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The Global BURDEN of COPD :
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LVRS, Lung Volume Reduction Surgery
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Brantigan O, M. A surgi 'a?broach to pulmonary
emphysema. Am Rev Respir 1959:80:194-202.
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A Randomized Trial Comparing Lung-Volume—Reduction Surgery ooz S e

with Medical Therapy for Severe Emphysema No. at Risk

Surgery 608 491 376 233 74
Medical therapy 610 527 384 224 70

Months after Randomization

National Emphysema Treatment Trial Research Group*

Objectif : compare the safety and efficacy of LVRS versus standard medical care

Design multicenter randomized 1:1 controlled trial n=1218
. Control : 610
Pul habilit . .
Himonary TehabIition < LVRS : 608 bilat. wedge resection
Participants : heterogeneous emphysema-+hyperinflation

Primary outcomes : mortality and maximal exercise capacity
two years after randomization



NETT trial, subgroup analysis

2) Non High risk patients

B High-Risk Patients [N=140)
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No. at Risk
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Medical therapy 70 64 45 20 O
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2.1) Responder patients

Upper-Lobe predominance
Low Exercice Capacity

D Upper-Lobe Predominance, Low Base-Line Exercise
Capacity (N=290)
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Months after Randomization
No. at Risk
Surgery 139 121 93 61 17 /

Medical therapy 151 120 85 43 13/

2.2) Non responder patients

Non-Upper-Lobe Predominance

High exercice capacity

G Non-Upper-Lobe Predominance, High Base-Line Exercise
Capacity (N=220)
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Predictors of operative mortality and cardiopulmonary
morbidity in the National Emphysema Treatment Trial

Keith S. Naunheim, MD,® Douglas E. Wood, MD,® Mark J. Krasna, MD,* Malcolm M. DeCamp, Jr, MD,"
Mark E. Ginsburg, MD,* Robert J. McKenna, Jr, MD, Gerard J. Criner, MD,? Eric A. Hoffman, PhD,"
Alice L. Sternberg, ScM,' and Claude Deschamps, MD, for the National Emphysema Treatment Trial Research Group

MORTALITY
0
deaths/pers/year)
Surgery / medical Surgery / medical
All patients 7.9 1.3 0.11 0.11
High risk 28.6 0 0.33 0.18
Non high risk 5.2 1.5 0.09 0.10

MORBIDITY

Among the 511 « non-high risk patient » :

--major pulmonary morbidity : 29.8% } o . .
--major cardiac morbidity : 20% 50% major morbidity

The Journal of Thoracic and Cardiovascular Surgery, vol 131, N.1, janv. 2006



5% BPCO in Switzerland

L 10% with Heterogeneous emphysema
+hyperinflation

L 44% Upper-lobe predominance+
low exercice capacity

4.4% of BPCO eligible for LVRS...

+
Morbi/mortality associated
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Conservative treatment
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Endoscopic therapy for emphysema, a new approch
with less morbidity/mortality?

7 vapor
Non blocking device

/ T Polymeric LV.R
irreversible

/ Blocking device : Spigots
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Homogeneous
irreversible (Airway bypass tracts, via radiofrequenz)

Reduction of pulmonary volume



Silicone membrane

ZEPHYR
pulmonX

Endoscopic Lung Volume Reduction with valves

Nitinol structure,
Self-expandible




The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Endobronchial Valve for Emphysema

A Randomized Study of Endobronchial . :
Valves for Advanced Emphysema Palliation Trial (VENT)

Frank C. Sciurba, M.D., Armin Ernst, M.D., Felix J.F. Herth, M.D.,
Charlie Strange, M.D., Gerard J. Criner, M.D., Charles H. Marguette, M.D., Ph.D.,
Kevin L. Kovitz, M.D., M.B.A., Richard P. Chiacchierini, Ph.D.,
Jonathan Goldin, M.D., Ph.D., and Geoffrey McLennan, M.D., Ph.D.,
for the VENT Study Research Group*

M EMGL | MED 353;13 NEJM.ORG SEFTEMBER 23, 2010

Objectif : compare the safety and efficacy of endobronchial-valve therapy versus
standard medical care

Design : multicenter randomized 2:1 controlled trial n=321

Control : 101

ELVR : 220 unilat. Valve placement+
lobar occlusion

Pulmonary rehabilitation

Participants : heterogeneous emphysema(FEV15-45%)+hyperinflation(RV>150%)

Efficacy end points : %AFEV1 and %A6-minute walk test @ 6Mo.



