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Fie. 4. Schematic diagram of revised model for nausea path symptom dynamics.
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Fi16. 5. Mathematical model for niausea path symptom dynamics. Insets show results of a computer simulation.

their relationship to the threshold element requires some
explanation. In the past, many authors have assumed that
sensory conflict coupling to symptom pathways is a temporary
(*'facultative’’) phenomenon. However, the author has argued
(Oman 1982) that some level of subliminal sensory conflict
coupling must be present in normal daily life because conflict
signals seem to be continuously functionally “‘averaged’” at
subliminal levels, probably by the same mechanisms or
- processes that determine the intrinsic dynamics (latency,
avaiaz:chmg tendency, recovery time, etc.) of symptoms and
signs when conflict exceeds normal levels. The output path-
ways probably ~consist - functionally of dynamic elements

followed by a threshold, and not the reverse, as would be the
case if the linkage were temporary.

In the model, both fast and slow pathways represent neural
or humoral processes that act to continuously accumulate (i.e.,
low pass filter or ‘‘leaky’’ integrate) weighted, rectific
flict signals. One block (the *‘fast path’’) has a relatively short
characteristic response time and the other (the ‘‘slow path’ Ya
relatively long one. In the mode imulations shown in the
insets of Fig. 5, the fast path is a
with 1-min time constants; the slo
10-min time constants. Second-order or b bl 1
are required ‘so that model predictions show characteristic
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overshoot when the conflict stimulus is turned off. The slow
path block normally ‘has a higher gain (by a factor of about
five) than the fast path, and at the beginning of stimulation is
functionally the more important element. Slow path output acts
together with other classes of fast-acting nauseogenic inputs
(e.g., vagal afference from the gut or emetic drug stimulation)
to bias the threshold of nausea response. In this model, the
slow path block output also acts as a multiplicative factor on
fast path response gain. When prolonged stimulation has raised
the slow path output, the response of the fast path becomes
much larger, as shown in the Fig. § simulation. Thus, the
revised model mimics the miich magnified response to incre-
mental stimulation which we observe expmmma&iy in long
duration sickness. {In the 1982 version of this model,
increased response sezxsmmty at high symptom levels was a
consequence only of the time invariant power law magnitude
estimation characteristic at the output of the model. This
earlier model failed to adequately simulate the rapid rise and
fall of sensation at high sickness levels).

The fast and slow dynamic elements in the model presum-
ably describe the kinetics of either the orientation—emetic
linkage mechanisms or the dynamic properties of the emetic
centers themselves. The dynamic operators may approximate
the action of some humoral diffusion or active transport pro-
cess, or could be the intrinsic dynamics exhibited by a network
of vomiting center neurons to direct neural or humoral conflict
signal stimulation. For example, vestibular conflict neurons
might work in synergistic pairs, somewhat as vestibular affer-
ent neurons do, and project to neurons {perhaps in area pos-
trema, AP) associated with nausea perception and vomiting. If
the synapses were excitatory and had the character that a burst
of conflict neuron activity prcduced a prolonged (e.g., 1 min)
depolarization, *'leaky integrator’’ dynamics would result.
Carpenter et al. (1990) have described a class of AP neurons
that respond qualitatively in this fashion to a variety of directly
applied neurotransmitter agents. They attribute the long lasting
depolarization- of these neurons to a second messenger
mechanism. Slow path dynamics might be associated with a
potentiation of the fast path synaptic pathway by a third agent
circulating  from the hypothalamus —pituitary or diffusing
through the ventricles. This slow path is presumably
characterized by much slower response times. This speculative
interprétation is mentioned here primarily fo illustrate the kinds
of physiological mechanisms that might be involved.

Conclusions

Because the contemporary. conflict theory can account for
the known forms of motion sickness, and for the role of active
movement alleviating symptoms in some circumstances and
causing them in others, there is strong circumstantial evidence
that conflict neurons actually exist in the CNS. However, so
far relatively few animal experiments have been conducted
with the specific objective of identifying a ““conflict’” neuron
or the emetic linkage process. The search has been largely
limnited to the vestibulo ~ocular pathways in the brainstem and
cerebellum. Recent experiments indicate that the cortex and
limbic system are major sites for spatial orientation informa-
tion processing. Real progress may be limited until orientation
research focuses on these areas. Also although sensory conflict
signals are probably neurally coded, as discussed in the
previous section, conflict linkage mechanisms may involve

humoral information transmission. If so, a search for the
emetic link using classical anatomical or microelectrode
techniques will of course be unsuccessful, and it is perhaps not
particularly surpnsmg that the link has not vet been found.

