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ABSTRACT

Real life results of coil treatment for bronchoscopic lung volume reduction
in emphysema

Introduction: The lung volume reduction coil treatment is a minimally invasive
bronchoscopic treatment option for emphysema patients who suffer from severe
hyperinflation. Previous studies have reported successful outcomes in selected
cases using coil for bronchoscopic lung volume reduction (BLVR). Our aim is to
determine the changes in respiratory function tests, perception of dyspnea and
exercise capacities after 12 months in patients treated with endobronchial coil.

Materials and Methods: The data of patients with severe emphysema and
treated with coils between 2014-2017 were evaluated retrospectively.
Dynamic and static lung volume capacities at baseline and 12 months, modi-
fied Medical Research Council (mMRC) questionnaire and six-minute walk
test (6-MWT) results were recorded.

Results: BLVR was performed in thirty patients (one female, twenty-nine
males). Five patients were treated bilaterally and twentyfive unilaterally. One
patient died after 7 days and 4 patients died during follow-up. Five patients
were lost to follow-up. A total of twenty patients with available data were
included in the study. A statistically significant difference was found in mMRC
results in pre-treatment and 12-month evaluations. There was no significant
difference in FEV,, TLC and RV values at the end of 12 months. There was an
increase of 18.9 meters (+ 83.5 m) between the baseline and 12 months in
6-MWT. 45% of the patients improved their walking distance over 26 meters
which is known as minimal clinically important difference (MCID).

Conclusion: Although no significant changes were observed in pulmonary
function tests and lung volumes, the increase in exercise capacity and decre-
ased perception of dyspnea indicate the efficacy of endobronchial coil.
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Results of coil in lung volume reduction

0z
Amfizemli hastalarin bronkoskopik voliim azaltici coil tedavisinin gercek yasam sonuclari

Giris: Akciger volum azaltici coil tedavisi, siddetli hiperinflasyonu olan amfizem hastalari icin minimal invaziv bir bronkoskopik teda-
vi secenegidir. Yapilan calismalarda, secilmis olgularda basarili sonuglar bildirilmistir. Amacimiz endobronsiyal coil tedavisi uygulanan
hastalarda, solunum fonksiyon testleri, dispne algisi ve egzersiz kapasitelerinin 12. ay sonundaki degisikliklerini degerlendirmektir.

Materyal ve Metod: Siddetli amfizemi olan ve 2014-2017 yillari arasinda endobronsiyal coil tedavisi uygulanan hastalarin verileri
retrospektif olarak degerlendirildi. Baglangic degerleri ve 12 ay sonunda dinamik ve statik akciger hacmi kapasiteleri, “modified
Medical Research Council (mMRC)” skorlari ve alti dakikalik yiirime testi (6-MWT) sonuglari kaydedild.

Bulgular: Bronkoskopik akciger voliim azaltici coil tedavisi, 30 (1 kadin, 29 erkek) hastaya uygulandi. Bes hasta bilateral, 25 hasta
unilateral tedavi aldi. Bir hasta islemden yedi giin sonra, dort hasta takip sirasinda eksitus oldu. Bes hasta takiplerine gelmedi.
Calismaya 12. ay verileri bulunan 20 hasta dahil edildi. mMRC sonuglarinda tedavi 6ncesi ve 12 aylik degerlendirmelerde istatistiksel
olarak anlamli bir fark bulundu. On iki ay sonunda FEV,, TLC ve RV degerlerinde anlamli fark yoktu. 6-MWT'de baslangic ile 12 ay
arasinda 18.9 m (+ 83.5 m) artis oldu. Hastalarin %45'i yiirtiime mesafesini, minimal klinik anlamli sonu¢ (MCID) olarak bilinen 26
m’nin tzerinde artirdl.

Sonugc: Solunum fonksiyon testlerinde ve akciger hacimlerinde anlamli bir degisiklik gozlenmemesine ragmen, egzersiz kapasitesin-

deki artis ve dispne algisindaki azalma endobronsiyal coil tedavisinin etkinligini géstermektedir.

Anahtar kelimeler: Bronkoskopi; akciger volim azaltma;, coil; amfizem

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a
common, preventable and treatable disease charac-
terized by persistent respiratory symptoms and air-
flow restriction caused by abnormalities in airways
and/or alveoli because of noxious particles and gases
(1). Emphysema, which is defined as the abnormal
and permanent dilatation of airways distal to the ter-
minal bronchioles, accounts for more than 30% of
COPD patients. This permanent dilatation in airways
causes hyperinflation, which is the main reason of
dyspnea and reduced exercise capacity in emphyse-
ma (2,3). Treatments reducing this hyperinflation
might relieve dyspnea and increase quality of life and
exercise performance (4,5).

