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The interpretation of pulmonary function tests can be easily automated, but whether artificial
intelligence is warranted for diagnosis remains open to debate, even if this aid seems already available
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The interpretation of pulmonary function tests (PFTs) is an everyday task for every pulmonologist. This
interpretation relies on simple rules that were standardised in 2005 by the American Thoracic Society
(ATS)/European Respiratory Society (ERS) task force [1]. This task force pointed out that the definition of
abnormal patterns (obstructive, restrictive, and mixed defects) would logically be based on a statistical
approach; namely, an obstructive defect is a forced expiratory volume in 1 s (FEV1)/vital capacity (VC)
ratio <5th percentile (or a z-score of FEV1 <−1.645) and a restrictive defect is a total lung capacity (TLC)
<5th percentile (or a z-score of TLC <−1.645). It must be emphasised that hyperinflation was not defined
by the task force, probably due to the difficulty in reaching a common definition for both static and
dynamic hyperinflations. Computers can easily make these functional diagnoses based on the availability
of z-scores, but one may wonder if it is necessary given the simple rules of interpretation. Thus, almost
100% of pulmonologists would give a correct PFT interpretation, at least in university centres that are
responsible for medical student teaching. However, it must be pointed out that a FEV1/VC ratio <5th
percentile is not necessarily abnormal; it is only atypical because 5% of the normal subjects exhibit this
atypical feature. It is up to the physician interpreting the functional exploration to provide this kind of
nuance depending on the clinical context. These interpretation difficulties have previously been discussed
by some authors [2].

To arrive at a disease diagnosis, the results of PFTs are combined with patient information, symptoms
and, often, the results of other tests. A Belgian study demonstrated that expert panels could reach 77%
accuracy when predicting the diagnosis based on PFTs and clinical history alone [3]. Interestingly, in the
latter study, the authors also demonstrated the added value of spirometry of airway resistance, static lung
volumes, and diffusing capacity of the lung for carbon monoxide measurements to obtain the final
diagnosis of patients with respiratory symptoms [3]. It stresses that experts were able to distinguish subtle
abnormalities or combinations of abnormalities that are probably poorly described by the simplified
algorithm of assessing lung function in clinical practice given by the ATS/ERS task force [1]. This issue is
an avenue for artificial intelligence. The success of deep learning has been shown mainly in problems with
inputs of image data, as shown in medical image analysis, speech recognition and board game playing. In
pulmonary medicine, artificial intelligence has been used to diagnose respiratory sounds, which may be
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useful given the large interobserver variability of auscultation diagnosis [4, 5]. More recently, in the same
Belgian pulmonary function study, investigators showed that while the ATS/ERS algorithm resulted in a
correct diagnostic label in 38% of their 968 subjects, an unbiased machine learning framework integrating
lung function with clinical variables improved the general accuracy to 68% [6]. Nevertheless, deep learning
lacks explanatory power; deep neural networks cannot explain how a diagnosis is reached and the features
enabling discrimination are not easily identifiable [7]. Replacing the doctor with an intelligent medical
robot is a recurring theme in science fiction; whether it adds value in the interpretation of PFTs remains
open to debate.

The study by TOPALOVIC et al. [8], reported in a recent issue of the European Respiratory Journal,
demonstrates that their artificial intelligence-based software perfectly matched the PFT pattern
interpretations (100%) and assigned a correct diagnosis in 82% of all cases, while pattern recognition of
PFTs by pulmonologists matched the guidelines in 74.4% of the cases and correct diagnoses were made in
44.6% of the cases.

