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Introduction

As chronic obstructive pulmonary disease (COPD) remains 
one of the leading causes of morbidity and mortality in the 
developed world, tremendous effort has been undertaken 
to improve medical therapy and surgical treatment options 

for affected patients. Surgical treatment options in end-
stage COPD patients are lung volume reduction surgery 
(LVRS) and lung transplantation (LuTX). Bronchoscopic 
LVR techniques have evolved in parallel, however no 
prospective randomized data comparing surgical and 
bronchoscopic LVR techniques are available yet. LVR is 
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considered independent of LuTX however might also serve 
as a means to delay the listing for LuTX and bridge patients 
to the transplant procedure. The choice which procedure is 
suitable in individual situations has been highly debated in 
literature and different algorithms have been suggested for 
individual decision-making (1). It is unanimously accepted 
that LVRS does not preclude subsequent LuTX. The 
first report on LVRS as an option to bridge patients to 
LuTX dates back to 1995 (2). In addition, LVRS has been 
reported on the contralateral side after previous single lung 
transplantation (SLuTX) to reduce hyperinflation of the 
remaining native lung (3). In this review will discuss optimal 
patient selection, special consideration and published 
outcomes of patients undergoing both LVR and LuTX.

COPD patient selection for LuTX 

Generally, patients with emphysema are referred to LuTX 
after exhaustion of all other treatment options. It is of 
utmost importance to select candidates whose quality of life 
and disease related survival will improve after LuTX (1,4), 
since particularly in COPD patients the overall survival 
benefit of LuTX is not as clear as in other indications. 

According to the guidelines published by the International 
Society of Heart and Lung Transplantation (ISHLT) in 
2014, patients suffering from emphysema should be referred 
early to a lung transplant for assessment of transplant 
suitability (5). Criteria for referral are: ongoing progression 
of disease despite maximum therapy, hypercapnia (paCO2 
>50 mmHg), hypoxemia (paO2 <60 mmHg) or a significantly 
reduced lung function (FEV1 <25% of predicted). 
Alternatively, a BODE index of or above five has been 
suggested as a suitable threshold for referral (6). Further, 
those guidelines suggest a listing for LuTX when certain 
functional criteria are fulfilled. The proposed criteria are: 
heavily reduced lung function (FEV1 <20% of predicted), 
frequent exacerbations (≥3/Y), hypercapnic respiratory 
failure, a BODE Index ≥7 or an associated pulmonary 
hypertension (only one criterion needed). However, the 
optimal timing for listing is also depending on the local 
organ availability and the allocation algorithm in use. 

There are only few absolute contraindications for LuTX, 
however there is a long list of relative contraindications 
which have to be considered on an individual basis. 
Those vary in detail depending on the center approach. 
Absolute contraindications are: multi organ failure (with 
the exception of temporary kidney failure in selected 
patients and planned multi-organ transplantation), recent 

malignancy, incompliance or an untreatable infectious 
disease (5,7). Relative contraindications include: age >65 
years, obesity, cachexia, osteoporosis, hepatitis/HIV 
infection, acute respiratory failure (under mechanical 
ventilation or ECMO) and cardiac comorbidities.

