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(17)INTRODUCTION 


Tuberculosis  (TB)  is  an  airborne  infectious  disease  caused  by 
 Mycobacterium tuberculosis and is one of the foremost cause of morbidity and 
 mortality, predominantly in developing countries1–3. As per WHO statistics for 
 2010, there were 9.4 million active TB cases globally, to which India was the 
 chief contributor with 2.3 million cases. India has been the highest TB burden 
 country  for  the  past  many  years;  and  where  about  1000  people  die  from  TB 
 every day. In 2012, the Government of India has declared TB to be a notifiable 
 disease.  In  India,  control  and  treatment  of  TB  is  covered  under  a  National 
 programme  which  provides  free  treatment  to  all  TB  cases.  The  prompt 
 diagnosis  and  treatment  of  TB  is  essential  for  community  public  health 
 infection control as well as to prevent the emergence of MDR-TB.  


Unfortunately,  acid-fast  bacilli  are  found  in  the  sputum  in  a  limited 
 number  of  patients  with  active  pulmonary  TB.  Therefore,  imaging  plays  a 
 major  role  in  diagnosing  the  disease  even  before  the  arrival  of  the  specific 
 definitive diagnosis by bacteriology4.  


In the past few decades, the emergence of drug resistant bacilli has been 
a  major  concern  and  prompt  detection  and  management  of  MDR-TB  is 
essential to reduce the morbidity and mortality. Similarity in the laboratory and 
clinical  findings  in  drug  sensitive  and  MDR  -  TB  leads  to  misdiagnosis  and 
delayed  treatment.  Diagnosis  of  drug  sensitive  and  MDR-TB  begins  with 
isolating  acid  fast  bacilli  (AFB)  from  sputum,  to  confirm  diagnosis  and 



(18)recognize  species,  sputum  culture  is  required  which  often  takes  at  least  2–3 
 weeks5,6which  results  in  delayed  treatment.  So  we  are  in  need  an  alternative 
 way of early diagnosis and treatment.  


This study aims to describe in detail, the spectrum of the CT findings of 
 MDR-pulmonary TB and to make a comparison between CT findings of MDR-
 TB and drug sensitive TB. The purpose of this comparison is to identify those 
 radiological findings that are more frequently found in patients with MDR-TB, 
 which could serve as a potential tool in early diagnosis of MDR-TB. 


      Hence,  if  such  findings  are  found  in  CT  chest  of  a  patient  with 
pulmonary  TB, it would raise the suspicion of MDR – TB, and those patients 
could be referred to gene expert earlier to begin the correct treatment. 



(19)AIMS AND OBJECTIVES  


1.  To  illustrate  the  spectrum  of  radiological  findings  of  multi-drug  resistant 
 tuberculosis (MDR-TB) in computerized tomography (CT) chest. 


2. To compare the CT findings of MDR-TB with those of drug sensitive TB. 


3.  To  determine  if  there  are  characteristic  radiological  findings  in  MDR-TB 
that would entail earlier gene-expert study. 



(20)MATERIALS AND METHODOLOGY 
 STUDY DESIGN:  


      Prospective  case-control  study  of  patients  with  sputum  positive 
 pulmonary tuberculosis during the period of study (2016-2017). 


      Cases  are  those  patients  infected  with  multi-drug  resistant 
 bacilli,who undergo CT chest,when clinically indicated by the physician,during 
 the study period. 


       The  Controls  are  the  patients  with  drug-sensitive  pulmonary 
 tuberculosis,  who  are  referred  for  CT  chest  by  the  physician  when  clinically 
 indicated. 


INCLUSION CRITERIA; 


1.H/O  cough  with  expectoration,  whose  sputum  is  positive  for 
 mycobacterium tuberculosis (both MDR-TB and drug sensitive TB) 
 2.Primary Multi-drug resistant TB patients, who had never received any 
 Anti-tuberculosis  drugs  (ATT)  or  who  had  received  ATT  for  less  than 
 one month (Cases) 


3.Acquired MDR-TB, who had received ATT for one month or more in 
 the past. (Cases) 


4.Drug sensitive pulmonary TB patients (Controls) 



(21)EXCLUSION CRITERIA: 


1.H/O  cough  with  expectoration,whose  sputum  is  negative  for 
 Mycobacterium tuberculosis. 


2.Old treated and cured (inactive) pulmonary tuberculosis patients. 


3. HIV positive patients 
 4. Diabetic patients 
 METHODOLOGY; 


TOSHIBA  Multi-slice  (4  slice)  CT  was  used  for  all  the  cases.  Serial 
 axial sections of the chest were  taken from about 2cm superior to lung apices 
 upto  and  including  the  adrenals  with  a  collimation  of  5  mm.  Reconstruction 
 was  done  at  3mm  thickness  and  3mm  interval.  Axial,  coronal  and  sagittal 
 reformatted  images  were  studied.  When  appropriate,  minimum  and  maximum 
 intensity projections and volume rendering techniques were analysed. 


High-resolution CT (HRCT) of chest provides highly detailed images of 
 anatomic and pathologic features in the lung. In HRCT, thin-section CT images 
 are  reconstructed  with  high-spatial-frequency  algorithm.  MDCT  renders  the 
 ability  to    reconstruct  the  HRCT  images,  retrospectively  from  single  breath 
 hold volumetric acquisition. 


When  required,  iodinated  contrast  (intravenous  contrast),  Iohexol 
(350mg  iodine/ml)  was  used,  unless  contraindicated  in  conditions  like  renal 
failure or anaphylaxis. 



(22)The  presence  of  following  findings  were  tabulated  namely,  single 
 cavity, multiple cavities, thickness of wall of the cavity, cavitary consolidation, 
 consolidation,  fibrosis,  atelectasis,  bronchiectasis,  nodular  infilteration, 
 lymphadenopathy,  pleural  effusion,  pleural  thickening,  pleural  calcification, 
 pericardial  thickening  and  pericardial  effusion.  For  purpose  of  this  study, 
 thickness of cavity was categorized as thin (<3mm), intermediate (3-5mm) and 
 thick (>5mm).  


The findings were analysed in both groups of patients namely, cases and 
controls. 



(23)REVIEW OF LITERATURE 


Tuberculosis  (TB)  is  the  second  leading  cause  of  death  among  the 
 infectious  diseases. M.  tuberculosis is  an  aerobic,  intracellular  organism,  they 
 are  non-spore  forming,  non-motile,  curved  slightly  rods.  They  are  slender 
 bacilli  with  structure  similar  to  fungal  mycelium  with  filamentous  forms  and 
 hence the name Myco-bacterium7. This organism lives in those regions of lung 
 tissue  that  is  rich  in  oxygen.  TB  infection  occurs  from  inhalation  of  droplet 
 nuclei containing M. tuberculosis, which spreads mainly by coughing, sneezing 
 by a TB infected person. Repeated close contact with a TB infected person has 
 high  chance  of  acquiring  infection8 eg;  close  contact  with  large  populations, 
 i.e.,  schools,  nursing  homes,  etc.  Other  predisposing  factors  include  HIV, 
 diabetes  mellitus,  intravenous  drug  use  and  malnutrition.  Other  species  of 
 pathogenic Mycobacteria are M. Bovis, M. Africanum, M. Microti, M. Canettii, 
 M. Caprae.  


