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Introduction

Throughout the 19th century surgery was an important 
form of treatment of diseases caused by Mycobacterium 
tuberculosis (TB). In fact, modern thoracic surgery was 
developed mainly with the escalating increase of indications 
for the surgical treatment of pulmonary TB between World 
Wars I and II. Up until 1930 the therapeutic approach to 
pulmonary TB consisted basically of isolated bed rest in a 
healthy climate. Patients spent years in sanatoriums waiting 
for cure.

Surgical procedures were then conceived and performed 
by physicians, often themselves former TB patients, 
who tried to break away from the frustrating passivity of 
bed rest (1). The main purpose of these procedures was 
collapsing regions of the lungs that contained cavitary 
lesions with the hope of reducing the availability of 
oxygen to the aerobic mycobacteria. Examples of collapse 
therapy included thoracoplasty, plombage, pneumothorax, 

pneumoperitoneum, and phrenic nerve crush (2). Surgical 
resection of the diseased area of the lung was also attempted 
in the era prior to antibiotic chemotherapy. However, this 
form of surgical treatment was received with skepticism and 
most thoracic surgeons still favored collapse therapy as the 
primary form of treatment for pulmonary TB.

With the advent of streptomycin in 1944 and later the 
use of isoniazid, chemotherapy became the gold standard 
in the treatment of TB, with cure being achieved in most 
patients. Soon surgery became superfluous as a primary form 
of therapy and basically used in the treatment of sequelae 
of the disease and complications of previous procedures (3). 
Interest in surgical treatment for TB has resurged due to the 
development of strains of M. tuberculosis that are resistant to 
many or all of the first-line agents.

Multidrug-resistant tuberculosis (MDRTB)

MDRTB refers to Mycobacterium TB strains with in vitro 
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resistance to the two most effective anti-TB drugs, isoniazid 
and rifampin. In fact the World Health Organization has 
defined many forms of drug resistance to address this 
problem (4).

Despite the singularities of each classification, drug 
resistance has become a major challenge in TB control, 
with high relapse and treatment failure rates that lead to 
development of further resistance. There’s little randomized 
control trials on the medical treatment of MDRTB (5) and 
the limited number of second line drugs available makes 
treatment more costly and associated with more adverse 
events. 

Since individualized treatment regimens appear to have 
higher treatment success than standardised regimens, 
chemotherapy for MDRTB requires assessment of the 
history of treatment as well as meticulous laboratory studies 
to characterize susceptibility of the specific strain (6). Even 
with the best therapeutic options available MDRTB is still 
regarded as having a poor prognosis and most studies show 
treatment success estimates at around 40% to 60% (7,8).

Surgical resection of diseased areas of the lungs has 
therefore been tried as an adjuvant therapy in MDRTB. 
The rationale behind this form of treatment is to remove 
segments of the lungs containing high concentrations 
of drug resistant bacilli as reducing the population of 
mycobacteria will enhance the sterilizing properties of 
post-surgical chemotherapy and increase the likelihood of 
treatment success (9).

Most data available today supports the role of surgery 
in the management of MDRTB (10) although there has 
been an important selection bias since patients that are fit 
for surgery usually show more localized disease, with better 
response to medical treatment and have an overall better 
clinical status than patients that are not surgical candidates. 
Even with surgical patients appearing to have superior 
outcomes there is still no definitive evidence on the topic 
and surgery should be considered in selected cases by a 
multidisciplinary panel of specialists.

