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ABSTRACT

Background: Brain tumor grading is essential for treatment planning and prognosis, but conventional
imaging may not fully characterize tumor vascularity and biological aggressiveness. CT perfusion
imaging provides functional information through cerebral blood volume, cerebral blood flow, mean
transit time, and perfusion score. Objective: To evaluate CT perfusion imaging parameters in patients
with brain tumors and assess their association with tumor grade. Methods: This hospital-based analytical
cross-sectional study included 100 patients with clinically or radiologically suspected brain tumors. CT
perfusion parameters were categorized as normal or abnormal and compared between low-grade and
high-grade tumors using chi-square testing. Results: Of 100 patients, 66 had low-grade and 34 had high-
grade tumors. Abnormal CBV was observed in 55.9% of high-grade tumors compared with 42.4% of low-
grade tumors (p=0.201). Abnormal perfusion score was present in 61.8% of high-grade tumors compared
with 45.5% of low-grade tumors (p=0.122). Abnormal CBF and MTT showed minimal differences
between groups, with p-values of 0.780 and 0.905, respectively. Conclusion: CT perfusion showed
directional trends toward greater perfusion abnormality in high-grade tumors, particularly for CBV and
perfusion score, but findings were not statistically significant. CT perfusion may provide adjunctive
functional information, but larger studies using continuous parameters are required. Keywords: Brain
tumor; CT perfusion; cerebral blood volume; cerebral blood flow; mean transit time; tumor grading.

INTRODUCTION

Brain tumors represent a clinically important cause of neurological morbidity because their biological
behavior varies widely according to tumor type, grade, vascularity, and microenvironmental
characteristics. Accurate pre-treatment characterization is essential because tumor grade influences
surgical planning, biopsy targeting, treatment selection, prognosis, and follow-up strategy. Conventional
CT and MRI provide valuable anatomical information, but structural imaging alone may be insufficient
to distinguish viable tumor from edema, necrosis, post-treatment change, or biologically aggressive
regions within heterogeneous lesions. Since high-grade tumors are commonly associated with
angiogenesis, abnormal microvascular proliferation, increased vascular permeability, and altered
cerebral hemodynamics, functional imaging techniques that quantify tissue perfusion may provide
clinically useful information beyond morphology alone (1).

Computed tomography perfusion imaging is a dynamic contrast-enhanced technique that allows
quantitative or semi-quantitative assessment of cerebral blood flow, cerebral blood volume, mean transit
time, and related perfusion indices. These parameters reflect tumor vascular supply, capillary transit,
and microcirculatory disturbance, which are relevant to tumor aggressiveness and histopathological
grade. Previous studies have shown that high-grade gliomas and other malignant intracranial tumors

often demonstrate increased CBV and CBF due to neovascularization, while MTT and permeability-
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related parameters may reflect disorganized vascular architecture and altered blood-brain barrier
integrity (1,10,18,19). However, reported diagnostic performance varies across studies because of
differences in acquisition protocols, post-processing methods, ROI placement, tumor heterogeneity, and
threshold definitions.

The global and regional burden of brain and central nervous system tumors has increased over recent
decades, partly because of improved access to neuroimaging and better diagnostic reporting.
Epidemiological studies indicate substantial variation in tumor incidence, tumor subtype distribution,
and access to advanced diagnostic tools across populations (2-6). In Pakistan and similar resource-
limited settings, brain tumor data remain comparatively underdeveloped, and access to advanced MRI-
based perfusion or molecular imaging may be limited. CT perfusion therefore has practical relevance
because it may provide accessible functional information in centers where CT imaging is more readily
available than advanced MRI platforms.

Despite the growing evidence supporting perfusion imaging, important gaps remain. Many studies have
focused on selected glioma cohorts, small samples, or advanced imaging environments, while fewer
have evaluated CT perfusion parameters in broader local clinical settings using routinely available
imaging workflows. In addition, the relationship between categorized perfusion abnormalities and
tumor grade requires cautious interpretation because perfusion values may overlap between tumor
grades and may be influenced by lesion type, necrosis, edema, ROI selection, and histopathological
variability. Therefore, further local evidence is needed to determine whether CT perfusion parameters
can serve as supportive adjunctive markers for differentiating low-grade and high-grade brain tumors.

Accordingly, this study was conducted to evaluate CT perfusion imaging parameters, including cerebral
blood flow, cerebral blood volume, mean transit time, and perfusion score, in patients with brain tumors
and to assess their association with tumor grade. The study hypothesized that high-grade tumors would
show a higher frequency of abnormal perfusion parameters than low-grade tumors, reflecting increased
vascularity and altered tumor microcirculation.

