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Introduction

W orldw ide , 1.7 m illion pe ople  die  of tube rculos is  e ach
ye ar,1 w ith  ne arly 9  x 106 ne w  cas e s  of active  tube r-
culos is  (TB) are  diagnos e d, ris ing at an alarm ing rate
of one  pe rce nt pe r annum .2 M ajority i.e . 9 5%  of
tube rculos is  cas e s  and 9 8%  of de ath s  due  to tube r-
culos is  occur in poor countrie s  of As ia, Africa and
South  Am e rica.3 Am ong th e s e  re gions , 44%  of
South e as t As ian population is  tube rculos is  infe cte d.3

Microbiological de te ction of Acid Fas t Bacillus  (AFB)
re m ains  th e  gold s tandard for diagnos is  of active
tube rculos is ; th e  s e ns itivity of s putum  s m e ar for AFB
is  46-74% , and th at of th e  s putum  culture  is  2-9 5%
w ith  active  pulm onary dis e as e .4 Th e  national data
docum e nts  a yie ld of 10-22%  for s m e ar pos itivity in
active  pulm onary tube rculos is  in adults .5-6

Ch e s t radiograph y re m ains  th e  m ain im aging te ch -
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OBJECTIVE: To de te rm ine  th e  diagnos tic accuracy of H RCT (h igh e r re s olution CT s can) in e valuation of active
pulm onary tube rculos is  tak ing s putum  AFB as  gold s tandard. SUBJECT AND METH ODS: Patie nts  of e ith e r
ge nde r w ith  low  grade  fe ve r, productive  cough  for m ore  th an 3 m onth s  and h is tory of w e igh t los s  w e re  include d
in our s tudy. CT s can w ith  contras t w as  pe rform e d on Tos h iba Aq uilion w ith  120 KV and 250 m As , w ith  a h igh -
s patial-fre q ue ncy re cons truction algorith m , Slice  th ick ne s s  (1m m ), w indow  le ngth  - 550 &  w indow  w idth  1600
and patie nt pos itione d (s upine  and/or prone ). Diagnos tic accuracy of H RCT in e valuation of pulm onary tube rculos is
w as  de te rm ine d tak ing s putum  AFB as  gold s tandard. RESULTS: M e an age  of th e  patie nts  in our s tudy w as
33.74 ±10.69  ye ars . Se ve nty th re e  (77.7% ) patie nts  w e re  of <40 ye ars  of age , 9 2 (9 7.9 % ) h ad productive  cough
w h ile  w e igh t los s  w as  found in 51(54.3% ) patie nts . Se ns itivity and s pe cificity of H RCT tak ing AFB s m e ar as  a
gold s tandard w as  found to be  87.34%  and 9 3.33%  re s pe ctive ly. CONCLUSION: Th e  diagnos tic accuracy of
H RCT in e valuation of active  pulm onary tube rculos is  w as  found to be  h igh .
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niq ue  in th e  e valuation of pulm onary TB. It is  uns ur-
pas s e d in th e  am ount of inform ation it yie lds  in re lation
to its  cos t, radiation dos e , availability, and e as e  of
pe rform ance . H ow e ve r, plain ch e s t radiograph -bas e d
diagnos is  is  corre ct in only 34%  and 59 %  cas e s  of
prim ary pulm onary TB and pos t prim ary pulm onary
TB re s pe ctive ly.7 In one  s tudy, th e  s e ns itivity, s pe ci-
ficity, pos itive  pre dictive  value , ne gative  pre dictive
value  and diagnos tic accuracy of H RCT in de te cting
dis e as e  activity w e re  88% , 88% , 9 2% , 83%  and 88% ,
re s pe ctive ly.8

More  s o, H RCT is  m ore  s e ns itive  in de te ction of
m iliary nodule s ,9  to corre late  unde rlying path om or-
ph ological proce s s e s ,10 m ode  of s pre ad of th e  dis e as e
and s e q ue ntial m orph ological ch ange s  afte r anti-
tube rculos is  ch e m oth e rapy.11 Th ough  th e  ch e s t radio-
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graph y can de m ons trate  cavitation in 40-87%  of
patie nts , H RCT ch e s t h as  prove d to be  m ore  accurate
in de te ction of cavitation, particularly in cas e s
com plicate d by e xte ns ive  fibros is  and arch ite ctural
dis tortion.7,12,13

