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The prevalence of nontuberculous mycobacterial lung disease (NTM-LD) has increased in West-
ern and Asian nations in recent decades. While surgery may improve the outcome of more com-
plex cases, many inconsistencies exist in the current literature regarding the management,
growing emergence, and challenges of drug-resistant forms of NTM-LD, the indications and
timing of surgical treatment, and perioperative multimodal therapy of NTM-LD. Moreover, data
regarding the comparative treatments, risk factors of pulmonary resection for NTM-LD, and the
long-term outcomes of microbiological recurrence are limited. This review will focus on out-
lining the outcomes of recently optimized surgical approaches, as well as providing an over-
view of the roles of perioperative multimodalities therapies in the treatment of NTM-LD.
Copyright ª 2020, Formosan Medical Association. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
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Introduction

Nontuberculous mycobacteria (NTM) infection is difficult to
treat, and nontuberculous mycobacteria lung disease (NTM-
LD) most commonly causes chronic pulmonary destruction
that is refractory to antimicrobial therapy.1e3 The inci-
dence of NTM-LD has increased in Western and Asian
countries during recent decades,4e6 and more than 90% of
patients will have persistent disease. NTM-LDs have
different geographic incidences, etiologies, and biology,7

and the symptoms of NTM-LD are generally nonspecific
and usually reflect advanced disease. Lung resection is
considered in patients with NTM-LD when medical therapy
alone fails to control disease.1 However, treatment ap-
proaches for resectable NTM-LD are largely based on the
location of infection, bacteriological subtype, and patient
co-morbidities; whether surgery remains fundamental to
the treatment of resectable NTM-LD is uncertain. Never-
theless, these reports provide guidance on patient man-
agement and future studies will improve outcomes in the
newer macrolide era. This review of the recent scientific
literature is intended to assist clinicians in the management
of resectable NTM-LD patients, regarding the decision of
indication of surgical treatment or perioperative therapy of
these pulmonary diseases.
Surgical roles of NTM-LD

The main treatment of NTM-LD is antimicrobial therapy;
however, antimicrobials penetrate poorly into areas of
destructive lung parenchyma, and liquefacted lungs tend to
act as microbe reservoirs which can lead to yield relapse at
a later date. Several case series revealed superiority of a
combined approach over antibiotics alone, with an
acceptable rate of sputum culture conversion after surgical
resection for NTM-LD and a low rate of morbidity and
mortality.1,8e13 Based on these data, the ATS/IDSA guide-
line also recommends the combination of a multidrug
treatment regimen and adjuvant surgery for intractable
NTM-LD patients with resectable lesions. However, poor
performance status or other contraindications to surgery
occasionally force its use in certain patients. A complete
cure is not always achievable, and severe perioperative
complications, with limited treatment options, may occur
(Table 1); as a result, further evidence of the benefits of
surgical resection is required before it can be used widely.
The policy places great emphasis on the importance of pre-
and post-operative antimicrobial therapy, proposing the
necessity of a multidisciplinary approach for these types of
NTM-LD.
Preoperative evaluation of NTM-LD

Extensive preoperative evaluation is essential to allow se-
lection of the appropriate therapeutic strategy for patients
with NTM-LD. The recommended preoperative evaluation
includes chest X-ray, mycobacterial culture, pulmonary
function tests, electrocardiogram, echocardiography, chest
computed tomography (CT), quantitative lung perfusion
scan, and bronchoscopy. Chest CT is the cornerstone for
assessing the surgical extent of major lesions due to NTM-
LD. Early CT scans allow the identification of nonresponse
patients for earlier surgery and discontinuation of ineffec-
tive preoperative antimicrobial therapy.14,15 Depending on
the disease heterogeneity, imaging studies may have the
potential to generate false positive and false negative re-
sults. The verification bias is due to different follow-up
characteristics. Although imaging may suggest NTM-LD,
microbiologic evaluation is the most accurate method of
diagnosis. Acid-fast bacilli in the sputum smear can support
the diagnosis of NTM but is less sensitive or specific than the
sputum culture, and airway assessment remains inaccurate
with non-invasive imaging examinations. Refractory NTM-
LD might be explained by more diffuse or aggressive
infection; thus, bronchoscopy is mandatory in the preop-
erative assessment of NTM-LD in order to detect major
excretory lesions with purulent sputum that can spread to
other lobes.8,9,16 Excision of major excretory NTM lesions is
effective in suppressing disease progression. However, the
involvement of NTM-LD at the resection margin can in-
crease the risk of non-healing pulmonary leaks or bron-
chopleural fistula. Bronchoscopy can facilitate the
evaluation of mucosal architecture that can be correlated
with the histology. Therefore, it is crucial to confirm by
bronchoscopy whether or not an excretory lesion or
inflamed bronchus is present and considering delaying the
surgical resection if inflamed proximal bronchial mucosa is
found.9,12
Surgical indication of NTM-LD

