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Objectives: Review CNS layers, define meningitis, causes, diagnoses, treatment, and complications

Introduction
The CNS is protected by several layersin addition to its blood brain barrier. In order: scalp = skull - dura mater
(“tough mother in Latin”) - arachnoid mater - pia mater - brain parenchyma

Meningitis: inflammation of the meninges, the protective layers of the CNS (brain and spinal cord).

Two types of meningitis:

Aseptic: meningitis with negative cultures. Viral is the most common cause of meningitis overall. Rarely, aseptic meningitis can be
autoimmune.

Septic: bacterial cause. Specific organisms are mentioned below. Historically, mortality was very high, now with routine immunization against
Haemophilus influenzae and Neisseria Meningitidis, it has greatly reduced the frequency in children and now the disease primarily affects adults.
By far, Streptococcus pneumoniae is the most common bacterial cause in developed countries.

Pathophysiology: organisms enter the meninges via two possible mechanisms.
1) Hematogenous spread
2) Direct inoculation from prior skull trauma, nasal cavity, or indwelling skull devices.

Most common causative organisms (not an exhaustive list) Crossing the blood brain barrier (BBB): no easy task.
Viral Enteroviruses (most common cause worldwide), herpes simplex, Invading Organisms must somehow transverse the mighty
. varicella-zoster, West Nile virus BBB, which blocks the vast majority of organisms, toxins,
Bacterial | 1-month-old: Group B strep, E. coli, Listeria m. and certain ions from entering the CNS. Organisms can

> 1-month-old: S. pneumoniae, E coli. N. meningitidis/H. influenzae*

> 60-years-old: same bugs plus Listeria monocytogeres utilize 3 special methods to bypass this significant barrier:

1) Enter through the choroid plexus or other

Fungal Cryptococcus neoformans (most common fungal cause), Candida / .

albicans, Histoplasmosis, Coccidioides circumventricular organs (these areas lack a BBB)
Head Either from surgery or penetrating trauma: S. aureus, aerobic 2) use of capsule§ ) )
trauma gram-negative bacilli, coagulase-negative staphylococci 3) local destruction of the endothelial cell barrier

*Both these organisms are very rare now <0.10 per 100,000!
Tools of the trade

-Capsule: helps adhesion to surfaces; prevents
phagocytosis (Strep Pneumoniae, Neisseria)
-Pili: attach to surfaces and can contain toxins.

Why is meningitis so awful? Massive inflammation!
In septic meningitis, there is lysis of invading bacteria by local astrocytes - release of

toxins and bacterial components leads to massive cytokine release which recruit other (Neisseria, E. coli).
immune mediators = increased BBB permeability > cerebral edema - increased -LPS: endotoxin that induces septic shock
intracranial pressure = decreased perfusion of brain tissue - brain tissue ischemia (Neisseria).

-IgA protease: ability to cleave IgA and evade.

Patients can quickly progress to septic shock, they are at high risk for disseminated
intravascular coagulation (DIC).

Presentation
Patients typically preset within 24 hours of symptoms.
<50% actually have the classic “meningismus” triad of fever, nuchal rigidity, and change in mental status.

The most common clinical features: severe headache (84%), fever (75%), and GCS <14 (70%).
A study in 2004 found that in 696 cases of bacterial meningitis, 95% of patients had 2 of the 4: headache, stiff neck, fever, altered mental
status. The absence of any of these findings virtually excludes meningitis.

Specific neurologic findings are very uncommon: seizures (~20%), aphasia or monoparesis (~20%), coma/ cranial nerve
palsy/papilledema/rash all <15% and therefore unreliable.

Children and teenagers often do not exhibit any of these symptoms/signs and might just appear irritable with a fever.
Older adults are more likely to have severe symptoms, especially those with Listeria meningitis.

Viral meningitis patients classically present mildly sick, often with viral syndrome symptoms and development of a headache.
N. meningitidis, despite being rare, is a very bad bug. It can cause meningococcemia in patients.

Meningococcemia: a form of DIC
due to N. meningitidis.

Physical exam: -Diffuse purpuric rash (10-25%)
Nuchal rigidity testing: passive or active neck flexion can result in an inability to touch the Signs of distributive shock
chin to the chest (sensitivity 30%, specificity 70%). -Waterhouse-Friderichsen
Kernig Sign: when hip is flexed at 909, reluctance to extending knee due to pain. syndrome (adrenal hemorrhage

Brudzinski Sign: when neck is passively flexed, the patient will spontaneously flex hips. and failure)

The latter two signs make logical sense, however, in the modern era they are poorly sensitive.
The signs were originally developed and tested in patients with severe, late untreated bacterial and TB meningitis in the pre-antibiotic
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era. In one large study the sensitivity and specificity was found to be 5% and 95%, respectively.

The classic skin manifestation of N. meningitidis is not common, 10-25%. Its description varies, and most commonly is
maculopapular or petechial. It is not at all specific for Neisseria.

