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Abstract

The COVID-19 pandemic has necessitated rapid testing and diagnosis to manage its spread. While reverse transcriptase polymerase
chain reaction (RT-PCR) is being used as the gold standard method to diagnose COVID-19, many scientists and doctors have pointed
out some challenges related to the variability, accuracy, and affordability of this technique. At the same time, radiological methods,
which were being used to diagnose COVID-19 in the early phase of the pandemic in China, were sidelined by many primarily due
to their low specificity and the difficulty in conducting a differential diagnosis. However, the utility of radiological methods cannot
be neglected. Indeed, over the past few months, healthcare consultants and radiologists in India have been using or advising the
use of high-resolution computed tomography (HRCT) of the chest for early diagnosis and tracking of COVID-19, particularly in
preoperative and asymptomatic patients. At the same time, scientists have been trying to improve upon the radiological method
of COVID-19 diagnosis and monitoring by using artificial intelligence (Al)-based interpretation models. This review is an effort to
compile and compare such efforts. To this end, the latest scientific literature on the use of radiology and Al-assisted radiology for
the diagnosis and monitoring of COVID-19 has been reviewed and presented, highlighting the strengths and limitations of such

techniques.
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Introduction

The world has been grappling with a new viral
disease —COVID-19. COVID-19, caused by severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2), most
commonly presents itself with fever, cough, and fatigue
among other symptoms.lAs of June 17, 2020, there were
around 8.1 million total cases of COVID-19 in the world,
with 440,290 deaths.”

Real-time reverse transcriptase polymerase chain
reaction (RT-PCR) for viral nucleic acid has been established
as the gold standard diagnostic test for COVID-19
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although some scientists have raised concerns over this
method.P'The sensitivity of the RT-PCR test has varied
over time and among test centers. For instance, Fang et al.
reported a sensitivity of 71% for the RT-PCR test, while
the University of Washington Medicine in the US, found it
to be 95%-97%.%°1 Another study reported that the use of
pharyngeal swab specimens for RT-PCR tests yields variable
results, and this method alone should not be used to make
decisions about known or suspected COVID-19 patients.[!
Meanwhile, many countries are still struggling to conduct
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sufficient RT-PCR tests because of the exorbitant cost of the
reagents required.’*!

In the initial stage of the pandemic, chest computed
tomography (CT) was approved as a diagnostic method
for COVID-19. Lack of a sufficient number of RT-PCR
kits for diagnostic labs with an unprecedented increase in
the number of patients necessitated the use of chest CT as a
diagnostic approach, particularly in China when the spread
of the disease was in its early stages.*!In fact, CT had proven
to be a highly effective diagnostic approach at the time,
with a sensitivity of 98%, compared to 71% for RT-PCR.5
Another study that used chest CT recordings reported
a sensitivity of 97%, though the specificity and accuracy
values were only 25% and 68%, respectively."Over the past
few months, several physicians in India have also been using
or recommending high-resolution CT (HRCT) of the chest
for early diagnosis and tracking of COVID-19, particularly
in preoperative and asymptomatic patients.!>"!

However, in March 2020, the American College of
Radiology (ACR) recommended that radiological findings
should notbe used for preliminary diagnosis of COVID-19.1*!
The reasons cited were as follows: (1) most of the studies
describing the efficacy of radiological methods for
COVID-19 diagnosis had come from China, thus restricting
the data to one geographical location; (2) nonspecificity of
radiological discoveries as clinically, the disease manifests
in ways similar to some other respiratory diseases of viral
origin; (3) As ACR’s recommendations were made keeping
in mind the state of affairs in the US, it was important to
use more specific methods of diagnosis (RT-PCR) because
of a large number of influenza cases in the country at that
time of the year.['*1¢]

Several studies have expanded COVID-19 radiology
literature since the ACR’s recommendations were published.
Reports have not only improved in terms of geographical
coverage but also the accuracy of interpretation. Moreover,
artificial intelligence (AI) models have been created or
adapted to aid radiologists in determining COVID-19
diagnosis and progression using radiological evidence. One
study has even shown that the use of Al for interpreting
radiological data improves the diagnosis of COVID-19
compared to when radiologists draw conclusions without
an Al-based aid.l'? The objective of this review is to
summarize the latest literature that describes the use of
Al-assisted radiology in the diagnosis and monitoring of
COVID-19. The merits and demerits of these techniques
have also been discussed.

