
Fleischner Society Visual Emphysema CT Patterns Help Predict 
Progression of Emphysema in Current and Former Smokers:
Results from the COPDGene Study

Bilal El Kaddouri, MD, Matthew J. Strand, PhD, David Baraghoshi, MStat, Stephen M. 
Humphries, PhD, Jean-Paul Charbonnier, PhD, Eva M. van Rikxoort, PhD, David A. Lynch, 
MB
Department of Radiology, Hôpital Erasme, Université Libre de Bruxelles, Route de Lennik 808, 
1070 Brussels, Belgium (B.E.K.); Division of Biostatistics & Bioinformatics (M.J.S., D.B.) and 
Department of Radiology (S.H., D.A.L.), National Jewish Health, Denver, Colo; and Department of 
Radiology and Nuclear Medicine, Radboud University Medical Center, Nijmegen, the Netherlands 
(J.P.C., E.M.v.R.).

Abstract

Background: The correlation between visual emphysema patterns and subsequent progression of 

disease may provide a way to enrich a study population for treatment trials of emphysema.

Purpose: To evaluate the potential relationship between emphysema visual subtypes and 

progression of emphysema and gas trapping.

Materials and Methods: Current and former smokers with and without chronic obstructive 

pulmonary disease (COPD) enrolled in the prospective Genetic Epidemiology of COPD 

(COPDGene) study (ClinicalTrials.gov identifier: NCT02445183) between 2008 and 2011 had 

their Fleischner Society visual CT scores assessed at baseline, quantitative inspiratory, and 

expiratory CT and at 5 years. They also underwent pulmonary function testing at baseline CT 

and at 5 years. The dependent variables were inspiratory lung density at 15th percentile (adjusted 

for lung volume) as a measure of emphysema and percentage of lung volume with attenuation 

less than −856 HU at expiratory CT as a measure of air trapping. Statistical analysis used a linear 

mixed model, adjusted for age, height, sex, race, smoking status, and scanner make.

Results: A total of 4166 participants (mean age, 60 years ± 9 [standard deviation]; 2091 [50%] 

men) were evaluated. In participants with COPD (1655 participants, 40%), those with visual 

presence of mild, moderate, and confluent emphysema at baseline CT showed a mean decline 

in lung density of 4.6 g/L ± 1.1 (P < .001), 6.7 g/L ± 1.1 (P < .001), and 6.4 g/L ± 1.2 (P 
< .001), respectively, compared with 2.4 g/L ± 1.3 (P < .001) for those with trace emphysema. 

For participants without COPD, those with visual presence of mild and moderate emphysema at 
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baseline CT showed a mean decline in lung density of 3.6 g/L ± 1.0 (P < .001) and 3.1 g/L ± 1.6 

(P < .001), respectively, compared with 1.8 g/L ± 1.0 (P < .001) for those with trace emphysema.

Conclusion: The pattern of parenchymal emphysema at baseline CT was an independent 

predictor of subsequent progression of emphysema in participants who are current or former 

cigarette smokers with and without chronic obstructive pulmonary disease.

Summary

In current and former smokers with and without chronic obstructive pulmonary disease, the 

Fleischner Society visual pattern of emphysema at CT helped predict progression of emphysema 

and gas trapping.

The Global Initiative for Chronic Obstructive Lung Disease (GOLD) defines chronic 

obstructive pulmonary disease (COPD) as a common, preventable, and treatable disease 

characterized by persistent respiratory symptoms and airflow limitation. The COPD 

airflow limitation is physiologically defined by expiratory airflow obstruction with a 

postbronchodilator ratio of forced expiratory volume in 1 second (FEV1) to forced vital 

capacity (FVC) less than 0.7 (1). However, the disease is heterogeneous, with a variety of 

phenotypes demonstrated with CT and pathologic findings, including emphysema, chronic 

bronchitis, and nonemphysematous small airway obstruction (2–4). CT is increasingly used 

in patients with COPD to assess the presence, pattern, and severity of emphysema and 

to identify concomitant diseases—particularly lung cancer. Quantitative CT imaging is 

also used to help quantify the features of COPD, specifically emphysema, air trapping, 

and airway abnormality (5–8). Quantitative CT has also been used to help demonstrate 

the efficacy of treatment for emphysema related to α-1 antitrypsin deficiency and would 

potentially be an important end point in trials of treatment for smoking-related emphysema 