The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

A Randomized Study of Endobronchial
Valves for Advanced Emphysema

Frank C. Sciurba, M.D., Armin Ernst, M.D,, Felix).F. Herth, M.D.,
Charlie Strange, M.D., Gerard J. Criner, M.D., Charles H. Marquette, M.D., Ph.D.,
Kevin L. Kovitz, M.D., M.B.A., Richard P. Chiacchierini, Ph.D.,
Jonathan Goldin, M.D., Ph.D., and Geoffrey McLennan, M.D., Ph.D.,
for the VENT Study Research Group*

Total population  control -1.9% 1.5%
treatment  5.3% 4.3%
p 0.005 0.04

M EMGL | MED 3'53;13 MEJM.ORG SEFTEMBER 23, 20710



US-VENT Study :
38% of patients did not have complete fissures in treated lobe

44% of patients did not achieve lobar occlusion

Lobar occlusion

Collateral ventilation



US-VENT Study, subgroup analysis

Total control -1.7% -1.9% 1.5%
population
treatment -20.6% 5.3% 4.3% -2.66
>10% Control -0.8% -2.8% -4.3% 0.95
h
SRR treatment -23.3% 7.7% 4.5% -2.33
/ +lobar treatment -30.3% 12.4% 6.3% -3.34 \
occlusion
. 22.8%
fissure
\_

/

— Responder patients : lobar occlusion

-~ 0) T »
complete fissure=> no CV 20% of patients included



Complete fissure and Collateral ventilation

Estimated

Measured : CHARTIS system

1) Console displays

Total Right Lung Vol
21L

Total Left Lung Vol
1.77L

Right Fissure Integrity Left Fissure Irf egrity
Score 84.1% Score 95.9%

Anal YS ed (VIDA software)

2) Balloon catheter,




measurement of collateral ventilation

°\

IRSTNAME LAST... IRSTNAME LAST...
- 4/20/2008 6:44 PM :
1234567 LUL - 1 T 4/20/2009 6:50 PM
) T:00:37 F--0.012 P:-12.838

2 ] | 5 B 7 B 3 10 1 2 3 4 5 B 7 B g 10
Time {seconds) Time (seconds)
DISCARD ACCEPT 00:27 DISCARD ACCEPT 00:20

No Collateral Ventilation Collateral Ventilation
(CV-) (CV+)



Eur Respir J. 2012 May 3. [Epub ahead of print]

Radiological and clinical outcomes of using chartis to plan endobronchial valve treatment.
Herth FJ, Eberhardt B, Gompelmann D, Ficker JH, Wagner M, Ek L, Schmidt B, Slebos DJ.

Thoraxklinik, Heidelberg, Germany, Member of the German Center for Lung Research.

Median Target Lobe Volume Reduction
CV- CV+
Target Lobe VR (ml) -1031.7 -82.0
Target Lobe VR (%) -61.6% -3.9%
Secondary outcome CV - CV +
FEV, Change (%) 19.2+23.9 0.9+13.3
N=37 N=20
SGRQ Change (pts) -11.1+£13.0 -4.6118.0
N=27 N=13
6MWT Change (%) 15.6+£47.3 9.8+14.8
N=3 N=18
4

accuracy level of 75%



Adverse Events :

Table 1 Percentage of patients experiencing adverse events at
90 days in the randomised clinical trials

Treatment Control
Death 0.8 0.6
COPD exacerbation with hospitalisation 9.2 4.8
COPD exacerbation without hospitalisation 10.5 15.7
Infection 1.2 0
Respiratory failure 2.2 0.7
Pneumonia distal to valve 1.9 -
Pneumonia other lobe 2.8 2.0
Haemoptysis: massive 0.6
Pneumothorax: >7 days 2.2
Emphysema 0

Data derived from Sciurba et a/** Herth et a/*> and Ninane et al.*®
COPD, chronic obstructive pulmonary disease.