Indications for surgical treatment

Indications for surgical resection in the treatment of 
MDRTB were first described by Iseman et al in 1990 (11) 
and are still used except for minor adaptations due to 
development of further resistance. Surgery is indicated for 
patients with such extensive drug resistance that treatment 
failure or relapse is highly likely, in those with localised 
disease amenable to resection, and those who have sufficient 

drug activity to reduce remaining mycobacterial burden 
enough to allow bronchial stump healing and prevent 
postoperative complications. However, the lack of effective 
chemotherapy for some strains of M. tuberculosis classified 
as extensively resistant tuberculosis (XDRTB) means that 
even “cured” patients remain at high risk for relapse, and 
may be considered candidates for resection regardless of 
sputum culture status. The prerequisite of the presence of 
sufficient susceptible drug activity to facilitate healing of 
the bronchial stump is also less relevant in the setting of 
XDRTB, where extended resistance patterns mean that 
surgery often remains the only option for cure (12). 

Guidelines for the management of drug-resistant TB 
from WHO (13) and Partners in Health (14) use these same 
indications for surgery. The American Thoracic Society 
and Centers for Disease Control and Prevention, and 
Infectious Diseases Society of America treatment of TB  
publication (15) state only that surgical resection should 
be considered for patients with MDRTB. According to 
most reports, a specialised surgical team with experienced 
thoracic surgeons in a dedicated center is considered a 
prerequisite for offering surgical resection to these patients 
(13,15). Other than that patients have to have sufficient 
cardiopulmonary reserve to tolerate resection (16). 

Timing of surgery and preop evaluation

Most authors advocate that surgery should be performed 
after culture-conversion has been achieved to minimize the 
risk of post-surgical complications. A minimum of three to 
six months of preoperative chemotherapy is usually given. 
Another advantage in performing surgery later in the course 
of treatment is to allow time for nutritional supplementation 
and control of coexisting medical conditions. However, 
particularly in the case of XDRTB, this is unlikely to ever be 
achieved. Delaying surgery and persisting with ineffective 
chemotherapy may only facilitate progression of disease, and 
further promote the development of drug resistance (17). 

The preoperative workup is directed at estimating 
cardiopulmonary reserve. Due to the lack of a standardized 
method for preoperative evaluation in patients undergoing 
resection for infectious disease we extrapolate the data 
available for lung cancer surgery. We routinely perform a 
complete pulmonary function test to estimate pulmonary 
reserve. In borderline cases, a quantitative lung perfusion 
scintigraphy can help to define nonperfused areas of 
parenchyma and thus provide a more reliable evaluation. 
Another useful tool for borderline patients is the 
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cardiopulmonary exercise test. A VO2max of 15 mL/kg/min 
has been used as the cutoff for operability (18). An ECG 
followed by an echocardiogram, where indicated, may be 
useful in excluding pulmonary hypertension.

The role of minimally invasive surgery

Since its first introduction in the 1980s video assisted 
thoracic surgery (VATS) has evolved to become the 
preferred method for the treatment of early stage lung 
cancer in many centers (19). Equivalent oncological 
outcomes have been extensively reported by large series 
when compared to open thoracotomy (20,21). Among 
the biggest advantages of VATS are less morbidity and 
postoperative pain (22-24), better functional status, and the 
improved ability to deliver adjuvant medical therapy (25).  
Other potential advantages include shorter length of 
hospital stay (26) and possible cost-minimization (27). 
Despite these advantages, much less is known about the use 
of these techniques in the setting of benign lung disease, 
and specifically infectious lung disease. In theory, patients 
with focal bronchiectasis or cavitary infectious lung disease 
that meet indications for surgical resection would be 
excellent candidates for a minimally invasive approach (28).

The main technical difficulties for VATS resections in 
infectious lung disease include the presence of firm pleural 
adhesions, hypertrophy of the bronchial circulation, hilar 
lymphadenopathy and presence of a thicker, difficult to 
compress lung parenchyma. 

Careful preoperative evaluation can help to predict most 
of the intraoperative complications. A high-resolution 

computed tomography will usually show the presence of 
dense adhesions. Although the need of an extrapleural 
dissection is an indication for conversion, most of the 
adhesions can be divided by VATS. In fact the better 
visualisation provided by the scope can make this part of the 
procedure easier than in some open approaches. 

