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Introduction

De te cting brain tum ors  at an e arly s tage  is  e xtre m e ly
be ne ficial to patie nt both  in te rm s  of patie nts  h e alth
and m onitory be ne fits . A s tudy s h ow s  th at a total of
57100 ne w  cas e s  of intracranial brain tum ors  w e re
diagnos e d in th e  ye ar 2012 in Europe  alone  h alf of
w h ich  w e re  glioblas tom as . Approxim ate ly 45000
de ath s  occurre d in th e  s am e  ye ar in Europe  due  to
com plications  re late d to brain tum ors .1
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BACKGROUND: Glioblas tom a (GBM) is  th e  m os t aggre s s ive  brain tum or, and de s pite  m ultim odal tre atm e nt
w ith  s urge ry, radiation and ch e m oth e rapy patie nts  ge ne rally s h ow  incurable  re laps e  of dis e as e . Th e  aim  of th e
s tudy w as  to de te rm ine  th e  diagnos tic accuracy of m agne tic re s onance  s pe ctros copy (MRS) in diagnos ing
glioblas tom a by tak ing h is topath ology as  a gold s tandard. MATERIALS AND  METH ODS: Th is  cros s -s e ctional
de s criptive  s tudy  w as  conducte d from  19 -12-2017 to 18-06-2018 e nrolling 83 patie nts . MR Spe ctros copy w as
pe rform e d th rough  s ingle  voxe l te ch niq ue  in all th e s e  patie nts . Initially, pos t contras t conve ntional MR im aging
w as  done  to localiz e  th e  le s ion and th e n voxe l w as  place d on volum e  of inte re s t. Spe cim e ns  of patie nts  unde rgoing
intracranial biops y in Sh ifa inte rnational h os pital Is lam abad w e re  s e nt for h is topath ological analys is  in path ology
de partm e nt and findings  of MRS w e re  com pare d w ith  h is topath ology re port. RESULTS: Patie nts  range d be tw e e n
30-70 ye ars  of age . M e an age  of th e  patie nts  w as  52.2 ± 12.6 ye ars . Th e re  w e re  49  m ale s  (59 % ) and 34 fe m ale s
(51% ). Me an duration of dis e as e  w as  2.0 ± 1.7 ye ar and m e an s iz e  of le s ion w as  54.3 ± 26.9  m m . Diagnos tic
accuracy of MR s pe ctros copy in diagnos ing glioblas tom a s h ow e d s e ns itivity 9 0.7% , s pe cificity 9 4.4% , pos itive
pre dictive  value  9 8.3% , ne gative  pre dictive  value  73.9 %  and diagnos tic accuracy w as  9 1.5% . Stratification w ith
re gard to age , ge nde r, duration of dis e as e  and s iz e  of le s ion w as  carrie d out. CONCLUSION: In conclus ion,
pre s e nt s tudy de m ons trate d a cle ar advantage  of m agne tic re s onance  s pe ctros copy for diagnos is  of glioblas tom a
w ith  s e ns itivity 9 0.7% , s pe cificity 9 4.4%  and diagnos tic accuracy 9 1.5% .
Ke y w ords : Glioblas tom a, MR s pe ctros copy, H is topath ology
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Gliom as  are  th e  m os t com m on prim ary intracranial
le s ions  re pre s e nting 81 %  of m alignant brain le s ions .2

Glioblas tom a is  th e  m os t com m on gliom a (45 %  of
all gliom as ) and h as  a 5 ye ar s urvival of 5% .2 Glio-
blas tom a or grade  IV as trocytom a w as  pre vious ly
k now n as  glioblas tom a m ultiform e . Curre ntly clinical
m anage m e nt of brain tum ors  and patie nts  s urvival
pe rce ntage  is  dire ctly de pe nde nt upon h is tological
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grading and tis s ue  diagnos is  w h ich  th e re fore  is  th e
gold s tandard. H ow e ve r th e re  are  s om e  lim itations
of h is topath ology, firs tly pote ntial s am pling e rror is
an inh e re nt e rror le ading to fals e  diagnos is . Se condly
any re s idual tum or cannot be  acce s s e d by h is to-
path ology.1