MATERIALS AND METHODS

This hospital-based analytical cross-sectional study was conducted at General Hospital Lahore over a
four-month period after synopsis approval. The study was designed to evaluate the association between
CT perfusion imaging parameters and tumor grade among patients with clinically and radiologically
suspected brain tumors. A cross-sectional design was selected because the objective was to assess
perfusion characteristics and diagnostic grade at a defined point in the clinical evaluation pathway rather
than to determine longitudinal progression or treatment response.

A total of 100 patients were included using a convenience sampling technique. The sample size was
calculated using a single-proportion formula at a 95% confidence level, an expected proportion of 0.50,
and an allowable margin of error of 10%, yielding a required sample of 100 participants. Patients aged
18-70 years of either sex were eligible if they had clinically or radiologically suspected primary or
secondary brain tumors, were fit for contrast-enhanced CT perfusion imaging, provided informed
consent, and were undergoing biopsy or surgical evaluation where histopathological grading could be
obtained. Patients were excluded if they had renal impairment with eGFR below 60 mL/min/1.73 m?,
pregnancy or lactation, previous allergy to iodinated contrast media, prior brain surgery, radiotherapy,
or chemotherapy that could alter tumor perfusion, or inability to complete CT scanning because of
severe motion artifact, claustrophobia, clinical instability, or other technical limitations.

After written informed consent, demographic and clinical data were recorded using a standardized data
collection form. Variables included age category, gender, cerebral blood flow category, cerebral blood
volume category, mean transit time category, perfusion score category, and final diagnosis grade.
Diagnosis grade was categorized as low-grade or high-grade according to available clinical-radiological
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and histopathological assessment. CT perfusion imaging was performed after initial non-contrast CT
localization. Patients were positioned supine with the head stabilized to reduce motion artifact.
Intravenous iodinated contrast was administered through a cannula using a power injector, followed by
dynamic CT perfusion acquisition across the tumor region. Perfusion maps were generated using CT
perfusion software, and regions of interest were placed over the tumor and corresponding contralateral
normal brain tissue for comparative assessment. Perfusion parameters were categorized as normal or

abnormal according to institutional radiological interpretation and perfusion map assessment.

To reduce measurement bias, perfusion assessment was based on standardized ROI placement over
tumor tissue and contralateral reference brain tissue. Patients with previous treatment were excluded to
minimize confounding from post-surgical, post-radiotherapy, or post-chemotherapy perfusion changes.
The use of predefined eligibility criteria also reduced clinical heterogeneity. Data were recorded in coded
form to maintain confidentiality and were checked for completeness before entry into the statistical
database.

Data were analyzed using SPSS version 27.0. Categorical variables were summarized as frequencies and
percentages. The association between diagnosis grade and perfusion categories, including CBV, CBE,
MTT, and perfusion score, was assessed using the chi-square test. Gender distribution across tumor
grades was also examined using chi-square testing. A p-value below 0.05 was considered statistically
significant. Because the available dataset categorized perfusion variables as normal or abnormal,
inferential analysis was limited to categorical association testing. All patient records were anonymized
before analysis, and collected data were stored securely with restricted access.

Ethical principles were followed throughout the study. All participants were informed about the study
purpose, procedure, confidentiality measures, and voluntary nature of participation. Written informed
consent was obtained before enrollment. Participants were informed that refusal or withdrawal from the
study would not affect their clinical care. Patient identity was protected through coding, and data were
used only for research purposes.

RESULTS

A total of 100 patients were analyzed, including 66 low-grade and 34 high-grade brain tumors. The
distribution of perfusion abnormalities showed a consistent but statistically non-significant tendency
toward higher abnormal perfusion in high-grade tumors. Abnormal CBV was observed in 19/34 high-
grade tumors (55.9%) compared with 28/66 low-grade tumors (42.4%), corresponding to an odds ratio of
1.72 (95% CI: 0.75-3.96; p=0.201). Abnormal perfusion score was also more frequent in high-grade
tumors than low-grade tumors, affecting 21/34 cases (61.8%) versus 30/66 cases (45.5%), with an odds
ratio 0of 1.94 (95% CI: 0.83-4.51; p=0.122). Abnormal CBF was present in 18/34 high-grade tumors (52.9%)
and 33/66 low-grade tumors (50.0%), showing minimal between-group difference (OR: 1.13; 95% CI:
0.49-2.58; p=0.780). Abnormal MTT was similarly distributed between high-grade and low-grade tumors,
occurring in 20/34 (58.8%) and 38/66 (57.6%) cases, respectively (OR: 1.05; 95% CI: 0.45-2.44; p=0.905).
Gender distribution was also not significantly associated with tumor grade, although males represented
55.9% of high-grade tumors compared with 47.0% of low-grade tumors (OR: 1.43; 95% CI: 0.62-3.29;
p=0.398). Overall, CBV and perfusion score demonstrated the strongest directional gradients toward
high-grade disease, but none of the tested associations reached statistical significance.

