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Abstract

Background:
Small Airways Disease (SAD) is a recognised part of the pathology in Chronic Obstructive Pulmonary Disease (COPD) and
contributes to the symptom burden in the disease. Upper airway symptoms in COPD is an emerging field of study, and

in this study, we sought to examine the co-existence of SAD and upper airways symptoms in a cohort of COPD patients

Methods:

We investigated a cohort of patients with COPD for the presence of SAD with three different modalities. We performed
High-Resolution CT (HRCT) with Parametric Response Mapping (PRM) analysis and recorded distribution of emphysema
(PRME™PN) and functional Small Airways Disease (PRM™P). We measured central and peripheral lung resistance using
Impulse Oscillometry (I0S) and recorded R5Hz, R20Hz, R5-R20Hz, X5, Fres and Ax. Static lung function parameters were
obtained using Body Plethysmography.

Data on upper and lower airway symptoms were evaluated using the Upper Airway subdomain of the 22 items Sino
Nasal Outcome Test (SNOT22nasal) and the COPD Assessment Test (CAT), respectively.

Findings

We recruited a total of 112 patients. (female sex: 58%, Age 68 (£8) years, FEV1%predicted: 53% (+16%), GOLD stage: A:
23%, B: 55%, C:1% D: 21%). Forty-five (40%) were classified as having high upper airway symptoms (UAS), defined as
SNOT22nasal 26. Eighty-seven per cent showed signs of SAD using I0S (R5-R20Hz > 0.07 kPa/L/s). No significant
differences were found between UAS groups in 10S, PRM or Body Plethysmography parameters.

Conclusion:

In patients with COPD, the prevalence of small airways disease was very high, but no association between upper airway

symptoms and small airways disease was demonstrated.



Introduction

The pathology behind Chronic Obstructive Pulmonary Disease (COPD) is complex and display a wide degree of
heterogeneity between different individuals resulting in various clinical phenotypes with chronic bronchitis and
emphysema dominant phenotypes being the more well-recognised [1]. A ubiquitous feature of the disease is, as the
name suggests, the presence of poorly reversible airway obstruction. The cause of this obstruction is predominately
due to effects in the small airways (<2mm in diameter), where both the loss of and narrowing of these airways results in
a significant increase in peripheral lung resistance and to dynamic airway collapse during expiration leading to airway
obstruction [2]. This “small airways disease” (SAD) is a well-established feature of COPD and was first described in the
19" century [3]. SAD is associated with increased symptom burden in patients with COPD and is regarded as a precursor
of the development of emphysema [4]. Several studies have demonstrated an increased prevalence of SAD as the
disease progresses [5, 6].

A less well-established feature of COPD is the presence of symptoms from the upper airways. This aspect of the disease
was first hypothesised in the late 1990s and later substantiated in several other studies [7-9]. We recently reported the
prevalence of upper airway symptoms in a cohort of patients with COPD from Denmark and Sweden [10]. We found
that these symptoms were common, and that patients with higher upper airway symptom burden also reported more
symptoms from their lower airway (CAT score) despite more preserved lung function. The cause of this increased lower
airway symptom burden is not known and requires further examinations. Since SAD is a known driver of symptoms in
COPD, we hypothesised that the increased CAT scores reported by COPD patients with upper airway symptoms could
be due to a higher degree of SAD, and we investigated this in the current study using a multi-modality approach with
impulse oscillometry, body plethysmography and parametric response mapping algorithms on high-resolution CT scan.

The aim has been to illustrate co-existence of upper airway dysfunction and SAD in patients suffering from COPD.



Methods

This study was conducted as a sub-study of the cross-sectional study, “BREATHE” [11], conducted between February
2017 and February 2019. Ethical approval was granted by the local ethics committees in Denmark and Sweden (H-
16047428, SJ-668, DNR 2016/1069) and by the Danish Data Protection Agency.

