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ABSTRACT

Objective: To compare the 12-month mortality for patients with severe emphysema who underwent either endobronchial
valve (EBV) or coil treatments with those managed with standard of care (SoC). Bronchoscopic lung volume reduction (BLVR)
is a useful treatment option in patients with chronic obstructive pulmonary disease (COPD), who have severe emphysema.
Study Design: A case-control study.

Place and Duration of Study: Department of Pulmonology, Yedikule Pulmonary Diseases and Thoracic Surgery Education
and Research Hospital, Turkey, between January 2018 and January 2019.

Methodology: Medical data of patients diagnosed with severe/very severe emphysema between January 2010 and January
2017 were evaluated. One hundred and forty-eight patients with advanced COPD-emphysema phenotype, who met the BLVR
treatment criteria, were evaluated. One hundred and twenty-four patients with 12-month follow-up data, 73 patients treated
with BLVR, 43 cases of EBV, 30 cases of coil treatment, and 51 patients managed with standard of care (SoC) were analysed
for this study.

Results: A total of 20 (16.1%) patients died at the end of 12th month and 4 (3.2%) in the early period. At the end of the
12th month, mortality was found in 7 patients (9.6%) in the BLVR group (3 underwent EBV and 4 received coil treatment,
respectively), and 13 (25.5%) patients in the SoC group. There was no statistically significant difference in mortality between

groups in the early period, but it was lower in the BLVR group at the end of 12th month.
Conclusion: BLVR treatment significantly decreases mortality compared to SoC in patients with advanced emphysema.
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INTRODUCTION

Chronicobstructive pulmonary disease (COPD) isthefourth most
common cause of deathintheworld, anditsrateisincreasing day
by day.' Emphysema, which isa component of COPD, is a disease
characterised by progressive and irreversible destruction of the
alveolartissue. The reduction of the elastic retraction, as aresult
of this destruction, leads to increased air trapping, which is the
most important factor in the resulting dyspnea and decrease in
the exercise capacity and quality of life.”

At present, standard treatment options for patients with COPD
include smoking cessation, bronchodilation, mucolytic agents,
phosphodiesterase 4 inhibitors, pulmonary rehabilitation, nutri-
tional support, vaccination against influenza, pneumococcus,
andlong-termoxygentherapy.’?
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Although these treatments help increase the exercise capacity of
patients and decrease symptom exacerbation, they do not cure
the pathophysiology of the disease or prevent disease progres-
sion.

Lungvolumereductionsurgery was considered alight ofhope, but
the high mortality rates observed in the early postoperative
period were disappointing.® Alternatively, the successful and
promising results of BLVR treatments at the beginning of this
century, brought a new dimension to the treatment of emphy-
sema.’ BLVR treatments, including endobronchial valve (EBV),?
coil,®and bronchoscopic thermal vapour ablation (BTVA),” are the
mostcommonly applied methodsamong the treatmentoptions.

The aim of the treatment of COPD is to improve the shortness of
breath, exercise capacity, and quality oflife, ultimately increasing
the patient's life expectancy and preventing death related to
COPD.

In this study, the aim was to compare the mortality between the
BLVR and the SoC groups in the early period and at the end of the
12" monthin patients with severe emphysema.

METHODOLOGY

This retrospective case-control study was conducted at the
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Department of Pulmonology, Yedikule Pulmonary Diseases and
Thoracic Surgery Education and Research Hospital, Turkey,
between January 2018 and January 2019. Medical data of
patients diagnosed with severe / very severe emphysema
between January 2010 and January 2017 were evaluated. The
studywas performedinasinglecentre.

The patients were divided into case (treated with BLVR) and
control (unable to undergo BLVR due to difficulties in obtaining
BLVR equipment and materials) groups. Early (first six weeks)
and 12-month mortality were assessed. The protocol was
approved by the Ethical Committee of the Faculty of Medicine of
Karabuk University (Prot. 1/31).

The study population consisted of patients who underwent
pulmonary rehabilitation (PR) for at least four weeks before the
BLVR treatment plan, and used optimal medical treatment
accordingtothe GOLD guidelines.’