Methods

We performed a systematic literature search, obtained
the latest scientific literature on the use of radiology and
Al-assisted technology for the diagnosis and monitoring

of COVID-19, and presented the data extracted in this
review. Articles available as preprints or published in
online archives were not excluded from this review due to
the contribution of such reports to the evolving impact of
Al on radiology in the COVID-19 era.

Both HRCT scans and X-ray images of the chest have been
used by radiologists to diagnose or monitor COVID-19.
HRCT scans of the chest in COVID-19 patients are
characterized by bilateral and peripheral ground-glass
opacities (GGO), predominantly in the lower lobel'¥2
[Figure 1]. Additionally, multiple plaque shadows,
interlobular septal thickening and crazy pavingpatterns,
lung consolidation, interstitial changes in the peripheral
lung and the subpleural, and a reversed “halo”pattern are
also found.!">181921-81 These features distinguish COVID-19
from a healthy human or patients with pneumonia caused
by other bacterial or viral infections. General features
such as volume, shape, density of the lung lesions are
also identified and compared for the identification of
COVID-19.24 In chest radiographs, COVID-19 patients
exhibit bilateral lower zone- and peripherally-predominant
lung consolidation as well as hazy opacities.["”!

There are significant commonalities between the
radiological features observed in COVID-19 and other
forms of pneumonia, particularly those of viral origin.
Ground-glass opacities, consolidation, and interlobular
septal thickening are also observed in HRCT scans of the
chest from patients with other types of viral pneumonia.!”!
Similarly, changes in the pulmonary interstitial space
and alveolar wall edema are common characteristics in
the chest radiographs of pneumonia caused by different
viruses."”! However, some differences have still been
observed. COVID-19 can be distinguished from HIN1
flu because of the small ground glass density shadow
observed in chest CTs obtained even in the early stages of

Figure 1 (A-D): (A-D) A 37-year-old male patient presented with
low-grade fever and shortness of breath for 4 days. HRCT Chest shows
patchy ground-glass opacities predominantly peripheral and basal in
distribution. COVID-19 Infection

Indian Journal of Radiology and Imaging / Volume 31 / Supplement 1/ January 2021 S5



Pankhania: Atrtificial intelligence and radiology: Combating the COVID-19 conundrum

COVID-19 pneumonia.®®! Similarly, pneumonia caused
by the human parainfluenza virus causes the appearance
of peribronchial nodules, consolidation, and a centrally
distributed lesion, while COVID-19 pneumonia shows
a characteristic subpleural distribution.!"*%! Moreover,
crazy paving is not typically observed in other kinds of
viral pneumonia.

The characteristic features are more likely to be observed
in patients after the onset of clinical symptoms. Some
features, such as ground-glass opacities, may be observed
before the onset too.">®! Thus, clinical symptoms and
appearance of changes in radiological data are not always
synchronized in COVID-19, which makes it challenging
to use only radiological data to confirmedly diagnose
COVID-19.T HRCT chest helps in the identification and
diagnosis of the cases with false negative pathological test
results [Figure 2]. Radiologists not only help in triage of
the patients; they also decide the severity of the disease
by documenting Chest CT Severity Score and predict

worsening and improvement in a follow-up patient. It is
indeed a problem solver.*!

A radiologist’s experience is an important currency when
it comes to making conclusive radiological observations.
Some radiologists may have more experience (that is,
they may have spent more time or handled more cases)
diagnosing a given disease or abnormality with imaging,
while others may not have had the opportunity to do so.
Therefore, diagnoses based on radiological methods such
as CT and X-ray can vary widely from one radiologist to
another. The challenge is further increased when radiology
is used to diagnose a disease like COVID-19 because
many visual features of COVID-19 are similar to other
lung illnesses as discussed earlier. Xu et al. reported that
the sensitivity of COVID-19 diagnosis from CT scans by
experienced radiologists (>4 years) in a Wuhan hospital
ranged between 55% and 93%. The specificity varied from
79% to 97%.1 The relative novelty of our understanding

T —— ——

Figure 2 (A-l): (A-C) A 30-year-old male patient presented with low-grade fever and shortness of breath since a week with RT-PCR negative
status showinga small patchy area of ground-glass opacity in left lower lobe. (D-1) Follow-up HRCT shows extensive ground-glass opacities in
throughout both lungs, predominantly peripheral and basal in distribution. COVID-19 Infection

S6 Indian Journal of Radiology and Imaging / Volume 31 / Supplement 1 / January 2021



