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Hydrocephalus

Primary Disciplinary Field(s): Neurology, Neurosurgery, Pediatrics

1. Core Definition

Hydrocephalus, often colloquially referred to as "water on the brain," is a complex medical

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

brain's ventricles and/or subarachnoid space. This excess fluid leads to an expansion of the brain

ventricles, which in turn exerts increased pressure on the delicate brain tissue. The term itself is

derived from the Greek words "hydro," meaning water, and "cephalus," meaning head, accurately

reflecting the primary physical manifestation of the condition.

The human brain and spinal cord are bathed in CSF, a clear, colorless fluid that serves multiple

vital functions, including providing cushioning against physical shock, delivering nutrients, and

removing waste products. This fluid is continuously produced, circulated, and reabsorbed within a

dynamic system. When the balance of production, circulation, or absorption is disrupted, CSF can

build up, leading to the pathological state of hydrocephalus. This imbalance results in elevated

intracranial pressure (ICP), which can have profound and devastating neurological consequences

if left untreated.

The clinical presentation and severity of hydrocephalus vary widely depending on the patient's age,

the cause of the fluid buildup, and the rate at which it develops. In infants, whose cranial sutures

are not yet fused, the most noticeable sign is often an abnormally rapid increase in head

circumference, as the skull can expand to accommodate the increased pressure. In adults, whose

skulls are rigid, the pressure has nowhere to go, leading to symptoms like severe headaches,

nausea, vomiting, cognitive impairment, visual disturbances, and motor difficulties. Without timely

intervention, the sustained high pressure can lead to irreversible brain damage, significant

neurological deficits, and ultimately, be fatal.

2. Etymology and Historical Development

The term "hydrocephalus" has ancient roots, reflecting a long history of observation of this

condition. The earliest descriptions of hydrocephalus date back to antiquity, with physicians

recognizing the characteristic enlargement of the head in affected infants. Ancient Greek and

Roman medical texts, including those attributed to Hippocrates, likely contained references to

conditions consistent with hydrocephalus, though the understanding of its underlying

pathophysiology was nascent. The literal translation from Greek - "water head" - captures the

prominent symptom, particularly in pediatric cases, and has persisted through millennia.

Throughout the Middle Ages and the Renaissance, medical understanding remained largely
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observational. Autopsies, as they became more common, began to reveal the accumulation of fluid

within the brain, corroborating the external observations. However, without a detailed

understanding of neuroanatomy and physiology, the causes and potential treatments remained

elusive. The advent of modern anatomy in the 16th and 17th centuries, pioneered by figures like

Andreas Vesalius, provided a more accurate mapping of the brain's ventricular system, laying the

groundwork for later insights into CSF dynamics.

Significant advancements in the understanding and treatment of hydrocephalus began in the 20th

century. Early attempts at surgical intervention were often crude and carried high risks. The

development of the cerebral shunt in the 1950s by neurosurgeons like John Holter and Frank Spitz

marked a revolutionary turning point. This innovative device provided a reliable means to divert

excess CSF, dramatically improving the prognosis for many patients. Since then, shunt technology

has continued to evolve, and alternative endoscopic procedures have emerged, further refining the

management of this complex condition.

3. Key Characteristics and Classifications

Hydrocephalus is primarily characterized by the abnormal expansion of the brain's ventricular

system due to CSF accumulation. The core issue is an imbalance in CSF homeostasis, which can

stem from overproduction (rare), impaired circulation, or deficient reabsorption. The brain contains

four ventricles: two lateral ventricles, a third ventricle, and a fourth ventricle, all interconnected and

continuous with the central canal of the spinal cord and the subarachnoid space surrounding the

brain and spinal cord. CSF is primarily produced by the choroid plexus within these ventricles,

circulates through them, and is then reabsorbed into the bloodstream, mainly through the

arachnoid granulations.

Hydrocephalus is broadly classified into two main types: communicating and non-communicating

(or obstructive). Communicating hydrocephalus occurs when the flow of CSF out of the

ventricular system into the subarachnoid space is normal, but its reabsorption into the bloodstream

is impaired. This means that the CSF can still "communicate" with the subarachnoid space.

Causes can include inflammation, infection (e.g., meningitis), or hemorrhage, which can damage

the arachnoid granulations, hindering CSF reabsorption. Another form, known as Normal Pressure

Hydrocephalus (NPH), is a chronic, communicating form that typically affects older adults,

presenting with a classic triad of gait disturbance, dementia, and urinary incontinence.