The following criteria were used for eligibility for inclusion for
BLVR procedures: an age of 40-75 years, FEV, 15%-45% of
predicted value, RV =2150% of predicted value (=2200% for coil
treatment), TLC >100%, PaCO, <50 mmHg, PaO,>45mmHg (in
room air), DLCO >20% of predicted value, six-minute walking
test of 150-400 meters, sSPAP <50 mmHg in echocardiography,
using optimal bronchodilator treatment, non-smoking for at
least eight weeks prior to the procedure, having a PR at least
fourweeks priortothe procedure, and notusing any anti-coagu-
lant or anti-platelet treatment (for coil treatment). The other
group consisted of patients who received optimum medical
treatment and were eligible for BLVR treatment, but could not
undergo the procedure due to difficulties in obtaining BLVR
equipment and materials. This group of patients formed the
medicaltreatmentgroup of this study, medical treatmentgroup
(SoCgroup) ofthis study.

Inclusion and exclusion criteria were determined according to
the NETT study and Slebos’s study.*®

All EBV insertion procedures were performed under conscious
sedation (2-5 mg midazolam) by a flexible bronchoscope
(Olympus BF-1TQ180) with 2.8 mm working channel. Quantita-
tive lung perfusion scintigraphy data and thin-section HRCT
examination were used in the selection of the target lung lobe.
Collateral ventilation was assessed with the Chartis system (Pul-
monx Corporation, Redwood City, CA, USA) before the valve
placement procedures; only patients with no collateral ventila-
tionin the target lobe were included. Appropriately sized valves
(Zephyr® EBV; Pulmonx Corporation, Redwood, CA, USA) were
placed in all segments or subsegments of the target lung lobe.
Chest X-rays were taken in all patients suspected of pneumoth-
orax immediately after the procedure, and two hours after the
procedure, even if there was no complaint. Patients who had no
complications in the early postprocedure period were
discharged after an average of six hours of monitoring and were
calledforcontrol after 24 hoursand one week.

All coil procedures were performed under general anesthesia. In
these patients, quantitative lung perfusion scintigraphy data

and thin-section HRCT examination were used in the selection of
thelunglobe forthe coilto be placed. The bronchial system ofthe
target lung lobe in the intubated patient was evaluated, and the
appropriate-length coils (RePneu LVR coil, PneumRx, USA) were
placedinthe subsegments ofthelobe about2 cmfromthepleura
under fluoroscopy guidance. Chest X-ray was performed for the
evaluation of pneumothorax immediately in patients with
complaints, and at the 2™ hour after the procedure routinely in
patients without complaints. After the procedure, all patients
were hospitalised for 3-5 daysand treated with systemic steroids
forone week. Patients who had no complicationinthe early post-
procedure period were discharged and were called for control
oneweekafterthe procedure.

Patients, who underwent BLVR treatment, were assesed at the
7th and 28 th days and every three months. Appropriate treat-
ments according to the GOLD guideline3 were given to patients
managed with SoC, and their controls were made in quarterly
periods. Decedents during the six weeks were described as early
mortality. Patients who could not complete a 12-month follow-up
periodforanyreasonwere excluded fromthestudy.

SPSS for Mac 20.0 package programme (SPSS Inc, Chicago, IL)
was used forthe statistical evaluation. Data were summarised as
the mean and standard deviation for the continuous variables
and as the absolute value and percentages for the categorical
variables. Chi-square test/Fisher’s exact test for the categorical
variables and Student's t-test were used for the continuous vari-
ables. Ap-value of lessthan 0.05 was considered to be significant
witha 95% confidenceinterval.

RESULTS

One hundred and forty-eight patients, who met the BLVR treat-
ment criteria, were evaluated retrospectively. Of these, 76
patients had received BLVR treatment; and the remaining 72
patients had not undergone a BLVR procedure and were
included in the SoC group. Forty-six of the 76 BLVR patients had
beentreated with EBV and 30 had been treated with coils. Three
patients in the BLVR group and 21 patients in the SoC group
were excluded from the study. In the BLVR group, one patient
withallvalves removed onthe 124" day afterthe procedure was
excluded, and the 12-month follow-up period was not
completed yet in two patients. In the SoC group, 16 patients
were excluded from the study because they did not come to
follow-ups, and the 12-month follow-up period was not yet
completed in five patients. The data of the rest of the 124
patients were included in the study: 73 received BLVR treat-
ment (43 patients received EBV and 30 coil treatment) and 51
were managed with SoC (Figure1).

Demographic and clinical features, comorbidities, and mortality
rates were compared between the two groups. Correlatively,
GOLD stages (l1l/IV) in the BLVR and SoC treatment groups were
27/46 versus 25/26, respectively; and there was no significant
difference (p = 0.181). Baseline demographic data, comorbidi-
ties, pulmonary functions, and exercise performances of the
groupsweresimilar(Tablel). Cardiovasculardiseasesand hyper-
tensionwere the most common comorbidities.
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Table I: Baseline characteristics of the patients.