Pankhania: Artificial intelligence and radiology: Combating the COVID-19 conundrum

of the lung radiological features associated with COVID-19
has led to such wide variations in their interpretation.
Moreover, some of these visual features are not exclusive to
COVID-19.21 As our knowledge about COVID-19 continues
toevolve, Al has the power to help radiologists interpret and
get acquainted with these differences between COVID-19
and other similar illnesses. Indeed, a study by Bai ef al. has
shown that radiologists assisted by Al achieved greater
success in accurately diagnosing COVID-19 than when
Al was not used.'”) In this study, the accuracy increased
from 85% to 90% with the aid of Al, while the sensitivity
improved from 79% to 88% and the specificity changed
from 88% to 91%.

Several Al models have been developed and tested for their
ability to identify COVID-19 amid chest radiographs and CT
scans representing healthy population, COVID-19 patients,
and patients suffering from other kinds of pneumonia. The
pertinent features of some of these AI models have been
summarized in Table 1.

In one study, Li et al. have created a deep learning
model called COVID-19 Detection Neural Network
(COVNet).*IThe extensive study included 4,536 3D
chest CT exams (from 3,322 patients), of which 30% were
conducted for COVID-19, 40% for community-acquired
pneumonia, and the remaining 30% for nonpneumonia
patients. The COVID-19 cases included in this study were
all confirmed positive by the RT-PCR method. The program
developed in the study successfully extracts 2D local and
3D global features from the CT radiographs. The method
has an overall sensitivity of 90% and specificity of 96% for
detecting COVID-19.

Gozes et al. also used CT recordings to identify
COVID-19 cases with the help of AL They employed

a ResNet50 model for binary classification of COVID-19
and normal CT scans. However, their training data set
also came from a Chinese cohort, with 829 recordings
from COVID-19 patients and 1,036 healthy recordings.
While the COVID-19 data used to test the program
came from the Chinese patients only, the study used
non-COVID-19 data from patients in China and the US
separately to arrive at different accuracies and specificities.
The authors of this study altered the threshold, or the
fraction of CT slices that were detected positive for
COVID-19, to determine the maximum sensitivity and
specificity that the program could achieve. The program
registered a sensitivity of 98.2%, with a corresponding
specificity of 92.2% for the all-Chinese cohort when a
threshold of 1.1% was used. With a threshold of 1.9%,
the sensitivity decreased to 96.4% while the specificity
of detection increased to 98%. When non-COVID-19
data from US patients were included, a sensitivity
values of 98.2% (threshold = 1%, specificity = 91.8%) and
94.6% (threshold = 4.3%, specificity = 98%) were achieved.

In a similar study, Bai ef al.used Efficient Net architecture
to train their classification model so that COVID-19 and
non-COVID-19 CT images could be separated.”? Xu et al.
also used chest CT scans and classified them into healthy
or one of three types of pneumonia (COVID-19, bacterial,
and viral) using a 14-layered 3D Densenet convolutional
neural network (CNN).[2!

Chest radiographs have also been used to develop Al
models that can diagnose COVID-19. Ucar ef al. used
the Bayesian optimization-based Squeeze Net model to
analyze chest radiographs to distinguish among healthy,
COVID-19, and other pneumonia patients. This method
allowed for the augmentation of small-sized imaging
datasets before training and testing. All available images
were divided into three classes—training, validation, and

Table 1: Al models developed for identification of COVID-19 through radiological data

Convolutional Neural Network or CNN CT Scans Ternary (COVID-19, community-acquired Li et al.’®
(ResNet50) (COVNet) pneumonia, nopneumonia)
Deep Neural Network (SqueezeNet) Chest Radiographs ~ Ternary (COVID-19, other pneumonia, healthy) 98.3% Ucar et al.®®
CNN Chest Radiographs ~ Ternary (COVID-19, other pneumonia, healthy) 95.7% Al-Asfoor et al.®
CNN based on 3D-DenseNet CT Scans Quaternary (COVID-19, viral pneumonia, 72%-97% Xu et al.21

bacterial pneumonia, healthy)
CNN (Inception-V3) + Deep neural Chest Radiographs 3 comparisons made: binary (COVID-19 and 100% (for binary), 85% Tsiknakis et al.®"
network other pneumonia); ternary (COVID-19, other (for ternary) and 76% (for

pneumonia and healthy); quaternary (COVID-19, quaternary)

