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Abstract

The COVID-19 outbreak has had a significant impact on public health, with the greatest impact on older adults and those
with comorbidities such as cardiovascular disease, diabetes, and respiratory conditions. Radiological evaluation has been
essential for the diagnosis and management of pulmonary complications resulting from the disease. The objective of this
article is to describe the imaging techniques and the main radiological findings observed in the pulmonary progression of
patients with COVID-19. Chest X-rays, although readily available, have limited sensitivity; in contrast, computed tomography
has stood out for its high accuracy, which allows for the identification of lesions such as ground-glass opacities and
consolidations. These techniques not only aid in initial diagnosis but also in monitoring disease progression and detecting
long-term sequelae. Imaging techniques have proved to be a useful tool for diagnosing and monitoring lung damage in
patients with COVID-19, enabling more effective management of the most vulnerable patients and improving long-term
prognosis.
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Resumen

El brote de COVID-19 ha generado un impacto significativo en la salud publica, con mayor repercusion en las personas de
edad avanzada y a aquellas con comorbilidades como enfermedades cardiovasculares, diabetes y patologias respiratorias.
La evaluacion radioldgica ha sido esencial para el diagndstico y manejo de las complicaciones pulmonares derivadas de
la enfermedad. El objetivo de este articulo es describir las técnicas de imagen y los principales hallazgos imagenolégicos
observados en la evolucién pulmonar de pacientes con COVID-19. La radiografia de térax, aunque es de facil acceso,
presenta una sensibilidad limitada; mientras que, la tomografia computarizada se ha destacado por su alta precision, lo
cual permite identificar lesiones como la opacidad en vidrio deslustrado y consolidaciones. Estas técnicas no solo ayudan
en el diagnostico inicial, sino también en el seguimiento de la progresién de la enfermedad y en la deteccion de secuelas
a largo plazo. Las técnicas de imagen han demostrado ser una herramienta Util para el diagnéstico y seguimiento del dafio
pulmonar en pacientes con COVID-19, permiten un manejo més efectivo de los pacientes mas vulnerables y mejoran el
prondstico a largo plazo.
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Introduction

The COVID-19 pandemic has left a lasting
impact on the health of millions of people
worldwide since 2020." Most people who
contracted the virus have recovered, and
a significant number of patients continue

to experience complications, particularly
in the respiratory system.

The primary factor associated with hospi-
talization is being over the age of 65. Other
risk factors include cardiovascular disease
(CVD), male gender, obesity, diabetes, and
chronic kidney disease.?



The objective of this review is to describe
the imaging techniques and the main radio-
logical findings observed in the pulmonary
progression of patients with COVID-19. To
this end, a literature review was conducted
using databases such as PubMed, Elsevier,
and Medline. The search strategy utilized
Descriptors in Health Sciences (DeCS) such
as "“COVID-19, “Chest X-ray, “CT Scan, and
“Coronavirus Infections,” combined using
the Boolean operators AND and OR to
identify relevant studies. Articles published
between 2020 and 2024, in English and
Spanish, that addressed pulmonary radio-
logical findings in patients with SARS-CoV-2
infection were included, selected based on
the quality and relevance of the informa-
tion. Duplicate articles, letters to the editor,
and those that did not describe pulmonary
imaging evaluation were excluded.

Discussion
COVID-19

COVID-19is an infectious disease caused by
a strain of coronavirus called SARS-CoV-2.2
It emerged in Wuhan, China, in December
2019. In March 2020, the World Health
Organization declared the outbreak a global
pandemic* SARS-CoV-2 is the seventh
coronavirus identified to date and differs
from other coronaviruses that cause the
common cold and mild pneumonia.®

In many cases, SARS-CoV-2 infection
is asymptomatic. A literature review esti-
mated that the proportion of asymptomatic
patients is 30 % to 40 %S5 The symptoms
and signs of COVID-19 are nonspecific and
clinically indistinguishable from those of
other viral respiratory infections. However,
the development of dyspnea several days
after symptom onset is suggestive of this
infection? COVID-19 typically manifests
in the lower respiratory tract. Signs and
symptoms include fever, dry or productive
cough, fatigue, and shortness of breath.
Other less common symptoms include
myalgia, headache, dysphagia, chills, and
gastrointestinal symptoms.®

During the first few days, laboratory find-
ings suggest viral lymphocytic pneumonia.?
In the days that follow, a pro-inflammatory
state develops with cytokine release,
which contributes to acute lung injury
alongside viral damage.”

