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Abstract

Background: Acute bacterial meningitis (ABM) is a potentially fatal illness. In spite of modern
therapy and intensive care, the death rate remains between ten percent and thirty percent, and the
possibility of persistent neurological or auditory deficits is high.

Aim: To evaluate the outcome of lumbar puncture (LP) carried out rapidly or following
neuroimaging in acute bacterial meningitis in adults

Patients and methods: This prospective investigation has been performed on 600 adult cases
with acute bacterial meningitis (ABM) with age >16 years. The diagnoses of ABM have been
dependent on cerebrospinal fluid analysis, clinical criteria, and blood microl54biological tests.
This study was done at Al-Azhar University from May 2020 to Jan 2021.

Results: A statistically insignificant distinction has been observed among lumbar puncture
without before CT and lumbar puncture following CT regarding age, sex, immunocompromised
state, and reaction level scale (RLS) 2—3 mental status, while there was a statistically significant
lower in LP after CT when compared to LP without prior CT regarding Neisseria meningitides,
RLS 1 mental status, and time from admission to appropriate therapy and a significant increase
regarding Streptococcus pneumoniae and RLS 4-8 mental status.

Conclusion: CT-conducted prior lumbar puncture slows and elevates the death possibility. In
instances of mass lesions or impending herniation, a CT scan must be conducted. A prompt
lumbar puncture is recommended, and altered mental status, seizures, and immunocompromised
states shouldn't be considered for neuroimaging in cases with suspected ABM.
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Introduction

Acute bacterial meningitis is a potentially fatal illness. In spite of modern therapy and intensive
care, the death rate remains between ten percent and thirty percent, and the possibility of persistent
neurological or auditory deficits is high. A favorable result depends on receiving appropriate
treatment as soon as possible @,

Lumbar puncture is essential for diagnosing acute bacterial meningitis; yet, a persistent debate
surrounds the possible brain herniation risk caused by lumbar puncture @.

Present international guidelines utilize the “red flags” of papilledema, focal neurological signs,
moderate to severe mental status impairment, immunocompromised state, and newly developed
seizures to determine cases at elevated possibility of cerebral mass lesions and elevated
intracranial pressure, thereby indicating contraindications for immediate lumbar puncture.
Cerebral computed tomography (CT) is advised before lumbar puncture in these cases ©.
Comparable guidelines have been implemented in Sweden in 2004. Nonetheless, similar to
previous international reports, computed tomography has been conducted excessively, and
compliance with the guidelines to initiate antibiotics prior to computed tomography in suspected
acute bacterial meningitis was limited .

Multiple investigations emphasize the significance of early treatment. Additionally, new research
suggests that conducting a computed tomography prior to a lumbar puncture frequently postpones
the treatment process, and the diagnostic sequence of computed tomography—lumber puncture—
antibiotics is prevalent, posing a risk factor for unfavorable outcomes ©®.

The Swedish guidelines are the most liberal about rapid lumbar puncture, as impaired mental
status and newly developed seizures have been excluded as criteria for computed tomography
before lumbar puncture following the 2009 revision ).

The ESCMID guidelines have been updated in 2016, lowering the consciousness level requiring
a computed tomography before lumbar puncture from a Glasgow Coma Scale score (GCS) of less
than twelve to less than ten ().

The 2004 IDSA guidelines are the most conservative, advising the computed tomography prior
to lumbar puncture if an aberrant mental status (GCS less than fifteen) is observed ®.

The primary objective of this investigation was to assess the outcomes of lumbar puncture
conducted either rapidly or following neuroimaging in cases of ABM in adults.

Patients and methods

This prospective investigation has been performed on 600 adult cases with acute bacterial
meningitis (ABM) with age >16 years. The diagnoses of ABM have been dependent on
cerebrospinal fluid analysis, clinical criteria, and blood microbiological tests. This study was done
at Al-Azhar University from May 2020 to Jan 2021.

