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Surgical management of non-cystic fibrosis bronchiectasis
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Abstract: Non-cystic fibrosis bronchiectasis (bronchiectasis) is an abnormal dilatation of the bronchi and

bronchioles, resulting from a prolonged recurrent infectious process due to various causes and predisposing

factors. This disease has several etiologies and affects a heterogeneous population of patients. The most

important viewpoint for the surgical management of bronchiectasis is to select appropriate candidates for

surgery and conduct suitable anatomic lung resections at the right time under appropriate conditions.

The ideal candidates for lung resection are symptomatic patients with focal disease due to truly localized

bronchial pathology regardless of optimal and absolute medical management.
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Introduction

Surgical treatment for bronchiectasis has a history that spans
over a century and was first reported by Heidenhain (1).
Resection surgery served as the main treatment for this
disease until the 1950s when modern antibiotics and
immunization became available (2-4). Owing to the better
control of tuberculosis, effective antibiotics, routine
immunization, and improvement in social conditions,
bronchiectasis was considered an “orphan disease” in the
late 1980s (5). By the late 1970s, lung cancer, instead of
infectious diseases such as tuberculosis and bronchiectasis,
had become the main candidate for lung resection and
surgery for infectious disease became relatively uncommon
for thoracic surgeons. However, the global incidence
and prevalence of bronchiectasis in adults has steadily
increased (6-8). Possible reasons for this increase are
frequent radiological detection due to the greater use
of computed tomography (CT) and the more frequent
presence of immunosuppressed states (8-10). Moreover,
the prevalence of nontuberculous mycobacterial (NTM)
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lung disease has increased (11-13), especially the nodular/
bronchiectatic type, affecting mainly the middle lobe
and lingular segments. Thus, with the resurgent global
interest in bronchiectasis and with newer knowledge of the
condition as disclosed by modern techniques, the role of
surgery in the management of bronchiectasis also requires
reexamination.

Indication and rationale

The most widely known model of the development of
bronchiectasis is Cole’s “vicious cycle hypothesis” (14).
According to this model, the pathophysiology of
bronchiectasis is commonly described to comprise
four distinct phases: “chronic infection”, “chronic
inflammatory response”, “impaired lung defense to
microorganisms/impaired mucociliary function”, and
“structural change of the lung”. Depending on the
etiology in each patient, each of the four phases can be
the entry point and can trigger the cycle of bronchiectasis
development [Figure 1 (15)].
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Figure 1 Vicious circle of bronchiectasis [from the European Respiratory Society Guidelines for the Management of Adult Bronchiectasis (15)].

Post-infectious bronchiectasis and otber structural lung
diseases

Surgery is most efficient for symptomatic bronchiectasis
whose vicious cycle is triggered by the localized structural
change of the airway in otherwise healthy individuals.
Typically, the causes of the airway injury are childhood
infection, such as tuberculosis, measles, pertussis, etc.; post-
infectious bronchiectasis. Endobronchial obstruction with
a tumor or foreign body and extraluminal compression
by peribronchial pathology such as lymphadenopathy
(e.g., middle lobe syndrome) also cause airway distortion
and can induce peripheral bronchiectasis. Theoretically,
antimicrobial therapy penetrates poorly into sites where
severe parenchymal distortion and destruction are present in
Figure 2. Thus, these sites act as microbial reservoirs to
induce clinical symptoms and to seed new infection to other
parts of the lung. In addition, the bronchiectatic diseased lung
that harbors inflammation and infection does not contribute
to ventilation. In cases with relatively localized diseases that
cause frequent exacerbations and sputum expectorations
regardless of optimal medical management, surgery can
greatly contribute to significant symptom relief and prevent
the infectious contamination of adjacent lung parenchyma
(15-30). In other words, poor response to medical treatment
allows examination for the need of surgery. In such a setting,
the complete resection of a damaged part of the lung is ideal
for achieving better surgical outcomes (16,17,19-23,25-29).
In our previous study (27), we examined the clinical
difference between the types of postoperative residual
regions. Via multivariate analysis, the residual bronchiectatic
regions had an adverse impact on the surgical outcome,
whereas, the residual nodular infiltrative regions did not.
This suggested that, as the residual nodular region can be
well controlled medically, this type of region does not need
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to be removed. Medical management is especially difficult
when the targeted microorganism is refractory or resistant to
antimicrobial drugs, such as Aspergillus, multidrug-resistant
tuberculosis, or MRSA, justifying surgery earlier if localized.
Persistent Pseudomonas aeruginosa infection is also known to
be a risk factor for earlier lung function decline and more
frequent exacerbations, which can be explained by airway
damage induced by the numerous substances produced
by Pseudomonas aeruginosa (31,32). Patients with massive
hemoptysis also greatly benefit from surgery.