Patients were recruited from two specialist respiratory outpatient clinics at Naestved Hospital in Denmark and Lund in
Sweden

Patients were included in the study according to the following inclusion criteria: age > 40 years, a history of smoking >
ten pack-years of tobacco, and a post-bronchodilator Forced Expiratory Volume 1 second (FEV1) /Forced Vital Capacity
(FVC) index < 0.70.

Exclusion criteria were defined as self-reported or physician-diagnosed asthma and reversibility for beta2 agonist above
400 ml and 15% from baseline FEV1. [12, 13]. We described a suspicion of asthma as early onset of symptoms (before
the age of 40) or a history of persistent respiratory symptoms in childhood or adolescence. We also excluded patients

with or suspected of other respiratory diseases such as sarcoidosis, pulmonary fibrosis, or lung cancer.

Medical history

Medical history included information on upper and lower airway symptoms, history of exacerbations, hospital, or
emergency department admissions, and other comorbidities such as heart disease and current medication use.
Smoking history was quantified using pack-years of tobacco.

Acute exacerbations of COPD (AECOPD) were defined as self-reported worsening of respiratory symptoms requiring
additional treatment with oral antibiotics and/or corticosteroids or admission to hospital equivalent to moderate and

severe COPD exacerbations.

Questionnaires

All patients completed the following questionnaires on airway symptomes:

The COPD Assessment Test (CAT) is an eight-item questionnaire validated to assess COPD symptom burden [14].
Patients score each item on a Likert scale from O (“I never cough”) to 5 (“I cough all the time”) with a maximum score of
40 points and a minimal clinical important difference (MCID) of 2 points [15].

The 22-item Sino Nasal Outcome Test (SNOT22) assesses chronic rhinosinusitis symptoms and includes nasal symptoms
and more general symptoms such as fatigue [16]. Each item is scored on a Likert scale from 0 (“no problem”) to 5
(“problem as bad as it can be”). The maximum score is 110, with an MCID of 9 points [17].

The SNOT22 nasal subdomain (SNOT22nasal) consists of seven items (no. 1-5 + 7-8), which include: “need to blow nose”,
“sneezing”, “runny nose”, “nasal obstruction”, “loss of smell or taste”, “post-nasal discharge” and “thick nasal

discharge”. A cut-off for normality (or MCID) for the subdomain is not validated, but one study found a median overall

SNOT22 score of 7 points in healthy volunteers[18].



Definition of high upper airways symptoms (UAS)
We defined high upper airway symptoms, as in our previous studies [10], as SNOT22nasal = 6. We chose this cut-off value
as a score of 6 implies having either mild symptoms in almost all items or moderate-severe symptoms in one or two

items.

Pulmonary Function Tests

Spirometry and bronchodilator responsiveness testing for beta2-agonist were performed according to ERS/ATS
guidelines using a Jaeger Spirometer (Intramedic®, Gentofte, Denmark) with the recording of FEV1, FVC, and FEV1/FVC
ratio [19].

Patients underwent body plethysmography using a Jaeger Box (Intramedic®, Gentofte, Denmark) to obtain static lung

volumes and with single-breath, carbon monoxide uptake measurements and RV, TLC, DLCO were recorded [20].

Impulse Oscillometry

Central and peripheral lung resistance was evaluated with Forced Impulse Oscillometry (FOT/IOS)[21, 22] using Resmon
Pro (MGC Diagnostics) in Lund and the Carefusion Vyntys APS with I0S, (Intramedic, Denmark) in Naestved.

All measurements were conducted after a minimum of 72 hours pause from regular inhaled medications except for
short-acting bronchodilators (SABA), which were paused a minimum of six hours before measurements. Patients
performed a minimum of three measurements, and the mean of the three best attempts was calculated. We registered
resistance at 5 Hz (R5Hz) and 20 Hz (R20Hz), reactance at 5 Hz (X5), area of reactance (Ax) and frequency of resonance
(Fres). All measurements are reported in kilopascal per litre per second (kPa/L/s) except Fres which is measured in Hz.
Resistance at 5Hz is a measure for the resistance from the mouth to the distal airway whereas resistance at 20 Hz is a
measure for the resistance in the proximal airways. Small airways disease (SAD) was defined as a R5-R20Hz above 0.07

kPa/L/s [5].