Advance m e nts  in m agne tic re s onance  im aging h as
m ade  it pos s ible  to m ak e  appropriate  diagnos is  of
various  intracranial le s ions  including glioblas tom as
in re ce nt ye ars . H ow e ve r MRI h as  a h igh  s e ns itivity
and low  s pe cificity, as  a re s ult of w h ich  th e re  are
m any brain tum ors  th at give  ris e  to diffe re ntial diag-
nos is . In orde r to incre as e  th e  s pe cificity of m agne tic
re s onance  im aging, MR s pe ctros copy h as  be e n
include d as  an auxiliary m e th od to com ple m e nt th e
MRI.3

Magne tic re s onance  s pe ctros copy allow s  non-invas ive
m e as ure m e nt of m e tabolite s  in tis s ue s . MR s pe ctros -
copy e nable s  com paris on of ch e m ical com pos ition
of norm al brain tis s ue  w ith  abnorm al tum or tis s ue .
Im portant m e tabolite s  m e as ure d in MR s pe ctros copy
are  lipids , lactate , ch oline , N-ace tyl as partate  (NAA),
am ino acids , alanine , cre atine  and m yinos itol. Th e
m e tabolite s  are  m e as ure d in units  parts  pe r m illion
(ppm ). M e tabolite s  h aving clinical s ignificance  in
diagnos is  of glioblas tom a include  ch oline , cre atine ,
Myo-inos itol, lipids , lactate  and N-ace tylas partate .4

Num be r of m e tabolic pe ak s  s e e n on th e  M R
s pe ctros copy varie s  w ith  TE us e d. NAA pe ak s  at 2.02
ppm  and is  a m ark e r of ne uronal inte grity. Ch oline
w h ich  is  a m ark e r of ce ll turn ove r pe ak s  at 3.22 ppm .
Cre atine  pe ak s  at 3 ppm  and is  an indicator of ce ll
m e tabolis m . Lipid and lactate  pe ak s  at 1.33 ppm .5,6

Se ns itivity and s pe cificity of MRS in de te cting tum ours
are  9 1.7%  and 9 4.3% , re s pe ctive ly.7

Th e  de finite  diagnos is  of a glioblas tom a is  s till bas e d
on biops y w h ich  is  m ore  favore d by clinicians  h ow e ve r
th e  MRS doe s  h e lp in narrow ing dow n th e  diffe re ntial
and to avoid unne ce s s ary biops ie s .

DURATION OF STUDY W ITH  DATES
Study w as  carrie d out ove r a pe riod of s ix m onth s
from  19 -12-2017 to 18-06-2018.

SAMPLE SIZ E
Th e  s am ple  s iz e  of 83 patie nts  w as  calculate d by
us ing 9 5%  confide nce  le ve l, 45%  pre vale nce  of
gliom as , 9 1.7%  s e ns itivity, 9 4.3%  s pe cificity w ith  9 %
pre cis ion le ve l.

SAMPLING TECH NIQUE
Non Probability, cons e cutive  s am pling

SAMPLE SELECTION
Inclus ion Crite ria
1. All patie nts  w ith  s us picion of glioblas tom a on MR
(as  pe r-ope rational de finition).
2. Age  30-70 ye ars
3. Both  ge nde rs

Exclus ion Crite ria
1. Th os e  patie nts  w h o w e re  los t to follow  up.
2. Pre gnant or bre as tfe e ding fe m ale s
3. Patie nts  w ith  h is tory of pre vious  brain s urge ry
4. Patie nts  w ith  M RS incom patible  pros th e s is  or
cardiac pace m ak e r h olde rs .
5. Patie nts  w ith  claus troph obia h is tory.
6. Patie nts  not w illing to unde rgo biops y of intracranial
le s ions .

