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Special report

Apnoea monitors and sudden infant death
Report from the Foundation for the Study of Infant Death and the British Paediatric Respiratory Group

As the result of numerous publications in the
scientific and lay press, increasing numbers of
parents who have previously experienced a sudden
infant death or whose infants have experienced
apnoeic or cyanotic episodes often, perhaps in-
appropriately, called 'near miss' events are anxious
to acquire apnoea monitors in the belief that these
may reduce the risk of subsequent sudden death.
The aim of this statement is to review the evidence
for and against the use of monitors and to provide
guidelines on the management and support for
families who are issued with these devices, based on
the consensus opinion of both the Scientific Com-
mittee of the Foundation for the Study of Infant
Death and the British Paediatric Respiratory
Group. It is hoped that this statement will provide
practical advice for paediatricians, general prac-
titioners, district community physicians, health
visitors, and midwives. We consider it most import-
ant that parents, who are likely to seek information
from many nursing and medical sources, are given
consistent advice which is based on current medical
knowledge.

Throughout this report the term apnoea is used in
the wide sense to include both cessation of breathing
movements (central apnoea) or cessation of air flow
with continuing movements (obstructive apnoea)
with or without pallor or cyanosis.

Case for and against the use of apnoea monitors

The hypothesis that led to the introduction of
apnoea monitors was that babies dying from sudden
infant death have cessation of breathing movements
probably for longer than 30 seconds before death or
irreversible brain damage has occurred. It is at
present impossible to test this hypothesis as our
information on how the babies die is extremely
limited. We know that some preterm babies have
prolonged and potentially fatal episodes of central
apnoea which can be terminated by stimulation and,
if necessary, resuscitation. We also know that all
babies may have erratic breathing patterns with
'pauses' up to 15 seconds in the early months of life

which may lengthen during viral upper respiratory
tract infection.' Moreover, evidence of a viral
infection is a not uncommon finding at sudden infant
death syndrome necropsy.2 Some babies who have
had an apnoeic or cyanotic episode have recurrent
attacks in the subsequent days3 and some have
subsequently died inexplicably.4 Preliminary study
of 400 sudden infant death syndrome victims indi-
cated that 1.5% of babies had a medically recorded
apnoeic or cyanotic episode and a further 7-5% of
parents recalled such an episode for which they had
not sought medical advice.5 Some parents who have
had apnoea monitors have been summoned to their
baby's cotside by the alarm ringing to find their child
not breathing but responding to stimulation. Many
of these parents are in no doubt that death would
have occurred if the apnoea alarm had not
sounded.6 There is no certainty that a fatal outcome
was averted since we do not know whether the
babies would have recovered spontaneously. More-
over, apnoeic or cyanotic episodes are not neces-
sarily related to sudden infant death syndrome since
many are due to treatable conditions. It is also well
documented that babies who were on apnoea
monitors have died despite immediate attempts at
resuscitation on the alarm sounding.7

If it is accepted that in some babies cessation of
breathing movements may occur before irreversible
brain damage, the use of apnoea monitors might be
a valuable form of prevention for selected babies
provided:

(i) Central apnoea is detected reliably with a
minimum of unnecessary alarms.

(ii) Anxiety in parents or other family members in
the home is not increased.

(iii) Infants at risk can be identified.
(iv) Parents are instructed in resuscitative tech-

niques.
(v) There are adequate clinical and technical back

up services.
It is worth stating that there are alternative

approaches. The Foundation's Infant Home Sur-
veillance Scheme indicates that some families who
have had a previous sudden infant death are
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satisfied with a support regimen in which the baby's
weight is monitored closely.

I Scope and limitation of apnoea monitors. An ideal
apnoea monitor to detect both central and obstruc-
tive apnoea would fulfil the following requirements:

(1) Reliably identify cessation of respiratory air
flow including obstructive apnoea.

(2) Have no alarms at times when the baby is
breathing adequately.

(3) Incorporate a data storage system so that
information can be retrieved about events preceding
an alarm.
None of the systems commercially available in the
UK fulfils any of these criteria.

