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Established Facts

•	 Pneumothorax is a common complication after endoscopic lung volume reduction (ELVR) and usu-
ally occurs in the first 48 h after endobronchial valve placement.

•	 Bronchial kinking is an uncommon complication and is actually treated with valve removal.

Novel Insights

•	 Complete kinking of the left lower lobe bronchus is a severe complication of left upper lobe ELVR. 
•	 Patients’ condition may worsen after treatment, even after achieving complete atelectasis of the target 

lobe. 
•	 It is also uncommon for a patient to develop a pneumothorax on the 6th day after endobronchial valve 

placement.
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Abstract
Endoscopic lung volume reduction is a minimally invasive 
procedure performed to reduce the space occupied by the 
emphysemas’ lobes. This procedure has been demonstrat-

ed to be beneficial for patients with advanced chronic ob-
structive pulmonary disease and severe hyperinflation. The 
use of endobronchial valves is increasing, as well as the 
number of reports of adverse events. The most common 
complications after the procedure are a pneumothorax, 
bleeding, infections, the need for valve removal, and valve 
expulsion. We have recently treated a patient who achieved 
immediate left upper lobe atelectasis but developed a 
pneumothorax on the 6th day and near-fatal kinking of the 
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left lower lobe bronchus. This patient had asphyctic epi-
sodes probably due to a functional left pneumonectomy. 
We should consider this unusual complication in patients 
undergoing endoscopic lung volume reduction whose con-
dition worsens after achieving complete lobar atelectasis.

© 2018 S. Karger AG, Basel

Introduction

Endoscopic lung volume reduction (ELVR) with en-
dobronchial valves has been demonstrated to be benefi-
cial in patients with advanced emphysema. This proce-
dure helps to improve pulmonary function, exercise tol-
erance, and symptoms [1] albeit with certain complications 
described in the literature. The benefits of this type of 
treatment are seen in patients without collateral ventila-
tion. The VENT study [2] identified a subgroup of pa-
tients that may benefit from valves: complete interlobar 
fissure, no collateral ventilation, and complete occlusion 
of the target lobe. High-resolution computed tomogra-
phy (HRCT) together with dedicated software (e.g., VIDA 
System) can be used to evaluate whether an interlobar fis-
sure is complete or incomplete. Furthermore, the Char-
tis® system [3] can be used to determine the resistance to 
ventilation after bronchoscopic balloon occlusion of the 
target lobe. Thereby it increases the predictability of 
achieving lung volume reduction after valve treatment 
[4].

The relatively high morbidity and mortality rates as-
sociated with lung volume reduction surgery were the 
main drivers to develop ELVR techniques [1, 2, 4, 5]. 

Case Report 

Our patient is a 67-year-old male, former smoker, with severe 
lung emphysema and dyspnea MRC 3. His pulmonary function 
tests showed FVC: 2.63 L (58.49% of predicted), FEV1: 0.72 L 
(20.11% of predicted), and VEF1/CVF: 27.25%. TLC was 10.23 L 
(138.6 % of predicted), RV was 7.07 L (270.3% of predicted), RV/
TLC was 60.09%, and IC/TLC was 22%. DLCO was 6.43 ml/mm 
Hg/min (19% of predicted), and 6MWT was 428 m, with dyspnea 
Borg 4, and oxygen saturation down to 79% (basal 95% with Oxy-
gen 2 Lx’ by nasal prongs). His CT scan demonstrated severe and 
bullous emphysema with upper lobe predominance. VIDA® sys-
tem demonstrated complete left fissure (integrity of 98%) and an 
estimated left upper lobe volume of 2.67 L (left lung: 4.76 L). He 
had a limited quality of life, and he was on LABA, LAMA, and 
oxygen therapy 24 h/day.

Before placing the valves, we used the Chartis system occluding 
the left upper lobe, demonstrating the complete absence of flow 
and increased resistance at 9 min 50 s. Five Zephyr® valves were 

placed, completely occluding the left upper lobe, a 4.0-mm valve 
(#3) LB1–2, a 5.5-mm valve (#1) LB3, and a 4.0-mm valve (#1) 
LB4–5. A complete atelectasis of the upper lobe was immediately 
obtained, together with an elevation and restoration of the apposi-
tion zone of the diaphragm. 

A remarkable relief of dyspnea and an increased walking capac-
ity was observed during the first 2 days after the procedure. After 
that, our patient presented with tachycardia and increased oxygen 
requirements. The CT scan demonstrated diffuse left lower lobe 
alveolar opacities and a laminar pleural effusion. An ex vacuo over-
expansion pulmonary edema was considered, and empirical di-
uretics were administered. The opacities resolved without other 
interventions in 4 days, the laminar pleural effusion persisted. 