Alth ough  diagnos tic accuracy of H RCT findings  of
pulm onary TB h ave  be e n de s cribe d in varie d inte r-
national s tudie s , a s im ilar data in th e  local patie nts
is  non-e xis te nt. By ide ntification diagnos tic accuracy
of H RCT, in appropriate  clinical s e ttings  w ith  atypical
or s e e m ingly inactive  X-ray ch e s t fe ature s  and s m e ar
ne gative  PTB; th e  clinician can re ach  th e  pre s um ptive
diagnos is  of active  tube rculos is  and s tart e m pirical
th e rapy.

e xpe rie nce  of gre ate r th an 5 ye ars . H is tory of
s ym ptom s  and th e ir duration and findings  of th e
H RCT s can of e ach  patie nt w e re  re corde d in th e
proform a. Th e  patie nt s putum  for AFB findings  w as
colle cte d and note d in proform a.

Mate rial and M e th ods

It’s  a de s criptive  cros s -s e ctional s tudy conducte d at
Radiology de partm e nt, Jinnah  Pos t Graduate  Me dical
Ce nte r, Karach i. Th e  s tudy w as  duly approve d by
ins titutional re vie w  board. Th e  duration of s tudy w as
s ix m onth s . On th e  bas is  of e xpe cte d value s  (s e ns itivity
80.0% ,8 s pe cificity 80% ,8  pre vale nce  44% ,3  de s ire d
pre cis ion 10%  and confide nce  le ve l as  9 5% ) th e
e s tim ate d s am ple  s iz e  cam e  out to be  9 4 patie nts .
Sam pling te ch niq ue  is  non-probability cons e cutive
s am pling. Inclus ion crite ria include d patie nts  re fe rre d
by th e  ph ys ician of any age  and e ith e r s e x h aving
th e  follow ing s ym ptom s , fe ve r: low  grade  (100° to
100.5° F), cough : productive  for 3 m onth s  and h is tory
of w e igh t los s  ( 10%  of body w e igh t). W h ile  e xclus ion
crite ria include d pre gnancy, k now n ne oplas tic le s ion
and alre ady diagnos e d cas e  of tube rculos is .
Se q ue ntial re fe rre d patie nts  m e e ting th e  inclus ion
crite ria w e re  s e le cte d afte r tak ing inform e d cons e nt.
Approval from  e th ical com m itte e  w as  tak e n prior to
conduction of s tudy. Brie f h is tory w as  tak e n for
s ym ptom s  as  m e ntione d in th e  inclus ion crite ria and
th e ir duration. Afte r tak ing cons e nt for proce dure , CT
s can w ith  contras t w as  pe rform e d on Tos h iba Aq uilion
w ith  120KV and 250m As , w ith  follow ing protocols ,
a. h igh -s patial-fre q ue ncy re cons truction algorith m ,
s uch  as  bone  algorith m . b. Slice  th ick ne s s  (1m m ).
c. W indow  le ngth  -550 &  w indow  w idth  1600. d. patie nt
pos itioning (s upine  and/or prone ).
Inte rpre tation of CT s can w as  done  by s e nior
radiologis t on CT w ork s tation h aving pos t fe llow s h ip

