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ABSTRACT

Multi drug-resistant tuberculosis (MDR-TB) and extensively drug-resistant TB (XDR-TB) are burgeoning global problems
with high mortality which threaten to destabilise TB control programs in several parts of the world. Of alarming concern
is the emergence, in large numbers, of patients with resistance beyond XDR-TB (totally drug-resistant TB; TDR-TB or
extremely drug resistant TB; XXDR-TB). Given the burgeoning global phenomenon of MDR-TB, XDR-TB and TDR-TB,
and increasing international migration and travel, healthcare workers, researchers, and policy makers in TB endemic
and non-endemic countries should familiarise themselves with issues relevant to the management of these patients.
Given the lack of novel TB drugs and limited access to existing drugs such as linezolid and bedaquiline in TB endemic
countries, significant numbers of therapeutic failures are emerging from the ranks of those with XDR-TB. Given the lack of
appropriate facilities in resource-limited settings, such patients are being discharged back into the community where there

is likely ongoing disease spread. In the absence of effective drug regimens, in appropriate patients, surgery is a critical part of

management. Here we review the diagnosis, medical and surgical management of MDR-TB and XDR-TB.
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Introduction

The burgeoning drug-resistant tuberculosis (DR-TB) epidemic is a
public health problem of global importance. Although TB incidence
and mortality has decreased in several parts of the world, the
overall prevalence of multidrug-resistant tuberculosis (MDR-TB)
is increasing in many high-burden countries, particularly in
Africa (1). According to the latest WHO statistics, approximately
half a million new cases of MDR-TB are diagnosed every year (2).
Of these, it is estimated that approximately 40,000 have extensively
drug-resistant tuberculosis (XDR-TB). Despite this, limited
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laboratory capacity and lack of widespread drug susceptibility
testing in resource-poor settings means that less than 6% of cases
are thought to have been correctly diagnosed (2). In 2011, only
one in five of the estimated DR-TB cases among patients notified
in the world were enrolled on treatment (3). A large reservoir of
patients with undiagnosed DR-TB thus exists that continues to
drives person-to-person transmission, and threatens to destabilise
global TB control (4,5).

The treatment of patients with DR-TB is complex, and
characterised by a longer duration of treatment, the use of less
potent but more toxic medications, higher relapse rates, and a lower
likelihood of treatment success when compared to drug-susceptible
TB (6). Treatment for DR-TB treatment is also considerably more
expensive: a recent study by Pooran et al. estimated that despite
only comprising 2.2% of the case burden of TB in South Africa,
DR-TB consumed 44% of the total national costs of diagnosing and
managing all forms of TB (~$158 million) in 2011 (7).

In this review, we outline the diagnosis, medical management
and treatment outcomes, and indications and outcomes of

adjuvant resectional surgery in the management of DR-TB.
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MDR-TB is defined as resistance to at least isoniazid and
rifampicin, the two most effective first-line antituberculous
drugs, while XDR-TB is defined as MDR-TB plus resistance
to any fluoroquinolone and any second-line injectable (either
kanamycin, amikacin or capreomycin) (3). Pre-XDR-TB refers
to MDR-TB resistant to either a second-line injectable drug or a
fluoroquinolone.

Other terms such as extremely drug-resistant TB (XXDR-TB) (8)
or totally drug-resistant TB (TDR-TB) (9,10) have been used by
various authors to described strains with more extensive patterns
of resistance (to all first-line and second-line drugs). These
reports have given rise to the spectre of so-called “untreatable”
TB, which has been sensationalized in the media. However, due
to problems with the reliability and reproducibility of in vitro
drug susceptibility testing for second-line drugs, no international
consensus has been reached about the definition of more
extensive resistance patterns, and the term “resistance beyond
XDR is preferred. The relevance of these resistance patterns on
outcomes is also an active area of study.