In summary, physical exam is not helpful early in the disease course. The history, combined with an LP, make the diagnosis.

Workup: full “septic workup”. CBC, CMP, lactate, blood cultures, early IV fluids if hypotensive. Have a low threshold to starting
vasopressors. If concern for septic shock and progression to DIC, add on coagulation studies. Leukopenia, thrombocytopenia, and low
fibrinogen carry a poor prognosis.

50-90% of patients with meningitis have positive blood cultures. N. meningitidis is historically difficult to speciate.

The money is in the lumbar puncture. LP is necessary to establish a diagnosis and determine the causative organism.

CT before LP? Not always.

There is a theoretical fear of herniation due to rapid change in CSF pressure from LP. The concern is the presence of some mass lesion
or bleeding, thus raising ICP in the skull. The vast majority of patients have none of these, so you should only perform CT head prior to
LP if any of the following are present: immunocompromised, any history of some intracranial pathology (masses, prior
stroke/hemorrhage, abscess), papilledema on exam, altered mental status from baseline, neurological focal deficit, new onset seizures.

Other contraindications to LP: intracranial mass, overlying infection at lumbar site or spinal epidural abscess, thrombocytopenia <50k,
INR >1.6.

Why not just CT everyone? For starters, that’s not very ethical given the level of radiation. Secondly, CT delays LP and is of no clinical
benefit if none of the above indications are met.

It should be emphasized that empiric antibiotic therapy should not be delayed if there is a contraindication or inability to perform LP.
Giving antimicrobials has minimal effects on the chemistry and cytology of the LP. However, there is a reduction in yield of the gram
stain and culture.

Summary of LP Results:

Viral Bacterial Fungal/TB Keep it simple: bacteria and fungi/TB feed on glucose, so glucose
WBC cell | Lymphocyte, ~200s Neutrophil | Lymphocyte will always be low if these organisms are the cause. Elevated
Glucose Normal Decreased Decreased proteins often come from increased antibodies, acute phase
Protein Normal/~Increased | Increased Normal/~Increased reactants, and complement during a severe infection.

PCR and CSF cultures are performed to determine microorganisms.
Opening pressure (can only be performed in lateral decubitus position): bacterial meningitis and HSV encephalitis very often have values >200 mmHg.

In reality, LP results are on a massive spectrum. Only ~66% have a CSF WBC >1000. Another cause of elevated WBC and RBC is a
subarachnoid hemorrhage.

If a traumatic LP is suspected and RBC count is high, subtract one WBC for every 500-1000 RBCs measured in CSF. CSF lactate is also a
helpful test and has been found to be more accurate than WBC/ glucose/ protein counts when differentiating bacterial from aseptic
meningitis.

Gram stain has nearly 100% specificity, its sensitivity ranges too much to be reliable.

Treatment
Aseptic meningitis

Due to a likely viral cause, only supportive therapy is needed in those with minimal symptoms, young age, and/or lack of other
comorbidities. Only close monitoring is warranted. Have suspicion for HIV and herpes in certain patients. Make sure to exclude
encephalitis (patient will have altered mental status). Herpes and varicella will receive acyclovir. Other viral causes of aseptic
meningitis deserve their own respective evaluations.

Septic meningitis
Neonatal regimen: Ampicillin plus cefotaxime. OR Ampicillin plus gentamicin

Childhood regimen: Vancomycin, ceftriaxone or cefotaxime
Adult regimen: Vancomycin, ceftriaxone or cefotaxime. Dexamethasone prior to antibiotics if unknown organism. Ampicillin if >65y/o

Vancomycin (Strep and other gram-positive coverage)

Ceftriaxone (Neisseria and other gram-negative coverage)

Ampicillin (Listeria coverage)

Amphotericin B and Flucytosine (fungal coverage)

Meropenem or Moxifloxacin can be substituted for the cephalosporins if there is an anaphylactic penicillin allergy

Dexamethasone? It has been studied as an adjuvant therapy to reduce the neurological complications in adults and children. It is
controversial and there’s a lot of chit-chat on this subject, but we'll spare you and tell you what you need to know.
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In general, in developed countries, the guidelines recommend giving 0.15 mg/kg dexamethasone before or at the same time as
antimicrobials if there is strong suspicion for bacterial meningitis, but the organism is unknown. It should only be continued if the
organism is found to be S. pneumoniae. There is no proven benefit of continuing steroids if the organism is not S. pneumoniae.

Dexamethasone should not be given after antibiotics as its benefit is very limited and there might even be an increase in mortality.
In developing countries, dexamethasone has a less clear role and no proven benefit.

In children, steroids are only indicated in those with H. influenzae B meningitis. It can reduce the risk of hearing loss. Steroids should be
given prior to, or with the first dose of antibiotics and continued for 4 days. Since H. influenzae is exceedingly rare, we only give
steroids in unvaccinated children with suspected meningitis.
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