Table 1. Association of Tumor Grade with Perfiision Parameters and Gender

Variable Low-Grade n/N (%) High-Grade n/N (%) Odds Ratio  95% CI p-value
Abnormal CBV 28/66 (42.4%) 19/34 (55.9%) 1.72 0.75-396  0.201
Abnormal CBF 33/66 (50.0%) 18/34 (52.9%) 113 0.49-258 0.780
Abnormal MTT 38/66 (57.6%) 20/34 (58.8%) 1.05 0.45-244  0.905
Abnormal Perfusion Score 30/66 (45.5%) 21/34 (61.8%) 1.94 0.83-451 0122

Male Gender 31/66 (47.0%) 19/34 (55.9%) 1.43 0.62-3.29  0.398
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The largest absolute difference between tumor grades was observed for perfusion score, where abnormal
values were 16.3 percentage points higher in high-grade tumors than in low-grade tumors. CBV showed
the second-largest difference, with abnormal values 13.5 percentage points higher among high-grade
tumors. In contrast, CBF and MTT showed only small differences of 2.9 and 1.2 percentage points,
respectively. These findings suggest that CBV and composite perfusion score may have greater clinical
relevance than isolated CBF or MTT categories in this dataset, although the wide confidence intervals
indicate limited precision and insufficient evidence for a statistically significant association.

Abnormal CT Perfusion Findings by Tumor Grade

BN Low-grade tumors =
70 4 0 p=0.122
mm High-grade tumors p=0.905

p=0.201 61.8%

p=0.780 58.6%
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55.9%
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101
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CT Perfusion Parameter

Figure 1. Abnormal CT Perfusion Findings by Tumor Grade. Distribution of abnormal CBV, CBE MTT, and perfusion score
findings among low-grade and high-grade brain tumors, with p-values from chi-square analysis.

High-grade tumors showed a higher frequency of abnormal perfusion findings than low-grade tumors
for all assessed CT perfusion parameters. The largest difference was observed in perfusion score, with
abnormal findings in 61.8% of high-grade tumors compared with 45.5% of low-grade tumors (p=0.122),
followed by CBV abnormalities in 55.9% versus 42.4%, respectively (p=0.201). CBF and MTT showed
smaller differences between high-grade and low-grade tumors, with abnormal CBF in 52.9% versus
50.0% (p=0.780) and abnormal MTT in 58.8% versus 57.6% (p=0.905). Although none of the associations
reached statistical significance, the higher abnormality rates for CBV and perfusion score suggest a
clinically relevant trend toward greater vascular and hemodynamic disturbance in high-grade tumors.

DISCUSSION

The present study evaluated CT perfusion imaging parameters in patients with brain tumors and
examined their association with tumor grade. The findings showed a consistent directional trend in
which high-grade tumors demonstrated a higher frequency of abnormal CBV and abnormal perfusion
score than low-grade tumors. Abnormal CBV was observed in 55.9% of high-grade tumors compared
with 42.4% of low-grade tumors, while abnormal perfusion score was present in 61.8% of high-grade
tumors compared with 45.5% of low-grade tumors. These findings are biologically plausible because
high-grade tumors are commonly characterized by increased angiogenesis, abnormal neovascular
architecture, and altered microvascular permeability, which may result in increased perfusion
abnormalities on functional imaging (11,18,19).

Although the observed trends support the expected vascular behavior of aggressive tumors, none of the
associations reached statistical significance. This may be explained by the limited sample size,
categorical transformation of perfusion variables, overlap of perfusion patterns across tumor grades, and
possible heterogeneity in tumor histology. Previous studies have reported that relative CBV and CBF are
often higher in high-grade gliomas than in low-grade lesions, particularly when continuous perfusion
values and normalized ratios are used rather than broad normal/abnormal categories (18,19,23).
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Therefore, the non-significant findings in the present study should not be interpreted as absence of

biological difference, but rather as insufficient statistical evidence within the available dataset.