Diagnosis of drug-resistant tuberculosis

Culture-based tests for DR-TB

For many years, the laboratory diagnosis of DR-TB has
depended on the demonstration of the presence of M.th growth
in the presence of specific antituberculous drugs—so-called
conventional drug-susceptibility testing (DST). Solid agar
methods are the diagnostic gold standard (11), while liquid
culture methods such as the Bactec MGIT 960 system (Becton-
Dickinson, Sparks, MD, USA) have equivalent performance,
and are WHO-endorsed (12). However, a lack of laboratory
infrastructure in developing countries means that very few
countries have access to any DST at all: the WHO reports that
globally less than 4% of bacteriologically-positive cases and only
6% of retreatment cases were tested for DR-TB in 2011 (13).
Another major disadvantage of these culture-based methods is
the long delay (usually several weeks) in obtaining DST results.
During these delays, regimens may be used which are not only
ineffective, but which encourage the development of further
drug resistance, and crucially, allow for resistant disease to be
spread. A strategy that aims to control DR-TB must therefore
aim not only to increase access to DST, but also to reduce the
lead-time for accurate diagnosis (14). New advances in rapid
growth- and microscopy-based DST, such as the microscopy
observed drug susceptibility (MODS) method and thin layer

agar (TLA) technique have shortened the delay to less than two
weeks, but are limited by the need for labour-intensive laboratory
infrastructure (15). More recently, the direct nitrate reductase
assay (NRA), a rapid, low-cost, phenotypic method based on the
metabolic activity of M.tb which is usually performed on solid
media, has been shown to accurately diagnose DR-TB after ~21 days

when performed directly on smear-positive specimens (16).
Molecular DST

New nucleic acid amplification tests (NAATs) promise to reduce
the interval between sample acquisition and susceptibility
result from weeks to hours, and are also becoming increasingly
automated and easy to perform. They have the potential to
transform the drug-sensitive and drug resistant TB epidemic
in high burden countries by providing rapid DST results at the
time of TB diagnosis, increasing the number of cases that are
diagnosed with DR-TB and started immediately on the correct
treatment, and impacting on transmission rates (17).

Xpert® MTB/RIF (Cepheid, Sunnyvale, CA, USA) is a
semi-nested quantitative real-time polymerase chain reaction
(PCR) assay that can deliver simultaneous diagnosis of TB and
rifampicin resistance in less than two hours. It is an automated,
cartridge-based system that can be performed in decentralized
locations, outside of reference laboratories and potentially at
point-of-care, by staff with minimal laboratory training. It has
been widely validated on sputum samples, although reports are
also emerging on its accuracy in other respiratory specimens
and extrapulmonary samples (18-21). A recent meta-analysis
has reported the sensitivity and specificity of the assay for the
detection of rifampicin resistance in sputum to be 94.1% and
97.0%, respectively (22). Based on this evidence, the WHO has
strongly recommended that Xpert® MTB/RIF, where available,
should be the first investigation in all patients suspected of having
DR-TB or HIV-associated TB (23). A disadvantage is that Xpert®
MTB/RIF does not assay for isoniazid resistance and therefore
isoniazid mono-resistance, which has a frequency of about
10-15% in high burden settings, will be missed (24,25). Another
concern with Xpert® MTB/RIF is suboptimal positive predictive
value in settings where the prevalence of drug-resistant TB is
less than 20%. In relatively high-burden settings, even in South
Africa where MDR-TB prevalence rates are ~5% to 6% (14), the
positive predictive value is only likely to be approximately 70%
to 80%, though the precise figure remains unclear. This means
that approximately one in three or four rifampicin-resistant
results will possibly be falsely positive, creating uncertainty
around the decision to start MDR-TB treatment. In South Africa,
the policy is to initiate MDR-TB treatment on an Xpert® MTB/
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Table 1. First- and second-line drugs based on the World Health

Organization classification (32).

