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Relation between apnoea duration and type and
neurological status of preterm infants
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AND D A EDWARDS
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SUMMARY The incidence, duration, and type of apnoea were determined in 28 preterm infants
born at 27 to 34 weeks' gestation, using polygraphic records of abdominal breathing movements
and nasal airflow. Of the 1520 episodes of apnoea of 10 or more seconds duration, 1002 (66%)
lasted 10 to 14 seconds, 311 (20%) lasted 15 to 20 seconds, and 207 (14%) lasted more than 20
seconds. Overall, 69% were central in type, 20% were mixed, and 11% were purely obstructive.
With increasing duration of apnoea, the proportion of episodes of central apnoea decreased (69
to 29%) while that of mixed apnoea increased (20 to 60%). Eight infants had obstructive apnoea
of more than 20 seconds duration. When they were compared with the 10 infants of similar
gestational age and birthweight who had central or mixed apnoea, they had a higher incidence of
intraventricular haemorrhage, hydrocephalus, positive pressure ventilation via an endotracheal
tube, and abnormal neurological development during the first year of life.

Prolonged apnoea, with or without bradycardia and
cyanosis, occurs relatively frequently in preterm
infants. Clinical studies have established that the
incidence of recurrent episodes, as detected by
clinical monitors, increases with decreasing weight'
and gestational age at delivery,2 and this has been
related to neural immaturity of the brainstem.3 In
some infants, the severity of apnoea has been
related to various clinical disturbances such as
infection, hypoglycaemia, and hypoxaemia.4 The
precise pathophysiological nature of each apnoeic
event, however, is still under investigation.
For some time it has been thought that these

events are due to an intermittent cessation of
respiratory efforts (central apnoea) and that they
may represent an extension of the commonly
observed periodic pattern, with its frequent brief
pauses in breathing.' 5As recently reviewed by
Thach,6 simultaneous measurements of both air
flow and breathing efforts have shown that some
episodes are due to transient upper airway obstruc-
tion. Opinions differ, however, as to whether
obstructive or central apnoea is the most common
type observed.
To explore this further, we studied the inter-

relation between apnoea duration, apnoea type, and
neurological status of preterm infants.

Methods

Polygraphic recordings on 28 infants born at less than
35 weeks' gestation were performed between January
1982 and October 1983. This was a selected group of
infants, since clinically apnoeic infants, particularly
those who seemed to have obstructive apnoea, were
chosen for study. Gestational age was assessed from
maternal menstrual history or an ultrasound scan
before 20 weeks' gestation. If neither of these was
available, a Dubowitz assessment was performed.7
The mean gestational age was 29 5 weeks (range 27
to 34 weeks) and the mean (SD) birthweight was
1-27 (0.35) kg. The sex ratio was 1.

Recordings were made on a 4 channel Grass
polygraph at postmenstrual ages of between 28 and
44 completed weeks. Fifteen of the 28 infants
underwent longitudinal studies beginning within the
first 10 days of life (or within the first 10 days after
extubation) and then every two to four weeks while
they continued to have episodes of apnoea. Sixty
three recordings with a total duration of 242-8 hours
were analysed. The mean total duration of record-
ings analysed for each infant was 8-6 hours (range of
2-8 to 20-5 hours). The mean duration of each
individual recording was 3-9 hours (range of 1-5 to 8
hours).
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Studies were carried out in the newborn nursery,
in the infant's usual environment while all support
therapy was maintained, including monitoring and
thermal control. During the recording, the baby was
lying on its side with a 5 FG orogastric feeding tube
in situ. Some of the infants on whom longitudinal
recordings were being made were in a cot without a
gastric tube for the last study. Beat to beat heart rate
was recorded from the electrocardiogram leads via a
Grass-7P4F tachograph, abdominal breathing move-
ments were measured with a mercury in rubber
strain gauge, and nasal airflow was detected using a
thermistor in the upper nostril. The baby was
continuously observed throughout the recording and
these observations were marked on the polygraph.
Ten babies were being treated with theophylline

at the time of some recordings, and 15 were being
given oxygen treatment via a headbox. Since neither
of these treatments seemed to alter the type of
apnoea, the data for each infant were pooled.

Intraventricular haemorrhage occurred in seven
babies, and was diagnosed either on clinical grounds
in three (association of general collapse, abnormal
neurological signs, and a rapid fall in haemoglobin)
or by head ultrasound using a sector scanner in the
remaining four.