In contrast, non-communicating hydrocephalus, also known as obstructive hydrocephalus,

results from a blockage within the ventricular system itself, preventing CSF from flowing out into

the subarachnoid space. This obstruction can occur at various points, such as the aqueduct of

Sylvius (connecting the third and fourth ventricles), the foramen of Monro (connecting the lateral

and third ventricles), or the outlets of the fourth ventricle (foramina of Luschka and Magendie).
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Common causes of obstruction include congenital anomalies, tumors, cysts, or inflammation that

narrows these pathways. Understanding this distinction is crucial for guiding diagnostic workup and

therapeutic strategies, as the location and nature of the obstruction dictate the most appropriate

intervention.

4. Pathophysiology and Causes

The pathophysiology of hydrocephalus centers on a disruption of the delicate equilibrium of CSF

production, circulation, and reabsorption. Normally, the choroid plexus continuously produces CSF

at a rate of approximately 500 mL per day, completely replacing the total CSF volume multiple

times daily. This fluid then flows through the intricate network of ventricles, exits into the

subarachnoid space, and is ultimately absorbed into the venous system. Any interference with this

continuous cycle can lead to an accumulation of CSF and subsequent ventricular enlargement.

Causes of hydrocephalus are diverse and can be broadly categorized as congenital or acquired.

Congenital hydrocephalus is present at birth and often results from developmental abnormalities

during fetal growth. Common congenital causes include aqueductal stenosis (a narrowing of the

aqueduct of Sylvius), spina bifida (especially with an associated Chiari malformation, where brain

tissue extends into the spinal canal), or Dandy-Walker malformation. Genetic factors may also play

a role in some cases. These structural abnormalities impede normal CSF flow, leading to

obstructive hydrocephalus.

Acquired hydrocephalus develops after birth due to various medical conditions or injuries. Post-

hemorrhagic hydrocephalus can occur after subarachnoid hemorrhage or intraventricular

hemorrhage, where blood products in the CSF can obstruct arachnoid granulations or ventricular

pathways, leading to impaired reabsorption or obstruction. Post-infectious hydrocephalus is a

common sequela of central nervous system infections such as bacterial meningitis or encephalitis,

where inflammation can scar the CSF pathways. Additionally, brain tumors, cysts, or traumatic

brain injury can cause hydrocephalus by directly compressing or obstructing CSF flow pathways,

or by interfering with CSF reabsorption.

5. Clinical Manifestations and Diagnosis

The clinical manifestations of hydrocephalus vary significantly with age and the rapidity of onset. In

infants, whose cranial sutures are not yet fused, the most prominent sign is often a rapidly

increasing head circumference and a bulging fontanelle (soft spot). Other symptoms include

irritability, poor feeding, lethargy, vomiting, downward deviation of the eyes ("setting-sun sign"),

and developmental delay. These signs are often subtle initially, making early diagnosis challenging

but crucial for preventing severe brain injury.

In children and adults, whose skulls are rigid, the symptoms are primarily related to increased

ARABPSYCHOLOGY.C
OM

https://en.wikipedia.org/wiki/Aqueductal_stenosis
https://en.wikipedia.org/wiki/Spina_bifida
https://en.wikipedia.org/wiki/Chiari_malformation
https://en.wikipedia.org/wiki/Subarachnoid_hemorrhage
https://en.wikipedia.org/wiki/Intraventricular_hemorrhage
https://en.wikipedia.org/wiki/Intraventricular_hemorrhage
https://en.wikipedia.org/wiki/Meningitis
https://en.wikipedia.org/wiki/Encephalitis
https://en.wikipedia.org/wiki/Setting-sun_sign
https://scales.arabpsychology.com/?p=30674
https://scales.arabpsychology.com
https://scales.arabpsychology.com


Hydrocepahalus 5

PSYCHOLOGICAL SCALES scales.arabpsychology.com

intracranial pressure. These include severe headaches, nausea, vomiting (often projectile and

worse in the morning), blurred or double vision, dizziness, and problems with balance and

coordination. Cognitive symptoms may include difficulty concentrating, memory problems, and

changes in personality or behavior. In some cases, psychiatric difficulties such as apathy,

depression, or confusion may be prominent. If left untreated, progressive neurological deterioration

can lead to seizures, loss of consciousness, and ultimately, brain herniation and death.

