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Fig. 1 Diagram of the intracranial pressure model. Double-headed hollow arrow represents
permeation of mannitol across the blood-brain barrier. Double-headed solid arrow rep-
resents movement of water between compartments. The input and output of the model
is administration of mannitol and cerebrospinal fluid pressure (ICP), respectively.
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Table 1 Parameters for the pharmacokinetic model of mannitol.”"

Variables Values ~ Variables Values
Ve 1.40 < 10" Qi 2.50
Vs 2.00 %10 (9 1.00 < 10
Ve 8.00 % 10 (9 1.256 X 10
Vi 1.02 > 107 PS.. 5.0x10*
1744 1.68 > 10° PS, 2.0x10°*°
K. 1.06 >x 10

V: volume [ml], ecf: extracellular fluid, eap: capillary, wm: white matter, gm:
gray malter, isfi interstitial fluid, K,.: total clearance of mannitol [ml/s], -
blood flow [ml/s], br: brain, PS: PS product of mannitol [ml/s].
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see: secretion, *: blood-brain barrier, #: arachnoid villi membrane.
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ABSTRACT

Theoretical Analysis of the Intracranial Pressure
Change Corresponding to Mannitol Administration

Hidetoshi WAKAMATSU, Ji Nan

Biophysical System Engineerving, Graduate
School of Health Sciences, Tokyo Medical
and Dental University

Background: Brain edema is one of the important
factors that cause intracranial hypertension. It is well
accepted that mannitol is useful to treat intracranial
hypertension originating from brain edema. However,
the theoretical study on the quantitative relation
between mannitol and intracranial pressure is neces-
sary, as the mannitol administration only depends on
the experience of clinicians. Objectives: The purpose
of this study is to theoretically analyze the intracranial
pressure change corresponding to mannitol adminis-
tration by using the proposed mathematical model.
Methods: A linear lumped parameter model of manni-
tol pharmacokinetics and brain hydrodynamics is pro-
posed. Using the model, the change in intracranial
pressure corresponding to a bolus administration of
mannitol is theoretically studied, which is confirmed
by the clinical experience. In addition, the intracranial
pressure is tried to have the clinically desirable
dynamics by an appropriate dose according to the PI-
feedback regulation. Results: In the case of a bolus
infusion of mannitol, the more administration of man-
nitol gave the lower minimal pressure. The minimal
pressure was observed about 1 hour after its adminis-
tration. However, there is no relationship between
amount of dosage and response time. Not only the
results from the simulation were consistent with clini-
cal practice, but also the intracranial pressure could
be regulated to have the clinically desirable dynamics
by Pl-feedback regulation. Conclusion: The proposed
mathematical model is appropriate for the theoretical
study of the intracranial pressure dynamics correspon-

ding to the mannitol administration.
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