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NONCOMMUNICATING HYDROCEPHALUS

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

1. Core Definition

Noncommunicating hydrocephalus, frequently termed obstructive hydrocephalus, is a severe

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

within the ventricular system of the brain. This pathology arises specifically when the normal

pathway of CSF flow is blocked at some point within the ventricles or the narrow passages

connecting them, such as the aqueduct of Sylvius, preventing the fluid from reaching the

subarachnoid space where it is normally absorbed into the bloodstream. The resulting pressure

buildup, or hydrocephalus, is a direct consequence of this mechanical impedance, causing the

upstream ventricular compartments to swell and exert harmful pressure on surrounding brain

parenchyma. This condition is fundamentally defined by a structural failure in CSF transit rather

than a failure of fluid reabsorption, which is characteristic of the communicating variant of

hydrocephalus.

The core mechanism involves a critical imbalance between the continuous production of CSF and

its impaired circulation. Cerebrospinal fluid is produced primarily by the choroid plexus, and its flow

path dictates the pattern of ventricular dilation in obstructive cases. The normal sequence of

circulation dictates passage from the lateral ventricles, through the foramina of Monro, into the third

ventricle, then via the narrow aqueduct of Sylvius into the fourth ventricle. In noncommunicating

hydrocephalus, an obstruction occurring at any point along this internal pathway--most commonly

in the aqueduct--causes a proximal hydraulic damming effect. Consequently, the ventricles

situated superior to the blockage dilate significantly, leading to the rapid and often dangerous

elevation of intracranial pressure (ICP).

The designation "noncommunicating" signifies that the accumulating fluid is unable to

"communicate" with the subarachnoid space--the external reservoir surrounding the brain and

spinal cord--due to the internal physical block. This distinction is crucial in both diagnostic imaging

and surgical planning. Because the fluid cannot escape the ventricular system, the pressure

increase is often acute and localized to specific regions of the ventricular tree, necessitating

immediate medical intervention to restore normal pressure dynamics and mitigate the risk of

neurological damage caused by sustained compression and stretching of brain tissue.

2. Etiology and Pathophysiology

The causes of noncommunicating hydrocephalus are highly varied, encompassing both congenital

abnormalities and acquired lesions. As noted in clinical literature, one of the most frequently

identified acquired causes is the presence of an expanding mass, such as a tumor or large cyst,
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situated in close proximity to the ventricular outflow tracts. Specific types of brain tumors,

particularly those arising in the posterior fossa (e.g., medulloblastomas, ependymomas, or

cerebellar astrocytomas), are geographically positioned to compress the fourth ventricle or the

aqueduct of Sylvius, thereby creating a mechanical barrier to CSF flow. Other acquired etiologies

include organized hematomas, abscesses, or inflammatory processes resulting from infections like

ventriculitis or meningitis, which can lead to fibrotic scarring and narrowing (stenosis) of the

aqueduct over time.

Congenital factors constitute a significant category, often involving developmental failures during

gestation that impair the structure of the ventricular system. The most common congenital cause is

primary aqueductal stenosis, an isolated or inherited condition where the aqueduct of Sylvius fails

to develop properly or is occluded by a thin membrane (web). Other major congenital syndromes,

such as the Chiari malformation, particularly Type II, can also result in obstructive hydrocephalus

due to the downward herniation of cerebellar tissue, causing mechanical compression at the level

of the foramen magnum or the exit foramina of the fourth ventricle (Luschka and Magendie).

Regardless of the specific origin, the shared pathological outcome is a fixed resistance against the

constant flow of CSF, ensuring sustained pressure elevation.

Pathophysiologically, the continuous production of CSF against a sealed or constricted outlet

generates high pressures that force fluid into the surrounding brain tissue, a process termed

transependymal flow. This shift causes interstitial edema within the periventricular white matter,

which further contributes to neurological dysfunction and symptoms. Chronic, untreated

noncommunicating hydrocephalus leads to profound ventricular enlargement, resulting in the

thinning and destruction of the cerebral cortex (cortical mantle). The severity of the neurological

sequelae, including cognitive impairment, motor deficits, and optic nerve damage, is directly

correlated with the duration and magnitude of the elevated intracranial pressure.