Variable :3;[:;13?roup f::;;_;ou') p-value
Demographic characteristic

Age, years 63.1+75 62.5 + 8.8 0.713
Female / male 8 (11%) / 65 (89%) 1 (2%) / 50 (98%) 0.080
Pack year smoking 50.0 + 30.4 56.7 + 36.3 0.313
Comorbidities 54 (74%) 37 (72.5%) 0.860
Clinical characteristics

GOLD stage (Ill/IV) 27 (37%) / 46(63%) 25 (49%) / 26 (51%) 0.181
Lung function

TLC, L 8.08 + 1.86 8.08 + 1.83 0.992
TLC, % predicted 132.5 + 30.7 132.0 + 25.9 0.930
RV, L 5.59 +1.87 5.59 +1.76 0.995
RV, % predicted 246.9 + 81.3 243.6 + 67.1 0.815
RV/TLC, % 67.2 +12.9 68.8 + 6.9 0.458
FVC, L 2.30 + 0.62 2.29 + 0.58 0.933
FVC, % predicted 65.2 + 18.6 63.7+12.4 0.618
FEV1, L 0.78 + 0.20 0.84 + 0.23 0.097
FEV1, % predicted 27.9+7.8 302+7.6 0.104
DLCO, mmol/min/kPa 10.98 + 5.42 11.21 + 4.17 0.852
DLCO, % predicted 44.0 + 20.5 44.6 +15.4 0.903
Exercise performance 260 + 119.9 275.9 + 104.5 0.514
6MWD, m

FEV1 = Forced expiratory volume in 1 s. FVC = Functional vital capacity. TLC = Total lung capacity. RV = Residual volume. DLCO = Diffusing capacity of
carbon monoxide, 6MWD = 6 min walking distance. SoC = Standard of care.

Patientsunderwent BLVR and

followed by SoC
(n=148)
BLVR group SoC group
(n=76) (n=72)
3 patients excluded 21 patients excluded

2 patients have not completed || || 16 patients have not follow-up
1-year follow-up 5 patients have not completed
1 patient removed the valve 1-year follow-up

BLVR group SoC group
(n=73) n=51
BLVR group SoC group
(n=66) o (n=38)

12-month mortality 12-month mortality
(n=7) (n=13)

-Respiratory failure (n=3)
-Renal failure (n=1)
-Pneumonia (n=2)
-Myocardial infarction (n=1)

-Lungcancer (n=3)
-Pneumonia (n=1)
-Myocardial infarction (n=2)
-Unknown (n=4)

Figure I: The flow chart of the study.

When the mortality rates of the whole study population were
examined, it was seen that mortality occurred in 20 patients
(16.1%), in which 12-month follow-up period was completed,
and the rate of early period mortality (first six weeks) was
found to be 3.2% (4 cases). A total of seven patients (9.6%)
died in the BLVR treatment group. Of these, three patients
had EBV, and four patients were treated with coils. In the
BLVR group, the early period mortality occurred in a total of
two patients (2.7%): one of the patients had EBV and the
other had coil treatments. In the EBV-treated patients, one
patient died due to end-stage respiratory failure on the 7"

day after the procedure, one died on the 145" day due to
end-stage renal failure, and one died on the 147" day due to
pneumonia developing at the distal end of the valve. In the
coil-treated patients, one patient each died due to hemopt-
ysis on the 8" day after the procedure, end-stage respiratory
failure on the 21* day, myocardial infarction on the 83" day,
one died due to end-stage respiratory failure on the 186"
day; and in the SoC group, mortality at the end of 12th
month was observed in a total of 13 patients (25.5%), with
two deaths (4%) in the first six weeks. Most of the causes of
mortality were pulmonary, which included end-stage respira-
tory failure (n = 3), lung cancer (n = 3), pneumonia (n = 1),
and cardiovascular causes (n = 2). The cause of death was
unclear in four cases.

It was seen that mortality rate was significantly lower in
patients who underwent BLVR treatment when compared
with the SoC group (n =7, 9.6%, vs. n = 13, 25.5%, respec-
tively) at the end of the first year (p = 0.018). When
subgroup analysis was performed in the BLVR treatment
group, the mortality rate was lower in the EBV group; but it
was not statistically significant (n = 3, 7%, in EBV vs. n = 4,
13.3%, in the coil, p = 0.435). It was also determined that all
of the decedent patients in the BLVR group were at GOLD
stage IV. Alternatively, the mortality rate in patients at GOLD
stages Ill and IV was similar (n = 7, 28.0%, vs. n = 6,
23.04%) in the SoC treatment group.