Inclusion criteria: Cases of both sexes with adult bacterial meningitis (ABM) and age >16 years
Methods:

All patients were subjected to medical history, physical examinations to identify any indications
of infection, and laboratory analyses. ABM has been classified as community-acquired if cases
hadn’t been hospitalized or hadn’t received central nervous system surgery within the preceding
thirty-day period.

Age, sex, etiology, mental status upon admission, corticosteroid therapy, antibiotic type, timing
of therapy relative to lumbar puncture, duration from admission to therapy initiation, and
neurological sequelae during monitoring have been documented. The mental state upon

155 |



. Egyptian Reviews for Medical
Sherif et al. Volume 4, No. 1, March, 2025 and Health Sciences (ERMHS)

admission has been documented using Reaction Level Scale (RLS) (9), Glasgow Coma Scale
(GCS), or both. In cases where the Glasgow Coma Scale has been recorded but the RLS wasn't,
the GCS has been transformed into the Reaction Level Scale for standardized comparison ©.
Appropriate antibiotic therapy has been characterized as the administration of IV B-lactam
antibiotics to which the isolated bacteria were susceptible, delivered in dosages appropriate for
meningitis. In cases with unclear cause, the combination of third-generation cephalosporin and
ampicillin or single therapy with meropenem has been regarded as adequate. Appropriate
corticosteroid therapy has been defined as intravenous betamethasone eight milligrams
administered every six hours, which started within one hour of antibiotic initiation. An
immunocompromised state, newly developed seizures, neurological impairments, characteristic
symptoms (headache, fever, and stiffness of neck), septic shock, 1V infection source, and
intensive care have been documented.

Table 1 demonstrates the recommendations from the current Swedish, European Society for
Clinical Microbiology and Infectious Diseases (ESCMID), and Infectious Diseases Society of
America (IDSA) guidelines. ESCMID recommended conducting a computed tomography scan
before a lumbar puncture in cases with altered mental status (RLS more than three). An abnormal
level of consciousness, where IDSA guidelines advise a computed tomography scan prior to
lumbar puncture, is characterized by an RLS of more than one, which corresponds to a GCS of
less than fifteen (2). The European Society for Clinical Microbiology and Infectious Diseases and
IDSA recommend CT-preceded lumbar puncture in cases of severe immunocompromised state,
characterized by HIV infection, transplant recipients, or intensive immunosuppressive therapy for
cancer or autoimmune disorders.

Sample size calculation

This investigation is dependent on research conducted by Gliméaker, M., Sjolin, J., . Epi Info
STATCALC has been utilized to determine the sample size, taking into account the subsequent
assumptions: -ninety-five percent two-sided confidence level, with an eighty percent power.
Alpha error of five percent. Prevalence of adherence to ESCMID guidelines was fifty-three
percent. The final maximum sample size derived from the Epi-Info output was 532. Consequently,
the sample size has been raised to six hundred cases to account for potential dropout cases
throughout monitoring. Sample size: number = [DEFF*Np(1-p)] / [(d2/Z21-0/2*(N-1) + p*(1-
p)1.

Statistical analysis: Information was input into the computer and analyzed utilizing IBM SPSS
software version 20.0. (Armonk, NY: IBM Corp). Qualitative data have been represented
utilizing numerical values and percentages. The Kolmogorov-Smirnov test has been utilized to
assess the normality of the distribution. Quantitative data have been characterized by range
(minimum and maximum), standard deviation, mean, median, and interquartile range (IQR). The
significance of the outcomes acquired has been assessed at the five percent level. The tests
utilized were: Chi-square test for categorical variables to compare multiple groups. Utilize
Fisher’s Exact test or Monte Carlo correction for chi-square analysis when over twenty percent of
the cells exhibit an anticipated count of less than five. Student's t-test for normally distributed
quantitative variables to compare both investigated groups. Paired t-test for normally distributed
guantitative variables to compare both time durations. Mann-Whitney test for non-normally
distributed quantitative data to compare both investigated groups. Wilcoxon signed-rank test for
non-normally distributed quantitative data to compare both time durations.
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Result