The strongest grade-related gradient was observed for perfusion score, followed by CBV, suggesting that
composite or blood-volume-based perfusion assessment may be more clinically informative than
isolated CBF or MTT categories. This aligns with prior literature indicating that CBV reflects tumor
vascular proliferation and may serve as a useful adjunctive marker for tumor grading and biopsy
targeting (1,23,35). In contrast, CBF and MTT showed minimal differences between low-grade and high-
grade tumors in this study. MTT may be less reliable as an isolated marker because it is influenced by
vascular transit delay, necrosis, edema, and regional hemodynamic variability rather than tumor grade
alone.

The findings should be interpreted with caution because the study used categorized perfusion variables
and did not include continuous perfusion values, receiver operating characteristic analysis, or
multivariable adjustment. Future studies should retain continuous CBV, CBE, MTT, and permeability
values, calculate normalized tumor-to-contralateral ratios, and compare these parameters directly with
histopathological grade. Larger multicenter studies with standardized acquisition protocols,
reproducible ROI placement, and observer agreement assessment are needed to determine whether CT
perfusion can reliably improve preoperative tumor grading in routine clinical practice.

CONCLUSION

CT perfusion imaging demonstrated clinically plausible trends toward greater perfusion abnormality in
high-grade brain tumors, particularly for CBV and composite perfusion score; however, these
associations did not reach statistical significance in the present dataset. The findings suggest that CT
perfusion may provide supportive functional information regarding tumor vascularity and
microcirculatory disturbance, but it should not be used as a standalone method for tumor grading
without histopathological confirmation. Larger studies using continuous perfusion measurements,
standardized thresholds, and adjusted statistical models are recommended to clarify the diagnostic value
of CT perfusion in differentiating low-grade and high-grade brain tumors.

REFERENCES

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

2. Salari N, Ghasemi H, Fatahian R, Mansouri K, Dokaneheifard S, Shiri MH, et al. The global
prevalence of primary central nervous system tumors: a systematic review and meta-analysis. Eur J
Med Res. 2023;28(1):39.

3. Yuan G, Miao D, Xu B, Ren M, Zou W, Zhang Z, et al. Global, regional, and national burden of brain
and other central nervous system cancers from 1990 to 2021, and projections to 2035: a systematic
analysis for the Global Burden of Disease Study 2021. Int J Surg. 2026;112(1):286-302.

4. Ostrom QT, Cioffi G, Waite K, Kruchko C, Barnholtz-Sloan JS. CBTRUS statistical report: primary
brain and other central nervous system tumors diagnosed in the United States in 2014-2018. Neuro
Oncol. 2021;23 Suppl 3:iiil-105.

5. Enam SA, Siddiqi S, Bajwa MH, Shah MM, Khalid MU. Pakistan brain tumor epidemiology study
(PBTES): uncovering the hidden burden of brain tumors in the country. ] Pak Med Assoc. 2022;72
Suppl 4:52-3.

6. Al-Hussaini M, Al-Ani A, Amarin JZ, Al Sharie S, Obeidat M, Musharbash A, et al. Epidemiology and
outcome of primary central nervous system tumors treated at King Hussein Cancer Center. Cancers.
2025;17(4):590.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

JHWCR | 2026;4(9) | ISSN 3007-0570 | © 2026 The Authors | CC BY 4.0 | Page 6

Rezanejad-Asl P, Parhizkar Roudsari P, Rezaei N, Sharafkhah M, Roshandel G, Poustchi H, et al. Pre-
diagnostic risk factors for brain cancer incidence and survival: insights from the Golestan Cohort
Study. BMC Cancer. 2025;25(1):210.

Igbal M, Sial A. Early Child Marriages, Unintended Pregnancies, and its impact on the Health of
Young Girls in South Punjab. Journal of Health and Rehabilitation Research. 2023 Dec 3;3(2):272-9.

Igbal M, Sial A. Knowledge, Health Practices and Policies for Hepatitis for Midwifery and Nurses in
Allied and District Hospital Faisalabad. Journal of Health and Rehabilitation Research. 2023 Dec
3;3(2):286-92.

Comelli I, Lippi G, Campana V, Servadei F, Cervellin G. Clinical presentation and epidemiology of
brain tumors firstly diagnosed in adults in the emergency department: a 10-year, single center
retrospective study. Ann Transl Med. 2017;5(13):269.

Lan Z, Li X, Zhang X. Glioblastoma: an update in pathology, molecular mechanisms and biomarkers.
Int J Mol Sci. 2024;25(5):3040.

Di Nallo AM, Vidiri A, Marzi S, Mirri A, Fabi A, Carapella CM, et al. Quantitative analysis of CT-
perfusion parameters in the evaluation of brain gliomas and metastases. ] Exp Clin Cancer Res.
2009;28(1):38.

