13. Volumepressure infusion tests: Typical patterns
of infusion studies Iin different forms of CSF
circulatory disorders.
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CSF dynamics testingmeasurement techniques:
1. Perfusion study
2. Infusion test
3. Bolus injection
4. Constant pressure test
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Infusion test: Measuremenset-up

Pressure Transducer 2 25G Butterfly needles
Manometer lines filled
with saline

Ommaya Reservoir

Computer running

INFUSION TEST software Syringe drive (50 ml syringe

with normal saline)
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Infusion test trolley: pressure amplifier. Infusion pump,
computer+ software
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Original Article

Clinical testing of CSF circulation

Z. flmsnylm‘, M. flzosn}flm‘, Al L.winio{-, N. I(enng‘, J. D. Pickard "

* Addenbrooke’s Hospital, Academic Newrasurgery, Cantbridge, UK; fUﬂiwr.fifJu Teaching Hospital of Brescia,
Department of Anaesthesiology & Intensive Care, Italy

Summary

Since shunting is almost a purely mechanical weacment chac radically affeces pressure—volume compensation,
patients’ cerebrospinal fluid hydrodynamics compensation should be examined before a shune is implanced.
Apart from an opening pressure and a resistance o cerebrospinal fluid outflow, pulse amplitude of incracranial
pressure and the content of vasogenic waves are useful ro gange cerebrospinal fluid dynamics. Infusion seudies,
although invasive, may help with the decision abour surgery. They also provide basic informarion for furcther
management of shunted paciencs, when complications, such as shunt blockage, under- and over-drainage, arise.

Keywords: CEREBROSPINAL FLUID; HYDROCEPHALUS; INTRACRANIAL PRESSURE; FLUID DYNAMICS.
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What we measure: mean ICP, heart rate, pulse
amplitude of ICP and RAP index
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Full identification of cerebrospinal compensation:
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Additional information: detection of the lower breakpoint of AMP/P
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Infusion test: written protocol

Tests Results:

[ CSF Infusion Test ]

ICP baseline [mmH(] 14.74
AMP baselinefmmHd 0.52
Rcsf [mmHg*min/ml] 15.18
PVI [ml] 4.79
CSF production ratenfil/min]0.17
Infusion duration [min] 16.18

Shunt critical ICP [mmHg] 16.30

ICP plateau [mmH(g] 29.46
AMP plateau mMmHg 1.67
Elasticity[1/ml] 0.48
PsgmmHg] 12.17
Volume infused [ml] 16.18
Normalised Error [%0] 0.412

Shunt resist. [mmHg*min/ml]

3.30



Different technigue servecontrolled multiple stage infusion study

University of Umea ,
Sweden and
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Fig. 6 Curves for the intracranial pressure and external flow  points for mean pressure and flow detemmined for each steady state
describing the constant pressure method. The left graph shows level. Outflow resistance is determined with linear regression and
typical Pic data and accumulated infused volume versus time. The interpreted as the inverse of the slope

right graph is calculated from the time series to the left and shows
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Assessment of cerebrospinal fluid outflow resistance

Anders Eklund - Peter Smielewski - Iain Chambers -
Noam Alperin - Jan Malm - Marek Czosnyka -
Anthony Marmarou
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Fig. 1 Model of the cerebrospinal fluid system described as an absorption rate, and g, is the rate of CSF storage. Fy is an optional
electrical analogy. Py is the intracranial pressure, Py is the dural pressure source describing the reference pressure for CSF storage. In
venous pressure, Koy is the outflow resistance, C is the pressure the standard model of Mamarou Py = 0. In some models an ideal
dependent compliance and K is the elastance coefficient, gy is the CSF diode is added to the R, branch to model that reverse transport is
formation rate, g.. is the external infusion of artificial CSF, g, is the impossible (g, = 0)



One needle infusion:
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Czosnyka M, Whitehouse H, Smielewski P, Simac S, Pickard JD: Testing of cerebrospinal
compensatory reserve in shunted and nsihunted patients: a guide to interpretation based on
observational study. J Neurol Neurosurg and Psychiatry 1996; 665819



Examples of infusion studies in different types of
hydrocephalus
Normal CSF circulatiofiRcsf=8.6 ; opening pressure 6 mm Hg
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NPH: normal opening pressure, increased Rcsf, slow
waves, pulse amplitude well correlated with mean ICP
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Atrophic brain
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