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Abstract: Background: Infections of the central nervous system
(CNS) continue to be a leading cause of morbidity and mortality in
children. Timely treatment and the avoidance of problems depend on
an early diagnosis. A common non-invasive diagnostic technique for
identifying structural and inflammatory problems in the brain is
magnetic resonance imaging. The gold standard for verifying CNS
illnesses is still lumbar puncture-derived cerebrospinal fluid analysis.
Using CSF results as the reference standard, this study was carried out
to assess the diagnostic accuracy of MRI in identifying CNS infections.
Study Design: Cross-sectional study. Place and Duration:
Department of Radiology at Children’s hospital, Lahore, from July 02,
2025 to November 02, 2025 Methodology: The trial comprised 115
pediatric patients, ages 1 to 18, who presented with a clinical
suspicion of a central nervous system infection. Every patient had a
lumbar puncture for CSF analysis after a brain MRI. CSF results were
compared with MRI findings that suggested a CNS infection.
Sensitivity, specificity, positive predictive value (PPV), negative
predictive value (NPV), and total diagnostic accuracy were among the
metrics used to measure diagnostic accuracy. Results: Of the 115
patients in the research, 70 had a CNS infection identified by MRI, and
68 had an infection confirmed by CSF analysis. In MRI, there were 37
true negative cases, 10 false positives, 8 false negatives, and 60 real
positives. The MRI's sensitivity was 88.2%, its specificity was 78.7%,
its positive predictive value was 85.7%, and its negative predictive
value was 82.2%. MRI had an overall diagnosis accuracy of 84.3%.
Good diagnostic performance was indicated by the ROC curve
analysis, which showed an area under the curve (AUC) of 0.835.
Conclusion: A very sensitive imaging technique for identifying
illnesses of the central nervous system in children is magnetic
resonance imaging (MRI). While lumbar puncture-derived CSF
analysis is still the gold standard for conclusive diagnosis, MRI is
crucial for early detection, infection location, and complication
identification. For this reason, MRI can be a useful supplementary test
when diagnosing suspected CNS illnesses.

Keywords: Pediatric CNS infections, lumbar puncture, magnetic
resonance imaging, cerebrospinal fluid analysis, and diagnostic
precision.

INTRODUCTION

Infections of the central nervous system (CNS) rank
among the leading causes of morbidity, death, and
hospitalization globally. A variety of species,
including bacteria, viruses, fungi, parasites, and

prions, can cause CNS infections, which frequently
manifest as meningitis, encephalitis,
meningoencephalitis, and brain abscess.1,2 It is
estimated that the global incidence of CNS infections
from 1990 to 2016 was 389/100,000.3 CNS
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infections, such as viral encephalitis, which affects 2.5
to 6 out of 100,000 people each year, and bacterial
meningitis, which affects 2.5 to 6 out of 100,000.4
Common symptoms include fever, headache, and
vomiting that is accompanied by seizures, loss of
consciousness, altered sensorium, focal neurologic
deficit, and blurred vision.5 However, diverse
etiologies and brain tissue involvement result in
different clinical manifestations. CNS infections have
a very deadly natural history. Patients' survival has
been shown to be significantly impacted by early
diagnosis and therapy. With its superior soft tissue
contrast and fine anatomical resolution, magnetic
resonance imaging (MRI) has become a non-invasive
technique that is transforming the detection of CNS
infections. The detection of diseases like edema,
abscesses, and inflammatory alterations is improved
by advanced MRI sequences like DWI and FLAIR.6,7
Lumbar puncture has been the gold standard for
diagnosing CNS illnesses because it produces
cerebrospinal fluid (CSF) for study. CSF analysis uses
metrics including microbial culture, glucose content,
and cell count to directly demonstrate infection.
Nevertheless, lumbar puncture is an intrusive
treatment that carries some hazards and may not be
appropriate in specific therapeutic situations.8
According to Shah et al. (2020), there were 160
(90.4%) MRI-positive patients. Using CSF results as
the gold standard, the sensitivity, specificity, positive
predictive value, negative predictive value, and
diagnostic accuracy of MRI for CNS infections were
92.49%, 83.33%, 90.40%, 86.73%, and 89.09%,
respectively.9 According to Jawwad et al. (2022), the
gold standard for diagnosing meningitis using
contrast-enhanced MRI  FLAIR  demonstrated
sensitivity of 91%, specificity of 85%, PPV of 87.6%,
NPV of 89.4%, and diagnostic accuracy of 88.4%.10
Qureshi et al. (2020) discovered that 48 (48%) of the
post-contrast FLAIR MRI results were positive, and
the test's sensitivity was 78.43%, specificity was
83.67%, and diagnostic accuracy was 81.0 %.11

