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Health Science Research Grants (Research on Children and Families)
Report on Assigned Section
Physiological and Pathological Study on Sudden Infant Death Syndrome (SIDS)

--Physiological Definition of Arousal Response

Appointed Researchers: Andre Kahn (Professor, Brussels Free University Pediatric Children's Hospital}
Toshiko Sawaguchi (Associate Professor, Department of Legal Medicine,
Tokyo Women's Medical University) (Visiteng Professor, Brussels Free
University Pediatric Children's Hospital)
Co researchers: Jose Groswasser, Patricia Franco (Brussels Free University Pediatric
Children's Hospital)

Summary of the Research:

A defective arousal reaction has been implicated in the development of sudden infant death
syndrome(SIDS). The implications of higher arcusal thresholds for SIDS are substantial.
However, there is no established definition for the arousal response, In examining the
participation of a defective arousal reaction in SIDS, there is a need for a sounder logical basis
for discussion, which will lead to the early establishment of a physiological definition of the
arousal response that will be internationally accepted. For this reason, a pediatric "Wake-up
Club” was created to discuss the physiological definition of the arousal response. The first
intermational conference was held in 1998, in which the definition of EEG and two or more non-
EEG parameters (occurrence of motor activity, increase in heart rate, respiration, including
increases in amplitude and/or respiratory frequency) for infants over one month but younger than
2 years were selected for preliminary consensus at that time. The details of these definitions will

be discussed at future Wake-Up Conferences.

A. Aim

The objects of this joint research project are
outlined as follows: tissue blocks will be collected
retrospectively from those SIDS and non-SIDS
cases that have been subjected to prospective
physiological analysis; these blocks will then be
so that ‘the

aforementioned physiological data may be linked

used for pathological analyses
with the pathological data obtained from these
tissue samples. In this project, the Belgian group
will  assume  responsibility for  preparing
physiological data and collecting the pathological
blocks.

In 1998, the Japanese group requested that their
Belgian

colleagues supply physiological data

(those related to apnea and arousal responses). A
defective arousal reaction has been implicated in
the development of sudden infant death syndrome
(SIDS}y (1,23,4). The implications of higher
arousal thresholds for SIDS are substantial.
Therefore this request appeared to be logical. In
preparing the physiological data related to the
arousal response, however, it was realized that the
physiological definition of the response had not
been established. The problem was recognized: the
absence of a solid basis on which the data could
rest. It should be noted that the establishment of the
definition of the arcusal response is essential, not
only in this joint research project but also in the

sleep physiology of children. Thus the objective of
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the current research has become the establishment
in Belgium of an internationally acceptable
definition of the arousal reaction.

B. Research Method:

To establish the arousal reaction in children that
can be internationally accepted, a pediatric "Wake-
Up Club" was created; and the first international
conference was held, where the following 3 topics
were discussed:

1} Non-induced arousal and awakening

2} Induced arousal

3) Establishment of a common database

In particular, discussions focused on the
definitions of non-induced (spontaneous) "arousal"
and "awakening" processes. To establish the
definitions, the following areas of inquiry were
discussed:

1) The selection of parameters required to define
"arousal" and "awakening"

2) A standard method for the description of local
recording techniques

3) The collection and exchange of sleep/wake
data

4) The analysis of the data and quantification of
sleep/wake parameters.

C. Research Results:
(Non-induced arousal and awakening)

The following preliminary consensus was

drafted for the definitions of non-induced
(spontaneous)  “arousal" and  "awakening"
processes:

a) Premature infants (from 25 weeks of gestation to
I month of age)

Arousal is characterized by partial changes in
sleep recordings, such as augmented breath, a
startle (both possibly associated with a “spinal
arousal'), an increase in heart rate and/or
respiratory amplitude and/or rhythm, as well as an
increase in blood pressure {possibly associated with
a "brain stem arousal”, or a change in behavior
(associated with a "cortical arousal''). Awakening is

characterized by stable and concordant changes

that last for at least 2 minutes.
b} Infants and Toddlers (from | month to 2 years of
age)