Nabian N, Ghalehtaki R, Zeinalizadeh M, Balafia C, Jablonska PA. State of the neoadjuvant therapy
for glioblastoma multiforme—where do we stand? Neurooncol Adv. 2024;6(1):vdae028.

Mousavi SE, Seyedmirzaei H, Shahrokhi Nejad S, Nejadghaderi SA. Epidemiology and
socioeconomic correlates of brain and central nervous system cancers in Asia in 2020 and their
projection to 2040. Sci Rep. 2024;14(1):21936.

Deshpande C. World Brain Tumour Day: early detection saves lives, say city doctors. Times of India.
2025 Jun 9.

Ostrom QT, Adel Fahmideh M, Cote DJ, Muskens IS, Schraw JM, Scheurer ME, Bondy ML. Risk
factors for childhood and adult primary brain tumors. Neuro Oncol. 2019;21(11):1357-75.

Zaccagna F, Grist JT, Quartuccio N, Riemer F, Fraioli F, Caraco C, et al. Imaging and treatment of
brain tumors through molecular targeting: recent clinical advances. Eur J Radiol. 2021;142:109842.

Disawal A, Singh N. Role of CT perfusion in evaluation of brain tumors and differentiation of benign
and malignant lesions. Glob J Res Anal. 2025;180-2.

Maarouf R, Sakr H. A potential role of CT perfusion parameters in grading of brain gliomas. Egypt
J Radiol Nucl Med. 2015;46(4):1119-28.

Karegowda LH, Kadavigere R, Shenoy PM, Paruthikunnan SM. Efficacy of perfusion computed
tomography in differentiating high-grade gliomas from low-grade gliomas, lymphomas, metastases
and abscess. ] Clin Diagn Res. 2017;11(5):TC28.

Wang K, Li 'Y, Cheng H, Li S, Xiang W, Ming Y, et al. Perfusion CT detects alterations in local cerebral
flow of glioma related to IDH, MGMT and TERT status. BMC Neurol. 2021;21(1):460.

Onishi S, Kajiwara Y, Takayasu T, Kolakshyapati M, Ishifuro M, Amatya V], et al. Perfusion computed
tomography parameters are useful for differentiating glioblastoma, lymphoma, and metastasis.
World Neurosurg. 2018;119:e890-7.

Yeung TPC, Bauman G, Yartsev S, Fainardi E, Macdonald D, Lee TY. Dynamic perfusion CT in brain
tumors. Eur J Radiol. 2015;84(12):2386-92.



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

JHWCR | 2026;4(9) | ISSN 3007-0570 | © 2026 The Authors | CC BY 4.0 | Page 7

Ellika SK, Jain R, Patel SC, Scarpace L, Schultz LR, Rock JP, et al. Role of perfusion CT in glioma
grading and comparison with conventional MR imaging features. AJNR Am ] Neuroradiol.
2007;28(10):1981-7.

Greenlaw K, Shiva Shankar JJ. Correlation of CT and MR perfusion and permeability parameters for
intracranial tumors. OBM Neurobiol. 2019;3(1):1-9.

Satheesh Kumar E. The role of CT perfusion parameters in grading of brain gliomas in correlation
with histopathology [dissertation]. Chennai: Madras Medical College; 2017.

Chung K], De Sarno D, Lee TY. Quantitative functional imaging with CT perfusion: technical
considerations, kinetic modeling, and applications. Front Phys. 2023;11:1246973.

Talybov R, Trofimova T, Mochalov V, Karasev S, Gorshkova V, Kleschevnikova T, et al. The
determination of the boundaries and prediction the radicality of glioblastoma resection using MRI
and CT perfusion. Front Neurol. 2025;16:1572845.

Kaichi Y, Tatsugami F, Nakamura Y, Baba Y, Iida M, Higaki T, et al. Improved differentiation between
high- and low-grade gliomas by combining dual-energy CT analysis and perfusion CT. Medicine.
2018;97(32):e11670.

Sabeghi P, Zarand P, Zargham S, Golestany B, Shariat A, Chang M, et al. Advances in neuro-
oncological imaging: an update on diagnostic approach to brain tumors. Cancers. 2024;16(3):576.

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

Wintermark M, Albers GW, Alexandrov AV, Alger JR, Bammer R, Baron JC, et al. Acute stroke
imaging research roadmap. Stroke. 2008;39(5):1621-8.

Sanelli PC, Lev MH, Eastwood JD, Gonzalez RG, Lee TY. The effect of varying user-selected input
parameters on quantitative values in CT perfusion maps. Acad Radiol. 2004;11(10):1085-92.



