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Dynamic diseases in neurology and psychiatry

John Milton

Department of Neurology and Committee on Neurobiology, MC-2030, The University of Chicago Hospitals,
5841 South Marvland Avenue, Chicago, lifinois 60637, and Center for Nonlinear Dynamics, McGill

University, Montréal, Québec, Canada
Deborah Black
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{(Received 16 May 1994; accepted for publication 21 September 1994)

Thirty-two (32) periodic diseases of the nervous system are identified in which symptoms and/or
signs recur. In 10/32, the recurrence of a symptom complex is one of the defining features of the
illness, whereas in 22/32 oscillatory signs occur in the setting of an ongoing nervous system
disorder. We discuss the possibility that these disorders may be dynamic diseases. © 1995

American Institute of Physics.

I. INTRODUCTION

The human nervous system is composed of a hierarchy
of oscillatory processes. Self-sustained oscillations ocour at
the level of the single neuron,'? small collections of
neurons,”™ and in large neural populations.ﬁ'7 In addition,
the behavior of the nervous system can be influenced by
external ‘‘zeitgebers,” such as daylight and seasonal
cycles.> % Thus, it should not be surprising to observe that
many diseases of the nervous system also have oscillatory
features. Indeed, recurrence is a defining feature of many

1 1 d hiat H
neurological and psychiatric illnesses,

migraine, manic-depressive illness, and multiple sclerosis.
The clinical significance of altered neural thythms in sleep, !
epilepsy,'” and depression’” is well recognized.
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The importance of considerations of the temporal pattern -

of illness derives from theoretical insights into the nature of
oscillatory phenomena.'** Mathematical studies have pre-
dicted that a single neurophysiological control mechanism,
for example, a recurrent inhibitory loop,? is capable of gen-
erating a variety of qualitatively different periodic rhythms,
as well as irregular, noise-like fluctuations. The temporal. pat-
tern that is seen depends on the value of certain critical con-
trol parameters. In patients with nervous system disorders,
two patterns of recurrent disease can be recognized
clinically:'$2%227 (1) regular, possibly periodic recurrences;
and (2) irregular, seemingly random recurrences. Is it pos-
sible that the temporal pattern of some of these disease,
herein referred to as dyramic diseases, reflect an abnormal
setting of a critical neurophysiological parameter, such as
neural conduction time?">? The significance of identifying a
dynamic disease is that it may be possible to develop thera-
peutic strategies based on manipulation of the critical control
parameter(s). 13,15,18,20,28

The hallmark of a dynamic disease is a sudden, qualita-
tive change in the temporal pattern of an illness, in response
either to a therapeutic maneuver or to some endogenous fac-
tor, which presumably changes a critical control
parameter. 13-13:2029.30 14 {5 not currently possible to apply this
approach to detect a dynamic disease, since the nafure of the
relevant control parameters is not known. Here we identify
“periodic” diseases in neurology and psychiatry. This repre-
sents a first step toward determining those diseases that are
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potential candidates for dynamic diseases. It is possible that
longitudinal study of the diseases may help identify critical
control parameters that may be susceptible to therapeutic
medification.

Il. METHODS

A computer-assisted (MEDLINE) search of the English
and French literature from 1966 to 1994 identified ~4500
papers, which dealt with periodic phenomena in clinically
related neuroscience. By restricting the search to human dis-
ease and specifically excluding the term “circadian rhythm,”
the number of papers was reduced to ~300. All of these
papers were reviewed.

lil. RESULTS
A. “Periodic” diseases

Thirty-two diseases were 1dentified in which symptoms
and/or signs recurred periodically. These disorders could be
grouped into two broad categories: (1) Group I: diseases that
were characterized by the recurrence of certain symptoms
(10/32 diseases; Table I); and (2) group II: oscillations that
appear in the context of an ongoing nervous system disease
{22/32 diseases; Table II). In group I diseases, no anatomical/
biochemical lesion has yet been identified that causes the
recurrent symptoms. In between the episodes, the patient is
well, unless the attack itself causes a structural lesion as, for
example in patients with multiple sclerosis. On the other

hand oromn IT Adicaacae an anatamical/hinchemical hac
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been identified or is presumed to exist. These abnormalities
typically occur within the relevant neural feedback loop(s).
Persistence of symptoms in the setting of a chronic disability
is the hallinark.