There is limited evidence that antimicrobials without sur-
gery is a beneficial approach for NTM-LD, but for patients
who are not candidates for surgery it is often considered
(Table 1). Adjuvant surgical resection of NTM-LD removes
focal damaged parenchyma to enhance the effectiveness of
medical treatment,17 and a previous study has demon-
strated that the sputum culture conversion was persistently
higher in the surgical group than the medical alone group
(87.5% vs. 45.8%).12 However, a majority of studies were
from centers in the Unites States and Japan, and the in-
clusion criteria for surgical selection was controversial.18,19

Because of the unsteady presentation of NTM-LD, clinico-
pathological characters and treatment policies have not
been integrated, and surgery alongside multidrug treat-
ment is an alternative and effective therapy for some NTM-
LD patients.

Patients who are considered for surgery may have
different characteristics than those who are not, including
history, CT scan, and sputum culture examination. Confu-
sion can be largely due to the borderline pulmonary con-
dition of these infections; the image pattern of NTM-LD, the
NTM organism involved, and the patient’s general response
should be considered for further treatment (Fig. 1).
Therefore, a multidisciplinary approach, involving pulmo-
nary physicians, infectious disease specialists, interven-
tional radiologists, and thoracic surgeons, is favored. There
is no published selection criteria for the surgical treatment
of NTM-LD, and the indications for surgery include complex
cases, the existence of macrolide-resistance, or significant
symptoms such as hemoptysis, irrespective of the status of



Table 1 Indication, related factors of outcomes, and complication of adjuvant surgery in nontuberculous mycobacterial lung
disease.

Surgical indication

� Complicated cases (a failed sputum culture conversion after 6 months of therapy)
� Significant symptoms (hemoptysis, persisting bronchiectasis)
� Localized disease (destroyed lung)
� Cavitary lesions (regardless of achieving negative sputum conversion in response to antimicrobial therapy)
� Suspicion of cancer
Related factors of surgical outcomes

� The patient’s general condition
� Preoperative pulmonary rehabilitation
� Nutritional status of thin patients.
� The imaging pattern of NTM-LD (the extent of disease)
� The bacterial organism involved
� The risk of postoperative complications
� Quality of life
� Remnant cavitary lesions after pulmonary resection
Perioperative complications

� Bronchopleural fistula
� Pericardial effusion
� Empyema
� Pneumonia
� Acute respiratory distress syndrome
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bacterial discharge (Table 1). Resection is recommended
for patients with contagious persisting bronchiectasis,
destroyed lung, and cavitary disease on imaging, irre-
spective of whether the patients had achieved negative
sputum conversion in response to antimicrobial therapy.
Although the decision to proceed to surgery is usually
Figure 1 Perioperative management of non
personalized, the risk of postoperative complications and a
reduction in the quality of life are important factors to
consider. Surgery alone can no longer be considered the
standard of care given the limited improvement in the poor
prognosis associated with end-stage NTM-LD. Localized
disease, particularly in intractable cases of NTM-LD, may
tuberculous mycobacterial lung disease.
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benefit from surgical resection,20 a finding that has led to
an ongoing debate about the optimal surgical approach and
extent of resection. Observation without treatment may be
appropriate for some patients with slowly progressive NTM-
LD, while NTM-LD that affects extensive areas of the lung or
poor surgical candidates favors exclusive medical treat-
ment. Usually, the patients were highly selected, and
chronic obstructive pulmonary disease/emphysema were
more frequent in surgical NTM-LD patients.12

Preoperative medication and the timing of surgery
for NTM-LD

Preoperative antimicrobials remain a common option for
treatment of NTM-LD in the United States. The use of
preoperative antimicrobials has been investigated exten-
sively and they have several potential advantages including
an improved chance of complete resection and a reduction
in lesion infections. The optimal duration of antibiotic
therapy before surgery remains controversial,19,21 but the
standard recommendation for most NTM species is at least
three antimicrobials for 16e20 months.5 Clinical improve-
ment of the symptoms are expected within 3e6 months,
and the duration of therapy for the sputum culture results
converts to negative within 12 months for most NTM-LD
patients.18,22 However, adverse effects of multidrug treat-
ment are common, and the success rate can be poor.23,24

