ChinaRxiv [$X]

AT translation - View original & related papers at
chinarxiv.org/items/chinaxiv-202308.00197

Research Advances on Chest CT Features in Pop-
ulations with Preserved Ratio Impaired Spirom-
etry: Postprint

Authors: Jinhai Huang, Li Yun, Gao Yi, Gao Yi
Date: 2023-08-17T00:00:00+00:00

Abstract

Preserved ratio impaired spirometry (PRISm) is a common pulmonary function
disorder considered a pre-chronic obstructive pulmonary disease stage that has
attracted considerable academic attention in recent years. Although researchers
have reviewed the etiology, epidemiology, and risk factors of the PRISm pop-
ulation, a comprehensive review of chest CT imaging findings remains lacking.
To achieve a deeper and more comprehensive understanding of this population,
this article summarizes the chest CT imaging characteristics of individuals with
PRISm, encompassing both visual and quantitative assessment methods to eval-
uate changes in airway, lung parenchymal, and vascular features. This article
demonstrates that CT imaging features based solely on visual assessment have
limited reference value in the PRISm population, while quantitative chest CT
assessment combined with pulmonary function test metrics facilitates a deeper
understanding of pulmonary structural characteristics in PRISm. We recom-
mend future systematic investigations, such as prospective, large-scale, multi-
center cohort studies, to further elucidate the chest imaging features of the
PRISm population.
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Abstract

Preserved Ratio Impaired Spirometry (PRISm) is a common pulmonary
functional impairment considered a pre-chronic obstructive pulmonary dis-
ease (COPD) stage that has received increased attention from the academic
community in recent years. Despite comprehensive reviews of the etiology,
epidemiology, and risk factors of the PRISm population, a systematic review
of chest CT imaging is lacking. To gain a more comprehensive understanding
of this population, this article summarizes the chest CT imaging features of
the PRISm population using both visual and quantitative assessment methods,
including characteristic changes of airways, lung parenchyma, and vessels. The
article indicates that the reference value of visual assessment of chest CT
results for the PRISm population is limited, while quantitative assessment
of chest CT combined with pulmonary function testing is advantageous for
gaining a deeper understanding of the lung structural features of the PRISm
population. Future studies should employ a more systematic approach through
prospective, large-sample, multi-center cohort studies to elucidate the chest
imaging characteristics of the PRISm population.
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1. Introduction

In 2021, the European Respiratory Society (ERS) and American Thoracic Soci-
ety (ATS) jointly released an updated technical standard for interpreting routine
lung function tests, defining “nonspecific ventilatory impairment” as reduced
forced vital capacity (FVC) and/or forced expiratory volume in 1 second (FEV1)
with a normal FEV1/FVC ratio and normal total lung capacity (TLC). In smok-
ers where TLC cannot be measured, this condition is defined as preserved ratio
impaired spirometry (PRISm) [1]. Although the PRISm population does not
meet the Global Initiative for Chronic Obstructive Lung Disease (GOLD) di-
agnostic criteria for COPD, previous studies have found that this population
exhibits significantly higher incidence and all-cause mortality rates compared
to individuals with normal lung function [2-5]. Consequently, this group has
attracted widespread attention in the academic community.

Currently, large-scale cohort studies on the PRISm population are limited in
China. However, domestic scholars have provided detailed elaborations on the
characteristics of this population, including epidemiology, prognosis, and out-
comes [2,3,8-10], and have explored the clinical correlations between PRISm
and COPD [11]. As PRISm patients may progress to COPD over time, some
researchers consider it a pre-clinical or early stage of COPD. It is well estab-
lished that computed tomography (CT) can provide additional information on
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lung structural abnormalities in COPD patients [12]. However, existing studies
have not yet summarized the imaging features of chest CT examinations in the
PRISm population. Therefore, this article reviews recent studies on PRISm
retrieved from PubMed, CNKI, and Chinese Medical Journals websites, with a
focus on summarizing the imaging characteristics (primarily chest CT findings)
of this population to provide reference value for in-depth understanding of their
clinical features.

2. Literature Search Strategy

We conducted a literature search in PubMed, China National Knowledge In-
frastructure (CNKI), and Chinese Medical Journals websites using the Chinese
search term “RBLLEZHMINEE” and English search terms “Preserved ratio im-
paired spirometry,”“PRISm,”and “CT.” The search timeframe was from database
inception to May 2023. A total of 353 original articles were retrieved. After
reviewing titles and abstracts, 257 irrelevant articles were initially excluded.
We then conducted a detailed review of 96 articles related to PRISm research,
particularly those involving chest CT examinations. After excluding articles un-
related to the topic and those of poor quality, 40 articles were finally included.
The specific screening process is shown in [Figure 1: see original paper].

