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Abstract:

Background: Brain tumors pose significant diagnostic challenges due to their diverse presentation and potential
severity. Early and accurate detection is crucial for guiding treatment and improving outcomes.

Aim: To compare the diagnostic performance of Computed Tomography (CT) and Magnetic Resonance Imaging
(MRI) in detecting brain tumors.

Methodology: A comparative observational study was conducted on 80 patients clinically suspected of brain
tumors at the Department of Radiology, Lord Buddha Koshi Medical College and Hospital, Gamhariya ,Saharsa,
Bihar, India January 2024 to December 2024. All participants underwent both CT and MRI scans. Imaging
findings were independently evaluated, and histopathology reports, when available, served as the reference
standard. Sensitivity, specificity, predictive values, and diagnostic accuracy were calculated.

Results: MRI demonstrated superior detection rates for tumors (97.5% vs. 81.3%), edema (95% vs. 72.5%),
contrast enhancement (97.5% vs. 75%), and cystic/necrotic areas (90% vs. 60%), while CT was more effective in
identifying calcifications (27.5% vs. 10%). Hemorrhage detection was comparable. Overall diagnostic accuracy
was higher for MRI (95%) than CT (78%).

Conclusion: MRI outperforms CT in comprehensive brain tumor evaluation, whereas CT remains valuable for
rapid assessment and calcification detection. A complementary approach using both modalities enhances
diagnostic accuracy and supports timely clinical management.
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Introduction

Brain tumors constitute a clinical problem of great The CT and Magnetic Resonance Imaging (MRI)
interest because of their heterogenous causes, are the two most utilized neuroimaging methods in
changing biological behavior, and possible life- clinical practice. The modalities have always under-
threatening results. To achieve a better patient out- gone technological improvement, and this has led to
come, better therapeutic planning and less risk of the development of better spatial resolution, short
neurological deterioration, early and proper diagno- scan time and even better diagnostic capacity [2]. Ir-
sis is necessary. Since human brain is a very sensi- respective of these advances, CT and MRI vary
tive and complex organ, it cannot be evaluated widely in principles underlining both, their
through imaging modalities that cannot see clear and strengths, limitations, cost implication, and safety.
minor structural and pathological changes with high This is critical to the understanding of the differ-
level of precision [1]. Non-invasive imaging has ences in the selection of the most suitable imaging
over the years established itself as the foundation of method when detecting and assessing brain tumors.

brain tumor diagnosis due to the ability of the clini-
cian to diagnose lesions, categorize tumor types and
monitor the response of the treatment to the treat-
ment without subjecting the patient to any undue

CT can be used as the first-line imaging technique at
the emergency level because it is fast, widespread,
and effective in the detection of acute conditions, in-
cluding hemorrhage, skull trauma, and mass effect.

s CT makes significant contributions in detecting le-
sions that are likely to change brain density or cause
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structural displacement through the application of
X-ray attenuation differences within tissues. Its de-
pendence on ionizing radiation and limited soft tis-
sue contrast has however been a hindrance to the full
characterization of types of tumors. Although con-
trast-enhanced CT may be able to enhance better vis-
ualization of lesions, it cannot provide as much ana-
tomical detail as MRI and particularly with deep
brain structures [3].

MRI, however, has a higher soft tissue contrast and
multiplanar imaging but does not involve ionizing
radiation. It is therefore especially useful in the de-
tection of small, infiltrative or complex tumors that
may not be easily perceived in CT. Having several
specific sequences, including T1-weighted, T2-
weighted, and FLAIR, diffusion-weighted imaging
(DWI), and contrast-enhanced studies MRI can pro-
vide a complete analysis of the morphology of the
tumor, its engagement with adjacent tissue, and the
possible malignancy [4]. Nevertheless, MRI has
some disadvantages, such as greater cost, prolonged
time of acquisition, and contraindication in patients
who have some metallic implant or severe claustro-
phobia.

A comparative analysis of CT and MRI in the diag-
nosis of brain tumors is necessary to establish the
modality with the most diagnostic accuracy within
particular clinical situations. Although CT remains
useful owing to its readily availableness and appli-
cation in an emergency, MRI is widely regarded as
the gold standard when it comes to the extensive
evaluation of tumors. Nevertheless, the two modali-
ties are complementary to each other, and the deci-
sion is usually influenced by the state of the patient,
the nature of the tumor, the urgency in the clinical
setting, and the existence of resources. A compara-
tive study that is systematic of these imaging meth-
ods can assist radiologists, neurosurgeons and clini-
cians to make informed decisions that will maximize
the diagnostic process and improve patient care [5].

This research seeks to discuss the diagnostic capa-
bilities, strengths and weaknesses of CT and MRI in
identifying brain tumors. Through review of litera-
ture, comparison of imaging characteristics, and as-
sessment of their efficiency regarding various tumor
types, the study is aimed at identifying an all-round
insight into the role of each modality in the precision
of diagnosis. In this comparative study, the re-
searcher has brought out the need to use the right
imaging tool to provide an individual with timely in-
tervention, accurate treatment planning, and better
prognostic results in cases of brain tumors.