Arousal is defined by either "EEG arousal” or
"non-EEG arousal”.
1) EEG arousal is characterized by changes
(increases or decreases) in EEG amplitude and/or
frequency. The changes depend on the subject's age
and sleep state. Changes due to artifacts occurring
in the absence of body movements will be
excluded.
2} Non-EEG

modifications of at least 2 non-EEG parameters,

arousal is characterized by
including the occurrence of motor activity, an
increase in heart rate, as well as changes in
respiration, including increases in amplitudé and/or
respiratory frequency. Awakening is characterized
by stable and concordant changes that last for at
least 2 minutes.
¢) Children (from 2 to 10 years of age)
The definitions given for Infants and Toddlers (b)
also apply to the Children’s group. In addition, the
following 2 items were added to be discussed and
included in the definition:
1) Specific characteristics to subgroups of various
ages (ex: "very small" premature newboms)
2) Quantitative values given to specify expressions
such as "changes" and "increases" found in the
definitions.

(Induced arousal)

It was found that assigning scores for "arousal
" and "awakening" is useful in the above-stated
definitions. Reports using scores for arousability
should preferably meet the following conditions:
1} Include controls with matching age and gender
2} Give consideration to maternal consumption of
drugs or smoking cigarettes during pregnancy,
recent sleep deprivation, and the use of drugs as
arousability-modifying factors
3) Evaluate as environmental factors, room
temperature, body position, time of the day or night,

sleep stages, and time and type of food consumed
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4) List the type, intensity, and duration of stimuli
5) Require as test parameters, EEG, EOG, EMG,
heart rate, respiratory rate and amplitude
6} Allow at least one minute for the control pericd
preceding challenges to the control; and also allow
a minimum of 10 seconds and a maximum of 30
seconds for the evaluation pericd following
challenges to the subject of the evaluation
It s recorﬁmendcd that the chances of
spontaneous arousal/awakening following
challenges be evaluated by the analysis of control
periods chosen in the same recording, during the
same sleep stages, and during the same period of
the day/night of the study.

(Establishing a cornmon database)

It was agreed that each research center will
collect a minimum of 20 episodes of "non-induced"
arousal. Each set of data will be evaluated by two
research centers: the one collecting the data and the
other in charge of scoring them.

D. Investigation:

The arousal response will be classified into one
of the following 3 groups: spinal arousal, brain
stem arousal, or cortical arousal. Cortical arousal
that is associated with the most obvious behavioral
changes represents the final stage of the arousal
response and this process is easy to understand.
However, our current efforts center around
obtaining a thorough understanding of the process
of precortical arousal {prebehavioral arousal) that
precedes the cortical arousal. The establishment of
the definition of the physiological arousal reaction
is no other than that of this reaction.

For a measure of arousability, a concept of
arousal thresholds is necessary. Evidence drawn
from the observation of SIDS victims prior to their
demise and the evaluation of normal infants
exposed to some of the known risk factors for
SIDS have been shown to increase arousal
thresholds (5,6,7,8,9). If a preliminary consensus
on "non-induced arousal and awakening" could be

arrived at, it would be possible to define formal

“arousal threshold”. It remains to be seen whether
some infants have an inherently higher threshold
and whether the physiology and development of
arousal threshoids contribute to explaining the
epidemiologic characteristics of infant victims of
SIDS.

At future pediatric "Wake-up Club" meetings, it
will be necessary to refine several of the
physiological parameters that are necessary to
establish the definition of arousal reaction. At the
same time, there are some unsolved mechanisms
responsible for arousal: several findings related to
the arousal response should be reviewed from a
pathelogical perspective. In the present joint
research project, a methodology has been adopted
by which physiological and pathological data from
a single subject are to be linked. It is believed that
this methodology is significant, not only for
elucidating the physiopathology of SIDS but also
in explaining the mechanism by which the arousal
response takes place,

E. Conclusion:

A pediatric "Wake-up Club" was created to
establish the definition of the arousal reaction: one
the international community will approve. The first
international conference was held in 1998, where a
tentative and preliminary consensus was reached
on defining the EEG and two or more non-EEG
parameters (occurrence of motor activity, increase
in heart rate, and respiration including an increase
in amplitude and/or respiratory frequency) for
infants between one month and two years of age.
Further details for the definition are to be discussed
at future conferences of the Wake-Up Club.

F. Presentation of research

1. Presentation in academic meetings
(INTERNATIONAL MEETINGS)

1)P.Franco, H.Szliwowski, E.Dain, JL.Lanquart, S.
Scaillet, A. Kahn. Influence of environmental

factors on sleep characteristics and arousability in
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healthy  infants. 5th  SIDS  International
Conference July 1998, Rouen.

