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Purpose:  Drug resistance has become a major problem in the treatment of tuberculosis, and 
pulmonary resection in combination with chemotherapy appears to be an effective measure 
for the treatment. The purpose of this study was to investigate the results of resection for 
multidrug-resistant pulmonary tuberculosis (MDR-TB). 
Patients and Methods: We retrospectively reviewed case files from January 2003 to Decem-
ber 2006 of 13 patients with MDR-TB underwent pulmonary resection. 
Results:  Of 13 patients, 7 (53.9%) were sputum positive for mycobacterium tuberculosis pre-
operatively, though after surgery, they were sputum negative. Lobectomy was performed in 8 
(61.5%) and pneumonectomy, in 5 (38.5%). In the lobectomy group, 2 patients had an addi-
tional superior segmentectomy and 1 had a middle lobectomy for other segmental or lobar 
lesions. Operative mortality was 7.6% (1/13). There were no late surgical deaths. In the early 
postoperative period, 3 patients had serious complications (postoperative bleeding, prolonged 
air leak, expansion deficit, bronchopleural fistula and empyema) that were resolved with 
surgery (morbidity 23.0%). The 12 patients who survived the operation received appropriate 
chemotherapy and were followed up for 24–37 months. None of the patients relapsed, and 
the overall cure rate was 92.3% (12/13).
Conclusion:  Even with high morbidity in the early post-operative period, surgery, in addition 
to medical therapy, offers higher cure rates than only medical therapy; however, meticulous 
preoperative evaluation of patients is needed.

Key words:  multidrug-resistant tuberculosis, pulmonary resection, surgery

Ann Thorac Cardiovasc Surg 2011; 17: 143–147

cal treatment.1) The World Health Organization (WHO) 
estimates that there are nearly half a million new cases of 
multidrug-resistant pulmonary tuberculosis (MDR-TB) 
(about 5% of the total nine million new TB cases) world-
wide each year.2) The Turkish Ministry of Health reported 
240 new MDR-TB cases (4.9%) in 2007. In these cases, 
resection of cavitary lesions, or destructive of a lobe or 
lung, would lower the bacilli count and possibly improve 
the efficiency of medical treatment.3, 4) Even though the 
fluoroquinolone group of antibiotics may be effective in 
the treatment, the disease cannot be eliminated entirely.5) 
Recent studies have shown the benefit of operation in the 
management of MDR-TB.6, 7) To clarify indications in 
patients and expected outcomes from surgery, we have 
reviewed local cases of the disease from a representative 
hospital in the Aegean region of Turkey. 

Introduction

Lung tuberculosis resistant to both isoniazid (INH) 
and rifampin (RMP) creates a serious health problem and 
the relapse can rise to a rate of up to 50% following medi-
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Materials and Methods

Resistance to at least INH and RMP was regarded as 
multi-drug resistance. We retrospectively reviewed the 
records of 13 consecutive patients undergoing pulmonary 
resection for the treatment of MDR-TB in the Depart-
ments of Thoracic Surgery, Celal Bayar University, Fac-
ulty of Medicine, Manisa, Turkey and Dr. Suat Seren 
Chest Diseases and Thoracic Surgery Training Hospital, 
Izmir/TURKEY, from January 2003 to December 2006. 

All of the 13 patients were resistant to at least both 
INH and RMP. Exclusions to the study were patients who 
had a positive drug susceptibility test and who were not 
cured during treatment with anti-TB drugs. Of 7 patients 
who were sensitive to the drugs, 3 underwent pulmonary 
resection for a destroyed lung, 2 had bronchiectasis, and 
2, resection of a cavitary lesion. Preoperative examina-
tions consisted of chest roentgenogram, computed 
tomography (CT), full blood analysis, biochemistry, arte-
rial blood gas analysis, electrocardiogram, spirometry, 
acid-fast sputum smear, culture and drug susceptibility 
testing, if necessary, a quantitative perfusion scan, and 
fiber optic bronchoscopy. All patients were tested for 
drug susceptibility; however, because of technical limita-
tions, we could only test susceptibility to INH, RMP, 
streptomycin (SM), and ethambutol (EMB). All patients 
were resistance to INH or RMP, 53.8% to EMB, and 
30.7% to SM. The protocol for preoperative re treatment 
was designed to use at least four active drugs (range, 4–7; 
average, 5). The mean duration of anti-TB chemotherapy 
was 18 months (range, 6–36 months). 