3. Clinical Presentation and Diagnosis

The manifestation of noncommunicating hydrocephalus is highly dependent on the patient's age,

as this determines the cranial capacity for expansion. In infants, whose cranial sutures are not yet

fused, the skull can expand to accommodate the excess fluid, leading to macrocephaly

(abnormally large head circumference) and a tense, bulging fontanelle. Infant symptoms also

include non-specific signs of neurological distress, such as irritability, poor feeding, frequent

vomiting, and the characteristic "setting sun" sign (downward deviation of the eyes), reflecting

pressure on the tectal plate. The relative ease of cranial expansion in infancy may initially buffer

the most severe acute pressure spikes, but sustained growth disproportionate to age signals

chronic hydrocephalus requiring investigation.

In older children and adults, the rigid, fused skull prevents expansion, meaning that even a
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relatively small increase in CSF volume rapidly translates into a dangerous elevation of ICP. The

clinical picture is dominated by symptoms of increased pressure, classically presenting as the triad

of headache (typically severe and worse upon waking), nausea, and projectile vomiting. Visual

disturbances, particularly papilledema (swelling of the optic nerve head visible on fundoscopic

examination), are crucial signs indicating chronic elevated pressure. Other symptoms in adults may

include gait ataxia, cognitive decline affecting memory and executive function, and, in cases of

acute, rapid obstruction, a rapid decline in the level of consciousness leading to stupor or coma.

Diagnosis relies fundamentally on neuroimaging. Magnetic Resonance Imaging (MRI) is the

definitive diagnostic tool, as it provides high-resolution visualization of the ventricular system,

clearly delineates the site of obstruction (e.g., a tumor mass, cyst, or aqueductal web), and

assesses the degree of periventricular edema. Computed Tomography (CT) scans are typically

employed in acute emergency settings due to their speed; they confirm the presence of ventricular

enlargement. A key diagnostic feature differentiating noncommunicating hydrocephalus is the

pattern of ventricular dilation: the ventricles proximal to the block are enlarged, while those distal to

the block (e.g., the fourth ventricle in aqueductal stenosis) remain normal in size or are collapsed,

confirming the internal, localized nature of the obstruction.

4. Distinctions: Obstructive vs. Communicating Hydrocephalus

Understanding the difference between noncommunicating (obstructive) and communicating (non-

obstructive) hydrocephalus is paramount, as the classification dictates the optimal surgical

strategy. The distinction hinges entirely on the site where the pathology occurs relative to the

absorption sites. In noncommunicating hydrocephalus, the pathology is the structural blockage

within the internal ventricular system, preventing CSF from reaching the external subarachnoid

space and the arachnoid granulations--the primary sites of reabsorption along the superior sagittal

sinus. The fluid is physically trapped internally.

In contrast, communicating hydrocephalus occurs when the flow of CSF is unimpeded between

the ventricles and the subarachnoid space--the ventricles "communicate" freely. However, the

pathology lies in the impaired absorption of the CSF once it reaches the subarachnoid space. This

absorption failure is typically caused by damage or scarring of the arachnoid granulations, often a

long-term consequence of subarachnoid hemorrhage, severe meningitis, or trauma. Because the

obstruction is distal and generalized, communicating hydrocephalus usually results in the uniform,

symmetrical enlargement of all four ventricles, a pattern that is distinctly different from the targeted

dilation seen in the obstructive type.

This fundamental difference dictates the appropriate therapeutic approach. Management of

noncommunicating hydrocephalus necessitates a surgical bypass of the internal obstruction, either

by shunting the trapped fluid to another body cavity or by creating a new outflow pathway (ETV).
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Conversely, management of communicating hydrocephalus, where the absorption sites

themselves are defective, usually involves diverting the fluid to a distant, non-impaired absorption

site, most commonly via a ventriculoperitoneal shunt, without the option of simply bypassing an

internal ventricular block.