Table 1: Recommendations for neuroimaging of the brain prior to LP based on various guidelines
in 600 cases with ABM

Swedish Guidelines | ESCMID IDSA Guidelines
Guidelines
Impaired mental Cerebral 7(1.2 GCSless | 91(15.2 | GCS less than fifteen 350(58.3
status herniation | percent) | than ten | percent) | (RLS more than one) percent)
(RLS
more
than
three)
Neurologic deficit Armor leg | 33(5.5 Leg or 33(5.5 Leg or arm drift 33(5.5
(suspected mass drift percent) | arm drift | percent) | Abnormal ocular percent)
lesion) motility, visual field, o(1
More than dilated pupil percent)
four days
of NA
neurologic
al
symptoms
or Acute
bacterial
meningitis-
atypical
symptoms
Newly developed Not Within 43(7.2 Within 1 week of 43(7.2
seizures recommen one week | percent) | presentation percent)
ded of
presentati
on
Severe immuno- Not Transplan | 65(10.8 | Transplant recipients, 65(10.8
compromised state | recommen t percent) | human percent)
ded recipients immunodeficiency virus
, human infection, or severe
immunod immunosuppressive
eficiency therapy
virus
infection,
or severe
Immunos
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uppressiv
e
treatment
History of central Not Not Stroke, mass lesion, focal | NA
nervous system recommen recomme infection
disease ded nded
Papilledema Not Not Increased intracranial NA
recommen recomme pressure
ded nded

Table (2): Distribution of case characteristics in the investigated group.

investigated cases
(N=600)
Mean +SD
Age 50.98 19.1
N %
Sex
Male 307 51.2
Female 293 48.8
Immunocompromised state
Moderate 167 27.8
Sever 64 10.7
Etiology
Streptococcus 309 51.5
pneumoniae
Neisseria 64 10.7
meningitides
Other bacteria 171 28.5
Unknown 56 9.3
Mental status
RLS 1 231 38.5
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RLS 2-3 274 45.7
RLS 4-8 95 15.8

SD: Standard Deviation
According to table 1, the mean age of cases was 50.98+19.1 years. As regards sex, there were
51.2% of cases that were men, while 48.8% of them were women. As regards
immunocompromised state, 27.8% of cases had moderate immunocompromised state, while
10.7% of them had severe immunocompromised state. As regards etiology, the most prevalent
etiology of bacterial meningitis was Streptococcus pneumoniae. As regards mental status, RLS 1
was present in 38.5% of cases, RLS 2-3 was present in 45.7% of cases, while RLS 4-8 was

present in 15.8% of cas
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Figure (1): Distribution of case characteristics in the investigated group.

Table (3): Distribution of antibiotic treatment and time to adequate treatment in the investigated

group.

investigated cases
(N=600)

Y%

Antibiotic treatment

Cefotaxime +
Ampicillin

312

39
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Cefotaxime 138 17.3
Meropenem 282 353
Other antibiotics 68 8.5
Time from admission to appropriate antibiotic and corticosteroid from
therapy admission to
appropriate
antibiotic and
corticosteroid
therapy
<lh 144 24
<2h 216 36

As regards antibiotic treatment, the majority of cases received cefotaxime + ampicillin (39%),
followed by meropenem (35.3%). There were 24% of cases that took <1 h from admission to
appropriate antibiotic and corticosteroid therapy, while 36% of them took <2 h from admission
to appropriate antibiotic and corticosteroid therapy (Table 2).
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Figure (2): Distribution of antibiotic treatment and time from admission to appropriate
antibiotic and corticosteroid therapy in the investigated group.

