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Abstract

The post-pneumonectomy syndrome is a rare complication con-
sisting of rotation and herniation of the mediastinal structures, the re-
maining lung and the respective bronchi, into the contralateral
hemithorax. This situation may produce symptomatic airway obstruc-
tion and varies in its presentation and severity. We describe one case
of right and one of left pneumonectomy syndrome as well as one case
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of post-lobectomy syndrome. We review the literature on the patho-
physiology, the clinical, radiological and bronchoscopic characteristics
of this rare entity and discuss all available therapeutic alternatives.

Introduction

Post-pneumonectomy syndrome (PPS) is a rare complication, which
results from extreme shift and rotation of the mediastinum after pneu-
monectomy (counterclockwise after right pneumonectomy or clockwise
after left pneumonectomy). Rotation of the heart and great vessels and
herniation of the remaining lung and main stem bronchus into the
contralateral hemithorax, may produce symptomatic airway obstruc-
tion. Similar complications may occur even after lobectomy (post lobec-
tomy syndrome - PLS) although in that case anatomical and functional
changes are less prominent.

PPS has been described in children as well as in adults. Clinically,
patients may present with progressive dyspnea, stridor and/or recur-
rent pulmonary infections. Symptoms may occur several months to
many years after pneumonectomy. The diagnosis is established after
evaluation of the medical history and symptoms, the radiological and
bronchoscopic findings during different respiratory manoeuvres (dy-
namic bronchoscopy) [1].

In this report, we describe two characteristic cases of PPS (one after
right and one after left pneumonectomy) and one case of PLS (right
upper lobectomy), revealing their distinct pathophysiology, their vari-
able clinical, radiological and bronchoscopic characteristics as well as
reviewing the literature regarding the described therapeutic manage-
ment and treatment alternatives.

Case #1

Post-right pneumonectomy syndrome

A 70-year-old male ex-smoker (50 pack/year), presented with a re-
cent increase in long standing exertion dyspnea, cough, wheezing, re-
current infections and inability to clear secretions during the last 6
months. He had a right pneumonectomy 2 years prior to presentation
due to non-small cell lung cancer (NSCLC). A chest CT scan (Figure
1A) confirmed a counter clockwise shift of the mediastinum, hernia-
tion and stenosis of the left main bronchus. Clinical examination re-
vealed hypoxemia, decreased breath sounds of the right hemithorax
and wheezing. He was unable to perform the manoeuvres for pul-
monary function tests (PFTs). Dynamic bronchoscopy under conscious
sedation, revealed crescent type bronchomalacia of the remaining

main stem bronchus (Figure 1B).
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Following interdisciplinary discussions, the patient was considered
too compromised to undergo a corrective surgery, and intermittent
noninvasive mechanical ventilation (NIMV) was applied. Two months
later and while compliant with NIMV, the patient developed deterio-
rating exertional dyspnea. He was admitted to a regional hospital
where he was offered the option of stent insertion for the management
of his bronchomalacia. A fully covered self-expandable metallic stent
AERO™ (Alveolus, Inc., Charlotte, NC, USA), 12x40 mm in dimensions
was inserted. The patient reported worsening of his cough, dyspnea
and inability to clear secretions. He was transferred to our unit in a se-
verely compromised state with sepsis and respiratory insufficiency.

Rigid bronchoscopy revealed a complicated, migrated and partly ob-
structed stent. It was removed and replaced by a silicone “Dumon”
stent 14x40mm which was inserted in the left main bronchus, fully re-
establishing airway patency and normal breathing (Figure 1C). After
this intervention the patients’ symptoms improved and NIMV was dis-
continued. The patient returned home. Six months later he was re-ad-
mitted for a severe pulmonary embolism episode and passed away
during that hospitalization.

-
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Case #2
Post-left pneumonectomy syndrome

A 27-year-old female patient presented with a recent increase in dys-
pnea upon exercise and non-productive cough following an upper res-
piratory infection. She denied fever, rigors or other symptoms. The pa-
tient had undergone a left pneumonectomy 4 years before presentation
due to an endobronchial carcinoid of the left secondary carina.

Chest CT scan revealed a clockwise mediastinal shift along with hyper-
inflation and herniation of the right lung into the contralateral hemithorax
(Figure 2). The patient denied a history of recurrent infections. No addi-
tional sounds (wheezing, stridor) were heard during auscultation.

The PFTs revealed mildly reduced FVC and FEV; (69% and 65%, re-
spectively) and a normal FEVI/FVC ratio, compatible with restrictive
ventilatory dysfunction due to prior pneumonectomy. Bronchoscopy re-
vealed mild excessive dynamic airway collapse (EDAC) during expira-
tion without signs of tracheobronchomalacia.