Within 24 hours of the polygraphic recordings, a
brainstem auditory evoked response was elicited by
an Amplaid Mk4/8 system signal processor. The
method has been described in detail elsewhere.3 The
response was graded as either abnormal or tran-
siently abnormal, or normal, based on wave form
and threshold measurements. In 26 infants, neuro-
muscular development was assessed longitudinally
during the preterm period, by a physiotherapist (JL)
who was unaware of the results of the polygraphic
study. The neurological assessment method was one
adapted for preterm infants from that of Prechtl.8
At follow up, motor development was evaluated by
both a paediatrician and a physiotherapist.
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Fig. 1 Recordings of transcutaneous oxygen tension (TcPo2) (mmHg, 60=8 kPa, 90= 12 kPa), heart rate (beats per min),
abdominal breathing movements (reflecting diaphragm descent) and nasal airflow. A central apnoea is indicated by
simultaneous cessation ofbreathing efforts and airflow. At the end of the episode ofapnoea, resumption ofbreathing efforts
is accompanied by nasal airflow and an immediate recoveryfrom bradycardia.
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Fig. 2 Recorded variables as in Fig. 1, showing three episodes ofapnoea with variable amounts ofobstruction. The first
apnoea (mixed central) begins with a simultaneous cessation of breathing efforts and airflow and ends after a series of
rhythmic efforts without airflow (obstruction). The mixed obstructive apnoea begins and ends in a similar fashion except
that the predominant component is obstructive. In the obstructive apnoea, efforts continue throughout while nasal airflow
ceases. This recording is typical of the infants classified as having predominantly obstructive apnoea (Table 1).

Apnoea was defined as a cessation of nasal air
flow of 10 seconds or more. A distinction was made
between three types of apnoea. Central apnoea was
defined as a cessation of both breathing movements
and nasal airflow (Fig. 1). The end of the apnoea
was defined as the resumption of two or more
breaths on the nasal flow trace within three seconds.
Obstructive apnoea was defined by a cessation of
nasal flow with continued breathing movements
(Fig. 2). Apnoea was classified as mixed if there was
a combination of central apnoea with at least three
obstructed breaths (Fig. 2). The episodes of mixed
apnoea were divided into two types, mixed-
obstructive if predominantly obstructive and mixed-
central if predominantly central. Episodes of gener-
alised body movements which were accompanied by
appreciably diminished airflow, uncoordinated
breathing movements, and acceleration of the heart
rate were excluded from analysis (Fig. 3).

Statistical comparisons of means were carried out
using the 2 sample Student's t test, and proportions
were evaluated with the Fisher's exact test for small
numbers and with the Z test or %2 test for larger
numbers.

Results

A total of 1520 episodes of apnoea with a duration
of 10 or more seconds were recorded. The duration
of apnoea was 10 to 14 seconds in 1002 (66%), 15 to
20 seconds in 311 (20%), and more than 20 seconds
in 207 (14%). Overall, 1055 episodes (69%) were of
central apnoea, 205 (13%) were mixed-central
apnoea, 100 (7%) were mixed-obstructive apnoea,
and 160 (11%) were purely obstructive in type. Both
overall, and at each duration, episodes of central
and mixed apnoea were more common than purely
obstructive ones (P<0*001 in each case). In each
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Fig. 3 Recorded variables as in Fig. 1, showing an episode of wriggling in which generalised body movements are
accompanied by disorganised breathing efforts, diminished nasal airflow and an acceleration ofheart rate. These episodes
were excludedfrom analysis in the present study.

episode of mixed apnoea, the obstructive compo-
nent followed an initial cessation of breathing
efforts. No episode of central or mixed apnoea
seemed to begin with obstruction.

Central apnoea
Mixed apnoea

Z Obstructive apnoea

lo - 14s 15-20s >20s
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Fig. 4 The incidence ofapnoea of different types at each
apnoea duration.

As shown in Fig. 4, central apnoea predominated
(81%) in the 10 to 14 seconds group. There was a
highly significant decrease in the proportion of
central apnoea with increasing apnoea duration
(P<0001). Conversely, mixed apnoea predomin-
ated (60%) in episodes of greater than 20 seconds
duration, and there was a highly significant increase
in the proportion of these episodes with increasing
apnoea duration (P<0*001). The proportion of
obstructive apnoea remained about 10% for each
apnoea duration.
When babies were grouped according to type of

apnoea in episodes lasting more than 20 seconds
(Table), 10 had not suffered such a lengthy episode
during the recordings, 10 had central or mixed
apnoea, and eight had an obstructive pattern (at
least one purely obstructive episode greater than 20
seconds). The first group were of greater gestation
and birthweight, and therefore were not comparable
with the other two groups. Statistical comparisons
between the 'obstructive' group and the 'central and
mixed' group, showed that there was no significant
difference in gestation or weight at birth, theophyl-
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Table Comparison of infants grouped according to type of apnoea during episodes lasting more than 20 seconds

(a) Obstructive (b) Central and mixed (c) Non-apnoeic P values
(n=8) (n=10) (n=10) (a) v (b)

Gestational age
Mean (SD) 28 5 (2-1) 28-6 (2-4) 31-1 (1-9) ns

Birthweight (kg)
Mean (SD) 1-16 (0-2) 1-26 (0.4) 1-37 (0.39) ns

IPPR >3 days 7 1 2 <0-002
IVH 6 1 0 <0-01
Hydrocephalus 4 0 0 <0-05
Abnormal BAERs* 4 1/9 1 ns
Neonatal neurological*

abnormalities 7 1/8 2 <0-005
Neurological abnormalities

at follow up > 1 year* 5 1 1 <0 03

'See text for more details.
ns=not significant; IPPR=intermittent positive pressure respiration; IVH=intraventricular haemorrhage; BAER=brainstem auditory evoked response.

