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AIM: To e valuate  th e  role  of MR Spe ctros copy (MRS) in th e  diffe re ntial diagnos is  of s pace  occupying le s ions
of brain, to ch aracte riz e  and to  grade  focal brain le s ions  de pe nding on fe ature s  of MR Spe ctros copy and to
corre late  th e  im aging findings  w ith  h is topath ological e xam ination. MATERIALS AND METHODS: Th e  s tudy w as
pe rform e d on a w h ole  body s ys te m  at 1.5 Te s la, us ing a de dicate d h e ad coil.  Multiplanar T1- and T2-w e igh te d,
diffus ion, gradie nt im age s , us ing s pin e ch o s e q ue nce s , pos t contras t s tudy and proton MR s pe ctros copy w as
pe rform e d in all cas e s . Single (STEAM AND PRESS ) and m ultivoxe ls  (CSI) w ith  variable  s iz e d ROI according
to s iz e  and location of le s ion w e re  us e d. RESULT: In cas e  of gliom as , MRS by us ing ch oline /cre atine  (Ch o/Cr)
ratio and N-ace tyl-L-as partate /ch oline  (NAA/Ch o) ratio prove d h e lpful in ch aracte riz ation and diffe re ntiating low
grade  from  h igh  grade  gliom as . All h igh -grade  gliom as  (n= 37) s h ow e d h igh  ch oline  and low  or abs e nt N-ace tyl-
L-as partate ,cre atine  along w ith  lipid and / lactate . N-ace tylas partate /ch oline  ratio w as  s ignificantly low e r and
ch oline /cre atine  ratio w as  s ignificantly h igh e r in h igh -grade  gliom as . Alanine  pe ak  w as  incre as e d in m e ningiom a
aiding in diffe re ntiating th e  e xtra axial le s ions . CONCLUSION: MR s pe ctros copy (MRS) is  h igh ly s e ns itive  in
ch aracte riz ing low  grade  from  h igh  grade  gliom as , pe ri le s ional infiltration and m ore  s pe cific in ch aracte riz ing
abs ce s s  w ith  lipid / lactate  pe ak s . It provide s  additional inform ation ove r conve ntional s tudy for e xtra axial tum ors
and non-ne oplas tic le s ions . It als o plays  a vital role  in pre -ope rative  as s e s s m e nt and m anage m e nt in ce re bral
m as s  le s ions  th us  m ay h e lp in avoiding  inte rve ntion innon-ne oplas tic le s ions .
Key words: MR s pe ctros copy, ch olin- cre atinine  ratio, alanine  pe ak , brain s pace  occupying le s ions .

ABSTRACT

Introduction

Intracranial m as s  le s ions  com pris e  a dive rs e  group
of le s ions . Th e  h igh  m orbidity and m ortality as s ociate d
w ith  th e m  ne ce s s itate s  th e ir e arly and accurate
diagnos is  to plan an e ffe ctive  th e rape utic re gim e n.
De s pite  th e  e xce lle nt s oft tis s ue  contras t provide d
by MRI, th e  s e ns itivity and s pe cificity w ith  w h ich  th is
m odality diffe re ntiate s  th e  intracranial m as s  le s ions
is  lim ite d due  to variou s  factors . Proton1H  M R
Spe ctros copy (MRS), by e valuation of ce ntral ne rvous
s ys te m  (CNS)  m e tabolite s  in vivo, is  us e d to grade

