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                    Abstract
While neither hydrocephalus nor cerebrospinal fluid (CSF) shunt placement is traditionally considered in the differential diagnosis of hearing loss, there is substantial evidence that CSF circulation and pressure abnormalities can produce auditory dysfunction. Several indirect mechanisms may explain association between hydrocephalus and hearing loss, including mass effect, compromise of the auditory pathway, complications of prematurity, and genetically mediated hydrocephalus and hearing loss. Nevertheless, researchers have proposed a direct mechanism, which we term the hydrodynamic theory. In this hypothesis, the intimate relationship between CSF and inner ear fluids permits relative endolymphatic or perilymphatic hydrops in the setting of CSF pressure disturbances. CSF is continuous with perilymph, and CSF pressure changes are known to produce parallel perilymphatic pressure changes. In support of the hydrodynamic theory, some studies have found an independent association between hydrocephalus and hearing loss. Moreover, surgical shunting of CSF has been linked to both resolution and development of auditory dysfunction. The disease burden of hydrocephalus-associated hearing loss may be large, and because hydrocephalus and over-shunting are reversible, this relationship merits broader recognition. Hydrocephalic patients should be monitored for hearing loss, and hearing loss in a patient with shunted hydrocephalus should prompt further evaluation and possibly adjustment of shunt settings.
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Comments
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Hydrocephalus is an important clinical condition in children and adults. Symptoms vary with age of the patient, cause and type of hydrocephalus, and tolerance of the patient to the size of ventricles. Recognition of these symptoms is imperative for an accurate diagnosis. Hearing loss (HL) is not a classical symptom of hydrocephalus and this disorder is not usually considered in the differential diagnosis of HL. In the recent years, scientists investigated the relationship between altered cerebrospinal fluid (CSF) dynamics and abnormal auditory functions in order to reveal the mechanism of HL in hydrocephalus.
The aim of this article is to make a systematic review on the mechanisms of HL in hydrocephalus. To achieve this goal, the authors discussed the theories and basic science evidence regarding HL in disorders of CSF circulation. They also provided an overview of reports of HL in patients with CSF hypotension or hypertension not resulting from hydrocephalus and they finally focused on auditory dysfunction in hydrocephalus and the effects of CSF shunting.
This is an important paper helping to understand the possible mechanisms of hearing loss in hydrocephalus. Although the coexistence of hydrocephalus and hearing disorder is explained anatomically and physiologically and a number of mechanisms of pressure homeostasis between the cochlear fluids and the CSF has been summarized in this article, the complete picture of this coexistence remains poorly understood.
The targets of this article are the neurosurgeons who perform surgeries for hydrocephalus, neurologists, audiologists, and otolaryngologists who deal with the differential diagnosis of HL. This paper showed that the patients with hydrocephalus should be evaluated with an audiogram because HL may especially be overlooked in infants and young children, in whom self-reporting is not trustworthy and hearing is critical for their development.
Based on this review, hydrocephalus should be on the list of differential diagnoses of HL. Suspicion should be particularly high in young patients, who are more likely to have patent cochlear aqueducts, and in patients who admit with accompanying headaches. An ophthalmological examination for papilledema and imaging study with computed tomography or magnetic resonance imaging will be useful in establishing the diagnosis of hydrocephalus in patients with unexplained HL.
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