Group |: first-line oral TB drugs
Isoniazid (H)
Pyrazinamide (Z) or PZA
Ethambutol (E) or (EMB)
Rifampicin/rifampin (R) or (RIF)
Rifabutin (RFB)

Group 2: second-line injectable TB drugs
Kanamycin (KAN)
Amikacin (AMK)
Capreomycin (CAP)
Streptomycin (STR)

Group 3: fluoroquinolones
Levofloxacin (LFX)
Moxifloxacin (MFX)
Ofloxacin (OFX)
Gatifloxacin (GFX)

Group 4: oral bacteriostatic second-line TB drugs

Para-aminosalicylic acid (PAS)
Cycloserine (DCS)
Terizidone (TRD)
Ethionamide (ETH)
Prothionamide (PTO)
Group 5: TB drugs with unclear efficacy or unclear role in
treating drug resistant-TB
Clofazimine (CFZ)
Linezolid (LZD)
Amoxicillin/clavulanate (AMX/CLV)
Thiacetazone (THZ)
Clarithromycin (CLR)
Imipenem/cilastatin (IPM/CLN)
High-dose isoniazid (high-dose H)

RIF showing rifampicin resistance, particularly if the patient is
unwell, until further confirmatory test results on two samples
(either phenotypic DST or alternative PCR-based test like Hain
MTBDRplus) become available.

A line probe assay is laboratory-based type of nucleic acid
amplification assay in which products are hybridized onto
a nitro-cellulose strip. An example is the MTBDRplus assay
(Hain Lifesciences), which offers similar performance to Xpert
MTB/RIF for TB detection, and has excellent performance
for the detection of MDR-TB (26,27). It has the advantage
of interrogating for both rifampicin and isoniazid resistance.
More recently, the MTBDRsl! assay (second line) assay has

been introduced which tests for drug-resistance to second line
injectable drugs (mutations on the rs gene), fluoroquinolones
and ethambutol (28). However, this assay has diminished
accuracy in smear-negative specimens (29), meaning that culture
isolates still need to be awaited to rule-in resistance.

The diagnosis of extrapulmonary DR-TB is even more
challenging as obtaining samples for diagnosis often requires
specialized skills (e.g., lumbar puncture or biopsy), and the
traditional methods of smear microscopy and culture perform
poorly on paucibacillary non-sputum samples. Performing an
Xpert MTB/RIF on concentrated urine can identify 40% of
HIV-TB cases who are sputum-scarce (30), and sensitivity is
approximately 23%, 53%, and 78% in the pleural, pericardial
and CSF compartments, respectively [R. Meldau and K. Dheda,
submitted; S. Pandie and K. Dheda, submitted; (31)]. In the
CSF and urine compartments, centrifuging the fluid significantly
improved accuracy. In BAL fluid obtained by bronchoscopy,
Xpert yield was ~75% and was unaffected by HIV status (18).

Medical management of DR-TB

MDR-TB treatment

The treatment regimen for MDR-TB consists of a backbone of
a later generation fluoroquinolone (moxifloxacin, gatifloxacin
or levofloxacin) and an injectable aminoglycoside (either
amikacin or kanamycin), any first line drug to which the
isolate is susceptible, and the addition of group 4 drugs such as
cycloserine/terizidone, and ethionamide, such that as least four
drugs to which the isolate is likely to be susceptible are being used
(see Tables 1,2). The intensive phase (with injectable) is eight
months, followed by a continuation phase of 12 to 18 months.
The recommended duration of treatment is guided by culture
conversion and is usually determined by adding 18 months to
the date of the first of consecutive negative cultures; the WHO
recommends a total treatment duration of at least 20 months (33).
Non-adherence, incorrect drug dosage, hetero-resistance, and
malabsorption should be considered in patients who do not
show a clinical response and remain persistently culture-positive
despite exhibiting consistent susceptibility to second-line drugs.
These patients may be considered for the addition of alternative
second line agents to their regimens, and/or referred for surgery

after appropriate investigations are undertaken.
XDR-TB treatment

With the loss of two of the most potent groups of second-line

drugs (namely fluoroquinolones and aminoglycosides), the
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Table 2. Principles of management of drug-resistant TB.