bacterial pneumonia, viral pneumonia, healthy)
CNN (ResNet50) Chest Radiographs  Binary (COVID-19 and healthy) 98% Narin et al.®%
CNN (Inception-V3) Chest Radiographs ~ Binary (COVID-19 and healthy) 97% Narin et al.*
CNN (Inception-ResNetV2) Chest Radiographs ~ Binary (COVID-19 and healthy) 87% Narin et al.®%
CNN (ResNet50) CT Scans Binary (COVID-19 and non-COVID-19) 98.2% Gozes et al.?"!
Deep Neural Network (EfficientNet B4) ~ CT Scans Binary (COVID-19 and non-COVID-19) 96% Bai et al.l"”
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testing. The validation step helped update the Bayesian
optimization process to improve the model and obtain
the best possible network model for the testing dataset.
In another study, Al-Asfoor et al.used 1,585 normal,
123 COVID-19, and 4275 pneumonia chest radiographs
to train and test their 22-layered convolutional neural
network (CNN) model.”*!

Narin et al. used 50 chest radiographs from COVID-19 patients
and 50 normal images and analyzed them using the
ResNet50, Inception-V3, and Inception-ResNetV2 models.!
The ResNet50 model had the highest accuracy (98%) while
the Inception-ResNetV2 model had the lowest (87%).
Meanwhile, the Inception-V3 model had an accuracy of 97%.
In comparison, another Inception-V3 model developed by
Tsiknakis et al.was shown to perform better with a greater
number of images used for transfer learning. The Al
program developed by Tsiknakis et al.*also interprets chest
radiographs and determines if they are representative of
COVID-19 or other forms of pneumonia. Their study collated
137 multinational COVID-19 chest radiographs (from
Italy, Mexico, Argentina, India, and others) to develop the
proposed Al model. The other groups had 150 randomly
chosen images each. The study used the Inception-V3 model
for binary, ternary as well as quaternary analyses, with an
accuracy of 100% for the binary comparison.

The studies described here show that it is indeed possible to
tune the parameters of Al models to improve the accuracy,
sensitivity, and specificity of diagnosing COVID-19 through
radiological data.

A pervasive challenge to using Al in radiology is the
interpretability of the results and interpretations provided
by Al-based programs. Interpretability is the human
understanding of the relationship between the extraction
of radiological/visual features by the Al program and the
subsequent predictions it makes.? If the end-users are
unable to understand how a deep learning Al algorithm
draws medical conclusions from radiological images,
their trust in such programs would be deeply affected.
Some recent studies on the use of Al in the interpretation
of radiological data from COVID-19 patients have also
attempted to improve the interpretability of their method
so that the end-users can have a greater trust in the derived
conclusions. For example, Tsiknakis ef al. incorporated
attention maps as an interpretability measure for each
prediction made by their program.

In India, the importance of Al in detecting COVID-19 from
chest radiographs images has already led to the development
of new solutions. Companies providing Al technology for
radiology departments have already launched solutions
for diagnosing and managing COVID-19. has offered an

Al-based solution called gXR, which helps monitor the
daily progression of COVID-19 in patients.* This solution
measures the percentage of COVID-19-infectedlung volume
through chest radiographs. The Al program identifies
COVID-19 features such as ground-glass infiltrates and
lung consolidation. It further categorizes the patients as
low-, medium-, or high-risk based on these data. This
solution is already in use in many hospitals around the
world, including India. Another company, the UK-based
Behold.ai, has launched its “instant triage” solution that
also uses Al to interpret chest radiographs. This solution has
now been implemented by some hospitals in India.* Both
technologies enable the identification of COVID-19 cases in
under a minute.

In a “Machine Intelligence in Healthcare” workshop
co-hosted by the National Institutes of Health (NIH) National
Centre for Advancing Translational Sciences (NCATS)
along with several other agencies in July 2019, experts
agreed that Al is transforming the landscape of biomedical
research and medical diagnostics.*>'Al-based solutions help
both physicians and patients to make better healthcare
decisions, thereby improving the efficacy of the healthcare
system. However, in the context of COVID-19 diagnosis
and monitoring, the limitations and strengths of Al-based
radiological solutions are still being explored and
discovered.

Most studies using Al to analyze and interpret radiological
images for the diagnosis of COVID-19 are limited by the
geographical source of patient data. Variations have been
noted when CT scans from a single region or country are
used against the pooling of data from multiple locations. For
example, Xu et al. developed a model which had a sensitivity
of 97.5% when used against CT data obtained from Tongji
Hospital in Wuhan, but only 72% for cases from Wuhan
Union Hospital.?! Thus, there is a lack of consistency in
performance for some of the Al-based models developed
to aid COVID-19 diagnosis.