The  emergence  of  drug  resistant  bacilli  has  increased  in  the  past  few 
 decades. Prompt diagnosis and treatment of MDR-TB is essential to reduce the 
 mortality  and  also  to  prevent  the  transmission  of  disease  to  the  general 
 population. 


SEGMENTAL ANATOMY OF LUNG 


Trachea bifurcates at the level of carina into the right and left main stem 
bronchi,  which  further  divide  into  lobar  bronchi.  Then  the  lobar  bronchi 
subsequently  divide  into  segmental  bronchi,  respiratory  and  terminal 
bronchioles, alveolar ducts and finally into the alveoli. The broncho-pulmonary 



(24)segment is the portion of the lung which has its own pulmonary arterial supply 
 and  its  own  segmental  bronchus.  There  are  few  variations  in  the  segmental 
 anatomy  of  the  right  and  the  left  lungs.  The  broncho-pulmonary  segments  of 
 both  the  lungs  and  enlisted  below.  The  division  of  the  lobes  into  broncho-
 pulmonary  segments  are  helpful  as  some  of  the  diseases  affect  particular 
 segments  more  commonly  which  helps  in  arriving  at  a  diagnosis.  Also,  this 
 classification helps in resecting the affected segment during surgery. 


Figure 1 –Segmental anatomy of lungs 


PATHOGENESIS OF TUBERCULOSIS: 


Once the tubercle bacilli are inhaled they get attached to mucosa of the 
upper  respiratory  tract,  trachea  and  bronchi  and  are  eliminated  by  the 
mucociliary defence mechanisms. But, droplet nuclei which are smaller than 5 



(25)µm  overcome  this  obstacle  and  reach  the  lower  respiratory  tract,  within  the 
 alveoli,  after  reaching  there  they  get  immediately  phagocytosed  by  alveolar 
 macrophages. After this one of below process may occur. 9


i. No  infection:  The  initial  immunological  response  can  be  effective  in 
 the  killing  and  elimination  of  the  bacilli,  and  TB  infection  doesn’t 
 develop. 


ii. Primary  Complex:  The  bacilli  can  grow  and  multiply  soon  after 
 infection, causing clinical disease  


iii. Latent TB: The bacilli may become dormant and never cause disease at 
 all,  resulting  in  a  latent  infection  that  is  exhibited  only  as  positive 
 tuberculin test. 


iv.Reactivated  TB/post  primary  TB ,:When  the  dormant  bacilli  overcome 
 patient’s  immunity,  eventually  they  begin  to  grow,  which  results  in 
 disease. The development of clinical TB will occur in 5-10 % of persons 
 with primary complex later in their lives. 


The  trademark  response  of  chronic  TB  infection  is  formation  of 
granuloma. It is an host immunological response to stop the multiplication and 
further  spread  of  bacteria  to  other  organs10.A  stable  granuloma  is  formed  by 
host  cellular  immune  response  and  along  with  inflammatory  reaction.  This 
stable  granuloma  is  further  responsible  for  subclinical  or  latent  infection11. 
Occasionally  this  granuloma  develops  necrosis,  particularly  caseous  necrosis 
which  result  in  killing  of  majority  of  bacteria  and  also  destroys  the  nearby 



(26)tissue.  The  rest  of  bacilli  which  doesn’t  get  killed  exist  in  latent  state  gets 
 reactivated to form active disease at later stage12. 


The initially developed infection is mostly silent clinically. In about 5% 


of those individuals, due to inadequate immunity active disease occurs which is 
 called  progressive  primary  infection13  .Granuloma  which  had  developed  show 
 caseous  necrosis and this initial infection has been  termed the “Ghon focus”. 


This usually heals by the development of a fibrous capsule around the focus of 
 infection, which often calcifies. Organisms may spread through the lymphatics 
 to  hilar  and  mediastinal  lymph  nodes.  The  lung  parenchymal  and  the  lymph 
 node  MTB  infection  together  has  been  termed  as  the  “Ranke  complex”. 


Organisms within the Ghon focus often gain access to the bloodstream and can 
 disseminate to extrathoracic organs. 


Radiologically, may often show no radiologic abnormalities. But, when 
 occurs,  it  occurs  in  form  of  air-space  consolidation  often  involving  an  entire 
 lobe.  No  definite  zonal  predominance  is  seen.  The  occurrence  of  cavitation  is 
 unusual.  Atelectasis  is  commonly  seen  in  children  due  to  enlarged  lymph 
 nodes. Isolated pleural effusion is also commonly seen. 


In  about  5%  of  the  population  that  is  infected,  reactivation  of  latent 
 infection occurs after some years after the occurrence of initial infection, which 
 is called “postprimary-TB”14. Radiologically, it shows a range of abnormalities 
 that  include  cavities,  fibro-destructive  lesions,  pleural  exudates  and  cavities. 


The  posterior  and  apical  segments  of  upper  lobes  and  superior  segments  of 
lower  lobes  are  the  most  commonly  affected  because  of  high  oxygen  tension 



(27)and  decreased  lymphatic  drainage.  There  is  progressive  extension  of  the 
 inflammatory process and necrosis which leads to the communication with the 
 airways and resulting in cavity formation. Cavitation is seen in 40% of patients 
 having  post  primary  TB.  The  wall  of  cavity  varies  from  thin  and  smooth  to 
 thick  and  nodular.  Sometimes  cavities  are  associated  with  air-fluid  levels, 
 which are seen in 10% of patients15.  


There  occurs  endobronchial  spread  of  infection  from  the  cavity,  which 
 results in TB infection in the other segments of the lobe and into other different 
 lobes.  Haematogenous  spread  of  the  organism  in  immune-compromised 
 individuals results in miliary TB. Healing in tuberculosis occurs with formation 
 of fibrosis. 


PATHOGENESIS OF MDR-TB 


MDR-TB  can  be  primary  or  secondary.  Primary  MDR-TB  occurs  in 
those patients who primarily get infected with drug resistant bacilli. Secondary 
MDR-TB  occurs  in  those  patients,  who  initially  were  initially  infected  with 
sensitive  strains  and  during  the  course  of  the  disease  the  bacilli  have  turned 
resistant.  Secondary  type  is  more  commonly  seen.  Incomplete  drug  treatment 
raises  incidence  of  drug  resistance  through  spot  mutation  of  the  genome  of 
mycobacterium. Hence, this disease is more commonly seen in drug defaulters 
and in patients who relapse or in those with drug failure. Hence, the features of 
chronicity  such  as  calcific  nodules,  fibrosis,  bronchiectasis,  cavities  are  more 
commonly  encountered.  Whereas,  in  primary  MDR-TB,  a  more  primary 



(28)pulmonary  TB  pattern  of  disease  occurs  with  non-cavitary  consolidation, 
 pleural effusion and lymphadenopathy16. 


