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A validation study of the performance of an artificial
intelligence assist system for the evaluation of some
pathological findings on chest X ray.
Juraj Grebáč, Dávid Kocan

National Institute for Cardiovascular Diseases, Bratislava

ABSTRACT
Clinical background and objectives of the study: Artificial intelligence systems have evolved significantly in recent years and
are expected to be of great importance in diagnostic imaging. Chest X-ray is a very frequently performed examination that is
cheap, fast, and easy to perform and provides a large amount of clinically relevant information. However, the correct interpretation
of some chest X rays can be difficult even for the experienced radiologist. A program, capable of interpreting chest X rays
correctly, could provide great benefit to a healthcare facility.
The aim of this study is to evaluate the effectiveness of a program to analyse selected basic pathological findings on chest X rays
by validating the results of artificial intelligence against the consens us opinion of experienced radiologists, and to use it for the
purpose of analysing and evaluating automated diagnostic of X ray data for the project of the international scientific research task
STATE OF EMERGENCY CRISIS MANAGEMENT IN SOCIETY. Another aim of the study is to suggest possible applications
of the system.
Method: In this study, we analyse the performance of an artificial intelligence program for the evaluation of some chest
pathological findings. Specifically, the program evaluated the presence of atelectasis, calcifications, cardiomegaly, consolidation,
fibrosis, mediastinal widening, pulmonary nodules, pleural effusion, pneumoperitoneum, and pneumothorax. The study population
consisted of 560 chest X rays obtained at a department specialized in cardiovascular diseases. The X rays were evaluated by
analytical software, the evaluations were recorded and compared with the consensus opinion of radiologists; the opinion of the
radiologists was established as a ground truth. The results were stati stically processed.
Results: The artificial intelligence system detected atelectasis with PPV of 0.67, NPV of 0.94, sensitivity of 0.86, specificity of
0.84; calcifications with PPV of 0, NPV of 0.99, sensitivity of 0, specificity of 0.99; cardiomegaly with PPV of 0.97, NPV of 0.
79, sensitivity of 0.97, specificity of 0.82; consolidation with PPV of 0.48, NPV of 0.97, sensitivity of 0.92 and specificity of 0.74;
fibrosis with PPV of 0.23, NPV of 0.99, sensitivity of 0.58 and specificity of 0.96; mediastinal widening with PPV of 0.95, NPV of
0.78, sensitivity of 0.84 and specificity of 0.93; pulmonary nodules with PPV of 0.11, NPV of 1, sensitivity of 1 and specificity of
0.9; pleural effusion with PPV of 0.84, NPV of 0. 9, sensitivity 0.85 and specificity 0.9; pneumoperitoneum with PPV of 0, NPV of
1, sensitivity of 0 and specificity of 0.96; pneumothorax with PPV of 0.39, NPV of 0.99, sensitivity of 0.78 and specificity of 0.96.
Conclusion: The observed pathological findings, which had a high prevalence in our set of examinations, were identified by
the artificial intelligence program with a high success rate; the agreement of the artificial intelligence opinion with the ground
truth was very good. The effectiveness of the AI algorithm decreased for atypical findings in X rays, especially when summing
up parts of medical devices. The AI algorithm showed an excellent performance in correctly detecting negative chest X rays.
The most appropriate use of the evaluated AI algorithm appears to be radiology departments with a large number of patients in
whom negative findings need to be confirmed quickly. A review of the results of the AI algorithm by an experienced radiologist is
necessary.
Keywords: Artificial intelligence, chest X ray, automatic detection, image information analysis, prognosis of the artificial
intelligence in radiology.
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INTRODUCTION
and pneumothorax. Published papers report a mean image
sensitivity of the AI algorithm of 0.716 (95% CI, 0.704
0.729).3 The published papers deal with the accuracy
of the Lunit AI algorithmon in the routine operation of
general hospitals. In our study, we tested the AI algorit hm
on examinations performed at the National Institute for
Cardiovascular Diseases (Národný ústav srdcovocievnych
chorôb, NÚSCH) in Bratislava, i.e. in the setting with
a very high prevalence of patients with congenital and
acquired diseases of the heart and thoracic aorta, as well as
pulmonary artery disease and associated diseases of the lung
parenchyma. To our knowledge, the Lunit AI algorithm has
not yet been tested in the setting of a cardiovascular disease
specific workplace. At the same time, the vast majority of
patients at the NÚSCH, as an end type specialized institution,
have a diagnosis confirmed by multiple investigational
modalities and diagnostic procedures, which is a valuable aid
to radiologists in the evaluation of often complicated findings
during X ray examinations.