Methodology

Study Design: This study is designed as a compar-
ative observational case-series study evaluating the
diagnostic effectiveness of Computed Tomography
(CT) versus Magnetic Resonance Imaging (MRI) in
the detection of brain tumors.
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Study Area: The research was carried out in the De-
partment of Radiology, Lord Buddha Koshi Medical
College and Hospital, Gamhariya, Saharsa, Bihar,
India.

Study Duration: The study was conducted over a
period from January 2024 to December 2024.

Study Participants
Inclusion Criteria

e Patients of all ages and both sexes clinically
suspected of having brain tumors

e Patients who underwent both CT and MRI im-
aging of the brain

e Availability of complete imaging records and
relevant clinical information.

e  Cases with confirmed histopathological diagno-
sis (where available).

Exclusion Criteria

e Patients with incomplete CT or MRI imaging
studies.

e Cases lack adequate clinical records or missing
follow-up data.

e Patients with previous neurosurgical interven-
tion that could alter imaging interpretation.

e  Poor-quality images are unsuitable for diagnos-
tic comparison.

Sample Size

A total of 80 patients meeting the eligibility criteria
were included in the study.

Procedure: All eligible patients suspected of having
brain tumors underwent both CT and MRI examina-
tions in the Department of Radiology. Clinical de-
tails and imaging findings were collected from hos-
pital records. CT scans were evaluated for lesion
density, calcification, edema, and enhancement,
while MRI was assessed for detailed soft-tissue
characterization using standard sequences. Radiolo-
gists reviewed CT and MRI images independently
and without knowledge of each other’s findings.
Histopathology reports, when available, were used
as the reference standard. The diagnostic findings of
CT and MRI were then compared to assess their rel-
ative effectiveness in detecting brain tumors.

Statistical Analysis: Data was entered and analyzed
using SPSS version 27. Categorical variables such
as lesion type, presence of calcification, edema, and
enhancement patterns were compared between CT
and MRI using the Chi-square test or Fisher’s exact
test as appropriate. Continuous variables were ana-
lyzed using descriptive statistics. Diagnostic sensi-
tivity, specificity, and accuracy were calculated for
both imaging modalities. A p-value < 0.05 was con-
sidered statistically significant.

Result
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Table 1 was made up of 80 respondents whose age
distribution was wide. The majority of participants
(37.5%) were aged 41-60 years of age, with the sec-
ond group (35) being aged 20—40 years. Fewer were
aged below 20 years (12.5%), and above 60 years
(15%). A larger proportion of the sample was made
up of men (57.5%), than women (42.5%). On the
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issue of clinical presentation, headaches were the
most frequently reported symptoms by 60% of the
respondents. Seizures had been observed in 25 per-
cent of the people and focal neurological deficit was
the least prevalent where it was noted in 15 percent
of the study population.

Table 1: Demographic characteristics of study participants (n = 80)
Variable Category Frequency (n) Percentage (%)
<20 10 12.5
2040 28 35
Age (years) 41-60 30 37.5
> 60 12 15
Male 46 57.5
Sex Female 34 42.5
Headache 48 60
Seizures 20 25
Clinical Presentation Focal Neurological Deficits | 12 15

Table 2 compares the effectiveness of CT and MRI
to identify different features of brain tumors. MRI
was found to be significantly superior in most cate-
gories with a much higher rate of detection of tumors
(97.5% vs. 81.3per cent, p < 0.001), edema (95.0%
vs. 72.5per cent, p < 0.001), contrast enhancement
(97.5% vs. 75.0per cent, p <0.001) and cystic or ne-
crotic areas (90.0% vs. 60.0per cent, p < On the other

hand, CT was more useful in detecting the presence
of calcifications (27.5% vs. 10.0, p = 0.004). Hem-
orrhage detection was not different in the two mo-
dalities as the difference was not statistically signif-
icant (42.5% with MRI and 37.5% with CT, p =
0.52). All in all, MRI is superior in revealing most
tumor-related characteristics, and CT has a benefit
of visualizing calcifications.

Table 2: Comparison of CT and MRI findings in detection of brain tumors
Imaging Feature CT Positive (n, %) MRI Positive (n, %) | p-value
Tumor Detection 65 (81.3%) 78 (97.5%) <0.001*
Edema Detection 58 (72.5%) 76 (95.0%) <0.001*
Calcification 22 (27.5%) 8 (10.0%) 0.004*
Hemorrhage 30 (37.5%) 34 (42.5%) 0.52
Contrast Enhancement 60 (75.0%) 78 (97.5%) <0.001*
Cystic / Necrotic Areas 48 (60.0%) 72 (90.0%) <0.001*

Table 3 represents parallels between the diagnostic
performance of CT and MRI. All in all, MRI shows
a better performance regarding all the parameters
considered than CT. MRI is more sensitive (97.5%
vs. 81.3%), which means that it is more effective in
identifying the patient with the condition properly.
It is also more specific (88 out of 100 vs. 70 out of
100), which demonstrates a higher possibility to di-
agnose correctly non-conditioned patients. MRI has
a greater positive predictive value (PPV) (96% vs.