LABORATORY DIAGNOSIS OF TUBERCULOSIS: 


Microbiological diagnosis of tuberculosis comprises of; 


•  The recognition and segregation of Mycobacterium,  


•  The identification of the mycobacterial species or complex and  


•  The  determination  of  drug  susceptibilities  of  the  organisms  to  anti 
 mycobacterial drugs (CDC, 1990). 


The  prime  technique  of  identification  of  mycobacterium  is  its 
 demonstration in sputum stained with Ziehl-Neelson for AFB. Another method 
 is  isolation  of  mycobacterium  by  culture  performed  on  solid  media  like 
 Lowenstein-Jensen  or  Ogawa  Kudoh  media.  Cultures  in  liquid  media  give 
 faster  results  and  may  be  more  sensitive17.Smear  testing  of  acid  fast  bacilli  is 
 very  useful  in  early  diagnosis  of  TB  as  it  takes  less  time  than  that  of  culture 
 results. 


OTHER TESTS: 


Enzyme Linked Immunosorbent Assay (ELISA): 


This  test  is  based  on  identification  of  specific  antigens  related  to  TB 
such  as  the  38kDa  protein,  Antigen  A-60  primarily  in  developing  countries18. 
There  is  still  a  need  to  improve  the  sensitivity  or  specificity  of  these 
commercial serological tests. 



(29)Immunochromatography (ICT):  


They are also called lateral-flow tests or simply strip tests. The benefits 
 are:  They  are  user  friendly,  require  minimum  time  to  test  result,  long-term 
 stability over a wide range of climates and relatively inexpensive.  


T cell based immunological tests: 


The only widely used test is the century-old Mantoux test, based on the 
 intradermal  injection  of  PPD,  a  crude  mixture  of M. tuberculosis proteins 
 widely shared among M. tuberculosis, Mycobacterium bovis, Bacille-Calmette-
 Guerin  (BCG),  and  most  environmental  mycobacteria19.  Hence,  false-positive 
 results  are  common  in  people  exposed  to  environmental  mycobacterial    or 
 previously vaccinated with BCG20. 


Drug  susceptibility  testing is  required  when  infection  with  drug  resistant 
 strains  is  doubted,  such  testing  should  be  done  patients  more  prone  for 
 resistance like: 


(1) Preceding history of anti-tuberculosis treatment  
 (2) Failure of chemotherapy given with direct observation 
 (3) Direct contact with patients with MDR-TB 


(4) Patients from areas with high prevalence of drug resistance and 
 (5)In patients with life threatening forms of tuberculosis 


The understanding of drug susceptibility tests for M. tuberculosis will be 
useful for treating physician in selecting the best anti-tuberculous agents21. 



(30)Tests for identifying drug resistance: 


Conventional culture methods; 


On solid media, which is the Lowenstein-Jensen medium requires about 
 eight  to  twelve  weeks  to  demonstrate  the  bacteria  and  further  assessment  of 
 growth inhibition of M. tuberculosis is done with the presence of antibiotics to 
 demonstrate  the  sensitive  and  resistant  strains.  Liquid  culture  media  using 
 BACTEC has reduced the time duration of detection of mycobacterium in days. 


Cartridge-based nucleic acid amplification test (CB-NAAT) 


Cartridge-based  nucleic  acid  amplification  test  (CB-NAAT)  is  a 
polymerase chain reaction (PCR)  method for the detection of TB. It primarily 
helps  in  detecting  rifampicin  resistance  because  it  detects  rpoB  gene  of 
M.tuberculosis22. It is a real-time PCR technique that provides results in around 
100 minutes. It is highly specific test and no cross-reactions with other bacteria 
have  been  reported.  The  Xpert  MTB/RIF  test  was  approved  by  the  WHO  in 
2010  for  the  diagnosis  of  pulmonary  TB  following  extensive  evaluation 
projects  in  six  countries  led  by  the  Foundation  for  Innovative  New 
Diagnostics23,24.  By  using  5  molecular  beacons  which  span  the  rpoB gene  81-
bp  rifampin  resistance-determining  region  (RRDR),  the  test  simultaneously 
determines vulnerability to rifampin, which can be used as a surrogate marker 
for  multidrug  resistance  (MDR)  25.  The  closed-cartridge  system  makes  it 
potential for the assay to be used outside the laboratory, and studies assessing 
bio-safety have suggested that the use of Xpert MTB/RIF carries a smaller bio-
hazard  risk  than  smear  microscopy.  The  risk  of  cross-contamination  is  also 



(31)less26.  The  test  has  shown  a  sensitivity  above  90%  for  culture  positive 
 tuberculosis, with high specificity in sputum samples. Sensitivity in individuals 
 with HIV co-infection is over 80% 27. A recent Cochrane review concluded that 
 the  Xpert  MTB/RIF  as  an  initial  replacement  for  sputum  smear  showed  a 
 pooled  sensitivity  of  88%  (95%  credible  interval  [CrI],  83  to  92%)  and  a 
 pooled specificity of 98% (95% CrI, 97 to 99%)27 . 


CHEST RADIOGRAPH; 


The  chest  radiograph  helps  to  make  the  identification  in  respiratory 
 symptomatic patients that are repeatedly negative on direct microscopy sputum 
 examination.  It  is  also  useful,  in  patients  who  can’t  produce  sputum  for 
 bacteriological examination28. It is also useful detecting the extent and severity 
 of  pulmonary  involvement  and  is  useful  in  follow  up  of  patients  during  the 
 course of treatment to assess the resolution or progression of the disease. 


COMPUTERIZED TOMOGRAPHY:  


Computerized  tomography  of  the  chest  is  mainly  used  for  diagnosis  of 
pulmonary TB in patients who do not expectorate or those who have negative 
AFB  sputum  smears.  CT  has  important  role  in  diagnosing  TB  in  whom, 
radiograph is either inconclusive or normal, in assessment of activity of disease 
and detection of complications. 



(32)Management of TB 


SHORT COURSE CHEMOTHERAPY 


The  World  Health  Organisation  (WHO)  introduced  6–8  month 
 multidrug ‘short course’ regimens in 1995 under the DOTS (Directly observed 
 treatment  strategy)  programme.  Based  on  their  recommendation  they  were 
 grouped  under  following  4  categories.  This  has  been  revised  again  in  2010 
 based  on  various  case  situations  seen.  According  to  these  patients  of  TB  are 
 now  classified  only  as  “New  cases’  or  ‘Previously  treated’  patients,  and  drug 
 resistant including MDR-TB.  


All regimens have an initial intensive phase with 4–5 drugs lasting 2–3 
months aimed to rapidly kill the bacilli, bringing about sputum conversion and 
afford  fast  symptomatic  relief.  This  is  followed  by  a continuation  phase with 
2–3 drugs lasting 4–5 months during which there maining bacilli are eliminated 
so that relapse does not occur. 



