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COPD is vaak onvoldoende om een acceptabele kwaliteit van leven te bereiken.

 Chirurgische behandeling van patiënten met COPD met longvolumereductie 

chirurgie of  longtransplantatie is invasief en slechts voor weinig patiënten 

beschikbaar.

 Bronchoscopische longvolumereductie is een nieuwe, minimaal invasieve, 

experimentele behandelmogelijkheid voor patiënten met ernstig COPD.

 Afhankelijk van het type longemfyseem zijn er op dit moment 2 verschillende 

mogelijkheden voor behandeling: bronchoscopische interventie met 

eenrichtingsventielen of met longvolumereductie coils.

Bronchoscopische longvolumereductie zorgt bij geselecteerde patiënten met ernstig

  emfyseem voor een klinisch relevante verbetering in de longfunctie, het inspannings-

 vermogen en de kwaliteit van leven.

 Gezien het innovatieve en specialistische karakter van bronchoscopische longvolume-

  reductie is het verstandig deze therapie uit te voeren in een COPD expertisecentrum.
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met ernstig COPD; momenteel wordt deze techniek ontwikkeld en de introductie 

ervan in de standaardzorg voor COPD komt steeds dichterbij.

 Afhankelijk van het soort emfyseem kan een patiënt worden behandeld met

 eenrichtingsventielen of met coils.

 De belangrijkste complicaties van bronchoscopische longvolumereductie zijn een

 pneumothorax (met name bij eenrichtingsventielen), en COPD exacerbaties of

infectieuze longproblemen (met name bij coils).

 Het lijkt zinvol bronchoscopische longvolumereductie bij patiënten met ernstig COPD 

in een COPD expertisecentrum uit te voeren.
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Inclusion and exclusion criteria
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- Patient > 35 years of age

- CT scan indicates heterogeneous severe emphysema (i.e. based on visual assessment of a 

treatment target lobe)

- CT scan indicates intact fissures as assessed on the sagittal reconstructions of a thin slice CT scan

- Post-bronchodilator FEV1 <60% of predicted value

- Post-bronchodilator total lung capacity>100% of  predicted value and residual volume>150% of 

predicted value

- Dyspnea score of 2 on the mMRC scale of 0-4 (where higher scores indicate more severe 

emphysema)

- Patient has stopped smoking for a minimum of 6 months prior to entering the study

- Signed informed consent

- Subject is willing and able to comply with all study testing and procedures according to protocol 

and guidelines

- Lobar occlusion during endobronchial valve treatment achieved with study device (bronchoscopy 

required to assess eligibility) 

- Hypercapnia defined by PaCO2>8.0 kPa, or hypoxemia defined by PaO2<6.0kPa, both measured 

while breathing ambient air

- Distance on 6 minute walk test <140 meter

- Previous lung volume reduction surgery, lung transplantation or lobectomy

- Patient is on an antiplatelet agent (such as clopidogrel) or anticoagulant therapy (such as LMWH 

or coumarins) or has not been weaned off prior to procedure

- Involved in other pulmonary drug studies within 30 days prior to this study

- Evidence of other disease that may compromise survival, would interfere with completion of 

study, follow up assessments or that would adversely affect outcomes, such as lung cancer, and/

or ASA class >III

- Evidence of collateral ventilation as measured with the Chartis system (bronchoscopy required 

to assess eligibility)
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Safety outcomes  
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 ¥

EBV group

EBV group

PRIMARY AND SECONDARY OUTCOME

Forced expiratory volume in 1 second  

72% 73%

Forced vital capacity  

Distance on 6 minute walk test   

87% 68%

79% 80%

 63%

¥

 88% 96%

OTHER OUTCOME

Total lung capacity  

Residual volume                                                                             

71%

Residual volume/Total lung capacity                       

63% 60%
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Heterogeneity

Homogeneous Heterogeneous 

P value P value

FEV
1

Forced vital capacity  

Residual volume  

Distance on 6 minute walk test   

SGRQ Total score 
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23 28

Death§

Pneumonia

Pneumothorax total

  



                                                                                                                                        Chapter 5 (Supplementary Appendix) 

R¤p

5
Supplement

qHQ�� úZw
P value

<0.001

Atelectasis syndrome

Back pain

0.001

Colorized sputum

Common cold

 

Cough 0.013

Diarrhea

Dyspnea

Edema

Fever e.c.i.

