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Background: Surgical treatment is useful in some nontuberculous mycobacterial pulmonary disease 
(NTM-PD) cases. Cases such as those of localizing lesions and/or the presence of cavitation may 
have surgical indications; however, the evidence of surgical indications and/or the surgical approach 
is not always clear.
Objective: This study aimed to retrospectively analyze the results of surgical treatment for NTM-PD 
at the National Hospital Organization Fukuoka Higashi Medical Center and to investigate the 
appropriateness of video-assisted thoracoscopic surgery (VATS).
Methods: This study included 49 cases of NTM-PD resected from 2003 to 2021. The operative 
approaches were VATS and open thoracotomy (OT) in 28 and 21 cases, respectively.
Results: Univariate analysis revealed a significant difference in the operating time, blood loss, and 
drainage duration between the OT and VATS cases but not in the degree of adhesion. Multivariate 
analysis revealed that the surgical approach was the only independent factor for postoperative 
drainage duration.
Conclusion: Adhesion is frequently observed in NTM-PD surgeries, and achieving adequate 
pulmonary resection is difficult. However, VATS cases have a shorter operating time, blood loss, and 
drainage duration than do OT cases. Therefore, VATS is considered a useful approach for the surgical 
treatment of NTM-PD.
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Introduction

T he number of operations for pulmonary tuberculosis  
  is decreasing, whereas that for nontuberculous 

mycobacterial pulmonary disease (NTM-PD) is 
increasing in Japan.1 The effectiveness of amikacin 
liposome inhalation suspension for NTM-PD has 
been proven as a new treatment,2–4 but that medical 
treatment alone cannot treat these lesions completely. 
In collaboration with Western-affiliated societies, 
including the European Respiratory Society (ERS), 
the European Society of Clinical Microbiology and 
Infectious Diseases (ESCMID), and the Infectious 
Disease Society of America (IDSA), the American 
Thoracic Society (ATS), in 2020, published “Treatment 

of nontuberculous mycobacterial pulmonary disease: 
an official ATS/ERS/ESCMID/IDSA clinical practice 
guideline” in terms of surgical indications for NTM-PD.5 
The guidelines recommended surgical resection of 
the diseased lungs in selected patients with NTM-PD, 
such as those with failure of medical treatment, cavity 
disease, drug-resistant isolates, hemoptysis, and/or 
severe bronchiectasis. However, the guidelines did 
not specifically refer to the surgical approaches or 
methods. Furthermore, studies have reported increasing 
deaths from NTM-PD,6 although, to our knowledge, no 
evidence has indicated that surgical treatment reduces 
mortality. The usefulness of video-assisted thoracic 
surgery (VATS) for lung cancer is clear, whereas that 
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Surgery using the VATS approaches for NTM-PD

of VATS for NTM-PD is still unclear.7 Morino et al. 
revealed that preoperative rehabilitation reduces the risk 
of VATS for NTM-PD; however, there is still a higher 
risk using the open thoracotomy (OT) approach.8 The 
present study retrospectively compared the perioperative 
factors in VATS and OT cases of patients who underwent 
pulmonary resection for NTM-PD and investigated the 
efficacy of VATS.

Materials and Methods

Clinical data
The ethical committee of the National Hospital 
Organization Fukuoka Higashi Medical Center 
(Institutional Review Board [IRB] number: 2021-
58) approved this study, which was conducted 
under the principles of the Declaration of Helsinki, 
seventh revision 2013. This study included 49 
patients who underwent pulmonary resection for 
NTM-PD between January 2003 and April 2022. All 
patients received presurgical antibiotic treatment that 
included rifampicin, ethambutol, and clarithromycin. 
The preperiod included operations performed 
from 2003 to 2014, whereas the postperiod were 
those from 2015 to 2022. The NTM-PD diagnostic 
methods included sputum culture, tissue culture, and 
pathological findings, such as Ziehl-Neelsen staining, 