Since hilar lymphadenopathy is a very common finding 
in these patients, additional care should be taken when 
dissecting the hilar vessels. Lymphadenectomy is not 
necessary but careful dissection of the hilar lymph nodes 
will increase exposure of the hilar vessels and make vascular 
control safer.

Although these characteristics make VATS resections for 
infectious lung disease somewhat more challenging and with 
higher conversion rates than resection for lung cancer, many 
authors have reported good results by a minimally invasive 
approach, therefore VATS resection has been deemed 
feasible and its use has increased substantially (28-31).

More recently, robotic pulmonary resection (RATS) has 
emerged as another form of minimally invasive approach 
in the treatment of non-small cell lung cancer. Initial 
reports assure the safety and oncological equivalency of 
this method (32-35). Despite the lack of published data on 
the use of RATS for infectious lung diseases, we believe 
that the robotic platform offers many advantages desirable 
in the treatment of these patients. Improved ergonomics, 
increased dexterity and precision, better visualisation with 
3D high definition images and a higher magnification rate 
are the main advantages mentioned by robotic surgeons. 
Since nodal dissection seems to be more delicate the robotic 
system may help overcome the technical challenges of 
resection for infectious disease. The main disadvantages 
of this method are the lack of tactile feedback, increased 
operating room time for setup and increased costs.

Here we present a case of a left upper lobectomy for 
infectious/inflammatory lung disease operated in our 
institution by a robotic approach (Figure 1).

Conclusions 

MDRTB is a major global challenge in TB control with 
high rates of treatment failure and relapse. Surgical 
resection of grossly diseased areas of lung parenchyma 
seems to be an important adjuvant in the treatment of this 
condition. Most reports confirm this hypothesis, but further 
investigation is still necessary to define the best treatment 
strategy. From the evidence available today we suggest that 
a panel of specialists should be consulted when selecting 

Figure 1 RATS left upper lobectomy for inflammatory/infectious 
lung disease (36).
Available online: http://www.asvide.com/articles/1763

Video 1. RATS left upper lobectomy for 
inflammatory/infectious lung disease
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patients for surgical treatment.
When surgery is indicated patients should undergo a 

thorough preoperative evaluation to assess cardiopulmonary 
risk. Furthermore, we believe patients should have at least 
3 months of adequate chemotherapy before surgery with 
culture conversion being necessary but not mandatory. This 
extra time should allow for an improvement in nutritional 
status and control of comorbidities. 

From a technical standpoint, lung resection for infectious/
inflammatory disease post several challenges. Most 
difficulties are related to the presence of pleural adhesions 
and lymphadenopathy. Granting most authors have used an 
open approach to report their surgical results for MDRTB, 
we believe that minimally invasive surgery is feasible in this 
scenario and should be considered in selected cases. 

The use of VATS has been increasing in the treatment 
of benign disease, with several authors publishing 
their experience with the method. Despite the lack of 
publications for this specific purpose, we consider that 
RATS has potential to develop as an excellent platform for 
delivering a minimally invasive technique in such difficult 
cases, mainly due to the improved ergonomics and dexterity 
provided by the robotic system. 

Acknowledgments

Funding: None.

Footnote

Provenance and Peer Review: This article was commissioned 
by the Guest Editors (Marco Scarci and Ilaria Righi) for 
the series “Minimally Invasive Management of Infectious 
Pleuropulmonary Diseases” published in Video-Assisted 
Thoracic Surgery. The article has undergone external peer 
review.

Conflicts of Interest: The series “Minimally Invasive 
Management of Infectious Pleuropulmonary Diseases” 
was commissioned by the editorial office without any 
funding or sponsorship. RM Terra: educational grants from 
Johnson&Johnson, Medtronic and H.Strattner/Intuitive. 
The authors have no other conflicts of interest to declare.

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 

appropriately investigated and resolved.

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Naef AP. The 1900 tuberculosis epidemic—starting 
point of modern thoracic surgery. Ann Thorac Surg 
1993;55:1375. 

