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Abstract

Cerebrospinal fluid (CSF) fills specific cavities surrounding brain and spine. It flows
with the slow rate around 0.3 ml/min from lateral and third ventricle, from where it
outflows ventricles, through cisterna magna to cerebral subarachnoid space where it is
absorbed to venous blood flowing through sagittal sinus. Despite slow flow, any obstacle
in pathway of CSF circulation may produce dilatation of brain ventricles and specific
clinical symptoms (Hakim Triad), known as hydrocephalus. The model of CSF circulation
and pressure-volume compensation was formulated in 1978 by Prof. Anthony Marmarou
and is still useful in understanding the nature of disturbances of CSF dynamics in clinical
practice. Presented as electric circuit, it includes source of CSF production, uni-directional
resistance to CSF outflow and non-linear compliance. Parameters of the model may be
identified in clinical practice using infusion test. The test is minimally invasive; infusion
of mock CSF may be performed into lumbar CSF space, through pre-implanted reservoir
connected with ventricles or pre-chamber of implanted hydrocephalus shunt. External
fluid is infused with a constant rate 1 or 1.5 ml/min, and through the same needle,
CSF pressure is recorded. Resistance to CSF outflow is probably most important index
describing health of CSF dynamics. If it is increased (>13 mmHg/(ml/min)), CSF flow
is considered as disturbed, and implantation of shunt system should be considered. The
meaning of compliance of CSF space is less obvious. Decreased compliance denotes that
internal changes of brain volume (mainly blood) may produce excessive increases in ICP
which per-se may produce responses specific for hydrocephalus. Also, recently, specific
distortion of ICP pulse waveform has been proposed as useful index of disturbed CSF
dynamics, by Prof. M. Kasprowicz and her research group in Wroc law. Investigation on
CSF dynamics rarely can be substituted by non-invasive measurements. MRI imaging,
transcranial Doppler investigation are not sensitive and specific enough. The role of
hydrocephalus shunt is to improve poor CSF circulation. Problem is that shunts may
not drain CSF in a way which is 100% beneficial for the patient. It may be blocked,
may underdrain or overdrain CSF. Infusion test through the shunt prechamber is a very
useful technique, which may detect blockage, overdrainage and, very importantly, avoid
unnecessary revision when the shunt works properly.
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