(33)It is essential to recognise MDR cases29, because treating them with first 
 line  drugs  will  be  not  only  futile,  additionally  it  increase  the  chances  of  drug 
 resistance. So it is must to culture the bacilli and also do drug susceptibility test 
 in all retreatment patients.  


The thrice weekly regimen is not useful in drug resistant cases, because 
 all types of drug resistant-TB must receive daily treatment. In general patients, 
 who had interrupted treatment and relapse patients have lower risk of MDR-TB 
 compared to that failure cases.  


Multidrug-resistant (MDR) TB 


MDR-TB is defined as resistance to both Isoniazid and Rifampicin, and 
 may be any number of other first line drugs. They have quick course of disease 
 and  worst  prognosis.  Management  of  MDR-TB  requires  second  line  drugs.  In 
 India,  MDR-TB  have  a  share  of  2.8%  of  all  new  TB  cases30  and12–17%  of 
 relapse patients. 


Extensively drug-resistant TB  


They are multidrug resistant TB cases which are additionally resistant to 
fluroquinolones and one of injectable second line drugs. In USA, 3% of MDR-
TB  cases  have  been  found  to  be  Extensively  drug  resistant  (XDR).The  exact 
incidence  of  XDR-TB  in  India  is  not  known31,  but  with  expanding  laboratory 
facilities to conduct sensitivity tests for 2nd line drugs more XDR-TB cases are 
likely  to  be  confirmed.  The  XDR-TB  is  very  demanding  to  treat,  has  a  swift 
course and high mortality. Hence, early identification and appropriate treatment 
of the drug resistant TB cases are essential. 



(34)RADIOLOGICAL FEATURES OF PULMONARY TUBERCULOSIS 
 The various spectrum  of imaging features in  pulmonary  tuberculosis in 
 Computed Tomography of chest are described below. 


LUNG PARENCHYMAL & AIRWAY FEATURES 
 Cavity  


A cavity is  defined as  “an air-filled space that is surrounded by a  wall, 
 usually of varied  thickness that  is usually located within a zone of pulmonary 
 consolidation or within a mass or nodule and is produced by the expulsion of a 
 necrotic part of the lesion via the bronchial tree”32


A cavity is formed due to many pathological conditions and features like  


•  Suppurative necrosis (e.g., pyogenic lung abscess),  


•  Caseous necrosis (e.g., tuberculosis) 


•  Ischemic necrosis (e.g., pulmonary infarction) 


•  Cystic dilation of lung structures (e.g., Pneumocystis pneumonia) , or  


•  Displacement of lung tissue by cystic structures (e.g., Echinococcus)33
Cavities are classified as “thick walled” or “thin walled". The measurement 
of the cavity wall thickness at its thickest section was most useful in predicting 
whether  the  cavity  was  of  malignant  versus  non-malignant  etiology.  Cavities 
with a maximum  wall  thickness of 4 mm or less were usually caused by non-
malignant  processes.  Cavities  with  a  maximum  wall  thickness  of  5  to  15  mm 
were mixed, being non-malignant and being malignant cavities. Cavities with a 



(35)maximum  wall  thickness  of  >15  mm  were  usually  malignant.  In  tuberculosis 
 the cavities can often be irregular and can have nodular walls34. 


When  infected,  air-fluid  level  can  be  seen  within  the  cavity.  Multiple 
 cavities  can  occur  in  tuberculosis  and  cavities  are  more  commonly  seen 
 involving the apical, posterior segments of upper lobes, superior and posterior 
 basal segments of bilateral lower lobes. Cavitation occurring within an area of 
 consolidation  is  more  common  in  tuberculosis  and  is  termed  as  cavitary 
 consolidation35. 


Figure 2 – Cavity with intermediate wall thickness, adjacent fibrosis 
 and traction bronchiectasis 


CT  allows  the  accurate  assessment  of  the  extent  and  areas  involved  by 
cavitation  and  helps  to  optimally  visualize  the  cavity  wall.  Cavities  with 
associated  adjacent  centriacinar  nodules  are  commonly  encountered  in 
tuberculosis, but it can often be seen in bronchogenic carcinoma. 



(36)Figure 3 – Thick walled cavity with centri-acinar nodules (arrows) 
 Due  to  continued  granulomatous  inflammation  in  the  cavity,  the 
 adjacent  traversing  vessel  wall  can  become  weakened  resulting  in  aneurysm 
 formation, which is known as Rasmussen’s aneurysm. It is a major cause of life 
 threatening  hemoptysis  in  TB  patients.  On  CT,  it  is  seen  as  a  focal  dilatation 
 involving  pulmonary  segmental  arteries  which  travels  adjacent  to  tuberculous 
 cavity. 


Figure 4- Rasmussen’s aneurysm 



(37)About  25%–55%  of  patients  with  aspergilloma  have  a  past  history  of 
 tuberculosis.  The  prevalence  of  aspergilloma  associated  with  chronic 
 tuberculosis  has  is  around  11%.  Aspergilloma  may  remain  asymptomatic  for 
 many years, but hemoptysis occurs as the most common complication in these 
 patients. Aspergilloma is seen within cavity or ectatic segment of bronchus. It 
 is seen as soft tissue density mass which is composed of fungal hyphae, mucus 
 and debris36. 


In imaging, it is seen as mobile, spherical mass with a crescentic air seen 
 surrounding  it  and  is  seen  within  lung  cavity  and  it  is  termed  as  air-crescent 
 sign. The fungal ball shows calcification in some cases. An early radiographic 
 sign is the presence of thickening of wall of cavities or thickening of adjacent 
 pleura. 


      Figure 5 – Aspergilloma within a cavity 
 Consolidation 


A  consolidation is  replacement  of  air  within  the  alveoli  with  fluid, pus, 
inflammatory exudates, blood, cells or lipid,  resulting in increased  attenuation 



(38)of  lung  without  change  in  volume  of  lung  and  obscuring  vessel  margins37.  In 
 TB,  consolidation  occurs  through  accumulation  of  inflammatory  cellular 
 exudates in the alveoli and adjoining ducts. The air filled bronchi are now well 
 delineated from the fluid filled lung giving rise to the “AIR-BRONCHOGRAM 
 SIGN” which is the diagnostic sign of consolidation38. 


Figure 4 – consolidation with cavitation in right lower lobe 
 It  occurs  predominantly  in  the  upper  lobes  followed  by  the  superior  and 
 posterior  basal  segments  of  lower  lobes.  It  can  be  focal  (segmental,  non-
 segmental  or  lobar),  multifocal  or  diffuse.  Due  to  patchy  local  spread  of  the 
 disease  and  because  of  variable  involvement  of  alveoli,  acinar  nodules  occur 
 and consolidation often has ill-defined and fluffy margins. 


