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Background: Stenosis is the most frequent airway complication after lung transplantation.

When complete obstruction is diagnosed without possibility of recanalization, options are

generally limited to either resection or retransplantation, both associated with increased

morbidity and mortality. We describe our experience with a novel technique using elec-

tromagnetic navigational bronchoscopy (ENB) to recanalize the occluded airway after lung

transplantation.

Methods: Patients who underwent lung transplantation between 2010 and 2016 with sub-

sequent development of complete airway obstruction and failed conventional recanaliza-

tion attempts were included in this study. All patients underwent attempted recanalization

using ENB. Primary outcomes included success of the technique and long-term patency.

Secondary outcomes included procedure-related complications.

Results: Four patients met inclusion criteria and underwent attempted recanalization using

the ENB platform. Location of the obstruction was the bronchus intermedius in two pa-

tients, the lingular bronchus in one patient, and the left basilar bronchus in one patient.

Mean length of stenosis was 8.8 mm. Three patients (75%) were successfully recanalized

and all airways remain patent at 1, 48, and 66 mo. There were no procedure-related

complications. The one patient who was unable to be recanalized successfully under-

went bilobectomy and died 7 mo later.

Conclusions: ENB is a feasible method of airway recanalization in select patients with

bronchial occlusion after lung transplantation. ENB recanalization spares lung paren-

chyma and avoids risks associated with surgical resection and retransplantation. This

novel technique can be added to the armamentarium for thoracic surgeons who diagnose

and treat this complicated problem.

ª 2018 Elsevier Inc. All rights reserved.

* Corresponding author. Division of Cardiothoracic Surgery, The University of Washington Medical Center, 1959 NE Pacific St, PO Box
356310, Seattle, WA 98195-6310. Tel.: þ1 206 221 2504; fax: þ1 206 543 0325.

E-mail address: msmmd@uw.edu (M.S. Mulligan).

Available online at www.sciencedirect.com

ScienceDirect

journal homepage: www.JournalofSurgicalResearch.com

j o u r n a l o f s u r g i c a l r e s e a r c h � no v em b e r 2 0 1 8 ( 2 3 1 ) 1 5 4e1 6 0

0022-4804/$ e see front matter ª 2018 Elsevier Inc. All rights reserved.
https://doi.org/10.1016/j.jss.2018.05.039

mailto:msmmd@uw.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jss.2018.05.039&domain=pdf
www.sciencedirect.com/science/journal/00224804
http://www.JournalofSurgicalResearch.com
https://doi.org/10.1016/j.jss.2018.05.039
https://doi.org/10.1016/j.jss.2018.05.039
https://doi.org/10.1016/j.jss.2018.05.039
https://doi.org/10.1016/j.jss.2018.05.039


Introduction

Postoperative airway complications are common after lung

transplantation, affecting up to one-third of transplant re-

cipients, and among these complications, airway stenosis is

most common.1,2 Not only are stenoses a frequent cause of

reintervention but also progression to occlusion can be

devastating, leading to worsening pulmonary function,

infection, and even death.

The vulnerability of transplanted lungs to airway stenosis

results from relative ischemia of the donor bronchus, with the

bronchus intermedius (BI) being particularly prone to this

event.3 The bronchial arteries, which normally contribute

significant blood flow to the airways,4 are necessarily sacri-

ficed during lung procurement and therefore, the donor

bronchus relies exclusively on pulmonary arterial blood sup-

ply until neovascularization occurs.5 Numerous factors in-

crease the ischemic risk for transplanted lungs including lung

ischemia reperfusion injury, postoperative infection, and

extended periods of positive pressure ventilation.6,7

Vanishing bronchus syndrome is an infrequent, but

extreme, form of airway stenosis andmost often occurs in the

BI distal to the bronchial anastomosis. Occurrence leads to

occlusion of the airway and epithelialization; on broncho-

scopic examination, the endoscopist encounters a blind end to

the airway. This is often a devastating complication, with a

median survival after diagnosis of only 25mo.8 Recanalization

of the airway in this scenario is particularly challenging and

often impossible, leaving the patient with only three options:

1) observation, accompanied by decreased pulmonary func-

tion and the risk of postobstructive pneumonia, 2) anatomic

lung resection, which in the case of BI obstruction would

necessitate bilobectomy, or 3) retransplantation. When sur-

gical treatment is required, the risk of mortality increases

significantly.9,10

Because of poor functional and long-term survival out-

comes in patients with vanishing bronchus syndrome, our

group has explored other methods to recanalize the

completely obstructed airway in lung transplant recipients.