Shah PL, et al. Thorax 2013;0:1-7. doi:10.1136/thoraxjnl-2013-203743



Zephyr Valves, long term Follow-Up
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FIGURE 1. Atelectasis following bronchoscopic lung volume reduction was
associated with improved sunvival (p=0.026).
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FIGURE 2. Suwival comparizon betwesn patients with and without wsible
fissures. O: censored patients: |: alive patients.

Hopkinson et al, Eur Respir. J, 2011

Venuta et al, Eur Respir J, 2012




Zephyr Valves, long term Follow-Up

Functional variables of the patients at the different time-points

Variables Baseline Follow-up p-value
24=T2 h 1 manth 3 months & months 1yr 3 yrs Syrs
Supplementary Ox 187+1.2 05102 0.51+0.20 051020 06102 08108 0.8+08 1.0£1.0 =0.0001
L-min"
0, saturation % 949+3.1 9H2+29 948+29 HB1+18 949+19 M7+19 944+19 5.7+ +24 02
Pa,0, mmHg T2TE 113 741+89 734+72 42181 743169 T46+6.7 719163 7291103 07
Pa,co, mmHg 41.2+45 Bataa V1147 P37 394132 P5134 393126 BPT7L29 02
FEV1 L-min™ 088103 09103 11102 11103 1.11+03 109104 1.081+04 12105 0.004
FYC L 20+ 06 21105 23106 23108 23105 24106 24105 25106 0.06
RVL 22+09 45+08 47+10 47+09 44+11 44+12 44+12 398+13 0.03
TCL 7F45+1.1 739+13 749+ 1.1 741109 T3111 T28+1.0 729+11 T3113 07
ITGV L 6.0+ 1.1 51109 54110 54411 53110 53111 521413 53112 0.1
D co/Va mL-min™- 295419 303+19 299118 281£15 284+12 288115 335113 as6t+1.2 02
mmHg™'-L™
GMWT m 286197 HH2tT2 arit88 408 +91 388187 3491105 355190 A2 +113 0.008
MRC score 39+08 34109 2106 2107 22107 24106 26105 26107 =0.0001

Data am presented as mean + 5o, unless otherwise stated. Pa 0. arterial cygen tension; Pa,C0.: anerial carbon dioxde tension; FEV: forced expiratory volume in 1 s;
FVC: forced vital capacity; BV residual volume; TLC: total lung capacity; MGV: intrathoracic gas volume; D, co/VA: diffusing capacity of the lung for carbon monoxide
comected for alveolar ventilation; 6MWT: 6-min walking test; MRC: Medical Research Council.

Venuta et al, Eur Respir J, 2012



ELVR with Valves :

5% BPCO in Switzerland

L 10% with Heterogeneous emphysema
+ severe hyperinflation

20-40% no collateral ventilation+
lobar occlusion

NEED for therapeutic alternativ



D E Coil treatment

LVRC delivery system & coils

Guidewire =

Catheter =

Cartridge =2

Biopsy Forceps =2




The physician releases the coil WhiCH =)
resumes its shape“and compressesdisea:

mi&e F

A guidewire, passed thmugh’g"gmn&’om;m, :
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Compressed
diseased
parenchyma

Airway Length Before LVRC

'Reduced Length with LVRC

Treated upper lobe






Ther Adv Respir Dis. 2010 Aug,4(4):225-31. doi: 10.11771753465810388553. Epub 2010 Jun 10.

Bronchoscopic lung volume reduction with a dedicated coil: a clinical pilot study.

Herth FJ, Eberhard B, Gompelmann D, Slebos DJ, Ernst A
Department of Pulmonology, Thoraxklinik Heidelberg, Germany.

Chest. 2012 Sep;142(3):574-82.