In CT angiogram, the normally appearing contrast opacified vessels can 
be seen within an area of consolidation and this is known as the CT ANGIO-
GRAM SIGN39



(39)      Figure 6 – Consolidation involving right upper lobe 
 Fibrosis 


Healing in tuberculosis occurs by fibrosis, which is marked by scarring 
 in the lungs. Tissue deep in the lungs becomes thick, stiff and scarred. As the 
 lung tissue becomes scarred, it interferes with a person's ability to breathe. It is 
 commonly seen in association with tuberculosis40. Fibrosis results in reduction 
 of  volume  of  lung,  resulting  in  ipsilateral  shift  of  trachea,  mediastinum  and 
 dome of diaphragm. It distorts the architecture of the adjacent bronchi resulting 
 in traction bronchiectasis, which is usually exhibits varicoid morphology. 


Figure 7 – fibrosis in bilateral upper lobes 



(40)Atelectasis 


Atelectasis is derived from Greek words “ateles” means incomplete and 


“ektasis” means expansion. It is the collapse or volume loss of a lung ending up 
 in  reduced  or  absent  gas  exchange  which  may  affect  whole  lung  or  part  of  it 
 and  the alveoli are  deflated  down  to  little  or  no  volume  resulting  in  volume 
 loss.  The  pathogensis  of  atelectasis  can  be  grouped  as  obstructive, 
 passive/relaxation atelectasis, cicatricial atelectasis41. 


In TB, obstructive atelectasis occurs due to obstruction by endoluminal 
 lesions  or  extrinsic  compression.  Endoluminal  obstruction  could  be  due  to 
 mucus plug or granuloma. Scarring resulting in bronchial stricture and stenosis 
 can  lead  to  atelectasis.  Extrinsic  compression  from  enlarged  lymph  nodes  and 
 passive  atelectasis  due  to  pleural  effusion  are  other  causes  of  collapse. 


Cicatricial atelectasis occurs due to presence of scarring and lung fibrosis. The 
 direct signs include ipsilateral displacement of a fissure, crowding of bronchi or 
 vascular  structures  within  the  affected  lung  parenchyma.  The  indirect  signs 
 include ipsilateral shift of trachea, mediastinum and hilum, ipsilateral elevation 
 of  diaphragm,  crowding  of  ribs,  increased  lung  opacity,  absence  of  air 
 bronchogram  and  presence  of  mucus  bronchogram,  compensatory 
 hyperinflation of opposite lung. 


Nodular infiltration 


The  presence  of  nodular  opacities  measuring  about  2-3  mm  are 
commonly  seen  in  endobronchial  spread  of  tuberculosis.  These  nodules  are 



(41)often  ill-defined  and  have  usually  centriacinar  or  random  distribution.  The 
 nodules  on  healing  show  calcification.  Often  these  nodules  can  coalesce 
 resulting  in  a  larger  nodule  with  surrounding  satellite  nodules  are  often  seen. 


Pathologically  these  lesions  are  the  tuberculoma.    Cavitation  within  a  nodule 
 can also occur42. 


Centriacinar  nodules  show  the  presence  of  peribronchiolar  or 
 bronchiolar  pathology.  These  nodules  are  centered  about  5  to  10  mm  away 
 from  the  pleural  surface  and  usually  do  not  contact  the  pleural  surface.  These 
 nodules  can  be  ill-defined  or  well  defines  and  can  be  patchy  or  diffuse  in 
 distribution.  The  presence  of  dilated  centrilobular  bronchioles  which  are  fluid 
 filled  imparts  the tree  in  bud  appearance43. It  reflects  the  impaction  of  the 
 small  sized  centrilobular  bronchioles  by  inflammatory  exudates.  Apart  from 
 endobronchial  spread  of  tuberculosis,  these  nodules  can  also  be  seen  in 
 aspiration,  endobronchial  spread  of  tumor,  asthma  with  mucus  plug  etc. 


Random  noduleshave  a  random  distribution  with  respect  to  the  secondary 
pulmonary  lobule  and  they  appear  diffuse  in  distribution.  These  nodules  as 
opposed to centriacinar nodules can  be seen  in the sub-pleural location. Apart 
from  tuberculosis,  these  nodules  can  be  seen  in  fungal  infection  and  in 
metastases. 



(42)Figure 8 – entriacinar nodular opacities with tree-in bud 
 appearance 


Miliary pattern 


Miliary TB accounts for around 1% of all TB cases and is a mainly due 
to  massive  lympho-hematogenous  dissemination  of  bacilli-laden 
focus. Characteristic  histopathological  feature  of  miliary  TB  is  a  tubercle 
(granuloma)  measuring approximately 1-2 mm.  Early  in  the  course  of  the 
disease,  CXR  may  be  normal  in  25-40%  of  cases.  Radiologically,  miliary 
nodules  are  seen  as  multiple  innumerable  randomly  scattered  tiny  nodules 
measuring  1-2  mm  in  size  in  both  the  lung  fields.  Often,  they  are  associated 
with  interstitial  septal  thickening.  If  left  untreated,  they  may  reach  3-5  mm  in 
size and may become confluent resulting in "snow-storm" appearance45. 



(43)Figure 9 – Multiple miliary nodules in both lung fields 


Tuberculoma 


Tuberculoma commonly happen as a sequel of healed primary TB, and the 
 prevalence  is  about  3–6%  as  main  or  only  presentation  in  postprimary 
 tuberculosis.25  They  may  be  solitary  or  multiple  and  size  varies  from  0.4  to 
 5cm. They are seen as rounded nodules that are usually well circumscribed, can 
 occasionally have a spiculated margin.  


Usually  they  are located in the  upper lobes  and can have satellite  nodules. 


Mostly, they do not show enhancement but sometimes peripheral enhancement 
may occur. Calcification is found in 20–30% of tuberculoma and of two types -
nodular or diffuse46. 



(44)Figure 10- solitary nodule in right lower lobe of lung with areas of 
 calcification in a case of pulmonary TB-- tuberculoma 


Tracheobronchial TB 


Tracheobronchial TB occurs in less than 2–4% of patients with pulmonary 
 TB.20  The  point  of  origin  for  tracheobronchial  TB  is  from  a  perforation  of 
 enlarged  node  into  bronchus.47  Occasionally  may  be  caused  by  lymphatic  and 
 haematogenous  spread  or  can  occur  due  to  extrinsic  compression  by  enlarged 
 nodes. Classic features of tracheobronchial TB are 


- Ulcero-granulomatouslesions;  


- Regions of infiltrated submucosa 
- Granulomatous polypoid lesions  
- Fibrotic stenoses after healing, and  
- Post-obstructive bronchiectasis. 



(45)Figure 11 – Irregular luminal narrowing if left main bronchus due 
 to tracheobronchial TB 


Bronchiectasis 


Bronchiectasis is defined as irreversible airway dilation often associated 
 with  bronchial  wall  thickening  that  involves  the  lung  in  either  a  focal  or  a 
 diffuse manner and there are three main types - cylindrical or the most common 
 form - tubular, varicose, or cystic. Focal type of bronchiectatic changes occurs 
 in  a  localized  area  of  the  lung  which  could  be  due  to  intrinsic  abnormality  in 
 the  bronchioles  or  due  to  extrinsic  compression.  Diffuse  type  typically 
 manifests  with  widespread  bronchiectatic  changes  throughout  the  lung  and 
 often the causative agent is usually underlying systemic diseases for example in 
 cases  of  cystic  fibrosis,  trachea-bronchomegaly  but  it  can  often  be  seen  in 
 tuberculosis48. 