Table (4): Distribution of main results and main confounders associated with various sequences

of LP and CT of the brain in the investigated group.
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Lumber puncture Lumber puncture P-value
Without Prior following computed
computed tomography | tomography N=332
N=268
Age 50.54+18.5 51.21+18.1 0.68
Sex
Male 127 (47.4%) 180 (54.2%) 0.09
Female 141(52.6%) 152 (45.8%)
Immunocompromised state
Moderate 78 (29.1%) 89 (26.8%) 0.53
Sever 25 (9.3%) 39 (11.7%) 0.34
Etiology
Streptococcus 120 (44.8%) 189 (56.9%) 0.003
pneumoniae
Neisseria 43 (16%) 21 (6.3%) 0.0001
meningitides
Other bacteria 77 (28.7%) 94 (28.3%) 0.91
Unknown 28 (10.4%) 28 (8.4%) 0.39
Mental status
RLS 1 118 (44%) 107 (32.2%) 0.002
RLS 2-3 120 (44.8%) 157 (47.3%) 0.54
RLS 4-8 30 (11.2%) 68 (20.5%) 0.002
Time from admission to appropriate antibiotic and corticosteroid therapy
<lh 77 (28.7%) 61 (18.4%) 0.003
<2h 109 (40.7%) 99 (29.8%) 0.005

P value more than 0.05: Not significant; P value less than 0.05 is statistically significant; P value
more than 0.001 is highly significant. SD: standard deviation.

According to table 3, a statistically insignificant distinction has been observed among lumbar
puncture without prior computed tomography and lumbar puncture following computed
tomography regarding age, sex, immunocompromised state, and RLS 2—-3 mental status, while
there was a statistically significant lower in LP after CT when compared to LP. Without prior CT
regarding Neisseria meningitides, RLS 1 mental status and time from admission to appropriate
therapy and significant increase regarding Streptococcus pneumoniae and RLS 4-8 mental status.
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Figure (4): Distribution of main results and main confounders associated with various sequences
of LP and CT of the brain in the investigated group.

Discussion

The current investigation revealed that the mean age of cases was 50.98+19.1 years, 51.2% of
cases were males, and 48.8% of them were females. As regards the immunocompromised state,
27.8% of cases had moderate immunocompromised state, while 10.7% of them had severe
immunocompromised state.

As regards etiology, the most prevalent etiology of bacterial meningitis was Streptococcus
pneumoniae. As regards mental status, RLS 1 was present in 38.5% of cases, RLS 2—3 was present
in 45.7% of cases, while RLS 4-8 was present in 15.8% of cases.

Our results were consistent with those of Glimaker et al. (10), who assessed the impact on
mortality and favorable outcomes of compliance with the Swedish, European Society for Clinical
Microbiology and Infectious Diseases, and IDSA guidelines concerning the indications for
neuroimaging before lumbar puncture. Moreover, they assessed the impact of conducting rapid
versus CT-preceded lumbar punctures. They reported that the age of their investigated cases
varied from 17 to 95 years; 51.16% of cases were men, and 48.84% were women. As regards the
immunocompromised state, 27.6% of cases had moderate immunocompromised state and 10.7%
had severe immunocompromised state. As regards etiology, the most prevalent etiology of
bacterial meningitis was Streptococcus pneumoniae 420 (51.5%).

As regards antibiotic treatment, our findings reported that the majority of cases received
cefotaxime + ampicillin (39%) followed by meropenem (35.3%). Twenty-four percent of cases
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took <1 h from admission to appropriate antibiotic and corticosteroid therapy, while 36% of them
took <2 h from admission to appropriate antibiotic and corticosteroid therapy.