DISCUSSION

Emphysema is one of the leading causes of disability world-
wide, despite the advancements in medical treatment and
PR. BLVR treatments are a promising method with positive
results for patients with severe emphysema.>®*
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This study showed that although early mortality rates were
similar between BLVR and SoC groups, mortality was signifi-
cantly lower in patients who underwent BLVR (9.6%) at the
end of the 12th month. In other words, mortality was signifi-
cantly higher at the end of the first year in patients who
were managed by SoC, with a mortality rate of 25.59% in
this group. To the best of authors’ knowledge, this is the first
study in which the BLVR and SoC groups were evaluated
together for mortality.

As in many other studies on EBV or coil treatments, demo-
graphic data, pulmonary functions, and exercise perfor-
mances were similar between pre-treatment demographic
data, pulmonary functions, and exercise performances were
similar between these patient groups.”*? In the VENUTA
study, 33 patients were able to be followed up for a mean of
32 months; mortality rate was 40%. Mortality was not
related to the procedure, and the most frequent cause of
death was lung cancer and end-stage respiratory failure.” In
this study, three out of 43 patients, who underwent EBV
after 12 months, had mortality. The causes of death in these
cases were end-stage respiratory failure, renal failure, and
obstructive pneumonia. The presently reported mortality
rate was significantly lower than VENUTA study, which, we
think, may be due to the short follow-up in this study.

In the VENT study, 220 patients underwent EBV treatment,
and 101 patients were managed with SoC. The mortality
rates in this study were similar between the two groups after
12 months of follow-up (3.7% vs. 3.5%, respectively).’ In the
European section of the same study, mortality was observed
in a total of 10 patients after a one-year follow-up; four (7%)
of these patients were in the EBV treatment group, while 6
(5%) were in the SoC group. At the same time, no proce-
dure-related deaths were seen in this study.' Although the
mortality rate and follow-up period in these studies were the
same as in the EBV group of this study; in this study, the
total mortality was lower in the BLVR group.

In the Renew study, 158 patients underwent coil treatment,
while 157 were managed with SoC, including PR."
Researchers in this study reported that mortality was
observed in 10 patients (6.5%) in the coil treatment group
and eight (5.1%) patients in the SoC group in the first year.
This result was not statistically significant. In the Revolens
study,” comparing coil treatment and SoC, 100 patients (71
males, 29 females) were randomised into two equal groups.
As a result of this study, a total of seven deaths were
reported at the end of 12" month: four in the SoC group and
three in coil therapy group in PR group. In this study, only
one death related to the procedure was observed; other
deaths occurred due to pulmonary causes.

In this study, patients in the BLVR and SoC groups showed
homogeneous features in terms of demographic characteris-
tics and comorbidities. However, unlike the literature,
mortality rates were significantly lower in the BLVR group

compared with the SoC group in the present study. Previously
published studies are mostly prospective.>*** Since patients
included in prospective studies are more strictly followed, any
complication, exacerbation, or side effect is immediately
detected and treated accordingly, thus lowering mortality
rates. Medically treated patients may suffer from side effects
or excacerbations without referring to a medical professional
or may simply skip their follow-up appointments. The authors
believe that the low mortality rate in the BLVR group in this
study was related to this situation.

In a retrospective study by Trudzinski et al., 20 patients with
FEV1 values of = 20% were evaluated, and they reported that
EBV treatment was applicable and safe in terms of 30-day
mortality." In another study conducted by Darwiche et al.,
the data of 20 patients with FEV1 <20% were also evaluated,
and EBV treatment was reported as feasible and safe.'® In
another retrospective study conducted by Simon et al., 33
patients with FEV1 <20% received coil treatment, and there
was no respiratory failure or death requiring mechanical venti-
lation in the first three months.”® In the present study, all
seven patients with mortality in the BLVR group were at
GOLD stage IV. There was no significant difference between
patients at GOLD stages Ill and IV in the SoC group. Although
these three publications indicated that BLVR application was
safe in patients with severe emphysema having severe respi-
ratory restriction (FEV1 =20%), due to the short follow-up
period and low number of cases, new studies are needed for
evaluating BLVR treatment in this patient group.

This study has limitations. First, it is a retrospective data.
Second, it has relatively a small number of cases. However,
it is real-life data making it very relevant.

CONCLUSION

Use of BLVR in patients with severe COPD-emphysema may
reduce mortality in well-selected patients compared with
SoC treatment at the end of 12th month. Patients at GOLD
stage IV should be followed up more closely after BLVR
because of higher chances of death.
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