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ABSTRACT

Background and Objective: Brain tumours account for major portion of neurosurgical disease burden.
The outcome of the patient depends on preoperative neurologic deficits and imaging features in magne-
tic resonance imaging which is very helpful for evaluation of brain tumours. Magnetic resonance spec-
troscopy is even more beneficial in making a plan for extent of resection. The present study was design-
ned to compare the histopathological diagnosis using pre-operative Magnetic resonance imaging (MRI)
and Magnetic resonance spectroscopy (MRS) diagnosis for primary brain tumors and to find if one
technique is better than the other.

Methods: This study was conducted at Neurosurgery department Jinnah Hospital Lahore in collabo-
ration with the Pathology department, Allama Igbal medical college and Radiology department Jinnah
Hospital Lahore from January 2014 to December 2016. Fifty patients provisionally diagnosed as low
and high grade primary brain tumor on MRI and MRS were included in the study before surgical bio-
psy or resection. Tissue for histopathology was obtained via biopsy or resection and all enrolled tumors
were graded according to WHO criteria. Histopathological diagnosis was compared with the pre-ope-
rative diagnosis after application of Chi square test. The sensitivity, specificity, positive predictive value
and negative predictive value of MRI and MRS were also calculated in radiological diagnosis charac-
terization.

Results: The age of patients ranged from 4 to 62 years. Out of the total, 30 (60%) patients were male
and 20 (40%) were female. Among all, 35 (70%) patients were having supratentorial brain tumors and
15 (30%) as infratentorial brain tumors. MRI and MRS revealed 20 (57.2%) patients of supratentorial
group had Glioma features and among them 13 (65%) had high grade while 7 (35%) were low grade.
Among infratentorial group, 9 (60%) patients had medulloblastoma features with 7 (77.8%) patients
having high grade and 2 (22.2%) patients have low grade. These MRI and MRS features were compared
with histopathological diagnosis and no significant difference was found (p-value > 0.05). Sensitivity,
specificity, positive predictive value and negative predictive value of MRI and MRS in detecting tumor
necrosis were 95 %, 74%, 77% and 90% respectively.

Conclusion: Pre-operative MRI and MRS are effective in accurate characterization of primary brain
tumors which was confirmed by histopathology.

Key Words: Magnetic resonance imaging (MRI), Primary brain tumor, Magnetic resonance spectro-
scopy (MRS).

INTRODUCTION

In the modern era of neurosurgery, brain tumors
account for the major portion of neurosurgical dise-
ases. They can be divided into intra and extra-axial
tumors depending on the location with respect to
neuronal tissue.! In the United States it accounts for
9.5/100,000 cases.2 Common clinical presentations of
brain tumors are headache, vomiting, seizures, beha-
vioral changes, vertigo, neurological deficits etc.3 Glio-
mas are the most common brain tumors followed by

meningiomas. The outcome of patient with brain tum-
ors depends on the pre-operative neurological deficit
and imaging features on Magnetic Resonance Imaging
(MRI). Pre-operative imaging used for evaluation of
brain tumors can help the neurosurgeon’s plan for
attaining the safest resection which is essential for the
possible functionally active life after surgery.4 The ima-
ging techniques are getting better day by day just like
the evolving technique of neurosurgery. MRI is the
modality of choice for accurate pre-operative diagnosis

20 Corresponding Author: Dr. Usman Ahmad Kamboh

Assistant Professor, Neurosurgery Department, Jinnah Hospital, Lahore.

Biomedica Vol. 34, Issue 1, Jan. — Mar., 2018



COMPARISON OF HISTOPATHOLOGIC FEATURES WITH PRE OPERATIVE MAGNETIC RESONANCE IMAGING AND MAGNETIC

due to its multiplanar capabilities and better contrast
resolution as compared to CT scan. The addition of
Magnetic Resonance Spectroscopy (MRS) in pre-ope-
rative imaging is even more beneficial in making a
plan for accurate extent of resection. Moreover, its uti-
lization for evaluation of brain tumors has increased
because it provides much more information about
tumor activity and nature of tumor tissue compared to
standard MRI alone. MRS findings are based on the
metabolites of tumor tissue and various peaks on MRS
help the operating surgeon. Creatine, choline, N-ace-
tylaspartate (NAA)etc. are the common metabolites
studied on MRS. Gliomas/Astrocytomas have variety
of histological characteristics i.e. variable cellular and
nuclear pleomorphism, vascular proliferation, necrosis
and mitotic activity.5 The pattern of MRS peaks can
help to determine neoplastic nature of tumor e.g. Incr-
eased Cho/Cr ratio, decreased NAA and presence of
lactate.6 Astrocytomas are classified into low grade,
anaplastic and GBM (Glioblastoma Multiforme).” Gra-
ding of astrocytoma is essential for the decision of sur-
gery, post-operative adjuvant treatment and functional
outcome.8 Accurate pre-operative diagnosis is of imm-
ense importance in planning the limits of maximal safe
resection.9 A patient diagnosed as a case of primary
brain tumor has concerns regarding complete resect-
ion for which the pre-operative diagnosis is very impo-
rtant.1© This study was designed to determine the sen-
sitivity and specificity of MRI and MRS in diagnosis of
characteristics of brain tumors and comparing it with
the final histopathological diagnosis.