(9). A recent white paper from the Fleischner Society classified the patterns of emphysema 

severity; parenchymal emphysema was classified as trace centrilobular emphysema (CLE), 

mild CLE, moderate CLE, confluent emphysema, or advanced destructive emphysema (10). 

Paraseptal emphysema (PSE) was classified as mild or substantial. Considering that a 

panlobular pattern can be confused with an advanced destructive pattern, the term panlobular 
emphysema is preferably reserved for patients with known α-1 antitrypsin deficiency (10).

Factors associated with progression of quantitative emphysema in patients with COPD 

include current smoking, female sex, and an upper lobe distribution (11,12). To our 

knowledge, no study has assessed the relationship between visually assessed severity of 

emphysema and subsequent progression of emphysema. Also, little is known about the 

factors that influence progression of emphysema and air trapping in cigarette smokers 

without COPD. We hypothesized that the presence of confluent or advanced destructive 

emphysema would be associated with more rapid progression of emphysema and gas 

trapping. The purpose of this study was to evaluate the potential relationship between 

emphysema visual subtypes and progression of emphysema and gas trapping.

Materials and Methods

This cohort study was based on data collected from the Genetic Epidemiology of 

COPD (COPDGene) study (funded by the National Heart, Lung, and Blood Institute, 
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ClinicalTrials.gov identifier: NCT02445183); a longitudinal multicenter investigation mainly 

focused on the genetic epidemiologic characteristics of COPD (13). In 21 centers in the 

United States, 10,192 participants, including smokers and nonsmokers without COPD as 

control participants, were recruited between 2008 and 2011. The research protocol was 

approved by institutional review boards. The study was compliant with the Health Insurance 

Portability and Accountability Act, written informed consent was obtained (13). Data 

generated or analyzed during the study are available from the corresponding author by 

request.

Participants

For our study, we included 4995 participants from the cohort who completed a second visit 

approximately 5 years after the first visit. All participants were either current or former 

smokers with at least 10 pack-years of exposure to smoking and who self-identified as 

either non-Hispanic African American or non-Hispanic White. From the initial group of 

participants, participants were excluded on the basis of the following criteria: (a) missing 

smoking history, (b) smoking status change, (c) no usable pulmonary function test data, 

and (d) more than 180 days between pulmonary function test and CT (Fig 1). As was 

found in a previous study (14), the excluded participants differed from those included in 

the study in a few respects, including younger age, higher proportion of African-American 

participants, and higher proportion of current smokers (Table E1 [online]). However, the 

baseline spirometric parameters and GOLD stage distribution were similar. In this previous 

study, 3171 participants had been previously reported (14). The previous study addressed the 

association between visual emphysema patterns and risk of mortality, whereas in our study, 

we examined the progression of emphysema and air trapping.

Clinical Evaluation

Standardized functional and clinical parameters were collected. Functional parameters were 

assessed with spirometric measurements using a standardized protocol (13). Respiratory 

function was respectively estimated at spirometry with FEV1 and the FEV1/FVC ratio. 

Participants were classified according to the GOLD classification system (1), and 

participants with an unclassified pattern (preserved FEV1/FVC ratio and reduced FEV1 

expressed as a percentage of predicted values) were defined as Preserved Ratio Impaired 

Spirometry (15). In addition, bronchodilator responsiveness and 6-minute walk test results 

using standard techniques were evaluated (16). Data issued from clinical evaluation of each 

participant, including age, height, weight, sex, race, smoking status, evaluation of respiratory 

symptoms (St George Respiratory Questionnaire score) (17), dyspnea score (modified 

Medical Research Council dyspnea score) (18), self-reported history of exacerbations in 

the previous year to enrollment, and symptoms of chronic bronchitis were collected.

