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Background 
Sanatoriums and surgically collapsing the lung were the only effective treatment options for pulmonary tuberculosis until early last century (1). The finding that Mycobacterium Tuberculosis was an obligate aerobe led to rapid growth of thoracic surgical operations: thoracoplasty, induced pneumothorax, plombage, and phrenic nerve crushing. In 1944, the discovery of Streptomycin modified the therapeutic protocol leaving still a little place for surgery. However with the development of Rifampin in 1966 and subsequesnt other anti-TB drugs radically transformed the prognosis of the disease and undermined the existence of thoracic surgery as a specialty (2). 
In the current years, nonetheless, there is a resurgence of the role of surgery in managing TB due to the overall increase in global burden, and the emergence of multidrug-resistant TB (MDR-TB) or extensive drug-resistant TB (XDR TB) (3).  

Tuberculosis (TB) is one of the major public health problems in Armenia. It has a high burden of MDR-TB being one of the top 10 countries with the highest prevalence rates. 

Republican Tuberculosis Dispensary (RTBD) is the national Referral Hospital for TB in Armenia. According to the ‘Armenian Sanitary Epidemiology Norms’, all kinds of surgeries on TB patients are supposed to be performed in RTBD. Other facilities are not allowed to conduct surgery on TB patients to contain infection. 

Since 2005 MSF has been collaborating closely with the Ministry of Health of the Republic of Armenia to address the epidemic of MDR-TB. The joint program has made considerable progress towards achieving the set objectives and goals of universal access to comprehensive quality TB services in the country. 

Within the framework of support to the National TB Program (NTP) in Armenia, MSF has been involved in developing the TB surgery component as well which is recognized and recommended by the WHO/Green Light Committee and other partners like the German Development Bank, GOPA etc. 

As a part of MSF’s commitment towards building up the surgery component keeping in view the gaps (human resources and equipments/infrastructure) MSF has agreed to upgrade the list of equipment required, train RTBD staff in Armenia and abroad, and will send an experienced TB surgery team to Armenia few times a year. This TB surgery guideline is a part of the comprehensive surgical support initiative which NTP could incorporate into their national TB guidelines.   
TB surgery, a high‐cost intervention with moderate to high risk of complication, is indicated for patients who would likely to derive the most benefits, and is considered unnecessary for patients who may respond to medical treatment alone.The decision to consider surgery should be taken jointly by the TB physician, surgeon, and anaesthesiologist and with any other specialist when co-morbidities are concerned.
Taking a joint decision of TB surgery is technically challenging. However, a DR-TB Committee (with routine representation of TB doctors of NTP, RTBD, TB cabinets and MSF) is functional and highly effective for all kind of medical decisions (enrolment, treatment regimen, side-effect management, treatment outcomes etc.). While RTBD surgery unit and the NTP are still in the process of developing its TB surgery capacity, it therefore strongly recommended that the existing DRTB Committee remains on the top of any final decisions regarding the TB surgery as well.    
A suggested mechanism of surgery decision making process is: 

Based on the eligibility criteria for surgery mentioned in this guideline, DRTB Committee will indentify and recommend case to the RTBD surgeons+anaesthesiologists–>surgeons+anaesthesiologists will evaluate if surgery is appropriate and check the vital  functional capacity if decides to undergo surgery—>one of the surgeons/ anaesthesiologists will give feedback to the DRTB Committee on  how they have come to a decision of surgery or not to do surgery, and get the final agreement from the DRTB Committee—>DRTB Committee will prescribe the post-surgery  chemotherapy.

Introduction

The basis of TB treatment is appropriate chemotherapy. 
However, surgery, as an adjunct to chemotherapy for patients with localized disease, can significantly improve outcomes when skilled thoracic surgeons and excellent postoperative care are available. The presence of proper infrastructure to provide efficient and safe surgery: experienced staff, material, and intensive care for post-surgery have to be taken into account.

The best approach to identify potential patients for surgical treatment is to make a prognosis of the treatment outcome before starting treatment, such that a surgical intervention can be planned from the start of chemotherapy accordingly. 