DATA COLLECTION PROCEDURE
Afte r approval from  e th ical re vie w  com m itte e , patie nts
pre s e nting w ith  s us picion of glioblas tom a on MRS
(as  pe r-ope rational de finition) re fe rre d from  ne uro-
s urgical or ne urology de partm e nt and outpatie nt
de partm e nt fulfilling th e  inclus ion/e xclus ion crite ria
w e re  s e le cte d. MR Spe ctros copy w as  pe rform e d
th rough  s ingle  voxe l te ch niq ue  in all th e s e  patie nts .
Initially, pos t contras t conve ntional MR im aging w as
done  to localiz e  th e  le s ion and th e n voxe l w as  place d
on volum e  of inte re s t. Afte r w ate r s uppre s s ion, a
point-re s olve d s pe ctros copy (PRESS) te ch niq ue  w as
us e d for localiz ation and th e  s tudie s  w e re  obtaine d
w ith  param e te rs  including TE (e ch o tim e ) and TR
(re pe tition tim e ) of 135 and 1500 re s pe ctive ly. All th e
im age s  w e re  inte rpre te d by cons ultant radiologis ts
(w ith  at le as t 5 ye ars  of pos t-fe llow s h ip e xpe rie nce )
and look e d for pre s e nce  or abs e nce  fe ature s  of

Mate rial and M e th ods

STUDY DESIGN
Cros s -s e ctional de s criptive  s tudy

SETTING
De partm e nt of Radiology, Sh ifa Inte rnational H os pital,
Is lam abad.
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glioblas tom a (as  pe r-ope rational de finition). Spe ci-
m e ns  of patie nts  unde rgoing intracranial biops y in
Sh ifa inte rnational h os pital Is lam abad w e re  s e nt for
h is topath ological analys is  in path ology de partm e nt
and findings  of MRS w e re  com pare d w ith  h is topath o-
logy re port. All findings  w e re  com pile d on proform a
attach e d as  anne x-A.

DATA ANALYSIS PROCEDURE
All th e  data w e re  analyz e d w ith  SPSS ve rs ion 20.0.

Re s ults

A total of 83 patie nts  w e re  include d in th e  s tudy during
th e  s tudy pe riod of s ix m onth s  from  19 -12-2017 to
18-06-2018.

Duration (year)

 4

> 4

Total

Mean±SD

Number Percentage

72

11

83

86.7

13.3

100.0

2.0 ± 1.7

Table  1: Dis tribution of patie nts  by duration of dis e as e

Size (mm)

 50

> 50

Total

Number Percentage

41

42

83

49.4

50.6

100.0

Table  2: Dis tribution of patie nts  by s iz e  of le s ion (m m )

Table  3: Diagnos tic accuracy of MR s pe ctros copy in diagnos ing
glioblas tom a by tak ing h is topath ology as  gold s tandard

n = 83

Se ns itivity : a/a+ c  x 100   9 0.7%
Spe cificity : d/d+ b  x 100   9 4.4%
Pos itive  Pre dictive  Value  a/a+ b  x 100   9 8.3%
Ne gative  Pre dictive  Value : d/c+ d x 100   73.9 %
Diagnos tic accuracy a+ d/a+ d+ b+ c x 100   9 1.5%
Lik e lih ood ratio 16.3

Patie nts  range d be tw e e n 30-70 ye ars  of age . Me an
age  of th e  patie nts  w as  52.2 ± 12.6 ye ars . Th e re
w e re  49  m ale s  (59 % ) and 34 fe m ale s  (51% ). Me an
duration of dis e as e  w as  2.0 ± 1.7 ye ar and m e an

Magnetic resonance
Spectroscopy

Positive

Negative

Total

Histopathology (Gold Standard)
Total

59 (TP) a

6 (FN) c

65

60

23

83

Positive Negative

1 (FP) b

17 (TN) d

18

s iz e  of le s ion w as  54.3 ± 26.9  m m . Diagnos tic accu-
racy of MR s pe ctros copy in diagnos ing Glioblas tom a
s h ow e d s e ns itivity 9 0.7% , s pe cificity 9 4.4% , pos itive
pre dictive  value  9 8.3% , ne gative  pre dictive  value
73.9 %  and diagnos tic accuracy w as  9 1.5% .