Flue

Frozen shoulder 

Headache

Hypertension

Mamma carcinoma

Muscle pain

Nausea

Open wound leg

Sore throat

Sprained ankle

Tachycardia

Wrist fracture
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Permanent removal of valves
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EBV group Control group 

#

 

Valve removal NA
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- Patient > 35 years of age

- CT scan indicates heterogeneous severe emphysema (i.e. based on visual assessment of a 

treatment target lobe)

- CT scan indicates intact fissures as assessed on the sagittal reconstructions of a thin slice CT scan

- Post-bronchodilator FEV1 <60% of predicted value

- Post-bronchodilator total lung capacity>100% of  predicted value and residual volume>150% of 

predicted value

- Dyspnea score of 2 on the mMRC scale of 0-4 (where higher scores indicate more severe 

emphysema)

- Patient has stopped smoking for a minimum of 6 months prior to entering the study

- Signed informed consent

- Subject is willing and able to comply with all study testing and procedures according to protocol 

and guidelines

- Lobar occlusion during endobronchial valve treatment achieved with study device (bronchoscopy 

required to assess eligibility) 

- Hypercapnia defined by PaCO2>8.0 kPa, or hypoxemia defined by PaO2<6.0kPa, both measured 

while breathing ambient air

- Distance on 6 minute walk test <140 meter

- Previous lung volume reduction surgery, lung transplantation or lobectomy

- Patient is on an antiplatelet agent (such as clopidogrel) or anticoagulant therapy (such as LMWH 

or coumarins) or has not been weaned off prior to procedure

- Involved in other pulmonary drug studies within 30 days prior to this study

- Evidence of other disease that may compromise survival, would interfere with completion of 

study, follow up assessments or that would adversely affect outcomes, such as lung cancer, and/

or ASA class >III

- Evidence of collateral ventilation as measured with the Chartis system (bronchoscopy required 

to assess eligibility)
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®o¯giegom§d¦¨ ©¦¨©ª treatment (N=19) compared to controls (N=24)
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Between group 

P value

Quality of life
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6 months of follow up P value

Quality of life
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Box 1. 

��������� ��������

-        FEV1 <45% of predicted

-        Total lung capacity >100% of predicted

-        Modified medical research council dyspnea score (mMRC) >1

-        Non-smoker for more than eight weeks

-        Heterogeneous emphysema

-        Change in FEV1 > 20% post-bronchodilator

-        Diffusion capacity < 20% predicted

-        Right ventricular pressure >50mmHg

-        >3 hospitalizations due to COPD exacerbations in the previous 12 months

-        Clinically significant bronchiectasis

-        Previous lung surgery, or a giant bulla (> 1/3 of the lung volume)

-        Distance on 6 minute walk test <140 meter

-        Any use of clopidogrel or coumarines

-        Any disease that might compromise survival (such as active lung cancer), 

         or any other disease likely to interfere with completion of study, follow up 

         assessments or that would adversely affect outcomes
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N=1 coronary artery disease

N=1 severe osteoporotic thoracic vertebral fracture
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Packyears
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FEV
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FEV
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BODE index

Use of home oxygen

ipratropium
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Respiratory adverse events from 1st  and 2nd treatment to 1 month of follow up
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1 month of follow up 

post 1st treatment

1 month of follow up 

post 2nd treatment

3 months post                 

2nd  treatment

6 months post                     

2nd  treatment

6 months of follow up 

overall post treatments

FEV
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MCID Responders

Forced expiratory volume in 1 second %

Residual volume

Distance on 6 minute walk test %

Distance on 6 minute walk test %
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Unilateral treatment
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���
6 months follow up
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6 months follow up

���
12 months follow up
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12 months follow up
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Lost to follow up
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According to protocol 

study exit after 6 months 

follow up
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Total coils implanted