Patient selection for LVRS

To this date, the strongest evidence regarding LVRS 
derives from the NETT-trial (national emphysema 
treatment trial) published in 2003 and updated in 2006 after 
a four-year follow-up (8,9). In this series of 1,218 patients 
(randomized 1:1 into a LVRS group and a best SOC group) 
four subgroups were identified based on their differential 
risk and benefit after LVRS. Their inclusion criteria in 
terms of patient candidacy for LVRS are still valid and with 
the knowledge about the patient outcome an algorithm was 
suggested to decide between LVRS and LuTX (1). Briefly, 
LVRS should be considered for patients with an upper-lobe 
predominant emphysema, an FEV1 between 45% and 20% 
of the predicted value and a DLCO not less than 20% as 
those patients will have a significant advantage in exercise 
capacity and dyspnea related quality of life (10). Findings 
of the NETT trial have been reproduced in a study of 
the STS database (11) and in the Canadian Lung Volume 
Reduction Surgery (CLVRS) trial (12). The first, compared 
post-operative results of 538 patients to the data published 
in the NETT trial (n=608). Although a significantly higher 
30-day mortality was observed in comparison with the 
NETT non-high-risk subset (5.6% vs. 2.2%; P=0.005), the 
analysis with the total NETT cohort didn’t showed those 
differences. This demonstrates the importance of precise 
and strict patient selection. The latter study assed the long-
term survival of patients randomized within the multicentric 
Canadian Lung Volume Reduction Surgery (CLVRS) trial. 
Although not significant, an improved median survival 
was observed for the LVRS group compared to the best-
medical-care group (63 vs. 47 months; P=0.2) leading the 
authors to conclude that LVRS offers better outcomes for 
patients who survive the initial increased mortality within 
the early post-operative period. 

Even repeat LVRS (Re-LVRS) has been described to be 
successful in highly selected patients (13). In this series of 
22 patients, lung function was improved and breathlessness 
reduced after Re-LVRS with outcomes comparable by any 
means (Hospitalization, drainage time; surgical revisions, 
perioperative mortality) to those after the patients first LVRS. 

Recently, all evidence about the effectiveness of LVRS 
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has been analyzed in a systematic review by the Cochrane 
airways group (14). The currently applied techniques 
for lung volume reduction surgery have evolved from 
the initially used sternotomy in the NETT trial towards 
standard minimally invasive approaches. Recent studies 
describe a prolonged overall benefit by a staged bilateral 
approach (15).

LVRS prior to LuTX

Literature research identifies twelve published reports 
about LuTX after previous LVRS (Table 1) presenting a 
total of 254 patients (not considering patients included in 
multiple reports). Those papers which made a comparison 
between LVRS/LuTX patients (n=201) and sole LuTX 
patients (n=1,030) differed broadly in terms of patient 
outcomes which will be depicted hereinafter. However, 
several confounders limit a structured comparison of those 
reports. First, the indications for LVRS as well as the choice 
of procedure (VATS or Sternotomy, uni- or bilaterally, 
laser vs. stapler, target regions) were not standardized 
in the pre-NETT era. Secondly, subsequent LuTX had 

been performed either double sidedly or single sidedly 
(either contralaterally or ipsilaterally) and according to 
center specific approaches (thoracotomy vs. clamshell; no 
mechanical support vs. CPB vs. ECMO). All but one report 
are retrospective non-randomized analyses of single center 
experiences which further depicts the scarcity of evidence in 
this matter.

Impact of LVRS on pre-LuTX physical condition

Early on, LVRS has been postulated to postpone the need 
for LuTX, making it a valid “bridge to transplantation” 
(2,16-18). This assumption is substantiated by the fact that 
patients who had an improvement in FEV1 after LVRS had 
also a reduction of preoperative PCO2 (17) and a significant 
increase of their preoperatively reduced BMI (18). Those 
same “responders to LVRS” showed also a significantly 
lower 3-month mortality after LuTX. These findings from 
the group in Vienna were confirmed later on, as patients 
who were already eligible for LuTX at time of LVRS had 
a significant improvement in lung function within the first 
year after LVRS (19).

