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Hydrocephalus is defined as the abnormal buildup of cerebrospinal fluid in the ventricles of the brain. Cere-
brospinal fluid is a colorless saline solution that acts as a “cushion” or buffer for the cortex providing a me-
chanical protection to the brain. It is produced in the choroid plexus of the ventricles at a rate of 500 ml/day 
and has a continuous circulation. There are about 150 ml of cerebrospinal fluid in the brain. 

The cerebrospinal fluid is basically located in two regions of the nervous systems: in the ventricles where it 
is produced, and in the subarachnoid space (below the arachnoid meninges) where the cerebrospinal fluid is 
reabsorbed. There is continuous flow through the ventricular system into the subarachnoid space and finally 
exiting into the venous system by the arachnoid granulations. However, cerebrospinal fluid is also found in 
the spinal cord, both in the central canal and in the subarachnoid space, as well as in the brain cisterns. 

A disturbance in the normal circulation of cerebrospinal fluid will result in abnormal accumulation of it, en-
larging the ventricles, and compressing the whole brain; this is ultimately the cause of hydrocephalus. Hydro-
cephalus etymologically means “water in the brain.” Such a disturbance can be due to an interruption in the 
circulation or a defect in the reabsorption. Occasionally, hydrocephalus can also be due to overproduction of 
cerebrospinal fluid as observed in cases of choroid plexus papilloma, a particular type of benign tumor affect-
ing the choroid plexus. 

Hydrocephalus is usually associated with cognitive disturbances, particularly executive functions defects. Dif-
ficulties in initiating speech are frequently observed. 

Congenital and Acquired Hydrocephalus 

Hydrocephalus can be congenital or acquired. Congenital hydrocephalus is present at birth and may be 
caused by either environmental influences during fetal development or genetic predisposition. Most frequent-
ly, there is an interruption of the cerebrospinal fluid circulation due to aqueductal stenosis (narrowing). Aque-
ductal stenosis means that the canal connecting the third and fourth ventricles known as the cerebral or mes-
encephalic aqueduct is too narrow or is blocked, and the cerebrospinal fluid cannot normally circulate and 
be drained. Consequently, it accumulates in the upper lateral and third ventricles, resulting in hydrocephalus. 
Congenital hydrocephalus can also be due to neural tube defects, arachnoid cysts, Arnold-Chiari malforma-
tion of the skull, or Dandy-Walker syndrome, which is a brain malformation involving the cerebellum and the 
ventricles. 

In children with hydrocephalus, their heads will progressively enlarge after the birth due to the continuous ac-
cumulation of cerebrospinal fluid. Those children will present delayed psychomotor development and feeding 
difficulties. When the enlargement of their heads further progresses, difficulties in moving the eyes and signif-
icant general motor limitations will be observed. 

Acquired hydrocephalus develops at the time of birth or at some point afterward. This type of hydrocephalus 
can affect individuals of all ages and may be caused by a diversity of conditions including head injury, infec-
tions, brain tumors, or intracranial hemorrhages. 

Communicating and Noncommunicating Hydrocephalus 

According to its characteristics, hydrocephalus can be obstructive or noncommunicating (obstructive hydro-
cephalus) and nonobstructive or communicating (also known as normal pressure hydrocephalus). 

Obstructive hydrocephalus is caused by blockage in the ventricular pathways through which cerebrospinal 
fluid flows. Because of the physical characteristics of the ventricular system, the point where there is a higher 
probability of blockage is the cerebral aqueduct, because of its narrow diameter. 
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Communicating (nonobstructive hydrocephalus) is caused by inadequate reabsorption of cerebrospinal fluid 
when the ventricular pathways are not obstructed. It can result in a particular clinical syndrome known as 
Hakim-Adams syndrome. 

Hakim-Adams Syndrome 

Salomon Hakim and Raymond Adams described the clinical characteristics of hydrocephalus associated with 
normal cerebrospinal fluid pressure. It includes three clinical signs: (1) a specific type of gait disturbance, 
known as gait apraxia or magnetic gait; (2) urinary incontinence; and (3) cognitive impairment. 

Gait apraxia is usually the initial clinical symptom. To initiate, gait becomes progressively difficult; small steps 
are observed associated with difficulties to raise the feet. These difficulties to raise the feet are known as 
magnetic gait; the patient seems to be glued to the floor. However, the patient can do better under the verbal 
command (such as “raise your right foot, and now the left”) or when using stairs. 

Later, urinary incontinence is observed. Initially, the patient does not present evident incontinence but just uri-
nary urgency. Bedwetting can be found during the night. 

Cognitive and behavioral impairments appear as the last symptom. Ventricular dilation is particularly evident 
in the lateral ventricles, consequently compressing the frontal lobe. The mesial compression is responsible for 
the gait apraxia and the sphincter incontinence. The compression of the prefrontal areas is associated with 
cognitive slowness, apathy, attention and orientation difficulties, memory defects, and other executive func-
tions defects. 

Treatment 

Surgical treatment can be used to drain the excess cerebrospinal fluid. A ventriculoperitoneal shunt can be 
implanted, and hence the cerebrospinal fluid is directed to the abdomen where it is absorbed. Improvement 
of the symptomatology is variable; in some cases the recovery is quite evident, whereas in other cases it is 
just modest. Probably, a diversity of factors can affect the results of the shunt implantation, including the pa-
tient’s age and the duration of the hydrocephalus. Surgical treatment can be problematic in elderly patients, 
and recovery can be limited in cases of chronic hydrocephalus. 

See also Traumatic Brain Injury; Dementia; Intellectual Disability; Memory Disorders 
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