fluorescence staining, and/or clinical examinations. 
Cases were diagnosed according to the diagnostic 
criteria of the Japanese Society for Tuberculosis and 
Nontuberculous Mycobacteria as NTM if they had a 
typical finding on computed tomography (CT), such 
as a nodular lesion, cavity lesion, and/or bronchial 
ectasia, and were positive for sputum culture tests 
more than twice or the bronchial lavage test more 
than once. Clinical examination included chest X-ray 
and CT. Typical chest X-ray results revealed an 
infiltrative shadow in the lung field (Figure 1A) and 
chest CT shows a cavity lesion (Figure 1B), nodular  
lesion (Figure 1C), and bronchiectasis (Figure 1D). 
Surgical indications included cases in which lesions 
were localized, cavity lesions, antibiotic treatment 
resistance, and hemoptysis. The clinical parameters, 
including age at surgery, sex, bacterial species, and 
perioperative factors, such as operating time, bleeding 
volume, adhesion score, and drainage duration, were 
compared between VATS and OT cases. The VATS 
method used 3 ports and 1 mini-incision port (Figure 
2A), while the OT approach used a posterolateral 
incision (Figure 2B). Intrathoracic findings of 
pulmonary resection for NMT-PD frequently revealed 
adhesions (Figure 3). The adhesion scores were 0, 1, 
2, and 3 for those with no adhesion, mild adhesion 
(within a single-lobe range), moderate adhesion 

Figure 1.  A typical chest X-ray of a patient with NTM-PD showing (A) infiltrative shadows in the lung field and a chest CT revealing 
(B) a cavity lesion, (C) a nodular lesion, and (D) bronchiectasis in the lung field. NTM-PD, nontuberculous mycobacterial pulmonary 
disease; CT, computed tomography 

71



Nakashima H.

(within a bilobal range), and severe adhesion (more 
than moderate adhesion), respectively.

Statistical analyses
All statistical analyses were performed using the JMP 
version 14.0 statistical software package for Windows 
(SAS Institute, Cary, NC, USA). Student’s t-test or 
the χ2 test was used to evaluate significant differences 
in patient parameters between the groups. Statistical 
significance was set at P < 0.05.

Results

Surgical approaches for pulmonary resections of  
NTM-PD
This study included 28 (57.1%) VATS and 21 (42.9%) 
OT cases.

Comparison of patient clinical characteristics
Table 1 summarizes the clinical characteristics of the 
NTM-PD surgical treatment. Significant differences 
in age, bacterial species, or localization of the main 
lesion were not observed; however, the large number 
of females, partial resection, segmentectomy and 
postperiod, and the small number of lobectomies 
and pneumonectomy in VATS cases were significant 
(P = 0.0004).

Comparison of the perioperative factors
Table 2 summarizes the perioperative factors of the 
cases of surgical treatment for NTM-PD. No significant 
differences in the degree of adhesion were found; 
however, significant differences in the short operating 
time, less blood loss, and shorter drainage duration were 
observed in the VATS cases (P = 0.04, P = 0.0002, and 
P = 0.03, respectively).

Discussion

In Japan, the number of operations for pulmonary 
tuberculosis is decreasing, whereas that for NTM-PD is 
increasing.1 Pulmonary tuberculosis is highly infectious, 
and surgical treatment is necessary to avoid the spread of 
infection. Conversely, studies have reported increasing 
deaths from NTM-PD6; however, to our knowledge, no 
evidence has indicated that surgical treatment reduces 
mortality.

NTM-PD does not spread infection and slow progress; 
therefore, determining surgical indications is often 
difficult. The ATS, in collaboration with other Western-
affiliated societies, including the ERS, the ESCMID, 

Figure 2.  (A) VATS approach using 3 ports in the 4th, 6th, and 8th intercostal spaces and only one 4-cm mini-incision port. (B) OT 
approach using a posterolateral incision. VATS, video-assisted thoracoscopic surgery; OT, open thoracotomy 

Figure 3.  Intrathoracic findings of pulmonary resection for 
NTM-PD frequently revealed adhesions. A mild adhesion was 
observed within the single-lobe range. NTM-PD, nontuberculous 
mycobacterial pulmonary disease 
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and the IDSA, first developed a guideline for NTM-PD 
in 19909 and 20 years later, after 3 revisions, in 2020, 
published “Treatment of nontuberculous mycobacterial 
pulmonary disease: an official ATS/ERS/ESCMID/IDSA 
clinical practice guideline.”5 This guideline recommended 
surgical resection as an additional treatment after 
consulting a specialist for NTM-PD. Furthermore, 
surgical resection should be considered for refractory 
and complicated cases in which medical treatment is 
unsuccessful in patients with cavitary pulmonary lesions, 
drug-resistant bacteria, hemoptysis, and/or severe 
bronchiectasis. As many as 14 guideline-based articles 
were published.10–23 The British Thoracic Society (BTS) 
also published the BTS guidelines for the management of 
NTM-PD in 2017.24 Among those, evidence statements 

resulted in high sputum culture negative conversion 
rates and low relapse rates after pulmonary resections in 
selected patients with NTM-PD.