Se ns itivity : a/a+ c  x 100   9 6.7%
Spe cificity : d/d+ b  x 100   9 2.3%
Pos itive  Pre dictive  Value  a/a+ b  x 100   9 6.7%
Ne gative  Pre dictive  Value : d/c+ d x 100   9 2.3%
Diagnos tic accuracy a+ d/a+ d+ b+ c x 100   9 5.4%

Magnetic resonance
Spectroscopy

Positive

Negative

Total

Histopathology (Gold Standard)
Total

30 (TP) a

1 (FN) c

31

31

13

44

Table  6: Stratification for ge nde r (Male ) Diagnos tic accuracy of
MR s pe ctros copy in diagnos ing glioblas tom a by tak ing

h is topath ology as  gold s tandard n = 49

Positive Negative

1 (FP) b

12 (TN) d

13

Se ns itivity : a/a+ c  x 100   9 6.7%
Spe cificity : d/d+ b  x 100   9 2.3%
Pos itive  Pre dictive  Value  a/a+ b  x 100   9 6.7%
Ne gative  Pre dictive  Value : d/c+ d x 100   9 2.3%
Diagnos tic accuracy a+ d/a+ d+ b+ c x 100   9 5.4%

Magnetic resonance
Spectroscopy

Positive

Negative

Total

Histopathology (Gold Standard)
Total

30 (TP) a

1 (FN) c

31

31

13

44

Table  5: Stratification for age  51-70 ye ars  Diagnos tic accuracy
of MR s pe ctros copy in diagnos ing glioblas tom a by tak ing

h is topath ology as  gold s tandard n = 44

Positive Negative

1 (FP) b

12 (TN) d

13

Se ns itivity : a/a+ c  x 100   85.2%
Spe cificity : d/d+ b  x 100   100%
Pos itive  Pre dictive  Value  a/a+ b  x 100   100%
Ne gative  Pre dictive  Value : d/c+ d x 100   50.0%
Diagnos tic accuracy a+ d/a+ d+ b+ c x 100   87.1%

Magnetic resonance
Spectroscopy

Positive

Negative

Total

Histopathology (Gold Standard)
Total

29 (TP) a

5 (FN) c

34

29

10

39

Table  4: Stratification for age  30-50 ye ars  Diagnos tic accuracy
of MR s pe ctros copy in diagnos ing glioblas tom a by tak ing

h is topath ology as  gold s tandard n = 39

Positive Negative

0 (FP) b

5 (TN) d

5
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Se ns itivity : a/a+ c  x 100   85.2%
Spe cificity : d/d+ b  x 100   100%
Pos itive  Pre dictive  Value  a/a+ b  x 100   100%
Ne gative  Pre dictive  Value : d/c+ d x 100   61.5%
Diagnos tic accuracy a+ d/a+ d+ b+ c x 100   88.1%

Magnetic resonance
Spectroscopy

Positive

Negative

Total

Histopathology (Gold Standard)
Total

29 (TP) a

5 (FN) c

34

29

13

42

Table  11: Stratification for s iz e  of le s ion (> 50m m ) Diagnos tic
accuracy of MR s pe ctros copy in diagnos ing glioblas tom a by tak ing

h is topath ology as  gold s tandard n = 42

Positive Negative

0 (FP) b

8 (TN) d

8

Se ns itivity : a/a+ c  x 100   87.5%
Spe cificity : d/d+ b  x 100   9 0%
Pos itive  Pre dictive  Value  a/a+ b  x 100   9 5.4%
Ne gative  Pre dictive  Value : d/c+ d x 100   75.0%
Diagnos tic accuracy a+ d/a+ d+ b+ c x 100   88.2%

