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Aims and Objectives: Many patients with chronic obstructive lung disease suffer from emphysema. Valve implantation may be
a reasonable method in patients presenting advanced emphysema and absent interlobar collateral ventilation (CV). However, other
clinical parameters influencing the effectiveness of endoscopic lung volume reduction (ELVR) are not well known.

Methods: COPD patients with advanced emphysema who received valve implantation in 2016 were retrospectively analyzed. The
following characteristics were collected prior to valve implantation: age, sex, body mass index, presence of allergies, use of inhaled
corticosteroids (ICS), lung function parameters, diffusion capacity, 6-minute walk distance (6-MWD), blood gases, COHb, smoking
history, and emphysema index (quantitative multi-detector computed tomography). Three months following valve implantation, lung
function parameters, diffusion capacity, 6-MWD and blood gases were measured. In this analysis, we evaluated the impact of these
variables on an increase in FEV; and 6-MWT as well as a decrease in RV three months after valve implantation.

Results: Overall, 77 COPD patients (57% male, mean age 66, mean FEV; 32%, mean RV 259%) who underwent valve therapy were
enrolled. At 3-month follow-up, patients experienced a mean FEV increase of 0.09 + 0.21 L, a mean RV decrease of 0.42 + 1.80 L and
amean improvement of 8.3 £ 57 m in the 6-MWT. Overall, ICS, sex and emphysema index had an impact on the outcome following ELVR:
ICS medication was associated with inferior FEV outcome. The higher the emphysema index, the less the RV reduction. Sex was a predictor
for change of FEV (%), RV (L), and 6-MWT: male patients seem to benefit less than female patients from valve implantation.
Conclusion: These findings suggest that ICS, emphysema index and sex are clinical parameters that may be associated with inferior
outcome following ELVR. Further studies have to confirm these results to improve patient selection and clinical outcome of ELVR.
Keywords: COPD, emphysema, valve implantation, lung volume reduction

Introduction

Chronic obstructive pulmonary disease (COPD) is the third leading cause of death and expected to become the leading
cause of death in the world in around fifteen years.' Many patients with COPD suffer from emphysema and disease
severity depends on its extent.” The main causes of emphysema are environmental or occupational exposure to
substances and alpha-1 anti-trypsin (AAT) deficiency.® Endoscopic lung volume reduction (ELVR) and lung volume
reduction surgery (LVRS) may be beneficial in some of these individuals. In patients with upper lobe-predominant
emphysema, lung volume reduction surgery can minimize hyperinflation and thus lead to improvements in lung function,
exercise capacity, and quality of life and is associated with survival benefits.* However, LVRS is associated with a risk of
morbidity and mortality. Therefore, an alternative and less invasive method of lung volume reduction was invented:
endoscopic lung volume reduction (ELVR). Besides some other interventional methods, endoscopic valve implantation is
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the best studied technique, resulting in lobar atelectasis of the emphysematous lung lobe and thus in a reduction of
symptoms and improvement of long-term outcomes.”

Although the valve implantation is a minimally invasive therapy, it can be associated with complications. The most
frequent complication in valve implantation is pneumothorax in around a quarter of patients.** The prevalence of
COPD exacerbations, pneumonia, hemoptysis and death were not significantly higher than in control groups.>*®

For successful valve therapy, patient selection is crucial. Besides lung function testing, other assessments such as high
resolution computed tomography (HRCT), perfusion scintigraphy, cardiopulmonary exercise testing and echocardiogra-
phy are recommended for patient selection and predict outcome following valve treatment.” In particular, the absence of
interlobar collateral ventilation (CV) that can be assessed by multi-detector computed tomography (MDCT) scan or
invasive Chartis® measurement is an important prerequisite for a successful valve implantation in patients with
heterogenous or homogeneous emphysema.’ Furthermore, the lower the lobe attenuation volume (LAV) of the target
lobe to LAV of the target lung, the lower the 6-minute walk distance, and the lower the vital capacity (VC), the better the
outcome, following valve implantation.”'° Moreover, the residual volume (RV) seems to be a predictor of the outcome;
patients with severe air trapping and thoracic hyperinflation were shown to have a superior response to endoscopic valve
therapy.'”

These different findings suggest that critical patient selection is crucial for the outcome of intervention. Inclusion
criteria and different exclusion criteria such as incomplete fissure or missing target lobe must be taken into account.''
Although certain criteria have been identified, there is still a huge variability in the outcome, but evidence for this is not
provided in the literature. The more predictors for a successful endoscopic lung volume reduction with are known, the
more precise is the patient selection. Therefore, we looked for further clinical parameters that might predict the
effectiveness of valve implantation in severe emphysema.