For patients with severe emphysema, main treatment
options are; smoking cessation, bronchodilators,
anti-inflammatory drugs, vaccinations, pulmonary
rehabilitation, long term oxygen treatment, non-inva-
sive ventilatory support and surgical interventions
like lung volume reduction surgery and lung trans-
plantation. However, despite all these treatment
options, the majority of patients still remain highly
symptomatic or do not qualify for surgical techniques
and lung transplantation.

In recent years, minimal invasive bronchoscopic
treatment options for severe emphysema have been
developed, such as endobronchial valves, lung vol-
ume reduction coils and experimental techniques
such as bronchoscopic thermal vapor ablation and
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biological lung volume reduction (aeriseal lung seal-
ant), all targeting hyperinflation (2,6-9). Also very
new airway-directed treatments such as targeted lung
denervation and metered liquid nitrogen cryospray
are being researched (10,11).

Surgical lung volume reduction treatments have been
replaced by bronchoscopic lung volume reduction
treatments in selected cases due to early postopera-
tive complications and high mortality rates (12-14).
For patients with interlobar collateral ventilation,
coils might be a potential treatment option (15).
Recently, successful results have been reported with
coil treatment which is defined as one of broncho-
scopic lung volume reduction (BLVR) methods used
in severe emphysema (16).

In our study, we aimed to determine whether there
were any changes in respiratory function test param-
eters, perception of dyspnea and exercise capacity in
emphysema patients in real life after coil placement
in a period of 12 months.

MATERIALS and METHODS
Study Design

The data of the patients were evaluated retrospective-
ly. The study protocol was approved by the Ethics
Committee of Karabuk University (Ethics number:
03.01.2018/1-29). The data of the patients who were
diagnosed with severe COPD-emphysema and treat-
ed with coil between 2014-2017 were examined. The
results of the modified Medical Research Council
(mMMRC) questionnaire for perception of dyspnea,
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6-minute walk test (6-MWT) for exercise capacities
and dynamic and static lung volume capacities of the
patients were recorded before and 12 months after
the treatment.

Patients’ Selection

Patients with severe COPD-emphysema were select-
ed for endobronchial coil treatment. The thoracic
computed tomography (CT) imaging was used to
assess the heterogeneous and homogenous emphyse-
ma and the patients who were eligible for treatment
after pulmonary rehabilitation were included in the
study, if (16):

1. There was heterogeneous and homogenous
emphysema,

2. The expected Forced Expiratory Volume in one
second (FEV1) values were between 15-45%,

3. The expected residual volume (RV) values were >
200%, total lung capacity (TLC) > 100%,

4. The expected diffusing capacity of the lungs for
carbon monoxide (DLCO) values were > 20%,

5. The patient could walk between 140-450 meters
in 6-MWT,

6. sPAB in echocardiogram was < 50 mmHg,

7. The patient was receiving optimum bronchodila-
tor treatment,

8. The patient had quit smoking at least 8 weeks
ago,

9. The patient had been treated with pulmonary
rehabilitation at least six weeks before the proce-
dure,

10. Anticoagulant or antiplatelet treatment could be
stopped before the procedure,

11. Radiologically absence of bronchiectasis and
sequelaes.

Thoracic high resolution computed tomography
(HRCT) and lung perfusion scintigraphy data were
used to select the lung lobe for coil placement. The
lobes with severe emphysema area in HRCT and
decreased perfusion on quantitative perfusion scin-
tigraphy were determined as the treatment area (17).

Treatment Procedure

Coil treatment was performed under general intrave-
nous (IV) anesthesia by the guidance of fluoroscope

with flexible bronchoscope (inner diameter 2.8 mm)
via rigid bronchoscope or endotracheal tube.

The bronchial system of the target lung lobe of the
intubated patient was first examined. The coils made
of nitinol in appropriate lengths (RePneu LVR caoil,
PneumRx Inc, Mountain View, CA USA; 100 mm,
125 mm and 150 mm) (Figure 1) and straightened
forms; via delivery catheter were transferred into the
sub-segmental areas of the target lobe with a 2-3 cm
margin to the pleura under fluoroscopic guidance
(Figure 2). The direction of the coils faced the hilum
of the lung and they were placed like a bunch of
roses (Figure 3). After the procedure, a chest X-ray
control was done immediately if the patient has
symptoms like chest pain or dyspnea, if not; after 2
hours. All patients were followed up for 3 to 5 days
in the hospital and were given methylprednisolone
(0.5 mg/kg) and empirical antibiotics for 5 days.