The physicians and pulmonologists in charge of the patients being treated for TB need to be aware of the indications and appropriate timing for surgery and be capable of evaluating a patient’s prognosis under treatment as part of the initial evaluation of a TB patient.
Indications for surgical intervention arise when there is actual, or a high probability of:
· TB treatment failure 
· TB relapse 
· TB complications 
The appropriate “window” for surgery for patients at high risk of failure is 2-6 months after starting TB, treatment corresponding to the period with the lowest bacillary load. In all cases, surgical interventions should only be performed after at least 2 months of appropriate TB treatment have been given, and ideally, after culture conversion has occurred. In the absence of conversion by 4-6 months surgery should not be delayed beyond 4-6 months

If an indication for surgical treatment is identified, only patients for whom it is anticipated that post-operative ICU care will NOT be needed are eligible for surgery as assessed by the team of surgeons, anaesthetists and doctors responsible for the care of TB patients. 
The decision to consider surgery should be taken together by the physician, surgeon and the anaesthesiologist.

Indications for surgery in pulmonary TB patients
1. Actual or a high probability of treatment failure:
· Extensive patterns of drug resistance unlikely to be cured with chemotherapy alone or
· Cultures persistently positive beyond 4-6 months of appropriate treatment 
or
· Culture re-version to positive during treatment 
Other factors which may be taken into account:

· Previous exposure to 2nd line drugs 

· MDR TB with additional resistance to 2nd line drugs 

· Extensive TB (more than one lobe/bilateral) 

· Cavities ( diameter or > 10cm )or extensive fibrosis of the lungs ( more than one lobe/bilateral) 

· Previous non-adherence to treatment (interruption or missing doses is >20%) 

· High bacillary load before starting the treatment ( Sm+Cl+) 

· Some co-morbidities (diabetes, COPD, HIV), low BMI, alcoholism 
A high probability of treatment failure is an indication for a surgical intervention. The surgical intervention should be planned in advance, before the start of the chemotherapy, and should be performed before failure appears in the treatment. This not only prevents treatment failure, but also reduces the risk of postoperative complications.
Today it is clear that “window” period i.e. the period with the least tuberculosis activity in MDR patients begins 2 months after starting chemotherapy and continues until the 6th month on average.

It is during this “window” that surgery should be performed.
2. Actual or a high probability of treatment relapse
· Two or more relapses of active TB disease following cure or completion or 
· Judgement by the treating clinician that there is a high risk of relapse eg large cavities 
Although there is not enough evidence in order to define the characteristics of cavities that can lead to a high probability of tuberculosis relapse, the consensus of opinion is inclined to consider that cavities of greater than 4 cm in diameter and with walls thicker than 1 mm or tuberculomas of greater than 2cm could be associated with relapse.

The optimal time for surgery in this group of patients is 6 -12 months; when bacilli are no longer actively excreted but residual changes are left, as seen by residual changes on X-ray that fail to improve.

3. Actual or a high probability of complications and sequelae:
· Haemoptysis
· Massive recurrent haemoptysis more than 500 cc on more than two occasions

· Bleeding not controlled by medical measures

· More than two litres in one episode

· Smaller amounts of bleeding continuing for months 

· Significant patient distress because of bleeding

· Empyema with or without Broncho-pleural fistula (BPF)

· A surgical intervention may be indicated according to the judgment of the surgeon
· Post tubercular chest symptoms
· Three or more episodes of pneumonia like symptoms in a year. These must be distinguished from TB relapses.

· Significant patient distress because of symptoms

Surgery for complication is usually urgent in nature, although they may require a series of interventions.
NOTE in all cases, surgery is only considered on localised disease: meaning there is a possibility to perform resection of anatomical part of lung containing the most severe lesions without significant damage of lung function.
Contraindications for surgery in pulmonary TB patients:

· Extensive bilateral disease: some cases of bilateral disease could be considered for surgery if the disease is limited on one side.

· Impaired pulmonary function tests: FEV-1 less than 1.5 liters in cases where lobectomy is being planned and less than 2.0 liters where pneumonectomy is being considered. In some borderline cases, exercise tolerance tests, if satisfactory may be sufficient to accept the case for surgery. Here again, the decision has to be taken together by physicians, surgeons and anesthesiologists.

· Cardio-pulmonary insufficiency caused by either cor pulmonale or any other reason
· Hepatic or renal disease of sufficient magnitude
Evaluation of the functional capacity of heart and lungs prior to surgery in pulmonary TB patients assessed as having an indication for surgery 
· Spirography 

· Investigation of diffusion capacity of the lungs (transfer factor: TLCO) 

· Investigation of oxygen saturation in the blood 

· Quantitative radioisotopic scanning of the lungs
· echocardiography

If FEV1 ( forced expiratory volume in 1 second) is >1500ml ( in case of planned lobectomy) or >2000ml ( in the case of a planned pnuemonectomy) there is minimal risk of postoperative respiratory insufficiency, and no further investigations are required ( in the absence of other interstitial disease which could cause breathlessness in the post-operative period.