Methods

The aim of this retrospective analysis was to evaluate clinical parameters as predictors for the outcome following
endoscopic valve implantation in patients with severe emphysema. The database was queried for patients with severe
emphysema, who were treated with endoscopic valve therapy at Thoraxklinik at the University of Heidelberg. The
information entered into the database included baseline characteristics, treatment procedures, outcome and complications.
All patients gave written informed consent for the scientific use of their medical records acquired during hospitalization.
Data collection was performed with respect to the privacy of the subject, patient data confidentiality and compliance with
the Declaration of Helsinki. The local ethics committee of Heidelberg approved the protocol of this trial (S-202/2017).

Subjects, Procedure and Data Collection

Patients who were treated with valve therapy at Thoraxklinik of the University Heidelberg in 2016 were enrolled in this
specific analysis. Prior to valve implantation, medical history, physical examination, body plethysmography, measure-
ment of diffusion capacity, 6-MWD, laboratory test, MDCT and perfusion scintigraphy were recorded in a routine
clinical care setting.

All patients received a complete occlusion of the target lobe by one-way valves under general anesthesia according to
current best practice recommendations.’ Thereby, the target lobe was defined as an emphysematous destroyed lung lobe
(assessed by software analysis [YACTA, yet another CT analyzer]) completely separated by interlobar fissures from adjacent
lung lobes. In cases where the CT fissure analysis was not sufficient to exclude significant CV, additional Chartis®
measurement was performed to quantify the extent of CV. In the absence of CV, the one-way valves were placed.

To assess the clinical outcome following valve therapy, improvements in forced expiratory volume in 1 second
(FEV,, L and %)), residual volume (RV; L and %) and 6-minute walk distance (6-MWD; m) were assessed from baseline
to 3 months following valve implantation.

Evaluation of Efficacy Predictors
The following variables were considered as predictors for the outcome following valve treatment: age, sex, body mass
index (BMI), FEV, (L and %), RV (L and %), transfer factor for carbon monoxide (TLCO SB; %), 6-MWD, eosinophil
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count, base excess (BE), long-term oxygen therapy (LTOT) (yes/no), domiciliary non-invasive ventilation (NIV; yes/no),
smoking history (py), inhaled glucocorticosteroids (ICS; yes/no), oral glucocorticosteroids (yes/no) and emphysema
index assessed by YACTA software analysis (%).

Statistical Analysis

For each of the predictive parameters we fitted a linear model with the value of the outcome variable at 3 months after
therapy as the dependent variable and its baseline value as well as the respective predictive parameter as the explanatory
variables. We fitted these models for each of the 5 outcome parameters (FEV, [L], FEV, [%], RV [L], RV [%], 6-MWD
[m]). We computed p-values for the predictive parameters in each model. For each outcome variable, we fitted another
multivariable linear model with its value at 3 months after therapy as the dependent variable and its baseline value as well
as the predictive parameters that had a p-value smaller than 0.1 in their respective baseline model as the explanatory
parameters and again computed p-values and estimates. The results of these multivariable linear models are presented in
tabular form in the results section. Differences in outcomes between baseline and month 3 were computed with paired
t-tests. The significance level for the latter models was set to a = 0.05; however, no correction for multiple testing was
applied, therefore all p-values are of descriptive, hypothesis-generating character. Statistical analysis was performed
using R, version 3.6.1 or higher.

Results
In this specific analysis, 77 patients (57% male, mean age 66 + 15 years) who underwent valve therapy due to severe
emphysema were enrolled. Prior to valve implantation, the mean FEV| was 0.86 L = 0.25 L (32.1% + 8.6%), and the
mean RV was 5.8 L £ 1.32 L (258.6% = 53.6%). All the patients stopped smoking (47 £ 25 py). The emphysema index
assessed by quantitative CT scan was found to be 35.3% + 9.8%. The patient characteristics prior to valve treatment are
summarized in Table 1.

Twenty-eight patients received one-way valves in the left lower lobe, 23 patients in the left upper lobe, 16 patients in
the right lower lobe and 8 patients in the right upper lobe. In one patient, the right upper lobe and middle lobe and in

another patient only the middle lobe was occluded by valves.

Clinical Outcome Following Valve Therapy

Three months following valve implantation, patients experienced a mean FEV improvement of 0.09 = 0.21 L (p <0.001)
and 3.8 + 8.2% (p < 0.001). Moreover, a mean RV reduction of 0.66 + 1 L (p <0.001) and 31.7 £47.1% (p < 0.001) was
detected. The 6-MWT revealed a mean increase of 8 £ 57 m (p = 0.25). Radiological follow-up confirmed a complete
lobar atelectasis in 22% of the patients. After valve implantation, 10% of the patients experienced a pneumothorax as
anticipated complication.