2)AKahn, J. Groswasser, P.Franco, S.Scaillet,
B.Dan. Arousal mechanisms in infants. 5th SIDS
International Conference. July 1998, Rouen.

1A .Kahn (sur invitation). "Arousal Mechanisms
in Infancy” The 16th Annual Conference on
Apnea of Infancy. 15-17.1.98: Palm Springs
(USA). "Back to the future - A persdnal
perspective

HA Kahn (sur invitation).
reality or illusion ? "Droits de I'enfant hospitalise:

Patient's rights:

realite, illusion ou desillusion ?" 30-31.1.98:
Bruxelles.

5)Dan B, Bouillot E, Bengoetxea A, Kahn A,
Cheron G. "Head orientation during whole body
movements in spastic diplegia" New Horizons in
Pediatric =~ Neurosurgery/Neurology. 9-13.2.98:
Jerusalem (Israel).

6)A.Kahn (sur invitation). "Arousal from sleep
and from death 7" Update Review The 5th Sudden
Infant Death Syndrome International Conference.
20-23.4.98: Rouen (France).

7)AKahn (sur invitation). "SIDS: perspectives"
"Environment and micro-arousals in infants" 4th
Congress of the French Society of Clinical
Neurophysiology. 28-29.5.98: Rouen (France).

8) Groswasser J, Franco P, Kahn A (Kahn A: co-
chairman of the Session "Awakenings and
Arousals") "Arousals: definitions, criteria for
diagnosis, unseitled issues" 14th Congress of the
European Sleep Research Society. 8.9.98: Madrid
(Spain).

9A.Kahn (sur invitation), "The influence of
environmental factors on cardiorespiratory and
infants"  29th
Congress on Child Neurology. 3.10.98: Tokyo

behavioral characteristics in
(Japan).

10} A.Kahn (sur invitation). "Arousal: definition,
developmental aspects, and relation to risk
factors"  Gesselschaft  Neuropediatrie.  15-
17.10.98: Hamburg (Allemagne).

11y Dan B, Sekhara T, Christophe C, Kahn A.
"Structural and functional imaging for epilepsy in
tuberous sclerosis: a propos of a case” World

Congress on Tuberous Sceloris. 16-17.10.98:

G=Fbteborg (Sweden),
12)A Kahn (sur

nosologique, facteurs de risque intrinseques et

invitation). "Approche
extrinseques del a MSN" Societe de Medecine
Legale et de Criminologie de France. 16.11.98:
Paris (France).

(MEETINGS IN BEL.GIUM)

1y"Affections congenitales™ 26eme Journee de la
Societe Belge de Pediatrie. President de session
sur les. 20-21.3.98: Bruxelles.

2) Dan B, Kahn A. "Evaluation fonctionnelle de
I'Infirmite Motrice Cerebrale. Analyse de la
marche" Mise au Point de la Spasticite de I''MC.
25.4.98: Bruxelles.

3} A.Kabn (sur invitation). "Rfles du tabagisme
dans la Mort Subite du Nourrisson” Naeetre et
Grandir sans Tabac. 26.5.98: Namur.

4) AKahn (sur invitation). "La Mort Subite du
Nourrisson: reduction de l'incidence des deces en
Belgique" Academie Royale de Medecine de
Belgique. 24.10.98: Bruxelles.

5) Chairman des sessions. '"Les abus sexuels chez
I'enfant" Premier Sympesivm CUMG, 28.11.98:
Bruxelles.

2. Papers published in academic journals

1)Franco P, Pardou A, Hassid S, Lurquin P,
Kahn A. Auditory
threshoulds are higher when infants sleep in the

Groswasser [, arousal

prone  position.  Journal  of  Pediatrics
1998;132:240-243.

2)Chanoine JP, Rebuffat E, Kahn A, Van Vliet G.
Decreased growth hormone response to glucagon
in infants after an apnea of infancy. Journal of
Pediatrics 1998;132:452.454.

3)Franco P, Szliwowski H, Dramaix M, Kahn A.
Decreased autonomic response to obstructive
sleep events in future victims of sudden infant
death syndrome. Paeditric Research 1998, In
press.