If FEV1 ( forced expiratory volume in 1 second) is <1500ml ( in case of planned lobectomy) or < 2000ml ( in the case of a planned pnuemonectomy) then it is recommended to perform further investigations of pulmonary function ( diffusing capacity, oxygen saturation and scintigraphy of the lungs) which can be used to estimate the post-operative FEV1 and diffusing capacity of the lungs ( TLCO). 

· If the estimated post-operative FEV1 and TLCO are estimated to exceed 40% in oxygen saturation higher than 90%, then the patient has average risk for postoperative complications.
· If estimated post-operative FEV1 and TLCO are estimated to be < 40% post-operatively then there is a high risk of post-operative complications and surgery is contra-indicated. ( based on British Thoracic Society Guidelines 2001.)

· In other combinations (for example, estimated postoperative FEV1>40% and TLCO < 40%) it is recommended to do exercise tests, to perform in-depth studies of the function of the cardiovascular system: exercise tolerance tests with ECG record, heart rates in response to exercise, by determining a minute ventilation, maximum consumption of oxygen etc if possible.
The decision to perform surgery and the determination of contraindications for surgery are considered to be extremely serious decisions. That is why such a responsibility should be shared by a group of TB therapists, surgeons, specialists involved in functional diagnostics and anaesthesiologists.  
Pre-operative work up of a thoracic surgical patient

There are some well-established pre-requisites before a patient is taken for surgery. 
· It is of utmost importance that a detailed discussion is held with the patient and his relatives. This should include a frank talk about the natural course of the illness in the absence of any surgical intervention and the objectives of the proposed surgery in a given case.
· Risks of surgery and anaesthesia are carefully explained along with the short term and long term results, if surgery is successful. 
· It is of vital importance that a patient of pulmonary TB has taken an adequate (at least 2 month) course of anti tuberculosis treatment (ATT) before the surgical decision is taken. Even an episode of massive haemoptysis as a presenting feature of pulmonary TB in a non-treated case is rarely an indication of surgical intervention.
· Patient’s cardio-respiratory reserve to withstand surgery of this magnitude or proposed lung resection is carefully assessed including pre operative echocardiography and respiratory function tests.  Various criteria have been laid down for different surgical indications and decision should be made jointly by the thoracic surgeon, anaesthetist and the chest physician about the fitness of a given case after taking all the factors into account.
· Patients must stop smoking at least three weeks before surgery in order to ensure better post-operative results. 
· The patient should be as ‘dry’ as possible before surgery, meaning thereby that sputum or pus production (in cases of empyema) should be minimized by appropriate measures like antibiotics, postural drainage, respiratory exercises, steam inhalation and nebulized bronchodilators, as appropriate. Pre operative physiotherapy is very important. 

· Post-operative physiotherapy such as deep breathing, coughing and shoulder exercises are taught to the patient in the pre-operative period whilst forewarning him or her about a certain amount of expected post-operative pain. 
· Some of these patients are quite weak and nutritionally depleted. Their nutritional status is built up before surgery, by rest and adequate diet, sometimes ensured by hospitalization.
· Adequate blood should be arranged- about five units of whole blood plus two units of FFP in cases of lung resection
· Liver and kidney function tests, blood sugar, serum electrolytes, coagulation studies, ECG and hemogram should be done in preoperative assessment

Recommended Types of Surgical Procedures performed for Tuberculosis

There have been many surgical procedures which have been used in the past or are being currently used for the diagnosis and management of tuberculosis. The surgeon will choose the best procedure as appropriate for a given patient depending upon the indication, general status and sometimes the operative findings. These can be classified as below:
Diagnostic Procedures 
1. Thoracocentesis