Radiological evaluation:
Patients from Naestved (n=59) were scanned with a volumetric high-resolution CT (HRCT) scan of the thorax in both
inspiratory (120 kV) and expiratory (100 kV) phases. The scans were performed with a slice thickness of 0.9 mm. A staff

radiologist evaluated all scans for differential diagnoses.

Parametric Response Mapping

The HRCT scans were analysed using the technigue of Parametric Response Mapping, where the lung parenchyma is
categorised voxel-wise according to the changes in attenuation of the voxels between the inspiratory and expiratory
phases.

From this analysis, the lung parenchyma was classified either as “normal” (PRMN°™2)), functional small airways disease

(PRM®™AP) or emphysema (PRM™"). Details of the technical aspects of the analysis have been published elsewhere.



[23]. From this analysis, the lung parenchyma was classified either as “normal” (PRMN"™m?) functional small airways
disease (PRM™"P) or emphysema (PRM®™"). Details of the technical aspects of the analysis have been published
elsewhere. [23].

Briefly, the PRM analysis pipeline first segmented the lung regions from every pair of inspiration-expiration scans
(removing tissues outside the lung fields). Then, the airway tree was segmented out, leaving only the lung parenchyma.
The expiration scan was registered to the inspiration scan so that every voxel in the inspiration scan had a
corresponding voxel in the expiration scan. The scans were clipped to the -1024 to -500 Hounsfield Units (HU) window.
The PRM algorithm then proceeded by classifying every voxel according to its values on the inspiration and expiration

scan, per the scheme below:

PRMEmph PRMfSAD PRMNormaI
Inspiration scan (HU) <-950 >-950 >-950
Expiration scan (HU) <-856 <-856 >-856

Statistical analyses

Data were analysed using SPSS version 27 (IBM, Chicago, USA). Skewed data are presented as the median and
interquartile range (IQR). Normally distributed data are presented with mean + standard deviation (SD).

Categorical variables are presented as a count (n) and percentage (%).

Normally distributed data were analysed using Independent Samples T-test. For skewed data, group comparisons were
calculated using the Mann-Whitney U test. Categorical data were compared using the Chi-square test. Correlations
were calculated using Pearson’s correlation for normally distributed data (if both variables were normally distributed)
and Spearman Rank Correlation for skewed or partially skewed data. The significance level was set at < 0.05, and all p-
values are reported as two-tailed. We did not perform a pre-study sample size calculation since no prior studies have
looked at the association between upper airway symptoms and small airways disease and therefore the required

parameters like prevalence and statistical variance were not known.



Results

We included a total of 112 patient, of which the majority (58%) were female, and most were former smokers (74%)
Details of the clinical characteristics can be seen in Table 1.

The cohort was divided into two groups according to the pre-defined threshold of upper airway symptom score
(SNOT22nasai26), and the comparison of these groups are detailed in Table 1. A total of 45 patients (40%) were classified

as having high upper airway symptoms (high UAS).

Body Plethysmography:
No differences between static lung volumes were observed between upper airway symptom groups, including in the

ratio between residual volume and total lung capacity (RV/TLC%). (Table 1+2)

Parametric Response Mapping:
PRM analysis showed that the levels of both emphysema and functional small airways disease (fSAD) were high in both
UAS groups with a mean degree of emphysema of 25% in both groups and fSAD of 38% and 40%, respectively. There

was, however, no difference between groups (Table 3).

Impulse Oscillometry:

Patients with high upper airways symptoms (high UAS) displayed significantly lower levels of overall lung resistance
assessed by R5Hz — median 0.52 vs 0.63, p-value 0.040. No other differences in individual impulse oscillometry
parameters were found between groups. The presence of SAD using a threshold of deltaR5R20Hz > 0.07 [5] was
present in most patients, 84 and 88% respectively (87% in the combined cohort), but with no differences between

upper airway symptom groups.