Table 1 Reported literature on LVRS prior to LuTX

Author Year Center
LuTX 
(n)

LVRS/
LuTX (n)

Significant different  
parameters at/after LuTX

Comparable parameters  
at/after LuTX

Zenati 1995 Pittsburg – 1

Zenati 1996 Pittsburg – 7

Bavaria 1998 Philadelphia – 3

Meyers 2001 St. Louis – 15

Wisser 2000 Vienna 15 15 Mortality Bleeding complications

Burns 2002 Pittsburg 15 15 Need for blood transfusions Intubation; ICU stay; 
hospitalization; survival; FEV1

Senbaklavaci 2002 Vienna – 27

Nathan 2004 UNOS-
Database

741 50 Ischemic time; PGD; re-operation; 
hospitalization; survival

Tutic 2006 Zürich 31 8 Intubation; ICU stay; re-operation; 
hospitalization; survival

Shigemura 2013 Pittsburg 25 25 Operating time; need for CPB; blood 
transfusions; bleeding rate; dialysis; FEV1

Ischemic time; phrenic nerve 
palsy; survival

Backhus 2014 Washington 138 36 Operating time; hospital stay; survival Phrenic nerve injury; mortality; 
cumulative survival

Inci 2017 Zürich 65 52 Increased cumulative survival

LVRS, lung volume reduction surgery; LuTX, lung transplantation; CPB, cardiopulmonary bypass; PGD, primary graft dysfunction.
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In a multicenter analysis of the UNOS database comparing 
50 patients with LVRS before LuTX with 741 patients 
transplanted in the same period of time, it has been shown 
that both groups bared no difference in their disease severity 
(pulmonary function and pulmonary artery pressure) but 
that patients with previous LVRS had a slightly longer 
waiting period (343 vs. 211 days; P=0.014) (20). Further, 
this analysis showed a significantly higher occurrence of 
pneumothorax in the LVRS group during the time between 
listing and transplant (8% vs. 1.5%; P=0.01).

Surgical risks and technical considerations

Although all publications report a higher occurrence of 
adhesions during LuTX after previous LVRS, their severity 
has been characterized very differently. The group from 
Pittsburgh observed moderate to severe adhesions of the 
chest wall in 92% of LVRS patients (12% in sole LuTX 
group) and 20% of moderate to severe adhesions to the 
hilum (0% in sole LuTX) (21). In contrary, the authors of 
the most recent comparative study described more loose 
adhesions located in the apex and rare mediastinal adhesions 
which could be easily mobilized from adjacent structures (22).

As a logical consequence of these adhesions, one would 
inevitably think of a longer operation time, a longer 
ischemic time of the graft, a bigger loss of blood, a higher 
requirement for transfusions and ultimately a higher rate 
of re-operations due to hemothorax. Interestingly those 
risk factors and complications had only been observed in a 
higher rate in three (21,23,24) out of the seven comparative 
reports.

On the other hand, the four other series (17,19,20,22) 
showed no increased perioperative risk whatsoever. This 
considerable variation in terms of intraoperative difficulties 
and their subsequent implications can possibly be explained 
by looking at the choice of surgical approach for LVRS, 
which is unfortunately only reported in four of the present 
series. It is striking that the center with the lowest peri- and 
postoperative morbidity (22) performed 94% (n=49/52) of 
LVRS by means of thoracoscopy (n=3 by thoracotomy, n=0 
by sternotomy) compared to the center with the biggest 
differences in outcome after LVRS/LuTX (21) which used 
thoracotomy (n=7/25; 28%) and sternotomy (n=4/25; 16%) 
way more deliberately, supposedly leading to a higher rate 
of complications. 

Another explanation can be seen in the use of mechanical 
circulatory support during the transplant procedure. 
Because of the need of full heparinization, cardiopulmonary 

bypass (CPB) has been associated with a higher risk of 
bleeding during and after LuTX compared to ECMO or 
total lack of extracorporeal mechanical support (25-34).  
Interestingly, those two above mentioned papers are 
the only ones depicting their use of intra-operative 
extracorporeal support during LuTX. A higher use of CPB 
(44% in LVRS/LuTX vs. 16% in sole LuTX) correlated 
with a higher occurrence of bleeding (21) whereas this was 
not observed in the series where extracorporeal support was 
used less (19% in LVRS/LuTX vs. 23% in sole LuTX; not 
specified if ECMO or CPB) (22). 