Bronchoscopic lung volume reduction coil treatment of patients with severe heterogeneous emphysema.
Slebos DJ, Klooster K, Ermst A Herth FJ, Kerstjens HA

Department of Pulmonary Diseazes, University Medical Center Groningen, University of Groningen, Groningen, The Netherlands. d j=lebosi@long.umcg.nl

Endobronchial coils for the treatment of severe emphysema 3
with hyperinflation (RESET): a randomised controlled trial

Lancet Respir Med 2013;
1: 233-40




Endobronchial coils for the treatment of severe emphysema 3
with hyperinflation (RESET): a randomised controlled trial

Lancet Respir Med 2013;
1: 233-40

Panel 1: Enrolment criteria

Inclusion criteria

+ Aged =35years

« High resolution CT scan indicates unilateral or bilateral emphysema

+ High resolution CT scan indicates homuﬁeneaus or heterc:-ﬁeneaus. emehzsema

« A post-bronchodilator FEV, =<45% predicted

« Total lung capacity >100% predicted

« Patient has marked dyspnoea score =2 on modified Medical Research Council
scale of 0-4

+ Patient has stopped smoking for a minimum of 8 weeks before enrolment

« Patient (or legal guardian if applicable) read, understood, and signed the informed
consent form



Endobronchial coils for the treatment of severe emphysema
with hyperinflation (RESET): a randomised controlled trial

Exclusion criteria

A change in FEV, greater than 20% post-bronchodilator

A single-breath diffusing capacity for carbon monoxide <20% predicted

A history of recurrent clinically significant respiratory infection

An uncontrolled pulmonary hypertension defined by right ventricular pressure

>50 mm Hg or evidenced by echocardiogram

An inability to walk >140 m in 6 min

Evidence of other diseases that can compromise survival—eg, lung cancer or renal
failure

Pregnant or lactating

An inability to tolerate bronchoscopy under heavy sedation or anesthaesia
Clinically significant bronchiectasis

Giant bullae greater than a third of lung volume

Previous lung volume reduction surgery, lung transplant, or lobectomy
Participation in other pulmonary drug studies within 30 days of enrolment
Taking greater than 20 mg prednisone (or similar steroid) daily

On clopidogrel or unable to stop treatment for 1 week before the procedure
Other disease that would interfere with completion of study or follow-up
assessments, or that would adversely affect outcomes



Visual scale of parenchymal density

(PI T 24X X%,

#1 score #2 score #3 score #4 score #5 score

coils

Tissue is the issue



Efficacity of Coils

Treatment (n=23) Usual care (n=23) Between-group difference pwvalue
in change from baseline*

Primary outcome
St George's Respiratory Questionnaire -811(-13-83t0-2-39) 0-25 (-5-58 to 6-07) -8-36 (-16-24 to -0-47) 0-04
Secondary outcome
Total lung capacity (L) ~0-24 (-0-38 to -0-10) ~0-13 (-0-27 to 0-01) ~0-11 (-0-29 to 0-07) 022
Residual volume (L) -0-51 (-0-73 to-0-30) -0-20 (-0-42 to 0-02) -0-31 (-0-59 to-0-04) 0-03
6-min walk test (m) 5115 (27-65 to 74-66) -12-39(-36-61t011-83) 63-55 (32-57 to 94-53) <0-001
% change in FEV, 1419 (6-84 to 21-55) 357 (-4-02 to 11-17) 10-62 (112 to 20-12) 003
mMRC dyspnoea score -0.24 (-0-57 t0 0-09) -0-09 (-0-44t0 0-26) -0-15 (-0-60 t0 0-30) 0.5

Data are mean change from baseline (95% Cl). FEV =forced expiratory volume in 1 s. *Corrected for difference between groups at baseline.

Table 2: Primary and secondary efficacy outcomes* in the intention-to-treat population (change from baseline at 90 days after final treatment)



Adverse Events :

Treatment (23 patients, Usual care (23 patients) p valuet
44 procedures)

Events Patients Incidence Events Patients Incidence

(n* (n) (%)t (n) (n) (%)t

Treatment recovery periods§

Device removal 0 0 0% 0 0 0% NA
Exacerbation 2 2 5% 1 1 4% =0-99
Haemoptysis 0 0 0% 0 0 0% NA
Lower respiratory tract infection] 2 2 5% 0 0 0% 0-49
Pneumothorax 2 2 L% 0 0 0% 0-49
Respiratory failure 0 0 0% 0 0 0% NA
Total 6 6 15% 1 1 4% 0-02
Post-treatment periods||