tum ors 1,2,3 and dis tinguis h  prim ary CNS ne oplas m s
from  m e tas tas e s , abs ce s s  and de m ye linating le s ions .
Spatially re s olve d m e tabolic data obtaine d from  1H
MRS provide s  inform ation w h ich  incre as e s  th e  diag-
nos tic accuracy of im aging s e q ue nce s  in pre dicting
th e  h is tology of intracranial m as s  le s ions . Single
voxe l proton MRS is  a re lative ly rapid m e th od for
obtaining inform ation about th e  m e tabolis m  in 4-8 cc
re gion w ith in th e  le s ion, h ow e ve r, it doe s  not addre s s
s patial h e te roge ne ity and is  unable  to con-tribute
tode fining th e  s patial e xte nt of th e  le s ion.4,5 Th e s e
factors  are  particularly im portant for planning focal
tre atm e nts  s uch  as  radiation and s urgical re s e ction
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and for follow ing th e  re s pons e  to th e rapy. To addre s s
th e s e  is s ue s , it is  ne ce s s ary to cons ide r m ultivoxe l
proton MRS im aging.
(Fig. 1) s h ow s  a typical proton MR s pe ctrum  from
th e  w h ite  m atte r of th e  ce ntrum  s e m iovale  of a h um an
brain acq uire d at a s h ort e ch o tim e  (TE) of 35 m s  at
3T. Me tabolite  s ignals  from  m obile  lipids  (Lip), lactate
(Lac), N-ace tylas partate  (NAA), cre atine  (Cr), alanine
and ch oline -containing com pounds  (Ch o), ce nte re d,
re s pe ctive ly, at 0.9  and 1.5, 1.3, 2.02, 3.03, 1.48 and
3.2 ppm , w e re  obtaine d . Diffe re ntiation of Lipid and
Lactate  pe ak s , w h ich  h ave  th e  s am e  pos itions , w as
bas e d on th e  as s um ption of th e ir diffe re nt dire ctions
on 1H -MRS w ith  TE 144 m s , th e re fore  any upw ard
dire cte d pe ak  locate d at 1.3 ppm  w as  cons ide re d as
pre dom inantly Lipid, w h e re as  any dow nw ard dire cte d
one  w as  de fine d as  Lactate . Myoinos itol pe ak  occurs
at 3.56 ppm  w h ile  Alanine  occurs  1.3 and 1.4 ppm
and th e re fore  m ay be  ove rs h adow e d by th e  pre s e nce
of lactate .6,7

Major diffe re ntials  of e nh ancing ce re bral le s ions  are
prim ary ne oplas tic le s ion ve rs us  inflam m atory and
infe ctive  le s ions . Brain abs ce s s  us ually s h ow  re duce d
le ve l of all m ajor m e tabolite s , including Ch o, Cr and
NAA, w h ile  ne oplas tic le s ions  s h ow  incre as e d Ch o
pe ak  w ith  re duce d NAA le ve ls .7,8 Lipid/lactate  pe ak
can be  obs e rve d in both  type s  of le s ions , but m ore
com m only in ne crotic le s ions  and abs ce s s  cavitie s .
H e nce  w e  aim  is  to e valuate  th e  role  of MR Spe ctros -
copy in th e  diffe re ntialdiagnos is  of s pace  occupying
le s ions  of brain,to ch aracte riz e  and to  grade  focal
brain le s ions  de pe nding on fe ature s  of MR Spe ctros -
copy and to corre late  th e  im aging findings  w ith  h is to-
path ological e xam ination.

Materials & Methods

Th e  pre s e nt s tudy cons is ting of 50 cas e s  of intra-
cranial m as s  le s ions  w as  done  in th e  pe riod from
May 2011 to April 2014. Th is  w as  a pros pe ctive  s tudy
and w e  us e d a w h ole  body MR s ys te m  w ith  1.5 Te s la
s tre ngth . A le s ion s iz e  of m ore  th an 1 cc (on MR)
w as  th e  inclus ion crite rion for s e le ction of patie nts
for proton M R s pe ctros copy. Th e  le s ions  w e re  cla-

