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ABSTRACT

Objectives: To determine the diagnostic accuracy of perfusion CT in grading gliomas taking histopathology as gold standard. Study design: Cross-
sectional validation study. Setting: Department of Radiology, Allied/DHQ Hospitals, Faisalabad. Period: Study was carried out over a period of six
months from 01-09-2015 to 28-02-2016. Methodology: A total of 105 patients were included in this study. Low radiation dose non contrast CT head
was performed to localize the region of interest before obtaining a perfusion scan. For the perfusion scan, 50ml of non ionic contrast is injected at a
rate of 4-5ml/sec through an IV line by using an automatic power injector. At 5 seconds into the injection, a cine scan was initiated with the following
technique: 80kv,100-120mA and 1 second/ rotation for a duration of 50 seconds. After the initial 50 sec cine scan, 8 more axial images were required,
1 image every 15 seconds for an additional two minutes, thus giving a total acquisition time of 170 sec to assess delayed permeability showing a large
heterogeneous lesion with surrounding edema and mass effect on CT brain plain were included in the study. Results: Mean age of the patients was
49.4416.1 year. There were 69 males (65.7%) and 36 females (34.3%). Comparison of perfusion CT findings versus histopathology in diagnosing high
grade gliomas showed positive cases 77 and 95, respectively. Sensitivity, specificity, diagnostic accuracy, positive predictive value and negative
predictive value of perfusion CT was 78.9%, 80.0%, 79.0%, 97.4% and 28.6%, respectively. Conclusion: In conclusion, clinically available perfusion
imaging tools by using CT can provide additional information regarding brain tumor vascular estimates, which could be useful imaging biomarkers for

preoperative glioma grading and angiogenesis assessment and could also be useful for treatment planning and response assessment.
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INTRODUCTION

Gliomas, the most common primary brain neoplasms in adults
are very heterogeneous tumors.! They arise from glial cells
(astrocytes, oligodendrocytes).2 Among the gliomas, astrocytic
tumors are the most common and usually divided into
circumscribed and diffuse forms. The circumscribed tumors are
generally in lower grade occurring in young patients while the
diffuse tumors are the most common cerebral tumors in adults
belonging to WHO Grades I, Il IV.3

High grade gliomas can be highly invasive and extremely
vascular tumors. Malignant brain tumors are characterized by
neovascularity and increased angiogenic activity with a high
proportion of immature and highly permeable blood vessels.
Overall the prognosis of high grade gliomas remain poor despite
advances in diagnosis and therapy. The median survival is 12-
15 months in patients of glioblastomas and 2-3 years in patients
of anaplastic gliomas.®

Tumor grade differentiation is often difficult using routine
neuroimaging alone. The recent technical developments have
enabled a fast relatively simple, practical and available
approach to assess essential parameters of vascular physiology
namely regional cerebral blood volume (rCBV), regional
cerebral blood flow (rCBF) and permeability surface area
product (PS). CT perfusion imaging provides qualitative
information on tumor vasculature that closely parallels the
degree of tumor malignancy.*5
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The perfusion CT technique has been found to be useful in the
evaluation of cerebral ischemia and infarctions but recent
studies have investigated the role of perfusion maps for
evaluating brain neoplasm's because there is growing interest
in the non-invasive assessment of tumor vascularity.
Quantification of tissue perfusion characteristics contributes to
the production of tumor grade and plays an important role in
prognosis, therapeutic management and treatment response.”
Changes in PS and CBV values have good correlation with
glioma grading with PS the best parameter correlating with
glioma grade. Higher grade gliomas show higher PS and CBV
as compared to low grade.! In one study in a group of 22
patients PCT detected 12 patients of gliomas (54.5%) and 10
patients of metastasis (45.5%).6 The sensitivity and specificity
of PS perfusion CT in grading gliomas is 70% and 88%.2

The aim of our study was to prove that perfusion CT is a non-
invasive way of quantifying and classifying the characteristics of
gliomas according to their regional perfusion parameters which
will be helpful in early diagnosis and selection of appropriate
treatment option by reducing the number of neurosurgeries.

METHODOLOGY

Study Design: Cross-sectional validation study.

Place of Study: Department of Radiology, Allied/DHQ
Hospitals, Faisalabad
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Duration of Study: Study was carried out over a period of six
months from 01-09-2015 to 28-02-2016.