2. Trans thoracic needle aspiration

3. Closed/ open pleural biopsy

4. Bronchoscopy (flexible/rigid),Trans bronchial needle aspiration

5. Mediastinoscopy/ anterior mediastinoscopy (Chamberlain procedure)

6. Thoracoscopy (Video-assisted thoracic surgery)

7. Exploratory/ diagnostic thoracostomy- wedge biopsy

Therapeutic Procedures

1. Decortication- with or without lung resection

2. Drainage (closed/open) (temporary/permanent); pleuro-cutaneous window

3. Thoracotomy with resection

      Segment/ wedge

      Lobectomy

      Pneumonectomy (Trans pleural; extra pleural; completion)

4. Chest wall/ vertebral body-disc resection/ stabilization

5. Muscle Flaps (myoplasty)

6. Thoracoplasty (modified/ tailored)

7. Omental transfer

Operative protocols
1. Equipment
SINGLE USE RESPIRATORY EQUIPMENT MUST BE DESTROYED AFTER EACH CASE. NO EXCEPTIONS. NOT FOR DISCUSSION 

Equipment: Operating theatre general requirements
· Central air- conditioning with 100% air exchange

· Universal precautions to be followed and all arrangements for the same to be available: gum boots, double gloves and eye shields etc.

· N-95 masks for cases of TB for all personnel
· Minimal personnel to be present in OT

· OT light with at least two domes

· One head light

· System for waste disposal as per guidelines
· Suction systems
.
Equipment: Anaesthetic equipment 

· Ventilation 

· Antibacterial – antiviral mechanical and hydrophobe filters (<0,22 (). 

· Every respiratory circuit manual or mechanical must imperatively be protected by a filter. Filters must be changed between each patient 

· Single use circuits 

· Anaesthesia machine including possibility of 

· Using halogenes 

· Additional manual circuit with PEEP valve 

· Guedel canulaes , masks : single use of different sizes

· Intubation : 

· Laryngoscopes + blades different sizes.

· Double lumen single use tracheal tubes (Carlens) 

· Difficult intubation equipment  

· Gum elastic bougies , laryngeal masks (critical airway) 

· Regular single use endotracheal tubes 
 

· Suction : 

· Specific electric suction machine

· Suction Catheters : 8G, 10G & 14 or 16G

· Bronchoscope : 

· Fiber optic :  intermediate or paediatric size

· Drugs 

· Anaesthesia drugs including opioids

· Rescucitation drugs 

· Regional anesthesia drugs 

· Antibiotic 

· Monitoring 

· Multiparametric monitor including 

· ECG

· SPO2 oxygen saturation
· NIBP

· Capnograph 

· Invasive blood pressure (optional) 

· Protection equipement : 

· Masks N 95

· Single use non sterile gloves 

· Sharp containeur

· Eye shield

· Vascular access 

· Peripheral catheters  18G, 16G

· Arterial catheter if availabilty of arterial Blood gas 

· Electric syringe 

· Drainage system : 

· Centraal  vacuum 

· Vacuum regulators protected by filters :Antibacterial – antiviral mechanical and hydrophobe filters (<0,22 (). Filters must be changed between each patient. 

· Drainage system : single use water sealed bottles  (type pleurevac ().

· Portable electric succion as back up (type Topaz ().

· Regional anaesthesia equipment 

· pleural catheters 

· epidural acteheters 

Equipment: Recovery room

· dedicated and specifically trained nurses 
· oxygenotherapy system (high concentration masks, nasal catheters...) 
· Monitoring 

· ECG 

· NIBP

· SPO2
· Ventilation : 

· Filters : Antibacterial – antiviral mechanical and hydrophobe filters (<0,22(). Every respiratory circuit manual or mechanical must imperatively be protected by filters Filters must be changed between each patient
· Masks, canulaes

· Intubation 

· Laryngoscope and blades  

· Endotracheal tubes 

· Electric suction device +  catheters 

· Drugs 

· Rescucitation drugs 

· Pain killers (including  opioids)

· Regional anesthesia drugs 

· Antibiotic 

SINGLE USE RESPIRATORY EQUIPMENT MUST BE DESTROYED AFTER EACH CASE. NO EXCEPTIONS. NOT FOR DISCUSSION 

Equipment: Surgical Instruments

· All general surgery instrument sets

· Chest retractors of all sizes

· Rib cutters of three shapes and sizes

· Rib approximater

· Scapular retractor

· Lung retractor

· Lung holding forceps

· Long Artery forceps- straight and curved- 6 in number

· Long needle holders of good quality- two to three

· Right angled forceps long at least 8 inches long- 6 in number

· Vascular clamps

· Bronchial clamps
· electro surgery unit with hand held probes, blades , balls and accessories- a spare system to be available
· Argon beam coagulator or harmonic scalpel