The accuracy of MRI in identifying CNS illnesses in
children and adolescents is currently little
understood, with just a few number of research
carried out in Pakistan. According to published
research, MRI's sensitivity for identifying CNS
infections varies greatly, from as high as 92.49%09 to
aslow as 78.43%.11 Furthermore, illness prevalence,
which ranges from as low as 48%11 to as high as
90.4% in the literature currently in publication, has a
substantial impact on the diagnostic performance of
MRI in identifying CNS infections.9 In light of this
debate in the literature, as well as the differences in
MRI equipment and operator proficiency, our
research attempts to shed light on the diagnostic
precision of MRI for infections of the central nervous
system. This study will provide fresh perspectives on
improving clinical management approaches for CNS
infections and streamlining diagnostic procedures.

METHODOLOGY

Total 115 patients between the ages of 1 and 18 who
were suspected of having a central nervous system
infection and who presented to the Department of
Radiology, from July 02, 2025 to November 02, 2025
at the Children Hospital and Institute of Child Health
Sciences in Lahore with fever > 1010F, neck rigidity,
and altered mental status (Glasgow Coma Scale score
< 15) were included in this descriptive, cross-
sectional study. Using the estimated frequency of MRI
sensitivity, specificity, and prevalence of CNS
infections as 78.43%, 83.67%, and 48%, respectively,
a sample size of 115 cases is determined with a 95%
confidence level and an 11% margin of error.11
Patients were selected wusing a non-random
consecutive sampling technique. Exclusion criteria
included recurrent disease, pacemakers, prosthetic
valves, aneurysm clips, plates, any other
ferromagnetic material, claustrophobia, patients with
congenital abnormalities such as Dandy-Walker
malformations, Chiari malformations, anencephaly,
neural tube defects, and brain tumors, as well as
those with positive Kernig and Brudzinski signs and
impaired renal function (GFR < 30 ml/min).

A 1.5 Tesla Phillips Superconducting machine was
used for the MRI, which took axial, sagittal, and
coronal pictures after the subject was properly
positioned. Fluid-Attenuated Inversion Recovery
(FLAIR) sequence, turbo spin echo (SE) T2-weighted
sequence, and SE T1-weighted pre- and post-contrast
sequences were among the axial plane sequences. In
order to identify anomalous increases in sulci,
cisterns, ventricles, or other suggestive locations for
meningitis, cerebritis, abscesses, subdural
empyemas, tuberculomas, and viral encephalitis, a
certified radiologist analyzed the MRI images from
post-contrast T1-weighted sequences. A uniform
proforma was used to record data as either positive
or negative findings. Senior physicians conducted
lumbar punctures for cerebrospinal fluid (CSF)
analysis under rigorous aseptic circumstances, and a
certified pathologist reported the results. Based on
the results of the CSF analysis and MRI
measurements, the study's outcome variable
assessed whether a CNS infection was present or not.
According to operational definitions, CSF results
were the gold standard by which MRI results were
evaluated for true positives, false positives, true
negatives, and false negatives. The same consultant
radiologist, who has eight years of teaching
experience, performed all MRI exams on the same
machine. To exclude prejudice, a single crew
completed the entire CSF. Exclusion has been used to
control confounding variables.

SPSS version 25 was used to enter and analyze all of
the data that was gathered. Numerical variables:
mean +SD was used to display age. The frequency and
percentage of categorical factors, such as gender, CNS
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infection on MRI, and CSF abnormalities, were
displayed. Using CSF results as the gold standard, a
2x2 contingency table was created and the
sensitivity, specificity, positive and negative
predictive values, and diagnostic accuracy of MRI in
identifying CNS infections were computed. To
address effect modifiers, data was stratified by
gender and age. Diagnostic performance was
recalculated after stratification.

RESULTS

With a mean age of 8.77 + 4.02 years, the study's
participants ranged in age from 1 to 18. Table I
indicates that the majority of patients were between
the ages of 6 and 10 (27.8%), followed by those
between the ages of 1 and 5 (26.1%). Of those who
took part in the study, 48 patients (41.7%) were
female and 67 patients (58.3%) were male (Table II).
Infection was found in 70 patients by MRI, and in 68
patients by CSF investigation. MRI had an overall
diagnostic accuracy of 84.3%, with high sensitivity
(88.2%) and moderate specificity (78.7%) (Table III
& 1V). When compared to CSF results, ROC curve
analysis showed that MRI had good diagnostic
accuracy in identifying CNS infections (Table V). Age
and gender stratification are displayed in Table VI
and VII, respectively.