3. Current Research Status of the PRISm Population

Large-scale international studies have reported PRISm prevalence rates rang-
ing from 6.74% to 12.50%, as detailed in . The identified risk factors for
PRISm include smoking, heart failure, hypertension, obesity, ischemic heart
disease, dementia, type 2 diabetes, lung cancer, chronic kidney disease, obstruc-
tive sleep apnea syndrome, thyroid disease, and elevated IgA and IgG levels
[7,13-18]. Through principal component analysis and unsupervised clustering
analysis of clinical indicators, PRISm populations can be classified into three
clinical subtypes: COPD-like (elevated FEV1 with lung texture changes similar
to COPD), restrictive (simultaneous reduction in emphysema, air trapping, and
total lung capacity), and hypermetabolic (higher rates of diabetes and comor-
bidities). Over time, lung function in PRISm populations may transition to
normal, preserved, or airflow-limited status [10,19]. Since PRISm may encom-
pass different subgroups, relying solely on pulmonary function testing may be
insufficient for in-depth research, whereas chest CT imaging can better identify
structural changes in lung tissue. Therefore, comprehensive chest CT imaging
can provide additional quantitative information for assessing pulmonary health
status in PRISm populations.

4. Chest CT Assessment Methods

A substantial proportion of smokers with respiratory symptoms and imaging ab-
normalities do not exhibit airflow limitation as defined for normal populations.
Given these individuals’ significant risks of mortality and disease progression,
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some scholars have suggested integrating environmental exposure, clinical symp-
toms, CT imaging, and spirometric criteria for comprehensive COPD diagnosis
[20]. PRISm may represent a subclinical or early stage of COPD, though no
unified standard currently exists for evaluating chest imaging manifestations in
this population. Lynch et al. [21] proposed and elaborated a classification sys-
tem that provides a structured approach for visual and quantitative assessment
of COPD, offering valuable reference for evaluating chest imaging features in
PRISm populations.

Visual assessment content includes emphysema, airway wall thickening, inflam-
matory small airway disease, tracheal abnormalities, interstitial lung abnormal-
ities, pulmonary artery dilation, and bronchiectasis. Quantitative assessment
primarily comprises the following parameters: (1) lung parenchyma parameters,
including emphysema index (EI), air trapping index (ATI), mean lung density
on inspiration (MLD), parametric response mapping (PRM), and percentage of
small airway dysfunction in PRM (PRMfSAD); (2) airway parameters including
wall thickness, wall area, and lumen area; and (3) vascular parameters including
total vascular volume, vessel count, mean vessel diameter, vessel area, and low
attenuation surface area.

Visual assessment relies primarily on physicians’ visual judgment, which is more
subjective, whereas quantitative assessment compares various indicators with
reference values, making it more quantifiable.

5. Visual Assessment Features of Chest CT in PRISm Populations

Current studies on chest CT findings in PRISm populations indicate the pres-
ence of certain airway wall thickening and emphysema manifestations [22], par-
ticularly among smokers. However, the overall rate of normal CT findings
in PRISm populations is roughly equivalent to that in GOLD 0 populations
(52.7% vs. 51%) [2]. Additional studies have shown that among smokers with
PRISm, the prevalence of paraseptal emphysema (PSE) and centrilobular em-
physema (CLE) (44.6% and 46.7%, respectively) is higher than in non-smokers
with PRISm but comparable to smokers with normal lung function, confirming
smoking as a risk factor for PRISm. Compared to smokers with airflow lim-
itation, PRISm populations show significantly lower prevalence rates of PSE
and CLE. Multivariate analysis of these two emphysema types revealed that
among smokers with PRISm, CLE was independently associated with reduced
FVC/TLCCT (indicating air trapping), whereas PSE was not, suggesting that
CLE better reflects air trapping status in smokers with PRISm than PSE [23].

Comparisons among three groups with different CT visual assessment results
—pure airway disease (APD), pure emphysema disease (EPD), and combined
APD-EPD—showed that the APD group was younger and had lower FEV1% [24].
This may be because small airway disease precedes emphysema development
[25]. Inflammation in small airways gradually progresses, leading to airway
constriction and narrowing. Over time, persistent inflammation and constriction
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ultimately result in emphysema. The mortality rate was 26% in the pure APD
group, 21% in the pure EPD group, and 54% in the combined APD-EPD group,
indicating that PRISm populations face the highest risk when small airway
disease and emphysema coexist. Another study demonstrated that compared
to GOLD stages 0-4, PRISm populations with initial emphysema were more
likely to experience progressive emphysema (OR = 5.73; P < 0.01) [26].