Repeated sputum culture test maybe particularly helpful
if the patients do not respond to therapy or if there is a
relapse. Patients are considered to be treatment failures if
there has been no response after 6 months of appropriate
therapy or if negative sputum conversion has not been
achieved after 12 months of appropriate therapy.18 Com-
plete response is not necessary to achieve a negative cul-
ture, and infection control may be sufficient. A long
duration of antimicrobials might worsen the patient’s con-
dition if NTM-LD progresses, and there is a risk of contam-
ination of the healthy lung. This is particularly true for
Mycobacterium abscessus complex, where the use of peri-
operative antimicrobials results in significant infection
control though relatively few complete infection re-
gressions.25 Although the optimal timing of surgical therapy
remains ambiguous, if the patients fail to respond after 6
months of appropriate therapy, the potential role of sur-
gery for the reduction of the bacterial load should be
considered.10

Surgery is dependent on the image pattern of NTM-
LD

The image patterns, clinicopathology, and systemic thera-
pies vary according to NTM species, and the disease can be
either nodular/bronchiectatic or cavitary radiographically.
NTM-LD likely presents as three radiological types: Upper
lobes of a tuberculosis-like pattern in older males with
COPD,26 nodular bronchiectasis in slender older non-
smoking females,27 and hypersensitivity pneumonitis with
diffuse ground-glass infiltrates.22,28 However, variants of
these image types and one or another of them can also exist
simultaneously. The optimal route and extent of resection
for the various types of NTM-LD depends on the involved
lung, overall condition of the patient, and the role of pre-
operative antimicrobials. The cavitary/tuberculoid type
usually (90%) develops in the upper lobes of elderly patients
with preexisting lung disease.29 Surgical candidates more
frequently have a cavitary radiologic pattern than patients
who are treated exclusively with antimicrobials. The
prognosis in cavitary NTM-LD patients is extremely poor as
it generally progresses rapidly and can cause extensive lung
destruction and respiratory failure. It is particularly asso-
ciated with Mycobacterium avium complex (MAC) and
Mycobacterium kansasii, M. malmoense, Mycobacterium
xenopi, and rapidly growing mycobacteria.22 M. xenopi
infection is more likely associated with cavitary lesions and
rapid lung destruction, so a more aggressive treatment with
favorable outcomes after surgery is preferred.12,30 A com-
bination of bronchiectasis and multiple small nodules,
particularly involving the right middle lobe and/or the left
lingular lobe in non-smoking women (Lady Windermere
syndrome) is usually associated with MAC.27 Patients with
the nodular bronchiectatic form were more likely to be
non-smoking females, and also had lower pre-operative
sputum positive culture rates compared to patients with
the cavitary form of NTM-LD.10 Nodular lesions can be left
because they are indolent and have lower microbial burden
and rates of relapse or reinfection. There was no correla-
tion between CT patterns and the requirement for antimi-
crobials after lung resection12; after pulmonary resection,
13% of patients exhibited remnant cavitary, which is known
to be a predictor of microbiological recurrence.11
Classification of bacterial species in NTM-LD
surgical outcomes

Since the biology of NTM-LDs differ, they need to be
considered individually and optimally treated with
different management; this includes different surgical
considerations with a different pattern of cavitary lesions in
the contralateral lung, patient condition, persistent
sputum positivity, and drug resistance.31e34 Although the
current therapeutic decisions of NTM-LD were obtained
from a combination of NTM-LDs, several reports provide
justification for differentiating epidemiological and
morphological features between each subtype of NTM-
LD.5,35,36 Moreover, some patients may have NTM-LD that
involves multiple strains, the significance of this for treat-
ment is uncertain.

Bailey37 categorized NTM-LD as easy to treat and hard to
treat: M. kansasii was categorized in the easy to treat
group, and M. xenopi, MAC, M. simiae, M. malmoense, and
others fall into the latter, especially when disease is
extensive. An important specified aim of this definition and
classification was to describe and compare the optimal
treatment approach. Treatment of rapidly growing myco-
bacteria species, including M. fortuitum, M. abscessus, and
M. chelonae, with “standard” mycobacteria agents is likely
difficult.38 If M. abscessus or MAC pulmonary disease is
localized and if the patient is a suitable surgical candidate,
surgery may provide a local control advantage for patients
who did not respond to initial antimicrobial therapy.21,35