At the beginning of the second decade of this millennium,
there was a rapid development of computer programs for
image recognition, based on artificial neural networks that
use deep learning algorithms. These programs are referred
to as artificial intelligence (AI). AI systems are thought to be
of great importance in some medical specialties, especially
radiology, in which the primary task is the analysis of image
information. In radiology, the current advent of AI programs
has met with mixed reactions, as several eminent persons in
information technology research and AI development have
predicted the early replacement of radiologists by computer
programs.1 Today, a number of commercial products using
AI for the detection and analysis of radiological images are
available and they can be tested in practice and, by their
reviewing, it is possible to determine their performance and
make assumptions about further developments in this field.
Chest X ray is one of the most commonly indicated
radiological examinations. The chest X ray can be taken
quickly, is inexpensive, has a high predictive value for a
wide range of pathologies, and is not technically difficult
to perform correctly. The chest X ray is associated with a
negligible amount of ionising radiation. However, the correct
interpretation of chest X ray especially in complicated
abnormalities is difficult, requiring long training of
radiologists and a large amount of experience.
The current situation in radiology is plight. Most workplaces
are understaffed, the demands on the performance of
radiologists are increasing in terms of both the absolute
number of examinations evaluated and the relative
number of examinations with the increasing complexity
of the conditions evaluated and the increasingly complex
radiological technique. The demands on the professional
knowledge and skills of radiologists are increasing. This,
together with the radiologist’s increasing legal liability in
today’s evidence based medicine, contributes to radiologists
being one of the medical specialties most frequently affected
by burnout ranking 7th out of 26 specialties.2 In such a
situation, a program capable of efficiently analysing at
least some of the pathological features on a very frequently
indicated examination which chest X ray certainly is would
significantly relieve the burden on radiologists, speed up the
diagnostic process, and would also be of economic benef it to
healthcare facilities.
Lunit INSIGHT CXR 3 ver. 3.0.0.1 is an analytical
algorithm, built as a deep neural network, and is commonly
referred to an artificial intelligence (hereafter AI algorithm).
The Lunit AI algorithm is designed to detect some specific
pathological findings in a chest X ray. Specifically,
the AI algorithm recognizes atelectasis, calcifications,
cardiomegaly, consolidation, fibrosis, mediastinal widening,
pulmonary nodules, pleural effusion, pneumoperitoneum,

METHOD
Among the patients who underwent lung X ray at the
National Institute for Cardiovascular Diseases between
October and December 2020, a group of 560 patients were
examined on a Fujifilm FDR Nano mobile X ray machine,
in which the EIPK module with the Lunit insight CXR3 AI
algorithm was installed.
The group included inpatients and outpatients. The analysed
group of patients was evaluated by two experienced
radiologists who independently assessed the presence or
absence of the same abnormal findings that could also be
analysed by the AI algorithm. The recorded opinions of
the radiologists were compared, and examinations with
discordant opinions were reassessed. If no consensus was
reached even on reassessment, the examination was excluded
from the group. At the same time, the evaluation by the
AI algorithm was recorded. The results were statistically
processed; for each of the ten pathological findings
evaluated, the positive and negative predictive value,
sensitivity and specificity were calculated. The consensus
of the radiologists was determined as a true reality “ground
truth”. To assess the agreement between the opinion of AI
algorithm and consensus of radiologists, the kappa coefficient
was calculated for each evaluated pathology.
The AI conclusions were not taken into account in patient
management, even though the algorithm tested in the study
has the European CE marking, i.e. it is registered as a group
I medical device (= it has been tested and meets EU legal
requirements).

Langlotz, C.P. Will Artificial Intelligence Replace Radiologists? Radiology: Artificial Intelligence. Volume 1:Number 3 2019.
Moskowitz, P. S. Gathering Storm Clouds Suggest the Need for a Culture Change in Radiology: radiologist centered Imaging , Radiology 2015, 276:37:
3
Wu, J. T. et al. Comparison of Chest Radiograph Interpretations by Artificial Intelligence Algorithm vs Radiology Residents , JAMANetwork Open, 2020;
3(10).
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RESULTS
Statistical results for individual pathological findings are shown in Table 1.

Table 1.