Furthermore, Amaza et al. [27] compared physician visual assessment with quan-
titative assessment for diagnosing emphysema on chest CT, finding only 61%
agreement between the two methods (Kappa = 0.22, 0.17-0.28). Compared to
quantitative assessment, visual assessment of CT imaging results showed poorer
diagnostic accuracy, likely because visual assessment relies primarily on physi-
cians’ subjective judgment, which may be influenced by individual radiologists’
experience.

In summary, visual assessment of chest CT provides some auxiliary value for
determining imaging results in PRISm populations, but the reference value of
visual assessment alone is limited.

6. Quantitative Assessment Features of Chest CT in PRISm Popula-
tions

6.1 Airway Features PRISm may represent an early stage of COPD devel-
opment. Before lung parenchymal destruction becomes apparent, small airways
may already exhibit pathological changes [25]. VASILESCU et al. [28] proposed
that PRMfSAD can identify areas of terminal bronchiole injury, narrowing, and
obstruction. Compared to healthy controls, PRISm patients exhibit more severe
small airway dysfunction (SAD) and lower TLCCT [29]. Additionally, one study
found that compared to normal controls, PRISm patients showed increased wall
area percentage in the left upper lobe fifth-generation bronchi [30]. Significant
differences in airway parameters between normal and PRISm groups suggest
that lumen area can also serve as a basis for distinguishing normal individuals
from PRISm patients, while no significant differences were observed between
PRISm and mild-to-moderate COPD groups [31]. Finally, this research team
developed a binary logistic model for predicting COPD severity, incorporating
factors such as smoking, MLD, PRMfSAD, and lumen area. The model demon-
strated good fit and ROC value (0.786) with 82.35% sensitivity and 65.96% speci-
ficity. These studies indicate that airway parameters such as PRMfSAD, wall
area, and lumen area in PRISm groups are similar to those in mild-to-moderate
COPD groups but differ significantly from normal populations, making chest CT
airway parameters more likely to serve as reference indicators for distinguishing
PRISm from normal populations. Future studies should increase sample sizes
and include external validation data to further improve model reliability and
clinical applicability.

6.2 Lung Parenchyma Features Current research on imaging features of
lung parenchyma exceeds that on small airways and pulmonary vessels. Even
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among smokers with a smoking index $ $10 pack-years, only one-third exhibit
abnormal spirometry, while over two-thirds show chest imaging abnormalities
of emphysema or small airway disease [32], suggesting that chest imaging more
directly reflects lung structural changes than pulmonary function tests.

6.2.1 Assessing Lung Parenchyma Changes Through Adjusted Lung
Density (ALD) One study analyzed 5-year changes in quantitative CT mea-
surements during inspiration in COPDGene [33], revealing that adjusted ALD
mean values changed over 5 years in PRISm, GOLD 0, and GOLD 1-4 groups (-
2.26 g/L, -1.67 g/L, and -5.26 g/L, respectively). This indicates that the 5-year
ALD decline in PRISm populations is slightly higher than in normal popula-
tions, suggesting that ALD can reflect parenchymal changes in PRISm to some
extent.

6.2.2 CT Quantitative Indicators Are More Precise Than Spirometric
Results Most quantitative CT parameters show mild to moderate correlation
with pulmonary function parameters [31]. Diagnosis of smoking-related lung
disease based on spirometry or symptoms is often insufficient, whereas CT scan-
ning significantly improves sensitivity and specificity [34]. The SPTIROMICS
cohort study demonstrated that among all PRISm subjects, despite normal
FEV1/FVC ratios, CT-measured residual volume (RVCT) to total lung capac-
ity (TLCCT) ratios (RVCT/TLCCT) varied widely from 21% to 59%. After
2.5 4 0.7 years of follow-up, higher RVCT/TLCCT ratios were associated with
disease progression.

7. Conclusion and Future Directions

In conclusion, visual assessment of chest CT provides limited reference value for
evaluating imaging results in PRISm populations. Quantitative assessment of
chest CT combined with pulmonary function testing offers advantages for un-
derstanding the lung structural features of PRISm populations. Future research
should construct PRISm risk prediction models integrating CT findings, clinical
manifestations, comorbidities, and inflammatory markers to improve sensitivity
and specificity for more accurate assessment of PRISm populations.
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