Correlations between Impulse Oscillometry (I0S) and clinical parameters:

Table 3 outlines the relationships between 10S, symptoms scores and dynamic and static lung functions tests and
shows, among other findings, that the 10S markers for SAD, R5-R20Hz and Ax, were significantly correlated with CAT
score and hyperinflation (RV, TLC) and inversely correlated with FEV1 and DLCO. R5-R20 and Ax also displayed strong
correlations with the RV/TLC ratio. UAS correlated inversely with R5Hz and Fres but did not show any other

correlations other 10S parameters or with SAD markers.

Correlations between PRM and clinical parameters:
Table 4 shows that neither PRM measurements (PRM®™" or PRM™AP) displayed any significant correlations with upper
airway symptom score or CAT score. In contrast, PRME™ did show, as expected, strong correlations with both dynamic

and static lung parameters. PRM™® correlated only with TLC (%predicted).



Correlations between SAD measurements:

The three different measurements reflecting the degree of SAD in patients showed varying levels of correlation.
R5-R20Hz correlated significantly with both RV/TLC% and PRM™P (rho = 0.451, p<0.001 and r = 0.335, p = 0.014
respectively) whereas PRM™? did not show any significant correlation with RV/TLC (r = 0.175, p = 0.194). (Details in
Table 5).

Discussion

In the current study, we investigated the presence of small airways disease (SAD) in a cohort of patients with COPD and
explored its association with symptoms from the upper airways. To our knowledge, our study is the first to look at this
association and the first to employ these three different modalities in the assessment of SAD in COPD. We found that
SAD is a widespread feature in these patients, with 87% of patients fulfilling the criterion for SAD (R5-R20Hz > 0.07).
This prevalence of SAD is noticeably higher than results from prior studies looking at SAD using our chosen threshold
with a Italian study reporting a prevalence of 74% and a Korean study reporting 80% [5, 24]. These studies were,
however, conducted on patients with lower levels of disease severity than our cohort, which could explain the observed
differences.

We also found that COPD symptom burden in the form of CAT scores correlated with increased levels of SAD. We did
not, however, find any difference in the presence of SAD between patients with or without high levels of upper airway
symptoms. One explanation of why we do not uncover any differences between groups could be the possibility of a
type 2 error —i.e., that we overlook a real difference. This is because the threshold used for SAD classifies almost all our
cohort as having SAD. This leaves just 15 patients without SAD, and the small numbers could mean that we fail to reject
the null hypothesis. However, this is not likely since we also did not find a difference in the absolute values of R5-R20Hz
or Ax between groups, and the tendency was identical across the three different modalities used in our study. We
found that patients with high UAS had significantly lower lower lung resistance (R5Hz), but this did not result in
significant differences in R5-R20Hz or Ax, which are the I0S measurements for SAD. There were also no correlations
between the reported UAS score and R5-R20Hz or Ax.

Since our study is the first to look at UAS and SAD, it is not possible to compare this part of our finding to existing
literature, and it motivates further studies. Regardless, our findings do carry some weight on its own. We employed
three different modalities in the assessment of SAD, and although these did not show perfect consistency, there was
some degree of correlation between these different measurements of SAD. Some of the variation could result from the
different approaches of each modality. Body Plethysmography which provides the static lung volumes in the form of RV
and TLC (and hence the RV/TLC ratio) can be a challenging procedure for patients, especially elderly or frail patients, to
perform correctly. Body plethysmography also requires highly skilled personal. Although used by some studies as a
measurement for SAD [25], it could be argued that the RV/TLC ratio is more a measurement of pulmonary
hyperinflation due to emphysema and not specifically small airways disease. This is supported by our findings of a

strong correlation between PRME™" and RV/TLC as well as a strong inverse correlation between RV/TLC and DLCO (rho



=-0,588, p < 0.001, data not shown). We did also not find a correlation between RV/TLC and PRM™*P. This could be
unigue for our study since other studies have found this association [22], and the very wide accessibility of the
measurement in both clinical practice and clinical trials support its use for assessing SAD [27].