Predictors for Successful Valve Implantation

Fev, (L)

In the univariate model, only ICS and BE were associated with a change in FEV, (L) (p <0.1) (Table 2). However, only
ICS remained significant in the multivariable model (p = 0.026) (Table 3). ICS use was associated with lower FEV;
improvement at 3-months follow-up (—0.12 L compared to non-ICS).

Fev, (%)

In the univariate linear model, sex, ICS and BE were associated with a change in FEV; (%) (p < 0.1) (Table 2). Sex and
ICS remained significant in the multivariable model (p = 0.009 and p = 0.038 respectively) (Table 3). Male patients on
average had 4.81% less FEV; (%) than female patients 3 months after therapy. Patients with ICS on average had 4.25 less
FEV (%).
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Table | Patient Characteristics Prior to Valve Implantation

Patient Characteristics n

Age (years) 77 65.6 +7.2
Sex (male) (n, %) 77 44, 57%
BMI (kg/m?) 77 234143
Smoking history (py) 77 47 £ 25
VC (L) 77 249 £0.77
VC (%) 77 705 £ 17.6
FEV, (L) 77 0.86 + 0.25
FEV, (%) 77 32.1 86
RV (L) 75 5.95 +1.31
RV (%) 75 258.6 £ 53.6
TLC (L) 77 844 £ 1.72
TLC (%) 77 140.3 + 19.0
TLCO SB (%) 67 280 %116
6-MWT (m) 77 285.8 + 98.1
Eosinophil count (cells/nl) 77 0.177 £ 0.138
Eosinophil count (%) 76 21 +18
Base excess (mmol/L) 77 1.79 £ 2.63
LTOT (n, %) 77 44, 57%
NIV (n, %) 77 10, 13%
Emphysema index (%) 77 353+98
ICS (n, %) 77 45, 58%
Oral glucocorticosteroids (n, %) 77 14, 18%

RV (L)

Sex and the emphysema index assessed by quantitative CT analysis were associated with RV (L) change in the univariate
(p < 0.1) and in the multivariable model (p = 0.021 and p = 0.0125, respectively) (Tables 2 and 3). Male patients on
average experienced less RV reduction compared to female patients. Patients with a higher emphysema index had an
inferior hyperinflation reduction.

RV (%)

In the univariate linear model, BMI and the emphysema index were associated with RV change (p < 0.1) whereby only
the emphysema index remained significant in multivariable model (p = 0.0013, respectively) (Tables 2 and 3). The higher
the emphysema index, the less the RV (%) reduction.

6-MWD (m)

In the univariate model, sex and oral glucocorticosteroids were associated with 6-MWD change (p < 0.1) (Table 2). In the
multivariable model, sex was still a significant predictor for the outcome (Table 3). Male patients achieved a 26.5 m less
6-MWD than female patients 3 months following valve implantation.
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Table 2 Results of the Univariate Models for the 5 Outcome Parameters
FEV, (L) FEV, (%) RV (L) RV (%) 6-MWT (m)
p-value p-value p-value p-value p-value
Age (years) 0.489 0.952 0.781 0.775 0.543
Sex (male) 0.471 0.027 0.022 0.127 0.022
BMI (kg/m?) 0.778 0.941 0.231 0.059 0.304
TLCO SB (%) 0.822 0.892 0.537 0.639 0.675
Eosinophils (absolute) 0.458 0.481 0.723 0.740 0.367
Eosinophils (%) 0.923 1.000 0.249 0.376 0.254
BE (mmol/l) 0.049 0.058 0.908 0.532 0.640
LTOT (yes/no) 0.104 0.675 0.885 0.534 0.191
NIV (yes/no) 0.742 0.925 0.389 0.174 0.476
Smoking history (py) 0.421 0.245 0.431 0.477 0.172
ICS (yes/no) 0.009 0.021 0.549 0.568 0.393
Oral steroids (yes/no) 0.251 0.208 0.498 0.306 0.039
Emphysema index (%) 0.930 0.603 0.016 <0.001 0.363
Table 3 Multiple Linear Regression Models for Outcome Parameters. Only Parameters That
Were Significant in the Univariate Linear Models (P < 0.01) are Mentioned in the Table for
Each Outcome Parameter
A. Regression model for FEV, (L)
Estimate Standard Error p value
Intercept 0.37 0.10 <0.001
Baseline FEV, (L) 0.80 0.10 <0.001
ICS (yes) —0.12 0.05 0.026
BE (mmol/L) —0.01 0.0l 0.143
B. Regression model for FEV, (%)
Estimate Standard Error p value
Intercept 15.12 4.20 <0.001
Baseline FEV| (%) 0.86 0.11 <0.001
Sex (male) —-4.81 1.79 0.009
ICS (yes) —4.25 201 0.038
BE (mmol/L) —0.62 0.36 0.094
(Continued)
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Table 3 (Continued).