s s ifie d as  intraaxial or e xtraaxial us ing conve ntional
MR findings . Diagnos is  of intracranial m as s  w as
confirm e d by s te re otactic biops y or pos tope rative
h is topath ological e xam ination. Th e  diagnos is  of
infe ctive  le s ions  w as  bas e d on h is topath ological
findings  or MR fe ature s , clinical pre s e ntation, ce re -
bros pinal fluid findings ,re s pons e  to s pe cific tre atm e nt
and  s upple m e nte d by follow  up MRI s tudy. Gliom as
of diffe re nt h is tologic type s  w e re  grade d I to IV,
according to th e  de gre e  of m alignancy. Grade  I and
II gliom as  w e re  tak e n toge th e r as  low -grade  and
grade  III and IV w e re  cons ide re d h igh -grade  gliom as .
M R im aging-m ultiplanar T1- and T2-w e igh te d,
diffus ion, gradie nt im age s , us ing s pin e ch o s e q ue n-
ce s , w e re  obtaine d in all patie nts . Pos t contras t s tudy
w as  pe rform e d in all cas e s . Proton MRS by Single
(STEAM AND PRESS) and m ultivoxe ls  (CSI) 31,
144, 270 MR s pe ctros copy w as  pe rform e d on 1.5
Te s la s canne r (SIEMENS MAGNETO M) us ing 8
ch anne l h e ad coil w ith  TR 2000, TE 31/144/288 w ith
flip angle  9 0 de gre e  be fore  or afte r contras t s tudy
w ith  variable  s iz e d ROIs  according to s iz e  and location
of le s ion. Multi-voxe l s pe ctros copic e xam inations
w e re  guide d by T1-w e igh te d or T2-w e igh te d im age s
and w h e re  ne e de d pos t gadolinium  T1-w e igh te d MRI
w as  us e d. Unde r th re e  dim e ns ional control th e
re ctangular 1H -MRS voxe l w as place d on th e  le s ion
w ith  avoidance  from  s ubcutane ous  fat, s k ull, and
ce re bral ve ntricle s . Th e  s iz e  of th e  voxe l us e d w as
20. 9 X 20.9 X 20 m m  (volum e : 8cc). Spatial s uppre -
s s ion puls e s  w e re  applie d to th e  outs ide s  of th e  voxe l
to re duce  s pe ctral contam ination, global and localiz e d
s h im m ing on th e  w ate r proton and optim iz ation of
th e  w ate r s uppre s s ion w as  done . In e ach  cas e  th e
re fe re nce  s pe ctrum  w ith  ide ntical s iz e  of th e  voxe l
w as  obtaine d from  th e  norm al appe aring w h ite  m atte r
of th e  ce re bral h e m is ph e re .

INCLUSION CRITERIA FOR STUDY

Patie nts  of all age s  w ith  clinical s us pe cte d diagnos is
of s pace  occupying le s ions  of brain w ith  a focal brain
le s ion on CT e xam ination w e re  include d.A le s ion
s iz e  of m ore  th an 1 cc (on MR) w as  th e  inclus ion
crite rion for s e le ction of patie nts  for proton MR
s pe ctros copy.

EXCLUSION CRITERIA FOR STUDY

1. Patie nts  los t /die d ove r follow  up pe riod w ith out
diagnos is .
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2. Patie nts  w ith out h is topath ological/ bioch e m ical/
s e rological diagnos is .
3. Patie nts  w h o h ad m e tallic im plants /cardiac
pace m ak e rs .

Result

H igh e s t incide nce  of patie nts  in pre s e nt s tudy w as
found in 21-30 &  41-50ye ars  group (16 % ) (Graph
1 and (Graph  2) illus trate s  th e  type s  of intracranial
m as s  le s ions  w ith  h igh e s t incide nce  of low  grade

Graph 1

Graph 2

Discussion

Magne tic Re s onance  Spe ctros copy (MRS) is  an
analytical m e th od e nable s  th e  ide ntification and
q uantification of m e tabolite s  in s am ple s .It provide
ph ys iological and ch e m ical inform ation ins te ad of
anatom y w h ich  is  give n by th e  late r. Protons  (1H )
are  th e  m os t us e d nucle i for clinical applications  in