Four types of apnoea monitor are available to
detect cessation of chest or abdominal movement,
or both. None is designed to detect obstructive
apnoea.

(1) The Graseby Dynamics MR10 Respiration
Monitor

(2) The Vickers Apnoea Alarm Mk 3 and mat-
tress

(3) The Eastwood Eastleigh Apnoea Respiration
Monitor RE200 (battery), RE134 Apnoea Monitor
(pressure pad) (mains)

(4) The impedance systems, for example Health-
dyne, Airshields, and Hewlett Packard.

(1) Graseby Dynamics MRIO Respiration Monitor
This system monitors breathing movements via an
air filled capsule which is attached by sticky tape to
the abdominal wall. As the baby breathes the
abdominal wall distorts, causing pressure changes
within the capsule which are relayed down a length
of plastic tubing to a small monitoring device. The
monitor is battery operated and is easily portable
and can be used whatever surface the baby is lying
on. The Graseby Dynamics MR10 (and impedance
systems) have the disadvantage that they measure
movement at a single site. It is possible that some
babies have phases of breathing when either the
chest or abdominal wall is almost stationary.8 The
monitor will also alarm when the sensor becomes
detached from the baby's skin.

(2) Vickers Apnoea Alarm Mk 3
This is also widely used in the UK. The mattress on
which the baby is placed consists of separate
compartments rather like a ripple mattress. Tubes
from each of the compartments run to a manifold
allowing pressure equilibration to occur. As the
baby breathes the weight distribution alters, causing
air to run through the manifold which contains a
heated thermistor. If the baby is totally still, air

movement will stop and an alarm triggered after a
preset interval, usually 20 seconds. The mattress has
a specific problem related to mattress inflation
pressure, as too high or too low a pressure will
reduce the sensitivity. It is battery operated.

(3) Eastwood RE 134 Apnoea Monitor/Eastleigh
Apnoea Respiration Monitor RE 200
This system is based on a pressure-sensitive pad
lying under the baby between a thin mattress and a
solid cot base which measures changes in the weight
distribution during breathing. RE134 is mains oper-
ated, RE200 is battery operated. The advantage of
this system is that sensor capsules and electrodes do
not have to be kept attached to the baby's skin;
however, the device can only be used on a stable flat
surface and mattress thickness is critical.

(4) Impedance systems
Impedance systems have been developed, for ex-
ample Healthdyne, Airshields, and Hewlett Pack-
ard, which measure the change in conductivity
between two electrodes attached to the axillary
chest wall. As the baby breathes, the ratio of air to
conducting tissue alters, changing the voltage
measured between the two electrodes. Cessation of
these changes triggers the alarm signal after a preset
interval. The specific disadvantages of this system
are that it measures movement at a single site and
that the baby is attached to electrodes which may
come off, may cause local skin excoriation and
certainly makes nursing and rearing the child more
difficult. It is mains operated.

All these monitoring techniques suffer from
anxiety-provoking false alarms, brought on by dis-
connection of the device or the baby rolling off the
mattress or pad sensor or diminished abdominal
movement. There is no information on the relative
incidence of this problem with the different types
but it is usually possible to reduce this incidence to a
minimum with careful parental instruction and
experience.

Failure to alarm in the presence of central apnoea
is more worrying. There are three main situations in
which this can occur.

(a) Cardiac triggering. As apnoea persists the heart
rate tends to fall while the stroke volume increases.
This stroke volume may then be of sufficient force to
prevent the apnoea device triggering.9 All the
devices are prone to this problem which can be
reduced by using minimum sensitivity for the
mattress, pressure pad, and impedance system and
by positioning the pressure capsule of the Graseby
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Dynamics device over the lower part of the
abdomen.

(b) Body movement. Since all the devices described
depend on either distortion of the chest or abdomi-
nal wall or on weight distribution change, any
movement either voluntary or involuntary, for
example fitting, will be recognised as a respiratory
movement and delay the triggering of the alarm. A
single relatively trivial movement every 15 to 20
seconds will be sufficient for this.

