % 78.3/21.7 78.3/21.7
PaO2/FiO2, mmHg Baseline 219.5 [79.0] 190.0 [118.0]

FU 101.0 [28.0] 97.5 [30.0]
Δ% − 50.3 [22.3] − 47.8 [35.2]

White blood cell count (×  103/μL) Baseline 8.15 [4.52] 7.15 [4.77]
FU 9.55 [4.52] 10.6 [8.02]
Δ% 11.3 [70.6] 56.6 [112.7]*

Neutrophils count (×  103/μL) Baseline 6.50 [3.82] 5.73 [4.92]
FU 8.01 [4.16] 9.21 [8.25]*

78.8 [84.5] 77.8 [115.4]*
Lymphocyte count (×  103/μL) Baseline 0.81 [0.57] 0.68 [0.54]

FU 0.79 [0.47] 0.58 [0.47]§

Δ% 2.8 [89.3] − 24.0 [51.5]§

CRP (mg/dL) Baseline 7.4 [5.5] 10.3 [10.4]*
FU 3.7 [6.7] 11.3 [11.0]§

Δ% − 45.5 [95.6] 6.8 [137.3]§

PCT (ng/mL) Baseline 0.11 [0.25] 0.28 [0.58]§

FU 0.05 [0.12] 0.23 [0.67]§

Δ% − 50.0 [56.2] 0 [241.7]
PCT > 0.55 ng/mL Baseline (74 pts) 6 (14.3%) 9 (28.1%)

FU (86 pts) 4 (9.1%) 13 (31%)§

ETI n, % 3 (6.5) 16 (34.8)§

Death n,% 6 (13) 30 (65.2)§
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The presence of peripheral consolidations at CXR was an 
independent predictor of better prognosis (Table 4).

Discussion

The main purpose of this study was to investigate the prog-
nostic significance of the appearance of peripheral consoli-
dations on CXR in patients hospitalized for severe respira-
tory failure due to bilateral SARS-CoV-2 pneumonia. Our 
data show that in severe patients this type of radiographic 
response is associated with a better prognosis, with a sig-
nificant reduction in the rate of intubation and mortality 
compared to patients who do not develop peripheral consol-
idations but go toward a greater extension of the lung abnor-
malities. While the development of peripheral consolidations 
is associated with clinical/laboratory characteristics sug-
gestive of a better prognosis (lower age, higher lymphocyte 
count and lower CRP and PCT) it remained an independ-
ent predictor of good prognosis after controlling for such 
variables. This result is very important, especially in light 
of the fact that both groups of patients have the same base-
line level of severity and the same worsening of respiratory 
failure within the first 10 days of hospitalization. Therefore, 
observing in such critical patients a radiographic evolution 
toward peripheral consolidations allows physicians to obtain 
important prognostic information. At the present time, CXR 
is the main radiologic tool for monitoring the progression 
of lung abnormalities in COVID-19, especially in critical 
patients admitted to sub-intensive and intensive care unit 
[19] and some studies have utilized a CXR scores to quan-
tify the pulmonary involvement in COVID-19 and to predict 
the prognosis [2, 5, 6, 20, 21]. However, most such studies 
used scores that quantified the total extent of radiographic 
changes, without analyzing the prognostic significance of 
specific changes. An exception is represented by the study 
by Giraudo et al., which assessed the contribution of GGO 

and consolidations separately, attributing a worse progno-
sis to the latter. However, the consolidations described by 
Giraudo include all consolidations regardless of their locali-
zation [21].

We hypothesize that the same severity of respiratory 
failure in the two groups in our study is an expression of a 
greater impact on gas exchange of the consolidations (pos-
sibly due to the shunt effect), while the better prognosis in 
these patients is the expression of a less extensive disease. 
Further studies with chest CT scans associated with lung 
ultrasound or V/Q scan are warranted to further investi-
gate this hypothesis. Indeed, as described in the work by 
Parra Gordo et al., which analyzed both CXR and computed 
tomography, the radiologic stage of peripheral consolida-
tions would match with a moderate lung involvement with 
the pattern of organizing pneumonia, while the CXR stage 
characterized by diffuse pulmonary opacities would match 
with a severe lung involvement with radiologic pattern of 
diffuse alveolar damage [7]. In our study, both patient groups 
have a severity of respiratory failure corresponding to mod-
erate-severe ARDS, and various studies show that ARDS 
with diffuse alveolar damage is associated with higher mor-
tality than ARDS without diffuse alveolar damage [22, 23].

We found that the CXR evolution toward peripheral con-
solidations is associated with a lower age, a lower reduction 
of lymphocytes, a lower CRP and PCT value, features that 
have been previously shown to be associated with a better 
prognosis [12, 24–28]. On the contrary, we observed per-
sistence of elevated value of CRP and PCT in the group 
of patients with lung abnormalities involving > 50% of the 
lung parenchyma but without peripheral consolidations. 
This observation might suggest that bacterial superinfection 
is responsible for the worst prognosis of patients without 
peripheral consolidations. However, some data in the litera-
ture show that PCT may be an indicator of disease sever-
ity in COVID-19 independent of bacterial superinfection 
[29]. Furthermore, all patients were treated with antibiotics 
per standard practice at the time, and in all patients with 
PCT > 0.55 antibiotic therapy was scaled up; therefore, it is 
not likely that the superinfection, when present, had a major 
impact in the outcome.

This study has limitations. First, it was retrospective. Sec-
ond, we did not perform a correlation between CXR and CT 
findings, since in our center CXR was the main radiologic 
tool for monitoring the progression of lung abnormalities in 
COVID-19. Third, only 6 patients had a negative outcome 
(IOT or death) in the group of peripheral consolidations. 
Finally, another limitation of the present study is the use of 
portable CXR, that has lower quality compared to poster-
oanterior standard radiographs and in which evaluation of 
the left lower lobe is limited. However, this method has the 
advantages of limiting the movement of severe patients and 
to reduce environmental contamination.

Table 4  Multivariate logistic analysis for death/need for endotracheal 
intubation

CRP C-reactive protein, PCT procalcitonine, CXR chest x-ray, FU 
follow-up
*p < 0.05
§ p < 0.01

Variable Odds ratio 95% CI

Age 1.04 0.98–1.10
Baseline CRP 1.02 0.93–1.13
Δ% CRP 1.004 1.001–1.009*
Δ% Lymphocytes (%) 0.99 0.98–1.01
PCT > 0.55 ng/mL at FU 3.73 0.78–17.80
Peripheral consolidations at CXR 0.08 0.02–0.27§
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In conclusion, according to our data, in severe COVID-19 
patients the progression of CRX toward peripheral consoli-
dations is an independent prognostic factor associated with 
lower intubation rate and mortality even in the presence of 
worsening respiratory failure; further studies are needed to 
confirm the significance of this finding and to understand 
the underlying pathophysiological and histopathological 
features.
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