gliom as  w as  note d (24% ). Re garding grading of
gliom a, out of 20 patie nts  w ith  gliom a, 12 h ad low
grade  gliom as  and 8 h ad h igh  grade  gliom as . Spe c-
tros copy findings  are  e num e rate d in (Tab. 3 A,B). In
cas e  of gliom as , MRS by us ing Ch o/Cr ratio and
NAA/Ch o ratio prove d h e lpful in diffe re ntiating low
grade  from  h igh  grade  gliom as . Me an value  of NAA/
Ch o ratio in h igh  grade  gliom a is  0.26 and low  grade

gliom a 0.67 s ugge s t s ignificant de cre as e  in NAA
w h ich  is  norm al m e tabolite  and s ignificant incre as e
in ch oline  w h ich  is  a m ark e r of ce ll prolife ration and
its  le ve l de pe nds  upon grade  of gliom a. Me an value
of Ch o/Cr ratio in h igh  grade  gliom as  w as  5.40 and
low  grade  gliom a w as  2.42 s ugge s t value  de pe nd
upon ce llular grow th  of tum or. In th e  pre s e nt s tudy,
NAA/Cr ratio did not provide  any s ignificant  corre -
lation w ith  th e  de gre e  of m alignancy. All h igh -grade
gliom as  (n= 37) s h ow e d h igh  ch oline  and low  or
abs e nt N-ace tyl-L-as partate , cre atine  along w ith  lipid
and/or lactate , w h e re as  low -grade  gliom as  (n = 23)
w e re  ch aracte riz e d by low  NAA and cre atine  and
h igh  ch oline  and pre s e nce  of only lactate . NAA / ch
ratio w as  s ignificantly low e r and ch /cr ratio w as
s ignificantly h igh e r in h igh -grade  gliom as .

Table 3A: Ch aracte riz ation of Gliom as  by Spe ctros copy

Low
grade
gliom a
(n=12)

Necrotic/
cystic
areas
(no. of
cases)

Lipid
peak

(no. of
cases)

Lactate
peak
(no of
cases)

Cho/Cr
ratio in
lesion

Destectable
NAA peak

in necrotic/
systic area

(no of
cases)

NAA/
Cho
ratio

in
lesion

NAA/
Cr

ratio
in

lesion

4 1 10 Me an
2.42

1 Me an
0.67

Me an
1.48

H igh
grade
gliom a
(n=8)

6 6 7 Me an
4.82

3 Me an
0.26

Me an
1.24

Table 3B: M e tabolite  s ignal inte ns ity ratio in Gliom a patie nts  by
s pe ctros copy

NAA/Ch o

Ratio
High grade (n=8) Low grade (n=12) P value

(Two
tailed)Mean SD SEM Mean SD SEM

0.26 0.13 0.0021 0.67 0.19 0.0030 0.000000

Ch o/Cr 4.82 1.71 0.3655 2.42 0.88 0.0645 0.000236

NAA/Cr 1.24 0.82 0.0841 1.48 0.73 0.0444 0.56139 4



Figure 1: MRS s h ow ing norm al s pe ctra. On contralate ral s ide
s pe ctra s h ow s  incre as e d lipid &  lactate  pe ak s  w ith  re duction in
Naa. Ch o is  w ith in norm al lim its  in a cas e  of  Tube rculous  abs ce s s .

Figure 2: An ill de fine d h e te roge nous ly e nh ancing le s ion in th e
le ft ce re be llum   appe aringpre dom ine ntly h ypo on T1 h ype r on T2,
w ith  no e /o diffus ion re s triction. MRS s h ow s  rais e  in Ch o &  Lactate
pe ak s , re duction in NAA. NAA /ch o-0.57, ch o/cr - 3.20, NAA /cr-

 1.58 s /o Low  grade  gliom a.