The first issue deals with PFT pattern interpretation. There is no need for artificial intelligence to ensure a
100% pattern recognition that is based on a simple algorithm. More surprisingly, pulmonologists were not
able to reach such a success rate, even in university centres. It stresses that a lot of the pulmonologists do
not apply the 2005 ATS/ERS recommendations, which is in accordance with their inability to apply other
guidelines [9–11]. Overall, it may be an argument to support the use of the artificial intelligence system
that knows that a FEV1/FVC z-score <−1.64 is obstructive and a TLC z-score <−1.64 is restrictive. When
looking more precisely at the results of this study, the authors show that out of the misclassified normal
patterns falsely labelled as an obstructive pattern, 76% were related to four cases having an FEV1/FVC
ratio just above the normal limits but still below the 0.70 fixed cut-off for positive labelling. It emphasises
that the arbitrary definition of chronic obstructive pulmonary disease (FEV1/FVC <0.70 after
bronchodilation) proposed by the Global Initiative for Chronic Obstructive Lung Disease consensus is a
source of confusion for many pulmonologists, which may seem expected. The study also demonstrates that
the identification of a restrictive pattern was a more difficult task, which emphasises that the 2005
definition is not used by most pulmonologists. So, a software analysis may be warranted because it may
seem unrealistic to assume that the rules of PFT interpretation will be correctly applied by 100% of the
pulmonologists. Another complementary approach to improve compliance is by regularly disseminating
information about these “new” rules through relevant journals [12, 13].

Finally, it should be interesting to assess whether the interpretation given by the software is correct in
classical traps of PFTs such as the small airway obstructive pattern. This pattern, as emphasised by the
ATS/ERS task force, is defined by a concomitant decrease (z-scores <−1.645) in FEV1 and VC with a
normal FEV1/VC ratio (z-score ⩾1.645) while static lung volumes, measured by plethysmography, are
normal or even increased (z-scores >+1.645) [1]. Again, computers will be able to make this diagnosis
based on z-scores, which is not uncommon in a PFT unit [14], and that is another argument to support
additional software analysis for more difficult diagnoses. Moreover, software analysis might further
standardise the classification of defect severities according to the ATS/ERS recommendations [1], which
was not investigated in the study by TOPALOVIC et al. [8]. One may hypothesise that pulmonologists do not
comply with the recommended classification of these defect severities.

The second issue deals with the clinical diagnosis; the artificial intelligence-based software assigned a
correct diagnosis in 82% of all cases, which is the rate previously obtained by experts in Belgium [3], as
compared to a ∼45% success rate for pulmonologists in this study. Nevertheless, as stated by the authors
“the further usefulness of the artificial intelligence software will be demonstrated if it decreases the time to
final diagnosis, reduces the number of tests needed for a final diagnosis and, if by standardising PFT
interpretation, a number of misdiagnoses can be avoided.” Like everyone, I wondered what this artificial
intelligence software would bring me in my daily practice, knowing that most of the time, I practice PFTs
in the framework of pathologies already identified and so they are rarely diagnostic. In addition, the
diagnostic problem in pulmonary medicine rarely arises in the face of PFT results alone since other tests
are often required for the final diagnosis.

Over the past decade, machine learning techniques have made substantial advances in many domains.
There have been suggestions that machine learning will drive changes in healthcare within a few years,
specifically in medical disciplines that require more accurate prognostic models and those based on pattern
recognition, such as radiology and pathology. Nevertheless, a major issue related to the incorporation of
artificial intelligence aids in medicine could be the overreliance on the capabilities of automation.
Although the phenomenon of overreliance on technology could be tempting to users in the short term for
the convenience and efficiency of automated aids, in the long term these tools can lead to the related
phenomenon of de-skilling. When some or all components of a task are partly automated then there is a
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consequent reduction in the level of skills required to complete the task, and this may lead to serious
disruptions of performance or inefficiencies whenever the technology fails or breaks down.

As a consequence, is pattern recognition by software useful? I would respond yes, because of the inability
of all pulmonologists to learn the rules of interpretation. However, is clinical diagnosis aided by artificial
intelligence warranted? I would respond that making a diagnosis after a single set of PFTs is not the main
issue. Certainly, artificial intelligence will perform better than pulmonologists in suggesting a diagnosis,
but its ability to reach the final diagnosis more rapidly or more efficiently remains to be demonstrated.

At this time, artificial intelligence commands a certain level of fascination in the medical world; there is
no medical field that seems to escape it. In the field of pulmonary medicine, the future challenge for
artificial intelligence is to answer complex clinical questions that are real healthcare issues.
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