line or oxygen treatment at the time of the study, or

the incidence of oxygen dependency (more than 30
days). Babies with obstructive apnoea of more than
20 seconds in duration, however, had a higher
incidence of intermittent positive pressure ventila-
tion via an endotracheal tube for more than three
days, intraventricular haemorrhage, hydrocephalus,
unusual features of neuromuscular development
during the preterm period, and major neurological
abnormalities at age 1 year. These preterm features
included one or more of the following after 37
weeks' postmenstrual age: movement dominated by
(a) asymmetrical tonic neck reflex (5 of 7) or (b)
slow beat wide amplitude jitters (5 of 7), or both;
plus low tone resulting in (a) failure to develop any

degree of lower limb antigravity posturing (5 of 7) or

(b) head lag > 40° when tested supine to sitting (5
of 7). Abnormal development at 1 year included
spastic cerebral palsy (3), deafness with convulsions
(1), microcephaly but motor development normal
(1), and extreme developmental delay (1). Although
more infants with obstructive apnoea had abnormal
brainstem evoked responses, the numbers are small
and the differences do not reach statistical signifi-
cance.

Discussion

In this study episodes of apnoea were predominantly
central or mixed rather than purely obstructive in
type. This finding is similar to the results of Lopes
et al' and Dransfield et al,'0 although the latter
authors emphasised the obstructive components
during mixed apnoea. Thach has placed more

emphasis on obstructive apnoea.6 To explain the
obstruction, Milner and colleagues1' drew attention
to airway closure during the initial central compo-

nent in 50% of episodes of apnoea in preterm
infants. This was detected by a disappearance of the

cardiac artifact on the flow trace and was more likely
to be followed by obstruction when breathing efforts
resumed (mixed apnoea).

Differences between the results of various studies
can be largely explained by differences in patient
selection, in methodology, and in the definition of
apnoea. Studies have usually been on selected
infants who had clinical apnoea6 911 or in one
instance, infants who had no apparent apnoea.12
The definition of apnoea has varied from all pauses
in breathing of more than two seconds'2 or more
than five seconds1t to episodes of more than 20
seconds together with shorter events if they were
associated with bradycardia.6 9 10 In most studies,
episodes associated with generalised body move-
ments, during which airway closure and even
vocalisation may occur, have not been excluded. It
has been suggested'3 that inclusion of these episodes
causes excessive emphasis on obstructive apnoea.
These episodes were excluded from the present
analysis.
Examination of the type of apnoea at each

duration showed a changing pattern not previously
reported. Episodes of central apnoea predominate
at the shorter durations while mixed apnoea is more
common in the longer episodes. This could explain
the emphasis on mixed apnoea given by those
studying only longer events.6 10 There are several
possible explanations for the increasing incidence of
mixed apnoea at longer apnoea durations. The
obstruction may simply lead to prolongation of the
apnoea;"1 however, this does not explain why the
obstructive breaths occur. An alternative explana-
tion could be that the response to the rapidly
developing chemoreceptor drive during the initial
central component may actually lead to the obstruc-
tion. With the increasing duration of apnoea, the
chemoreceptor drive to the respiratory muscles
would be greater. There is some evidence that there
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is a differential effect of this stimulus, with di-
aphragmatic activity being enhanced before that of
the upper airway muscles.'4 15 This could explain
the occurrence of a few obstructed breaths at the
end of pause in breathing, leading to mixed apnoea.
The enhanced chemoreceptor drive in prolonged

apnoea may even cause inhibition. Since hypox-
aemia develops rapidly during apnoea in preterm
infants, 16 this may cause reflex motor neurone
inhibition, as observed in the fetus,17 and lead to a
reduction of upper airway muscle tone. Airway
closure during central apnoea, as observed by
Milner,l" would be favoured by hypotonia, which
would lead to the need for increased upper airway
dilator activity to overcome the surface forces
causing adherence of the tongue and pharyngeal
walls. Such a mechanism has been shown in a
necropsy study of infants.6 In that study and in
observations of preterm infants,6 the influence of
posture on upper airway obstruction has been
emphasised. An important component in this
mechanism may be the quantity and quality of
secretions present in the upper airway. After pro-
longed intubation these secretions may be altered
and this could explain the association between
intubation and obstructive apnoea (Table 1). Alter-
natively, endotracheal intubation could physically
damage upper airway mucosal receptors that re-
spond to pressure. It has been suggested that these
play a role in the reflex control of upper airway
muscles18 and may be important in the responses to
airway obstruction.

In the present study episodes of purely obstructive
apnoea were the least common at each duration. As
a group, infants with obstructive apnoea of more
than 20 seconds duration had evidence of neurolo-
gical abnormality (Table). The present observa-
tion of an association with intracranial haemorrhage
has also been noted by Lopes et al.9 A neurological
insult could lead to disordered upper airway control
due to either direct depression of respiratory
neurones or, more likely, a diffuse damage to
neurones responsible for motor excitability. The
latter is more likely since these infants have other
evidence of widespread neuronal dysfunction both
in the neonatal period and at follow up.
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