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Abstract 
With a variety of clinical and pathologic characteristics, 
chronic obstructive pulmonary disease (COPD) is a 
complicated, diverse disorder. Quantitative CT imaging has 
garnered significant attention in recent years due to its 
ability to offer a more accurate and unbiased evaluation of 
COPD. Quantitative imaging characteristics may be used to 
quantify emphysema, small-airway disease, and additional 
illnesses such as pulmonary artery changes, cardiovascular 
disease, cachexia, as well as osteoporosis, which are the 
main components of COPD. A growing body of research 
suggests that these metrics are linked to clinical indicators 
of illness extent, breathing-related symptoms, 
exacerbations of COPD, and death. Although the findings 
are promising, there are still several challenges when 
employing this quantitative method in routine clinical 
practice for the management of COPD patients. This article 
provides an overview of the present technological state of 
quantitative CT evaluation, with a focus on its health effects 
and limits. In addition, we explore current obstacles and the 
prospective future use of quantitative CT scans in evaluating 
COPD . 
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Introduction  

Chronic obstructive pulmonary disease (COPD) is a prevalent 
condition that may be prevented and treated. It is 
characterized by a persistent restriction of airflow, which often 
worsens over time. This condition is linked to increased chronic 
inflammation in the airways and lungs (1). Chronic Obstructive 
Pulmonary Disease (COPD) is a significant contributor to illness 
and death in the general population. According to the World 
Health Organization (WHO), it is projected to become the third 
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most common cause of death globally. It is a diverse and 
intricate disorder, exhibiting a broad range of clinical and 
pathologic features. While pulmonary function test (PFT) 
measurements are routinely used for the diagnosis and 
categorization of COPD severity, they are unable to adequately 
include the many pathophysiologic abnormalities that exist in 
COPD. In addition, the Pulmonary Function Test (PFT) is often 
not very sensitive to detecting early stages and subtle changes 
in Chronic Obstructive Pulmonary Disease (COPD), prior to 
observable alterations in functional parameters (2,3). In 
addition, individuals who have identical pulmonary function 
test (PFT) scores may have entirely distinct clinical and 
radiological characteristics. 

In the era of precision medicine, a more detailed 
comprehension of how clinical diseases present and their 
connection with the internal development of diseases will have 
important consequences for disease treatment and our 
knowledge of the disease process. The most often used 
imaging technique for examining the chest is CT scan, which is 
less invasive and offers valuable insights into the structural and 
underlying pathophysiological alterations in patients with 
COPD. CT scans enable the direct examination of the physical 
features and spatial distribution of emphysema and small 
airway disease, which are the primary components of COPD, 
inside a living organism. Nevertheless, the conventional 
approach of qualitative visual CT evaluation, which has been 
widely used to extract information from CT scans, is susceptible 
to inconsistencies across different readers and sometimes 
even within the same reader. This hampers its use in many 
clinical and experimental contexts (4). Consequently, there has 
been a substantial increase in the need for more unbiased CT-
based measurements in the last ten years.  

The recent advancements in quantitative CT imaging 
technologies have generated significant attention in this 
context. These approaches have the capability to provide more 
accurate and consistent assessments of the severity and 
distribution of emphysema and airway illness (5). In the first 
stages, the focus of research on the measurement of CT in 
COPD was mostly on quantifying emphysema. Recently, there 
has been a rise in papers focusing on the airway aspect of 
COPD. These articles may be categorized into two groups: 
direct measurements of airway parameters and quantification 
of air trapping, which is the functional expression of small 
airway illness. This review provides a concise overview of past 
research on the measurement of Chronic Obstructive 
Pulmonary Disease (COPD), emphasizes the present principles, 
and explores the future trajectory of quantified CT imaging . 

Measurement of Emphysema 
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Pulmonary emphysema is a significant characteristic of chronic 
obstructive pulmonary disease (COPD), characterized by 
abnormal and permanent enlargement of air gaps and damage 
to the walls of the airways beyond the terminal bronchioles. 
Emphysema is characterized by a higher amount of air in the 
lungs compared to normal lung tissue, resulting in an area with 
reduced CT attenuation, indicated by lower Hounsfield units 
(HU). The density mask approach, first published in 1988, 
measures emphysema by computing the voxels that have a 
lower value than a certain Hounsfield Unit (HU) threshold. 
These voxel regions are referred to as low attenuation areas 
(LAA) (6). The Hounsfield Unit (HU) threshold of -910 was first 
suggested in 1988, and subsequent studies have examined 
alternative threshold values. In 2006, Madani et al. (7) shown 
that the best Hounsfield Unit (HU) threshold for macroscopic 
and microscopic pathologic correlations is either -960 HU or -
970 HU. However, the use of higher threshold values increases 
the sensitivity to image noise. Therefore, the threshold value 
of -950 HU is widely accepted as it provides a balance between 
sensitivity and noise. The percentage area of lung with a 
density less than -950 HU, known as the emphysema index or 
%LAA-950, is commonly used to estimate the emphysema 
component in patients with chronic obstructive pulmonary 
disease (COPD).  