Destroyed lung

“Destroyed lung” is a large destruction of the lung as
a sequela of severe and destructive infectious disease,
predominantly comprising tuberculosis and pulmonary
abscess. Occasionally, it occurs in the residual lobe after
lobectomy on the ipsilateral side (33). This is the most
aggressive and extended form of structural localized
damage of the airway. For this severe presentation, surgery
is inevitable for cure; however, it is associated with a
high morbidity and mortality, especially if completion
pneumonectomy is required (34,35).

NTM lung disease

It is generally accepted that NTM is a pathogen that
can directly succeed or even precede bronchiectasis
development, representing the “chicken or the egg”
dilemma (36-38). NTM lung disease is divided into
two types radiologically, the fibrocavitary and nodular/
bronchiectatic types (39), and the latter is particularly
difficult to discern, clinically or radiologically, from post-
infectious bronchiectasis colonized or infected with NTM.
Recently, the prevalence of NTM lung disease has
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Table 1 Summary of studies applying the surgical treatment of bronchiectasis

Reference Published Setting  No. '\:;:’” Male/  Morbidity - Mortality Microorganisms Rateir?\f/;:/?r?ge e
year years female (%) (%) segmentectomy (%)

Prieto et al. (16) 2001 Portugal 119 42 48/71 15.0 0.0 HI, SP, SA, PA 27.0
Fujimoto et al. (17) 2001 Germany 90 45 44/46 19.6 0.0 HI, SA, SP, PA 33.7
Kutlay et al. (18) 2002 Turkey 166 34 74/92 10.5 1.7 HI, PA, SP 22.7
Balkanli et al. (19) 2003 Turkey 238 24 205/33 8.8 0.0 PA, HI, KP, SA, TB 15.1
Haciibrahimoglu et al. (20) 2004 Turkey 34 11 18/17 17.6 2.8 SA, PA, KP, SP 25.6

Eren et al. (21) 2007 Turkey 143 23 91/52 23.0 1.3 HI, SA, SP, PA 28.2
Sirmali et al. (22) 2007 Turkey 176 12 81/95 13.0 0.0 HI, PA, SP ND

Zhang et al. (23) 2010 China 790 42 466/324 16.2 0.0 ND ND
Gursoy et al. (24) 2010 Turkey 92 39 38/54 16.0 1.0 ND 19.0
Bagheri et al. (25) 2010 Iran 277 35 200/77 15.8 0.7 ND 18.7
Caylak et al. (26) 2011 Turkey 339 22 301/38 13.0 0.6 ND 26.5
Hiramatsu et al. (27) 2012 Japan 31 54 2/29 18.2 0.0 NTM, PA, SA, HI 33.3
Al-Refaie et al. (28) 2013 Egypt 138 30 77/61 0 0 ND ND

Balci et al. (29) 2014 Turkey 86 38 58/28 14 1.2 KP, SP, HI, SA, PA 0

Vallilo et al. (30) 2014 Brazil 53 41 27/26 25 3.8 Asp, PA, NTM, SP ND

ND, not described; HI, Haemophilus influenza; PA, Pseudomonas aeruginosa; SA, Staphylococcus aureus; SP, Streptococcus pneumoniae;

KP, Klebsiella pneumonia; NTM, Nontuberculous Mycobacteria; Asp, Asperqgillus.

been increasing, owing especially to the increase of the
nodular/bronchiectatic subtype; typically presenting as
bronchiectatic middle-lobe and lingular segments in
middle-aged slender, non-smoking women (11,13,40-42).
Consequently, in the surgical reports of NTM lung
disease published recently, a predominance of women with
bronchiectatic disease has been observed (43-45).

From the opposite perspective, according to the
US bronchiectasis research registry, up to 63% of
bronchiectasis cases were related to NTM infection (46). In
our previous report on the outcome of surgical treatment
for bronchiectasis, 67.7% of the cases were associated with
NTM infection (27). However, the frequency of NTM
infection among bronchiectasis patients largely differs
between regions. Table I presents a summary of studies on
the surgical treatment of bronchiectasis and shows that the
microorganisms identified differed, reflecting geographical
diversity (16-30).