MATERIALS AND METHODS

This study was conducted at Neurosurgery department
Jinnah Hospital Lahore, Pathology department AIMC
and Radiology department Jinnah Hospital Lahore
from January 2014 to December 2016. Fifty patients
who were diagnosed as cases of primary brain tumors
were included in the study. MRI and MRS were obtai-
ned and provisional diagnosis was made on the basis
of radiological features. Patients were divided accord-
ing to age, sex, location and characteristics of the tum-
or i.e. high grade or low grade. On the basis of MRI
and MRS features, treatment modality was planned
and patients underwent surgical resection ranging
from simple biopsy to gross total resection and results
were compared with histopathological diagnosis. Spe-
cimens were sent and processed primarily in Pathology
department Jinnah hospital Lahore. Few specimens
were sent to other private laboratories. Their reports
were followed. The tumors were classified according to
2007 WHO classification of CNS tumors. Grading of
the tumors was done according to WHO grading sche-
me (Fig. 1). Grade I applies to lesions with low prolife-
rative potential. Neoplasms designated grade II are
generally infiltrative in nature and exhibit low-level
proliferative activity. The designation WHO grade III

is generally reserved for lesions with histological evi-
dence of malignancy, including nuclear atypia and bri-
sk mitotic activity. The designation WHO grade IV is
assigned to cytologically malignant, mitotically active,
necrosis-prone neoplasms which may show widesp-
read infiltration of surrounding tissue and a propensity
for craniospinal dissemination. Grade 1 and Grade 2
tumors are classified as low grade. Grade 3 and Grade
4 tumors are classified as high grade. Histopathologi-
cal diagnosis was compared with the pre op diagnosis
after application of Chi square test. The sensitivity,
specificity, positive predictive value and negative pre-
dictive value of MRI and MRS were also calculated in
radiological diagnosis characterization.

RESULTS

A total of fifty patients were enrolled in the study who
were diagnosed having primary brain tumors and their
MRI and MRS characteristics were noted on Performa.
The age of patients ranged from 4 to 62 years with
mean of 33. 30. 30 (60%) patients were male and 20
(40%) were female. Among all patients, 35 (70%) pati-
ents were diagnosed as cases of supratentorial brain
tumors and 15 (30%) as infratentorial brain tumors.
Regarding supratentorial tumors 19 (54.3%) were male
and 16 (45.7%) were female. While among infratento-
rial tumors 11 (73.3%) were male and 4 (26.7%) were
female. MRI and MRS revealed 31 (62%) patients hav-
ing high grade and 19 (38%) patients having low grade
features (Table 1). Further stratification showed that
20 (57.2%) patients of supratentorial group had Glio-
ma features out of which 13 (65%) had high grade whi-
le 7 (35%) had low grade characteristics. About 9
(25.7%) patients from supratentorial group had chara-
cteristics of meningioma and out of which 4 (44.5%)
had low grade and 5 (55.5%) had high grade features.
While 6 (17.1%) patients from supratentorial group
were diagnosed as oligodendroglioma with low grade
and anaplastic features in 4 (66.7%) and 2 (33.3%)
respectively. On the other hand 15 (30%) patients from
infratentorial group were found to have three characte-
ristic type of tumors including medulloblastoma, epen-
dymoma and astrocytoma. About 9 (60%) patients had
medulloblastoma features with 7 (77.8%) patients hav-
ing high grade and 2 (22.2%) patients having low gra-
de features. Around 3 (20%) patients from infratento-
rial group had ependymoma with high grade characte-
ristics in 2 (66.7%) patients and low grade in 1(33.3%).
Whereas 3 (20%) patients from infratentorial group
had features of astrocytoma with high grade features
in 2 (66.7%) patients and low grad in 1 (33.3%). These
MRI and MRS features were compared with histo-
pathological diagnosis and no significant difference
was found (p-value > 0.05) (Table 2). Sensitivity, spe-
cificity, positive predictive value and negative predic-
tive value of MRI and MRS in detecting tumor necrosis
were 95%, 74%, 77% and 90% respectively. Preopera-
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tive diagnosis on basis of MRI

Table 1: Location, type and grading of primary brain tumors.

and MRS was confirmed in 47

patients. . Tumor Location | Tumor Type Grade Total
MRS S.howed that patle.— High Grade | Low Grade

nts with high grades of mali-

gnancy had high peaks of cho- Glioma 13 (65%) 7 (35%) 20 (57.2%)

line, decreased peaks of NAA Supratentorial ..

while choline Ereatine ratio grg)up (n=35) Meningioma 5 (55.5%) 4 (44.5%) 9 (25.7%)

was more than 1.5. Regarding Oligodendroglioma 2(33.3%) 4 (66.7%) 6 (17.1%)

gliomas the choline peak was s N .