Methods:

After taking approval from hospital ethical committee, a total
number of 105 patients who range from 13-70 years of age of
both genders were taken from radiology department referred by
neurosurgeons that were showing a large heterogeneous lesion
with surrounding edema and mass effect on CT brain plain and
patients presenting with history of any of the following:
headache, seizures, memory and visual loss, behavior change.
Diagnosed cases of gliomas and other brain tumors were
excluded from the study and the patients with history of epilepsy
on EEG and patients allergic to IV contrast and with deranged
RFTs. Non-Probability Consecutive Sampling technique was
used for patient selection. Informed consent was taken and
following procedure was started. Low radiation dose non-
contrast CT head was performed to localize the region of
interest before obtaining a perfusion scan. For the perfusion
scan, 50ml of non-ionic contrast is injected at a rate of 4-5ml/sec
through an IV line by using an automatic power injector. At 5
seconds into the injection, a cine scan was initiated with the
following technique: 80kv, 100-120mA and 1 second/ rotation
for a duration of 50 seconds. After the initial 50 sec cine scan, 8
more axial images were required, 1 image every 15 seconds for
an additional two minutes, thus giving a total acquisition time of
170 sec to assess delayed permeability. ROl was drawn on
confra lateral white matter as well. Maps of perfusion
parameters was obtained by using the commercially available
software applications. On perfusion CT gliomas show a cut off
value of permeability surface area product (PS) of
3.6ml/100gm/min (>3.6 identify high grade gliomas and<3.6
identify low grade glioma).

Perfusion CT result was confirmed by histopathology report
collected from hospital pathology department and confirmed by
consultant pathologist.

All data was analyzed by using SPSS version 16. Mean and
standard deviation was calculated for age and PS. Frequency
and percentage was calculated for all qualitative variables like
gender and true positives. Sensitivity and specificity was
calculated by constructing 2x2 table taking histopathology as
gold standard. On histopathology high grade glial cells show
increased cellularity, cellular atypia, endothelial proliferation and
necrosis (presence of all).

GLIOMAS ON HISTOPATHOLOGY
<55 J;VE -gE
6588 +VE

2E3 (TP) (FP)
== 't Cc D

Tog VE (FN) (TN)

Sensitivity= TP/TP+FN x 100
Specificity=TN/FP+TN x 100

PPV=TP/TP+FP x 100

NPV=TN/FN+TN x 100

Diagnostic Accuracy=TP+TN/TP+FP+FN+TN x 100
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RESULTS

A total of 105 patients were included in this study during the
study period of six months from 01-09-2014 to 28-02-2015.
Regarding age distribution, majority of the patients were
between 61-70 years old while minimum patients were 13-20
years of age. Mean age of the patients was 49.4+£16.1 year
(Table-1). There were 69 males (65.7%) and 36 females
(34.3%) (Table 2).

Comparison of perfusion CT findings vVERSUS histopathology in
diagnosing high grade gliomas showed positive cases 77 and
95, respectively (Table-3).

Sensitivity, specificity, diagnostic accuracy, positive predictive
value and negative predictive value of perfusion CT was 78.9%,
80.0%, 79.0%, 97.4% and 28.6%, respectively (Tables 4 & 5).

Table 1: Distribution of patients by age

Age (Year) Number Percentage
13-20 07 6.7
20-40 23 219
41-60 35 33.3
61-70 40 38.1
Total 105 100.0
Mean 49.4+16.1

Table 2: Distribution of patients by gender

Gender Number Percentage
Male 69 65.7

Female 36 34.3
Total 105 100.0

Table 3: Comparison of Perfusion CT findings vs
histopathology n = 105

_ High grade gliomas on
Hllgh grade Histopathology
gliomas on (Gold Standard) Total
Perfusion CT o .
Positive Negative
Positive 75(TP) 2 (FP) I
Negative 20 (FN) 8(TN) 28
Total 95 10 105
Key:
TP = True positive
FP = False positive
FN = False negative
TN = True negative
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Table 4: Sensitivity, Specificity and diagnostic accuracy of
perfusion CT

