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Abstract

Objective—To investigate the prevalence and distribution of paraseptal emphysema on chest CT
images in the Framingham Heart Study (FHS) population, and assess its impact on pulmonary
function. Also pursued was the association with interstitial lung abnormalities.

Materials and Methods—We assessed 2633 participants in the FHS for paraseptal emphysema
on chest CT. Characteristics of participants, including age, sex, smoking status, clinical symptoms,
and results of pulmonary function tests, were compared between those with and without paraseptal
emphysema. The association between paraseptal emphysema and interstitial lung abnormalities
was investigated.

Results—Of the 2633 participants, 86 (3%) had pure paraseptal emphysema (defined as
paraseptal emphysema with no other subtypes of emphysema other than paraseptal emphysema or
a very few centrilobular emphysema involved) in at least one lung zone. The upper zone of the
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lungs was almost always involved. Compared to the participants without paraseptal emphysema,
those with pure paraseptal emphysema were significantly older, and were more frequently male
and smokers (mean 64 years, 71% male, mean 36 pack-years, p<0.001) and had significantly
decreased FEV1/FVC% (p=0.002), and diffusion capacity of carbon monoxide (DLCO) (p=0.002).
There was a significant association between pure paraseptal emphysema and interstitial lung
abnormalities (p<0.001).

Conclusions—The prevalence of pure paraseptal emphysema was 3% in the FHS population,
predominantly affects the upper lung zone, and contributes to decreased pulmonary function.
Cigarette smoking, aging, and male gender were the factors associated with the presence of
paraseptal emphysema. Significant association between paraseptal emphysema and interstitial
lung abnormalities was observed.
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Paraseptal emphysema; Interstitial lung abnormalities; CT

INTRODUCTION

Pulmonary emphysema is categorized into three major subtypes according to the disease
distribution in the secondary pulmonary lobules: centrilobular, paraseptal, and panlobular
emphysema [1-3]. Paraseptal emphysema, also known as distal acinar emphysema, is
characterized by the predominant involvement of the distal alveoli including their ducts and
sacs, bounded by any pleural surface and the interlobular septa [4]. If it occurs alone or is
the predominant type, paraseptal emphysema tends not to cause any respiratory symptoms,
and therefore it is often underrecognized clinically [5, 6]. Although it may present with
spontaneous pneumothrax [7], paraseptal emphysema has not been associated with airflow
obstruction in prior studies [1]. The clinical significance of paraseptal emphysema and its
effects on pulmonary function are not well understood [8]. With increased use of CT in
clinical practice as well as in lung cancer screening [9], incidental detection of emphysema
in asymptomatic patients is becoming more common, and high-resolution CT (HRCT)
allows detailed assessment and subtyping of emphysema without invasive pathological
procedures [6, 9-11]. Cigarette smoking is assumed to play an important role in developing
emphysema [12].

Interstitial lung abnormalities are defined as areas of increased lung density on CT and also
can result from cigarette smoking [13]. Interstitial lung abnormalities may precede the
development of clinically significant pulmonary fibrosis [14]. The previous study by
Washko et al revealed that interstitial lung abnormalities were commonly seen in smokers
with the prevalence of 8%, predominantly in the subpleural lung area [13]. In a study by Jin
et al, the prevalence of interstitial lung abnormalities in smokers was 9.7%, and 37% of the
cases with fibrotic features progressed in a two-year follow-up [15]. Hunninghake et al
described the prevalence of interstitial lung abnormalities of 7% in a community-dwelling
sample of the Framingham Heart Study (FHS) including both smokers and nonsmokers and
its association with a particular genotype (MUC5B) [14]. In the previous study by Washko
et al, interstitial lung abnormalities were associated with reduced total lung capacity and a
lesser amount of emphysema based on the result from low attenuation analysis on CT
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images at the thresholds of =950 and —910 Hounsfield units (HU) [13]. A previous study of
smokers suggested that interstitial lung abnormalities were associated with paraseptal
emphysema [16]. However, it has not been investigated in the general population. We
hypothesize that paraseptal emphysema, in contrast to centrilobular emphysema, and
interstitial lung abnormalities are positively associated with each other, because both
conditions have a similar subpleural distribution.