85%), which indicates that a positive outcome in
MRI has a higher likelihood of being a true positive
outcome. On the same note, the negative predictive
value (NPV) of MRI is significantly greater (91.6%
vs. 62.5%), which demonstrates that negative out-
come of MRI is more accurate when eliminating dis-
ease. Subsequently, the overall diagnostic accuracy
of MRI (95%) is greater than that of CT (78%),
which makes MRI more reliable imaging modality
in the case.

Table 3: Diagnostic performance of CT vs MRI

Parameter CT (%) MRI (%)
Sensitivity 81.3 97.5

Specificity 70 88

Positive Predictive Value (PPV) 85 96

Negative Predictive Value (NPV) 62.5 91.6

Diagnostic Accuracy 78 95

Discussion The current research involved 80 participants who
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represented the entire population who suffered brain
tumor. Most of the participants were aged 4160
years (37.5) with the second most common age
bracket being the 2040 years (35%). This is in line
with the earlier research that showed that brain tu-
mors are common in middle aged adults although
younger and older age groups are also touched by it.
This is because the slightly higher percentage of
male participants (57.5) than the females (42.5) con-
form to the male predisposition mostly experienced
in some of the types of brain tumors. Schellinger et
al., (1999) [6] identified that MRI found more le-
sions in the metastases of the brain in nearly a third
of patients who had been diagnosed with solitary le-
sions using contrast-enhanced CT implying the su-
periority of MRI in lesion resolution and multiplanar
imaging.

The most frequent symptom of this was headaches
with 60% of those answering the survey, and 25%
having seizures. Focal neurological deficits were not
very common, only found in 15 percent of the par-
ticipants of the study. These results point out at the
inconsistency of the clinical manifestation, and it is
worth noting that such non-specific symptoms as
headaches are frequently the early warning signs of
intracranial pathology and may be difficult to detect
early. According to Zimmerman et al., (1991) [7] as
89% and 82% but in Italy on metastatic lesions the
sensitivity and specificity of it were 92% and 99%.

The imaging modalities were compared and MRI
proved to be superior to CT in identifying most of
the tumor-related features. MRI was much more ef-
fective in tumor, edema, contrast enhancement and
cystic or necrotic areas detection. This increased
performance is a result of the higher soft tissue im-
age of the MRI and that it can distinguish different
tumor elements hence, it is the modality to use in to-
tal evaluation of brain tumor. Hill et al., (1994) [8]
reported the details of 52 patients that 48%CT scan
reports were like biopsy reports.

CT, nevertheless, had an upper hand in the detection
of calcifications, which MRI sensitivity was less
sensitive to. This observation is also clinically sig-
nificant because some tumors, including oligoden-
drogliomas or meningiomas, tend to have calcifica-
tions and thus CT is a convenient complementary
procedure. Both MRI and CT had similar detection
of hemorrhage conditions indicating that they are
both effective in the detection of bleeding in or
around the tumor. Bahadure et al., (2017) [9] sug-
gested that MRI, combined with machine learning
methods including biologically inspired wavelet
transformations and support vector machines, were
able to classify brain tumors with diagnostic accu-
racy above 96% accuracy.

The measurement of diagnostic performance indica-
tors also contributes to the superiority of MRI. MRI
was more sensitive, specific, positive predictive
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value, negative predictive value and overall diagnos-
tic accuracy in comparison to CT. The findings sug-
gest that MRI detects more true cases of brain tu-
mors and is more confident with the exclusion of
disease justifying its use as the gold standard in neu-
roimaging to diagnose brain tumors. Gilles et al.,
(2000) [10] demonstrated that the accuracy of radi-
ological diagnostics versus tissue biopsies was 66%.

In general, the results of the current research support
the complementary nature of the MRI and CT in the
assessment of brain tumors. Although MRI is the
best option in the characterization of tumors and
their true diagnosis, CT is important in the detection
of calcifications and the provision of rapid analysis,
especially in emergency cases. A combination of the
two modalities can thus maximize diagnostic preci-
sion and inform the correct clinical care.

Conclusion

According to the analysis and data provided, one can
conclude that MRI is more diagnostic in the detec-
tion and characterization of brain tumors than CT.
The sensitivity, specificity and the overall accuracy
of MRI makes it the imaging mode of choice in iden-
tification of tumors, edema, contrast enhancement,
and cystic or necrotic hyperplasia, thus it is more re-
liable in the extensive examination of the areas.
Nevertheless, CT still has a useful place in the iden-
tification of calcifications and quick evaluation in
emergency cases. The results highlight that although
MRI is the most suitable technique to assess the tu-
mor in detail, a combination of CT and MRI will be
the most effective method to achieve the highest
level of diagnostic accuracy, timely clinical deci-
sion-making, patient management, and prognostic
outcome.
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