Pneumonectomy for NTM-PD is associated with 
considerable complication rates, and more extensive 
resection and pneumonectomy are associated with 
higher complication rates. Postoperative morbidity and 
mortality have decreased as surgeons and institutions 
become more experienced in performing pulmonary 
resections for NTM-PD. Among the recommendations, 
the role of pulmonary resection for NTM-PD should be 
considered in cases of difficult diagnoses and for drug-
resistant cases, and pulmonary resection for NTM-PD 
may be indicated in those with localized severe disease, 
which should be performed after multiprofessional 

Table 1.  Comparison of the characteristics between VATS and OT

Characteristics VATS (n = 28) OT (n = 21) P value

Age (years)

  <65 21 16

  ≥65 7 5 0.92

Gender

  Male 5 14

  Female 23 7 0.0004

Bacterial species

  M. avium 19 11

  M. intracellulare 2 7

  M. abscessus 3 0

  M. kansasii 1 1

  Unknown 3 2 0.07

Localization

  Right upper lobe 9 10

  Right middle lobe 9 8

  Right lower lobe 2 0

  Left upper lobe 6 2

  Left lower lobe 2 1 0.365

Surgical method

  Partial resection 8 1

  Segmentectomy 4 0

  Lobectomy 16 14

  Bilobectomy 0 3

  Pneumonectomy 0 3 0.005

Surgical period

  Preperiod 7 17

  Postperiod 21 4 0.0001

VATS, video-assisted thoracoscopic surgery; OT, open thoracotomy; M. avium, 
Mycobacterium avium; M. intracellulare, Mycobacterium intracellulare;  
M. abscessus, Mycobacterium abscessus; M. kansasii, Mycobacterium kansasii
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assessment in centers familiar with treating patients 
with NTM-PD. Those patients should receive antibiotic 
treatment before pneumonectomy, which should be 
continued for 12 months after negative conversion. 
Noteworthy, antibiotic treatment is usually not required 
after resection of a solitary NTM nodule in patients 
without other pulmonary NTM involvement.

Three randomized controlled trials have recommended 
VATS in terms of the surgical approach and the usefulness 
of thoracoscopic surgery for primary lung cancer.25–29 
However, to our knowledge, no evidence has indicated 
which of the VATS or OT methods is optimal for pulmonary 
resection of NTM-PD. It generally remains a case-by-
case decision for surgeons in Japan. Similar randomized 
controlled trials are warranted to investigate NTM-PD. 
The present study revealed a significantly shorter drainage 
duration in VATS cases than that in OT cases in terms of 
perioperative factors in the univariate analysis. Moreover, 
multivariable analysis revealed that the surgical approach 
was the only independent factor for postoperative drainage 
duration. The short drainage duration of the VATS cases is 
thought to be caused by less damage to the chest wall and 
hemostasis that could be sufficiently achieved by closely 
monitoring the intrathoracic findings. Therefore, these 
results indicated that VATS is an acceptable method for 
pulmonary resection of NTM-PD.

The limitations of this study included its retrospective 
design and small sample size. Furthermore, a bias was 
found in the VATS and OT cases in the surgical methods 
and periods, i.e., pre- and/or postperiods. Further 
randomized controlled trials are warranted to investigate 
the efficacy of various surgical approaches for NTM-PD. 
Additionally, the patients’ prognoses and mortality rates 
were not mentioned because the patients’ outcomes were 
lost to follow-up. Therefore, we used drainage duration 
to evaluate short-term perioperative factors.

Conclusion

VATS is a useful and minimally invasive approach for 
the surgical treatment of NTM-PD.
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