Tuberculosis can result in inflammation followed by stenosis of bronchi 
or  bronchioles  causing  airway  obstruction,  stasis  of  secretions  and  thus 
resulting  in  bronchiectasis.  Similarly,  the  lumen  of  bronchioles  can  be 
obstructed  by  broncholith  or  granuloma.  The  enlarged  lymph  nodes  in 
tuberculosis  can  cause  extrinsic  compression  of  airways  resulting  in 



(46)bronchiectasis. Healing in tuberculosis occurs by fibrosis. The fibrotic strands 
 can  result  in  distortion  of  the  bronchiolar  walls  which  results  in  traction 
 bronchiectasis50. 


In  CT,  bronchiectasis  is  characterised  by  bronchial  dilatation  with 
 broncho-arterial ratio > 1, signet ring sign which refers to the dilated bronchus 
 in  comparision  to  adjacent  vessel, “finger  in  glove”  sign accumulation  of 
 secretions  within  the  dilated  bronchioles.  Depending  upon  the  type  of 
 bronchiectasis  there  are  various  signs  that  are  described.  Cylindrical 
 bronchiectasis  shows  the Tram-tracking  appearance  which  is  due  to  the  non-
 tapering  and  the  relative  uniform  diameter  of  the  bronchi.    Varicose 
 bronchiectasis produces the “String of pearls,” which is due to the presence of 
 alternating narrowing and dilatation of bronchi. Cystic bronchiectasis gives the 


“Cluster of grapes,” appearance to the marked rounded dilatation49. 


Broncholithiasis 


It  is  a  rare  complication,  due  to  rupture  of  a  calcified  pulmonary-
 peribronchial node into an adjacent bronchus. CT features are a calcified lymph 
 node  either  endobronchial  or  peribronchial  and  sometime  related  with  other 
 features like  


- Atelectasis  


- Obstructive pneumonitis 
- Obstructive bronchocele 
- Focal hyperinflation 
- Bronchiectasis.51



(47)MEDIASTINAL FEATURES 
 Lymphadenopathy  


Lymphadenopathy  denotes  to  nodes  that  are  abnormal  in  either  size, 
 consistency  or  numbers.  Main  reason  behind  this  is  proliferation  of  cells 
 normally  existing  within  the  node  in  response  to  foreign  antigens  or  by 
 invasion  or  propagation  of  either  inflammatory  or  neoplastic  cells  into  the 
 node.  A  node  in  the  mediastinum  is  considered  to  be  enlarged  when  its  short 
 axis diameter is more than 1 cm. Lymphadenopathy is commonly encountered 
 in primary pulmonary TB and in immunocompromised patients52,53. 


The most frequent site of adenopathy in TB is 
 - Right paratracheal region 


- Hilar lymph nodes  


Sometimes  isolated  mediatinal  and  bilateral  hilar  nodes  are  seen.  On 
 Contrast Enhanced CT, tuberculous nodes are seen which measures more than 
 1  cm  having  caseous  necrosis  which  is  depicted  by  areas  of  low  attenuation 
 with peripheral rim enhancement. Sometimes parenchymal infiltrates known as 
 Ghon’s  focus  are  associated  with  enlarged  nodes  in  2/3rd  cases  mainly  in 
 paediatric age group. Along with this sometime opacities in lung parenchyma is 
 seen in periphery, particularly in subpleural areas. 


Calcified  lymphadenopathy  -It  results  most  commonly  from  healed 
granulomatous infection and the calcification seen in granulomatous conditions 
has amorphous distribution. ‘Egg-shell calcification’ is uncommon. It consists 



(48)of  a  ring  of  calcification  around  the  periphery  of  a  lymph  node  and  occurs 
 typically in silicosis, coal-workers pneumoconiosis and sarcoidosis. 


Necrotic lymphadenopathy - The presence of enlarged lymph nodes with 
 areas of low attenuation seen within the node with peripheral rim enhancement, 
 which  is  due  to  the  presence  of  caseous  necrosis  and  granulomatous 
 inflammation within the nodes.  


Figure 13 – Necrotic mediastinal lymphadenopathy 
 Pericardial effusion 


Pericardial  effusion is  an  abnormal  accumulation  of  fluid  in 
the pericardial cavity. Because of the limited amount of space in the pericardial 
cavity, fluid accumulation  leads  to  an  increased  intra-pericardial  pressure 
which  can  negatively  affect heart function54,55.  A  pericardial  effusion  with 
enough pressure to adversely affect heart function is called cardiac tamponade. 



(49)Tuberculous pericarditis presents clinically 3 forms, namely 


•  Pericardial effusion 


•  Constrictive pericarditis 


•  A combination of effusion and constriction 


The  incidence  of  pericardial  involvement  in  tuberculosis  is  often  very 
 rare, which is about 1%. Pericardial involvement in TB occurs commonly due 
 to  extranodal  spread  of  lymphadenitis  into  the  pericardium  due  to  the  close 
 anatomic  relationship  between  the  lymph  nodes  and  the  posterior  pericardial 
 sac. The pericardium can also be affected in military TB. Pericardium can also 
 be involved by the direct extension of infection from tuberculous osteomyelitis 
 of sternum. On CT, pericardial thickening with or without effusion along with 
 mediastinal adenopathy are seen. 


Constrictive  pericarditis56can  occur  in  about  10%  of  tuberculous 
pericarditis. It is featured by fibrous or calcific thickening of pericardium. This 
prevents  normal  expansion  and  diastolic  function  of  heart.  CT  demonstrates 
pericardial thickening of measuring more than 3 mm with or without associated 
pericardial  effusion,  with  secondary  dilatation  of the  inferior  vena  cava,  acute 
angulation  or  sinus  or  sigmoid  configuration  of  the  interventricular  septum, 
which could be due to redundancy of interventricular septum due to restriction 
of ventricular expansion. Associated pericardial calcification can also be seen. 



(50)Fibrosing mediastinitis 


One another rare complication is tuberculous fibrosing mediastinitis  which 
 advances  insidiously  without  significant  clinical  symptoms.  The  CT  findings 
 include a  


- Mediastinal or hilar mass 
 - Calcification in the mass,  
 - Tracheo-bronchial narrowing 
 - Pulmonary vessel encasement, and  
 - Superior vena cava syndrome.57
 PLEURAL MANIFESTATIONS 
 Pleural effusion 


The pleural space lies between the visceral and parietal layers of pleura 
 and  normally  contains  a  very  thin  layer  of  fluid,  which  serves  as  a  coupling 
 system.  Pleural  effusion  is  an  excess  quantity  of  fluid  in  the  pleural  space. 