Figure 1. A) Right Post-Pneumonectomy syndrome - Thorax CT scan, counter clockwise shift of the mediastinum, herniation and stenosis
of the left main bronchus. B) Development of secondary, severe, crescent type bronchomalacia of the left main stem bronchus. C) Endoscopic
image inside the Novatech DUMON™ bronchial stent lumen, successfully inserted in the left main bronchus re-establishing airway patency.

Figure 2. Chest x-ray and thorax CT scan of Post left pneumonectomy. Clockwise mediastinal shift, with hyperinflation and herniation of
the right lung into the contralateral hemithorax and stenosis of the right main bronchus.
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Following treatment of her upper respiratory infection she was free
of symptoms and reported improved quality of life; thus, after interdis-
ciplinary discussions, no surgical or other interventional treatment
strategy was proposed to this patient.

Case #3

Post lobectomy syndrome

A75-years-old male patient with a history of right upper lobectomy for
NSCLC four years before encounter, presented with wheezing, chest
tightness and recurrent pulmonary infections. A chest CT scan revealed
a slight shift and counterclockwise rotation of the mediastinum (Figure
3A). The dynamic bronchoscopy revealed localized inflammation with
bronchomalacia and excessive dynamic airway collapse of the bronchus
intermedius. The presence of a surgical stitch remnant was noted at the
site of the bronchial stump and removed. Although the patient improved
after the initial bronchoscopy, followed by a course of antibiotics, he re-
lapsed with recurrent episodes of bronchitis, dyspnea, stridor and in-
ability to clear secretions. A self-expandable metallic stent (aero stent
12x40 mm; Alveolus, Inc.) was inserted in the bronchus intermedius
after which his clinical situation improved.

Six months later following a new episode of acute bronchitis, the
stent migrated proximally and required removal. A follow-up dynamic
bronchoscopy on NIMV mask proved that the narrowing of the malacic
part of bronchus intermedius was corrected under positive pressure
ventilation and patency was almost completely re-established (Figure 3
B,C). Taking into consideration his age, previous stent migration, and
symptoms, it was decided that non-invasive mechanical ventilation was
an optimal treatment option for his bronchomalacia. The patient has
been on NIMV since (for 24 months) and follow up clinical evaluation
revealed improved quality of life.

Discussion

The term PPS was first introduced in 1979 by Wasserman et al.
[2]. It is a rare syndrome which is estimated to occur with an inci-
dence of 1 in 650 pneumonectomies [3]. It occurs more commonly in
young patients possibly due to increased elasticity and compliance of
the remaining lung and bronchial tree. Secondary bronchomalacia
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may develop over time which occurs presumably due to prolonged
compression of the cartilaginous rings between a great vessel and
the vertebral bodies. Typically, the syndrome is more frequent and
more severely symptomatic after right pneumonectomy due to the
compression of the left mainstem bronchus between the spine and
aorta posteriorly and the pulmonary artery anteriorly [3,4]. In more
recent reports, cases of PPS after left pneumonectomy have also
been demonstrated especially in patients with right sided aortic arch
although in general they present with minor clinical gravity [3-5].

In order to diagnose PPS one must first exclude other reasons of dys-
pnea such as recurrence of primary disease, pulmonary hypertension,
thromboembolism, heart failure. This condition can be accompanied by
excessive dynamic airway collapse (EDAC), which is a discrete condi-
tion referring to the excessive movement of the membranous part of
the trachea or main stem bronchi, producing a dynamic airway nar-
rowing during expiration or cough while the anterior cartilaginous wall
remains intact or tracheobronchomalacia characterized by flaccidity of
the anterior wall cartilage [6,7]. Patients with secondary bronchoma-
lacia after a pneumonectomy are often misdiagnosed and treated for
long periods of time as asthma or COPD before the diagnosis of PPS is
established [5-8]. Dynamic bronchoscopy assessment, sometimes
under NIMV, is warranted to fully observe the airway collapse and plan
interventional management.

Due to the rarity and the heterogeneity of patients with PPS, there
are not enough large studies regarding effective treatment. We per-
formed a review of the literature focusing on the currently used thera-
peutic management options and treatment alternatives. Eighty-two pa-
tients were found reported overall (Table 1).

The largest series available, included 20 patients and 18 patients re-
spectively, submitted to surgical treatment with repositioning of the
mediastinum with placement of prostheses and tissue expanders in the
respective hemithorax [8,9]. In another series of 10 patients treated
with the placement of tissue expanders, 90% of them achieved signifi-
cant improvement without perioperative mortality [10]. However, in
published case reports the treatment remains individualized according
to the severity of symptoms, age, general condition and morphology of
the underlying disease [11,12]. As a principle, the PPS course after left
pneumonectomy is mild, the symptoms are not strenuous and conser-
vative treatment can be adequate, as in our reported case. On the other
hand, the PPS after right pneumonectomy is usually symptomatic and
challenging regarding its management. Tracheobronchomalacia is
usually an indicator of a poor outcome.