Indications for surgery were as follows: patients who 
were sputum-positive for mycobacterium tuberculosis 
after 4 to 6 months of appropriate second-line medical 
treatment (n = 7, 53.9%), patients who were sputum-nega-
tive and had significant pulmonary parenchymal lesions 
(n = 6, 46.1%); such as totally destroyed lung and/or large 
cavities, which would have a high probability of recur-
rence. Overall preoperative diagnoses included cavita-
tions in 10 patients, and lung destruction in 3. In all 13 
patients, the disease was localized in one lung as viewed 
in the radiographic film. Sequela of pulmonary nodular 
lesions in the other lung did not exclude the patients from 
the operation. With bilaterally cavitary lesions, resection 
could be done in separate sessions; however, none of the 
patients match these criteria. Surgery is planned for 
patients having adequate respiratory reserve and the 
localized disease. Standard pulmonary resection was 
performed through posterolateral thoracotomy incisions. 

Bronchial isolation was achieved with double-lumen 
endotracheal tubes in all patients. During the surgery, 
especially in regions with dense fibrous cohesiveness, 
extrapleural dissection was made to remain the cavitary 
lesion intact. We used electrocautery to reduce the 
amount of bleeding during the extrapleural dissection. 
Lobectomy was performed in 8 patients (61.5%), and 
pneumonectomy was performed in 5 (38.5%). Of 3 
patients in the lobectomy group, 2 had an additional 
superior segmentectomy and 1, a middle lobectomy, for 
other segmental or lobar lesions. The bronchial stump 
was closed with interrupted absorbable Vicryl suture 
(Ethicon, Somerville, NJ) in all patients. Intercostal mus-
cle flap reinforcement of the bronchial stump was used 
in the 7 patients who were sputum positive. A sample of 
resected lung tissue was cultured to test for tuberculosis 
infection, and was subjected to routine histopathology 
including Ziehl-Nielsen staining. There were no cases of 
bilateral resection. After resection, the pleural space was 
irrigated with iodine and saline solution routinely. In the 
immediate postoperative period, anti-TB chemotherapy 
was started again. Duration of postoperative chemother-
apy ranged between 18–24 months. “Operative mortality” 
was defined as a fatal outcome from a complication of 
lung resection within 30 days of the resection. “Late sur-
gical death” was defined as demise, directly or indirectly 
related to surgery, occurring more than 30 days postoper-
atively.

Results

Of 13 patients, 9 men (69%) and 4 women (31%) with 
MDR-TB underwent a lung resection. The mean age was 
44 years (range, 33–61 years). Of 13 patients, 4 were 
resistant to INH and RMP; 2, to INH, RMP and SM; 5, 
to INH, RMP, and EMB; and 2, to INH, RMP, SM, and 
EMB. The results of drug susceptibility testing are shown 
in Table 1. Two patients were diabetic, and no patients 
tested positive for human immunodeficiency virus at the 
time of surgery. During surgery, no cavitary lesions were 
opened to the pleural space. The clinical profiles of 13 
patients are displayed in Table 2. Of 13 patients, 6 (46.1%) 
were sputum negative for mycobacterium tuberculosis 
preoperatively, and 7 patients (53.9%) showed persistent 
positive smear and culture tests. Sputum conversion was 
achieved in all of the sputum-positive patients (n = 7), 
giving a conversion rate of 100% postoperatively. Types 
of surgery and postoperative outcomes of 13 patients are 
displayed on Table 3. One sputum-negative patient with 
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limited respiratory function, required a right pneumo-
nectomy, and he died on postoperative day 8 (operative 
mortality 7.6%). The overall, major morbidity rate was 
23% (n = 3). Of 13 patients, 3 (23%) had postoperative 
complications including 1 (7.6%) with hemorrhage, 1 
(7.6%)with prolonged air leak and space problem, and 1 
(7.6%) with a bronchopleural fistula (BPF) and empyema. 
The patient with postoperative hemorrhage required a re 
exploration; the  patients with a prolonged air leak and 
space problem responded to prolonged intercostal tube 
drainage, and the patient with postpneumonectomy bron-
chopleural fistulas with empyema (sputum positive pre-
operatively) was treated by open drainage (pleurocutane-
ous flap). None of the patients required multiple resec-
tions in separate sessions, completion pneumonectomy, or 
thoracoplasty. In the long-term follow up (24–37 months) 
the sputum test was negative and none of the patients 
relapsed either radiologically or bacteriologically.