(c) Obstructive apnoea. The inability to detect
obstructive apnoea limits the usefulness of all these
systems. It is now well documented that some babies
who have had apnoeic or cyanotic episodes have
frequent attacks of obstructive apnoea, that is they
continue to make intermittent if not regular respira-
tory movements against an obstructive upper air-
way, either due to adduction of the vocal cords or
collapse of the hypopharynx."' 11 None of the
apnoea monitors described will then alarm until all
movements have ceased, by which time irreversible
changes may have occurred.

It is probable that the failure to alarm, as a result
of increasing stroke volume, obstructive apnoea and
body movement, can be overcome by monitoring
heart rate simultaneously and using this to trigger a
further alarm when the heart rate falls below 90 per
minute. Unfortunately this will increase the inci-
dence of false alarms since many other mechanisms
including crying and defecating will also induce
bradycardia.12 This simultaneous monitoring of the
electrocardiograph is relatively simple when an
impedance system has been chosen but inevitably
does increase the cost considerably.
The monitors currently available are limited in

two ways:
(a) They are not designed to detect obstructive

apnoea,
(b) they may fail to detect central apnoea reliably.

II Possible adverse effects of apnoea monitoring on
the family. The question has also arisen whether
monitoring for apnoea in the home increases anxiety
and stress in the family which may interfere with the
normal emotional development of the baby. A
further concern is that excessive reliance on the
apnoea monitor may divert attention from the
baby's general health. Follow up studies,'3 however,
have indicated that many families who have experi-
enced previous sudden infant death tragedies and
who have used monitors with a subsequent infant,
have derived considerable reassurance despite
anxiety caused by occasional false alarms. Families
whose infants have had isolated apnoeic or cyanotic

episodes have been less reluctant to stop using the
apnoea monitor.13 In summary, apnoea monitors,
despite their limitations, can reduce rather than
increase parental anxiety in self selecting families.

III Identification of infants at risk
(a) Siblings ofsudden infant death syndrome victims.
Numerous studies4 have shown that babies born to
families who have already lost a previous child
unexpectedly are at slightly increased risk; although
the chances of a recurrence remain low, almost
certainly less than 1%. Despite this relatively low
risk parents in this group above all need extra
support through a period of great anxiety and so
might be considered for inclusion in a monitoring
programme.

(b) Apnoeic or cyanotic events. It has been suggested
that the risk of sudden death after an apnoeic or
cyanotic episode is increased. Some physiological
studies have shown that respiratory abnormalities,
particularly an excess of periodic breathing3 and
prolonged attacks of apnoea14 which are often
obstructive," are found after these episodes. We do
not, however, know whether these abnormalities
preceded the attack or were the result of it. A
number of studies'5 16 have shown a high incidence
of gastro-oesophageal reflux in these babies. There
is circumstantial evidence that the reflux of gastric
contents into the oesophagus and upper airway may
be sufficient to produce attacks of obstructive
apnoea in some babies.

After apnoeic or cyanotic episodes many parents
are extremely worried that there may be a further
and possibly fatal episode and seek advice on
monitoring and resuscitation. However, it is still not
possible to say which babies are at risk after an
apnoeic or cyanotic episode.

(c) Low birthweight babies. The risk of sudden
infant death is indirectly related to the severity of
prematurity, so that babies born weighing less than 1
kg have a risk factor which is five to 10 times higher
than that of a healthy baby born at term.'7 Even in
preterm and low birthweight infants 24 hour electro-
cardiographic and respiration monitoring has so far
failed to identify a predictive relation between
prolonged central apnoea and sudden infant death
syndrome.'8 Although their parents are unlikely to
feel the same degree of anxiety as the parents of
siblings of sudden infant death syndrome victims,
those babies who are at risk of having prolonged
central apnoea with viral respiratory infection might
be considered for inclusion in a monitoring pro-
gramme.
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(d) Epidemiological factors. Scoring systems based
on socioeconomic and medical factors may identify
groups of infants at increased risk of unexpected
death in the first year of life and there is thus good
reason to offer increased medical or social support
to such families. The system does not predict sudden
and unexplained death in an individual baby. There
are no precise grounds to advocate apnoea monitor-
ing for babies who score high risk.