2. Alexander J. The collapse therapy of tuberculosis. 
Springfield: Charles C Thomas, 1937.

3. Langston HT, Barker WL, Pyle MM. Surgery in 
pulmonary tuberculosis. ll-year review of indications and 
results. Ann Surg 1966;164:567-74. 

4. WHO. Multidrug-resistant tuberculosis (MDR-TB): 2013 
Update. Geneva: WHO, 2013.

5. Johnston JC, Shahidi NC, Sadatsafavi M, et al. Treatment 
outcomes of multidrug-resistant tuberculosis: a systematic 
review and meta-analysis. PLoS One 2009;4:e6914. 

6. Iseman MD. Treatment of multidrug-resistant 
tuberculosis. N Engl J Med 1993;329:784-91. 

7. Orenstein EW, Basu S, Shah NS, et al. Treatment 
outcomes among patients with multidrug-resistant 
tuberculosis: systematic review and meta-analysis. Lancet 
2009;9:153-61. 

8. Jacobson KR, Tierney DB, Jeon CY, et al. Treatment 
outcomes among patients with extensively drug-resistant 
tuberculosis: systematic review and meta-analysis. Clin 
Infect Dis 2010;51:6-14. 

9. Kempker RR, Vashakidze S, Solomonia N, et al. Surgical 
treatment of drug-resistant tuberculosis. Lancet Infect Dis 
2012;12:157-66. 

10. Johnston JC, Shahidi NC, Sadatsafavi M, et al. Treatment 
Outcomes of Multidrug-Resistant Tuberculosis: A 
Systematic Review and Meta-Analysis. PLoS One 
2009;4:e6914.

11. Iseman MD, Madsen L, Goble M, et al. Surgical 
intervention in the treatment of pulmonary disease caused 
by drug-resistant Mycobacterium tuberculosis. Am Rev 
Respir Dis 1990;141:623-25. 



Video-Assisted Thoracic Surgery, 2017 Page 5 of 5

© Video-Assisted Thoracic Surgery. All rights reserved. Video-assist Thorac Surg 2017;2:72vats.amegroups.com

12. Calligaro GL, Moodley L, Symons G, et al. The medical 
and surgical treatment of drug-resistant tuberculosis. J 
Thorac Dis 2014;6:186-95. 

13. WHO. Guidelines for the programmatic management 
of drug-resistant tuberculosis. Geneva: World Health 
Organization, 2008.

14. Partners In Health. Adjuvant Therapies and Strategies. 
In: The PIH Guide to the Medical Management of 
Multidrug-Resistant Tuberculosis. Boston, MA: Partners 
in Health, 2003:29-32.

15. Blumberg HM, Burman WJ, Chaisson RE, et al. 
American Thoracic Society/Centers for Disease Control 
and Prevention/Infectious Diseases Society of America: 
treatment of tuberculosis. Am J Respir Crit Care Med 
2003;167:603-62. 

16. Pomerantz BJ, Cleveland JC Jr, Olson HK, et al. 
Pulmonary resection for multi-drug resistant tuberculosis. 
J Thorac Cardiovasc Surg 2001;121:448-53. 

17. Calligaro GL, Moodley L., Symons G, et al. The medical 
and surgical treatment of drug-resistant tuberculosis. J 
Thorac Dis 2014;6:186-95.  

18. Morice RC, Peters EJ, Ryan MB, et al. Exercise testing 
in the evaluation of patients at high risk for complications 
from lung resection. Chest 1992;101:356-61. 

19. Hartwig MG, D’Amico TA. Thoracoscopic lobectomy: 
the gold standard for early-stage lung cancer? Ann Thorac 
Surg 2010;89:S2098-101. 

20. McKenna RJ Jr, Houck W, Fuller CB. Video-assisted 
thoracic surgery lobectomy: experience with 1,100 cases. 
Ann Thorac Surg 2006;81:421-5. 