Principles of medical management of MDR-TB

A regimen is based, when possible, on proven or likely susceptibility to at least four drugs

A regimen is generally based on a backbone of a later generation fluoroquinolone (moxifloxacin or levofloxacin), and injectable
agent (usually an aminoglycoside, i.e., either amikacin or kanamycin), any first line drug to which the isolate is susceptible (see
Table I), and addition of group 4 drugs such as cycloserine/terizidone and ethionamide, and others, such that at least four drugs
to which the isolate is likely to be susceptible are being used

The injectable drugs are used for 6-8 months, and longer in certain cases, and the total duration of treatment is suggested to be
24 months

If the patient has previously been on treatment with a specific drug for three or more months, then this drug is generally avoided
Addressing psychological factors to ensure compliance is critical

Patients should be monitored for adverse drug reactions, which are common

A single drug should not be added to a failing regimen

Principles of medical management of XDR-TB

Regimens should be constructed based on prevailing DST patterns

Given the high background rates of TB and MDR-TB in several countries, and lack of availability of newer agents like linezolid
and bedaquiline, regimens are often constructed around a backbone of capreomycin and PAS

Any drug that the isolate is susceptible to from category |, and any remaining available drugs from category 3 or 4, are added to
the regimen

Patients should be carefully monitored for adverse drug reactions, particularly capreomycin (renal failure, hypokalemia and
hypomagnesaemia), which are common

Patients on capreomycin should have weekly urea and electrolytes monitored for the first eight weeks and then monthly
thereafter. Attention should be paid to correcting risk factors for renal failure (dehydration, nausea, vomiting and diarrhea,
avoidance of other nephrotoxic drugs (cotrimoxazole and nevirapine), and early identification of underlying renal disease (diabetes

and HIV-associated nephropathy)

design of a treatment regimen for XDR-TB is more complex (see
Table 2). Extended regimens in TB-endemic countries, given
the lack of availability of linezolid, often consist of a backbone
of capreomycin and para-aminosalicylic acid (PAS), with other
first-line, second-line or third-line anti-TB drugs added to which
susceptibility has been demonstrated, or at the discretion of the
attending clinician. The intensive phase with capreomycin should
be at least eight months (15). The exact number of drugs used to
treat XDR-TB is not known, but most patients will receive five
to six drugs. Unfortunately, high rates of capreomycin resistance
(~80%) in XDR patients have been observed (E. Pietersen
and K. Dheda, unpublished work), presumably due to cross-
resistance with the other aminoglycosides (34); similarly, as the
majority of patients with XDR-TB have been previously treated
for MDR-TB (35,36), prior exposure to drugs like ethionamide
and terizidone usually excludes their use. Despite documented
fluoroquinolone resistance, moxifloxacin is usually added to
the regimen because it has increased antituberculous activity
compared with ofloxacin, and because there is differential

strain-specific susceptibility to the fluoroquinolones (37).

Moxifloxacin has been shown to be effective against isolates
phenotypically resistant to ofloxacin or ciprofloxacin (38), and
may be associated with improved outcomes for patients with
XDR-TB (39). In isolates where lack of isoniazid susceptibility
results from mutations in the promoter region of the inhA gene
(40-42), low-level resistance can likely be overcome by increased
doses of the isoniazid (“high-dose INH”) (43). This pattern of
resistance is often accompanied with cross-resistance to other
second line anti-tuberculosis agents, specifically ethionamide, as
it has a structural similarity to isoniazid (44). Other drugs like
clofazamine (45) and beta-lactam antibiotics like meropenem
and co-amoxiclav (46) from group S are also used, although
good quality efficacy data is lacking. Bedaquiline, the first novel
antituberculous drug to emerge in almost half a century (47),
has been cautiously approved in an interim recommendation
by the WHO for patients in whom a regimen containing four
effective second-line drugs cannot be constructed, or in patients
where there is MDR-TB plus documented resistance to a
fluoroquinolone (pre-XDR-TB), provided that bedaquiline can
be protected by at least three effective drugs (48). The latter
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Table 3. Criteria for selection for candidates for surgery in DR-TB.