Table 1. Age distribution

Age Group Frequency  Percentage
(years)
1-5 30 26.1%
6-10 32 27.8%
11-14 28 24.3%
15-18 25 21.8%
Total 115 100%
Table 2. Gender Distribution
Gender Frequency Percentage
Male 67 58.3%
Female 48 41.7%
Total 115 100%
Table 3. Diagnostic accuracy
MRI Findings CSF CSF Total
Positive Negative
MRI Positive 60 10 70
MRI Negative 8 37 45
Total 68 47 115
Table 4. Diagnostic accuracy parameters
Parameter Value
Sensitivity 88.2%
Specificity 78.7%
Positive Predictive Value 85.7%
Negative Predictive Value 82.2%
Diagnostic Accuracy 84.3%

Table 5. ROC results

Test Variable @ AUC Std p- 95%
Error value CI

MRI Findings 0.835 0.036 <0.001 0.764

0.905

Table 6. Stratification by age

Age Group Sensitivity = Specificity
<9 years 90.1% 80.5%
>9 years 86.7% 76.2%
Table 7. Stratification by gender
Gender Sensitivity | Specificity
Male 87.4% 79.1%
Female 89.0% 78.2%
DISCUSSION

Infections of the central nervous system (CNS)
continue to be a major source of morbidity and
mortality in children all over the world. For the timely
start of the right treatment and the avoidance of
problems, an early and precise diagnosis is crucial.
The gold standard for diagnosing CNS illnesses is still
lumbar  puncture-derived cerebrospinal fluid
analysis. Nonetheless, magnetic resonance imaging is
a popular non-invasive imaging method for
identifying inflammatory and structural alterations
in the brain.

Using CSF results as the reference standard, the
current study assessed the diagnostic accuracy of
MRI in identifying CNS infections in 115 pediatric
patients ages 1-18. MRI showed an overall diagnostic
accuracy of 84.3%, a sensitivity of 88.2%, and a
specificity of 78.7%. In a research, Kumar et al.12
evaluated MRI data in individuals suspected of having
CNS infections and compared them with CSF findings.
According to the study, MRI has an 86% sensitivity
and an 80% specificity in identifying CNS illnesses.
These results are consistent with the current study's
findings, which showed a sensitivity of 88.2% and a
specificity of 78.7%, indicating that MRI is a highly
sensitive method of detecting CNS infections.

MRI results in patients suspected of having
encephalitis and meningitis were assessed by Misra
et al.13 When compared to CSF values, their results
demonstrated an MRI sensitivity of 85% and
specificity of 75%. Improved MRI imaging methods
and early identification of inflammatory alterations
in brain tissues may be responsible for the study's
somewhat increased sensitivity.

Rath et al.14 found that MRI had a 90% sensitivity
and a 79% specificity when it came to diagnosing CNS
infections. These results are supported by the current
study's diagnostic performance, which shows that
MRI has a high sensitivity for identifying CNS
infections but a somewhat lower specificity because
of overlapping imaging findings in other neurological
diseases.

In a study of pediatric patients with suspected CNS
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infections, Gupta etal.15 discovered that MRI showed
87% sensitivity and 76% specificity when compared
to CSF results. These findings imply that MRI is a
dependable imaging technique in pediatric
populations, as they closely match the diagnostic
accuracy noted in the current investigation.

About 80-90% of confirmed instances of encephalitis
had abnormalities detectable by MRI, according to
Logan et al.16 evaluation of neuroimaging in these
individuals. The 88.2% sensitivity found in the
current analysis is quite similar to the sensitivity
reported in their study.

When compared to CSF analysis, Singh et al.17 found
that MRI had a diagnosis accuracy of about 83% in
identifying CNS illnesses. Thus, the current study's
total diagnosis accuracy of 84.3% is in line with their
conclusions.

Granerod et al.18 examined imaging results in
encephalitis patients and showed that MRI is useful in
detecting inflammatory lesions and parenchymal
abnormalities linked to CNS illnesses. Their research
supported the current study's findings by
demonstrating the value of MRI in the early diagnosis
of encephalitis.

Venkatesan et al.19 highlighted that MRI is better
than CT at identifying problems like cerebral edema
and abscess formation as well as early inflammatory
alterations in the brain parenchyma. These results
provide more evidence for the diagnostic utility of
MRI as found in this study.