Risk factors

Being over 65 years of age is a significant
factor for hospital admission. A case-fatality
rate of 8 % to 12 % has been reported among

people aged 70 to 79, while it ranges from
15 % to 20 % among those over 80. Likewise,
an increased risk of severe disease has been
observedin patientswith CVD (coronary artery
disease, cardiomyopathies, and cerebrovas-
cular disease), diabetes mellitus, hyperten-
sion, chronic lung disease, cancer (especially
hematologic and lung neoplasms), chronic
kidney disease, obesity, and smoking.*®

Male gender is also associated with an
increased higher risk of serious complica-
tions,” as is an immunocompromised state,
whichincreasessusceptibility tosevereforms
of the disease. Taken together, these factors
are associated with an increased risk of fatal
outcomes in adults with COVID-19. Further-
more, radiological diagnosis is essential for
assessing the severity of the disease.'®"

Diagnosis

The standard test for detecting SARS-CoV-2
is reverse transcription polymerase chain
reaction (RT-PCR), typically performed
on a nasopharyngeal swab or respira-
tory secretions. RT-PCR is considered to
have high specificity, but its sensitivity can
range from 60 % to 70 %."?

Laboratory abnormalities  associated
with a poorer prognosis include: lympho-
penia, elevated liver enzymes, elevated LDH,
elevated inflammatory markers such as CRP
and ferritin, elevated D-dimer levels (> 1 pug/
mL), elevated troponin and CPK levels,
prolonged prothrombin time, and markers
of acute kidney injury. Abnormalities in
coagulation tests have also been observed,
with a state of hypercoagulability leading to
a tendency towards thrombosis.?

Diagnostic imaging

Imaging techniques, particularly Thoracic
X-rays and computed tomography (CT),
are important for detecting lung lesions
and assessing their size, density, and
progression.”” Thoracic X-rays aid in triage
and the decision to admit a patient, while CT
scans,with high sensitivity (98 %),allowforthe
assessment of the severity, and progression
of the disease, revealing key patterns such
as ground-glass opacity (GGO)."

However, the sensitivity of these tests is
limited in the early stages of COVID-19, as
up to 18 % of patients have normal Thoracic
X-rays or CT scans in mild cases or in the early
stages of the disease, but this percentage
drops to 3 % in severe cases.”” Imaging
findings can be used to assess the severity
of the condition, which aids clinicians in
clinical judgment and facilitates effective
and rapid treatment.*
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The current recommendation from
the vast majority of scientific societies and
radiological associations is that imaging
tests should not be used as screening tools
for COVID-19, but should be reserved for
the evaluation of complications.'

For example, the Fleischner Society
consensus, published on April 7, 2020,
established thatimaging studies are notindi-
cated in patients with suspected COVID-19
who present with mild clinical symptoms; on
the other hand, they are justified in patients
with a confirmed diagnosis of COVID-19
who exhibit respiratory deterioration; like-
wise, in resource-limited settings, imaging
may be used as a triage tool in patients with
suspected COVID-19 who exhibit moderate
to severe symptoms and have a high prior
probability of infection; however, daily
Thoracic X-rays are not indicated in stable
intubated patients with COVID-19."

Likewise, the Spanish Society of Medical
Radiology (SERAM) recommends the use of
CT in critically ill patients with a high clinical
or laboratory suspicion of COVID-19, who
have a normal Thoracic X-ray and for whom
a PCR test is difficult to obtain, or who have a
negative or inconclusive PCR test; in patients
with confirmed COVID-19 who present
with clinical deterioration or with suspected
pulmonary embolism, superinfection, or the
onset of pleural effusion; in patients with
critical illnesses and suspected COVID-19
infection; and in those with diagnostic uncer-
tainty where an urgent therapeutic decision
is needed, such as in cases of surgery or inter-
ventional procedures, to rapidly confirm the
diagnosis and ensure adequate protection
for the healthcare personnel involved.?