= Persistently positive smear or culture despite optimal antituberculous therapy

= Extensive isolate drug resistance pattern with high probability of failure or relapse
= Radiographically localized disease with high probability of near-total resection

= Expectation of adequate cardiopulmonary reserve post-surgery

= Presence of sufficient drug activity to facilitate healing of the bronchial stump

is often not possible in TB-endemic countries with currently
available drugs. Safety concerns have been raised about the
interaction between bedaquiline and clofazamine and the
fluoroquinolones, as all cause QT prolongation. The addition
of linezolid to the regimen of patients failing standard XDR-TB
treatment has been shown to improve culture-conversion, but
longer-term outcomes are unknown, and cost and toxicity are
major concerns (49). Neither bedaquiline nor linezolid are
currently available to National Treatment Programs in countries

where XDR-TB is prevalent and endemic.
Monitoring during treatment

Treatment for DR-TB involves the use of toxic medications:
drug-associated adverse effects are common, and can frequently
interrupt treatment (50). In addition to monitoring sputum
cultures, it is essential to monitor renal function and potassium at
least monthly during the intensive phase of treatment involving
an injectable. Ototoxic hearing loss is common in patients with
DR-TB treated with aminoglycosides: a recent study from South
Africa found that 57% of patients had developed high-frequency
hearing loss after three months of aminoglycoside treatment (51).
All patients should therefore be screened monthly with
audiometry during the intensive phase of treatment. Thyroid
function should be monitored between six and nine months
of treatment with ethionamide, prothionamide or PAS, and a
full blood count should be checked monthly in patients taking
linezolid.

Treatment outcomes in DR-TB

Globally, survival and treatment outcomes of drug-resistant
TB vary widely depending on geographical location, regimen
choice, duration of treatment, and background prevalence of
TB and HIV (6), but in general, correlate with the degree of
drug resistance. The overall treatment outcomes are far from
satisfactory: the WHO reports that of the estimated half a
million MDR-TB patients started globally on treatment in 2009,
only 48% were treated successfully (2). Treatment outcomes

in XDR-TB are even worse; while the overall success rate for
XDR-TB in a recent meta-analysis was reported to be 44% (39),
additional resistance to second- and third-line TB medications
beyond the minimum definition of XDR-TB was associated with
further reductions in the likelihood of success. The cure rate in
high-burden countries may be even lower: in South Africa, less
than 20% of patients with XDR-TB culture-converted within six
months of initiation of treatment, and this poor outcome was
independent of HIV status (35). There is thus a desperate need
for new drugs and additional interventions to improve these
outcomes, particularly in XDR-TB. A number of novel drugs are
undergoing clinical testing, but are unlikely to be available for
several years yet (52).

Adjuvant surgical management of

drug-resistant TB

Rationale and indications for surgery

Thick walled cavitatory lesions and areas of destroyed lung
contain up to 10" to 10’ M.tb organisms (53), harbouring
actively replicating bacilli even in patients who are sputum
culture-negative (54,55). These tuberculous lesions have
reduced exposure to host defenses, and are penetrated
poorly by antituberculous drugs (56). Cavities act not only
as huge reservoirs of M.th infection (with the potential for
intrapulmonary or contralateral spread), but also as the likely
site of the development of drug resistance (57). The rationale
behind surgery for DR-TB is that excision of these cavities (along
with “debulking” of any necrotic or non-viable lung tissue) will
dramatically reduce the overall organism burden in the lung
while simultaneously removing the sites of high concentrations
of drug resistant bacilli. The surgical removal of cavities is
hoped to enhance the sterilizing properties of post-surgical
chemotherapy and increasing the likelihood of treatment success
(58,59). Complications of TB including massive haemoptysis,
aspergilloma, bronchiectasis, pneumothorax, bronchopleural
fistula, tracheal or bronchial stenosis and empyema remain valid

indications for surgery in both drug-sensitive and drug-resistant
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Table 4. Pre-operative workup of patients for surgery for DR-TB.