Additionally, a highly sensitive and specific Al-based model
for diagnosing COVID-19 requires training on a large amount
of well-annotated radiological data. The studies conducted so
far have shown large variability in this area, with the number
of images used for training ranging from around 150 to more
than 4,000. Future studies must increase the size of the data
sets used to train the Al programs for COVID-19 diagnosis.
Given that COVID-19 is a newly identified disease for which
research, data collection, and annotation is still underway,
developing appropriately trained ML algorithms may take
some time. Xu ef al. proposed a platform where decentralized
radiological data from CT scans all over the world could be
used freely by Al scientists and radiologists to devise an
accurate model for COVID-19 diagnosis. The platform, called
the Unified CT-COVID AI Diagnostic Initiative (UCADI),
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would help collate a large amount of imaging data for
training any new Al-based programs.?!

Given its limitations, some radiologists are not in
agreement with the idea that Al could replace human
interpretation.®! Radiologists and other doctors in many
parts of the world have strongly voiced that radiological
methods, even with the use of artificial intelligence, cannot
replace laboratory tests such as RT-PCR for the diagnosis
of COVID-19.l'%I However, doctors have recommended
the use of CT scans for monitoring disease progression and
remission in noncritical but confirmed cases of COVID-19.1]
Further, in the cases where molecular diagnostic tests are
inconsistent with symptomatic observations, or when
there are complications or critical illnesses, radiological
approaches may be used as a secondary or alternate
approach for diagnosis.'#%*1 Additionally, some doctors
have recommended the use of radiological methods as
an assisting diagnostic approach as well as a follow-up
strategy in pediatric patients t0o."”

Even when chest radiological approaches are not used for
diagnosis of COVID-19, they have an important role to play
in understanding the pathological changes in the lungs of
COVID-19 patients." Quantifying the fraction of the lung
parenchyma that is affected by COVID-19-like pathological
changes can be useful in monitoring the progression of the
disease.® Moreover, the use of Al in radiology enables a
quantitative scoring through programs that can be easily
revised and updated as the disease and our knowledge of
it evolves over time.['8%]

The strength of obtaining and interpreting radiological
data for COVID-19 is that it can also be used to predict
mortality. In one study, Yuan ef al. used a 3-point scale
to score CT data, where a score of 1 corresponded to
normal attenuation, 2 to ground-glass attenuation, and 3
to consolidation. A 4-point scale was additionally used to
score the extent of abnormalities in the lung parenchyma.
Using a combination of these scores, they determined a
net score to predict COVID-19 mortality with a sensitivity
of 85.6% and a specificity of 84.5%.*"! While this study did
not use Al, future studies that employ Al for calculating
mortality scores could help doctors decide the right course
of treatment for different COVID-19 patients.

Overall, despite their limitations, Al-based radiological
methods of COVID-19 diagnosis offer many advantages: (1)
reduced processing and diagnosis time compared to both
the RT-PCR method as well as the human interpretation
of radiological data, (2) alternative diagnostic method in
the absence of resources to conduct RT-PCR tests for all
suspected COVID-19 cases, (3) monitoring the progression
of the disease, and (4) monitoring the effectiveness of
therapeutic approaches.

Conclusion

While real-time RT-PCR for viral nucleic acid has been
established as the gold standard diagnostic test for
COVID-19; however, HRCT Chest is valuable for the early
diagnosis of COVID-19, particularly for those patients with
a negative RT-PCR.HRCT of the chest is a fast replacing
pathological test for the early diagnosis of COVID-19
and proving to be a game-changer in populous countries
such as India where the availability of RT-PCR tests is
low, and the time taken for diagnosis is higher. However,
Al-based models for radiology-based COVID-19 diagnosis
still need to be improved with larger, well-annotated
training datasets. This improvement will happen as
we keep learning more about this new disease and its
radiological signatures.In the meantime, Al-based models
can become usefultools to monitor COVID-19 progression
through follow-up imaging.With the appropriate use of Al,
radiological methods hold the potential screen toolsto help
a large number of people efficiently and quickly, enable
the monitoring of COVID-19 progression, and help in the
preliminary diagnosis of noncritical suspected patients.
Even though AI cannot replace the human radiologist, it
could become a trusted aid to help us defeat the COVID-19
conundrum swiftly and completely.
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