Thoracic X-ray

Although it is less sensitive than a Thoracic
CT scan, a Thoracic X-ray is usually the first-
line imaging technique used in patients
with suspected COVID-19.'8

When the initial Thoracic X-ray is positive,
the most common finding is “ground-glass”
opacities, which are distributed peripherally
and are predominantly located in the lower
lobes> Unlike parenchymal abnormalities,
pleural effusion is rare (3 %).'" If the initial
follow-up reveals persistent abnormalities on
theThoracic X-ray or clinical deterioration, the
evaluation should be supplemented with a
high-resolution Thoracic CT scan or a pulmo-
nary artery CT angiogram if thromboembolic
complications are suspected.”

In the early stages or in mild cases of
COVID-19, Thoracic X-rays may not show
any abnormalities. However, among
hospitalized patients, 69 % already show

abnormal findings on admission, and up to
80 % develop radiographic abnormalities at
some point during their hospital stay.'

Computed tomography

Thoracic CT scans canreveal nearly all abnor-
malities, including early mild exudative
lesions, and are the most valuable imaging
tool for the clinical diagnosis of COVID-19
pneumonia.” The choice between CT and
Thoracic X-ray for the initial diagnosis of a
patient should be made by considering the
characteristics of each technique and the
resources available at each hospital.™

Thoracic CT scans in patients with
COVID-19 reveal areas of consolidation and
GGO, with bilateral peripheral involvement
in multiple lobes that progress to “‘ground-
glass” patterns and consolidation.”® Ground-
glass opacities (GGOs) and consolidations
have been identified as two of the main
signs of COVID-19-related lung lesions on
CT scans.?'?2 GGOs are typically distributed
peripherally and subpleurally.?

Several studies have documented the
most common CT findings throughout the
clinical course of the disease at different
follow-up time points, as summarized in
Table 1. These studies agree that diffuse
ground-glass opacity (DGG) is the most
common CT finding; regardless of the dura-
tion of the disease, it may be associated
with consolidations and other residual
fibrotic changes. Chest CT scan proven
to be a valuable tool for assessing lung
damage in patients with persistent respira-
tory symptoms following infection with
COVID-19,*andremainsanessentialcompo-
nent of the diagnostic algorithm in patients
with suspected SARS-CoV-2 infection.®

Main radiological findings and
their progression

Opacity of frosted glass refers to the pres-
ence of increased, diffuse lung opacity with
preserved bronchial and vascular borders.?
It is the predominant CT finding during the
first week.? The morphology of the opacities
is typically rounded or rectangular, and the
zonal distribution in the lung parenchyma
occurs predominantly bilaterally andperiph-
erally (93 %) and toward the posterior and
lower regions (93 %)*'. GGO becomes denser
(whiter) and progresses to consolidation
with complete loss of vascular markings.®
GGO and consolidation in the pulmonary
periphery have been the hallmark of imaging
in patients with COVID-19infection.® Patients
with mild disease typically show less exten-
sive GGO on CT compared to patients with
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moderate-to-severe disease; the greatest
degree of pulmonary involvement is reached
within the first three days and gradually
decreases, with nearly complete resolution
by 15 days.** Figure 1

Consolidation was defined as a homo-
geneous increase in lung parenchymal
attenuation that obscured the margins of the
vessels and the walls of the airways; the air-
bronchogram sign may be observed, corre-
sponding to patent bronchi surrounded by
occupied alveoli. This is the second most
common pattern, appearing in association
with GGO in 44 % of cases and, less frequently,
occurring in isolation in 24 % of cases? As
the disease progresses, the opacities tend to
increase, cluster, and show greater density
on the Thoracic X-ray, evolving into patchy
consolidations, with a peak 10-12 days after
symptom onset.? By the third week, a gradual
resolution of the consolidations is observed,
with progression back to GGO.2*

The "crazy paving" pattern was defined
as ground-glass opacity (GGO) associated
with  interlobular  septal  thickening
superimposed on an underlying ground-
glass pattern, resulting from fluid accumula-

Figure 1. A 35-year-old male patient with acute res-
piratory distress, showing bilateral irregular ground-
glass opacities without consolidation.