= Spirometry

cases
= CD4 count in patients with HIV co-infection

= HRCT to assess for bilateral disease and to plan surgical approach (PET/CT may be a useful adjunct to confirm contralateral

metabolically active nodal or parenchymal disease in borderline cases or those with radiological changes secondary to previous TB)

= ECG (% echocardiogram) to exclude pulmonary hypertension
= Six-minute walking test (6MWT), quantitative ventilation: perfusion scanning and arterial blood gas measurement in borderline

= Nutritional assessment by dietician with supplementation if required

TB (60), but these topics are beyond the scope of this review.
The indications for surgery for DR-TB have remained largely
unchanged since they were first described by Iseman et al. in 1990 (61),
(an adaptation of which is shown in Table 3). Potential surgical
candidates include those patients with localized disease and
adequate pulmonary reserve who have either: persistently
positive sputum smears and/or cultures despite an adequate trial
of appropriate chemotherapy; or those who have relapsed, or
are thought to be at high risk of relapse based on results of drug
resistance profiling or radiological findings. The lack of effective
sterilizing chemotherapy for XDR-TB means 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 XDR-TB, where extended resistance patterns mean

that surgery often remains the only option for cure.
Timing of surgery

Ideally, surgery should be performed once culture-conversion has
been achieved to minimize the risk of post-surgical complications.
Performing surgery later in the course of treatment may also
allow for time for nutritional supplementation and control of
coexisting medical conditions. However, particularly in the
case of XDR-TB (as outlined above), 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 (62). The
timing of adjuvant surgery must consider the likelihood of
potential culture-conversion based on the resistance profile of
the M.tb isolate; however, a minimum of three to six months of
pre-operative chemotherapy is usually given (62-66).

An additional consideration in the setting of HIV/DR-TB
co-infection is that surgery may need to be postponed until

immunity has been restored with antiretroviral therapy (ART)

to the point at which it is expected that major surgery can be
withstood.

Preoperative workup, surgical approach and complications of
surgery

The preoperative workup is directed at assessing disease extent and
estimating cardiopulmonary reserve (see Table 4). A high-resolution
CT chest is a prerequisite to assess the presence of contralateral
disease, and to plan the surgical approach. Spirometry is required to
estimate pulmonary reserve, while a 6-minute walk test (6MWT)
is a good test of functional capacity. In borderline cases, quantitative
perfusion lung scanning can assist in estimating the degree of
functional loss following surgery. Cut-off values for predicted
postoperative lung function are not defined in this group of patients,
but can be adapted from studies of resectional surgery for lung cancer:
predicted post-operative forced expiratory volume in one second
(FEV,) should likely be greater than ~800 mL for pneumonectomy
candidates (67). An ECG followed by an echocardiogram, where
indicated, may be useful in excluding pulmonary hypertension,
which would otherwise contraindicate surgery. Positron
emission tomography-computed tomography (PET/CT) has
been proposed as a noninvasive imaging method that may
give additional information about tuberculous disease status,
particularly about the presence of contralateral parenchymal as
well as nodal metabolic activity (68,69). Its role in guiding surgery
remains unclear. The preoperative improvement of nutritional
status has been advocated by many authors (64,65,70,71) to
improve wound healing and post-operative recovery.

The extent of anatomical resection (wedge resection versus
segmentectomy, lobectomy or pneumonectomy) is determined
by the distribution of radiological disease, and is balanced by
the desire to remove as much pathological lung as possible
while preserving post-operative pulmonary reserve. While the
procedures performed in case series and cohort studies were

predominantly lobectomies or pneumonectomies for unilateral
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disease, sequential resection of bilateral cavities in patients with
adequate pulmonary reserve has also been described (70,72,73).