Using experience with electromagnetic navigational bron-

choscopy (ENB) on the superDimension (Medtronic, Minne-

apolis, MN) platform, we have expanded the use of this tool to

recanalize the obstructed airway after lung transplant. We

have found the ENB allows for three-dimensional guided an-

gling of the needle, resulting in decreased risk of perforation

or pleural violation. This platform also allows for accurate

interventional deployment and recanalization when stenosis

impairs visualization of distal airways with a standard bron-

choscope. We present our institutional experience and asso-

ciated patient outcomes with this novel use of ENB

technology.

Materials and methods

Patient selection

After receiving institutional board review exemption, we

retrospectively reviewed the charts of patients who

underwent bilateral lung transplant who later presented

with signs and symptoms of airway obstruction between

2010 and 2016. Patients who were found to have complete

occlusion of a proximal (lobar) airway and failed recanali-

zation by conventional means (i.e., bronchoscopy and dila-

tion) were included in this study. Complete occlusion was

defined by the visual appearance of epithelialization of the

airway in question and inability to bronchoscopically access

the airway with a needle or guidewire. Specific selection

criteria were as follows: 1) patients must have had a diag-

nosis of an occluded central bronchus as evidenced by direct

bronchoscopic examination by a thoracic surgeon, 2)

computed tomography (CT) scan must have demonstrated

the stenosis, a patent distal airway, and no significant atel-

ectasis, 3) patients must have had a mappable distal airway

target identified by the ENB software, and 4) patients must

have been candidates for general anesthesia. In general, all

patients at our institution who develop any degree of bron-

chial stenosis after lung transplant undergo up to weekly

surveillance by standard bronchoscopy with dilation by a

thoracic surgeon, as appropriate. The patients in this study

developed progression to complete occlusion due to either

rapid progression or failure to follow-up. Before undergoing

the procedure, all patients underwent a standard consent

process and had full knowledge of the potential risks, bene-

fits, and complications of the procedure. Furthermore, they

were all informed as to the unique combination of tech-

niques used for this approach, and all alternatives were

discussed and considered before electively proceeding.

Technique

The bronchus anastomotic technique that was used in all

patients in this study has been previously described.11 Briefly,

all airway anastomoses were performed with 4-0 poly-

dioxanone suture with a running layer on the membranous

airway and interrupted figure-of-eight sutures for the carti-

laginous airway. The donor bronchus was trimmed to

approximately one ring from the secondary carina and airway

divisions are performed sharply without cautery. All patients

diagnosed with post-transplant airway stenosis in this study

underwent initial flexible and, in some cases, rigid broncho-

scopic evaluation to evaluate the stenosis. When recanaliza-

tion was not possible through standard dilation techniques or

guide wire insertion and dilation, the initial procedure was

terminated. Patients then underwent thin-slice chest CT using

standard ENB protocol and formatting.12 All patients were

confirmed to have visible patent airways beyond the airway

obstruction without atelectasis. The DICOM formatted images

were then transferred to the iLogic software (Medtronic,

Minneapolis, MN) for multiplanar reconstruction. The use of

ENB, bronchography, and dilation arewell-established tools at

our institution. Their combined application to solve this

difficult clinical problem were unique and as of yet, have not

been previously described.

Each patient underwent a standard planning phase using

the iLogic software with the “target lesion” set at the most

proximal portion of the airway beyond the point of obstruc-

tion. The patients were then taken to the operating room and
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