Figure 3: An ill de fine d h e te roge nous ly e nh ancing alte re d s ignal
inte ns ity m as s  le s ion in le ft frontal pe rive ntricular re gion appe aring

w ith  s urrounding m inim al e de m a &  m as s  e ffe ct involving th e
corpus  callos um  and e xte ns ion to oppos ite  frontal lobe  s /o Gliom a.
MRS s h ow s  rais e d CH O pe ak , w ith  re duce d NAA. NAA /ch o 0.67,

ch o/cr 2.42, NAA /cr 1.48. H PE re port-atypical Ple om orph ic
xanth oas trocytom a

Figure 4: W e ll de fine d h e te roge nous ly e nh ancing alte re d s ignal
inte ns ity m as s  le s ion s h ow ing both  s olid &  ne crotic com pone nts ,

bloom ing on GRE, no e /o diffus ion re s triction &  s urrounding
m ode rate  e de m a s /o Glioblas tom am ultiform e . MRS s h ow s  rais e d
Ch o & lactate  pe ak s  w ith  re duce d NAA. NAA /ch o - 0.26, ch o/cr-

5.4, NAA /Cr - 1.46. H PE re port - h igh  grade  gliom a.
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th e  h um an brain m ainly be caus e  of its  h igh  s e ns itivity
and abundance .1H  MR Spe ctros copy, by e valuation
of CNS m e tabolite s  in vivo, is  us e d to grade  tum ors
and dis tingu is h  prim ary CNS ne oplas m s  from
m e tas tas e s , abs ce s s  and de m ye linating le s ions . Th e
Ch o s ignal from  a ne oplas m  is  fre q ue ntly e le vate d
re lative  to th e  Cr s ignal (or th e  NAA s ignal) (Fig. 2).
Ch o s ignal is  als o typically e le vate d re lative  to th at

produce d by adjace nt norm al tis s ue s . In m any ins tan-
ce s , a Lactate  s ignal is  als o de te cte d. In our s tudy
NAA/Ch o ratio for low  grade  gliom as  w as  found to
be  0.67 ± 0.19  (Fig. 3) and for h igh  grade  gliom a
0.26 ± 0.13 w ith  p value  0.00000 m atch e s  w ith
Poptani e t al s tudy.8 Ch o/Cr and NAA /Cr ratio of our
s tudy als o m atch e s  w ith  Poptani s tudy in grading
gliom as  as  e num e rate d in (Tab. 3A, B). Pre s e nce  of
lipid in h igh  grade  gliom as in all 6 cas e s  and abs e nce
in 11 cas e  of low  grade  gliom as  s ugge s t pre s e nce
of m obile  lipid in ne croticpart, w h ich  is  h e lpful to
diffe re ntiate  h igh  grade  gliom as  from  low  grade  type .

Ch o e le vation is  pre s e nt at a tw o-fold gre ate r le ve l
in h igh  grade  gliom as  (Fig. 4) com pare d to low e r
grade s  of gliom as  and to norm al tis s ue  as  note d in

oth e r s tudie s .7,8,9  At le as t s om e  of th e  s pe ctros copic
ch aracte ris tics  of ne oplas ia, particularly Ch o s ignal
e le vation, h ave  be e n attribute d to ce llular prolife ration
and m ay occur in non-ne oplas tic le s ions   als o. H e nce
th e  e xte nt of Ch o s ignal e le vation m ay be  im portant.
Ne oplas tic le s ions  w ould be  e xpe cte d to s h ow  s ubs -
tantially m ore  e le vate d Ch o le ve ls  com pare d to m ore
be nign proce s s e s .9  H ow e ve r, th e re  is  no cle ar de fi-



Type Lipid Lactate
Amino
Acids,

Acetate

Reduced
NAA

Pyoge nic abs ce s s
(n = 1)

1 1 1 1

Tube rcular
abs ce s s  (n=1)

1 1 0 1

Tube rculom a
 (n=5)