Significantly earlier therapy with antibiotics and corticosteroids has been facilitated by the rapidly
carried out lumbar puncture, aligning with previous research outcomes & %12 The reduction in
death and enhancement of good results observed from the quick administration of lumbar
puncture were likely related to this distinction in timely management. All guidelines highlight the
significance of early antibiotic therapy, strongly recommending that if lumbar puncture is
postponed (for example, because of neuroimaging), empiric antibiotics should be initiated
promptly based on clinical suspicion, regardless of whether a diagnosis has been confirmed.
Consistent with previous results, antibiotics have been initiated prior to neuroimaging in only
50% of cases when lumbar puncture has been performed following the computed
tomography scan. @2,

Our findings aligned with those of Glimaker et al. @9, who showed that antibiotics have
been initiated prior to the computed tomography in 170 cases (forty-seven percent). For fast
lumbar puncture, antibiotics and corticosteroids have been given within an hour and two hours of
admission in 80 of 277 (29%) and 113 of 277 (41%) of cases, respectively. This was not the case
for cases with CT-preceded LP, which happened in only 18% of cases (P =.002) and 30% of cases
(P =.005).

Our results demonstrated that a statistically insignificant distinction has been observed among LP
without prior CT and LP after CT regarding age, sex, immunocompromised state, and RLS 2-3
mental status. On the other hand, Neisseria meningitides, RLS 1 mental status, and time from
admission to appropriate therapy were significantly lower in LP After CT when compared to LP
Without Prior CT, and Streptococcus pneumoniae and RLS 4-8 mental status were significantly
increased in LP After CT compared to LP Without Prior CT.

Similarly, our results were consistent with Glimaker et al. @, who showed that a statistically
insignificant distinction has been observed among LP without prior CT and LP after CT regarding
sex, immunocompromised state, and RLS 2—-3 mental status. While Neisseria meningitides, RLS
1 mental status and time from admission to appropriate therapy were significantly lower in LP
After CT when compared to LP Without Prior CT, and Streptococcus pneumoniae and RLS 4-8
mental status were significantly increased in LP After CT compared to LP Without Prior CT.

In 2015, Glimaker et al. ™ assessed the impact of the 2009 revision on the duration until
appropriate antibiotic therapy and the resulting outcomes. The efficacy of computed
tomography before lumbar puncture has been assessed. From 2008 to 2012, cerebral computed
tomography has been conducted in eighty-three percent of the cases. Computed tomography has
been performed prior to lumbar puncture in over fifty percent of instances, and antibiotic therapy
wasn't initiated prior in thirty-nine percent of cases. Similar to recent research by Hasbun et al.
12 and Auburtin et al. ), the sequence of neuroimaging before lumbar puncture resulted in a
delay of 1.6 hours in appropriate antibiotic therapy and heightened the possibility of mortality or
complications.

Lumbar puncture without before computed tomography scan has been conducted in forty-six
percent of cases, a higher frequency than observed in the Netherlands (twenty-six percent) and
Canada (twenty-nine percent) %13, Prompt lumbar puncture led to a considerable reduction in
death and enhanced long-term favorable results, irrespective of guideline recommendations for
computed tomography prior to the procedure. These results contrast with a recent Dutch
investigation indicating that computed tomography prior to lumbar puncture didn't correlate with
an elevated incidence of poor outcomes at discharge (mortality wasn't evaluated) 2.
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Our data demonstrate that lumbar puncture is safe in acute bacterial meningitis cases with
impaired mental status or coma, consistent with previous reports 617, Moreover, the significance
of prompt lumbar puncture escalates in critically ill acute bacterial meningitis cases, wherein a
computed tomography scan is frequently advised prior to the procedure 9,

Conclusion

Our results showed that Neisseria meningitides, RLS 1 mental status, and time from admission to
adequate treatment were significantly lower in LP After CT when compared to LP Without Prior
CT, and Streptococcus pneumoniae and RLS 4-8 mental status were significantly increased in
LP After CT compared to LP Without Prior CT. We determined that conducting a computed
tomography scan prior to a lumbar puncture result in considerable delays and is a risk factor for
elevated death and unfavorable outcomes, regardless of mental status. In cases where clinical
outcomes suggest a mass lesion or impending herniation, an initial cerebral computed tomography
must be conducted. Alternatively, guidelines might promote rapid lumbar puncture liberally, and
altered mental status, newly developed seizures, and an immunocompromised condition
shouldn't be regarded as criteria for neuroimaging before LP in suspected cases of ABM.
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