Figure 1. Endobronchial coil.

Figure 2. Fluoroscopic image during coil placement, showing
the distal end of the coil with the distal end of the catheter
position.

19 [5]
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RESULTS

A total of 30 patients (1 female, 29 males) underwent
bronchoscopic lung volume reduction coil treatment
between 2014-2017. A total of 35 procedures were
performed in 30 patients, bilaterally in 5 patients. The
total number of coils used in procedures were 313.
The coil placement regions were as follows; right
upper lobe 60%, right lower lobe 22.8%, left upper
lobe 8.5% and left lower lobe 8.5% (Table 1). The
demographic datas, basal pulmonary function test
parameters, lung volumes, mMRC questionnaires
and 6-MWT results are summarized in Table 2. One
patient died of massive hemoptysis on the 7" day
after the coil placement which was accepted as an
early mortality due to the procedure. Four patients

Table 1. Procedural results

Figure 3. Chest X-ray of a patient after bilateral coil placement

in upper lobes. Parameter No
L. Total coil procedures 35
Statistical Analyses Unilateral coil patients 25
All variables are presented as minimum, maximum, Bilateral coil patients >

mean and + SD. The Kolmogorov-Smirnov test was Total coil placed 313

used to control whether the variables were distribut- 100 mm 190

ed normally. 125 mm 123
Coils placed per subject, median 9

In the analysis of the control parameters of the base-

. . . Prefered lobes
line and 12 months’ baseline, “paired t-test” was

L . Right upper lobe 21
usefj for th(.e normally distributed variables angl Right lower lobe 8
“Wilcoxon signed rank test” was used for the vari- Left upper lobe 3

ables that were not distributed normally. A p value of Left lower lobe 3
< 0.05 was taken statistically significant.

Table 2. Basal values of the patients treated with coil

Variables Minimum Maximum Mean +SD
Age (years) 54 76 63.6 5.6
Smoking (packs/year) 10 150 54.5 39.8
TLC (L) 5.99 17.14 8.32 2.14
TLC (%) 101 264 135.4 31.1
RV (L) 3.49 15.05 5.84 2.11
RV (%) 226.1 588.3 269.2 69.1
RV/TLC 59 88 69.6 6.7
FEV, (L) 0.41 1.17 0.79 0.17
FEV, (%) 13.0 41.0 28.1 7.0
6-MWT (m) 143 435 295.2 88.4
mMRC 3 4 3.7 0.47
SD: Standard deviation, TLC: Total lung capacitiy, RV: Residual volume, FEV,: Forced expiratory volume in one second, 6-MWT: Six-minute walk
test, MMRC: modified Medical Research Council.
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Table 3. 12 month follow-up basal values of the patients after coil treatment

Variables Minimum Maximum Mean +SD
Age (years) 54 74 62.5 5.5
Smoking (packs/year) 10 150 50.2 34.4
TLC (L) 5.99 17.14 8.32 2.14
TLC (%) 107 154 136 14.3
RV (L) 4.21 8.16 5.91 1.17
RV (%) 226 335 267.25 37.3
RV/TLC 59 77 69.9 5.56
FEV, (L) 0.47 1.17 0.84 0.17
FEV, (%) 18 39.9 29.3 6.4
6-MWT (m) 142 435 266.8 96.3
mMRC 3 4 3.7 0.4
SD: Standard deviation, TLC: Total lung capacitiy, RV: Residual volume, FEV,: Forced expiratory volume in one second, 6-MWT: Six-minute walk
test, mMRC: modified Medical Research Council.

died during the 12-month follow up, two of four
because of acute myocardial infarction and the
remaining due to respiratory failure. Five patients
were excluded as they were lost to follow-up or due
to lack of sufficient data. The life status of these
patients was confirmed by telephone and checked by
the Ministry of Health Death Notification System
database. Twenty patients who were still alive at 12
months’ baseline with complete data were included
in the study. Pulmonary function tests, lung volumes,
mMRC questionnaires and 6-MWT results are sum-
marized in Tables 2 and 3, before and after treatment.

