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ABSTRACT

Background: The routine use of contrast-enhanced computed tomography (CECT) prior to lumbar puncture (LP) in patients with suspected meningitis
may delay definitive diagnosis and timely initiation of antimicrobial therapy. Evidence supporting the incremental diagnostic value of CECT over LP
in emergency settings, particularly in low- and middle-income countries, remains limited. Objective: To compare the diagnostic significance of
contrast-enhanced CT brain and lumbar puncture in adults presenting with suspected meningitis to the emergency department of a tertiary care hospital
in Pakistan. Study Design: Prospective observational study. Settings: Emergency Department of Shifa International Hospital, Islamabad. Duration
of Study: From March 2024 to August 2024. Methods: Ninety consecutive adult patients presenting with clinical features suggestive of acute meningitis
were enrolled. In accordance with institutional protocol, all patients underwent a contrast-enhanced CT of the brain prior to lumbar puncture. CT
findings were evaluated for parenchymal abnormalities and radiological contraindications to LP. Cerebrospinal fluid (CSF) analysis served as the
reference standard for confirming and etiologically classifying meningitis. Diagnostic performance indices of CECT were calculated against CSF
findings. Post-stratification analysis assessed associations between CT abnormalities, presenting clinical features, and in-hospital outcomes. Statistical
analysis was performed using SPSS version 26, with p < 0.05 considered statistically significant. Results: The mean age of participants was 34.8
15.6 years, with a male predominance (56.7%). CSF analysis confirmed meningitis in 84.4% of cases. The predominant etiologies were bacterial
(41.1%), viral (31.1%), and tuberculous meningitis (12.2%). CECT demonstrated abnormalities in 35.6% of patients and identified radiological
contraindications to LP in 8.9% of cases. Using CSF as the reference standard, CECT showed limited sensitivity (42.1%) and moderate specificity
(83.3%) for meningitis-related abnormalities. CT abnormalities were significantly associated with altered level of consciousness, seizures, and
papilledema (p < 0.05). Patients with abnormal CT findings experienced higher rates of intensive care unit admission, mechanical ventilation,
neurological sequelae, and in-hospital mortality (all p < 0.05). Emergency department length of stay was significantly prolonged among patients
undergoing CT prior to LP. Conclusion: Contrast-enhanced CT of the brain demonstrates limited sensitivity for confirming meningitis but remains
valuable for identifying contraindications to lumbar puncture and stratifying patients at risk of severe outcomes. Lumbar pun cture with CSF analysis
remains the definitive diagnostic modality. Selective, guideline-directed use of pre-LP neuroimaging may reduce diagnostic delays and improve
outcomes in resource-constrained emergency care settings.
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INTRODUCTION significantly longer median time to antibiotic administration (367 vs

231 minutes; p =0.001) (3). Such delays are clinically consequential,
as retrospective studies have shown that delayed antimicrobial therapy
beyond 6 hours of ED arrival is associated with increased mortality

A miscarriage, also referred to as spontaneous abortion, represents one
of the most life-threatening neurological emergencies encountered in
the emergency department (ED), demanding prompt diagnosis and ). . . .
immediate therapeutic intervention (1,2). Bacterial meningitis, in C(.)I.ltrast-.enhanced CT (CECT) of the braln. has beep 1n.creas1.ngly
particular, carries significant morbidity and mortality, with outcomes utilised in the evaluation of suspected intracranial infections;
directly correlated to the timeliness of diagnosis and initiation of however, its incremental diagnostic value over non-contrast CT
antimicrobial therapy (1,2). The clinical presentation of meningitis, remains poorly defined (4). Patel et al. found that in 343 patients
including fever, headache, neck stiffness, and altered mental status, e\(aluated for suspected 1.ntracrama1 infection, most acute infections
necessitates a systematic, evidence-based diagnostic approach (3,2). with enhancing CT findings also had correlative conspicuous non-
Despite advances in neuroimaging and laboratory diagnostics, the contrast CT findings that would independently merit further
optimal sequence of investigations in the ED remains a subject of evaluation, concluding that CECT is redundant in most cases of
ongoing clinical debate (3,4). sus.pec.ted 1qtracraplal infection in the emergency setting ). Qurrent
Lumbar puncture (LP) with cerebrospinal fluid (CSF) analysis guldel_mes, including those frqm the Infectious Dlsease§ Socm;ty gf
remains the gold standard for confirming meningitis and providing America (IDSA), do not explicitly 11.1an.dgte contrast administration in
critical information on causative organisms, cell counts, glucose, and the CT evaluation of suspected meningitis (1,4). ) o
protein levels (3,5). However, the widespread practice of performing P aletfm bears a disproportionate burdf:n ,O,f mfectlousl meningitis,
CT brain imaging prior to LP to exclude raised intracranial pressure including bacterial and tuberculoqs meningitis (TBM), given its high
and contraindications to LP has introduced significant delays in both prevalence of t}lbercuIOSIS and limited hea.lthcarfz resources (6,7).
LP performance and antibiotic administration (3). Gulholm et al. TBM, the deadliest form of tuberculous manifestation, is particularly
demonstrated that 70% of patients with suspected meningitis challenging to distinguish from bacterial meningitis on clinical
underwent neuroimaging prior to LP, and this group experienced a grounds alone, and diagnostic delays are common in resource-limited
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settings (6,7). In Pakistan, where CT scanners are available in tertiary
care centers but LP expertise and CSF analysis infrastructure may be
inconsistently available, the clinical decision of whether to prioritize
CECT brain or LP has direct implications for patient outcomes and
resource utilization. Furthermore, routine CECT prior to LP may
impose unnecessary costs and delays in a healthcare system already
under strain. This study aims to evaluate the comparative diagnostic
significance of CECT brain versus LP in patients presenting to the ED
with suspected meningitis, to inform evidence-based, context-
appropriate clinical practice for the Pakistani population.