Re s ults

A databas e  w as  de ve lope d on s tatis tical pack age  of
s ocial s cie nce  (SPSS Ve rs ion 11). Th e  age  of patie nt
and duration of s ym ptom s  w e re  pre s e nte d by m e an
± S.D. Fre q ue ncy and pe rce ntage  w as  calculate d for
ge nde r, h is tory of fe ve r, cough , and w e igh t los s . Diag-
nos tic accuracy of H RCT in e valuation of pulm onary
tube rculos is  w as  de te rm ine d by com paring w ith  th e
gold s tandard s putum  for AFB. Stratification w as  done
w ith  re gard to age , ge nde r and duration of s ym ptom s
to s e e  th e  e ffe ct of th e s e  on outcom e s .
Nine ty four patie nts  m e e ting th e  inclus ion crite ria
w e re  re cruite d in our s tudy. Me an age  of th e  patie nts
in our s tudy w as  33.74 ye ars  w ith  th e  s tandard
de viation of ±10.69  ye ars . Th e  m inim um  age  w as  22
ye ars , w h ile  m axim um  age  of 62 ye ars  w as  notice d
as  s h ow n in (Tab. 1). M e an duration of s ym ptom s  of
pulm onary tube rculos is  w as  3.7 m onth s  w ith  th e
s tandard de viation of ± 0.9 9  m onth s . Minim um  duration
of s ym ptom s  w as  3 m onth s , w h ile  m axim um  duration
of s ym ptom s  w as  6 m onth s  notice d in our s tudy.
(Tab. 1).

Mean

Age of the Patients (in years)

Duration of Symptoms (in months)

33.74

3.70

Table  1: Age  of th e  patie nts  and age  of th e  patie nts  and duration
on s ym ptom s

S.D

±10.69

±0.99

Minimum

22

3

Maximum

62

6

Age  dis tribution s h ow s  th at, 73 (77.7% ) w e re  of <40
ye ars  of age , w h ile  ge nde r dis tribution s h ow s  th at,
78 (83% ) patie nts  w e re  m ale .
As  far as  s ym ptom s  are  conce rne d, low  grade  fe ve r
w as  found in 75 (79 .8% ) patie nts , cough  9 2 (9 7.9 % ),
w h ile  w e igh t los s  w as  found in 51 (54.3% ) patie nts .
(Fig. 1) (Graph  1).
AFB s m e ar pos itive  w as  found in 79  (84% ) patie nts ;
w h ile  H RCT w as  pos itive  in 70 (74.5% ) cas e s .
(Fig. 2) (Graph  2).
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Figure  1: As pe rgillom a: A) Ch e s t film  s h ow s  tw o cavitie s , partially
occupie d by fungus  balls , in th e  righ t uppe r lobe  de ve lope d w ith in
an are a of cons olidation, B) H RCT de m ons trate s  a th in w alle d
cavity in th e  righ t uppe r lobe  coloniz e d by an as pe rgillom a and
C) on conve ntional tom ograph y intracavity nodular opacitie s  are
pre s e nt in both  uppe r lobe s , s e parate d from  th e  cavity w all by a

cre s ce nt of air (arrow ). Figure  2A: Ch e s t Film
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Graph  1: Diagnos tic accuracy of H RCT in e valuation of pulm onary
tube rculos is



O ve rall diagnos tic accuracy of H RCT is  s h ow n in
(Tab. 2). Se ns itivity and s pe cificity w as  found to be
87.34%  and 9 3.33%  re s pe ctive ly. Pos itive  pre dictive
value  and ne gative  pre dictive  value  w as  found to be
as  9 8.57%  and 58.33%  re s pe ctive ly.

AFB

HRCT

Positive

Negative

Total

Table  2: Ove rall diagnos tic accuracy of H RCT

Positive Negative Total

69

10

79

1

14

15

70

24

94

Se ns itivity = 87.34%
Spe cificity = 9 3.33%
Pos itive  pre dictive  value  = 9 8.57%
Ne gative  pre dictive  value  = 58.33%
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Figure  2b: H RCT
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Graph  2A: Sputum  for AFB findings