Another problen is that until motion sickness research
entered the quantitative *‘as if"’ modelling phasc it has not
been possible to suggest what functional criteria are imposed
by the conflict ﬁwoxy which could be exploited by physiolo-
gists to recognize conflict neurons or the sensory mismatch
signal experimentally. This paper represents a first attempt.
Based on the discussion in previous sections, we can suggest
the following

(i) Conflict signals are error signals in CNS control
pathways subserving posture and movement. Conflict coding
is probably neural and conveys relatively high bandwidth
signed information ‘concerning the instantaneous difference
between actual and motorically anticipated sensory input. Con-
flict signals are postulated to exist for at least the vestibular
modalities, and it can be argued (see above) that they exist
within the visual and (or) proprioceptive sensory modalities as
well. In alert, behaving animals, the signals should be small
during normal active movements and momentarily large when
unexpected obstacles or dismmance forces are briefly encoun-
tered. As the animal recognizes and corrects for the disturb-
ance, the conflict increase should extinguish. If the conflict
process can be driven :xp:mﬁema&iy, conflict signals should
produce behaviors suggestive of disorientation and may trigger
corrective motor responses. Long duration direct stimulation
of vestibular conflict processes should trigger motion sickness
signs. Sustained, unpredictable, exogenous movement should
produce prolonged sensory conflict and symptoms. Sensory
rearrangements (e.g., visual distotion via prism goggles)
should produce conflict that is reduced in magnitude as
sensory - motor learning proceeds via internal model updating.
These: signals (or their combination, the neural mismatch
signal) probably play some causal role in triggering sensory —
motor leamning. In general, the size of sensory conflict signals
should be related to previous sensory —motor experience under
identical sensory rearrangement conditions. When the rear-
rangement stimulus is removed, increased conflict signals of
opposite sign should be observed. Antimotion sickness drugs
probably have little effect on conflict signal size.

(if) Efference copy signals that encode and subtractively
completely cancel anticipated sensory inputs may not be found
because their functional effect could be distributed along
parallel pathways, as noted earlier.

(iii) The neural mismatch signal represents the putative com-
mon influence exerted on the emetic brain by conflict signals
occurring in various sensory modalities. The signal may not be
neurally coded. It should increase in magnitude with sensory
conflict, regardless of the sign of the associated conflict. If the
dynamics of the fast and slow path mechanisms originate in
multiple diffusion and (or) transport processes, it may not be
possible to directly experimentally find a single entity corre-
sponding to the neural mismatch signal, but only signals cor-
responding ‘to the output of the fast and slow path model
elements.

The model presented here captures many of the known
characteristics of motion sickness in at least semiquantitative
fashion. However, the model has certain limitations that should
be noted. The model posits an observer that is mathematically
linear. Although recent experimental data certainly are consis-
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tent with the notion that the CNS functions as an observer,
there is some evidence that sensory cues are evaluated in
nonlinear ways. Also, the model can only mimic, but not pre-
dict, the adaptation process. The model for symptom dynamics
does not (yet) incorporate elements that account for observed
autogenous ‘‘waves’’ of nausea at high symptom levels, nor
the decrease in nausea immediately after emesis occurs.
Models for response pathways mediating other physiclogic
responses such as pallor, skin temperature, and stress hormone
changes have not yet been attempted.

Mathematical characterization of the dynamic characteristics
of symptom pathways is a difficult ““black box™" system identi-
fication problem. The model described above was based only
on the character of responses to exogenous motion and sensory
rearrangements. The possibility of 2 secondary contribution by
abdominal afferents due to visceral motion needs to be more
completely explored. Much can potentially be learned from the
study of dynamic responses to other classes of emetic inputs
and from studying the influence of behavioral (e.g., biofeed-
back) and pharmacological therapies,
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