The purpose of this study is to describe clinical and imaging characteristics of paraseptal
emphysema and investigate its association with interstitial lung abnormalities in the FHS
population.

MATERIALS AND METHODS

Study population

In 1948, the Framingham Heart Study (FHS) was initiated to identify epidemiologic risk
factors of cardiovascular disease, recruiting the participants regardless of their health
condition. From 2009 to 2011, CT exams were performed in 2764 participants of the FHS
(the third-generation and offspring cohorts, FHS-MDCT?2) in the supine position with no
administration of contrast using the 64-detector-row CT scanner (Discovery, GE Healthcare,
Waukesha, WI) with 120 kV, 300-350 mA (optimized with body weight), gantry rotation
time of 0.35 seconds. CT images were reconstructed with sharp lung algorithm and section
thickness of 0.63 mm. Of these, 131 were missing image data and excluded from the study.
Therefore, we evaluated data from 2633 participants (1325 female, mean age 59.2) with
chest CT scans. This study was approved by the institutional review boards at Boston
University and Brigham and Women’s Hospital. All participants provided written informed
consent.

Evaluation of chest CT scans

For the visual assessment of chest CT scans, paraseptal emphysema was defined as
relatively reduced CT attenuation at subpleural or peribronchovascular areas with or without
intact interlobular septa [4]. Cysts, air-trapping lesions, and honeycomb lesions [17, 18] are
not regarded as paraseptal emphysema. To investigate the location of paraseptal
emphysema, the lungs were divided into three zones: upper, middle, and lower. The upper
zone is above the level of the carina, the middle zone is between the level of the carina and
the level of the right inferior pulmonary vein, and the lower zone is below the right inferior
pulmonary vein [19]. Each zone was evaluated for the existence of paraseptal emphysema
(Score 0 for no paraseptal emphysema and 1 for paraseptal emphysema).

All chest CT images were uploaded to a Picture Archiving and Communication System
(PACS) workstation (Virtual Place Raijin, AZE Ltd., Tokyo, Japan) and visually evaluated
for paraseptal emphysema by three board-certified radiologists specialized in thoracic
imaging (TA, MN, HH) using a modified sequential reading method, as previously
described [13, 14, 20]. In this reading method, the first reader reviewed all cases and
provided a diagnosis of paraseptal emphysema (Score 0 or 1 for each lung zone). The
second reader, who was blinded to the initial reading, reviewed all cases diagnosed with
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paraseptal emphysema (Score 1 in at least one lung zone) and a random selection of 20% of
the cases diagnosed as no paraseptal emphysema (Score 0 in all three lung zones) by the first
reader. Finally, the third reader, who was blinded to the diagnosis of previous readers,
provided a majority opinion on the discordant cases between the first and second readers.
Cases with discrepant diagnosis of disease location were also forwarded to the third reader
for final evaluation. Window level and width were fixed with =700 HU and 1500 HU
respectively during the review sessions. After the sequential reading, all cases with
paraseptal emphysema in at least one lung zone were re-evaluated by two radiologists (TA,
HH) for consensus. As a results, participants were categorized into three groups: (a) No
paraseptal emphysema: all three zones have no paraseptal emphysema; (b) Mixed paraseptal
emphysema: overlap with centrilobular emphysema or areas of paraseptal emphysematous
lesions are less than 5% of the whole lungs; and (c) Pure paraseptal emphysema: no other
subtypes of emphysema other than paraseptal emphysema or a very few centrilobular
emphysema are involved.

Information on the identification of interstitial lung abnormalities in the FHS was published
previously [14]. In brief, interstitial lung abnormalities were defined as nondependent
changes affecting more than 5% of any lung zone, including ground glass or reticular
abnormalities, diffuse centrilobular nodularity, nonemphysematous cysts, honeycombing, or
traction bronchiectasis. CT images showing either focal or unilateral ground-glass
attenuation, focal or unilateral reticulation, or patchy ground-glass abnormality (<5% of the
lung) were considered to be indeterminate [14]. As a result, interstitial lung abnormalities
were categorized into three groups as defined above: (a) No interstitial lung abnormalities,
(b) Indeterminate interstitial lung abnormalities status, and (c) Interstitial lung abnormalities.