Impulse Oscillometry offers advantages over the RV/TLC ratio in accessing SAD in patients. Firstly, it is a patient-friendly
modality since it requires minimal effort on the side of the patients since it is performed during tidal breathing —in
contrast to spirometry which is effort dependent. The measurement during tidal breathing is also more physiological in
nature than the forced manoeuvres in spirometry which can produce dynamic airway collapse not present in tidal
breathing.

The observed levels of overall lung resistance (R5Hz), reactance (X5) and the degree of SAD (R5-R20Hz +Ax) in our study
are very similar to those reported by others and support the external validity of our results [28, 29].

Our third modality for assessing SAD was the Parametric Response Mapping technique which is a novel approach for
evaluating lung pathology on HRCT. It is unique in its ability to spatial align voxels of the lung between inspiratory and
expiratory phases to assess air trapping and emphysema. This air trapping is classified as “functional small airways
disease” (fSAD), and both PRME™h and PRM®AP have been shown to be increased in patients with COPD compared with
both young and older smokers without COPD [26]. Both parameters were also inversely correlated with dynamic lung
functions and positively correlated with hyperinflation markers including RV/TLC and TLC. However, only PRME™P"
significantly displayed a correlation with COPD symptoms score (SGRQ and BODE index).

In our study, we confirm that PRM™" correlated with a wide array of both static and dynamic lung function parameters
(table 5), but we were unable to reproduce previous studies result on PRM™? with only TLC predicted showing a
significant correlation. The PRM analysis is performed on a CT scan in full or near-full expiration which, like in
spirometry and body plethysmography, could induce airway collapse not present in tidal breathing, and this could
explain some of the variation in PRM™? with [0S measurements for SAD.

All three modalities in our study are surrogate markers or indirect measurements for SAD. The gold standard for
diagnosing SAD are autopsy or micro-CT analysis of excised lung sections [2](e.g., after lung reduction surgery) and are
not relevant in a clinical setting. To our knowledge, no prior studies have directly compared non-invasive SAD markers
like 10S or PRM with micro-CT or autopsy analysis of SAD.

Our study does have some limitations — chiefly that only patients from Nastved had HRCT, and subsequent PRM
analysis, performed. This could raise the risk of bias since patients from different sites might differ in disease severity. In
fact, patients from Neestved did, on average, have lower FEV1 and higher levels of hyperinflation than did patients from
Lund (Supplementary Table 1). However, patients from Naestved (PRM+IOS/FOT) were also just as likely to be in the
high UAS group as patients from Lund (I0OS/FOT only) and were just as likely to fulfil the 10S criterion for SAD (p = 0.230
and 0.194 respectively). The distribution of patients across GOLD 1-4 groups was, due to the lack of randomisation,
also not uniform with just around 5% of patient in GOLD 1 and 8% in GOLD 4. This could lead to increased statistical
variance and the risk of type 2 errors. The relative homogeneity of patients (the high prevalence of SAD) could also lead

to weaker correlations and explain some of the lack of correlations between PRM and I0S measurements.



The detection of SAD in patients with COPD could be crucial if it could lead to a shift of treatment with ultrafine
particles which to a greater extent are deposited in the small airways than traditional inhaled therapies [30] and could,
in theory, relieve symptoms more efficiently and reduce the risk of pneumonia in patients on ICS treatment [31] .
However, from our study, it does not appear that UAS is associated with SAD.

Conclusion

Patients with COPD and high levels of upper airway symptoms did not exhibit higher degrees of small airway disease
when compared to patients without upper airway symptoms.
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TABLE 1 Comparison of clinical characteristics between patients.