A statistically significant difference was found in the
pre-treatment and 12 months’ mMRC questionnaires
(3.7 £ 0.4 vs. 1.9 £ 0.6, mean -1.8 points, p< 0.001).
The baseline and 12 months’ FEV, values were 0.84 +
0.17 L and 0.86 + 0.25 L, respectively, with a mean
change of 0.02 L (1.3%) which was not statistically
significant (p= 0.681). The TLC values were 136 +
14.3% and 129.8 + 25.9% at the baseline and 12
months, respectively with a mean decrease of 0.14 L
(6.25%) which was not statistically significant (p=
0.249). The RV values were 267.25 + 37.3% and
243.35 + 87.1% at the baseline and 12 months’
respectively with a mean decrease of 0.14 L (23.9%)
which was not statistically significant. The 6-MWT
results were (min: 142 m, max: 435 m) at the baseline
and (min: 145 m, max: 450 m) at the 12 months which
indicated a mean improvement of 18.9 m (+ 83.5 m).
More than 40% of the patients improved their walking
distance by 26 meters, which is the minimal clinically
important difference. All pulmonary function tests and

mMRC scores of the study population at the baseline
and 12 months are given in Table 4.

DISCUSSION

COPD is a chronic inflammatory disease with airflow
limitation causing dyspnea. It is an end result of long-
term exposure to noxious particles or gases and
smoking (1). Treatment options for the patients with
severe COPD include smoking cessation, beta-2 ago-
nists, anticholinergic drugs, oral/inhaled steroids,
oxygen therapy and pulmonary rehabilitation.
However, since the efficacy of these treatment
options is limited and only a number of selected
patients can benefit from these modalities, it is rec-
ommended to use bronchoscopic interventional
treatment options with level B evidence, especially in
patients with COPD and severe emphysema who are
still symptomatic despite standard medical treat-
ments (1). The aim of using coils is to reduce the
volume of emphysematous lung parenchyma by
shrinking and letting the airflow go through the part
of lung which has better perfusion and ventilation.
Coil treatment is an effective treatment option in
selected patients, regardless of collateral ventilation.

We presented 12-months’ reallife long-term results of
severe emphysema patients who underwent bron-
choscopic lung volume reduction coil treatment. Our
study showed only statistically significant improve-
ment in MMRC score. On the other hand; at the end
of the 12-month follow-up period, we found that
FEV, values and 6-MWT results were improved, the
TLC and RV values were decreased.

21 [H]
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Table 4. Control parameters and variability rates at 12" month after coil treatment (n=20)

Variable n Minimum Maximum Mean +SD p
TLC (L) Before 20 6.09 10.79 8.41 1.25 0.676
After 20 5.05 12.91 8.27 1.99
Difference 20 -3.91 +2.12 -0.14 1.54
TLC (%) Before 20 107 154 136 14.3 0.249
After 20 77 179 129.8 25.9
Difference 20 -70 +33 -6.25 23.5
RV (L) Before 20 4.21 8.16 5.91 1.17 0.681
After 20 2.35 11.16 5.77 2.14
Difference 20 -3.25 +3.0 -0.14 1.58
RV (%) Before 20 226 335 267.25 37.3 0.121
After 20 97 450 243.35 87.1
Difference 20 -136 +116 -23.9 65.8
RV/TLC Before 20 59 77 69.9 5.56 0.485
After 20 58 86 68.9 8.27
Difference 20 -12 +10 -1 6.51
FEV, (L) Before 20 0.47 1.17 0.84 0.17 0.683
After 20 0.51 1.46 0.86 0.25
Difference 20 +0.43 +0.51 +0.02 0.24
FEV, (%) Before 20 18 39.9 29.3 6.4 0.521
After 20 16 58 30.6 10.4
Difference 20 -17 +18.1 +1.3 8.4
6-MWT (m) Before 20 142 435 266.8 96.3 0.400
After 20 145 450 285.7 94.6
Difference 20 -95 -198 +18.9 83.5
mMRC Before 20 3 4 3.7 0.4 < 0.001
After 20 1 3 1.9 0.6
Difference 20 -3 0 -1.8 0.7
SD: Standard deviation, TLC: Total lung capacitiy, RV: Residual volume, FEV,: Forced expiratory volume in one second, 6-MWT: Six-minute walk

test, MMRC: modified Medical Research Council.