5 1 0 5

Table 4: Ch aracte riz ation of infe ctive  le s ions  by Spe ctros copy

Figure 5: W e ll de fine d alte re d s ignal inte ns ity le s ion in th e  righ t
parie tal lobe  appe aring pre dom inantly h ypointe ns e  on T1 is ointe ns e
on T2 w ith  pe riph e ral ring e nh ance m e nt &  m ild pe rile s ional e de m a
s /o tube rculom a. MRS s h ow s  rais e d Lipid &  Lactate  pe ak s  w ith

re duction of Naa.
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nition of w h at le ve l of Ch o s ignal e le vation une q ui-
vocally re pre s e nts  tum or, could be  e s tablis h e d by
our s tudy. In our cas e s  of h igh  grade  gliom as  Ch o
pe ak  w as  e xtre m e ly h igh  and gradually incre as e s
from  low  to h igh  grade  of as  note d by Rande e tal.10

Th e  s e cond be s t dis crim inator be tw e e n low -grade
glial tum ors  and m alignant gliom as  w as  th e  am ount
of lipids  and lipid lactate  pe ak  as  it is  pre s e nt in all
glioblas tom am ultiform e  (GBM) and 15 of 19  grade
2-3 gliom as  and abs e nt in low  grade  gliom as .10,11

Th e  diffe re ntial diagnos is  of intracranial infe ctions
from  ne oplas tic dis e as e  w ith  1H -MRS h as  be e n
s ignificant as  ne oplas tic le s ions  produce  prom ine nt
Ch o s ignals , w h ile  abs ce s s e s  us ually do not.12,13,14

Furth e rm ore , abs ce s s e s  te nd to produce  prom ine nt
1H -MRS s ignals  from  a varie ty of am ino acids  as
obs e rve d by Grand e t al., th at are  not typically s e e n
in ne oplas m s , m os t lik e ly th e  products  of bacte rial
m e tabolis m .15

Re garding cys tic com pone nt of le s ion Ping at e l16

s tudie d  pyoge nic abs ce s s  and patie nt of ne crotic
cys tic tum or and found 1H -MRS and diffus ion w e igh -
te d im aging (DW I) are  us e ful for diffe re ntiating brain
abs ce s s  from  brain tum or, but  th e  latte r re q uire s
le s s  tim e  and is  m ore  accurate  th an is  1H -MRS. 1H -
MRS is  probably m ore  lim ite d in cas e s  of s m alle r
pe riph e ral le s ions , s k ull bas e  le s ions ,and tre ate d
abs ce s s e s . As  by pre vious  s tudie s 8,18 of tube rculom a
and tube rculous  brain abs ce s s e s  s h ow  only Lac and
lipid s ignals  (at 0.9  and 1.3 ppm ), w ith out any e vi-
de nce  of am ino acids . Am ino acid s ignals  th e re fore
appe ar to dis crim inate  pyoge nic from  tube rculous
abs ce s s  (Fig. 5), corre late d w ith  our s tudy re s ults  in
(Tab. 4).

th e s e  tw o le s ion type s  to be  q uite  s im ilar in appe a-
rance . Quantitative ly no s ignificant diffe re nce  in Ch o/
Cr ratio be tw e e n th e  tw o le s ion type s  w as  found.
H ow e ve r, NAA/Cr s ignal ratio (alth ough  low e r th an
norm al brain) w as  s ignificantly h igh e r in th e  de m ye -
linating le s ions .17 O ve rall, h ow e ve r, th e  diffe re nce
be tw e e n th e  tw o groups  de cline s .
Re garding contras t e nh ance m e nt and pe ri le s ional
s pe ctral analys is  w h ich  aids  in m anage m e nt of cas e s ,
all 8 cas e s  of h igh  grade  gliom as  (100% ) and 8 cas e s
of low  grade  gliom as  (66.66% ) s h ow e d path ological
s pe ctra not lim ite d to contras t e nh ancing are a
s ugge s ting infiltrative  nature  of le s ions , w ith  4 cas e s
of low  grade  gliom as  (33.33 % ) s h ow ing lim ite d to
contras t e nh ancing are a. Th e s e  4 le s ions  h ow e ve r,
s h ow e d no pe rile s ional e de m a. Pre s e nce  of path o-
logical s pe ctra lim ite d to contras t e nh ancing are a
w as  note d in all cas e  of m e tas tas e s , m e ningiom a,
s ch w annom a and abs ce s s  lik e  le s ions  s ugge s ting
non infiltrative  nature  of le s ion (Tab. 5 A,B).
Burts ch e r e t al18 de m ons trate d th at gliom as  and
lym ph om as  s h ow e d abnorm al s pe ctra outs ide  th e
are a of contras t e nh ance m e nt w h ile  non-as trocytic
circum s cribe d tum ors  (m e ningiom a, pine ocytom a,
m e tas tas is  and ge rm inom a) s h ow e d nopath ological
s pe ctra outs ide  th e  re gion of e nh ance m e ntas  note d
in our s tudy.
In m e tas tas is  Ch o/Cr ratio w as  found rais e d in all
le s ions   of s tudy s e rie s  (Me an - 4.20), w ith  pre s e nce  of
lipid pe ak  in 4 patie nts  and lactate  pe ak  in 4 patie nts
s ugge s ting ne cros is  w ith  rais e d ce llular m e tabolis m 19