21. Onaitis MW, Petersen RP, Balderson SS, et al. 
Thoracoscopic lobectomy is a safe and versatile procedure: 
experience with 500 cases. Ann Surg 2006;244:420-5. 

22. Paul S, Altorki NK, Sheng S, et al. Thoracoscopic 
lobectomy is associated with lower morbidity than open 
lobectomy: a propensity-matched analysis from the STS 
database. J Thorac Cardiovasc Surg 2010;139:366-78. 

23. Villamizar NR, Darrabie MD, Burfeind WR, et al. 
Thoracoscopic lobectomy is associated with lower 
morbidity compared with thoracotomy. J Thorac 
Cardiovasc Surg 2009;138:419-25. 

24. Bendixen M, Jørgensen OD, Kronborg C, et al. 

Postoperative pain and quality of life after lobectomy 
via video-assisted thoracoscopic surgery or anterolateral 
thoracotomy for early stage lung cancer: a randomised 
controlled trial. Lancet Oncol 2016;17:836-44. 

25. Petersen RP, Pham D, Burfeind WR, et al. Thoracoscopic 
lobectomy facilitates the delivery of chemotherapy after 
resection for lung cancer. Ann Thorac Surg 2007;83:1245-49. 

26. Atkins BZ, Harpole DH Jr, Mangum JH, et al. Pulmonary 
segmentectomy by thoracotomy or thoracoscopy: reduced 
hospital length of stay with a minimally-invasive approach. 
Ann Thorac Surg 2007;84:1107-12. 

27. Burfeind WR Jr, Jaik NP, Villamizar N, et al. A cost-
minimisation analysis of lobectomy: thoracoscopic versus 
posterolateral thoracotomy. Eur J Cardiothorac Surg 
2010;37:827-32. 

28. Mitchell JD, Yu JA, Bishop A, et al. Thoracoscopic 
lobectomy and segmentectomy for infectious lung disease. 
Ann Thorac Surg 2012;93:1033-9; discussion 1039-40. 

29. Yim AP, Ko KM, Ma CC, et al. Thoracoscopic lobectomy 
for benign diseases. Chest 1996;109:554-6. 

30. Weber A, Stammberger U, Inci I, et al. Thoracoscopic 
lobectomy for benign disease—a single centre study on 64 
cases. Eur J Cardiothorac Surg 2001;20:443-8. 

31. Zhang P, Zhang F, Jiang S, et al. Video-assisted thoracic 
surgery for bronchiectasis. Ann Thorac Surg 2011;91:239-43. 

32. Park BJ, Melfi F, Mussi A, et al. Robotic lobectomy for 
non-small cell lung cancer (NSCLC): long-term oncologic 
results. J Thorac Cardiovasc Surg 2012;143:383-9. 

33. Cerfolio RJ, Bryant AS, Skylizard L, et al. Initial 
consecutive experience of completely portal robotic 
pulmonary resection with 4 arms. J Thorac Cardiovasc 
Surg 2011;142:740-6. 

34. Veronesi G, Galetta D, Maisonneuve P, et al. Four-arm 
robotic lobectomy for the treatment of early-stage lung 
cancer. J Thorac Cardiovasc Surg 2010;140:19-25. 

35. Dylewski MR, Ohaeto AC, Pereira JF. Pulmonary 
resection using a total endoscopic robotic video-assisted 
approach. Semin Thorac Cardiovasc Surg 2011;23:36-42.

36. Moura de Gouvêa F, Terra RM, et al. RATS left upper 
lobectomy for inflammatory/infectious lung disease. 
Asvide 2017;4:444. Available online: http://www.asvide.
com/articles/1763

doi: 10.21037/vats.2017.08.19
Cite this article as: Gouvêa FM, Terra RM, Lima CE, Haddad 
R. Multidrug-resistant pulmonary tuberculosis. Video-assist 
Thorac Surg 2017;2:72.