5. Therapeutic Management and Surgical Approaches

The definitive treatment for noncommunicating hydrocephalus is surgical, focusing on restoring or

creating a pathway for CSF flow to normalize intracranial pressure. The traditional and highly

reliable management involves the installation of a ventricular shunt system, most often a

ventriculoperitoneal (VP) shunt. This permanent device includes a proximal catheter placed into a

dilated ventricle, a pressure-regulating valve that controls the rate of CSF drainage, and a distal

catheter that channels the excess fluid, typically to the peritoneal cavity in the abdomen, where the

fluid is safely absorbed into the circulatory system. Shunting provides immediate relief from

elevated ICP and remains the mainstay for many patients, despite the inherent risks of mechanical

failure, infection, and the need for revision surgeries over a lifetime.

A significant modern alternative, particularly effective for specific cases of noncommunicating

hydrocephalus such as acquired aqueductal stenosis, is Neuroendoscopy, primarily in the form of

Endoscopic Third Ventriculostomy (ETV). ETV is a minimally invasive procedure performed under

direct visualization that creates a new drainage aperture in the floor of the third ventricle. This

opening allows the trapped CSF to bypass the blocked aqueduct and flow directly into the basal

cisterns, where it can then access the subarachnoid space and the intact absorption pathways.

The primary advantage of ETV is the potential for achieving a 'shunt-independent' circulation,

reducing the long-term morbidity associated with foreign body implants.

In instances where the obstruction is caused by an identifiable, resectable mass lesion, such as a

localized tumor or cyst, the ideal treatment is the surgical removal of the offending mass. The

successful excision of the tumor eliminates the mechanical obstruction, often resolving the

hydrocephalus completely and potentially obviating the need for permanent CSF diversion.

However, the choice of treatment must be carefully tailored to the patient's condition, the nature

and accessibility of the obstruction, and the acuity of the symptoms. Acute, life-threatening

pressure spikes often necessitate temporary measures, such as external ventricular drainage

(EVD), to rapidly stabilize the patient before a definitive internal procedure is implemented.

6. Prognosis and Long-Term Sequelae

The prognosis for individuals diagnosed with noncommunicating hydrocephalus is highly variable

and directly linked to the speed of diagnosis, the underlying etiology, and the efficacy of the initial

intervention. If left undiagnosed or untreated, the condition carries a high mortality rate and nearly
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guarantees severe, permanent neurological impairment resulting from sustained high ICP. Even

after successful surgical decompression, patients require lifelong neurological monitoring due to

the risk of shunt failure or other chronic complications. Shunt malfunction--which can be caused by

blockage, disconnection, or infection--is a common complication and requires prompt recognition

and surgical revision, as recurring obstruction can be rapidly fatal.

Long-term neurological outcome is also contingent upon the severity of brain injury sustained prior

to treatment and the age of onset. Children who develop hydrocephalus early in life are at risk for

developmental delays, intellectual disabilities, and specific deficits in attention, memory, and

visuomotor coordination due to the chronic strain placed upon developing white matter tracts.

Therefore, management extends beyond the neurosurgical intervention; comprehensive,

multidisciplinary care involving rehabilitation specialists, neuropsychologists, and developmental

pediatricians is crucial for maximizing functional recovery and integrating the patient back into

society.

Despite these challenges, modern neurosurgical techniques have significantly improved outcomes.

Procedures like ETV have provided alternatives to shunting, offering durable relief for many

patients. Continuous research into advanced imaging techniques and improved shunt technology

aims to reduce complication rates and refine patient selection for surgical therapies, ensuring that

individuals with noncommunicating hydrocephalus can achieve the best possible quality of life

following diagnosis and treatment.

Further Reading

Hydrocephalus (Wikipedia)

Ventriculoperitoneal Shunt (Wikipedia)

Endoscopic Third Ventriculostomy (Wikipedia)

Intracranial Pressure (Wikipedia)
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