METHODOLOGY

This prospective, observational, analytical study was conducted in the
Emergency Department of a tertiary care hospital over six months,
from March to August 2024. The study included 90 consecutive
patients aged 16 years and above who presented with clinical
suspicion of acute meningitis, defined by the presence of fever,
headache, neck stiffness, altered mental status, or seizures. Patients
with known intracranial malignancy, recent neurosurgical procedures,
or traumatic brain injury were excluded. After obtaining informed
consent from patients or their legal guardians, detailed demographic
and clinical data were recorded using a structured proforma. All
patients underwent contrast-enhanced CT brain prior to lumbar
puncture as per institutional protocol to assess for contraindications
such as mass effect, midline shift, or obstructive hydrocephalus. CT
scans were interpreted independently by two consultant radiologists
blinded to CSF results. Lumbar puncture was performed under aseptic
conditions unless contraindicated by CT findings. Cerebrospinal fluid
was analyzed for cell count, glucose, and protein; Gram stain; culture;
and, where indicated, PCR for viral pathogens and acid-fast bacilli.
Diagnosis of bacterial, viral, or tuberculous meningitis was
established based on standard laboratory criteria.

Data were entered and analyzed using SPSS version 26. Quantitative
variables were expressed as mean + standard deviation or median with
interquartile range, depending on distribution assessed by the
Shapiro-Wilk test. Categorical variables were presented as
frequencies and percentages. Sensitivity, specificity, positive
predictive value, and negative predictive value of contrast-enhanced
CT were calculated using CSF findings as the reference standard.
Associations were assessed using chi-square or Fisher’s exact test for
categorical variables and independent sample t-test for continuous
variables. A p-value of less than 0.05 was considered statistically
significant.

Ethical approval was obtained from the hospital's Institutional Review
Board prior to the commencement of the study. All procedures were
conducted in accordance with the Declaration of Helsinki and local
ethical guidelines.

RESULTS

During the six-month study period (July to December), 90 consecutive
adult patients presenting to the emergency department of a tertiary
care hospital with clinical suspicion of acute meningitis were
prospectively enrolled. The mean age was 34.8 + 15.6 years (range
1672 years). Males comprised 56.7% (n =51), with a male-to-female
ratio of 1.3:1. The largest age group was 31-50 years (42.2%),
followed by 16-30 years (35.6%). Urban residents accounted for
61.1% of cases. Nearly half of the cohort (48.9%) had at least one
comorbid condition, including diabetes mellitus (20.0%),
hypertension (16.7%), and immunocompromised status (12.2%)
(Table 1).

Table 1: Baseline Demographic and Clinical Characteristics of
Patients with Suspected Acute Meningitis (n = 90)

Variable Frequency (n) (%)
Age (years), mean + SD 348+15.6 —

16-30 years 32 35.6
31-50 years 38 422
>50 years 20 222
Male 51 56.7
Female 39 433
Urban residence 55 61.1
Rural residence 35 38.9
Diabetes mellitus 18 20.0
Hypertension 15 16.7
Immunocompromised 11 12.2

Fever (88.9%), headache (82.2%), and neck stiffness (70.0%) were
the most frequent presenting features. Altered level of consciousness
was observed in 38.9%, seizures in 21.1%, and papilledema in 13.3%.
All patients underwent contrast-enhanced CT (CECT) brain prior to
lumbar puncture according to institutional protocol. CT findings were
normal in 64.4% (n = 58). Abnormalities were identified in 35.6% (n
= 32), including cerebral edema (14.4%), meningeal enhancement
(11.1%), hydrocephalus (5.6%), and space-occupying lesions (4.4%).
Radiological features contraindicating immediate lumbar puncture,
such as mass effect or obstructive hydrocephalus, were detected in 8
patients (8.9%) (Table 2).