A different method, using the frequency histogram of 
lung attenuation, computes the lung parenchymal Hounsfield 
Units (HU) at a certain percentile on the histogram. The 
number referred to as the "percentile index" has been 
validated using pathologic specimens, and it has been 
determined that the ideal threshold is the first percentile (7). 
However, due to concerns about the occurrence of more visual 
distortions and noise at the first percentile level, the 15th 
percentile threshold is often used (8, 10). The percentile index 
is considered to be more resilient in assessing longitudinal 
fluctuations in emphysema and is less affected by changes in 
lung volume (8, 11) . 

A fundamental constraint of CT histogram measuring 
methods is their failure to include the diverse patterns of 
distribution, size, or clusters of emphysema, which may 
significantly impact the assessment of a patient with COPD. 
Given that emphysema is a disease that affects specific regions, 
it is crucial to identify the anatomical zones where emphysema 
is present, rather than just measuring the overall extent of 
emphysematous involvement. Presently, the majority of 
quantitative CT techniques have the capability to partition 
each lung into distinct anatomical regions, enabling the 
computation of ratios that measure the degree of emphysema 
in various lung zones. Additionally, newer techniques allow for 
the division of lobes to accurately measure the volumes of each 
lobe and objectively assess the amount of emphysema. In 
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order to measure the extent of emphysematous changes in the 
lung tissue, researchers have employed a method called low 
attenuation cluster analysis. This involves determining the 
power-law exponents of emphysema holes, which indicates 
how emphysema areas are grouped together to form clusters 
of varying sizes. The power-law exponents provide information 
about the distribution of emphysema and the degree of 
clustering. Previous studies have utilized this approach to 
assess the local size of lung parenchyma affected by 
emphysema (12, 13, 14) . 

The quantification of emphysema is a very 
straightforward process. Studies have shown that quantitative 
CT measurements are more closely related to macroscopic 
measurements of emphysema than visual CT assessments (15). 
Density-based emphysema assessment has shown higher 
accuracy in detecting the deterioration of emphysema in 
patients with α1-antitrypsin deficiency. As a result, it has been 
widely acknowledged as an effective diagnostic tool for 
identifying the course of the illness (16). The CT density mask 
approach was determined to be correlated with COPD 
mortality and is considered a more powerful prediction factor 
for cardiac and respiratory mortality compared to the global 
initiative for chronic obstructive lung disease (GOLD) staging 
(17, 18). Patients who had higher quantitative markers of 
emphysema had a faster deterioration in pulmonary function 
test (PFT) characteristics (19). In addition, quantitative 
measures of emphysema have been shown to be associated 
with frequent exacerbation and more severe clinical outcomes 
resulting from exacerbation episodes (20, 21, 22).  

After considering the heterogeneity of emphysema 
measured using quantitative CT, it was found that emphysema 
in the basal region of the lung is linked to a more significant 
decrease in forced expiratory volume in 1 second (FEV1). 
Emphysema in central areas of the lung has a stronger 
association with airflow limitation compared to emphysema in 
the outer regions of the lung (23, 24). According to a study, 
there was a correlation between the assessed heterogeneity of 
emphysema distribution and a reduction in FEV1 and 
FEV1/forced vital capacity (FVC) (25). When comparing the 
%LAA-950 value derived from the whole lung, measurements 
based on histograms of distinct emphysema patterns were 
shown to be more accurate in predicting PFT findings, severity 
of dyspnea, and quality of life (26). Furthermore, the 
therapeutic significance of the geographical distribution of 
emphysema has been shown in the selection of ideal 
candidates for lung volume reduction surgery (27) . 

Measurement of Airway Disease 
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Airway remodeling, namely in the small airways, is a crucial 
element in chronic obstructive pulmonary disease (COPD) and 
is recognized as the primary cause of restricted airflow. A tiny 
airway is characterized by an interior diameter less than 2 mm. 
However, due to the poor spatial resolution of modern CT 
scanners, accurately measuring the size of small airways has 
proved to be very difficult. Present quantitative CT methods 
enable the creation of three-dimensional models of the 
airways and accurate non-invasive assessment of segmental 
and sub-segmental airways, which are considered "large 
airways". Nevertheless, a prior study shown that alterations in 
the larger airways are indicative of changes in the smaller 
airways upon pathological analysis, and the quantified 
computed tomography (CT) characteristics of the larger 
airways were found to be associated with pulmonary function 
test (PFT) outcomes (28). Furthermore, the CT characteristics 
assessed in the more distant airways had more robust 
relationships with spirometry, as shown by a study (29). Hence, 
it might be beneficial to get quantified airway parameters from 
detectable big airways on CT scans of individuals with COPD . 

