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Three dimensional closed loop control of the human circulation
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Summary

In the control of the cicculation it is suggested there 1s merit in describing states which are the object of each
therapy. Considering the determinants of venous return racher than those of cardiac output, we suggest that
the mean systemic filling pressure is a parsimonious description of the volume state. A method is described of
d_eriving a mean systemic filling pressure analogue based on stopping the flow in a notuonal regional systemic
arrculanon.

The mean systemic filling pressure (P,,) forms a quanntarive link between volume therapy and circulatory
dvnamics. The svstemic vascular resistance is a conventional measure of the state of arteriolar resistance. We
suggcit that the ratio (P, = Pr.)/P. (where Py, isthe right atrial pressure) is a global measure of the effect of
cardic#acrive drugs.

Studies are reported in which the mean blood pressure. right artrial pressure and cardiac output are
simulfaneously controlled within desired tolerances using state based control.

Introduction v) the philosophical. environmental and evalua-
tive difficulties of the engineering/medical in-

The emergence of the microprocessor and im- terface.

proved understanding of measurement goals and This paper seeks to primarily address the {irst two

pharmacology has seen the evolution of numerous of these.

attempts at numerical circulatory control in the Where multiple clinical measurements are asso-

past quarter century. ciated ro form a therapeutic conclusion in med-

The vast majority of described approaches have icine. the low level of formalitv artached to that

been directed at a single variable and only now do association may surprise the control engineer. The

| we see a plethora of arrempts at multidimensional clinician operates in a nonlinear environment of
: control of the global circulation. The reasons for ‘bounded chaos’. using discrete time disparate ob-

this pedestrian progress have often been identified servations. If numerical goals are set. their optimi-
sation is uncertain and perhaps unattainable. The

and include i : ] pe! tain
i) uncertainty about what is being conrrolled: goal of survival with minimal morbidity” mav not
ii) uncerrainty about the relationship between mea- enjov numerical descripuon.

In such an environment. even commonly used
words such as ‘hvpovolaemia’ (a state of depleuon
of circulatory filling) or “heart failure” have no gen-
ecallv agreed numencal definitions. This 18 not o0
sav that the pattern of hvpovolaemia (for example)

sured variables and the controlled processes:
iii) nonavailability of transducers (0 conunuously
measure important input variables:
iv) uncertainty about optimal goals for measured
variables and/or the controlled process:
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