Device removal 0 0 0% 0 0 0% NA
Exacerbation 3 2 7% 2 2 9% =0-99
Haemoptysis 0 0 0% 0 0 0% NA
Lower respiratory tract infection] 0O 0 0% 1 1 A% =>0-99
Pneumothorax 0 0 0% 0 0 0% NA
Respiratory failure 0 0 0% 0 0 0% NA
Total 3 2 7% 3 3 13% =0-99

MA=not applicable. *Some patients had more than one occurrence of the same type of event. tEvent incidence for
patients in the treatment group calculated by number of events/total number of procedures, and for those in the usual
care group by number of events/total number of procedure-equivalents. +Calculated using Fisher's exact test. §includes
days 0-29 after each treatment (first and second treatment) or usual care-treatment (first and second) visit. fincludes
pneumonia. ||Incudes day 30 after first treatment or usual care treatment up to day of second treatment or second
usual care visit and day 30 after second treatment through to day 90 after second treatment or second usual care
treatment visit.

Table 4: Investigator-reported serious adverse events in the intent-to-treat population



Lung volume reduction coil treatment of
severe emphysema-+hyperinflation :

AN effective and safe ELVR treatment

dSeems to expand the indications for homogeneous emphysema and CV+patients



ELVR Lausanne 2012-2013

38 patients bilantés :

0 2 LVRSurgery : 1 nodule LSG, 1 bullous disease

10 sans criteres d inclusion ( VR<150, pas d emphyseme, pas hétérogene, pas de limitation respiratoires, limites autre)

14 avec contre indication ( HTPsyst >50-60mmHg, bronchiectasies productives, trouble coag.)

12(31%) patients avec critéres inclusion et sans Cl=> endoscopés

7 (7/12=58%) CV'(sans ventilation collatérale) => Valves
. 1 co. majeure=> retrait valves
. 2 sans bénéfice=> valves ds LM, sans effet=> retiré et coils
. 4 avec effet (4/7=57% répondeur)
— 14 procédures
4 CV+
. 2 traité par coils
" 1 attente de coils ou de LVRS en fonction du projet TX
. 1 avec sécrétions purulentes+++=>ttt médicamenteux
1 avec emphyseme homogene=> coils



Evolution fonctionnelle post valves cv-(chartis)

VEMS / VR DLCO /6MWT/ | VEMS/VR/DLCO/6MWT VEMS/VR/DLCO/6MWT | VEMS/VR/DLCO
avant 1 mois 3 mois 12 mois Ate : |[PTX |coils 1 mois

: 0.78L/3.78L/141% /370m 1.15L/3.21L/51%/ 1.03L/-/48% /422m 1.20L/3.59L/50% no

5 0.61L/4.11L/ 24% / 400m. 0.75/-/-/ 0.65L/2.73L/-/435m no

F
R 0.79L /5.89L/38% / - 1.27L74.32L /1 35% 0.91L/6.00/37% oui oui

E.
D)
=
KW

patient 7
MJF 0.77L/16.24L127% / 400m  co majeure=> retrait valves oui oui

P
TL 0.93L/4.61L/58% /414m 1.12L/-/-/ 1.07L /4.50L / 58% / 435m. no
B




Evolution fonctionnelle post valves cv-(chartis)

AVEMS(%) 1M [AVEMS(%) 3M  IAVEMS(%) 12M A6MWT (%) 3M (NYHA) 3M

3=>2
patient 1 F.E. +47.4 +32 +53.8 +14

4=>3
patient 2 SP +22.9 +6.55 +8.75

3=>2
patient 3 RD +60.75 +15.18

3=>2
patient 4 TL +20.43 +15 +5

3=>3
patient 5 FB* +7.7 +2.5 -

4=>4
patient 6 VKW* -8.9 7.4 -
moyenne +25.04 +10.63 +53.84 +9.25

*Patients avec valves retirées a >5 mois pour manque de bénéfice puis traité par coils



Evolution fonctionnelle post coils

VEMS /VR DLCO VEMS/VR/DLCO/6MWT

AVEMS(%) 1M

patient 1 FB*
patient 2 VKW*
patient 3 VJJ#
patient 4 RMJ#

patient 5 NB

moyenne

[6MWT/ avant 1 mois
0.80L / 6.18L / 45% 1.21L / 6.0L/ 40%
0.62L / 8.42L / 33%/200 0.62L/-/-/255m.