Visual Analysis

The method of visual assessment has been previously described (14). In brief, visual 

analyses of emphysema were conducted by four trained research analysts according to the 

Fleischner Society classification system (Fig 2). Each scan was evaluated by two trained 

analysts; discordances between analysts were adjudicated by a thoracic radiologist.
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Quantitative CT Analysis

CT scans were acquired with multidetector CT scanners (11). For this report, we considered 

volumetric CT scans obtained with full inspiration (200 mAs, 120 kVp) and passive 

expiration (50 mAs, 120 kVp). CT settings are detailed in the COPDGene study CT 

protocol (13). The CT images were reconstructed in contiguous submillimeter-thickness 

axial sections using a medium-sharp resolution reconstruction algorithm. We used 3D Slicer 

software (version 4.2; https://www.slicer.org/) to perform a quantitative analysis of extent 

of emphysema. Several previous studies suggested 15th-percentile lung density as a reliable 

index to assess the progression of emphysema at inspiratory CT at total lung capacity 

(19,20). Stoel et al (21) advanced the concept of volume correction of this lung density 

measure for longitudinal evaluation of emphysema. Thus, for our study, emphysema was 

quantified by calculating volume adjusted lung density at the 15th percentile (12,21). It was 

calculated as follows: adjusted lung density = [(Perc15+1000) × (CT lung volume/predicted 

functional total lung capacity)].

Statistical Analysis

κ statistics for the presence of emphysema and weighted κ coefficients for severity levels 

of CLE and PSE were calculated for each pair of analysts to assess interobserver agreement 

(22). The values of κ and weighted κ coefficients can range from +1 (almost perfect 

agreement) to −1, where zero represents the amount of agreement that can be expected 

from random chance (23). Linear mixed models were used to fit adjusted lung density 

and percentage of lung volume with attenuation less than −856 HU as a function of time, 

presence or absence of visual emphysema, their interaction, and the following covariables: 

(a) age, (b) height, (c) sex, (d) race, and (e) smoking status (current smokers or not current 

smokers). Random intercepts were included for study center, scanner model, and participant. 

The random intercept for participants accounted for the two measures within participants. 

Models were stratified according to the Fleischner Society emphysema classification and 

GOLD staging. The analyses were performed with SAS statistical software (version 9.4; 

SAS Institute), and P = .05 was used to determine a statistically significant difference.

Results

Participant Characteristics

Of 4995 participants who completed a second visit approximately 5 years after the first visit, 

829 participants were excluded because of 711 smoking status changes, 102 had no usable 

pulmonary function test data, 14 had intervals of more than 180 days between pulmonary 

function test and CT, and two were missing smoking history (Fig 1). After exclusions, 4166 

participants, including 2091 (50%) men were evaluated. Ages ranged from 39 to 81 years 

(mean age, 60 years ± 9 [standard deviation]), and 3011 (72%) of the participants were 

identified as non-Hispanic White. At baseline, 1778 (43%) participants reported continuous 

smoking, and 1655 (40%) were diagnosed with COPD.
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Interobserver Agreement Values

The interobserver agreement values among the analysts reading in consensus were all good 

to excellent as shown in Table 1. The mean κ and weighted κ values for presence and 

severity of CLE were 0.82 (95% CI: 0.80, 0.84) and 0.76 (95% CI: 0.74, 0.77), respectively. 

The mean κ value for presence of PSE was 0.72 (95% CI: 0.69, 0.75). Discordant readings 

for presence of CLE occurred in 373 of 4166 participants (9%), whereas discordant readings 

for CLE grade occurred in 1386 of 4166 participants (33%). Discordant readings for 

substantial versus absent or mild PSE occurred in 359 of 4166 participants (9%). Discordant 

readings were adjudicated by a thoracic radiologist.

Participants with CLE Patterns

After visual analysis of emphysema patterns, the CLE pattern was found in 2525 of 4166 

participants (61%), and the PSE pattern was found in 1737 participants (42%).