At first glance, the results are very heterogeneous, but
on closer examination, the pathologies evaluated can be
classified into two groups , according to their prevalence
in the evaluated population. Some pathologies were
underrepresented in our set of examinations. Unsurprisingly,
in patients treated and hospitalized in a department
specialized in cardiovascular diseases, there were very few
X ray examinations with findings of pneumoperitoneum,
pneumothorax, pulmonary fibrosis, pulmonary nodules,
and calcifications in the lung parenchyma. We classify
these pathological findings into the first group with a
low prevalence in the studied set of examinations, 0-18
of a total of 560 examinations. Pulmonary nodules and
foci occurred in only 7 our patients. The AI algorithm

incorrectly identified nodules 56 times; in fact, they were
encapsulated fluid, superposition of bony and cutaneous form
ations, collapsed lung lobes. However, if the patients had
pulmonary nodules, the AI algorithm was able to identify
them with a probability equal to certainty the sensitivity is
1.0. Calcifications within the extent of the lung parenchyma
were not detected even once in our patient cohort. The ability
of the AI algorithm to find calcifications should ensure, in
particular, the identification of changes after TB infection,
which is undoubtedly important in countries where this
disease is widespread. Fibrosis was identified 30 times by
the AI algorithm, of which 23 cases were incorrect. The most
common cause of false positive fibrosis was a ventilator tube
summed up into the pulmonary apices (Fig. 1)

Figure 1.
In the left pulmonary
apex, the AI algorithm
diagnosed fibrosis but in
fact the ventilator tube
was summed up
into the area, i.e. this
is not a pathological
finding.
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Although pneumoperitoneum is not a rare finding in our
patients, it did not occur once in the large analysed set.
Moreover, pneumope ritoneum was incorrectly identified in
25 cases, in 20 patients with an inserted chest drain (fig. 2),
in the remaining cases it was an accumulation of gas in the
digestive tract.

Figure 2
Chest drain inserted into the right pleural cavity; the AI a lgorithm incorrectly identified the finding as pneumoperitoneum.

Pneumothorax Pneumothorax was identified 36 times by
the AI algorithm, but agreement with control was achieved
in less than half of the cases. Pneumothorax was identified 4
times as a false negative. False positive findings were caused
by the superimposition of ECG leads and ventilator tubes as
well as subcutaneous emphysema. The negative predictive
value for pneumothorax was high 0.99.
In the first group, there was generally low positive
predictive value, which suggests poor ability of AI algorithm
to identify patological findings from this group. However
these results may not indicate poor performance of the AI
algorithm; they rather correspond to the under representation
of the studied pathologies in our set of examinations.
Additionally, high negative predictive values proves ability of
AI to properly identify negative examinations.
In the second group, we included pathological findings
that had a prevalence of more than 115, including atelectasis
and consolidations, pleural effusions, mediastinal widening
and cardiomegaly. Atelectases and consolidations were
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relatively frequent in our patient cohort; for atelectases, the
sensitivity and specificity of the AI algorithm was 0.86 and
0.84, respectively; for consolidations, the sensitivity and
specificity was 0.92 and 0.74, respectively. Similar to other
pathological findings, the AI algorithm was able to exclude
these pathological units with a high degree of certainty; the
negative predictive value for atelectasis and consolidation
was 0.94 and 0.97, respectively. In our examinations, both
atelectasis and consolidations were frequently mistaken for
vascular marking or fluid, and the positive predictive value
for the determination of atelectasis and consolidations was
0.67 and 0.48, respectively.
Pathological findings on chest X ray which are usually
seen in patients with cardiovascular diseases, i.e. pleural
effusions , mediastinal widening and cardiomegaly,
were unsurprisingly very common in our pat ient cohort.
The AI algorithm was able to diagnose them with a high
degree of certainty, the positive predictive value for
cardiomegaly, mediastinal widening and pleural effusion
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was 0.97, 0.95 and 0.84, respectively. The sensitivity and
specificity for cardiomegaly were 0.97 and 0.82, respectively.
The sensitivity and specificity for mediastinal widening were
0.84 and 0.93, respectively. The sensitivity and specificity for
detection of pleural effusions were 0.85 and 0.9, respectively.
The kappa coefficient was 0.74 for pleural effusion, 0.78 for
cardiomegaly, and 0.74 for mediastinal widening. This can
be interpreted as a very good agreement of the AI algorithm’s
opinion with ground truth.
The morbidity of the patients examined at the NÚSCH is
evidenced by the fact that only 16 examinations in our series
had a chest X ray completely free of pathological findings.
In all patients with a normal chest X ray, the consensus of
opinion of the radiologists and the AI algorithm was absolute.