Source: Stefan Tigges, Radiopaedia.org, rID: 96156.
DOL: 10.53347/r1D-96156

tion in the alveoli and acute inflammation in
the pulmonary interstitium. This pattern is
a sign of disease progression in COVID-192
The crazy paving pattern is reported with
variable frequency, ranging from 15 % to
77 % of patients, with a peak in occurrence
during the second week of clinical course;*
however, the pattern  progressively
diminishes in the third week. Nevertheless,
this radiological finding is rare in the more
advanced stages of the disease.*® Figure 2

Uncommon radiological findings

Inverted halo sign: During the peak of the
disease, between days nine and 13, the
greatest extent of pulmonary involvement
is observed. In this phase, ground-glass
opacities (GGOs) progressively evolve into
consolidations, which become the predomi-
nant finding. Signs such as the inverted halo
may also appear, characterized by a central
area of ground-glass opacity surrounded
by a ring-or crescent-shaped consolidation.
Although not a common finding, it has
been described as one of the characteristic
patterns in certain patients.? Figure 3

Figure 2. A 40-year-old female patient presenting
with fever, cough, and shortness of breath, who tes-
ted positive for COVID-19 PCR, showing multifocal,
bilateral, irregular, and confluent ground-glass opa-
cities with a“crazy paving”appearance in both lungs.
Source: Bahman Rasuli, Radiopaedia.org, rID: 93230.
DOL: 10.53347/r1D-93230

Table 1. Comparison of other studies evaluating CT changes in patients with COVID-19

Authors Follow-up period CT findings
Guinto E, et al?® Three months after COVID-19 GGO, reticulations, bronchiectasis, consolidations
Kumar K, etal? Baseline, 3 and 12 months GGO, Consolidation

Gonzélez J, etal?®  Three months after discharge

Balbia H, etal® 105 days after symptom onset

Han X, etal® Six months after discharge
Xiaoyu H, etal® Two years after recovery from
COVID-19

Reticulations, Fibrotic lesions
GGO, reticulations
GGO or Interstitial

GGO, reticulation, atelectasis, bronchiectasis
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Figure 3. A 50-year-old female patient presenting
with symptoms of cough and shortness of breath,
showing multiple irregular, poorly defined opacities,
primarily subpleural in both lungs, highly suggestive
of COVID-19 pneumonia. The arrow points to the in-
verted halo sign, characterized by a central ground-
glass opacity surrounded by a peripheral ring of con-
solidation.

Source: Mohammad Taghi Niknejad, Radiopaedia.org,
rID: 94808. DOI: 10.53347/rID-94808

Pleural effusion has been reported in
only 3 % of patients and is more common
in advanced disease’ Pleural thickening
is the most common finding; it is a late-
stage manifestation that typically increases
with disease progression and becomes
more frequent starting in the second week,
peaking in the third week.*

Atypical radiological findings

Pericardial  effusion, lymphadenopathy,
cysticchanges, and pneumothorax are some
of the less common findings, but they may
be observed as the disease progresses since
they are often associated with severe cases.*’

Conclusion

Imaging studies have been essential for the
diagnosis, monitoring, and characterization
of pulmonary changes in patients with
COVID-19.  The main  abnormalities
observed include ground-glass opacities,
consolidations, and a crazy paving pattern,
the frequency and extent of which vary
depending on the stage of the disease.
During the clinical course, atypical or infre-
quent findings are also identified, such as
the inverted halo sign, bronchial changes,
and pleural effusion, generally associated
with more severe cases. The appropriate use
of Thoracic X-rays and computed tomog-
raphy has proven essential, not only in the
initial diagnosis but also in follow-up and
the detection of long-term sequelae. Recog-
nizing radiological progression in COVID-19

allows for the optimization of clinical care,
guides therapeutic decisions, and facilitates
the early identification of persistent abnor-
malities; all of which contribute to compre-
hensive follow-up and long-term manage-
ment of affected patients.
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