Two papers have reported that surgical resection con-
tinues to play an important role in the management of MAC-
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LD, along with the new macrolide-based combined
chemotherapy.39,40 In 2011, Jarand also reported that sur-
gery along with antimicrobial treatment could control
prolonged infection in patients with M. abscessus NTM-LD.25

The development of wound dehiscence was frequent in
patients with M. abscessus.10 Moreover, NTM-LD caused by
M. xenopi, M. kansasii, and M. malmoense may be associ-
ated with a combination of bronchiectasis and Aspergillus
lung disease, and the presence of Aspergillus appeared to
be indicative of adverse prognosis.41 Patients who under-
went surgery for non-responding NTM-LD had a higher rate
of post-operative complications than patients whose dis-
ease was being controlled medically (OR 10; 95%CI,
1.34e74.51; p Z 0.025).12 However, the difference in sur-
vival among patients with different species of NTM were not
statistically significant.11
Surgical approach for NTM-LD

Persistent NTM-LD is significantly related to survival
outcome, and surgical considerations specific to NTM-LD
include a range of destructive lung parenchyma, adhe-
sionlysis, and the choice of surgical approach. The extent of
resection, and the approach, including en bloc pneumo-
nectomy, sublobar lobectomy, lobectomy, and limited
resection, should be selected based on the ability to ach-
ieve a resection with adequate margins and acceptable
morbidity. A complete resection of NTM-LD is the primary
goal of any surgical approach to improve survival outcome
compared to limited surgery. Limited resection of NTM-LD
offers only a limited benefit and lobectomy is recom-
mended for all subtypes of NTM-LD, especially in the
fibrocavity; indeed, consolidation or cavitation near the
central airway is mostly treated with lobectomy. In patients
with localized NTM-LD, a limited wedge resection of the
infected lung allows adequate resection and excellent
functional results, while contralateral bronchiectatic and
cavitary lesions can be managed with staged bilateral
resections.

It is clear that a variety of approaches exist using tho-
racotomy or video-assisted techniques to achieve a
destructive lung resection. With regards to the surgical
approach for NTM-LD, thoracotomy has lower rates of sur-
vival and increased morbidity compared to a
videoeassisted approach.42 The survival outcome is similar
to the traditional approaches of lobectomy, with selection
based on surgical expertise. For patients with dense pleural
adhesions, especially in apical cavitary disease, a thora-
cotomy is favored. In patients without severe pleural ad-
hesions, video-assisted thoracoscopic surgery (VATS) is the
preferred mode.19 CT is moderately sensitive and specific
for preoperative prediction of pleural adhesion, while lots
of patients with pleural adhesions demonstrated no pleural
finding on CT.43 The correlation factors between image
characteristics on preoperative chest CT and severe pleural
adhesion during surgery are large pulmonary calcified
nodules, impaired pulmonary function test, and moderate
emphysema.44 However, the association of localized
pleural thickening on CT with severe pleural adhesion was
not found. Limited resection and VATS approach should be
considered for select patients who have localized lesions or
marginal lung function.10 Matsuoka completed surgical
resection of NTM-LD under VATS and none required con-
version to thoracotomy.45 In the current study, the mean
duration of hospitalization was 5.5 days. This approach
leads to less postoperative pain, better functional status,
and shorter hospital stays than thoracotomy. Post-
operatively, air leaks lasting for 7 days occurred in 2 pa-
tients, but there were no severe complications. The VATS
approach was more widely used in another study consisting
126 lobectomies, 73 segmentectomies, 10 lobectomies plus
segmentectomies, and 3 bilobectomies.14 Ten patients
(4.7%) required a switch to thoracotomy without any mor-
tality, while complications including prolonged air leak and
atrial fibrillation occurred in 9% of the patients. The mean
volume of blood loss during surgical resection of NTM-LD
was usually less than 150 mL.11 However, resection via
thoracotomy approaches allowed more extensive resection
of destructive tissues and muscle flap reconstruction than
thoracoscopic resection. Despite this, recurrence and
mortality were similar, although morbidity was substan-
tially less with the thoracoscopic resection. The combina-
tion of VATS and preoperative pulmonary rehabilitation in
patients with NTM-LD may be effective in preventing
postoperative pneumonia and atelectasis. The mean dura-
tion between the day of the preoperative pulmonary
rehabilitation instructions and the day of surgery was 51.4
days.42 However, early rehabilitation may lead to faster
recovery of quality of life when patients are in a stable
state.46