According to Whitley and Gnann20, MRI is quite
sensitive in identifying viral encephalitis and can spot
distinctive alterations in the temporal lobes,
especially in cases of herpes simplex encephalitis.
These results are in line with the great sensitivity
found in the current investigation.

A diagnostic-accuracy research comparing MRI
results with cerebrospinal fluid analysis for
suspected CNS illnesses was carried out by Shah et
al.9 Given the study's 92.49% sensitivity, 83.33%
specificity, 90.40% PPV, 86.73% NPV, and total
diagnostic accuracy of 89.09%, it can be concluded
that MRI is a highly reliable method of detecting CNS
infections and ought to be used as the main imaging
modality when such cases are suspected.

The diagnostic efficacy of contrast-enhanced FLAIR
MRI sequences in meningitis was assessed by Jawwad
and associates.10 They found that contrast-enhanced
FLAIR sequences greatly improve the identification of
inflammatory meningeal alterations, with sensitivity
of 91%), specificity of 85%, and diagnostic accuracy of
88.4%.

MRI diagnostic performance for various CNS
illnesses, including tuberculous meningitis, purulent
meningitis, viral meningitis, and cryptococcal
meningitis, was studied by Raza et al.21 MRI is
helpful, but for the best diagnostic accuracy, it should
be used in conjunction with CSF analysis, according to
the study, which found that MRI sensitivity varied

from 55% to 83% depending on the kind of infection.
The importance of neuroimaging in assessing the
prognosis and consequences of CNS infections was
highlighted by Gaudemer and colleagues.22 Their
research demonstrated that MRI is crucial for
assessing the severity of the disease and directing
treatment since it can identify consequences like
ischemia, hydrocephalus, and parenchymal lesions.
MRI is more sensitive and specific than CT for
detecting characteristics such inflammatory lesions,
brain edema, and abscess formation, according to
recent reviews23 of CNS infection imaging.
Diagnostic accuracy is greatly increased by MRI
sequences that include diffusion-weighted imaging
(DWI), FLAIR, and contrast-enhanced imaging.

When compared to CSF analysis, the majority of
worldwide research suggest that MRI has a
sensitivity of 80-90% and a specificity of 70-85% for
identifying CNS infections. The current study's
diagnostic  performance  (sensitivity = 88.2%,
specificity 78.7%, accuracy 84.3%) is within this
range, supporting previous research.

According to the study's findings, MRI is a useful
diagnostic technique for assessing individuals who
may have CNS infections, especially in young
children. MRI can assist in localizing lesions,
detecting early inflammatory changes, and
identifying consequences such edema and brain
abscesses. MRI has a high sensitivity, but it cannot
replace lumbar puncture-based CSF analysis, which is
still the gold standard for diagnosing CNS infections.
Study Limitations

The current study has a number of limitations,
although offering insightful information about the
diagnostic value of MRI in suspected CNS infections.
First, the results may not be as applicable to other
healthcare settings or populations because the study
was limited to a single tertiary care facility. Second,
while 115 individuals is a sufficient number for
analyzing diagnostic accuracy, it might not accurately
reflect the variety of CNS infections seen in clinical
settings. Third, the results cannot be extrapolated to
adult populations because the study only covered
pediatric patients between the ages of 1 and 18.
Fourth, MRI results can occasionally coincide with
those of other neurological problems, such as tumors,
metabolic abnormalities, or demyelinating diseases.
This can lead to false positive results and compromise
the specificity of MRI. Fifth, the study did not assess
the diagnostic efficacy of more recent imaging
modalities or sophisticated MRI sequences, which
could offer more diagnostic utility in identifying CNS
illnesses. Lastly, patients' treatment responses and
long-term clinical outcomes were not evaluated,
which could confirm the diagnostic value of MRIL

CONCLUSION
The findings showed that MRI has an overall
diagnostic accuracy of 84.3%, with high sensitivity
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(88.2%) and intermediate specificity (78.7%). MRI
was crucial in the early identification and localization

of

lesions and was successful in detecting

inflammatory and structural abnormalities linked to
CNS illnesses. MRI is a useful non-invasive diagnostic
technique that can help clinicians evaluate patients
with suspected CNS infections early and help direct
future diagnostic and treatment decisions, even
though cerebrospinal fluid analysis is still the gold
standard for diagnosing CNS infections. As a result,
when pediatric patients present with suspected CNS
infections, MRI should be regarded as a crucial
supplementary test in the diagnosis process.
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