Reports of patients with periodic diseases take four
forms: (1) case reports; (2) analysis of patient diaries; (3)
Jongitudinal studies of institutionalized patients; and (4)
laboratory monitored time series.

B. Case reports

The most common manner in which a periedic disease is
brought to the attention of the medical community is in the

© 1995 American Institute of Physics 8
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TABLE l. Recurrent nervous system disease.

TABLE IL Oscillations in setting of neurological disease.

Disease Time series References Disease Time series References
Behavioral Behavior
Manié-depressive illness Yes 10, 31--37 Repetitive niovements of Yes 59-64
Cycloid psychoses No 38 mentally retarded
Kleine--Levin syndrome Yes 39-41 Head banging
Neurological . rocking
; — : Violent
“Epllepsy e :[’es fz’ ii“‘s Neuro-ophthalmology
Migraine and its variants Yes 4647
Multiple sclerosis Yes 48-49 Nystagmus Yes 65
Periodic ataxia No 50-52 Opsoclonus Yes 65
Periodic hypothermia No 33 Ping—pong gaze Yes 66-67
Periodic dystonic choreoathetosis No. 54-56 Periodic alternating nystagmus Yes 68-70
Periodic paralysis ) No 57-58 Periodic esotropia Yes 71
Periodic mydnasts No 72
Hippus Yes 73
. Pupit cycle time Yes 74-78
form of a case report. As might be anticipated, the publica- ~ Movement Disorders
tion of a case report overemphasizes patients with unusual Tremors:
and rare clinical presentatlons The observation of the ap- - Physiological Yes 79
pearance or disappearance of a rhythmic process following a Essential Yes 80
discrete lesion in the nervous system is evidence that this Cerebellar Yes 81-82
: : s . . o Parkinson’s Yes 83-85
part-of the nervous system is somehow involved in the gen- Movement disorders (continued) :
esis of the dynamic process. This tight correlation between '
clinical observation and anatomical abnormality is most clear Myoclonus: v .
in the setting of disorders of ocular motility$>-72 E?Z::;:x‘c Yzz -

In many cases the clinical phenomena are so fascmatmg Patatal No 28
that they warrant publication. For example, Paschalis et al. % Galloping tongue No 89
describe a 78 yr old man who d_eveloped rapid mood oscil- Stuttering : Yes 90
lations, ranging from mania to depression. Each phase lasted 2 eriodic laryngospasm 50 9;
approximately 24 h, and the cycles persisted for months. it ° ?

Breathing

‘While depressed he felt hopeless, worthless, and was inac-
tivé; while manic, he became jocular, overactive, and opti- Periodic ;;e? 93-94
mistic. The switch between the behavioral states always oc- Ataxic o 94

s L . Cheyne-Stokes Yes 9493
curred during the daytime. However, the time of day the Cluster Yes 94
switch occurred varied in-a predictable manner. Over 5--6 Electro-encephalography
days, the switch time would be advanced by 1-2 h each - —

Seizures Yes 96
cycle. Once the switch time was in early morning, the next Periodic complexes -
switch time was advanced by 12—48 h, so that the subse- PLEDS =~ Yes 9697
quent switch occutred in late afternoon or evening. . SSPE Yes 96, 98-100

) o . C : . Aol Yes 96, 101

A Electromyograph :

C. Diaries Yoy
' Fibrillations Yes 102-103

Often patients with recurring symptoms come to the at- Fasiculations Yes 102
tention of physicians when the patient and/or their family Myotonic discharges Yes 102
members keep a diary of their illness. For example, the let- Myokimta Yes 102

ters of Vincent Van Gogh 10 his brother Theo!*® provide a
diaty of the episodic psychoses to which he was subject all
his adult life and which informed his creative genius. The
1nﬂuence of an exogenous toxin, probably absinthe, may
have modified the timing, as well as the content of his peri-
odic psychosés.