observed at 3.2 ppm and it Infratentorial Medulloblastoma 7 (77.8%) 2 (22.2%) 9 (60.0%)

W’flS found that fOI‘ high grade group (Il = 15) Ependymoma 2 (667%) 1 (33.3%) 3 (20.0%)

gliomas, average choline peak

was 0.7 and 0.60 for low gra- Astrocytoma 2 (66.7%) 1(33.3%) 3 (20.0%)

de. NAA peak was observed at

2.9 ppm and for high grade  Taple 2: Choline and NAA peaks.

gliomas it was 0.15 and 0.2

for low grade. Choline NAA

In case of meningiomas ) -

choline was 0.5 in high grade Glioma High Grade 07 015

and 0.4 for low grade while Low Grade 0.6 0.2

NAA was depressed to 0.2 for

both grades. High grade oli- Choline NAA
odendrogliomas showed that MRS o .

gholine piak was 0.65 while Supratentorial Meningioma High Grade 0.5 0.2

in low grade it was 0.5 and Low Grade 0.4 0.2

NAA was 0.30 for low grade .

and 0.15 for high grade. In Choline NAA

case of infratentorial group, Oligodendroglioma High Grade 0.65 0.15

medulloblastomas  showed

choline peak of 0.8 for high Low Grade 0-5 0-30

grade and 0.4 for low grade Choline NAA

and decreased peak of NAA

with an average of 0.1 in low Medulloblastoma High Grade 0.8 0.005

and 0.005 in high grade. Low Grade 0.4 o1

Ependymomas showed alm-

ost same peak of choline as in Choline NAA

medulloblastomas of 0.7 in MRS .

high grade and 0.4 in 10w7gra— Infratentorial Ependymoma High Grade 0.7 0.05

de. In astrocytomas, low gra- Low Grade 0.4 0.1

de had choline peak of 0.5 .

and high grade had 0.7 while Choline NAA

NAA was 0.5 in low grade and Astrocytoma High Grade 0.7 0.05

0.05 in high grades. Choline

creatine ratio was > 1.5 in all Low Grade 0.5 0.5

the brain tumors.

Choline/creatine peak > 1.5 in both supratentorial and infratentorial group.

DISCUSSION

Gross total resection of primary brain tumors is always
the prime concern for neurosurgeons in order to pro-
vide the best functional outcome of the patient. In-
complete excision of tumors leads to increased morbi-
dity and mortality. In the modern era of MRI and
MRS, the pre-operative diagnostic accuracy has incr-
eased and it is helpful for the surgeon in planning
operative intervention. The addition of MRS has revo-
lutionized the pre-operative accuracy as it can tell us

the nature of contents of the tumor. The recent stan-
dard for grading tumors has been histopathological
diagnosis which carries with it significant risks of mor-
bidity along with possibility of sampling error and con-
fusing results that may be misinterpreted. MRS can
also show the tumor extension and increased choline
peak beyond the boundaries apparent on conventional
MRI. MRS analysis of the voxel on tumor margin can
clarify the grade. If margin is low grade we do not rem-
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ove the margin. Various peaks in MRS indicate the

nature of tumors.”* High choline peak is indication of
high grade tumor and informs the surgeon that it sho-

uld be completely resected. Similarly depressed NAA
and high choline creatine ratio points towards high
grade tumor. MRS enhances the ability of the surgeon
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Fig. 1: WHO Grading of Tumours of the Central Nervous System. Reprinted from Ref. 13.
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Fig. 2: A: Left temporal low grade glioma showing mildly elevated choline, decreased NAA and creatine and increased

choline/creatine ratio.

B: Photomicrograph showing Pilocytic Astrocytoma WHO G I (H/E; 200X).

Fig 3: A: Left parafalcine Meningioma showing choline peak at 3.2 ppm and increased alanine.
B: Photomicrograph showing Meningiotheliomatous meningioma WHO G I (H/E; 200X).

to noninvasively characterize the features of the tumor
which leads to appropriate planning for surgical mana-
gement.

In this study, the pre-operative MRI and MRS rad-
iological diagnosis was compared with post-operative
histopathological diagnosis and it is found that combi-
nation of MRI and MRS will guide the surgeon about

the nature and grading of tumor. It is useful for the
primary diagnosis and planning of treatment whether
to take a simple biopsy or complete excision would be
proceeded. It is also helpful in making a demarcation
of normal brain tissue from tumor tissue.!?

It is concluded that MRS features augment the
diagnostic ability of conventional MRI in noninvasive
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Fig 4: Left Parietal Glioblastoma showing choline peak, decreased NAA peak, Increasedcholine and choline/creatine ratio
and decreased NAA.

characterization of nature, boundaries and grading of
brain tumors. This, also, contributes in appropriate
preoperative surgical planning. In the present study,
histopathological results show excellent congruence
with the preoperative MRS based radiological diag-
nosis.
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