Coil implant Size
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Treatment 

� 1 month

> 1 month 

12months

events events events

Serious respiratory adverse events

7 12

Pneumonia 6 3 6

1 0 0

2 1

Respiratory adverse events

8 21 19

Pneumonia 3

61 3 2

2 3 0

28 7 3
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MCID 6 months 12 months

Forced expiratory volume in 1 second 11

Residual volume 12

Distance on 6 minute walk test 13

Visual CT assessment at 

12 months of follow up

P value

FEV
1

Digital CT assessment at 

12 months of follow up

P value

FEV
1
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term. At 3 year of follow-up, this treatment showed no 

long-term unexpected adverse and device-related events, 

with clinical benefit gradually declining over time.
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ÂÃÄÅÆÇÈÉÃ ÄÊÈËÌÊÈÍ
-        Patient  35 years of age*

-        FEV1  45% of predicted*

-        Total lung capacity >100% of predicted*

-        Residual volume > 175% of predicted
2

-        Modified medical research council dyspnea score (mMRC)  2 on mMRC scale of 0-4*

-        Non-smoker for more than eight weeks prior to entering the study*

-        High resolution CT scan indicates unilateral or bilateral emphysema
1

-        CT scan indicates bilateral heterogeneous emphysema
2

-        Patient read, understood and signed the informed consent form*

-        Change in FEV1 > 20% post-bronchodilator

-        Diffusion capacity < 20% predicted

-        A history of recurrent clinically significant respiratory infection

-        Uncontrolled pulmonary hypertension defined by right ventricular pressure > 50mmHg 
-        An inability to walk > 140 meters in 6 minutes

-        Evidence of other disease that may compromise survival such as lung cancer, renal failure etc.

-        Patient is pregnant or lactating

-        An inability to tolerate bronchoscopy under moderate sedation or anesthesia

-        Clinically significant bronchiectasisGiant bullar > 1/3 lung volume

-        Previous LVR surgery, lung transplant or lobectomy

-        Patient has been involved in other pulmonary drug studies with 30 days prior to this study

-        Patient is taking >20mg prednisone (or similar steroid) daily

-        Any use of clopidogrel or coumarines

-        Other disease that would interfere with completion of study, follow-up assessments or that

         would adversely affect outcomes

-        Patient has severe homogeneous emphysema by CT scan 

*Applicable for both studies
1
Applicable for study NCT01220908

2
Applicable for study NCT01328899

�4µ þÿ
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Outcome 
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ÏÐ ÑÐÒÒÐÓ ÔÕ
N=1 Patient died

N=2 Lost to follow up

ÏÐ ÑÐÒÒÐÓ ÔÕ
N=1 Patient died

N=3 Lost to follow up

N=2 Another lung volume reduction treatment

N=2 Did not visit for 2 year follow up, but visited 

        for 3 year follow up

ÏÐ ÑÐÒÒÐÓ ÔÕ
N=1 Patient died

N=5 Lost to follow up

N=1 Another lung volume reduction treatment

Ö×ØÙÚÛÜÙ

Ý Þßàá ÑÐÒÒÐÓ ÔÕ
N=35

â Þßàá ÑÐÒÒÐÓ ÔÕ
N=27

ã Þßàá ÑÐÒÒÐÓ ÔÕ
N=22
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Baseline to     

1 year FU 

1 year to 

2 year FU

2 year to       

3 year FU 

Death*

Pneumothorax

Pneumonia

Haemoptysis

Û¹Ã¹ ¹µ¼ ïµ¼¿¼±Ã¼² ¹¿ ±ëâ´¼µ ³j ï¹h¼±Ã¿ Á¸ÂØ çäW j³ºº³Ð

Safety
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MCID
6 months 1 year 2 years 3 years 

 

Residual volume

Distance on 6 minute walk test  
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CONCLUSION
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W4 56789 8:;4 <6 =>;?65849@4 BC EG HI=?@84C JKBL K4<4rinary Diagnostics, Davis, 

USA) for the histopathologically evaluation of the explanted lung tissue. 