- Events documented in a d:ary are clearly of great s1gmﬁ-
cance to the author. Thus, it is surprising that so little has
been writtén concerning the penodlmty of pain. An exception
is the study of Kaufmann et of.'® on the timing of acute
myocardlal infarction pain. Nearly one-half (34/74) of the
patients experienced their chest pain at extremes of the
ACTH-cortisol excretion cycle, i.e.; between 8 and 10 a. m.
and bctween 8 and 10 pan.

Lengthy diaries of recurring neurological and psychiat-
rical symptoms have been published: epdepsy,” A2-43
headache,47r and affective d_isorders.m'“*% Recently, these
diaries have been subjected to time series analyses. For ex-
ample, seizure diaries have been analyzed for evidence of an
underlying deterministic mechanism with the aim of predict-
ing the time 'of recurrence of the next seizure, -3

Figure 1(a) shows a seizure diary and Fig. 1(b) a head-
ache diary for two patients in our clinical practices. Although
both patients felt that there was a definite periodic flavor to
their illness, the time sexies are not clearly periodic. Indeed,
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FIG. 1. Accumulated events (@) as a function of time for a (a) 17 yr old boy
with seizures, and (b) a 46 yr old female with headaches. In (a) the events
numbered 1 and 3 correspond to a change in niedication and 2 to a head-
ache. In (b) events 1, 8, 10, and 11 correspond to medication changes, 2, 6,
7,9, 12, 13, and 15 to the onset of menses, and 3, 4, 5, and 14 to concurrent
illness.

the approximate linearity of a plot of the accumulated num-
ber of events versus time is more suggestive of a random
(Poisson) process.?’ However, over the course of the diary,
both patients experienced concurrent illnesses, as well as
changes in their medications. It is possible that these pertur-
bations may obscure the periodic trends.

D. Institutionalized patients

Longitudingl studies of patients confined te institutions
because of severe medical problems provide an excellent op-
portunity to study rhythmic phenomena. Since patients live
in a controiled environment and concurrent events can be
well documented, the response of the rhythm to exogenous
perturbations can be recorded. For example, patients with
epilepsy who were living on “epileptic communes” or
“farms” at the turn of the century provide the best time
series for seizure recurrence prior to the introduction of ef-
fective anticonvulsant medications.**** With the develop-
ment of modern medical therapies, studies of institutional-
ized patients have been largely limited to two patient groups:
(1) severely mentally handicapped children, and (2) patients
with psychiatric illness. '
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Stereotyped motor behaviors, such as rocking, head
banging, arm flapping, and seif-mutilation occur in severely
mentally handicapped children.=% The clinical significance
of these behaviors, results from their interference with care-
taker management to the loss of digits, and even blindness
from self-mutilation. Recently, it has been observed that
these motor behaviors recur with surprising regularity, with
periods varying from 90 min to 8 h. Monthly and circa-
annual cycies have also been reported. In some children, the

Frpnnanr‘v and te
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modified by playing strongly rhythmic marching music dur-
ing the rocking episodes. '

Kleine-Levin syndrome, a recurrent disorder of un-
known etiology occurring in adolescent boys, offers another
fascinating glimpse into periodic behavioral phenomena.?’g"‘“
Affected boys abruptly develop drowsiness, lethargy, confu-
sion, and a craving for carbohydrates, sometimes accompa-
nied by sexual preoccupations and inappropriate sexual be-
havior. Episodes last
spontaneously Afterward, patients do not fully tecall the1r
behavior.

Perhaps the most exciting observations concernmg a pe-
riodic disease have been made on patients with “rapid-
cycling” manic-depressive illness.'™*' =37 Such patients oscil-
late between mania and depression with each phase lasting
about 24 h. Recent interest has focused on the nature of the
“switch”” between the two behavioral states. Just before the
switch patients may experience marked insomnia and de-
creased REM sleep, raising the possibility that brain
monoamine metabolism may play a role in the swnch pro-
cess.

davq to weeks and resolve

E. Time series

Thirty-six percent (36%) of the papers describing peri-
odic diseases included a presentation of the raw time series.