Entire cohort

High upper airway symptoms

Low upper airway symptoms

n=112 n=45 n=67 p-value*
Age (years) 68 (+8) 68 (£8) 68 (£8) 0.894
Female sex, n (%) 65 (58%) 21 (46%) 44 (66%) 0.046
BMI (kg/m2) 25.8 (£5.0) 25.4 (+5.6) 26.2 (4.6) 0.389
Smoking status:
Former Smoker 83 (74%) 31 (69%) 52 (78%) 0.302
Current Smoker 29 (25%) 14 (31%) 15 (22%)
Tobacco Exposure
+ + +
(Pack Years) 42 (£17) 42(+16) 41 (£17) 0.719
SNOT?22 (total score) 17 (9-27) 27 (21-37) 12 (8-17) <0.001
SNOT22asal 4(2-9) 10 (8-12) 2 (1-4) -
CAT score 15.2 (+6.7) 16.1 (£7.7) 14.6 (6.4) 0.240
Inhaled medication:
ICS use (51%) 22 (49%) 5(52%) 0.853
Dual bronchodilator 5(31%) 11 (27%) 7 (28%) '
Triple Therapy (43%) 19 (46%) 9 (48%)
FEV1 (L) 1.37 (£0.56) 1.51 (+0.65) 1.29 (+0.49) 0.057
FEV1 (%
+
predicted) 53 (£17) 56 (+17) 52 (£16) 0.255
DeltaFEV1 (ml) 130 (116) 132 (+109) 129 (+121) 0.877
DeltaFEV1 (%) 12 (11) 13 (£12) 12 (£10) 0.692
RV (L) 4.6 (£1.5) 4.50 (£1.53) 4.58 (+1.53) 0.848
RV (% predicted) 203 (£67) 198 (+65) 206 (£68) 0.638
TLC (L) 7.0 (+1.7) 7.29 (£1.76) 6.88 (+1.62) 0.294
TLC (% predicted) 121 (£24) 120 (+22) 122 (£25) 0.885
DLCO
+
(mmol/min/kPa) 3.7 (#1.7) 3.84 (£1.82) 3.61 (+1.59) 0.557
DLCO (%
+ + + .
oredicted) 45 (£17) 45 (£18) 45 (+17) 0.995
6(23%) A: 10 (22%) 16 (24%)
. 2 (55%) B: 26 (58%) 36 (54%)
GOLD stage (A-D) C 1(1%) C:0(0%) C 1(2%) 0.851
D: 23 (21%) D: 9 (20%) D: 14 (21%)
Yearly o o o
exacerbations (21) 8 (34%) 2 (27%) 6 (39%) 0.183
>2
moderate/severe 18 (16%) 9 (20) 9(13.4) 0.354

AECOPD/year, n (%)

Data is presented as mean standard deviation, median and IQR or count, n and percent.
BMI: Body Mass Index. SNOT22: Sino Nasal Outcome Test 22, SNOT22nasai: Nasal domain/upper airway domain of SNOT22.
CAT score: COPD Assessment Test. ICS: Inhaled Corticosteroids, FEV1: Forced Expiratory Volume 1 second. FVC: Forced Vital Capacity, RV: Residual
Volume. TLC: Total Lung Capacity. DLCO: Diffusion Capacity for Carbon Monoxide. DeltaFEV1: Increase in FEV1 from baseline. GOLD: Global Initiative
for Chronic Obstructive Lung Disease. AECOPD: acute exacerbations in COPD. Triple therapy is defined as treatment with both long-acting beta2
agonist (LABA) long-acting muscarinic antagonist (LAMA) and inhaled corticosteroids.
*p-values are comparisons between the high and low upper airway symptoms groups




TABLE 2.