According to surveys of thoracic surgery by the Japanese
Association for Thoracic Surgery, the number of surgeries
for NTM lung disease is increasing in Japan, whereas,
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that of bronchiectasis has remained the same (Figure 3)
(47-51). However, as it is obvious that the increase of NTM
is mainly due to the nodular/bronchiectatic type, the total
number of surgeries has been increasing for these two
inextricably linked diseases with bronchiectatic appearance.

In cases whose bronchiectatic NTM lung disease is
regarded to result from N'TM infection or colonization in
the focal damaged lung, the treatment strategy is the same
as for post-infectious bronchiectasis. However, in a large
portion of NTM patients with bronchiectatic regions, the
pathogenesis seems to be mainly due to systemic problems.
In other words, the initial phase of the vicious cycle may not
be triggered by the “structural change of the lung” but by
another unknown etiology; idiopathic bronchiectasis with
NTM infection. Recent reports of the association between
certain genetic changes and the characteristic body habitus
or clinical presentation among nodular/bronchiectatic
NTM patients provide some insight into this situation
(52-54).

From the clinical perspective, the risk factors associated
with the rapidness of lung function decline are reported to
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Figure 2 Post infectious localized bronchiectasis with persistent Pseudomonas aeruginosa infection. (A) Gross appearance of resected specimen

with bronchiectasis involving the entire lingular segment, which has caused the frequent exacerbations; (B) gross pathologic sectioned

specimen of the same patients.
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Figure 3 Annual number of lung resections for bronchiectasis and NTM lung disease in comparison with the total number of lung

resections conducted in Japan. NTM, nontuberculous mycobacteria.

differ between bronchiectasis and N'TM; in bronchiectasis,
chronic Pseudomonas aeruginosa infections, frequent
exacerbations, and systemic inflammation, and in NTM,
young age, male sex, and a high radiographic score are
associated risk factors apart from cavitary disease (55,56).

In NTM patients, quality of life is related to lung
function such as forced vital capacity; FVC and diffusing
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capacity of the lung for carbon monoxide; DLCo. However,
quality of life is related to the number of exacerbations
and the amount of expectorated sputum in bronchiectasis
patients but not to lung function or disease extent (57-59).
The prevalence of Aspergillus-related lung disease is also
higher among bronchiectatic NTM lung disease than
among bronchiectasis without NTM infection (60).
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As the pathophysiology and clinical behavior of these
two groups should be viewed separately as noted above,
the indications and rationale for surgery should also be
considered differently. Mitchell proposed three main
rationales for surgery in managing NTM lung disease: (I)
to induce treatment success (future termination of drug
therapy by extirpating the infected site), (II) to relieve
symptoms such as hemoptysis, and (III) to limit or to
slow down the disease progression, in which the goal of
surgery is not complete eradication but alleviation of the
infection (61). The third rationale is particularly indicated
for cases with extended NTM lung disease, on the basis of
its difficulty in managing medically even with a multidrug
regimen. The situation is more difficult in cases with
Mycobacterium abscessus, which is notorious for its aggressive
nature, macrolide-resistant Mycobacterium avium complex
species, or Aspergillus infection. In such settings, the extent
of the disease in terms of whether it is “focal” or “localized”
is not necessarily an essential condition for surgery, which
is based on the concept that the alleviation, and not
extirpation, of the main gross irreversible parenchymal
damage can occasionally be beneficial in selected cases, and
can be associated with better subsequent management of the
disease. More study and further evaluation of this concept is
urgently awaited.

Usually, NTM lung disease takes a relatively silent and
indolent course from focal to diffuse lung parenchymal
destruction; however, there are some patients whose disease
progresses rapidly. As long as NTM lung infection is
regarded to result from a systemic problem that somehow
triggers the “vicious cycle”, but not by the “structural
change of the lung”, the postoperative burden should be
minimized as much as possible.

To select appropriate surgical candidates at high-risk for
progression in the early stage of NTM lung disease, it is
crucial to identify patient predisposing factors (52-54) and
NTM species with aggressive phenotypes or genes related
to macrolide resistance (62-64).

As the context and reasons for removing the lung
parenchyma with bronchiectasis vary as described
above, it is essential to perform a drastic host defense
survey according to established priorities and to apply a
multidisciplinary approach to assess and manage the disease
holistically.