The surgical approach is almost always via a muscle-sparing
posterolateral thoracotomy; the median approach has also been
studied, but offers limited exposure for left-sided resections (74).
Video-assisted thoracoscopic surgery (VATS) is associated with
less wound pain, fewer pulmonary complications, and a shorter
hospital stay than with a thoracotomy. This technique has
recently been shown to be a feasible option for smaller wedge
resections and isolated lobectomies in carefully selected patients
with less extensive disease (75). The obliteration of the pleural
space, the presence of infected lymph nodes in the peribronchial
area, and extensive adhesions (between the lung, vasculature
and the chest wall) occurring as a result of chronic tuberculous
sepsis, typically limit thoracoscopic intervention and are a
contraindication to VATS (63).

Bronchial stump closure is usually by stapling, although
interrupted sutures with absorbable or non-absorbable sutures
(either on their own or as additional reinforcement), are also
used (59,65). Muscle-flap buttressing of the bronchial stump
has been advocated to prevent the post-operative complication
of bronchopleural fistula especially in patients with positive
sputum at the time of operation (65); however, this practice has
not been universally adopted, and a series of 106 patients from
South Africa in which bronchial stump reinforcement was only
performed in two cases reported no cases of bronchopleural
fistula formation (64).

With careful patient selection, the operative mortality in lung
resection is less than 5% (62-66,76). Common complications
range in frequency between 12% and 30%, and include bleeding,

empyema, wound complications and bronchopleural fistula.
Outcomes of surgical treatment

There is a dearth of good quality of data supporting the
use of adjuvant surgical treatment for DR-TB, and current
recommendations are based on expert opinion. No randomized
controlled trials have been performed, and it is likely that
the available data from case series and cohort studies is
biased towards surgery in patients with less extensive disease.
Nevertheless, a recent systematic review and meta-analysis of
24 comparison studies of MDR- and XDR-TB (involving more
than 5,000 patients) found a significant association between
surgical intervention and successful outcome when compared to
non-surgical treatment alone (OR 2.24, 95% CI: 1.68-2.97) (77).
Sub-group analyses of studies involving XDR-TB patients
revealed an even more pronounced treatment effect (OR 4.55,

95% CI: 1.32-15.7), which would support the widely held

view that surgery as a therapeutic option becomes even more

attractive as effective chemotherapeutic options dwindle.

MDR-TB, XDR-TB, and now resistance beyond XDR-TB (TDR
or XXDR-TB) are growing epidemics fuelled by failing national
TB programs, HIV co-infection, and poverty, and not only have
a high mortality but threaten to destabilise many national TB
programs. For example, in South Africa, despite drug-resistant
TB forming less than 3% of the total case load, it consumes
over 40% of the ~US$160 million national TB program budget.
There is also the growing problem of therapeutic failures who,
because of lack of appropriate alternative facilities, are now being
discharged back into the community (78). Although surgery
remains a critical part of management, only a small number
of patients are amenable to surgery. In TB endemic countries,
where it is needed most, qualified thoracic surgeons and surgical
facilities are lacking. Even where thoracic facilities are available,
there may be hesitation and reluctance amongst some thoracic
surgeons to operate on patients with a deadly disease. Even with
surgery, outcomes in TB endemic countries are poor. New TB
drugs are urgently needed, however, policy makers face an ethical
dilemma of making these available as part of drug-sensitive
regimens, thus preserving their medium to long term efficacy, or
risking shortening the effective lifespan of these drugs by using
them first in those with DR-TB. Newer and less costly point-
of-care diagnostics for drug-resistant TB are also needed, as is
an effective TB vaccine. Above all, however, existing national
TB programs need to be strengthened so that drug-resistant TB
is prevented. In parallel, the existing case burden needs to be

tackled and ongoing transmission minimised.
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