Challenges and Prospects for the Future 

While the quantitative analysis of CT scans has shown 
promising outcomes, further research is necessary to include 
quantitative CT characteristics as imaging biomarkers that may 
be effectively used in the management of COPD patients. 
Initially, it is necessary to standardize, optimize, and simplify 
the procedures used to quantify the different components of 
COPD. While some approaches have shown strong associations 
with physiological or clinical characteristics, there is still no 
agreement or universally accepted method for accurately 
measuring each component of COPD. Moreover, quantitative 
metrics obtained from CT scans might be affected by several 
circumstances, such as patient weight, sufficiency of 
inspiration, CT manufacturer, and calibration. Efficiently 
optimizing CT methods and implementing quality control in 
image capture are crucial for conducting large-scale 
multicenter/multinational studies and facilitating comparisons 
of outcomes across diverse participants. Furthermore, it is 
crucial to decrease the time and effort needed for quantitative 
evaluation, including post-processing operations, by 
automating the procedures. This would enhance their clinical 
accessibility and usefulness. 

The current GOLD approach does not endorse the 
regular use of CT scanning in COPD. It merely suggests that CT 
scanning may be beneficial in ruling out other potential 
diagnoses or when contemplating surgical interventions such 
lung volume reduction surgery. The primary reason for this is 
the limited amount of data indicating that information 
obtained from CT scans may effectively improve treatment 
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regimens, predict treatment response or prognosis, and 
ultimately impact the death rate of patients with COPD. Many 
previous researches have compared quantitative CT 
parameters with basic PFT findings. However, more analyses 
are required to evaluate their correlation with disease 
outcome measures, treatment effects, and other clinically 
important indicators of disease severity.  

Studying the connection between genetic information 
and quantitative imaging measures in COPD might provide 
important insights into the causes of the illness. This is because 
the specific symptoms of COPD can differ based on genetic 
differences. Furthermore, it is necessary to conduct further 
longitudinal cohort studies in order to monitor changes in 
computed tomography (CT) over time and get a precise 
understanding of illness development and how it may be 
accurately measured using quantitative CT imaging. Additional 
research should be conducted to examine the clinically 
significant phenotypes of chronic obstructive pulmonary 
disease (COPD) using quantitative computed tomography (CT) 
methods. This knowledge might have a significant impact on 
COPD trials and the development of drugs, which are currently 
in high demand in the medical field . 

Finally, it is important to enhance quantitative CT 
analysis by using the growing array of modern and current 
technology. Reducing the dosage of radiation in CT scans is 
crucial for long-term research and the increased use of CT in 
clinical settings. This may be achieved by the implementation 
of low dose protocols, noise reduction techniques, and 
advanced image reconstruction algorithms. Dual-energy CT 
technology enables the assessment of lung function and has 
the potential for further use in quantitatively evaluating 
patients with chronic obstructive pulmonary disease (COPD). In 
the age of big data analysis, radiomics is a burgeoning area of 
research that involves extracting high throughput data and 
analyzing a vast array of sophisticated quantitative imaging 
properties, frequently using automated or semi-automated 
methods. While the majority of radiomics studies have mostly 
focused on cancer research, the utilization of radiomics in 
COPD might provide more valuable information. Artificial 
intelligence, including deep learning and machine learning, has 
garnered significant global interest in recent years. Despite 
being a relatively unexplored domain, it has immense promise 
and can be further enhanced by quantitative CT technology . 

Summary 

Quantitative CT imaging is a very promising method for 
accurately evaluating the manifestation of diseases. It has 
already shown correlations with conventional clinical and 
physiological indicators of COPD. Quantitative CT analysis 
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offers accurate measurements of two primary characteristics 
of COPD, namely emphysema and airway disease, as well as 
many additional aspects such as changes in pulmonary vessels, 
atherosclerosis, cachexia, and osteoporosis. These measured 
criteria serve as valuable research tools for comprehending the 
inherent diversity of COPD and aiding in the identification of its 
core etiology. The use of these methods to clinical practice has 
the potential to generate personalized treatment plans and 
enhance disease outcomes in individuals with COPD. 
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