True Positive
Sensitivity rate x 100 =
True Positive + False Negative

75
x 100 =78.9%

75 + 20

True Negative
Specificity rate x 100
True Negative + False Positive

8
x 100 = 80.0%

8+2

True Positive + True Negative
Diagnostic Accuracy x 100

True Positive +True Negative +

False Positive + False Negative

75+8
x 100 =79.0%

75+ 8 +2+20

Table 5: Positive predictive value and negative predictive
value of perfusion CT

True Positive
Positive Predictive x100 =
Value True Positive + False Positive

75
x 100 = 97.4%

75+2

True Negative
Negative Predictive x 100
Value True Negative + False Negative

8
x 100 = 28.6%
8+20

DISCUSSION
Computed tomography (CT) is a widely available and time-
saving brain imaging method. It has a well established role as
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an examination of choice for imaging in an emergency setting.
Over the last two decades computed tomography (CT)
technology has undergone significant progress starting with
multi section/spiral scanning and followed by expansion of
multidetector CT (four to 128 detector-rows). These advances
allowed quicker and more precise, three-dimensional (3D)
acquisition, 3D CT angiography (CTA) and cerebral perfusion
studies.®

Perfusion imaging delivers the information about regional
differences of cerebral haemodynamics and can give additional
information in different cerebral pathologies. The main values
measured include cerebral blood volume (CBV), cerebral blood
flow (CBF), and mean transit time (MTT), the distribution of
which can be presented visually as perfusion maps.

CT perfusion imaging with both structural and functional
neuroimaging techniques has the growing potential to provide
clinicians with more precise information in different cerebral
pathologies.’

Gliomas are histologically very heterogeneous, with varying
degrees of cellular and nuclear pleomorphism, mitotic activity,
vascular proliferation, and necrosis.0

There are significant limitations associated with histopathologic
grading, which include sampling errors!'" wide range of
classification and grading systems used for brain tumors, inter-
and intra-pathologist variability, and the changing nature of
central nervous system tumors.’? The degree of vascular
proliferation is one of the most critical elements in the
determination of tumor grade and prognosis, thus preoperative
noninvasive assessment of glioma vascularity can be helpful in
determining the malignant potential of the tumor, in selection of
an appropriate biopsy site, in predicting transition from low-
grade to a high-grade glioma, and also in monitoring response
to various treatment modalities.

Radiologic grading of tumors with conventional MR imaging is
not always accurate, with sensitivity in identifying high-grade
gliomas ranging from 55.1% to 83.3% in various studies.™1
Conventional MR imaging does not provide information on
tumor physiology, which is also an important factor in
determining the tumor grade.

Because angiogenesis is an important feature in malignant
gliomas, perfusion imaging may provide additional important
information. An overall principle of perfusion oncologic imaging
is that with tumor growth, its metabolic demands increase due
to rapid cell growth and cell turnover. Cellular hypoglycemia and
hypoxia lead to the production of angiogenic cytokines, which
leads to neoangiogenesis, which in turn increases the capillary
attenuation within the tumor'® increased capillary attenuation
leads to higher blood volume and blood flow in the tumor bed. 8
Perfusion computed tomography (PCT) shares the advantages
of MR perfusion and potentially has advantages over MR
perfusion because of easy accessibility, measurement of
absolute perfusion values, and relatively easy post-processing.
In addition, there are some important limitations associated with
MR perfusion.
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In present study, sensitivity, specificity, diagnostic accuracy,
positive predictive value and negative predictive value of
perfusion CT was 78.9%, 80.0%, 79.0%, 97.4% and 28.6%,
respectively which is comparable with the Ramli et al.8
Limitations of our study includes: The technique is susceptibility-
weighted. It is extremely sensitive to magnetic field
inhomogeneity, and thus hemorrhagic products can complicate
the analysis. Calculation of rCBV can be inaccurate in lesions
such as GBM or meningioma, where there is a severe
breakdown or absence of the blood-brain barrier.

CONCLUSION

In conclusion, clinically available perfusion imaging tools by
using CT can provide additional information regarding brain
tumor vascular estimates, which could be useful imaging
biomarkers for preoperative glioma grading and angiogenesis
assessment and could also be useful for treatment planning and
response assessment.

Because CT scanning is still much more easily available in most
clinical facilities and much cheaper than MR imaging, its role is
more and more linked with emergency cases.

PCT has the advantage of providing 2 of the most important
tumor vascular estimates (ie, blood volume and permeability) in
1 single experiment as well as providing a linear relationship of
tissue signal intensity with tissue contrast agent and the
availability of an arterial input function unlike that in most of the
available MR perfusion techniques; hence, PCT has the
potential to be a useful tool for brain tumor assessment.