The risk of injury (and subsequent palsy) of the phrenic 
nerve during extensive adhesiolysis has been addressed by 
all authors. Nevertheless, only two groups reported any 
occurrence of phrenic nerve injury, with one center having 
had a comparable incidence regardless of prior LVRS (2.2% 
vs. 5.6%; P=0.3) and the other one observing it in 3 patients 
with previous LVRS (12% vs. 4% in sole LuTX) (21,23). 
Those 3 patients had subsequent “phrenic nerve surgery” 
which was not further defined. To reduce the risk of 
phrenic nerve injury in cases where the mediastinal pleura is 
adherent it is possible to incise the diseased lung laterally of 
the adhesion and thereby leaving little visceral pleura over 
the nerve (22). 

Another factor, which has been described to worsen 
pleural adhesions, is the use of buttressed staplers (17,18). 
Some authors postulated that the use of bovine pericardium 
to reinforce stapler lines would ultimately lead to dense 
adhesion especially at the diaphragm. Although plausible, 
this assumption has not been validated by other centers 
having used pericardium buttressed staplers (16,22,24). 
Even though buttressing the stapler lines with either 
PTFE or pericardium was well established until the early 
2000 to reduce air leaks after LVRS (35,36) later reports 
suggested the use of autologous fibrin sealant (37) or bovine  
albumin (38) to overcome antigenic impact and reduce air-
leak more efficiently. Currently a widely adopted method 
of choice to enforce staple lines in highly emphysematous 
parenchymal resection is to use bioabsorbable polymer 
buttress or preloaded buttress materials. Nevertheless, no 
evidence could be found on the likelihood of any of these 
materials to adhere to the pleura and thereby their impact 
in terms of LVRS/LuTX remains still unclear.

Another technique to cover resection lines and to reduce 
residual intrathoracic space after resection is the so-called 
pleura tent (39,40). This method was/is being routinely used 
by individual centers in the context of LVRS (41,42). As 
there is yet no report about LuTX after such an approach, 
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no pertinent recommendations can be made.

Additional perioperative risks

Although reports on hemodynamic effects on patients 
before and after LVRS showed mixed results (43-46), 
patients suffering from pulmonary hypertension are 
considered to have a high surgical risk for LVRS and should 
thereby be favored for LuTX over LVRS (1). However, 
recently a single center analysis from the Zurich group 
reported on good outcomes of LVRS in a limited series 
of 10 patients with preoperative systolic pulmonary artery 
pressures >35 mmHg (47). Within the context of LVRS 
followed by LuTX, pulmonary hypertension was addressed 
only once in literature (21). The authors found out in a 
multivariate analysis that severe pulmonary Hypertension 
developed after LVRS (>60 mmHg) is as significant risk 
factor for mortality after subsequent LuTX [OR 1.91 
(1.86–2.02) P=0.05]. Further the authors advocated to 
be “very selective in the use of LVRS as a bridge to later 
lung transplantation and to provide careful follow-up for 
patients with prior LVRS, making every effort to perform 
the lung transplantation before the patient develops severe 
pulmonary hypertension.”

Primary graft dysfunction (PGD) is an early form 
of (ischemia/reperfusion) lung injury. It is the major 
cause of short term morbidity and mortality after LuTX 
and is associated with a worse long term outcome and 
more specifically with an earlier occurrence of chronic  
rejection (48). In all three reports about occurrence of PGD 
after LVRS/LuTX no significant differences were found 
compared to a sole LuTX control group (8% vs. 4%, 4% vs. 
9% and 7% vs. 9% of PGD Grade 3) (20-22).