Magnetic resonance
Spectroscopy

Positive

Negative

Total

Histopathology (Gold Standard)
Total

21 (TP) a

3 (FN) c

24

22

12

34

Table  7: Stratification for ge nde r (Fe m ale ) Diagnos tic accuracy
of MR s pe ctros copy in diagnos ing glioblas tom a by tak ing

h is topath ology as  gold s tandard n = 34

Positive Negative

1 (FP) b

9 (TN) d

10

Se ns itivity : a/a+ c  x 100   9 1.2%
Spe cificity : d/d+ b  x 100   9 3.3%
Pos itive  Pre dictive  Value  a/a+ b  x 100   9 8.1%
Ne gative  Pre dictive  Value : d/c+ d x 100   73.6%
Diagnos tic accuracy a+ d/a+ d+ b+ c x 100   9 1.6%

Magnetic resonance
Spectroscopy

Positive

Negative

Total

Histopathology (Gold Standard)
Total

52 (TP) a

5 (FN) c

57

53

19

72

Table  8: Stratification for duration of dis e as e  (= 4 ye ar) Diagnos tic
accuracy of MR s pe ctros copy in diagnos ing glioblas tom a by tak ing

h is topath ology as  gold s tandard n = 72

Positive Negative

1 (FP) b

14 (TN) d

15

Se ns itivity : a/a+ c  x 100   87.5%
Spe cificity : d/d+ b  x 100   100%
Pos itive  Pre dictive  Value  a/a+ b  x 100   100%
Ne gative  Pre dictive  Value : d/c+ d x 100   75%
Diagnos tic accuracy a+ d/a+ d+ b+ c x 100   9 0.9 %

Magnetic resonance
Spectroscopy

Positive

Negative

Total

Histopathology (Gold Standard)
Total

7 (TP) a

1 (FN) c

8

7

4

11

Table  9 : Stratification for duration of dis e as e  (> 4 ye ar) Diagnos tic
accuracy of MR s pe ctros copy in diagnos ing glioblas tom a by tak ing

h is topath ology as  gold s tandard. n = 11

Positive Negative

0 (FP) b

3 (TN) d

3

Se ns itivity : a/a+ c  x 100   9 6.7%
Spe cificity : d/d+ b  x 100   9 0%
Pos itive  Pre dictive  Value  a/a+ b  x 100   9 6.7%
Ne gative  Pre dictive  Value : d/c+ d x 100   9 0%
Diagnos tic accuracy a+ d/a+ d+ b+ c x 100   9 5.1%

Magnetic resonance
Spectroscopy

Positive

Negative

Total

Histopathology (Gold Standard)
Total

30 (TP) a

1 (FN) c

31

31

10

41

Table  10: Stratification for s iz e  of le s ion (= 50m m ) Diagnos tic
accuracy of MR s pe ctros copy in diagnos ing glioblas tom a by tak ing

h is topath ology as  gold s tandard n = 41

Positive Negative

1 (FP) b

9 (TN) d

10

Dis cus s ion

Glioblas tom as  m ultiform e  (GBM ), w orld h e alth
organiz ation (W H O) grade  IV gliom a, is  th e  m os t
com m on (54%  of gliom as ) and le th al prim ary m alig-
nant brain tum or in adults , w ith  one -ye ar and five -
ye ar s urvival rate s  of 33%  and le s s  th an 5% ,
re s pe ctive ly. O ne  im portant prognos tic factor of
m alignant gliom as  is  h is tological grade .9  Ste re otactic
ne e dle  biops y is  a com m only us e d m e th od for
obtaining tis s ue  diagnos is  of intracranial le s ions .10

Gliom a h e te roge ne ity cons is t of a com ple x inte rface
of norm al, inflam m atory, ne crotic, and m alignant

Figure  1: MR s pe ctros copy in a 32 -ye ar-old m an w ith  glioblas tom a.
Incre as e d ch oline  (Ch o)/N-ace tyl as partate  and Ch o/lipid ratio

(4.7 and 5.2, re s pe ctive ly). H is topath ologic e xam ination confirm e d
diagnos is .