Markers of Small Airways Disease: PRM and 10S parameters between patients with high and low upper airway symptoms

High upper airway symptoms

Low upper airway symptoms

n=45 n=67 p-value
R5Hz (kPa/L/s) 0.52 (0.39-0.67) 0.63 (0.47-0.74) 0.040
R20Hz (kPa/L/s) 0.28 (0.24-0.39) 0.33 (0.28-0.40) 0.113
R5-R20Hz (kPa/L/s) 0.24(0.15-0.34) 0.27(0.14-0.41) 0.187
X5 (kPa/L/s) -0.25 (-0.38; -0.19) -0.29 (-0.36, -0.19) 0.294
Ax (Hz x kPa/L/s) 2.48 (1.56-3.36) 3.25 (1.66-4.54) 0.313
Fres (Hz) 25.4 (+6.3) 27.3 (+7.3) 0.311
Small Airways Disease
present. 38 (84%) 59 (88%) 0.518
(R5R20Hz > 0.07)
RV/TLC% 61 (+11) 66 (+13) 0.101
PRME™PN(%) 25.0 (¥15.8) 25.5 (¥12.3) 0.902
PRM*2(%) 38.3 (+4.5) 40.4 (+5.3) 0.124

R5Hz: Resistance at 5Hz (distal airways), R20Hz: Resistance at 20Hz (Proximal airway), DeltaR5R20Hz: Difference | resistance
from 5Hz and 20Hz (measure for small airways disease), X5: Reactance at 5 Hz, Ax: Area of reactance, Fres: Resonance

Frequency. PRMe™: Parametric response mapping measure of emphysema, PRM™AP: Parametric Response Mapping

measure of functional small airways disease.
RV: Residual Volume. TLC: Total Lung Capacity
kPa/L/s: Kilopascal per litre per second.




Table 3

Correlations between Impulse Oscillometry parameters and clinical scores and lung function test.

R5Hz R20Hz R5-R20Hz X5Hz Ax Fres
SNOT220as01 tho=-0.201, p=0038 | rho=-0.142p=0145 | rho=-0136,p=0163 | rho=0072,p=0464 | 1O~ -0153,p= | rho=-0253p=
0.251 0.047
~ ~ B ) ~ ~ . B rho=0.338, p= r=0.245,p =
CAT score rho=0.211,p=0029 | rho=0.043,p=0661 | r=0.300.p=0.002 r=-0.295, p = 0.002 0610 S oes
FEVI (L) tho = -0.535, p<0.001 | rho=-0.255,p=0.008 | rho=-0582,p<0001 | rho=05660<0001 | M~ (306327’ L -g.(s)ggl, p<
o - = rho=-0.011,p = - - rho=-0.315,p = r=-0364,p=
FEV1(%) rho = -0.308, p = 0.001 0.508 rho=-0.409, p<0.001 | rho=0.414,p<0.001 0016 0008
RV (L) tho=-0.076,p=0.769 | rho=-0359. p=0002 | rho=0140,p=0248 | rho=-0103,p=0397 | T°70064p= r=0.086,p =
0.639 0.520
o _ _ rho=-0.099, p = = = - - rho=0.230,p = r=0.259,p=
RV (%) rho =0.134, p = 0.267 0de rho=0.259, p=0.030 | rho=-0.249, p=0.038 0085 005
TLC (L) tho=-0.392, p=0.001 | rho=-0.544,p<0.001 | rho=-0181,p=0134 | rho=0183,p=0129 | T°=021Lp= r=-0142,p=
0.114 0.288
o . _ _ rho=-0.025,p = _ = . _ rho=0.229,p= r=0.198,p=
TLC (% predicted) rho=0.138, p =0.255 0836 rho =0.237, p =0.048 rho =-0.204, p = 0.091 0.088 0137
_ rho=-0.173,p = _ _ _ _ rho =-0.268, p = r=-0.270,p =
DLCO rho = -0.342, p < 0.001 0159 rho = -0.353, p = 0.003 tho =0.210, p = 000 0940
DLCO (% _ _ rho=-0.011, p = _ _ _ B rho=-0.182,p = r=-0.179,p=
oredictes) tho =-0.202, p = 0.093 0530 rho=-0.259,p=0.030 | rho=0.121, p=0.318 0179 o1se
RV/TLC% tho=0345,p=0003 | rho=0052,p=0672 | rho=0451,p<0.001 | rho=-0.357,p=0002 | " =0°(')‘:)611’ p< = %‘&81’ p=