Sh am ile  e t al17 e valuate d th e  us e  of 1H -MRS for dis tin-
guis h ing tum e factive  de m ye linating le s ions  (TDL)
from  ne oplas tic le s ions . Th e y found th e  s pe ctra from



Raised
Choline

Detectable
NAA
peak

Alanine
peak

Lipid
peak

Lactate
peak

Me ningiom a
(n = 8)

8 5 4 1 1

Sch w annom a
(n = 1)

1 1 0 0 1

Pituitary m acro-
de noam a (n = 6)

6 0 0 6 6

Pine oblas tom a 1 0 0 0 0

Table 7: Ch aracte riz ation of e xtra axial intracranial m as s  le s ions
by Spe ctros copy

Figure 6: A cas e  of bronch oge nic Carcinom a w ith  Multiple
pe iph e rally e nh ancing cys tic le s ions  in both  ce re bral h e m is ph e re s
w ith  dis proportionate  e de m a appe aring h ypo in T1, h ype r on T2,

no e /o diffus ion re s triction s /o cys tic m e tas tas is . MRS s h ow s
rais e d ch o &  lipid, lactate  pe ak s  w ith  Naa/Ch o w ith in th e  le s ion
w as  0.52 &  Naa/ch o in th e  pe ri tum oral e de m a is  >1. Th us  MRS

diffe re ntiate s  m e tas tas is  from  prim ary tum ours .

Figure 7A: W e ll de fine d e xtraxial m as s  le s ion in righ t t frontal
re gion w ith  dural tail s ign appe aring h ypo on T1, is o-h ype r on T2

w ith  h om oge nous  inte ns e  contras t e nh ance m e nt &  m ode rate
diffus ion re s triction s /o M e ningiom a. MRS s h ow s  rais e d Ch o, NAA
at th e  bas e  line , Alanine  pe ak  at 1.4 ppm  &  inve rte d double  lipid

lactate  pe ak . H PE re port-m e ningiom a

Figure 7B: A w e ll de fine d h e te roge nous  e nh ancing e xtraxial
m as s  le s ion in th e  CP angle  cis te rn w ith  w ide ning of th e  inte rnal
auditory m e atus  appe aring pre dom inantly is o on T1, h ype r on T2

& FLAIR w ith  both  s olid &  cys tic com pone nts  s /o acous tic
s ch w annom a. MRS s h ow s  rais e  in Ch o pe ak  and m ild rais e  in
lactatate  w ith  NAA in th e  bas e  line . No e /o alanine  pe ak  th us

diffe re ntiating it from  m e ningiom a.