Statistical analysis

RESULTS

All statistical analyses used mixed effect models (continuous traits) or generalized
estimating equations (binary traits) to account for familial correlations in our cohort [21].
Characteristics of the participants were compared between the groups according to the result
of visual evaluation for paraseptal emphysema using R (version 3.1.1, The R Foundation for
Statistical Computing, Vienna, Austria). The association between paraseptal emphysema
and interstitial lung abnormalities was analyzed using SAS (version 9.3, SAS Institute Inc.,
Cary, NC). All P values were two-sided and P values less than 0.05 were regarded as
statistically significant. Interobserver agreement was indicated with x values, classified as
follows: poor, x = 0-0.20; fair, x = 0.21-0.40; moderate, k = 0.41-0.60; good, « = 0.61—
0.80; excellent, x = 0.81-1 [15, 18].

Prevalence and distribution of paraseptal emphysema

Of the 2633 participants, 86 (3%) showed pure paraseptal emphysema in at least one lung
zone (Figure 1), 214 (8%) had mixed, and 2333 (89%) did not have paraseptal emphysema.
Of these 86 participants with paraseptal emphysema, 23 (27%) cases involved only the
upper lung zone and 1 (1%) involved only the lower zone (one lung zone); 40 cases (47%)
involved the upper and middle zones (two lung zones); and 22 cases (26%) involved all
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three zones (Table 1). Interobserver agreement regarding the presence and location of PSE
between the first and second readers was good (k =0.60; 95% CI: 0.56 — 0.65). In 20% of
the cases that the first reader diagnosed with no PSE (Score 0 in all three lung zones), which
were forwarded to the subsequent reader(s), 98% of diagnoses by the first reader coincided
with the final results of sequential reading, and an agreement rate between the first and
second readers was 93%.

Paraseptal emphysema and characteristics of participants

Characteristics of the participants based on paraseptal emphysema status are shown in Table
2. Compared with the group without paraseptal emphysema, the group with pure paraseptal
emphysema was significantly older (63.9 years), more frequently male (71%), and more
frequently reported respiratory symptoms such as chronic cough (17%) and shortness of
breath (22%, P <0.001 for all categories). The group with paraseptal emphysema was more
likely to report a history of cigarette smoking: 64% were former smokers with significantly
higher pack-years (mean 36) and 34% were current smokers. Only 2 participants (2%) with
paraseptal emphysema had never smoked cigarettes. BMI was not significantly different
between the groups with pure paraseptal emphysema and no paraseptal emphysema
(P=0.41). Although mean values of pulmonary function test in the group with paraseptal
emphysema were still within normal range, FEV1/FVC% and diffusion capacity of carbon
monoxide (DLCO) showed slightly but significantly lower values compared with those in
the group without paraseptal emphysema (P=0.002 for both, Table 3).

Paraseptal emphysema and interstitial lung abnormalities

Of the 2633 participants, 177 (7%) showed interstitial lung abnormalities, 1086 (41%) were
indeterminate, and 1370 (52%) did not have evidence of interstitial lung abnormalities [14].
The detailed characteristics of the participants in association with interstitial lung
abnormalities were described in a previous article [14]. The association between paraseptal
emphysema and interstitial lung abnormalities is given in Table 4. Of 86 participants with
paraseptal emphysema, 21 (24%) had interstitial lung abnormalities (Figure 2), which is
more frequent compared to 130 of 2333 (6%) without paraseptal emphysema. F test showed
a statistically significant association between paraseptal emphysema and interstitial lung
abnormalities (F test statistic = 16.57, P<0.001).

DISCUSSION

Paraseptal emphysema is known as a subtype of emphysema [1-3] that may be detected
incidentally by thoracic CT scans in patients without any respiratory symptoms [6].
Therefore, it does not usually draw a physician’s attention compared with other subtypes of
emphysema such as centrilobular or panlobular. According to the report from the Centers for
Disease Control and Prevention (CDC) in 2011, 2% of adults aged 18 or older had been
diagnosed with emphysema [22]. Our study reveals that the prevalence of pure paraseptal
emphysema defined by chest CT imaging in a community-dwelling sample of the FHS
population is 3%, which suggests that the incidence of paraseptal emphysema has been
underestimated. Furthermore, because we characterized paraseptal emphysema
superimposed with centrilobular emphysema as mixed and not included in the pure
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paraseptal emphysema group, the actual incidence of paraseptal emphysema in the general
population could be higher than 3%. In addition, patients with paraseptal emphysema report
respiratory symptoms more frequently than those without paraseptal emphysema although
the clinical significance of these findings is still unclear.

