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and characterized functional connections betweenprimary auditory cortex located within Heschl’s gyrus anda secondary auditory field of the posterior superior tempo-ral gyrus (Howard et al., 2000) (Fig. 78.4).This same group has been systematically investigatingthe century old hypothesis that a functional connectionexists between Wernicke’s and Broca’s area. Wernicke rea-soned that a connection must exist between the auditoryreceptive region of the posterior superior temporal gyrusand a motor speech centre within the posterior inferiorfrontal gyrus. Results of blunt dissection postmortemexaminations have demonstrated large fibre bundles (e.g.superior longitudinal fasciculus and arcuate fasciculus)that might represent components of the hypothetical con-nection, but this method is incapable of accurately resolv-ing connections from one cortical site to another. Using theelectrical stimulation track tracing method in epilepsypatients, investigators recently demonstrated a robustfunctional connection between the posterior superiortemporal gyrus and the posterior inferior frontal gyrus (Fig.78.5). The physiological characteristics of this connectionindicate that information is being conducted along largecalibre axons at velocities that are among the highestknown to exist in the central nervous system.

Investigations of higher cortical function
Many advances in brain neurobiology have been catalysedby the development of new research techniques. In therealm of experimental animal research, many of the mostpowerful and widely used brain research techniques areinvasive, i.e. instrumentation is positioned directly withinbrain tissue. In order to study the electrophysiologicalcharacteristics of individual brain neurons, for example, itis necessary to place a small recording electrode withinapproximately 100 �m of the cell being studied.Microdialysis techniques, whereby the extracellular fluidin a select brain region is extracted and analysed, alsorequire positioning a fine instrument directly into braintissue.
The brain is the most highly evolved organ of the humanspecies, and many fundamental questions concerninghuman cognition, speech neurobiology, and our evolutionfrom non-human primates can only be addressed by stud-ying human subjects. Additionally, the ability of humans tofollow commands and describe experiences makes themuniquely cooperative research subjects for investigationsof even the most basic brain functions. For example, inorder to understand how the brain mediates effortlessshifts of attention from one environmental stimulus to thenext, this can be accomplished in human subjects simply
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Fig. 78.4. Photographs of the lateral surface (a) and superiortemporal plane (b), (c) of a postmortem human brain showingthe relative size and location of a discrete auditory cortical fieldidentified on the posterior lateral superior temporal lobe (fieldPLST). This field was identified and characterized using directrecording and electrical stimulation track-tracing techniques inepilepsy surgery patients. Field PLST is distinct from, butfunctionally connected to, primary auditory cortex located on themesial aspect of Heschl’s gyrus.

(a)

(b)

(c )

Infections of the central nervous system (CNS) are notable
for rapid progression resulting in death or permanent
damage in a very short time (Baraff et al., 1993; Grimwood et
al., 1995). CNS infections share many distinct characteris-
tics, which distinguish them from systemic infections. The
CNS is confined anatomically within a bony casement which
allows little room for expansion following inflammatory
responses; the resulting increase in intracranial pressure
may cause severe damage to the structures within. The CNS
also lacks a well-developed conventional immune system to
defend against offending pathogens, and thus infections are
more difficult to eradicate than in the periphery. Because of
the presence of the blood–brain barrier (BBB), delivery of
antimicrobial agents in adequate concentrations is difficult.
As vital tissues are involved, CNS infections can cause dev-
astating sequelae, and in some cases may result in both
neurological and medical emergencies. Understanding their
pathophysiological mechanisms, neuroanatomical princi-
ples, clinical manifestations and neuroaradiological fea-
tures is essential to providing effective treatment.

Infections can primarily occur either within the brain
parenchyma or in the spaces between the different layers
of the brain called meninges. Between the dura mater and
the arachnoid lies the subdural space, through which the
veins course from the brain surface to the venous sinuses.
The dura mater is tightly bound to the inner table of skull,
and hence intracranially the epidural space is a potential
space; along the spinal column, the dura is separated from
bone by fat and other structures. The subarachnoid space
refers to the space between the pia mater and the arach-
noid membrane which contains CSF and the medium-
sized arteries supplying blood to the brain. CSF in the
ventricles is in continuity with the CSF in the subarachnoid
space through the foramina of Luschka and Magendie. The
CSF is finally absorbed by the arachnoid granulations to
drain into the venous sinuses.