· Staplers – for bronchial stump closure, EZ-45, skin staplers and vascular staplers

· Tissue patch- 3 lung surface sealants

· Chest tubes of all sizes and Thoracic drainage bottles and bags

· Rigid bronchoscopes of all sizes

· One fibre bronchoscope

· Thoracoscopes- optional

2. Human Resources
Experienced and dedicated surgical teams of surgeons exprienced, anaesthetists trained  in thoracic anaesthesia, nurses and technicians
3.  Management
Pre-operative/operative steps
· Pre medication in the night

·  Anti-tetanus vaccine the day before
· Written informed consent

· Antibiotics one hour before surgery: Cephazolin in appropriate dose for weight. An additional dose should be given for 1) procedures > 4 hours and 2) in case of large blood loss (>1500 ml) 
· Blood sugar and electrolytes for all patients with particular attention to diabetics
·  Induction- two intravenous lines, arterial line, CVP line, epidural catheter, double-lumen E/T tube (size 37) and monitoring lines

·  Attention to patient position

·  Posterolateral thoracotomy common incision

· Surgical procedure

· Closure with one or two chest tubes

Post-operative management

· Results of surgery for TB and inflammatory lung disease improve if attention is given to detail in the post-operative period.

· Initial management is ideally done in an Intensive Care Unit (ICU). 

· Pain management is a key issue. Systematic association of regional anaesthesia techniques and pain killers including opioids 

· Antibiotics and painkillers are routinely given. 

· Blood is transfused as per requirements. 

· Respiratory exercises are encouraged and all measures to relieve pain should be taken. Incentive spirometry is a useful tool to achieve these aims. 

· Care of the chest tubes is an essential ingredient of this care; these should be removed only when their output has completely stopped. 

· X-ray chest daily for initial three days and then again on 10th day and at the time of discharge

· Bronchoscopy may be needed in post operative period

· Persistent air leaks, development of broncho-pleural fistula, residual pleural space are the most important issues to be carefully watched for, especially in the third post-operative week and onwards. These complications may require various kinds of intervention, including the open window thoracostomy and/or thoracoplasty.

Chemotherapy in case of surgical intervention

TB treatment should be given according to the NTP/MSF protocol based on the category of the patient and type of resistance. The monitoring of treatment response and drug side effects should also be done according to this protocol. 
Chemotherapy in the pre-surgical period

The appropriate “window” for surgery for patients at high risk of failure is 2-6 months after starting TB, treatment corresponding to the period with the lowest bacillary load. In all cases, surgical interventions should only be performed after at least 2 months of appropriate TB treatment have been given, and ideally, after culture conversion has occurred. In the absence of conversion by 4-6 months surgery should not be delayed beyond 4-6 months.
Chemotherapy in the post-surgical period 
Surgery does not allow shortening of the TB treatment course. Even after successful lung resection, the patient should complete a full course of treatment. 
XDR or ‘Pre XDR’patients
: 

· If the patient is culture positive at the time of surgery:

1. Continue treatment for at least 24 months post culture conversion 

· If the patient is culture negative at the time of surgery*:

2. Continue treatment for 24 months post culture conversion and not less than 6 months after the surgery. 

MDR patients:

· If the patient is culture positive at the time of surgery:

3.  Continue treatment for at least 18 months post culture conversion 

· If the patient is culture negative at the time of surgery*:

4.  Continue treatment for at least 18 months post culture conversion and not less than 6 months after the surgery. 

PDR patients: 
Post surgical chemotherapy will depend on: 

1. If the patient is culture positive at the time of surgery:

5.  Continue treatment for 7-12 months (depending on the type of PDR- see TB guidelines) post culture conversion. 
2. If the patient is culture negative at the time of surgery*:

6.  Continue treatment for 7- 12 months (depending on the type of PDR – see TB guidelines) post culture conversion and not less than 6 months after the surgery. 

*Wherever possible, resected lung tissue should be given to the NRL for culture. If live bacilli are found in the specimen this should be considered as a positive culture even if sputum culture was negative. Treatment duration should be adjusted accordingly. 
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� Drug Resistant Tuberculosis Guidelines, MSF


� ‘Pre XDR’ = MDR + ofloxacin resistance or MDR + second line injectable drug (SLD) resistance 
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