Table 2: Contrast-Enhanced CT Brain Findings (n = 90)

CT Finding Frequency (n) (%)
Normal 58 64.4
Cerebral edema 13 14.4
Meningeal enhancement 10 11.1
Hydrocephalus 5 5.6
Space-occupying lesion 4 4.4
Contraindication to LP 8 8.9

Lumbar puncture was safely performed in 82 patients (91.1%). In 8
patients (8.9%), the procedure was deferred based on CT findings.
Cerebrospinal fluid analysis confirmed meningitis in 76 patients
(84.4%). Bacterial meningitis was diagnosed in 37 cases (41.1%),
viral meningitis in 28 (31.1%), and tuberculous meningitis in 11
(12.2%). CSF was normal in 6 patients (6.7%) (Table 3).

Table 3: Cerebrospinal Fluid Analysis and Diagnostic
Classification (n = 90)

CSF-Based Diagnosis Frequency (n) (%)

Bacterial meningitis 37 41.1
Viral meningitis 28 31.1
Tuberculous meningitis 11 12.2
Normal CSF 6 6.7
LP not performed 8 8.9

Using CSF findings as the reference standard, CECT of the brain
demonstrated a sensitivity of 42.1% and a specificity of 83.3% for
detecting meningitis-related abnormalities. The positive predictive
value was 90.6%, while the negative predictive value was 28.1%.
Importantly, CT showed 100% sensitivity in identifying patients with
contraindications to lumbar puncture.

Post-stratification analysis revealed that abnormal CT findings were
significantly associated with altered level of consciousness (62.5% vs.
25.9%, p = 0.001), seizures (40.6% vs. 10.3%, p = 0.002), and
papilledema (25.0% vs. 6.9%, p = 0.018). No significant association
was observed between CT abnormality and fever or neck stiffness (p
> (0.05) (Table 4).
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Table 4: Association Between Clinical Variables and Abnormal
CT Findings (n = 90)
Variable Abnormal  Normal p-value
CT (n=32) CT (n=58)

Altered consciousness 20 (62.5%) 15(25.9%) 0.001*

Seizures 13 (40.6%)  6(103%)  0.002*
Papilledema 8(25.0%)  4(6.9%) 0.018*
Fever 30 (93.8%) 50 (86.2%)  0.31
Neck stiffness 24 (75.0%) 39 (67.2%)  0.46

*Statistically significant at p < 0.05

Abnormal CT findings were also significantly associated with
bacterial meningitis (p = 0.03), but not with viral or tuberculous
meningitis (p > 0.05). The mean emergency department stay was
longer in patients who underwent CT prior to lumbar puncture (6.2 +
2.1 hours) than in those without contraindications (4.8 £ 1.7 hours; p
=0.02). The overall mean hospital stay was 8.6 + 3.4 days.
Regarding clinical outcomes, 26 patients (28.9%) required ICU
admission, and 18 (20.0%) required mechanical ventilation. Complete
recovery without neurological deficit occurred in 62 patients (68.9%),
whereas 17 (18.9%) were discharged with persistent neurological
sequelae. The overall in-hospital mortality rate was 12.2% (n = 11).
Patients with abnormal CT findings had significantly higher rates of
ICU admission (56.3% vs. 13.8%, p < 0.001), mechanical ventilation
(43.8% vs. 6.9%, p <0.001), neurological sequelae (34.4% vs. 10.3%,
p =0.006), and mortality (21.9% vs. 6.9%, p = 0.041) (Table 5).

Table 5: Association Between CT Findings and Clinical Outcomes
(n=90)
Outcome Abnormal Normal p-value
CT (n=32) CT (n=58)
ICU admission 18 (56.3%) 8 (13.8%) <0.001*
Mechanical ventilation = 14 (43.8%) 4 (6.9%) <0.001*
Neurological sequelae 11 (34.4%) 6 (10.3%) 0.006*
In-hospital mortality 7 (21.9%) 4 (6.9%) 0.041*
*Statistically significant at p < 0.05

Overall, lumbar puncture remained the definitive diagnostic modality,
confirming meningitis in the majority of clinically suspected cases.
Contrast-enhanced CT demonstrated limited sensitivity for
diagnosing meningitis, but it played a critical role in identifying
patients at risk of complications from lumbar puncture. Furthermore,
abnormal CT findings were strongly associated with clinical severity
and adverse outcomes, underscoring their value in risk stratification
rather than primary diagnosis.