Bacterial meningitis

Bacterial meningitis is an inflammatory response to infec-
tion of the pia-arachnoid and the CSF of the subarachnoid
space. Since the subarachnoid space is continuous
throughout the neuraxis, this inflammation extends
throughout the subarachnoid space as well as ventricles.
When there is accompanying obvious brain involvement, it
is more appropriately called meningoencephalitis.
Histologically, most meningitides include some parenchy-
mal involvement, but when clinical signs of meningeal
inflammation predominate one traditionally refers to the
condition as meningitis. Knowledge of the anatomic
details and CSF flow pathways is important to understand
the pathophysiologic manifestations.

Historical background

Meningitis was first described in detail by Gaspard
Vieusseux as malignant purpuric fever in 1805 following
an outbreak in Switzerland. Following the introduction of
lumbar puncture in 1891 by Quinke, the CSF changes
associated with meningitis were recognized, and attempts
made at treatment with CSF drainage and irrigation with a
variety of fluids. Survival from bacterial meningitis
improved following the development of horse antimenin-
gococcal antiserum and its intrathecal and systemic
administration by Simon Flexner during the first world
war. However, a much more substantial impact on
outcome followed the advent of antimicrobial therapy.
Although sulfonamides were discovered in 1908, their
antibiotic potential was not appreciated until 1932 with
the discovery of sulfachrysoidine (Prontosil). The subse-
quent isolation of penicillin by Howard Florey in 1941
further improved survival from bacterial meningitis.
Though the techniques of its administration and dosage
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functions of the adaptive immune response (see Fig. 92.4).

The cytokines produced by the individual subclass of TH
-

cells not only determine their effector function but also

regulate the development and expansion of the respective

subset. For example, IFN-�, produced by TH
1-cells, pro-

motes further TH
1 differentiation and inhibits the prolife-

ration of TH
2-cells. On the other hand IL-4, secreted by

TH
2-lymphocytes, promotes TH

2 differentiation, whereas

IL-10, also produced by TH
2-cells, inhibits activation of

TH
1-lymphocytes. Thus, each TH

subset amplifies itself and

down-regulates the reciprocal subset. Other factors,

besides cytokines, affecting the development of TH
-cells

are the avidity of MHC–peptide–TCR interaction, which is

dependent on the type of antigen-presenting cell involved,

the dose of the antigen, the affinity of peptide–MHC inter-

action, and on costimulatory molecules. Moreover, genetic

factors appear to also modulate this process.

CD8 T-lymphocytes are instrumental in launching cyto-

toxic attacks on targets. They destroy them primarily by the

release of cytotoxic granules, perforin and granzymes. A

second mechanism of delivering a lethal hit, though in all

likelihood more commonly utilized by a small proportion

of CD4 cytolytic T-cells, involves up-regulated expression

of Fas ligand and its interaction with Fas (CD95) exhibited

on the recognized target (Suda et al., 1993).

T-cell receptor

Unlike antibodies, T-cell receptors are produced as trans-

membrane molecules only. They are composed as hetero-

dimers and consist of an �- and a �- or a �- and a �-chain.

Each chain contains a variable and constant domain.

Similar to the immunoglobulins, the variable domains

contain three complementarity-determining regions

(CDR) (see Fig. 92.5). In the case of the �/� T-cell receptor

these regions recognize a complex formed by a peptide

seated within the groove of an MHC molecule. In contrast,

most �/� T-cells do not recognize antigen in the form of
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Fig. 92.4. The different stages of T-cell responses. T-cell activation first requires contact with processed antigenic epitopes associated

with MHC class II molecules displayed on antigen-presenting cells and perception of additional costimulatory molecules. Up-regulation

of IL-2 receptors (IL-2R) occurs and IL-2 drives T-cells into clonal proliferation during the activation stage. The effector stage is diverse.

Multiple pathways lead to activation of macrophages and B cells. CD8 cells cause MHC class I restricted target cell lysis. CD4-driven

responses can culminate in inflammatory tissue injury.
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