Figure 3. A) Thorax CT scan showing slight shift and narrowing of the bronchus intermedious. B) Bronchoscopy performed under NIMV
mask - narrowing of bronchus intermedius. C) Bronchoscopy performed under NIMV mask - narrowing of bronchus intermedius corrected

under positive pressure ventilation and airway patency re-established.
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Table 1. Reported Cases of PPS with interventional management.

Grillo 11 7 4 all with 2 (0.5-20)  Mediastinum repositioning by surgical interventions 54.5 27 45
1992 right sided with or without inserting breast prostheses
aortic arch

Cordova 1 0 1 1.0 Tracheobronchial stent in right main stem bronchus 0 0 100
1996 followed by a second stent at the level of bronchus (12 month

intermedius follow up)
Regnard 8 7 1 1,5 (0.25-10)  Tracheobronchial stents in 2 and mediastinum 50 25 50
1999 repositioning in 5 (tissue expanders). One patient

(left PPS) remained only under follow up
Valji 5 4 1 0.5 (0.3-9)  Mediastinal repositioning and silicone prosthesis. 0 0 100
1998 Mobilization of the mediastinum, anterior

pericardioraphy and anchoring to the parasternal

chest wall
Makare 20 19 1 with right (0.3-15) Extrapleural implantation of expandable prosthesis 32 0 60
van Maurik aortic arch
2007
Shen 18 13 5 7.5 (1.1-54.8) Mediastinum repositioning by inserting saline filled 21.8 5.6 7
2008 breast prostheses. Bronchial stenting advocated

in presence of malacia
Soll 6 4 2 0.9 (0.6-1.2) Mediastinum repositioning and silicone prosthesis 33.3 0 100
2009 implantation in 4 patients. In 1 patient the

mediastinum was fixed with a pericardial patch.

It was removed due to infection after Smo.

One patient was treated with an adjustable tissue

expander that was replaced by silicone 4y later
Ng 2009 1 1 0 0.7 Thoracoscopic treatment - Adhesion 0 0 100

Lysis - Mediastinal repositioning
18Partington 1 0 1 0.6 Mediastinum repositioning and two silicone-walled 0 0 100
2010 breast implants were used as expanders.

Treatment of serious pulmonary vein obstruction

due to compression from the mediastinal shift
19McRae 1 1 0 ~8y Mediastinal re-orientation accomplished by placing 0 after 0 100
2011 two breast implants. 4 months later symptoms second

recurred and a durable custom expander with surgery

higher wall thickness was placed
20Jung 10 4 plus 3 3 1,1 (0.6-48.4) Mediastinal repositioning and multiple saline 40 0 90
2016 ppn like s filled tissue expander implantation

*Interval (y) median (min-max): The minimum, maximum and median number of years between lung surgery and the onset of the syndrome.

We could categorize the available treatment options in: i) noninva-
sive, such as NIMV [3,7]; ii) minimally invasive, such as the placement
of endobronchial stents [13-15]; and iii) surgical ones which are the
standard of treatment but have high risk of complications [1,4,8-12].
Surgical treatment with volume expanders at the affected hemithorax to
re-establish the anatomical position of the mediastinum even many
years after pneumonectomy are today the main surgical intervention
proposed with good results [3,4,8,10,16]. Management for post lobec-
tomy syndrome with implantation of 2 intrathoracic inflatable mammary
implants has been reported [17]. This entity is not well defined.

Endobronchial silicone or hybrid stent placement is an alternative
approach that minimizes the operative risk, and is applicable in pa-
tients not candidates for surgical treatment due to reduced perform-
ance status and limited respiratory reserve. In the first presented case,
the initial stent inserted was apparently undersized and thus migrated
and failed to re-establish airway patency. The straight studded silicone
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stent inserted in the second intervention adapted better to the
bronchial wall and helped resolving the symptoms. NIMV could serve as
a “pneumatic stent” keeping the airways patent until placing an endo-
bronchial stent or during the preoperative preparation of the patient as
a bridge for surgery in specific cases.

Conclusions

PPS and PLS are rare complications of right and left pneumonectomy
and/or lobectomy. Thorax CT scan and dynamic bronchoscopy are war-
ranted for firm diagnosis. Treatment options range from conservative
measures and NIMV or placement of endobronchial stents to extensive
surgical interventions and use of volume expanders. Multi-disciplinary
discussions and comprehensive assessment of each individual case is
crucial to establish the treatment strategy.
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