Six days after the valve placement, the patient complained of 
left-sided chest pain, chest X-ray demonstrated a tension pneumo-
thorax, and drainage was placed. He suffered from continuous air 
leak for 4 days which finally resolved spontaneously. A moderate 
apical pneumothorax was still present together with a moderate 
pleural effusion. During the next day, sudden, repeated, asphyctic, 
and near-fatal crises were seen, which made emergency assistance 
by the team and noninvasive mechanical ventilatory support nec-
essary. A CT scan of the thorax showed a persistent apical pneu-
mothorax, a moderate pleural effusion, and suggested a kinking of 
the left lower lobe bronchus which was confirmed by the visual- 
ization of a narrowed bronchus by bronchoscopy (Fig. 1a). The 
LB4–5 valve was removed, but the asphyctic crisis continued. Fi-
nally, all valves were removed, and a complete re-expansion of the 
left upper lobe was observed. Bronchoscopy images and CT scan 
showed a straightening of the lower lobe bronchus (Fig. 1b). The 
respiratory asphyctic crisis resolved, and the patient is now almost 
back to baseline.

Discussion

ELVR is a noninvasive technique that improves symp-
toms, exercise tolerance, and pulmonary function in an 
appropriate candidate with advanced emphysema [1]. 
Endobronchial valve placement is a reversible technique 
that requires the absence of collateral ventilation to pro-
duce complete atelectasis of the target lobe and to achieve 
a meaningful clinical improvement. 

An unexpected scenario is the absence of any clinical 
improvement after ELVR, even after achieving complete 
atelectasis of the target lobe, as was the case with our pa-
tient. The amount of volume reduction was not consid-
ered an issue, not even the magnitude of negative pressure 
induced by a lobar collapse. We report 2 major complica-
tions after valve placement: a late tension pneumothorax 
6 days after the procedure (this usually occurs within the 
first 24–48 h), and a complete kinking of the left lower 
lobe bronchus. 

In retrospect, the asphyctic crises were most likely sec-
ondary to a sudden functional left pneumonectomy due 
to complete atelectasis of the left upper lobe secondary to 
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endobronchial valve placement plus severe kinking of 
the left lower lobe bronchus. His previously estimated 
left upper lobe volume was 2.67 L by the VIDA system, 
and to our knowledge, this patient presented one of the 
largest reductions in lung volume reported after ELVR 
[6].

It is important to consider bronchial kinking in a pa-
tient whose condition worsens even after achieving com-
plete lobar collapse. A CT scan and/or follow-up bron-
choscopy are recommended for diagnosis. The removal 
of one or all valves may be necessary to correct this archi-
tectural deformity and improve the patient’s symptoms. 
We do not know if the late-onset pneumothorax had any 
correlation with the bronchial kinking. In our case, the 
outcome of the procedure was unsuccessful, and we be-
lieve some specific questions about complications in pa-

tients with complete interlobar fissure need to be dis-
cussed with the aim to optimize the procedure [7–9].  
Finally, we propose the interventional pulmonary com-
munity to analyze a few questions that remain to be an-
swered:
1. In cases of nearly complete lobar fissure (98%), as de-

termined by the VIDA system, is it necessary to con-
firm this with the Chartis system? Could the sudden 
lobar occlusion by a Chartis balloon be a risk factor for 
a tension pneumothorax? 

2. What is the ideal or expected reduction in residual vol-
ume to obtain a clinically meaningful response? In 
comparison with ELVR publications, we obtained one 
of the largest reductions of volume reported. Do we 
really need to reduce higher volumes to clinically im-
prove the outcome of these patients?

a b c

d e f

Fig. 1. a Left upper lobe (LUL) complete atelectasis after endo-
bronchial valve placement. Complete collapsed and severe left 
lower lobe (LLL) bronchial kinking and pneumothorax (PTX).  
b Kinking of the LLL bronchus. c Narrowing LLL due to kinking. 

d LUL re-expansion with resolving PTX after all valves have been 
removed and bronchial kinking has resolved. e LLL bronchus 
open, kinking has resolved. f LLL bronchus open, kinking has re-
solved.
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3. Can kinking of a lobar bronchus be an indicator of a 
near-fatal complication, and should – in that case – all 
valves be immediately removed? Is stenting or positive 
pressure ventilation useful for bronchial kinking after 
ELVR? 

4. In high-volume target lobes, should all valves be placed 
at once or in sequential procedures?

5. Should we always rule out bronchial kinking in pa-
tients with no clinical improvement after complete at-
electasis of the target lobe following valve placement?
These concerns should stimulate the discussion be-

tween interventional pulmonologists, in order to develop 
a safer and more effective procedure that will benefit our 
patients.
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