The present study shows that pure paraseptal emphysema almost always involves the upper
lung zone with or without the involvement of the other lung zones. Paraseptal emphysema
affecting the middle and/or lower zones is less common. This characteristic distribution of
paraseptal emphysema may suggest the vulnerability of the upper lung zone or a gravity
effect. However, the exact mechanism of lung parenchymal damage from cigarette smoking
and how it affects lung areas differently is not clearly understood; the upper lung zones tend
to be involved with paraseptal emphysema but the lower lung zones, especially posterior
areas, are more likely to be involved with interstitial lung abnormalities when fibrosis is
present. Gurney et al reported the correlation of regional distribution of emphysema on
HRCT with pulmonary function tests in smokers. Although the upper lung zones tend to be
more severely affected, the degree of emphysema in the lower lung zones showed stronger
association with deterioration of pulmonary function tests [11]. Although we also conducted
statistical analysis on the distribution of paraseptal emphysema, there was no significant
difference found in participants’ demographics or pulmonary functions (Supplementary
Tables 1 and 2). We have not assessed the distribution among lobes, but lung zones, because
paraseptal emphysema seems to not respect the boundaries of the lobes for its distribution.
However, upper lung zone predominance of paraseptal emphysema indirectly indicates that
paraseptal emphysema is more common in the upper lobes compared to middle and lower
lobes.

The results of pulmonary function tests in the group with paraseptal emphysema were
slightly worse than those without paraseptal emphysema, with relatively lower FEV1/FVC%
and DCLO, although these values still stayed within a normal range. These results suggest
that paraseptal emphysema contributes to obstructive lung dysfunction in spite of the fact
that paraseptal emphysema usually affects a smaller volume of lung parenchyma than
centrilobular emphysema does. However, studies to compare participants’ characteristics
and pulmonary function results between different subtypes is needed since the present study
focused on pure paraseptal emphysema, excluding associations with other subtypes of
emphysema and tried to minimize the confounding effect of centrilobular emphysema.
Recently, Smith et al investigated 318 smokers with chronic obstructive pulmonary disease
(COPD) and reported that 27% had emphysema on CT [8]. They subclassified emphysema
into three groups: predominantly centrilobular (14%), paraseptal (9%), and panlobular (4%)
emphysema. They reported that paraseptal-predominant emphysema was significantly more
common in males, unlike other subtypes of emphysema, and that the severity of paraseptal
emphysema as well as centrilobular emphysema was greater in the upper lung zones [8],
which is compatible with our results. However, in contrast to our results, Smith et al
detected no significant increase in respiratory symptoms and pulmonary function
impairment in the group with paraseptal emphysema. The difference in participant
demographics and the definition of subclassifications of emphysema should be taken into
account: our cohort was recruited to represent the general population, including both
smokers and non-smokers from broader age groups, and more strict diagnostic criteria were
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used for paraseptal emphysema. Perhaps, the influence of paraseptal emphysema was too
small to be detected in their study. In fact, our result shows that the values of the pulmonary
function test in participants with paraseptal emphysema were still within normal limits, even
though there was significant impairment compared to those without paraseptal emphysema.

Our findings demonstrate a positive association between paraseptal emphysema and
interstitial lung abnormalities. Although absence of pulmonary fibrosis was historically an
additional criterion for the diagnosis of emphysema [23], our current understanding is that
pulmonary fibrosis may occur with emphysema in smokers [24-26]. CT imaging has
increased the frequency of detecting the simultaneous occurrence of emphysema and
pulmonary fibrosis. Cottin et al first described combined pulmonary fibrosis and
emphysema (CPFE) in 2005 [27]. CPFE is characterized by the coexistence of emphysema
in the upper lobes and pulmonary fibrosis in the lower lobes and typically occurs in men in
their 60s and 70s [27, 28]. Interstitial lung abnormalities may precede the development of
clinically relevant pulmonary fibrosis [13, 14, 29]. Therefore, our result may suggest that the
combination of paraseptal emphysema and interstitial lung abnormalities might be a
preceding condition of CPFE; nevertheless, the progression of paraseptal emphysema and
interstitial lung abnormalities has not been confirmed and longitudinal investigations with
long-term follow-up are necessary. In the previous report, Washko et al revealed that
interstitial lung abnormalities in smokers are negatively associated with emphysema in
general based on low attenuation analysis on CT images [13]. Their results seem to conflict
with our result; however, since they did not subclassify emphysema in the study, it is
possible that paraseptal emphysema positively associates with interstitial lung abnormalities
in contrast to centrilobular emphysema, which may have different pathology from paraseptal
emphysema.