$HKahn A, Groswasser J, Franco P, Scaillet S,
Dan B. Arousal precesses in infants-implications
for SIDS. Journal of Sudden Infant Death
Syndrome and Infant Mortality. 1998. In press.
5)Dan B, Boyd S, Christiaens F. Courtens W, Van
Maldergem L, Kahn A. A typical forms of
Angelmans syndrome, Journal of Neurology.
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Table 1. Basic characteristicsof pathological & physiological data

Variable Mean Std Dev Sum Minimum Maximum
(pathological)

MBPG 12.500 5.793 125.000 5.600 22.600
MBDR 13.000 6.213 130.000 6.600 26.600
PAR 4.346 4.735 95.600 0 15.600
PMR 10.000 7.471 220.000 0 25.800
MOAR 5.075 3.822 81.200 0 13.400
MODNV 5.867 4,747 52.800 0 12.000
MOSN 7.018 6.717 77.2G0 0 18.400
MOMR 9.050 6.632 108.600 0 24200
MOLR 7.280 5.253 36.400 1.000 14.000
MOAN 5.138 6.290 82.200 0 24.800
{physiological)

OAPF(no. per hour)  0.640 0.613 24.310 0.010 2.010
OAPD(second) 6.800 2.240 258.400 2.500 12.500
CAPF(no. perhour) 23.758 9.467 902.800 10.000 40.500
CAPD(second) 13.590 3.966 516.400 6.600 21.000
Period BR 5.566 4.846 211.490 0.020 16.200

MBPG:periaqueductal gray in midbrain MBDR:dorsal raphe nucleus in midbrain

PAR: reticular formationin pons PMR:superior central nucleus and nucleus raphe magnus in pons

MOAR: reticular formation in medulla oblongata MODNV:dorsal raphe nucleus in medulla oblongata

MOSN: solitary nucleus in medulla oblongata MOMR: nucleus raphe obscuus, nucleus raphe magnus in medulla
oblongata MOLR: nucleus medulla oblongata centralis MOAN::nucleus ambiguus in medulla oblongata

OAPF: frequencyof obstructive apnea ( no per hour) OAPD: duration of obstructive apnea (second)

CAPF: frequencyof central apnea ( no oper hour) CAPD: duration of obstructive apnea(second)

Period BR: periodic breathing
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Table 2. Correlation coefficientsbetween pathological data and physiological data

Variables OAPF QAPD CAPF CAPD Period BR
MBPG -0.543 -0.597 -0.286 0.054 -0.396
p=0.131 p=0.090 p=0.456 p=0.890 p=0.291
MBDR -0.146 -0.160 -0.198 -0.097 -0.207
p=0.707 p=0.681 p=0.610 p=0.804 p=0.5%94
PAR 0.130 -0.323 0.110 0.122 0.365
p=0.575 p=0.154 p=0.635 p=0.597 p=0.104
PMR 0.173 -0.381 -0.331 0.115 -0.064
p=0.454 p=0.089 p=0.143 p=0.621 p=0.782
MOAR 0.243 0.813 -0.459 -0.098 -0.180
p=0.643 p=0.049 p=0.360 p=0.854 p=0.733
MODNVY -0.863 -0.192 -0.322 0.249 -0.200
p=0.337 p=0.877 p=0.791 p=0.840 p=0.872
MOSN -0.595 -0.193 -0.202 -0.652 - 0.076
p=0.290 p=0.755 p=0.745 p=0.233 p=0.903
MOMR 0.262 0.671 -0.653 -0.582 -0.266
p=0.617 p=0.145 p=0.160 p=0.226 p=0.611
MOAN -0.383 0.017 -0.286 -0.652 -0.597
p=0.454 p=0.975 p=0.582 p=0.161 p=0.211

MBPG:periaqueductal gray in midbrain MBDR:dorsal raphe nu¢leus in midbrain

PAR: reticular formation in pons PMR:superior central nucleus and nucleus raphe magnus in pons

MOAR: reticular formation in medulla oblongata MODNYV:dorsal raphe nucleus in medulla oblongata

MOSN: solitary nucleus in medulla oblongata MOCMR: nucleus raphe obscuus, nucleus raphe magnus in medulla
oblongata MOAN::nucleus ambiguus in medulla oblongata OQAPF: frequency of obstructive apnea ( no per hour)
OAPD: duration of obstructive apnea (second) CAPF: frequencyofcentral apnea( no oper hour)

CAPD: duration of obstructive apnea(second)Period BR: periodic breathing
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