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Hydrocephaly

Primary Disciplinary Field(s): Neurology, Neurosurgery, Developmental Medicine

1. Core Definition and Pathophysiology

Hydrocephaly, derived from the Greek meaning "water head," is a complex neurological condition

characterized by the abnormal and excessive accumulation of cerebrospinal fluid (CSF) within the

brain's ventricular system or, less commonly, in the subarachnoid spaces surrounding the brain.

This accumulation leads directly to an enlargement of the head, particularly in infants whose

cranial sutures have not yet fused, and critically, produces significant internal pressure. The

continuous, progressive buildup of CSF elevates the intracranial pressure (ICP), which

compresses and ultimately damages the delicate surrounding brain tissue, leading to a spectrum of

cognitive, physical, and sensory impairments. The underlying mechanism typically involves an

imbalance between the production, circulation, and absorption of the CSF, which normally flows

through the brain's ventricles, cushioning the brain and spinal cord while transporting nutrients and

removing waste.

The physiological consequence of this pathological pressure is directly related to the extent and

duration of the condition. In adults, where the skull is rigid, hydrocephaly presents differently, often

causing headache, nausea, and changes in gait, as the pressure cannot be relieved by cranial

expansion. However, in children and infants, the elasticity of the skull allows for the characteristic

enlargement of the cranium. If the damage to the neural structures is minor or arrested early, the

resulting intellectual impairment may be minimal. Conversely, if the expansive pressure is severe

or remains untreated for an extended period, it can lead to profound deterioration, resulting in

severe or profound mental retardation, often accompanied by complex secondary neurological

deficits.

2. Classification and Types

Hydrocephaly is often classified based on two primary criteria: the anatomical location of the fluid

buildup and the timing of its onset. Anatomically, the condition is divided into two major forms. The

most common form is internal hydrocephaly, which results from the excessive accumulation of

CSF within the ventricles--the open spaces deep within the brain structure. This type is generally

caused by an obstruction blocking the normal flow path of the CSF. Less frequently encountered is

external hydrocephaly, where the fluid accumulates in the spaces between the hemispheres of

the brain, external to the ventricular system.

Further classification dictates whether the condition is present at birth (congenital) or develops later

(acquired). Congenital hydrocephaly is attributed to prenatal conditions that negatively affect the
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formation, circulation, or absorption of CSF, often involving developmental malformations of the

cerebral aqueduct or other vital structures. Acquired hydrocephaly develops during infancy or

childhood as a result of external factors or diseases that disrupt the normal CSF dynamics.

Understanding this distinction is crucial for determining the etiology and informing the appropriate

course of treatment and prognosis.

3. Etiology and Associated Risk Factors

The range of causes leading to hydrocephaly is diverse, encompassing genetic predispositions,

infectious agents, trauma, and neoplastic growth. Congenital forms often stem from complex

prenatal conditions. These may include structural abnormalities such as aqueductal stenosis,

which severely limits CSF passage, or certain genetic syndromes. In exceptionally rare and severe

prenatal cases, the progressive accumulation of fluid can become so extensive that it inhibits the

growth of the brain itself, a phenomenon sometimes associated with extreme presentations of

neural tube defects like anencephaly, although the latter is fundamentally a failure of cephalic

structure formation.

Acquired hydrocephaly typically manifests later in infancy or early childhood and is linked to

specific external or internal insults. Key causes in this category include the presence of

intracranial neoplasms (brain tumors) which physically obstruct the CSF pathways. Head injury

or trauma is another significant risk factor, as is the presence of brain inflammations associated

with chronic infections. Specifically, conditions such as chronic meningitis, which causes scarring

and inflammation around the absorption sites, or complications arising from congenital syphilis can

impede CSF reabsorption. Furthermore, the rare infectious disease toxoplasmosis, if contracted

prenatally or postnatally, has also been identified as a factor leading to the development of

hydrocephaly.

4. Clinical Manifestations and Developmental Outcomes

The clinical picture of hydrocephaly varies significantly based on the age of onset, the speed of

CSF accumulation, and the extent of the resultant brain damage. In young infants, the most

defining and obvious sign is the progressive enlargement and stretching of the head, caused by

the separation of the cranial bones before the sutures fuse. This enlargement can make the head

extremely large and heavy, imposing severe limitations on physical mobility and requiring

confinement to bed in the most extreme cases.

The internal pressure exerted on the neural tissues is responsible for a range of devastating

neurological symptoms. If the brain damage is extensive and sustained, severe or profound

mental retardation is a common outcome, fundamentally impairing cognitive development and

intellectual capacity. Beyond cognitive deficits, other severe neurological impairments frequently
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accompany the condition, including convulsions, which indicate widespread cerebral irritation.

Furthermore, the pressure can directly compromise sensory pathways, often leading to the

impairment or complete loss of sight and hearing. Due to the severity and complexity of these

physical and intellectual challenges, the majority of individuals suffering from advanced

hydrocephaly require lifelong custodial care. However, those less severely affected, where the

intellectual impairment is less profound, can sometimes be trained to manage their basic physical

needs, allowing for a degree of functional independence.

5. Management and Surgical Interventions

The management of hydrocephaly has been dramatically transformed by modern neurosurgical

advancements, particularly those focused on alleviating the pressure before severe, irreversible

brain damage occurs. The fundamental principle of treatment involves either reducing the

production of CSF or, far more commonly, redirecting the accumulated fluid past the site of

obstruction.

The primary surgical technique involves the placement of a neurosurgical shunt system. This

involves implanting a flexible tube that originates in a ventricle of the brain and is channeled past

the obstruction to a site where the CSF can be safely absorbed by the body, most frequently the

peritoneal cavity (ventriculoperitoneal shunt) or, less often, the right atrium of the heart. These

procedures have proven remarkably successful in arresting the progression of the condition when

implemented in the early stages, effectively stabilizing the intracranial pressure and preventing

further neural compression. For certain types of obstructive hydrocephalus, newer endoscopic

techniques, such as endoscopic third ventriculostomy (ETV), provide an alternative by creating a

small opening to bypass the blockage internally, eliminating the need for a permanent shunt in

selected patients.

6. Prognosis and Complications

While modern surgical intervention, particularly shunt placement, offers a high chance of arresting

the physical damage caused by the pressure, the overall prognosis for individuals with

hydrocephaly remains highly variable, dependent largely on the underlying cause and the extent of

brain injury sustained prior to diagnosis and treatment. Early detection and immediate intervention

significantly improve the outcome regarding intellectual capacity and physical development.

Despite the success of surgical techniques, hydrocephaly management is not without inherent

risks and potential complications. A significant minority of cases may develop severe

postoperative complications, most commonly shunt malfunction (obstruction or breakage) or

infection, which necessitate immediate revision surgery. In other instances, patients may simply fail

to respond adequately to the initial treatment. In these tragic scenarios, the cranium may continue
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its expansion, leading to gross deterioration of neurological function and eventual death.

Continuous long-term medical monitoring and management are essential throughout the life of a

hydrocephaly patient to ensure shunt functionality and manage associated developmental and

neurological sequelae.

Further Reading

Hydrocephalus (Wikipedia)

Cerebrospinal Fluid (CSF) Dynamics

Ventricles of the Brain Anatomy

Toxoplasmosis and Neurological Effects
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