Discussion

Medical treatment of MDR tuberculosis has a treat-
ment failure rate of 40%–70% and is the leading cause of 
mortality for pulmonary tuberculosis.1, 8) Surgery plays a 
decisive role in the overall management of MDR-TB and 
provides a somewhat better mortality and morbidity.3–7) 
Surgical resection is done because of the bacterial count 
within the cavity is high and antibiotic treatment fails to 
reach the site of infection. Thus, to cure the disease com-
pletely, it is imperative to resect the cavitary lesion and 
damaged lung tissue, leaving no grossly diseased lung 
behind.3) 

In other retrospective studies,3, 9) early mortality is reported 
to be under 3%; though, in this study, it was 7.6% because of 
the death of one patient (on postoperative day 8) who had a 
vital capacity of less than 50% and a low FEVı, which neces-
sitated a pneumonectomy, resulting from laceration of the 
main pulmonary artery during the hilar dissection.

Table 1　Results of drug susceptibility testing

 Patient Sex Age (years) INH RFP SM EMB

 1 M 45 R R S R
 2 M 52 R R S R
 3 F 33 R R R S
 4 M 49 R R R R
 5 M 39 R R S S
 6 F 55 R R R R
 7 M 39 R R S R
 8 M 46 R R S S
 9 M 38 R R S S
 10 F 43 R R S R
 11 M 61 R R R S
 12 F 36 R R S S
 13 M 36 R R S R

INH, isoniazid; RFP, rifampicin; SM, streptomycin; EMB, ethambutol; F, female; M, male; R, resistant; S, sensitive

Table 2　Clinical profiles of 13 patients

Age (years) 44 (33–61)
Gender  9 M / 4 F
Disease duration before operation (months) 18 ± 33
Side   Right 8 / Left 5
Diabetes  2 (15.4%)
Mean duration of chemotherapy by the time of operation (months) 18 (range, 6 to 36)
Sputum smear positive 7 (53.9%)
Number of drugs used before surgery 5 (range, 4 to 7)
Radiographic characteristics 
 Presence of cavity 10 (76.9%)
 Destroyed lung 3 (23.1%)
 Confined to one lung 13 (100%)
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Significant morbidity of the surgical treatment is 
reported to be about 20%–25%.4, 10, 11) Here, we report a 
23% morbidity and 92.3% cure rate, which are compara-
ble to other studies, bearing out the efficacy of surgery in 
the management of MDR-TB. In this study, 1 patient with 
dense adhesions in the chest wall and hilus underwent re 
thoracotomy for the bleeding. It is reported12) that re tho-
racotomy for the bleeding is done because of the vascular 
nature of the adhesions. Takeda noted that blood loss for 
tuberculosis surgery is threefold larger than that during 
lung cancer surgery.9) Prolonged air leak and space prob-
lems developed in 1 patient during the post operative 
period. The air leak responded to tube drainage, and the 
space that had filled with serous fluid did not become 
infected. The follow-up period was without incident. Pre 
operative sputum positivity, a recognized risk factor for 
bronchopleural fistula and post-pneumonectomy empy-
ema, developed in 1 (7.6%) patient, even though we had 
used an intercostal muscle flap. This patient was treated 
by open drainage (pleurocutaneous f lap). Although 
Pomerantz and Shiraishi advocate the routine use of mus-
cle flap reinforcement of the bronchial stump,3, 4) its use in 
patients with MDR-TB is debatable, because surgery 
without it had demonstrated adequate results.6, 11, 13) On the 
other hand, many believe that maintenance of the peri-
bronchial blood supply is critical. Minimal dissection and 
avoidance of electrical diathermy could prevent bron-
chopleural fistula.11) Given that poor nutritional status, 
diabetes mellitus and sputum positivity at the time of 
surgery in patients are know to have higher rates of com-

plications, we believe the morbidity in the present study 
is self-explanatory. 

Most surgeons perform the surgery between 3 and 6 
months after medical treatment,13) because, according to 
Goble,1) negative conversion could be achieved between 1 
and 8 months, with a median of 2 months. We, however, 
were reluctant to recommend surgery for MDR tubercu-
losis so the patients in this study were treated with drugs 
over 18 months (range, 6 to 36) before surgery was 
attempted. We were cautious because a lobectomy or 
pneumonectomy for tuberculosis is considered to be a 
high-risk procedure and technically hazardous: the tho-
rax fills with adhesions, scarring, and creates an area of 
chronic sepsis.14) Even for experienced surgeons, hilar 
dissection may pose significant problems.9) Postoperative 
antibiotic therapy is recommended for approximately 2 
years after achieving a sterile sputum smear and cul-
ture.15) All patients continued to take the medication 
18–24 months postoperatively. 

As a result, sputum conversion was achieved in all 7 
patients, whose sputum originally tested positive for 
mycobacterium tuberculosis, giving a conversion rate of 
100% postoperatively. Sputum smears and cultures con-
tinued to be negative to date. No patient died of recurrent 
MDR-TB. Late surgical death was nil, and the cure rate 
was 92.3%. 