(Tab. 6). All cas e s  of m e tas tas e s  s h ow e d path ological
s pe ctra lim ite d to contras te nh ancing are a (Fig. 6).
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(Tab. 7) s h ow s  th e  s pe ctral analys is  in e xtra axial
le s ions .In pre s e nt s tudy alanine  is  de te cte d in 50%
cas e s  of m e ningiom as . (Fig. 7A) com pare d to 9 2.3%

Type
Number of cases with
pathological spectra
(NAA/Cho < 1) limited
to the area showing
contrast enhancement

Number of cases with
pathological spectra
(NAA/Cho < 1) not limited
to the area showing
contrast enhancement

No. of
cases

Percen-
tage

No. of
cases

Percen-
tage

H igh  grade  gliom a(n=8) 0 0% 8 100%

Low  grade  gliom a(n=12) 4 33.33% 8 66.66%

M e tas tas e s  (n=5) 4 100% 0 0%

M e ningiom a (n=8) 8 100% 0 0%

Sch w annom a (n=1) 1 100% 0 0%

Abs ce s s  and tube rculom a
(n=7)

7 100% 0 0%

Oth e rs  (n=9 ) 9 100% 0 0%

Total 34 16

Table 5 A, B

Raised
Cho/Cr
Ratio

Lactate Lipid NAA/Cho > 1 in
peritumoral

edema

Me tas tas is
(n=5)

5 (Me an -
4.20)

4 4 5

Table 6: Ch aracte riz ation of m e tas tas e s  by Spe ctros copy

obs e rve d by Poptani e t al.8 Pre s e nt s tudy and Popta-
ni e t al8 re s ults  s h ow e d abs e nce  of alanine  pe ak  in
all cas e s  of s ch w annom as  as  note d in our s tudy
(Fig. 7 B). In m ore  m alignant tum ors  as  in PNET m as s



Figure 8A: MRS s h ow s  rais e d Ch o w ith  no s ignificant ch ange  in
Naa pe ak  in a cas e  of pine oblas tom a.

Figure 8B: MRS s h ow s  rais e d ch o pe ak , inve rte d double t lactate
pe ak  w ith  re ducion in Naa, Naa/ch o ratio is  re duce d, Ch o/crrais e d.

H PE re port m e dulloblas tom a

le s ions , (Fig. 8A, 8B)ch o pe ak  w as  incre as e d, Naa
de cre as e d or no s ignificant ch ange and e le vate d
lactate  or lipid pe ak s  w e re  note d as  by Sh e ron e t al.20
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MRS limitations: H ow e ve r, in vivo MRS h as  coars e
s patial re s olution due  to low  s ignal to nois e  ratio
(SNR) and is  not h e lpful in s m alle r s iz e  le s ions  and
le s ions  ne ar bone s /air s pace s . It h as  be e n difficult
to dis tinguis h  brain ne oplas ia from  oth e r le s ions
us ing 1H -MRS alone  accordingly, e ve n if 1H -MRS
prove s  to provide  an accurate  non-invas ive  diagnos is ,
caution s h ould be  e xe rcis e d in its  routine  application
in e xcluding ne oplas m .

re ntiation s olitary m e tas tas is  from  gliom a, pe ri le s io-
nal tum or invas ion w h ich  is  h e lpful in diffe re ntiating
as  w e ll for m anage m e nt. In cas e  of m ultiple  ring
e nh ancing le s ions  MRS h e lpe d in diffe re ntiation of
m e tas tas is  and abs ce s s  by s h ow ing pre s e nce  of
am ino acids , lipid, lactate . M RS s h ow e d borde rline
re s ults  in fe w  patie nts  of low  grade  gliom a and be nign
le s ions  s h ow ing borde r line  incre as e  in Ch o/Cr ratio.
MRS be ing a non-invas ive  tool plays  a vital role  in
pre -ope rative   as s e s s m e nt of ce re bral m as s  le s ions ,
h e nce  h e lpful in avoiding inte rve ntion in non-ne oplas -
tic le s ions .

Conclusion

MRS by us ing Ch o/Cr ratio and NAA/Ch oratio prove d
h e lpful in diffe re ntiating low  from  h igh  grade  gliom as
w ith  h igh  s ignificance  of NAA/Ch o, Ch o/Cr ratio and
poor corre lation of NAA/Cr ratio. MRS h e lpe d in diffe -
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