In participants with the CLE pattern, 1583 participants (63%) were graded as trace or mild, 

547 (22%) as moderate, 290 (12%) as confluent, and 105 (4%) as advanced destructive 

(AD) (Table 2). An increase in severity of CLE pattern was associated with older age (from 

59 years [trace] to 66 years [AD], P < .001), lower weight (from 86 kg [trace] to 75 kg 

[AD], P < .001), and a higher proportion of non-Hispanic White participants (from 67% of 

non-Hispanic White participants [trace] to 88% of non-Hispanic White participants [AD], 

P < .001). Those with higher grades of emphysema had a greater smoking history (from 

40 pack-years [trace] to 58 pack-years [AD], P < .001), and a lower prevalence of current 

smokers (from 52% of current smokers [trace] to 11% of current smokers [AD], P < .001) 

have also been observed in high grades of emphysema (Table 3).

Participants with PSE Pattern

In participants with the PSE pattern, 1010 participants (58%) were graded as mild, and 

727 participants (42%) were graded as substantial (Table 3). Visual presence of PSE was 

related to a lower proportion of non-Hispanic White participants (77% of non-Hispanic 

White participants [absent], 65% of non-Hispanic White participants [trace], and 66% of 

non-Hispanic White participants[substantial], P < .001) and more persistent current smokers 

(34% of current smokers [absent], 54% of current smokers [trace], and 53% of current 

smokers [substantial], P < .001) with a higher smoking history (39.1 pack-years [absent], 

45.2 pack-years [trace], and 49.3 pack-years [substantial], P < .001). Greater severity of 

visual PSE pattern was more likely related to lower weight (85 kg [trace] and 81 kg 

[substantial], P < .001) and male sex (56% men [trace] 69% men [AD], P < .001). No 

consistent age differences (59 years [trace] and 60 years [substantial], P < .001) were noted 

between the groups.

Severe Emphysema Patterns in Both CLE and PSE

In both CLE and PSE, severe emphysema patterns were associated with more frequent 

exacerbations in the year before enrollment. They were also associated with increased 

GOLD stage (CLE, from 0% of participants [trace] to 29% of participants with GOLD 4 

[AD], P < .001) (PSE, from 1% of participants [trace] to 3% of participants with GOLD 

4 [substantial], P < .001), airflow obstruction worsening (CLE, from 84% [trace] to 46% 
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predicted FEV1 [AD], P < .001) (PSE, from 81% [trace] to 74% [substantial], P < .001), 

and reduction in 6-minute walk test distance (CLE, from 1441 ft [trace] to 1198 ft [AD], P 
< .001) (PSE, from 1419 ft [trace] to 1394 ft [substantial], P < .001). Additionally, visual 

patterns of emphysema were well matched with quantitation of emphysema (3% [trace], 

4% [mild], 8% [moderate], 19% [confluent], and 31% of lung volume with attenuation 

less than −950insp [AD]) and gas trapping (14% [trace], 19% [mild], 29% [moderate], 43% 

[confluent], and 55% of lung volume with attenuation less than −856exp [AD]). Increased 

grade of emphysema was associated with increased respiratory symptoms measured by the 

Modified Medical Research Council (mean score, 1 [trace] vs 2 [AD]) and St George’s 

Respiratory Questionnaire (mean score, 21 [trace] vs 41 [AD]) scores.

Changes in Lung Density for Participants with and without COPD

In participants with COPD, those with parenchymal emphysema at baseline CT showed a 

decline in lung density of −5.1 g/L (95% CI: −6.0, −4.1; P < .001) compared with −0.1 g/L 

(95% CI: −1.4, 1.3; P = .92) for those without parenchymal emphysema. For participants 

without COPD, corresponding values were −2.6 g/L (95% CI: −3.4, −1.8; P < .001) and −0.2 

g/L (95% CI: −0.9, 0.6, P = .64) (Table 4). Similar findings were identified for PSE (Table 

4). The corresponding values for percentage of lung volume with attenuation less than −856 

HU are given in Table 5.