Diagnosis typically begins with a thorough neurological examination and a review of the patient's

medical history. Neuroimaging is essential for confirming the diagnosis and identifying the

underlying cause. Magnetic Resonance Imaging (MRI) of the brain is the preferred imaging

modality, as it provides detailed views of the ventricular system, CSF flow, and potential

obstructions or abnormalities. Computed Tomography (CT) scans are often used in emergency

settings due to their speed. Specialized MRI techniques, such as cine phase-contrast MRI, can

also assess CSF flow dynamics. In some instances, a lumbar puncture may be performed to

measure CSF pressure and analyze its composition, particularly in suspected cases of Normal

Pressure Hydrocephalus or infectious etiologies.

6. Treatment Modalities

The primary goal of treating hydrocephalus is to reduce intracranial pressure by diverting or

reducing the amount of CSF. The most common and effective treatment for the majority of

hydrocephalus cases is the surgical implantation of a cerebral shunt. A shunt system consists of

three main components: a catheter placed in a ventricle of the brain, a one-way pressure-regulated

valve, and a distal catheter that drains the excess CSF to another body cavity where it can be

absorbed. The most common types are ventriculoperitoneal (VP) shunts, which drain CSF into the

abdominal cavity, but ventriculoatrial (VA) shunts (to the heart's atrium) or lumboperitoneal (LP)

shunts (from the lumbar spine to the abdomen) are also used.

While shunts are highly effective, they are not without complications. These can include shunt

malfunction (due to obstruction, breakage, or disconnection), shunt infection, and overdrainage or

underdrainage. Shunt infections, often caused by skin bacteria, are particularly serious and may

require removal of the shunt and a course of antibiotics. Malfunctions often necessitate repeat

surgeries, and many patients with shunts require lifelong neurosurgical follow-up. Advances in

shunt technology, including programmable valves that can be adjusted non-invasively, have helped

to mitigate some of these challenges, allowing for better customization of CSF drainage.

For certain types of obstructive hydrocephalus, particularly aqueductal stenosis, an alternative

endoscopic procedure known as Endoscopic Third Ventriculostomy (ETV) may be performed. In

this procedure, a small hole is created in the floor of the third ventricle, allowing CSF to bypass the

obstruction and flow directly into the subarachnoid space for absorption. ETV is particularly
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advantageous as it avoids the need for a permanent shunt and its associated complications. In

some cases, ETV may be combined with Choroid Plexus Cauterization (CPC), especially in

infants, to reduce CSF production and enhance the success rate of the ETV. The choice of

treatment depends on the specific type of hydrocephalus, its cause, and the patient's age and

overall health.

7. Significance and Impact

Hydrocephalus represents a significant global health burden, affecting individuals across all age

groups, though it is particularly prevalent in infants and the elderly. Its impact extends beyond

immediate medical management, encompassing long-term neurological, developmental, and

socioeconomic consequences. In infants, early diagnosis and treatment are critical to prevent

severe cognitive and physical disabilities. Despite successful shunting, many children with

hydrocephalus still require ongoing medical care, physical therapy, occupational therapy, and

special education services to address developmental delays and learning challenges.

The chronic nature of hydrocephalus, especially for those dependent on shunts, means a lifetime

of potential complications, including shunt malfunctions and infections. These events necessitate

repeated hospitalizations and surgeries, which can be traumatic for patients and their families, and

incur substantial healthcare costs. The psychological burden of living with a chronic neurological

condition, coupled with the uncertainty of shunt function, can lead to anxiety, depression, and

reduced quality of life. Support groups and patient advocacy organizations play a crucial role in

providing resources, education, and emotional support to affected individuals and their caregivers.

The impact of hydrocephalus also stimulates ongoing research into its causes, pathophysiology,

and improved treatment strategies. Scientists are exploring genetic predispositions, refining

imaging techniques for earlier and more accurate diagnosis, and developing advanced shunt

technologies with fewer complications. Research into biological therapies aimed at restoring

normal CSF dynamics or reducing inflammation is also underway. Addressing hydrocephalus

effectively requires a multidisciplinary approach involving neurosurgeons, neurologists,

pediatricians, rehabilitation specialists, and mental health professionals, underscoring its broad

significance in modern medicine.
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