Preoperative management

Before the advent of antibiotics, the operative outcome
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of bronchiectasis was associated with a high incidence of
bronchopleural fistula (BPF), empyema, and perioperative
mortality of as high as 46% (2,3). Thus, operative success
depends on accurate perioperative medical management.
Smears and cultures of sputum or bronchial washing should
be examined in all patients and antibiotic administration
should be initiated 1 to 2 weeks preoperatively, referring
susceptibility testing to produce a bacterial nadir at the time
of surgery. Antifungal agents or multidrug regimens for
Mycobacterium including intravenous aminoglycoside should
be administered for more than 3 months preoperatively (65).
Preoperative bronchoscopy is mandatory in all cases. The
aim of this is to identify causative microorganisms and to
rule out endobronchial pathology that may cause peripheral
bronchiectasis.

Concomitant diseases such as diabetes mellitus,
anemia, and malnutrition should be strictly monitored and
controlled. The influence of immunosuppressants, low-
dose steroid, or cytotoxic chemotherapy should be carefully
assessed and minimized.

All patients should undergo contrast-enhanced
multidetector row CT (MDCT) preoperatively to assess
the extent of the diseased lung to remove in association
with lobar fissure and pulmonary vessels. In particular,
three-dimensional (3D) CT angiography with contrast
enhancement allows more detailed information of the
anatomic variation of the pulmonary vessels (66,67) that
occasionally make lung resection hazardous, especially when
the interlobar fissure is incomplete and the hilar adhesion
and scarring are severe because of chronic and recurrent
inflammation. Moreover, sublobar resection (segmentectomy
and subsegmentectomy) is frequently required for the
surgical treatment of bronchiectasis because of the nature
of the disease (4). The 3D visualization of a more detailed
anatomy of the peripheral lung unit and the distribution
of the disease in association with intersegmental veins is
very useful and ensures safety in such instances (Figure 4).
Moreover, preoperative MDCT angiography is useful for
detecting the development of the systemic blood circulation,
bronchial or parietal, with reverse blood circulation from
the systemo-pulmonary anastomoses, which may cause
hemoptysis and can be a source of major operative blood
loss. Based on this, the application of preoperative bronchial
arterial embolization should be assessed and discussed with
the interventional radiologist (68).

In addition to radiological assessment, other standard
preoperative workups including pulmonary function tests,
arterial blood gas analysis, and pulmonary ventilation/
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Figure 4 Preoperative assessment to plan a suitable anatomic resection. (A) CT scan sagittal section demonstrating the distribution of post-

infectious bronchiectasis affecting the right superior segment of the lower lobe and middle lobe. As Mycobacterium avium complex (MAC)

and E. coli were isolated, a multidrug regimen for MAC and a preoperative eradication was planned prior to the right middle lobectomy,

together with superior segmentectomy of the lower lobe; (B) technetium perfusion scintigraphy showing a focal defect of perfusion in

the affected area; (C) preoperative 3D reconstructed image of the lung using intravenous contrast medium to facilitate the planning

segmentectomy and lobectomy. CT, computed tomography.

perfusion (V/Q) scan with the occasional use of
cardiopulmonary exercise testing should be performed
to select patients with adequate pulmonary reserve, who
are eligible for anatomic lung resection. In most cases,
pulmonary V/Q scan depicts the perfusion defect in the
diseased lung, which is beyond the access of medical
treatment agents via the bloodstream, and shows that the
surgery would remove the non-functional lung (Figure 4).
Cardiac evaluation involves echocardiography to ascertain
possible valvulopathy and the presence of pulmonary
hypertension.

Surgical technique

Surgery should be performed under general anesthesia.
Early lung isolation using a double-lumen endobronchial
tube facilitates the prevention of the spillage or secretions
from the affected side during surgery. A local injection of
anesthetic into the thoracic epidural or paravertebral space
is recommended for intra- and postoperative analgesia.
Bronchoscopy immediately before the initiation of the
surgery is mandatory to clear the airway to the diseased lung
of fetid secretions. Additionally, evaluating the intraluminal
inflammation, including submucosal granuloma, to avoid
involving it in the bronchial sealing ensures bronchial
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stump safety. When segmentectomy or subsegmentectomy
is planned, endobronchial recognition and the confirmation
of corresponding bronchi are mandatory.

Pulmonary resection is achieved through a lateral
thoracotomy. The most commonly performed procedure
is lobectomy; however, segmentectomy or lobectomy with
segmentectomy is frequently required (7able 1) because
bronchiectasis namely extends along bronchial branching.
Historically, segmental pulmonary resection was introduced
as a novel technique in the late 1940s and was initially
devised as an ideal procedure for bronchiectasis, being
regarded as “segmental pneumonectomy” (4). Interlobar
fissure with adhesion, incomplete interlobar fissure, and
the intersegmental plane are divided with electrocautery
or stapling. Either way, determining the resection line by
manipulating the diseased area with bronchiectasis in order
to extirpate it is very important. The bronchus is usually
divided and closed with staples and is reinforced with
muscle flaps in patients at high risk for BPE, such as in those
with positive preoperative sputum or diabetes mellitus and
in those who require pneumonectomy.