The results were slightly different between racial groups. In participants with COPD and 

visual emphysema, African American participants showed a mean decline in lung density of 

6.7 g/L (95% CI: 5.5, 8.0) compared with 4.6 g/L (95% CI: 3.7, 5.6) for non-Hispanic White 

participants (P < .001) for comparison.

When progression was stratified by emphysema classification, the decrease in lung density 

over 5 years in participants with COPD was −0.3 g/L (95% CI: −1.5, 1.0; P = .64) for those 

who had no CLE. Participants with trace, mild, and moderate CLE showed a decrease in 

lung density of −2.4 g/L (95% CI: −3.7, −1.1; P < .001), −4.6 g/L (95% CI: −5.7, −3.5: 

P < .001), and −6.7 g/L (95% CI: −7.7, −5.6; P < .001). The decreases for confluent and 

advanced emphysema were −6.4 g/L (95% CI: −7.6, −5.2; P < .001) and −6.2 g/L (95% 

CI: −8.0, −4.5; P < .001), respectively. The changes in lung density between the groups in 

participants with and without COPD are reported in Table 6. The corresponding results for 

each GOLD group are reported in Table 7.

Discussion

Our study showed that smokers with visible parenchymal emphysema at CT showed 

progression of emphysema at 5 years (mean decline in lung density of −5.1 g/L for 

those with chronic obstructive pulmonary disease [COPD] and −2.6 g/L for those without 

COPD), whereas those without visible emphysema did not show progression. The presence 

of paraseptal emphysema was similarly associated with progressive decline in lung density 

(mean decline in lung density of −6.0 g/L for those with COPD and −3.5 g/L for those 

without COPD). Increasing visual grade of parenchymal emphysema at baseline CT was 

generally associated with an increasing rate of progression of emphysema in all stages of the 

Global Initiative for Chronic Obstructive Lung Disease COPD classification.
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A previous COPDGene study showed that the visual presence and pattern of emphysema 

were important predictors of mortality in cigarette smokers with and without COPD 

(14). Also, emphysema of varying degree was present in about 44% of smokers without 

spirometric abnormality (14). In a study of 4211 COPDGene participants followed up over 

5 years, Pompe et al showed that adjusted lung density decreased in all GOLD groups; the 

decline was more marked in those with more advanced GOLD stages (24). Additionally, 

the severity of expiratory air trapping increased in those with COPD. In smokers without 

spirometric evidence of COPD, we recently showed that the presence of visual emphysema 

is a predictor of progressive airflow obstruction and emphysema progression (25). The 

current study expands on this body of information by including participants with COPD 

stratified according to GOLD groups. It demonstrates that the visual presence of emphysema 

at baseline CT in these groups is also associated with emphysema progression and gas 

trapping compared with those without visible emphysema. Additionally, we showed that, for 

participants with visual emphysema at baseline CT with or without COPD, progression 

of emphysema appears to be greater in African-American participants than in White 

participants. Our finding supports the increasing awareness that symptoms and progressive 

structural abnormalities are common in individuals with and without COPD (26,27). An 

important implication is that trials of emphysema treatment could be enriched by selective 

inclusion of patients with visible emphysema at CT.

A previous study (6) showed that percentage of lung volume with attenuation less than −856 

HU correlates strongly with measures of airflow obstruction such as FEV1 expressed as 

a percentage of predicted values and FEV1/FVC ratio (r = 0.77 and 0.84, respectively, P 
< .0001 for both). Our study extended previous studies and showed that participants with 

emphysema also had greater progression of air trapping than those without emphysema, 

as measured by the percentage of lung volume with attenuation less than −856 HU. This 

indicated that the progression of emphysema in these participants was associated with 

increased airflow obstruction. Because the percentage of lung volume with attenuation less 

than −856 HU reflects air trapping due to emphysema and small airway disease, it is not 

possible to determine how much of the progressive air trapping is due to progressive small 

airway obstruction in addition to progressive emphysema.