Mid- and long-term post-operative outcomes

Two out of three reports providing data on lung function 
and physical condition of patients after LuTX (17,21,24), 
showed no significant differences between patients who had 
LVRS prior to LuTX compared to sole LuTX patients. 
The Vienna group reported on comparable FEV1 (87.2% vs. 
84.3%), TLC (97% vs. 95%), PaO2 (83 vs. 77 mmHg) and 
BMI (24 vs. 23) in both groups after LuTX. In the report 
by Burns et al., longitudinal spirometry (up to 34-month 
follow-up) showed a steady but nonsignificant post-LuTX 
decline in lung function which was not different between 
both groups (2-year FEV1: 1.36 vs. 1.6 L; 3-year FEV1: 
1.09 vs. 1.43 L). However, in a more recent analysis (LuTX 

performed between 2002 and 2009) at the same center (21), 
the authors observed a significantly inferior graft function 
in patient after LVRS/LUTX (peak FEV1: 57 vs. 79%; peak 
6MWT 801 vs. 1,311 ft.; P<0.05). No hypothesis is given to 
explain such an important difference but supposedly it was 
associated to the higher rates of re-thoracotomy, phrenic 
nerve palsy and PGD observed in LVRS/LuTX patients, 
ultimately leading to worse outcomes.

In terms of post-LuTX survival, presented results were 
equally heterogeneous. All but one of the reports showed 
no significant differences between compared group. In 
those, LVRS/LuTX patients had a 1-year survival ranging 
from 75% to 100% and a 5-year survival between 63% and 
66.2%. In comparison, patients with LuTX alone had a 
1-year survival rate between 81% and 87% and a 5-year rate 
ranging between 61% and 66% respectively. In accordance 
to that, overall 1-year survival in the UNOS/ISHLT 
Transplant Registry (1990–2015; n=53,396) was 80.7% and 
5-year survival 54.8% (49). Most recent UNOS/ISHLT 
data (as of January 5, 2018 for Transplants performed 
between 2013 and 2016) bared an improved 1-year survival 
of 85.8% (n=10,847).

In one report, LVRS prior to LuTX had a negative impact 
on survival after transplantation (at 1 and 3 years: 72% and 
49% vs. 87% and 66% for LuTX alone; P=0.008) (23).  
According to the authors, this reduced survival can partially 
be explained by the longer surgical time and a longer 
hospital length of stay, also pointing to the higher acuity 
of these patients. Nevertheless, as the median cumulative 
survival after LVRS (+LuTX) was statistically comparable 
with survival of patients undergoing either procedure alone 
(LVRS/LuTX 104 months; LVRS 103 months; LuTX 
96 months) the authors concluded that LVRS was able 
to rescue more severely affected patients from otherwise 
reduced survival in the absence of LuTX.

In contrast, the most recent publication (and the one 
with the most patients in the LVRS/LuTX group; n=52) 
observed a significantly improved median survival after 
LVRS followed by LuTX (LVRS/LuTX 143 months; 
LuTX 86 months; P<0.001) (22). In this cohort LVRS 
led to the postponement of LuTX with a mean time of  
45 months and the authors stated that patient selection is the 
crucial element for such promising results. Unfortunately, 
the interpretation of those findings is limited as no data 
were recorded neither about the initial strategy for LVRS 
(“definitive therapy” or “bridging therapy”), nor about the 
decision for LuTX candidacy after LVRS. Thereby, patients 
who were “bridged” by means of LVRS but ultimately didn’t 
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receive a transplant (either ineligible for LuTX or deceased 
on waiting list) were not taken into account.