Graph  2B: H RCT findings

Diagnos tic Accuracy of H RCT in < 40 ye ars  of age
patie nts  as  s h ow n in (Tab. 3), h ad 9 7.10%  and 100%
s e ns itivity and s pe cificity re s pe ctive ly, w h ile  in 40
ye ars , s e ns itivity and s pe cificity w as  25%  and 9 2.3%
re s pe ctive ly. (Tab. 3)
Diagnos tic Accuracy of H RCT in m ale  ge nde r h ad
86.36%  and 9 1.6%  s e ns itivity and s pe cificity
re s pe ctive ly, w h ile  in fe m ale s , s e ns itivity and s pe cificity
w as  9 2.3%  and 100%  re s pe ctive ly. (Tab. 4)
Diagnos tic Accuracy of H RCT in duration of s ym ptom s
3 m onth s  h ad 9 0.69 %  and 9 3.33%  s e ns itivity and
s pe cificity re s pe ctive ly, w h ile  in duration of s ym ptom s
>3 m onth s , s e ns itivity and s pe cificity w as  83%  and
100%  re s pe ctive ly. (Tab. 5)

Age Group <40 years

HRCT

Positive

Negative

Total

Table  3: Age  groups  &  diagnos tic accuracy of H RCT

AFB

67

2

69

Age Group 40 years

Positive Negative Total

AFB

2

6

8

Positive Negative Total

0

4

4

67

6

73

1

12

13

3

18

21

Se ns itivity = 9 7.10%
Spe cificity = 100%
Pos itive  pre dictive  value  = 100%
Ne gative  pre dictive  value  = 66.66%

Se ns itivity = 25%
Spe cificity = 9 2.30%
Pos itive  pre dictive  value  = 66.66%
Ne gative  pre dictive  value  = 66.66%

Male

HRCT

Positive

Negative

Total

Table  4: Ge nde r &  diagnos tic accuracy of H RCT

AFB

57

9

66

Female

Positive Negative Total

AFB

12

1

13

Positive Negative Total

1

11

12

58

20

78

0

3

3

12

4

16

Se ns itivity = 86.36%
Spe cificity = 9 9 .16%
Pos itive  pre dictive  value  = 9 8.27%
Ne gative  pre dictive  value  = 55%

Se ns itivity = 9 2.30%
Spe cificity = 100%
Pos itive  pre dictive  value  = 100%
Ne gative  pre dictive  value  = 75%

Duration of Symptoms 3

HRCT

Positive

Negative

Total

Table  5: Duration of s ym ptom s  &  diagnos tic accuracy of H RCT

AFB

39

4

43

Duration of Symptoms >3

Positive Negative Total

AFB

30

6

36

Positive Negative Total

1

14

15

40

18

58

0

0

0

30

6

42

Se ns itivity = 9 0.69 %
Spe cificity = 9 3.33%
Pos itive  pre dictive  value  = 9 7.5%
Ne gative  pre dictive  value  = 77.77%

Se ns itivity = 83.33%
Spe cificity = 0%
Pos itive  pre dictive  value  = 100%
Ne gative  pre dictive  value  = 0%
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ph y can de m ons trate  cavitation in 40-87%  of patie nts ,
H RCT ch e s t h as  prove d to be  m ore  accurate  in
de te ction of cavitation, particularly in cas e s
com plicate d by e xte ns ive  fibros is  and arch ite ctural
dis tortion.7,12,13

Th e  h igh  cos t and conce rns  about th e  radiation
e xpos ure  of H RCT lim it th e  us e fulne s s  of th is  te s t.
One  pre vious  s tudy inve s tigating th e  cos t-e ffe ctive ne s s
of H RCT in th e  diagnos is  of PTB20 re porte d th at
H RCT play s ignificant role s  in th e  m ode rate  or h igh
PTB probability s e tting com pare d w ith  th e  low  PTB
probability s e tting. Cons ide ring th e  h igh  s pe cificity of
our s tudy, H RCT w ould be  us e ful in a h igh  TB burde n
country.
One  re curring dile m m a in th e  practice  of re s piratory
m e dicine  in Pak is tan is  th e  diffe re ntiation of tube r-
culos is  from  oth e r caus e s  of lung dis e as e s . TB is  a
gre at m im ick e r and h as  a m yriad of clinical and
radiological pre s e ntations . Th e  trans bronch ial dis s e -
m ination of TB w ith  lym ph atic and pe rilym ph atic
involve m e nt of th e  lung inte rs titium  is  s om e tim e s
difficult to dis tinguis h  from  oth e r caus e s  of inte rs titial
abnorm alitie s  as  de m ons trate d on plain ch e s t X-rays .
H RCT plays  a vital role  in diffe re ntiating granulom atous
proce s s e s  from  oth e r DPLDs .21,22 Alth ough  th e
fe ature s  of TB s uch  as  ce ntrilobular nodularity and
‘tre e  in bud” appe arance s  are  not path ognom onic,
th e y are  dis tinctive  e nough  to s trongly s ugge s t TB.23,24