There are two types-transudate and exudate58.  
 Transudative pleural effusion 


•  Due to systemic factors 


•  Due to left ventricular failure and cirrhosis.  


Exudative pleural effusion  


•  Due  to  infections  like  tuberculosis,  bacterial  pneumonia,  viral 
pneumonia,  malignancy,  pulmonary  embolism,  lymphoma, 
connective tissue disorders 



(51)Exudative Pleuritis in TB 


A  common  finding  in  TB  is  pleuritis  particularly  exudative  pleuritis. 


Pleural  effusion  is  common  in  primary  TB~  38%,  it  is  less  common  in  post 
 primary  TB  in  which  the  incidence  is  about  18%.  TB  bacilli  can  reach  the 
 pleural space by many ways like juxta-pleural pulmonary due to ruptured sub-
 pleural focus or ganglio-pulmonary caseating granuloma, or via hematogenous 
 dissemination.  Mostly  pleuritis  is  always  related  with  parenchymal  or  nodal 
 disease 


Chest x-ray PA view, requires about 250ml of fluid to be present for the 
 effusion to become in radiograph. Lateral decubitus view can detect even 50 cc 
 of pleural fluid. CT is very sensitive in the detection of pleural effusion and it 
 also provides a comprehensive assessment of the entire pleura and extrapleural 
 structures. Even very small amount of effusion are detected in CT.  


Simple  small  pleural  effusions  can  be  seen  like  meniscoid  low-
 attenuation  fluid  density  collections  that  get  accumulated  in  the  dependant 
 portion.  Loculated  pleural  effusion  is  seen  as  a  lenticular  shaped  fluid-
 attenuation which could occur in the dependent portion or in the non-dependent 
 location. For the diagnosis of empyema, contrast enhanced CT is very helpful. 


Empyema often has a lenticular shape, smooth inner and outer margins, forms 
obtuse  angle  with  the  chest  wall,  causes  compression  of  the  adjacent  lung 
structures.  The split  pleura  sign in  empyema  refers  to  the  separation  of  the 
contrast  enhancing  visceral  and  parietal  pleura  by  the  low-  attenuating 



(52)loculated  fluid  density  effusion.  There  is  also  increased  attenuation  of  the 
 extrapleural fat in empyema. 


Empyema  may  occasionally  become  further  complicated  to  form 
 empyema necessitans in which the empyema enters the parietal pleura forming 
 a subcutaneous abscess 


Figure 14 – Loculated pleural effusion with pleural calcification 
 with localised chest wall abscess 


Pneumothorax  is  one  another  complication  in  around 5%  of  cases  with 
 postprimary  TB  and  is  always  associated  with  severe  cavitary  disease  and  the 
 cavity ruptures into the pleural cavity resulting in pneumothorax. 


Pleural thickening 


Pleural thickening refers to thickening of visceral or the parietal pleura 
which  occurs  when  there  is  scarring  or  granulomatous  inflammation  which 
thickens the pleura. As the scar tissue grows, it can encase the lung and close 
off  the  space  between  the  lungs  and  chest  wall59.  This  condition,  when 



(53)extensive  can  cause  a  significant  decline  in  breathing  function  and  is  often 
 termed as fibrothorax. On CT, fibrothorax seen as diffuse thickening of pleura 
 associated with volume loss without effusion. Sometime this thickening may be 
 associated  with  calcification.  It  can  occur  in  both  benign  and  malignant 
 conditions. The commonly encountered benign conditions include tuberculosis, 
 recurrent inflammation, following empyema, asbestos exposure or as a delayed 
 complication of haemothorax. Malignant conditions include mesothelioma and 
 metastases. 


In CT, pleural thickening can be noted as soft tissue density stripe which 
 is  at  least  1  mm  thick  and  is  seen  internal  to  the  ribs  and  the  innermost 
 intercostal muscles, and the paravertebral regions. Pleural should be assessed at 
 various  levels  and  should  be  assessed  outside  paraspinal  region  because  the 
 intercostal  vessels,  the  normal  thickened  extrapleural  fat  would  be  difficult  to 
 distinguish from the thickened pleura. The post-infectious thickening of pleura 
 commonly  occurs  in  association  with  tuberculosis  and  the  presence  of  other 
 associated findings such as parenchymal volume loss, scarring of parenchyma 
 and  the  presence  of  thickening  of  extrapleural  fat  helps  to  contribute  pleural 
 thickening to tuberculous etiology. 


Pleural calcification 


It is most often seen as the result of a remote hemothorax, pyothorax, or 
tuberculous effusion. It is often associated with thickening of pleura which can 
be extensive to involve the entire pleural surface60. The calcification may be in 
the  form  of  a  broad  contiguous  sheet  or  of  multiple  discrete  plaques.  Pleural 



(54)calcification can be seen as a manifestation of asbestosis, silicosis and talcosis 
 which  shows  characteristic  radiological  changes  in  the  parenchyma  that  helps 
 in  arriving  at  the  diagnosis.  It  is  often  bilateral  and  it  usually  occurs  in  the 
 parietal  pleura,  whereas  when  secondary  to  pyothorax  or  hemothorax,  it  may 
 also involve the visceral pleura. 


Bronchopleural Fistula61


Bronchopleural  fistula  can  be  seen  in  tuberculosis,  but  it  usually  occur 
 following  trauma  or  surgery.  It  can  occur  spontaneously,  possibly  due  to  the 
 occurance of open communication between the bronchus and the pleura due to 
 tuberculosis.  High  mortality  can  occur  in  these  patients.  Acute  presentation 
 occurs  due  to  the  toxicity,  or  spread  of  disease,  and  the  occurrence  of  tension 
 pneumothorax,  chronic  morbidity  occurs  due  to  repeated  seeding  and  due  to 
 massive aspiration of empyema fluid. 


The  clinical  diagnosis  is  suspected  based  on  increasing  sputum 
production  or  air  in  pleural  cavity  or  presence  of  changing  air-fluid  level  in 
radiographs.  CT  scan  can  demonstrate  the  presence  and  the  location  of 
communication  between  the  pleural  space  and  airways  or  the  communication 
between  the  pleural  cavity  and  the  lung  parenchyma  which  helps  in 
establishing the diagnosis. 