Endoscopic lung volume reduction (ELVR) prior 
to LuTX

ELVR techniques have been developed and are increasingly 
being used in the last decade as a less invasive alternative 
to LVRS. The most popular approach is the use of one-
way valves to induce atelectasis of emphysematous lobes, 
which is however only feasible if no collateral ventilation 
of the lobes is present. Other methods—with however 
no adequate evidence to substantiate routine use outside 
of clinical trials—are the instillation of chemical sealant, 
the placement of metal coils and thermal ablation of small 
airways by means of vapor. Aside from three case reports/
case series (n=1/4/5) addressing the use of endobronchial 
valves or sealant in patients subsequently undergoing 
LuTX (50-52) only one single-center analysis presenting 
post LuTX data was published so far (53). In this report 20 
patients who had ELVR (valves: n=17; vapor therapy n=1; 
coils n=1; sealant n=1) followed by LuTX after a median 
time of two years were compared to matched cohort of 40 
sole LuTX patients. All of the intraoperative, functional 
and short-term outcome parameters were comparable 
between both groups (surgery duration: 252 vs. 260 min; 
hospitalization 21 vs. 24 days; 6MWT: 397 vs. 380 meters; 
1-year survival: 95% vs. 97.5%). Interestingly, patients 
who had prior ELVR, showed a significantly higher rate 
of bacterial airway colonization after LuTX (50% vs. 
15%; P=0.004) even though this difference was not so 
apparent before LuTX (25% vs. 10%; P=0.13). Strikingly, 
Stenotrophomonas maltophilia predominated in the stain 
cultures (n=4/10). The authors concluded that the higher 
prevalence of bronchiectasis seen in the CT scans prior 
to LuTX might potentially explain the higher rate of 
pathological contamination and that bronchiectasis could 
possibly have been favored by ELVR as other reports 
suggested (54,55). Nevertheless, as early outcomes were 
unaffected by previous ELVR and the possible risk of 
colonization, further research is necessary to asses any 
possible impact on long-term survival. 

LVR after or during LuTX

Native lung hyperinflation (NLH) is a complication 
unique to SLuTX for lung emphysema. It is characterized 
by a radiographic evidence of graft compression and the 

decrease in lung function and exercise tolerance. Even if 
the first reports about LVRS as a method of treatment of 
this condition date back to 1997, only 11 case reports/case 
series with a total of 44 patients have been published so far 
(3,56-65). Also, LVRS of the native lung at the same time 
of LuTX was reported in four patients were hyperinflation 
was to be expected (65-67). More recently ELVR was used 
to counteract NLH (51,65,68-71). All reports share a high 
rate of success in terms of improving lung function and 
reducing subjective breathlessness of patients affected by 
NLH. Also, none of those cases had a mortality attributed 
to the LVR measure itself. All published reports about LVR 
after SLuTX are summarized in Table 2.

Discussion

Although LVRS and LuTX are both established adjunctive 
therapies for patients suffering from severe COPD, criteria 
for one or the other option differ tremendously. LVRS 
generally aims at patients with less functional impairment 
(FEV1 >20, DLCO >20). Nevertheless, a thorough 
understanding of the indications, contraindications, risks, 
and benefits of each procedure, as well as the patient’s 
goals and preferences, should guide the decision-making 
process (1). Also, previous LVRS followed by (initially 
not considered) LuTX has been shown a feasible strategy 
for patients where LVRS didn’t bring the looked-for 
benefit or the patients’ status deteriorated after an initial 
improvement. According to the NETT-sub group analysis, 
patients with an upper-lobe predominant emphysema are 
those who would benefit from LVRS. This applies also for 
patients who are already transplant candidates. Thereby 
LVRS should be considered if the patients would benefit 
regarding their lung function and nutritional status until a 
suitable organ is allocated to them.

In literature, LVRS has been shown to delay the need 
for LuTX in selected patients and to improve their physical 
condition prior to LuTX giving them “a better start “after 
LuTX. Although it has been shown in Literature that prior 
LVRS can increase perioperative risk and thereby mortality 
after LuTX, todays LVRS practice via VATS (compared 
to sternotomy and thoracotomy) reduces the occurrence 
of severe adhesions making a subsequent transplantation 
less challenging and less risky. Another development which 
noticeably decreased the risk of bleeding perioperatively 
is the ongoing paradigm shift regarding the preference of 
ECMO compared to CPB as intra-operative mechanical 
support. 
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Table 2 Reported literature on native lung volume reduction after single-lung transplantation