Furthermore, we would like to thank the pulmonary function technicians of the 

University Medical Center Groningen for their dedicated pulmonary function 

testing.
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ÃloÄ ©g¨lÆª eª¯lmngo mgd¨ ¦o¯ k§ª ¨loÄ ©g¨lÆª eª¯lmngo

METHODS

Box 1. 

YZ[\]^_`Z [a_bca_d
- > 35 years of age

- CT scan indicating homogeneous emphysema 

- Post- bronchodilator FEV1  35% of predicted value

- Post- bronchodilator FVC  90% of predicted value

- Total Lung Capacity > 120% of predicted value

- Residual Volume > 225% of predicted value

- RV/TLC > 60%

- Dyspnea score >1 on mMRC scale of 0-4

- Stopped smoking for a minimum of 6 months prior to procedure

- Signed informed consent 

- Carbon monoxide diffusion capacity < 20% of predicted value

- History of recurrent clinically significant respiratory infection

- Uncontrolled pulmonary hypertension defined by right ventricular pressure >50mmHg 

- Inability to walk >140 meter in 6 minutes

- Evidence of other disease that may compromise survival such as lung cancer

- Clinically significant bronchiectasis

- Giant bullae >1/3 lung volume

- Previous lung volume reduction surgery, lung transplant or lobectomy

- >20 mg prednisone daily 

- Antiplatelet agent which can not be weaned off prior to procedure
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Figure 1.
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RESULTS

Female/Male
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1
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Safety

Total coils implanted

Length of coils used
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Recovery period

Serious Adverse Events

Pneumonia

Adverse Events
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     Baseline          6 months FU P value

FEV
1

Airway resistance
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 and CCQ  

MCID 6 months FU

Residual volume

Distance on 6 minute walk test

Distance on 6 minute walk test
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her skillful support during all bronchoscopies performed, the 

pulmonary function technicians Marga Star, Yvonne Valkema, 

Margrietha Swierenga, Jan Bouwman and Maria Heuving for their 

dedicated testing, Martijn Farenhorst for his technical support and 

Wim Tukker from the department of radiology for his technical 

management.



                            

S¤p

10

RMNMRMOPMQ



Chapter 10                                                                                                                                                                                                

S¤<

Ö×Ø ê º̧º¼µ ê�½ �¹±ã¸±¿³± Þ½¼µë¿¹¿¶³ ½½ ¼Ã ¹º½ áéÙD°�Ù é¹¿ã



                            

S¤=

10

å_Ø Úë·¹±êá½ Ü·¹±²µ¹ Û½ê³¿¼±¸j¹µ S½ ¼Ã ¹ºØ ¢¹h³±¹º °âï·�¿





e'0 +,%- .$+,/0 #01,&2$% &$*+ ¤$# �'0

Karin Klooster

Nick H.T. ten Hacken

Dirk-Jan Slebos

Adapted from 



Chapter 11                                                                                                                                                                                                

SR¤

TU"VXT#V



                              

SRR

11

��� �z|� ���z�� ���z�}�| ���� ~��{~��|~ �� {|�����

Figure 1.

Èf�  �� �|� �� ~���{A�� ����{�� �|}}�� �| ~��������



Chapter 11                                                                                                                                                                                                

SRS

>�����|¡{}�| ���z��� ~�� �·���|�� �� ~�� �|����{~��

 

 



                              

SRU

11

���������� ������� {|� �z� �����|~{� {~����~{���� ���

 

and 



Chapter 11                                                                                                                                                                                                

SRb

�����|~��� ~���� {�� ��z� ���|��������� �z|� ���z�� �

Device Emphysema type

Blocking devices

upper lobe



                              

SRp

11

Ufghiæjç kêlæhêm



Chapter 11                                                                                                                                                                                                

SR<

n��LQ���?���  ������

�z|� ���z�� ���z�}�| ����
�� { ������ �����|�� ~� �������� ~�� {��{� �� ~��

 



                              

SR=

11

q�� ¨�v��� ���� ������ �� ��!�� ���� ���I��
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