Though our experience is limited, we suggest that pul-
monary resection is curative; however, ways must be 
found to reduce the morbidity.

Table 3　Types of surgery and postoperative outcomes of 13 patients

  No. of patients (%)

Procedure
 Pneumonectomy 5 (38.5)
 Lobectomy 8 (61.5)*

Complications of surgery 3 (23)
 Postoperative hemorrhage 1 (7.6)
 Bronchopleural fistula with empyema 1 (7.6)
 Prolonged air leak and space problem 1 (7.6)
Duration of chemotherapy after surgery (months) 18–24
Follow-up (months) 24–37
Conversion rate 7/7 (100)
Treatment results 
 Cure 12/13 (92.3)
 Postoperative early death 1/13 (7.6)
 Postoperative late death 0
 Treatment failure 0
*1 bilobectomy superior and 2 with superior segmentectomy



Surgery in Multidrug-resistant Tuberculosis

Ann Thorac Cardiovasc Surg Vol. 17, No. 2 (2011) 147

References

1) Goble M, Iseman M, Madsen L, Waite D, Ackerson L, 
et al. Treatment of 171 patients with pulmonary tuber-
culosis resistant to isoniazid and rifampin. N Engl J 
Med 1993; 328: 527–32.

2) World Health Organization. Global tuberculosis con-
trol: Surveillance, planning, financing. Geneva, 
Switzerland: World Health Organization 2007.

3) Pomerantz BJ, Cleveland JC, Olson HK, Pomerantz M. 
Pulmonary resection for multi-drug resistant tubercu-
losis. J Thorac Cardiovasc Surg 2001; 121: 448–53.

4) Shiraishi Y, Nakajima Y, Katsuragi N, Kurai M, Taka-
hashi N. Resect ional surgery combined with 
chemotherapy remains the treatment of choice for 
multidrug-resistant tuberculosis. J Thorac Cardiovasc 
Surg 2004; 128: 523–8.

5) Chan ED, Laurel V, Strand MJ, Chan JF, Huynh MN, 
et al. Treatment and outcome analysis of 205 patients 
with multidrug-resistant tuberculosis. Am J Respir Crit 
Care Med 2004; 169: 1103–9.

6) Kir A, Inci I, Torun T, Atasalihi A, Tahaoglu K. Adju-
vant resectional surgery improves cure rates in 
multidrug-resistant tuberculosis. J Thorac Cardiovasc 
Surg 2006; 131: 693–6.

7) Wang H, Lin H, Jiang G. Pulmonary resection in the 
treatment of multidrug-resistant tuberculosis: a retro-
spective study of 56 cases. Ann Thorac Surg 2008; 86: 
1640–5.

8) Lee JC, Yoo CG, Cheong HS. Clinical features and 
management of multidrug-resistant tuberculosis. 
Tuberc Respir Dis 1996; 43: 14–21.

9) Takeda S, Maeda H, Hayakawa M, Sawabata N, 
Maekura R. Current surgical intervention for pulmo-
nary tuberculosis. Ann Thorac Surg 2005; 79: 959–63.

10) Loddenkemper R, Sagebiel D, Brendel A. Strategies 
against multidrug-resistant tuberculosis. Eur Respir J 
2002; 20 (suppl): 66–77.

11) Leuven MV, Groot MD, Shean KP, Von Oppell UO, 
Willcox PA. Pulmonary resection as an adjunct in the 
treatment of multiple drug-resistant tuberculosis. Ann 
Thorac Surg 1997; 63: 1368–72.

12) Lalloo UG, Naidoo R, Ambaram A. Recent advances 
in the medical and surgical treatment of multi-drug 
resistant tuberculosis. Curr Opin Pulm Med 2006; 12: 
179–85.

13) Sung SW, Kang CH, Kim YT, Han SK, Shim YS, et 
al. Surgery increased the chance of cure in multi-drug 
resistant pulmonary tuberculosis. Eur J Cardiothorac 
Surg 1999; 16: 187–93.

14) Massard G, Roeslin N, Wihlm JM, Dumont P, Witz JP, 
et al. Pleuro-pulmonary aspergilloma: clinical spec-
trum and results of surgical treatment. Ann Thorac 
Surg 1992; 54: 1159–64.

15) Gimferrer JM, Mestres CA. Role of surgery in drug-
resistant pulmonary tuberculosis. Asian Cardiovasc 
Thorac Ann 2005; 13: 201–2.