In 1'7% r\n]\r a statistical descrintion of the observations
{9 0 ) l} A2 S Lll\l UUL’\JI ¥YALLWLLID

(e.g., mean perlod mm1mum!max1mum interval) was pre-
sented. However, in 37% of the papers, no data were pre-
sented to either substantiate the recurring nature of the illness
or describe its characteristics. -

Raw time series data were typically presented for phe-
nomena that recur rapidly (i.e., seconds) and that could be
monitored with electrophysiological techniques. Examples
include periodic phenomena in the electroencephalogram
and a variety of neuro-ophthalmologic and movement disor-
ders (Table TI). In these cases, the time series were charac-

*teristically =<1 minute, and were chosen to illustrate the phe-

nomena under consideration. Notably, a number of raw time
series lasting minutes to years for recurring diseases suitable
for analyses have been published: epilepsy,?**%
headache,*’  affective  disorders,!®**3  Kleine—Levin
syndrome,”®* and breathing patterns in patients with acute
brain damage.” ' '

~ Overnight video-EEG monitoring provides an excellent,
but largely unexploited, opportunity to study sleep-related
phenomena, An example is periodic leg movement during
sleep, which consist of bursts of rhythmic leg movements
occurring at multiple intervals throughout the night.! These
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movements - show con31derable night-to-night variations
within the same subject.

F. Induced changes in periodic diseases

Qualitative changes in disease dynamics have been ex-
tensively described in patients with epilepsy and with sleep
and affective disorders. These diseases are presently the best
candidates for dynamic diseases of the nervous system.

‘Seizures can be induced in certain patients by a variety
of stimuli, including hyperventilation and photic
stimulation. fos The period of the epileptic complexes in sub-
acute sclerosing panencephalitis (SSPE) can be changed as
body temperature is aitered.'”” Attention and arousal also
appear {0 play a role in modifying the Ircquen(,y of epileptic
spike-and-wave discharges.'”” When children with petit mal
epilepsy became bored (for example, during inactivity), they
had many more seizures than when their attention was en-
gaged (for example, during 1Q testing or a formal interview).
Moreover, the frequency of epileptic discharges in the EEG
during school exercises was approximately the same as dur-
ing inactivity! These observations underscore the role of con-
text in producing the variability in a periodic phenomena.

T matiente with affective denrdere merinde of mania and
i1l PG\JUIILD ¥YALLL LIV LLY L VIOV UICL Oy PUI]UUD UL lllﬂlllﬂ Clll.u

depression can be precipitated by, respectively, tricyclic
antidepressants'®®~% and seasonal changes in ambient light
levels.'%!!! The period of rapid-cycling manic-depressive ill-
ness can be changed by tricyclic antidepressants,®1%-110
and in some patients the oscillation can be abolished with
lithium. Stoddard et al.!'? describe a 39 yr old woman whose
switch between mania and depression could be trlggered by

significant events in the patient’s personal life, such as birth-
dm; hnhdnvq or 1’]"1131‘21’“! sessions with her hnqhand

Ml Yo, VR aaply otosodllie Al IRASUGIN,

G. Treatment strategies

When symptoms cause significant morbidity, it becomes
necessary to develop a therapeutic strategy, Given that the
underlying mechanism for a periodic disease is generally un-
known, it would be anticipated that this can be a foreboding
task. Nonetheless, patients and their physicians have often
been able to arrive at effective treatments.

Several treatment strategies have emphasized the use of
a discrete stimulus applied at a critical time. An example is
the nonpharmacological treatment of patients with epilepsy.
Caretakers of patients with epilepsy sometimes note that sei-
zures can be aborted by startling the patient with a sudden
noise or shaking. In the late 1960s, investigators developed
an automated version of this strategy by constructing a spe-
cial headset worn by the patient: one earphone monitored the
EEG, and when a seizure was detected, triggered a loud
noise in the contralateral ear.!”® By carefully tuning the in-
tensity of the sound and its timing with respect to seizure
onset, they were able to achieve seizure conirol in a number
of otherwise difficult to manage patients with epilepsy. Un-
fortunately, this irial and error approach proved too time con-
suming for the method to be generally applicable. A more
modern version of this approach is vagal stimulation.''* 15
Other examples include exposure to light to treat jet lag'"
and seasonal affective disorder.'!!"116