Author Year Method
Cases 

(n)
Procedure detail

Time after LuTX 
(months)

Functional 
improvement

Survival >1y 
after LVR

Le Pimpec-
Barthes (56)

1996 LVRS 1 RUL lobectomy 26 1/1 NR

Kuno (57) 1996 LVRS 1 Wedge resection NR 1/1 NR

Kroshus (58) 1996 LVRS 3 Wedge resection 12; 17; 42 3/3 1/3

Anderson (59) 1997 LVRS 3 Wedge resection 36; 39; 55 3/3 NR

Schulman (60) 1999 LVRS 7 Wedge resection x=39.6±17 6/7 4/7

Fitton (61) 2003 LVRS 4 Wedge resection 3; 7; 9; 13 3/4 2/4

Reece (3) 2008 LVRS 10 4 LL; 5 UL; 1 bilobectomy x=50 [12–142] 7/10 8/10

Samano (62) 2010 LVRS 2 Wedge/lobectomy 0; 3 1/2 1/2

Wilson (63) 2012 LVRS 8 7 wedges/1 bilobectomy x=49 [9–120] 6/8 6/8

Arango (64) 2012 LVRS 3 Wedge resection NR 3/3 3/3

Borro (65) 2016 LVRS 2 Wedge resection 61; NR 1/2 1/2

Crespo (68) 2007 ELVR 1 17 valves in all segments 84 1/1 NR

Pato (69) 2010 ELVR 1 3 valves RUL 120 1/1 NR

Kemp (70) 2010 ELVR 4 3× LUL; 1× RLL 18; 39; 73; 90 3/4 4/4

Destors (51) 2012 ELVR 1 2 valves RUL; RML 120 1/1 0/1

Perch (71) 2015 ELVR 14 x=5.3 [2–10] valves/patient x=108 [6–204] 11/14 NR

Borro (65) 2016 ELVR 1 3 valves RUL NR 1/1 NR

Todd (66) 1997 LVRS at time of LuTX 2 Wedge resection – – NR

Shen (67) 2007 LVRS at time of LuTX 1 Wedge resection – – NR

Borro (65) 2016 LVRS at time of LuTX 1 Wedge resection – – NR

∑=70 x=59±35.1 53/66; 80% 30/40; 68%

LVRS, lung volume reduction surgery; ELVR, endoscopic lung volume reduction; LuTX, lung transplantation; NR, data not reported; x, 
mean value; LL, lower lobe; UL, upper lobe.

As eligibility criteria for LuTX or LVR such as the 
surgical approach changed substantially over the years it 
remains difficult to translate past findings to current state-
of-the-art. Nevertheless, it is important to know which 
risk factors can lead to a higher morbidity for LuTX when 
patients had prior LVRS. Those identified by literature in 
a single center cohort are (21): advanced age (>65 years), 
severe pulmonary hypertension (PA >60), prolonged 
CPB time (>4 hours), high transfusion requirements  
(>20 units) and “emergency” LuTX after LVRS failure (17). 
As those observations have not been validated so far, further 
investigations are needed to clearly identify not only the 
patients which wouldn’t get a benefit from LVRS but those 

who would get a higher risk of mortality because of the 
combination of both treatments. 

Endoscopic approaches of LVR are rather new compared 
to surgical approaches. Despite their less important 
improvement of functional parameters of the patients, the 
scarce evidence did not show an increase in perioperative 
risks or mortality making endoscopic valves a valid 
alternative to LVRS in highly selected patients. 

To conclude, most publications agree on the fact that 
LVRS does not impair survival after LuTX in patients with 
severe COPD. As LVRS does not preclude technically the 
possibility for LuTX it should always be considered for 
highly selected patients which at best would not only have 
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a QOL and functional benefit from LVRS but possibly a 
reduced peri-operative risk. Clearly, further multi-centric 
analysis with comparable approaches is needed to improve 
decision making and best possible timing.
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