There is insufficient data to recommend the use of
pneumonectomy for NTM-LD, and despite the low recur-
rence rate of NTM-LD following pneumonectomy, this
technique has a high probability of surgical complications
(40%)11 as well as a hospital mortality of 3%e4%. In another
Japanese study involving 11 patients who received pneu-
monectomy for NTM-LD, 4 patients (36%) developed com-
plications,47 all the patients showed sputum conversion,
and 1 patient experienced a relapse. Pomerantz and col-
leagues reported a high incidence of bronchopleural fistula
after right pneumonectomy (6%).48 Consequently, earlier
resection in localized NTM-LD, before entire right lung
destruction and extensive polymicrobial contamination, is
recommended.
Factors related to surgical outcomes of NTM-LD

Low BMI has been reported as a factor for poor outcome
in patients with NTM-LD undergoing surgical therapy.49

Therefore, an improvement of preoperative nutritional
status of thin patients is essential. Preoperative albumin
(<3.5 g/dL), prealbumin (<15 mg/dL), and transferrin
(<200 mg/dL) values deteriorating below the normal
range are useful biomarkers of malnutrition and repre-
sent an increased risk for postoperative complica-
tions.50,51 A nutritional support team prepares a plan for
preoperative and postoperative care of NTM-LD pa-
tients, highlighting the need for patient selection for
surgery in this regard. Old age, low BMI, pneumonec-
tomy,47 and remnant cavitary lesions after pulmonary
resection are known predictors of both microbiological
recurrence and poor prognosis.11 Preoperative immune-
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modulating nutrients, using mixtures of omega-3 fatty
acids, arginine, and other nutrients, can improve the
metabolic response to stress and promote both wound
healing and immune function.52

Despite satisfactory results in terms of sputum culture
conversion, the surgical mortality and morbidity rate are 7%
and 20%, respectively, while the survival rates at 1, 5, and
10 years after surgery were 94%, 84%, and 76%, respec-
tively.11 However, the favorable treatment outcomes and
postoperative complications are variable in previously re-
ported case series of NTM-LD surgery (Table 2). These are
also affected by individual patient variations, as well as the
center-specific experience. In one study, all patients who
developed bronchopleural fistula had the cavitary form of
NTM-LD.10 Therefore, the bronchial stumps have to be su-
tured after stapling and reinforced with muscle flaps in
patients with a higher risk of bronchopleural fistula,
including those with persistent positive sputum culture and
those who have undergone pneumonectomy.8,9 If the re-
sidual space is considerable, a pedicled latissimus dorsi
muscle flap or limited thoracoplasty was attempted in
order to reduce it. Use of the serratus anterior muscle was
poorly tolerated in underweight patients due to the
resulting winged scapula.
Table 2 Summary of surgical outcome in recent studies.

Sakane (2018)13 Aznar (2018)12 Asaku

Patient No. 25 27 125
Study period 2004e2014 2003e2016 1994e
Case Gender 10M:15F 7M:20F 59M:6
Mean Age (yr) 63.1 55 60
Preoperative regimen

duration (mean)
7 mon

Surgical indication
Poor response to drug

therapy
16 (64%) 36 (29

Symptoms 5 (20%) 19 (15
Prolonged smear

positivity
1 (4%) 70 (56

Cavitary lesions
Suspicion of cancer 5 (20%)
Resected extent
Pneumonectomy 4 (16%) 8 (29.6%) 31 (24
Lobectomy or above 13 (52%) 21 (77.8%) 80 (64
Segmentectomy 8 (32%) 1 (3.7%) 13 (10
Sublobar resection 1 (0.8
Thoracotomy 8 (32%) 120 (9
VATS 17 (68%) 5 (4%
No sputum conversion 7 (5.6
relapse 5 (20%) 11 (40.7%) 19 (15
Complication 22%
ARDS 2 (7.4%) 2 (1.6
Bronchopleural fistula/

prolonged air leak
1 (3.7%) 8 (6.4

Pericardial effusion 1 (3.7%) 1 (0.8
Empyema 1 (3.7%) 7 (5.6
Others 9 (7.2
Mortality 1 (4%) 0% 4 (3%

ARDS: acute respiratory distress syndrome; F: female, M: male; VATS
Postoperative management of NTM-LD