(e) Physiological factors. Attempts to define phy-
siological variables in the newborn period which
predict risk of sudden infant death have so far been
unsuccessful. The presence or absence of apnoea,
bradycardia, or cardiac arrhythmias have not been
shown to indicate risk of this.'9 Prospective studies
of the development of normal infants have shown
that cardiorespiratory patterns change with age20
and there is some evidence that all infants go
through a period of instability of respiratory control
between 1 and 3 months after birth.21 Nevertheless,
some doctors select infants for home monitoring
on the basis of respiration and heart rate
abnormalities. 22

IV Practical aspects of apnoea monitoring
(a) Selection of patients. Infants at risk cannot be
selected precisely at present and any objective
benefit to the infant of home monitoring remains
unproved. Judgements on which infants should be
monitored should be made on an individual basis
taking into account the estimated risk for the infant,
availability of monitors, including a back up service,
and the degree of support that can be provided in
the home by a health visitor or specially trained
midwife.23
We therefore consider it is reasonable to issue

monitors to families who are extremely worried that
their baby may die because a previous baby was a

sudden infant death syndrome victim, or if the baby
was born very prematurely, or has had an unex-
plained apnoeic or cyanotic episode. The full facts as
to the limitations and lack of information on the
efficiency of the monitors must be explained to the
families. Nevertheless, such families are likely to
mount 24 hour surveillance using close relatives and
friends without our help and the introduction of an
apnoea device can often allow the family to lead a
more normal existence.

(b) Instruction. It is most important that both
parents are given adequate instruction on the use of
the apnoea device by either a member of the
medical or nursing staff who is prepared to put the
necessary time aside. It is also crucial that they be
taught how to recognise when the baby is truly not
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breathing. They will need thorough instruction on a
method of resuscitation. We consider it essential
that monitors should only be issued after a period of
instruction and with continued medical and nursing
supervision. It would be highly irresponsible for any
manufacturer to make monitors generally available
in chemists or other shops or by mail order.

(c) Follow up. It is important to ensure that
adequate follow up and support is arranged. The
parents need a telephone number that they can ring
for advice at any time of the day or night. If the
monitor ceases to function it is essential that a
reserve monitor is immediately available. The baby
and the family will need to be seen regularly to
check that the parents are using the device correctly
and do not have additional anxieties that they wish
to discuss while knowing that they can seek immedi-
ate medical advice if worries arise. The health visitor
and general practitioner should be involved when a
monitor is loaned to parents as their support for the
parents is crucial.

(d) Length of monitoring. Ninety per cent of sudden
infant deaths occur within the first eight months of
life. Unless there are contraindications monitoring is
often continued up to that age or two months
beyond the age at which the previous baby died.

(e) Cost of monitoring. Experience with the Graseby
MR10 has shown that on average over 6 months the
cost of batteries and sensor pads is not less than £50.
The monitors must also be regularly serviced and
repaired. These running costs are additional to the
initial cost of the monitor.

V Conclusions
(1) The concept that some babies dying as sudden

infant deaths have a period of apnoea before
irreversible changes occur is unproved.

(2) All apnoea monitors currently marketed give
false alarms. Failure to alarm when appropriate may
arise from bradycardia, body -movement, or from
obstructive apnoea. Thus, none of the monitors
currently available is entirely satisfactory.

(3) Groups of babies at slightly increased risk can
be identified, siblings of sudden infant death syn-
drome victims who have had an apnoeic or cyanotic
event and babies born preterm; but this risk is very
small, probably about 1%.

(4) Close supervision is essential if apnoea moni-
toring is to be undertaken. This also ensures that the
parents and family receive appropriate and much
needed support.

(5) Apnoea monitoring has a place in highly
selected situations, if only to give reassurance to
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parents. We do not yet have indisputable evidence
that it is a preventive measure for sudden infant
death syndrome.
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