DISCUSSION

The mean age of patients was 34.8 + 15.6 years, reflecting the
predominance of young adults with meningitis in LMIC settings.
Males constituted 56.7% of the cohort, and 61.1% were urban
residents. Fever (88.9%), headache (82.2%), and neck stiffness
(70.0%) were the most frequent presenting symptoms, consistent with
the classical triad described by Salazar and Hasbun et al. (8,9). Altered
level of consciousness was observed in 38.9% of patients, a clinically
important finding given its association with poor outcomes and its role
as an indication for pre-LP neuroimaging in international guidelines
(8,10). Comorbidities were present in 48.9% of patients, including
diabetes mellitus (20.0%) and immunocompromised states (12.2%),
which are recognized risk factors for severe and atypical presentations
(8,11).

A CECT of'the brain was performed in all patients, with abnormalities
detected in 35.6% of cases. The most frequent findings were cerebral
edema (14.4%), meningeal enhancement (11.1%), hydrocephalus

(5.6%), and space-occupying lesions (4.4%). Radiological
contraindications to LP were identified in 8.9% of cases. These
findings align with prior reports by Nagra et al. and Machingaidze et
al., who demonstrated that CT abnormalities are relatively infrequent
and that true contraindications to LP are uncommon (12,13). Hendriks
et al. similarly emphasized that routine imaging in the absence of
neurological indications is not recommended and may delay treatment
(14). Patel et al. showed that contrast enhancement adds limited
incremental diagnostic value over non-contrast CT in most cases of
suspected intracranial infection, with non-contrast CT demonstrating
high specificity for detecting clinically relevant abnormalities (15).
Using CSF analysis as the reference standard, CECT demonstrated
limited sensitivity (42.1%) but moderate specificity (83.3%) for
detecting meningitis-related abnormalities, confirming that CT is a
poor primary diagnostic tool for meningitis, as previously reported by
Salazar et al., Hasbun et al., and Nagra et al. (8,12). In contrast, LP
confirmed meningitis in 84.4% of patients, supporting its role as the
definitive diagnostic modality, as emphasized by Vickers et al. and
Holdgate and Cuthbert (16,17). Importantly, CECT identified all
patients with contraindications to LP, supporting its selective use in
patients with high-risk neurological features, in line with IDSA
recommendations (8,10).

Bacterial meningitis accounted for 41.1% of cases, viral meningitis
for 31.1%, and tuberculous meningitis for 12.2%, reflecting the
epidemiological pattern in Pakistan and other LMICs, where
tuberculosis remains endemic (6,7). Salazar and Hasbun et al. reported
a similar predominance of bacterial etiologies in community-acquired
meningitis. At the same time, Majed et al. documented a much lower
burden of bacterial and tuberculous meningitis in high-income settings
(8,18).

Post-stratification showed that CT abnormalities were significantly
associated with altered consciousness, seizures, and papilledema (p <
0.02), findings consistent with those of Gulholm et al. and Salazar and
Hasbun et al., who demonstrated that these neurological features are
the principal clinical predictors of intracranial complications and valid
indications for pre-LP imaging (8,10). Fever and neck stiffness were
not associated with CT abnormalities, consistent with observations by
Cortelli et al. that these cardinal symptoms do not reliably predict
raised intracranial pressure (11). CT abnormalities were more frequent
in bacterial meningitis than in viral or tuberculous meningitis, in line
with the higher inflammatory burden described by Salazar et al.,
Hasbun et al., and Hendriks et al. (8,14).

Patients undergoing CT prior to LP had longer ED stays (6.2 2.1 vs.
4.8 £ 1.7 hours, p = 0.02), consistent with delays in antibiotic
administration reported by Gulholm et al. and Salazar and Hasbun et
al. (8,10). Overall, in-hospital mortality was 12.2%, with ICU
admission in 28.9% and mechanical ventilation in 20.0%. Abnormal
CT findings were associated with significantly higher rates of ICU
admission, mechanical ventilation, neurological sequelae, and
mortality, supporting prior evidence that CT abnormalities reflect
disease severity and adverse prognosis (8,10,13).

Collectively, these findings support the selective, guideline-
concordant use of CECT brain in patients with suspected meningitis.
While CT has limited diagnostic sensitivity for meningitis itself, it
remains valuable for identifying contraindications to LP and stratifying
disease severity. LP with CSF analysis remains the definitive
diagnostic modality, and unnecessary pre-LP imaging should be
avoided to minimize treatment delays, particularly in LMIC settings
such as Pakistan.

CONCLUSION

In patients presenting with suspected meningitis, contrast-enhanced
CT of the brain provides limited diagnostic value for confirming
infection but is valuable for identifying contraindications to lumbar
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puncture and for stratifying disease severity. Lumbar puncture with
cerebrospinal fluid analysis remains the cornerstone of diagnosis. A
selective, guideline-concordant approach to pre-LP neuroimaging may
reduce unnecessary delays in antimicrobial therapy and improve
clinical outcomes, particularly in resource-limited emergency care
settings.
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