cardiomegaly show that artificial intelligence in radiology
is something to be reckoned with in the future. The lack of
“radiological specificity” in the assessment for example, the
fact that the relative enlargement of the shadow of the heart
in insufficient inspiration as well as cor bovinum in chronic
heart failure were referred as cardiomegaly can be considered
as a significant shortcoming of the AI system. Moreover, in
415 cases, we considered the evaluation of the X ray by the
AI algorithm to be insufficient for the referring clinician in
the sense that it required further explanation. These facts
suggest that AI systems in radiology should not yet work
independently and have responsibility for patient diagnosis.
In contrast, both the absolute agreement of the AI algorithm
and the consensus of radiologists for negative examinations
and the high negative predictive values of all pathologic al
findings observed suggest the successful use of the Lunit
AI algorithm in workplaces where a lower prevalence of
abnormal findings is expected. We consider the speed of
evaluation approximately 20 seconds as well as the financial
advantage of the AI solution tested in this study to be a huge
advantage compared to the current evaluation by radiologists.

DISCUSSION
Using the consensus opinion of radiologists as a control
value may seem insufficiently objective, but it is a frequently
used approach, especially when evaluating the performance
of AI in radiology applications. 4 When promoting the
sensitivity of the AI algorithm’s evaluation of an X ray
image, the software manufacturer states that the software
considers absolute grayscale and thus can identify things
that even the radiologist cannot perceive. We minimized
this theoretical handicap by ensuring that positive findings
were analysed and evaluated in detail using follow up X
rays, complemented by CT scans or by correlating them with
both clinical findings and the patient’s epicrisis in which the
underlying diagnosis was known in the vast majority of cases
since the patients were hospitalized in an end-type healthcare
institution.
In our cohort, there were many patients with complex X ray
findings, which are a great challenge for radiologists and,
as it turned out, also for the AI algorithm. This may be the
reason for the relatively lower efficiency of the AI algorithm
in our dataset, compared to other published studies.5 The
electrode wires, drains and tubes that most of the patients
hospitalized postoperatively or with a need for intensive care
had in turn caused a pr oblem for the AI algorithm and, thus,
it did not achieve the efficiency required for a reliable test
in identifying pulmonary fibrosis, pneumoperitoneum and
pneumothorax. In assessing consolidations, the AI algorithm
had difficulty in distinguishing them f rom atypical vascular
structures and from fluid in the pleural spaces. Decision
making in this area was often problematic but if there was a
consensus of opinion between the radiologists, the AI opinion
was assessed as a false positive finding.
The excellent statistical results of the AI algorithm in the
identification of pleural effusions, mediastinal widening and

CONCLUSION
Pathological findings on chest X ray, that are frequently
encountered in patients with cardiovascular diseases
enlargement of the shadow of the heart, mediastinal widening
and pleural effusion were recognized by the AI algorithm
in our study with a high success rate. The agreement of
the AI algorithm’s opinion with the ground truth was very
high. Some peculiarities of our workplace, which were
manifested by more frequent presence of summation of parts
of medical devices into X ray images, resulted in a decrease
in the effectiveness of the AI algorithm in recognizing
pneumoperitoneum, pneumothorax, and pulmonary fibrosis.
Pulmonary calcifications, nodules and foci had a very low
prevalence in our cohort and the test has
insufficient indicative value in their case.
The high probability of a correctly assessed negative finding
by the AI algorithm, the very fast analysis and the relative
unavailability of radiologists suggest the use of the Lunit AI
system in diagnostic workplaces or facilities where a lower
incidence of pathological findings is expected. The ability
of the AI algorithm to correctly determine that an analysed
chest X ray is free of significant pathology can be relied upon
with a high degree of confidence. At the same time, this study
confirms the suitability of using this AI also for the needs of
the proposed system to analyse and evaluate automated X
ray image diagnosis data for the project of the international
scientific research task STATE OF EMERGENCY CRISIS

P reetham, P. et al. Can artificial Intelligence Reliably Report Chest X Rays? online ReaserchGateNet:
Wu, J. T. et al. Comparison of Chest Radiograph Interpretations by Artificial Intelligence Algorithm vs Radiology Residents , JAMANetwork Open, 2020;
3(10).
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MANAGEMENT IN SOCIETY.
Artificial intelligence has become a concept that evokes both
the pinnacle of information technology but also suggests
a change in the approach of both doctors and people in
general a kind of resignation to solving complex problems
and handing over responsibility elsewhere. A passive
approach by radiologists to the advent of AI would mean
disruptive changes to the entire field. It will the refore be up
to us, radiologists, to closely monitor the development and
deployment of AI, actively influence it and, if necessary,
point out its shortcomings but also highlight its strengths. In
this way, a virtual competitor will become a valuable helper.
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