0.65L / 7.36L/26% /500m 0.99L/-/24%/ -
0.47L /5.75L/ 39% 0.63L/-/-

0.69L/4.21L/44% / 120m.

*Patients avec valves retirées pour mangue de bénéfice

#Patients avec CV+, non valvé

+51.25
+0
+52.3

+34.04

+21.713%



patiente 1

VEMS(L) VEMS%Vv.p. DLCO corr(v.p.)

0.82 36% 40%

insertion des 3 valves dans le LSD

1W 1.15 49% 52%
1 1.03 44% 48%
3 1.14 48% 52%
12M 1.20 51% 50%

analyse CT poumonD(cm3) [ poumon G(cm3)| D+G(cm3) | LSD(cm3) | LM(cm3) | LID(cm3)
05.03 (preop) 3456 2967 6423 1665 401 1335

25.09 (3M) 2868 2855 5723 741 501 1587
] -700 -924 +100 +252

H







Patient 3

»65 y.old

=ql anti-tryp. Deficiency
=Former smoker 10py

= Right Bullectomy D. 2008
=asthma

» BPCO IV
"FEV1 22%v.p.
"RV 24 7%v.p
*TLC 117%
=*DLCO 38%

»Heterogeneous
emphysema
"RUL>LUL
=[ncomplete fissure




Bronchoscopy :

1) CHARTIS : no CV

2) 2 valves LUL

Respiratory distress immediately at the end of the procedure



CUas -
LG S A0

| Pulm Fct | VEMS(%p.v.) | RV(%p.v.) TLC(%p.v.)

DLCO(% |
p.v.)
preop 0.79L(22%) 5.89L(247%) 8.51L(117%) 38%

1.5Mo  1.27L(37%) 4.53L(193%)  8.65L(122%) 35%
+ 480ml(+60%) 1.33L(-22%)

Control 1,5 Mo
Major subjective improvement




0.79L /5.89L 1.27L/4.32L 0.91L/6.00

Aerosol of NACL 0.9%=> strong cough and expectoration of a valve 7M post insertiono






Case 5

T:03:53 F53

=> no valves.

CV +



Figure la
Patient 7, MJF, retrait valves prCo: .

Residual pleural
cavity

Drainingj




We would also recommend restricting treatment to selected
regional or national centres to concentrate expertise, maximise
knowledge on patient selection and procedural expertise. This will
facilitate further research and development.

Shah PL, et al. Thorax 2013;0:1-7. doi:10.1136/thoraxjnl-2013-203743



Algorithm for ELVR

Pulmonary Function
FEV1 < 45% predicted
RV >200% predicted
Optimal medical
treatment
CT Thorax
Volume HRCT
Heterogenous Disease
Distribution Homogenous Disease
{UpperorLowerLobe Distribution*
Predeminant)
No evidence of 8 Tiss Tissue
- R or evidence of Low Tissue High
 collateral ventilation ilati Destruction Destruction
Low Tissue High Tessue
Destruction - Destruction
Complete Lobar | ) B
occlusion with Sclerosants Consider -
nchial Consider LVRC's - Unsuitable for
endobron or Thermal LVRC’s or BLVR
valves ablation ‘ Scercsants
Valves Coils Vapeur/glu coils %]
LVRS? S

Shah PL, et al

. Thorax 2013;



Conclusion :

0 Endoscopic Lung Volume Reduction is a safe procedure

O The efficacity of valves dependent on: Lobar exclusion
Low collateral ventilation (CV)

O Assessment and quantification of collateral ventilation (CV) is critical to
predict optimal response to ELVR-valve treatment

 Colls seems to expand the indications / homogeneous emphysema, CV+

Hetero/homogeneous emphysema ?
BPCO llI-IV
+VR>150%(200%) HEE)  Complete fissure/collateral ventilation ?

+SPT
Tissue density ?



LVR Surgery

Non high Risk

Heterogeneous Upper-lobe

Heterogeneous emphysema |
’ Upper+lower lobes
Collateral Ventilation nég

Low exercice capacity

Hetero+homogeneous? |
With tissue