(55)RADIOLOGICAL FINDINGS OF ACTIVE PULMONARY TB 


The following radiological findings suggest the diagnosis of active pulmonary 
 TB 


Consolidation:  which  is  usually  seen  in  apical,  posterior  segments  of 
 upper lobes or superior segments of lower lobes 


Thick-walled cavity


Centriacinar nodular opacities suggesting endobronchial spread of TB 
 Miliary nodules 


Enlarged lymph nodes measuring more than 1 cm in short axis diameter 
which shows central necrotic area and peripheral contrast enhancement 
Pleural effusion and empyema 



(56)REVIEW OF EARLIER STUDIES 


A study was conducted by SH Kim et al with the objective of comparing the 
 CT findings of MDR-TB and drug-sensitive TB in HIV sero-negative individuals. 40 
 MDR-TB  patients  and  40  drug-sensitive  cases  were  included  in  the  study.  The  CT 
 images  were  analysed  for  the  presence  and  distribution  of  centrilobular  nodules, 
 cavity,  consolidation,  pleural  effusion  and  pleural  calcification,  bronchiectasis  and 
 lymphadenopathy. The lobar distribution of these findings were also analysed. It was 
 proved in their study that cavities were significantly more commonly seen in MDR-
 TB patients with a P value of 0.007. It was also proved that the cavities in MDR-TB 
 were more numerous in number and extensively involved both the lungs. But, it was 
 found that there was no statistical significance in the incidence of other findings such 
 as  consolidation,  bronchiectasis,  nodular  infilteration,  pleural  effusion, 
 lymphadenopathy  and  pleural  calcification.  It  was  concluded  in  their  study  that  the 
 presence  of  multiple  cavities  was  of  statistical  significance  and  it  could  help  in  the 
 early diagnosis and management of MDR-TB. 


Another  study  done  by  Shahram  Kahkouee  et  al62,with  the  objective  of 
analysing  the  imaging  features  of  MDR-TB  and  NTM  (Non-  Tuberculous 
Mycobacterium).  66  patients  who  were  sputum  AFB  positive  and  who  failed  to 
respond to first line anti-TB treatment were included in the study. Of these patients, 
43  patients  were  found  to  have  MDR-TB  and  23  patients  were  diagnosed  to  have 
NTM. CT chest was done and the findings were analysed and compared. It was found 
that  thick  walled  cavities  in  the  background  of  consolidation  was  more  commonly 
seen  in  MDR-TB,  whereas  cavity  with  intermediate  wall  thickness  cavities  with 
adjacent  satellite  nodules  were  commonly  seen  in  NTM.  The  presence  of 
fibrodestruction,  atelectasis,  pleural  thickening  were  more  commonly  seen  in  NTM. 



(57)Bronchiectasis  was  seen  in  equal  distribution  in  both  the  groups,  but  in  MDR-TB  it 
 was seen in background of fibrodestruction with predominant upper lobar distribution. 


Calcified lymph nodes were also commonly seen in MDR-TB. It was concluded in the 
 study  that  the  presence  of  multiple  cavities  especially  in  the  background  of 
 consolidation,  fibrodestruction,  calcified  parenchyma,  pleural  thickening  and 
 lymphadenopathy would strongly raise the possibility of MDR-TB. 


Zahirifard  et  al63  had  conducted  a  descriptive  study  on  the  radiological 
 manifestations on MDR-TB in HIV seronegative patients. 35 patients who were HIV 
 seronegative and sputum smear positive were included in the study.  It was observed 
 that  cavitary  lesions  and  nodular  infiltration  was  found  in  80%  of  these  patients. 


Pleural effusion was seen only in 93% of the individuals. On the further analysis of 
the cavities, it was found that multiple cavities with bilateral involvement was seen in 
93%  of  patients.  Hence,  it  was  concluded  that  multiple  cavities,  nodular  infiltration 
and pleural effusion was significantly more commonly seen in MDR-TB.



(58)      OBSERVATION 


Chart 1: Age distribution of patients in this study  


Patients in our study group are most commonly seen third to fifth decade. 


Chart 2:Age distribution in MDR-TB and DS-TB patients 
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(59)SEX DISTRIBUTION 


Table 1.Sex distribution in MDR-TB and DS TB 


SEX  MDR-TB  DS-TB 


MALE  47  132 


FEMALE  5  68 


Chart 3.Sex distribution in MDR-TB and DS TB 


Male: Female ratio is 2.45:1 
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(60)HISTORY OF INTAKE OF ATT 


Table 2:History of ATT intake between groups 
   


H/O ATT  MDR-TB  DS-TB 


YES  39  61 


NO  13  139 


        


P VALUE -0.001 
 ODDS RATIO - 6.8 
 CHI SQUARE TEST 


SIGNIFICANT 


Chart 4: History of ATT intake between groups 
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(61)SINGLE CAVITY 


Table 3: Distribution of Single cavity 
   


SINGLE CAVITY  MDR-TB  DS-TB 


PRESENT  15 (18.75%)  65 (81.25%) 


        


Chart 5: Distribution of single cavity 


Chart 6: Lobar distribution of single cavity 
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(62)MULTIPLE CAVITIES 


Table 4: Distribution of multiple cavities in MDR-TB and DS-TB cases 
   


MULTIPLE CAVITY  MDR-TB  DS-TB 


PRESENT  42 (81%)  75 (37.5%) 


ABSENT  10 (19%)  125 (62.5%) 


TOTAL  52 (100%)  200 (100%) 


        


P VALUE -0.001 
 ODDS RATIO – 7 


SIGNIFICANT 
 CHI SQUARE TEST 


Chart 7: Distribution of multiple cavities in MDR-TB and DS-TB cases 
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(63)Table 5: Lobar distribution of multiple cavities 
 MULTIPLE 


CAVITIES  LOBES 


RUL  RML  RLL  LUL  LINGULA  LLL 


MDR TB  35(67%)  10(19%)  5(9.5%)  25(48%)  8(15.3%)  12(23%) 
 DS-TB  54(27%)  7(3.5%)  1(0.5%)  22(11%)  8(4%)  4(2%) 


TOTAL  89  17  6  47  16  16 


      


P VALUE  0.001  0.001  0.001  0.001  0.003  0.004 


Chart 8: Lobar distribution of multiple cavities 
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(64)Table 6: Distribution of multiple cavities –Number-wise 


MULTIPLE CAVITIES  LESS THAN 5  MORE THAN 5 


MDR-TB  28(28%)  15(79%) 


DS-TB  71(72%)  4(21%) 


TOTAL  99(100%)  19(100%) 


P VALUE - 0.010 
 ODDS RATIO -6.53 


SIGNIFICANT 
 CHI SQUARE TEST 


Chart 9: Distribution of multiple cavities -Number wise 
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(65)CAVITY WITH INTERMEDIATE WALL THICKNESS 


Table 7 : Group wise distribution of Cavity with intermediate wall thickness 
   


CAVITY WITH INTERMEDIATE WALL THICKNESS   MDR-TB  DS-TB 


PRESENT  13 (25%)  50 (25%) 


P VALUE - 1.00 
 ODDS RATIO - 1.00 
 NON SIGNIFICANT 
 CHI SQUARE TEST 


Chart10 : Group wise distribution of Cavity with intermediate wall 
 thickness 
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(66)THICK WALLED CAVITY 


Table 8 : Group wise distribution of thick walled cavity 
   


THICK WALLED CAVITY  MDR-TB  DS-TB 


PRESENT  37(71%)  88(44%) 


ABSENT  15(29%)  112(56%) 


TOTAL  52(100%)  200 (100%) 


        


P VALUE -0.001 
 ODDS RATIO -3.1 


SIGNIFICANT 
 CHI SQUARE TEST 


Chart11 : Group wise distribution of thick walled cavity 
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