C. Regression model for RV (L)

Estimate Standard Error p value
Intercept 0.07 0.58 0910
Baseline RV (L) 0.63 0.11 <0.001
Sex (male) 0.59 0.25 0.021
Emphysema index (%) 0.03 0.0l 0.015

D. Regression model for RV (%)

Estimate Standard Error p value
Intercept 54.21 43.85 0.2204
Baseline RV (%) 0.51 0.10 <0.001
BMI (kg/m?) —0.99 1.21 04136
Emphysema index (%) 1.78 0.53 0.0013

E. Regression model for 6-MWT (m)

Estimate Standard Error p value
Intercept 107.40 19.87 <0.001
Baseline 6-MWT (m) 0.73 0.06 <0.001
Sex (male) —26.51 12.25 0.034
Oral steroids (yes) -31.43 16.45 0.061

Discussion

Endoscopic valve therapy is an established therapeutic approach in selected patients with advanced emphysema.'*'?
Since the first valve implantation in 2003, various trials evaluated the efficacy, and investigated different predictors for
outcome and adverse events.>*®!* So far, heterogeneous emphysema distribution, absent interlobar collateral ventilation,
low VC and high RV are known as predictors for superior outcome following valve therapy. Despite the consideration of
all these predictors, the response to valve therapy remains highly variable. Therefore, the evaluation of further predictors
for successful outcome may improve patient selection with the aim of increasing the proportion of patients with an
excellent outcome and excluding those patients who do not benefit from this invasive procedure that can be associated
with adverse events.

In this analysis, we focused on clinical parameters beyond lung function parameters and radiological parameters and
evaluated their impact on the outcome following valve treatment. This analysis reports for the first time that female sex is
associated with improved outcome following valve implantation. Women experienced a greater FEV, improvement, RV
reduction and 6-MWD increase. It is known that men and women may respond differently to various therapies, but the
results of different trials are controversial.!>!® Moreover, men and women differ in the outcomes of acute COPD
exacerbations and hospitalizations, whereby women have a survival advantage, whereas men have an increased risk for
in-hospital mortality.'>~'” The reasons behind the differences are still unknown and further investigations are needed.

The use of ICS was found to be another predictor for the outcome following valve therapy, whereby patients using
ICS had an inferior outcome. A possible explanation for this phenomenon may be the disease severity and COPD
exacerbation frequency. An indication for ICS in COPD patients is an increased exacerbation frequency. Presumably,
patients who are using ICS may have an advanced stage of the disease, more exacerbations, and thus a poorer prognosis.
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A specific COPD phenotype may also play a role. Due to the mechanism of action of valve therapy, it may also be
possible that particularly patients with severe emphysema but only mild chronic bronchitis, less sputum and a reduced
number of exacerbations will experience a superior response to valve therapy.

Emphysema index assessed by MDCT scan was significantly associated with RV reduction, whereby a surprisingly
higher emphysema index led to a less RV reduction. This finding was contrary to our expectation as we assumed that the
higher the emphysema index, the better the outcome. However, a retrospective study by Theilig et al also revealed that
the total lung emphysema score does not predict a beneficial outcome of ELVR.'® In this study, the authors described no
association between the total lung emphysema score and ELVR outcome, whereby the authors only focused on FEV;
improvement but not on RV reduction. A possible explanation for the inverse association between the total emphysema
index and RV reduction may be the reduced elastic recoil and the severe static hyperinflation of the whole lung that leads
to an inferior outcome after occlusion of one of the emphysematous destroyed lung lobes. This hypothesis can be
supported by the fact that only the emphysema heterogeneity but not the total lung emphysema score or the emphysema
score of the target lobe has an impact on the ELVR outcome.'%'®

Summarizing, the results of this study provide evidence that patients with already very advanced disease associated
with a high emphysema index and who are already on ICS medication may benefit less from endoscopic valve therapy.
Therefore, these parameters should be considered in selecting suitable patients for ELVR, especially borderline cases.

Moreover, important findings in this study were not only the identification of sex, ICS use and emphysema index as
predictors for ELVR outcome but also the fact that other clinical parameters like age, BMI, smoking status, the
eosinophil count, LTOT or NIV have no impact on the ELVR outcome.

The major limitation of this study is its retrospective design and the small population size. Therefore, further
prospective studies are necessary to investigate the impact of the clinical variables on ELVR outcome. Furthermore, it
must be emphasized that the patient cohort is a preselected population with advanced emphysema and thus the results
may not apply to patients with milder disease.

In conclusion, this study revealed that a high emphysema index, male sex and ICS were associated with less benefit.
This result suggests that disease severity has an impact on ELVR outcome. Further studies have to confirm these results
to improve patient selection and clinical outcome of ELVR.
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