Figure  2: T2-W  MRI/ MR s pe ctros copy s h ow s  an incre as e d
ch oline / de cre as e d NAA in a h is topath ological confirm e d cas e  of

m idline  glioblas tom a.
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tis s ue s . Th us , biops y from  diffe re nt re gions  of a gliom a
m ay yie ld diffe re nt grade s . Ste re otactic ne e dle  biops y
and re s e ction of gliom as  h ave  additional ch alle nge s
due  to conce rn for pos s ible  ne urologic com plications
from  dis turbance  in m otor and e loq ue nt brain re -
gions .11 Th e re fore , give n th e  prognos tic im plications ,
de ve loping noninvas ive  te ch niq ue s  to ide ntify th e
are a w ith  th e  h igh e s t grade  pote ntial prior to biops y
or re s e ction is  critical.
Re duce d NAA le ve l re fle cts  ne uronal los s  w h ile
e le vate d Ch o is  an indication of incre as e d ce ll turnove r
and is  e le vate d in dis e as e s  w ith  incre as e d ce llular
prolife ration lik e  m alignant gliom a.12,13

Studie s  h ave  s h ow n th at a cutoff value  of Ch o/NAA
ratio of 1.6 (NAA/Ch o ratio of 0.61) w as  able  to ide ntify
ne oplas m s  w ith  s e ns itivity of 86.1%  and s pe cificit y
of 81.8%  and to dis tinguis h  h igh -grade  from  low -
grade  gliom as  w ith  s e ns itivity of 74.2%  and s pe cificity
of 62.5% .8,14

Th e  critical biological ch aracte ris tic of a glioblas tom a
(GBM), th e  m os t fre q ue nt and s e rious  prim ary brain
tum or in adults  is  an ine vitable  progre s s ion afte r
tandard th e rapy w ith  th e  m e dian of 6.9  m onth s .15

GBM re curre nce , h ow e ve r, h as  ofte n s im ilar radiologic
ch aracte ris tics  on conve ntional MRI as  th e rapy-re late d
ch ange s , lik e  a ps e udoprogre s s ion (Ps P). Th us , th e
e arly and accurate  diagnos is  of GBM  re laps e
cons titute s  to be  an im portant clinical ne e d, e s pe cially
w h e n m ore  and m ore  pote ntially active  drugs  are
curre ntly be ing inve s tigate d for s alvage  tre atm e nt.
In com paris on w ith  s tandard s tructural MRI te ch ni-
q ue s , advance d im aging m e th ods , s uch  as  diffus ion-
w e igh te d im aging (DW I) w ith  appare nt diffus ion
coe fficie nt (ADC) m apping, and th e  proton MR
s pe ctros copy (MRS), allow  m uch  de e pe r and s till
non-invas ive  ins igh t into th e  inte rpre tation of brain
le s ions , re s ulting in gre ate r s pe cificity of diagnos tic
im aging.16

Th e  accurate  and tim e ly ide ntification of a tum or
re laps e  is  th e  m os t e s s e ntial pre re q uis ite  of an e fficie nt
s alvage  th e rapy e m ph as iz ing th e  im portance  of
pre cis e  as s e s s m e nt of th e  re s pons e  to th e  initial
tre atm e nt. W e ll-k now n difficultie s  w ith  dis tinguis h ing
be tw e e n a GBM re curre nce  and tre atm e nt re late d
ch ange s  caus e d by th e  adm inis tration of concom itant
RT and TMZ  (ps e udoprogre s s ion) or angioge ne s is
inh ibitors  (ps e udore s pons e )17 are  alre ady e xpre s s e d
in th e  curre nt RANO (Re s pons e  As s e s s m e nt in Ne uro-

Conclus ion

In conclus ion, pre s e nt s tudy de m ons trate d a cle ar
advantage  of m agne tic re s onance  s pe ctros copy for
diagnos is  of glioblas tom a w ith  s e ns itivity 9 0.7% ,
s pe cificity 9 4.4%  and diagnos tic accuracy 9 1.5% .
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