There are several limitations to our study. First, the present study focused on the evaluation
of cross-sectional data including CT scans, participants’ information at the exam closest to
the CT scan, and the result of pulmonary function tests at one time point. Further studies,
including longitudinal analyses, are needed to demonstrate the effect of paraseptal
emphysema progression on clinically significant outcomes. Second, we assessed CT images
visually since CT is the gold standard for the diagnosis of emphysema and interstitial lung
abnormalities [8], rather than using quantitative methods such as low attenuation analysis or
lung density analysis. Therefore, misclassification of CT scans by visual evaluation could
also be present. However, we used a sequential reading method, which requires evaluation
by up to three readers, and comparisons were made between the groups with pure and no
paraseptal emphysema excluding the mixed emphysema group. These evaluation processes
were intended to reduce the influence of visual misclassification as much as possible.
Qualitative analysis of paraseptal emphysema remains an issue for future investigations.
Third, our cohort possibly included participants with diseases other than paraseptal
emphysema and interstitial lung abnormalities that may also cause respiratory symptoms or
affect pulmonary function tests, such as asthma or chronic bronchitis. Therefore, we
adjusted the influence of aging and cigarette smoking for the statistical analysis since those
are known to be strongly associated with respiratory symptoms and chronic bronchitis.
Fourth, this is an observational study of the FHS cohort rather than a hypothesis-driven
study. We hope hypothesis-driven investigations will be performed based upon our
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observational results. Finally, while the FHS is supposed to be a well-characterized general
population cohort, most of participants are of European descent, and it is unknown if these
findings could be generalized to populations with different racial and ethnic backgrounds.

In summary, our study shows that the prevalence of pure paraseptal emphysema is 3% in the
FHS population, predominantly affects the upper lung zone, and contributes to a slight
increase in evidence for airway obstruction and an increase in respiratory symptoms. A
significant association between paraseptal emphysema and interstitial lung abnormalities
was observed and reported for the first time in the literature.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Paraseptal emphysema in a 54-year-old male smoker. (a) A trans-axial CT image shows

subpleural low-attenuation areas predominantly in medial to posterior margin of lung
parenchyma with interlobular septa. (b) A coronal reconstructed image shows the
involvement of upper and middle lung zones with paraseptal emphysema. The participant
reported no respiratory symptoms.
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Figure 2.
Coexistence of paraseptal emphysema and interstitial lung abnormalities in a 75-year-old

female participant. (a) A trans-axial CT image at the upper zone shows subpleural low-
attenuation lesions anteriorly (arrows), which is compatible to mild paraseptal emphysema.
(b) Another trans-axial CT image at the lower lung zone shows subpleural ground-glass and
reticular opacities extending lateral to anterior areas. The participant reported no respiratory
symptoms but pulmonary function test revealed airflow obstruction.
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Table 1

Involvement of Lung Zones with Paraseptal Emphysema

Involved lung zones

No. of participants (%)

One lung zone

Upper 23 (27%)

Lower 1 (1%)
Two lung zones

Upper and middle 40 (47%)
All three lung zones 22 (26%)
Total 86
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Table 4

Association between Paraseptal Emphysema and Interstitial Lung Abnormalities

ILA Status

None Indeterminate ILA Total

PSE Status  None 1262 941 130 2333
Mixed PSE 82 106 26 214
Pure PSE 26 39 21 86
Total 1370 1086 177 2633

PSE: paraseptal emphysema, ILA: interstitial lung abnormalities

F test statistic = 16.57, P<0.0001
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