Dis cus s ion

Th e  age  of patie nt and duration of s ym ptom s  w e re
pre s e nte d by m e an ± S.D. Fre q ue ncy and pe rce ntage
w as  calculate d for ge nde r, h is tory of fe ve r, cough ,
and w e igh t los s . Diagnos tic accuracy of H RCT in
e valuation of pulm onary tube rculos is  w as  de te rm ine d
by com paring w ith  th e  gold s tandard s putum  for AFB.
Stratification w as  done  w ith  re gard to age , ge nde r
and duration of s ym ptom s  to s e e  th e  e ffe ct of th e s e
on outcom e s . M illion pe ople  die  of tube rculos is  e ach
ye ar,1 and ne arly 9  x 106 ne w  cas e s  of active  tube r-
culos is  (TB) are  diagnos e d, ris ing at an alarm ing rate
of one  pe rce nt pe r annum .2

Se ve ral pre vious  s tudie s  e valuate d clinical ch arac-
te ris tics  and s coring s ys te m s  for th e  diagnos is  of
s putum  s m e ar-ne gative  PTB.14-16 Sam b e t al.14

re porte d inde pe nde nt pre dictors  of active  PTB
including a ch ronic cough  las ting longe r th an 3 w e e k s ,
ch e s t pains  longe r th an 15 days , abs e nce  of s putum ,
and abs e nce  of dys pne a, and Le e  e t al.16 re porte d
th at th e  lack  of s putum  w as  a pos itive  pre dictor of
active  PTB. But e ve n in th e s e  s tudie s , th e  s pe cificity
of th e  clinical pre dictors  or s coring s ys te m  w as  low ,
and th e  PPV w as  re porte d at a m e re  50% .
De s pite  be ing le s s  infe ctious  th an s putum  s m e ar-
pos itive  PTB, s m e ar-ne gative  PTB s e rve s  as  an
im portant caus e  of trans m is s ion in com m unitie s  by
de laying diagnos is  and pre cluding initiation of
tre atm e nt and ofte n le ads  to com plications  of irre -
ve rs ible  lung dam age  in infe cte d individuals .17 Mat-
s uok a e t al.18 s tate d th at CT findings  in s putum  s m e ar-
ne gative  patie nts  diffe re d from  th os e  in s m e ar-pos itive
patie nts  and s ugge s te d th at CT findings  are  not h e lp-
ful in judging s putum  s m e ar-ne gative  TB s us pe cts .
In pre vious  s tudie s , H RCT h ad a s e ns itivity of 60-
80%  and a s pe cificity of 50-70% .16,19 ,20 Our re s ults
indicate  th at H RCT h as  a s im ilar s e ns itivity of 87.34%
and s pe cificity of 9 3.33% . In one  s tudy, th e  s e ns itivity,
s pe cificity, pos itive  pre dictive  value , ne gative  pre dictive
value  and diagnos tic accuracy of H RCT in de te cting
dis e as e  activity w e re  88% , 88% , 9 2% , 83%  and 88% ,
re s pe ctive ly.8

More  s o, H RCT is  m ore  s e ns itive  in de te ction of m iliary
nodule s ;9  to corre late  unde rlying path om or-ph ological
proce s s e s ,10 m ode  of s pre ad of th e  dis e as e  and
s e q ue ntial m orph ological ch ange s  afte r antitube r-
culos is  ch e m oth e rapy.11 Th ough  th e  ch e s t radiogra-

Conclus ion

Th e  diagnos tic accuracy of H RCT in e valuation of
active  pulm onary tube rculos is  w as  found to be  h igh .
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