CHAOS, Vol. 5

More commonly, the treatment of periodic disorders has
focused on pharmacological strategies. From a dynamical
disease standpoint, such approaches can be thought of as a
“shotgun’ method to alter control parameters. Examples in-
clude the use of lithium to dampen fluctuations in mood,m
anticonvulsant mediéations to prevent seizures, melatonin to
modify jet lag,'!! and the combination of thyroid hormone,
benzodiazepines, and vitamin B12 to reset a free-running
sleep wake cycle.!"® An example of a nonpharmacological
approach to alter a control parameter is the addition of
weights 10 a limb in a patient with cerebellar disease to de-
crease the oscillations of an intention tremor.¥2 -

IV. DISCUSSION

We have shown that there are at least 32 periodic dis-
eases in psychiatry and neurology. These disorders arise at
every level of the neivous system: muscle, nerve, spinal
cord, brainstem, and cortex. Clinical experience suggests that
patients with periodic recurrences in their symptoms can be
especially refractory to treatment by traditional methods (for
example, catamenial epilepsy’'®). Tt is possible that a careful
study of disease dyhamics might shed light onto the etiology
of these disorders and how they can be best managed.

1t is not unreasonable to hope that the recent mathemati-
cal advances into the ;iature of oscillatory processes might
provide insights into the management of periodic diseases.
For this to be fruitful, a necessary first step is that the time
series be well enough described to permit analyses A prob-
lem is that the clinical use -of the term “periodic™ differs
from its mathematical meanlng Periodic diseases typically
do not recur thh clock-like regularity, but “every so often”
or “every once in a while.”

There are two possible explanations for the irregularity
in the recurrence of symptoms and/or signs in periodic dis-
eases. First, the periodicity of the disease may have been
obscured by various randomly occurring endogenous and ex-
ogenous factors. Moreover, the behavioral and symptomatic
measurements employed by physicians in the bedside assess-
ment of a patient may be too crude to detect subclinical
periodic oscillations. Second, it is possible that the disease
process is inherently irregular, Time series methods to distin-
guish between these two possibilities are available.”® How-
ever, these methods are currently of limited clinical value,
since they requirc long time series that are impractical to
obtain, particulaily for those diseasés in which the symptoms
recur infrequently (e.g., monthly or yearly).

Social events and context can cause important perturba-
tions in periodic phenomena in humans and animals. In a
fascinating study of ten lizards housed in a group cage, Regal
and Connolly'®! observed that the “omega lizard,” at the
bottom of the dominance hierarchy, desynchronized its
sleep—wake-feeding rhythm from the other lizards in the
cage, presumably as an adaptation to avoid aggression and
conflict over food. Similar observations have been made in
rats. Such perturbations are difficult to quantitate and are
rarely described in clinical time series. This further under-
scores the difficulty in interpreting irregular time series.

An underlying mechanism for the recurrent diseases be-
comes conceptually plausible when a qualitative change in

5 No. 1, 1896
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temporal pattern occurs in response to a therapeutic maneu-
ver can be identified. Such changes have indeed been ob-
served in a number of periodic diseases (see Sec, HI D), and
identify such discases as dynamic diseases. Since a relatively
short time series before and after the perturbation are all that
is required to demonstrate a change in temporal pattern, it
should be possible for physicians to readily identify such
phenomena. Moreover, a control parameter, which poten-
tially can be manipulated to therapeutic advantage, has nec-

aganrile haon idantifiad
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The temporal dimension of illness continues to receive
little attention from physicians, whose major focus is the
molecular pathophysiology and pharmacological treatment
of disease. However, it is conceivable that the beneficial ef-
fects of a drug in the treatment of a periodic disease could be
overlooked if proper attention is not given to details concern-
ing, for example, the timing of drug administration.'® In
addition, it is possible that nonpharmacological therapeutic
approaches may be as useful {as, for examnle, in the treat-

Calllite QY UL do VoLlll g AU LA, 2R

ment of eptlepsy). The challenge to the cl_tmman will be to
identify those patients in whom considerations of disease
dynamics are necessary in order to formulate a treatment
strategy.
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