In our study, the mean FEV, was increased 0.02 L
(1.3%) at the end of the 12-month period. The change
in FEV, over time is very important as it guides the
clinician in monitoring the degree and severity of the
disease. FEV, decreases with age, especially after 25
and smoking increases the rate of this decline.
Fletcher and Peto have measured FEV/ values in every
six months in an eight-year period and they have
shown that FEV, decreases dramatically after 50 years
of age, especially in case of smoking. The average
annual loss of FEV, in non-smokers was 42 + 6 mL
and 66 + 4 mL in people smoking more than 15 cig-
arettes a day in their study (18). In other studies on this
subject, the mean annual loss of FEV, in COPD stage
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[l and IV patients ranged between 23-59 mL (19-21).
Although the improvement in FEV, was not statistical-
ly significant, there was no expected annual loss of
FEV, in this patient group. FEV, was used to evaluate
the degree of obstruction in the airways.

The main cause of dyspnea in patients with COPD
and emphysema is high residual volume. The aim of
coil therapy is to reduce the high residual volume
and perception of dyspnea. Our study also showed
that, at the end of 12 months, RV and TLC values
decreased by 0.14 and 0.14 L, respectively.

At the end of 12 months, there was a 0.14 L (-6.25%)
decrease in TLC and a 0.14 L (-23.9%) decrease in
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RV. In a 1/1 randomized multicentre REVOLENS
study conducted in France, the results of 50 patients
who underwent coil treatment and followed up for
twelve months has shown an increase in FEV, by
0.05 L (8%), decrease in RV by 0.47 L (-9%) and TLC
by 0.29 L (-3%) in coil treatment group (22).

On the other hand, in the RENEW study, recruiting
315 patients with severe emphysema in a three-year
period, endobronchial coil treatment and standard
methods have been compared. The patients have
been randomized as 1/1 and the mean change rate of
FEV, has been found to be 3.8% increased at the end
of the first year in a total of 158 patients who under-
went bilateral coil treatment (5). In a meta-analysis by
Slebos et al., the results of four different clinical stud-
ies covering a total of 2536 coils in 140 patients have
been compiled. The lung volume capacities and pul-
monary function test parameters have been evaluated
at 12 months in 96 patients. It has been found that the
FEV, values were significantly improved by 0.08 L (+
0.21) at 12 months after the treatment. TLC has
changed by -0.22L ( 0.55) and the RV has changed
by -0.43 L (+ 0.72) for the same period of time (6). All
these studies show that endobronchial coil treatment
prevents annual loss of FEV, and decreases RV in
selected patients, as in our patient group.

Another common clinical problem in patients with
COPD is the relatively low exercise capacity. In our
study group, the 6-minute walking distance (6-MWD)
was 266.8 + 96.3 meters and there was an increase
of 18.9 + 83.5 meters 12 months after the treatment.
On the other hand, 45% of the patients improved
their walking distance over 26 meters which is
known as minimal clinically important difference
(MCID). Similar to our results, the RENEW study
reported an average of 10.3 m increase in 6-MWD at
the end of the first year and 40% of the patients
improved at least 26 m (5). In another study, the
change was -2 m (-29 to 25) at the end of the 12th
months (10). In Slebos’ study, the walking distance
was +38.1 m (= 71.9) at 12 months (6). All of these
results show us that endobronchial coil treatment has
positive effects on walking distance in COPD patients
with severe emphysema. Our results are concurrent
with the literature in regards to 6-MWT.

Dyspnea is the most common reason affecting the
quality of life in patients with COPD. Since dyspnea
is a subjective feeling, the only way of evaluation is
the patients’ statements and/or internationally vali-

dated questionnaires. In this study, the mMRC ques-
tionnaire was used to evaluate dyspnea. An average
score of -1.8 (3.7 £ 0.4 vs. 1.9 + 0.6) was recorded at
the end of 12 months for the perception of dyspnea.
The REVOLENS study has reported a 0.5 point
decrease at the end of the first year (22). In a previ-
ously published meta-analysis, the data of 95 patients
who were followed-up for twelve months have been
evaluated and the variability of mMRC results have
been found similar, as 0.53 (+ 0.86) (6).

The limitations of our study are the lack of a control
group and the retrospective design. But as a retro-
spective study, instead of a prospective design, it
gives us an important knowledge about real life out-
comes. Another limitation of our study is, due to the
reimbursement practices of the social security institu-
tion in our country most of the procedures are done
unilaterally.

In conclusion, although this study did not statistically
prove significant changes in pulmonary function test
values and lung volumes, increased exercise capacity
and decreased perception of dyspnea indicate the
efficacy of endobronchial coil treatment. On the
other hand, the lack of expected annual average FEV/
loss in this patient group can be considered as a suc-
cess of the treatment.
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