REFERENCES

1. Jain R. Perfusion CT imaging of brain tumors: an overview. AUINR
Am J Neuroradiol. 2011;32(9):1570-7.

2. Kabat GC, Elgen AM, Rohan TE. Do steroid hormones play arole
in the etiology of glioma? Cancer Epidemiol Biomarkers Prev
2010;19:2421-7.

3. Kao HW, Chiang SW, Chung HW, Tsai FY, Chen CY. Advanced
MRI imaging in gliomas: An Update. Biomed Res Int 2013;2013:
ID970586.

4. Beppu T, Sasaki M, Kudo K, Kurose A, Takeda M, Kashimura H,
et al. Prediction of malignancy grading using computed

10.

1.

12.

13.

14.

15.

16.

tomography perfusion imaging in non-enhancing supratentorial
tumors. J Neurooncol. 2011;103(3):619-27.

Gruner JM, Paamand R, Koteljanetz M, Broholm H, Hojgaard L,
Law I. Brain perfusion CT compared with 150-H20 PET in
patients with primary brain tumors. Eur J Nucl Med Mol Imaging.
2012;39(11):1691-701.

Nallo AM, Vidiri A, Marzi S, Mirri A, Fabi A, Carapella CM, Pace
A, et al. Quantitative analysis of CT perfusion parameters in the
evaluation of brain gliomasand metastasis. J Exp Clin Cancer
Res. 2009;16;28:38.

Xyda A, Haberland U, Klotz E, Bock HS, Jung K, Knauth M, et al.
Brain volume perfusion CT performed with 128-detector row
system in patients with cerebral gliomas: a feasible study. Eur
Radiol 2011;21(9):1811-9.

Ramli N, Rahmat K, Mah E, Waran V, Tan LK, Chong HT. Use of
permeability surface area product to differentiate intracranial
tumors from abscess. Biomed Imaging Interv J. 2009;5:1.
Orrison WW Jr, Snyder KV, Hopkins LN, Roach CJ, Ringdahl EN,
Nazir R, et al. Whole-brain dynamic CT angiography and
perfusion imaging. Clin Radiol. 2011;66(6):566-74.

Burger PC, Scheithauer BW. Tumors of the Central Nervous
System. Washington, DC: Armed Forces Institute of Pathology.
1994:452.

Kelly PJ, Daumas-Duport C, Scheithauer BW. Stereotactic
histologic correlations of computed tomography and magnetic
resonance imaging-defined abnormalities in patients with glial
neoplasms. Mayo Clin Proc. 1987;62(6):450-9.

Jackson RJ, Fuller GN, Abi-Said D, Lang FF, Gokaslan ZL, Shi
WM, et al. Limitations of stereotactic biopsy in the initial
management of gliomas. Neuro-oncol. 2001;3(3):193-200.
Wesseling P, Ruiter DJ, Burger PC. Angiogenesis in brain
tumors: pathobiological and clinical aspects. J Neurooncol.
1997,32(3):253-65.

Dean BL, Drayer BP, Bird CR. Gliomas: classification with MR
imaging. Radiology. 1990;174(2):411-5.

Watanabe M, Tanaka R, Takeda N. Magnetic resonance imaging
and histopathology of cerebral gliomas. Neuroradiology.
1992;34(6):463-9.

Jackson A, Kassner A, Annesley-Williams D. Abnormalities in the
recirculation phase of contrast agent bolus passage in cerebral
gliomas: comparison with relative blood volume and tumor grade.
AJNR Am J Neuroradiol. 2002;23(1):7-14.

AUTHORSHIP AND CONTRIBUTION DECLARATION

AUTHORS Contribution to The Paper Signatures
Dr. Nosheen Ahmad A
Assistant Professor Radiology Data Collection, Proof Reading y?_f ]

FMU/Allied Hospital, Faisalabad " &

Dr. Hassan Bukhari G /,
Senior Registrar, Radiology Helped in the manuscript writing §

Allied Hospital, Faisalabad

Dr. Irfan Shabbir
Senior Registrar, Radiology
Allied Hospital, Faisalabad

Final Layout and Statistical Analysis

APMC Volume 12, Number 1 January — March 2018

www.apmc.com.pk 69


http://www.ncbi.nlm.nih.gov/pubmed/?term=Ramli%20N%5Bauth%5D