Previous studies of emphysema progression have not separated patients according to 

emphysema subtypes (paraseptal vs centrilobular). Although our findings should be 

interpreted with caution as PSE and CLE may occur together, our study showed PSE is 

associated with a higher rate of progression of emphysema compared with parenchymal 

emphysema in participants with and without COPD. The subpleural cysts of PSE, which 

are usually near the lung apices, might enlarge more rapidly when exposed to greater 

transpleural pressure than areas of parenchymal emphysema. Progressive enlargement of 

paraseptal emphysematous cysts may culminate in development of bullae, which compress 

normal lung tissue (28). PSE adjacent to the trachea may also contribute to expiratory 

central airway collapse (29).

In individuals with COPD, greater severity of visual parenchymal emphysema at baseline 

CT was associated with greater lung density decline, except for confluent and advanced 

destructive emphysema. The lower apparent effect of baseline confluent and advanced 
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destructive emphysema might be because of the higher mortality in these two groups. But 

it may also suggest a slower rate of progression of emphysema in those with already 

well-established disease, in keeping with previous observations showing moderate COPD 

(GOLD stage II) is associated with a greater rate of lung function decline compared 

with stage III and IV (30–34). Our results showed the predictive effect of emphysema 

patterns on the adjusted lung density decline is also identifiable in each GOLD group; the 

five-point grading of parenchymal emphysema is associated with subsequent progression 

of emphysema, independent of the baseline GOLD stage. This suggests visual emphysema 

behaves as an independent and sensitive parameter to predict changes, even in those with 

early stages of COPD.

Our study had limitations. First, because PSE and CLE can occur together, it is difficult 

to determine the independent progression of these two entities. We considered a separate 

analysis of participants with mixed PSE and CLE but found it challenging because of the 

confounding effect of disease severity. Second, our study did not address chronic bronchitis 

or small airway obstruction, which are other important and potentially treatable components 

of COPD. In the future, analysis of the interaction between visual emphysema score and 

severity of functional small airway disease as predictors of progression would be of interest 

(30).

In conclusion, the presence of visible parenchymal or paraseptal emphysema at CT 

in current or former smokers is an important predictor of subsequent progression of 

emphysema. The Fleischner Society emphysema grading system may be useful as a simple 

prognostic marker in smokers, with or without chronic obstructive pulmonary disease and 

may have value in therapeutic trials and in clinical practice.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

AD advanced destructive

CLE centrilobular emphysema

COPD chronic obstructive pulmonary disease

COPDGene genetic epidemiology of COPD

FEV1 forced expiratory lung volume in 1 second

FVC forced vital capacity

GOLD Global Initiative for Chronic Obstructive Lung Disease

PSE paraseptal emphysema
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Key Results

• In 1655 study participants with chronic obstructive pulmonary disease 

(COPD) and 2511 participants without COPD, those with visually identified 

emphysema at baseline CT showed declines in lung density of 5.1 g/L (P < 

.001) and 2.6 g/L (P < .001), respectively.

• The presence of paraseptal emphysema helped predict a more rapid 

progression of emphysema than parenchymal emphysema (P < .001).

• Fleischner Society visual patterns of emphysema helped predict progression 

of emphysema in all stages of Global Initiative for Chronic Obstructive Lung 

Disease (GOLD) classification (eg, GOLD 1, from −3.5 g/L [mild], P = .002 

to −7.2 g/L [confluent], P < .001).
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Figure 1: 
Flowchart of study population consort. COPDGene = genetic epidemiology of chronic 

pulmonary obstructive disease, GOLD = Global Initiative for Chronic Obstructive Lung 

Disease, PFT = pulmonary function test, P1 = phase 1, P2 = phase 2, QCT = quantitative CT.

El Kaddouri et al. Page 13

Radiology. Author manuscript; available in PMC 2022 February 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2: 
Axial CT images show major elements of Fleischner Society scoring system for 

parenchymal emphysema. (a) Mild centrilobular emphysema (involving less than 5% of 

lung lobe). (b) Moderate centrilobular emphysema (involving more than 5% of lung zone). 

(c) Confluent emphysema. (d) Advanced destructive emphysema.
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