Owing to the advent of thoracoscopy, adhesions,
especially in the apex and back side of the thoracic wall
beneath the thoracic incision, are visualized well and, thus,
the size of skin incision can be occasionally minimized.
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However, adhesion and symphysis are often very dense
in cases s with preoperative frequent and repeated
exacerbations. For bronchiectasis with massive adhesion
throughout the thoracic cavity, skin incision should be
extended so that the access and taping of the pulmonary
vessels at the hilum can be arranged easily, even with
intrapericardial manipulation, in order to ensure safety. In
such occasions, postoperative excessive negative pressure in
the residual space and the intraoperative pleural soilage are
risk factors for the development of significant postoperative
morbidities such as BPF and empyema. Therefore, to
minimize the size of the residual space and to avoid
polluting it are keys to overcoming postoperative morbidity.
Care should be taken to avoid entry into the infected lung
parenchyma so that fetid and highly virulent infection
would not remain within the thoracic space. After the
removal of the diseased lung, it is needful to fully expand
the residual healthy lung by mobilizing it with minimal
damage. Extensive extrapleural dissection together with, if
needed, two or three rib resections is an effective technique
for lessening the negative pressure of the residual space;
i.e., the effect of thoracoplasty. Latissimus dorsi muscle flap
for buttressing the bronchial stump is often applied in cases
with surrounding gross and severe adhesion. The purpose
of this maneuver is to protect the intrathoracic space from
bronchial stump complications, to cover the residual lung
surface, and to minimize the residual space. Moreover, after
harvesting the latissimus dorsi muscle flap, a supplementary
incision of the rib cage via the seventh or eighth intercostal
space without an extra skin incision or its extension becomes
available, which is useful in the dissection and mobilization
of severe adhesion in the lower part of the thoracic space.

Abundant water irrigation into the thoracic space and
sending the sample of that lavage fluid to bacteriological
testing is necessary. All resected specimens are to be sent
for pathologic and bacteriologic examination. Aggressive
chest physiotherapy and nutritional supplementation in the
postoperative period are also important.

Surgical outcome

No randomized controlled trials of surgical treatment
versus standard care for bronchiectasis have been reported.
In a recent meta-analysis by Fan et a/., three main
outcomes: mortality, morbidity (adverse event), and quality
of life improvement after surgery for bronchiectasis were
assessed among 4,614 patients from 35 studies (69). The
pooled mortality was 1.5%, while the morbidity was 16.7%.
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The most common complications after surgery included
atelectasis requiring therapeutic bronchoscopy, prolonged
air leakage (>7 days), wound infection, cardiac arrhythmias,
and empyema. Symptom improvement after surgery was
noted in 95% (66.5% became asymptomatic), while no
clinical improvement was observed in 9.1% of patients.
Tuble 1 shows the detailed data of patients’ background and
surgical outcome from representative reported studies,
suggesting that although there is a great regional difference
in patients’ background and causative microorganisms,
surgery is effective in a selected population (16-30). The
key to a favorable outcome is the complete resection of the
bronchiectasis while leaving an adequate respiratory reserve
(16,17,19-23,25,29).

Vallilo e 4l. demonstrated that surgery for bronchiectasis
significantly improved the quality of life and exercise
capacity irrespective of a slight decline in lung volume at
the 9-month follow-up (30). In patients with bronchiectasis,
quality of life is not necessarily associated with lung
function and disease extent on CT but with the number
of exacerbations and amount of daily sputum. Moreover,
the diseased lung with bronchiectasis does not contribute
to ventilation. Through these, Vallilo et 4/. emphasized the
importance of assessing the postoperative quality of life
improvement among refractory and symptomatic patients in
order to evaluate the merit of surgery and not just the rate
of symptom control, morbidity, or lung function.

Conclusions

The pathophysiology and the extent of inflammation notably
differ in each case as shown in this review because the term
“bronchiectasis” is just an expression of the appearance of
a lung as a result of certain episodes and their unknown
influence. The key to a favorable surgical outcome is a
multidisciplinary approach starting from the appropriate
selection of the surgical candidate, with optimal preoperative
management and suitable surgical technique at the right
timing, and followed by appropriate postoperative support.
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