The majority of patients with NTM-LD are likely to relapse;
therefore, the systemic approach with postoperative anti-
microbials is likely to be more beneficial than a localized
treatment strategy for these patients. Although the optimal
duration of antimicrobial therapy after lung resection is
unclear, the duration of antimicrobial regimens are based
on the presence of residual disease.9,11 The expert guide-
lines recommended that all patients with an NTM-LD
infection who undergo lung resection and achieve culture
conversion are treated for least 12 months after achieving
negative sputum results, defined as three consecutive
negative sputum cultures.1,10,18,21 Moreover, a reduction in
the duration of therapy has also been attempted given the
high cost of these therapies.53 Some clinicians recommend
a longer period of postoperative antimicrobials (for 2 years
instead of a year) for patients whose surgical specimens
were positive for culture.21 However, the postoperative
complication rates do not differ between patients who
received perioperative antimicrobials and those who did
not.10 The difference in the rate of recurrence among the
NTM species did not reach a statistical significance,
either.11
ra (2017)11 Kang (2015)10 Shiraishi (2013)9 Mitchell (2008)8

70 60 236
2015 2007e2013 2007e2011 1983e2006
6F 28M:42F 19M:41F 40M:196F

50 50 54.8
ths 8.3 months 14.2 months 2e6 months

%) 52 (74.3%) 52 (86.7%)

%) 4 (5.7%) 6 (10%)
%)

14 (20%) 25 (41.7%) 29%

.8%) 8 (11%) 1 (1.7%) 44 (18.6%)
%) 54 (73%) 45 (75%) 164 (69.5%)
.4%) 11 (15%) 17 (28.3%) 57 (24.2%)
%) 1 (1%) 2 (3.3%)
6%) 47 (65%) 55 (91.6%) 168 (65.6%)
) 26 (35%) 5 (8.4%) 68 (34.4%)
%) 19% 0%
.2%) 2 (3%)

15 (21%) 8 (12%) 18.5%
%) 1 (death) 11 (18.3%) 6 (2.5%)
%) 5 (7.1%) 5 (8.3%) 23 (9.7%)

%) 1 (1.4%)
%) 3 (4.3%)
%) 2 (2.9%) 28 (11.9%)
) 0% 2.6%

: Video-assisted thoracoscopic surgery.
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Moreover, lifetime follow-up is necessary after resec-
tion because a relapse or reinfection may occur years
after the completion of therapy. NTM therapy was re-
initiated in 27.8% of surgical patients after the completion
of 12 months of antimicrobial therapy.12 Therefore, anti-
microbials is reasonable for multiple modality therapy
when treatment volumes are judged to be safe and there
are no other substantial contraindications. Regardless of
the above mentioned advancements, patients should un-
dergo regular chest radiographs and sputum culture after
the completion of postoperative antimicrobials.54 Indeed,
a follow-up CT scan performed 12 months after surgery
showed deterioration of the non-resected lung in 25% pa-
tients, stability in 45% of patients, and improvement in
30%. Whenever reactivation or relapse is suspected,
resumption of antimicrobials is encouraged to improve
outcomes.
Further directions in the surgical management of
NTM-LD

Clinical guidelines, surgical techniques, and postoperative
care have improved in the recent years, and therefore
treatment decisions between early and newly diagnosed
patients are different. Even if the patients are treated
similarly, the outcomes could vary greatly. Furthermore,
perioperative treatment strategies can result in significant
undesirable antimicrobial-related toxic effects. An
improvement of predictive markers may also help to iden-
tify patients who are more responsive, and help prevent
expensive and non-effective therapies. Predictive markers
can be evaluated through factors such as the response to
specific therapy, or the time to progression. Molecular
markers can be protein targets or gene expression levels in
the bacteria or the host. With a greater emphasis on NTM-
LD as a well-defined entity, it is likely that further studies
will provide more precise optimal management of adjuvant
lung resection in NTM-LD patients with the introduction of
new chemotherapeutic regiments.
Conclusion

In summary, pulmonary resection of the lung destroyed by
NTM, in addition to newer macrolide therapy, can improve
the outcome if antimicrobial therapy alone has failed.
Although NTM-LD patients who undergo lung resection have
significant morbidity, sputum culture conversion is
frequently achieved. Due to the development of surgical
techniques and tools, minimal invasive surgery has become
an early approach for thoracic surgery in NTM-LD patients,
as it has been more widely used with good results.8,13 After
carefully considering age, BMI, remnant lesions after sur-
gery, and type of pulmonary resection, surgery is the most
effective option for many patients, including early local-
ized disease, good performance status, or increasingly poor
response to drug therapy. Moreover, surgical resection of
the destroyed lung does not avoid the need for lifelong
follow-up in patients with NTM-LD, and some patients
continue to need long-term antibiotics.
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