Correlations calculated using either Pearson’s R or Spearmans’ Rho depending on the distribution of the data.
SNOT22: Sino Nasal Outcome Test 22, SNOT22nasat: Nasal domain/upper airway domain of SNOT22.
CAT score: COPD Assessment Test. FEV1: Forced Expiratory Volume 1 second. RV: Residual Volume. TLC: Total Lung Capacity. DLCO: Diffusion Capacity for Carbon

Monoxide.

R5Hz: Resistance at 5Hz (distal airways), R20Hz: Resistance at 20Hz (Proximal airway), R5-R20Hz: Difference in resistance from 5Hz and 20Hz (measure for small airways
disease), X5: Reactance at 5 Hz, Ax: Area of reactance, Fres: Resonance Frequency.




Table 4

Correlations between PRM parameters and clinical scores and parameters.

PRIVEmEh

PRMfSAD

SNOT22nasal rho =-0.085, p=0.525 rho =-0.208, p=0.117
CAT score r=0.015, p=0.909 r=0.149, p=0.264
FEV1 (L) r=-0.394, p =0.002 r=-0.230, p = 0.083
FEV1(%) r=-0.566, p <0.001 r=-0.035, p=0.797
RV (L) r=0.690, p<0.001 r=0.032,p=0.816
RV (%) r=0.575, p<0.001 r=0.162, p=0.229
TLC (L) r=0.583, p<0.001 r=-0.056, p=0.678
;;(e:d(iofted) r=0.401, p = 0.002 r=0.324, p=0.014
DLCO r=-0.511, p<0.001 r=-0.191, p = 0.155
E:_ecc?ic(tfd) r=-0.608, p <0.001 r=-0.100, p =0.461
RV/TLC% r=0.461, p <0.001 r=0.175p=0.194

Correlations calculated using either Pearson’s R or Spearman’s Rho
depending on the distribution of the data.
SNOT22: Sino Nasal Outcome Test 22, SNOT22nasai: Nasal domain/upper
airway domain of SNOT22.
CAT score: COPD Assessment Test. FEV1: Forced Expiratory Volume 1
second. RV: Residual Volume. TLC: Total Lung Capacity. DLCO: Diffusion
Capacity for Carbon Monoxide.
R5Hz: Resistance at 5Hz (distal airways), R20Hz: Resistance at 20Hz
(Proximal airway), DeltaR5R20Hz: Difference in resistance from 5Hz and
20Hz (measure for small airways disease), X5: Reactance at 5 Hz, Ax: Area
of reactance, Fres: Resonance Frequency. PRM®™: Parametric response
mapping measure of emphysema, PRM®AP: Parametric Response Mapping

measure of functional small airways disease.




Table 5

Correlations between PRM and Impulse Oscillometry parameters.

PRMEmen

PRMfSAD

R5Hz

r=-0.171,p=0.221

r=0.348, p=0.011

R20Hz

r=-0.284, p=0.039

r=0.233, p=0.094

DeltaR5R20Hz

r=-0.068, p=0.630

r=0.335, p=0.014

X5

r=-0.051,p=0.714

r=-0.227,p=0.102

Ax

r=-0.049.p=0.731

r=0.322, p=0.020

Fres

r=0.024, p=0.862

r=0.178,p=0.201

Correlations calculated using Pearson’s R
R5Hz: Resistance at 5Hz (distal airways), R20Hz: Resistance at 20Hz
(Proximal airway), R5-R20Hz: Difference in resistance from 5Hz and
20Hz (measure for small airways disease), X5: Reactance at 5 Hz,
Ax: Area of reactance, Fres: Resonance Frequency. PRMe™:
Parametric response mapping measure of emphysema, PRMAP:
Parametric Response Mapping measure of functional small airways

disease.




