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TO THE EDITOR:

This letter addresses recent research regarding how 
lung parenchymal attenuation influences pulmonary 
nodule volumetry. This topic is relevant to healthcare 
stakeholders and patients undergoing lung cancer 
screening (LCS) programs.

Low-dose chest CT in LCS has been proven to reduce lung 
cancer deaths by 20% compared with chest radiography. (1) 
The Hounsfield unit (HU) threshold between normal 
aerated lung and emphysema varies among authors, but 
a threshold of −950 HU has been commonly accepted.(2)

Healthcare systems worldwide are implementing LCS 
programs using low-dose CT and new software tools for 
lung nodule detection and segmentation, including software 
tools for automated and semi-automated pulmonary 
nodule volumetry. International societies recommend 
the use of such volumetry tools in the assessment of 
incidental pulmonary nodules and their follow-up if they 
are larger than 100 mm3 (Fleischner Society) or 80 mm3 
(British Thoracic Society).(3,4)

From a technical point of view, these tools work by 
performing virtual extraction of the nodule from the 
adjacent lung parenchyma and other structures such as 
bronchial walls and vessels. The so-called “region-growing” 
segmentation algorithm can perform this extraction either 
in a semi-automated (i.e., the operator locates the nodule 
manually) or automated (i.e., the computer system 
automatically identifies and segments the pulmonary 
nodules) manner as in computer-aided detection.

Starting from the initial voxel selected, the algorithm 
tries to identify all the voxels that are contiguous to this 
point and that have a density value similar to that of the 
selected point. The process continues until the nodule 
margin is determined by the abrupt change in density 
values due to the presence of air in the lung adjacent to 
the nodule. There is high contrast between ventilated lung 
parenchymal airspaces close to −950 HU in attenuation 
and a solid pulmonary nodule (above −500 HU).(5)

A vast body of research has been dedicated to identifying 
the technical factors influencing volumetry tools. These 
factors may be related to the CT scanner, acquisition 
parameters (e.g., slice thickness, section overlap, 
kernel, reconstruction algorithm), and software used. 
Other factors are related to the patient or the nodule 
itself (e.g., acquisition in inspiration or expiration, size, 
location, shape, or density).(5)

Little has been researched on the influence of lung 
parenchymal density or lung parenchymal attenuation on 
these artificial intelligence tools, even though pulmonary 
diseases that cause abnormal lung parenchymal density 
are common in chest CT studies. Conditions that cause 
abnormal lung density can be grouped into two groups: 
diseases that cause increased parenchymal attenuation 
(e.g., infection, neoplasms, or interstitial lung disease); 
and diseases that cause decreased parenchymal 
attenuation (e.g., emphysema, cysts, bronchiectasis, 
or honeycombing).

It would be intuitive to consider that diseases that 
cause decreased lung attenuation, such as cysts and 
emphysema, would improve delineation of nodule margins 
when the decreased lung attenuation is adjacent to the 
nodule and would potentially improve the accuracy of 
the volumetry tool and reduce its variability (Figure 1A). 
However, several studies have investigated diseases that 
cause decreased lung attenuation, such as cysts and 
emphysema, as factors influencing lung nodule volumetry, 
and, so far, no consistent effect has been shown.(5,6)

A recent research paper based on a large LCS program 
showed that increased lung attenuation adjacent to 
a nodule is inversely related to the likelihood of good 
segmentation of that same nodule by volumetry tools 
(Figures 1B and 1C).(7) Therefore, we should exercise 
caution in using dedicated lung nodule volumetry tools 
in patients with diseases accompanied by increased 
lung density when nodules are located in affected areas.

Interstitial lung diseases (ILD) feature increased 
parenchymal density and are common in LCS patients. 
Studies concerning LCS programs report ILD in 
approximately 5% to 25% of the patients. The most 
common types of ILD found in LCS patients are smoking-
related ILD, including smoking-related interstitial fibrosis, 
idiopathic pulmonary fibrosis, desquamative interstitial 
pneumonia, and respiratory bronchiolitis ILD.(8)

With this short letter, the authors aim to increase the 
awareness of radiologists and chest physicians regarding 
this recently identified limiting factor of volumetry tools. 
As we move towards early lung cancer detection and the 
worldwide implementation of LCS programs, we believe 
that recognizing the potential pitfalls of volumetry tools 
is essential to deriving the benefits of evidence-based 
healthcare.
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Figure 1. In A, application of a nodule volumetry tool to assess a lung nodule surrounded by pulmonary emphysema 
(red, “oval-shaped” circle). The segmentation and volume calculation are technically correct. In B, the application of 
the same nodule volumetry tool to assess a lung nodule surrounded by subpleural reticulation and fibrosis (arrows) in 
a patient with smoking-related interstitial lung disease under follow-up in a lung cancer screening program showed a 
significant nodule segmentation error. The incorrect segmentation included the subpleural fibrosis and also the chest 
wall. This error was influenced by the increased lung parenchymal density surrounding the nodule (reticulation and 
fibrosis), overestimating the volume of the nodule to be 1.8 cm3, while, in C, the application of a different software 
tool to assess the same nodule correctly estimated its volume to be 0.089 cm3. This corresponds to a 20-fold error in 
the volume calculation.
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