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Supraventricular escape rhythms during transient episodes of
bradycardia in preterm infants
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Abstract Gbjective: To evaluate the origin of transient episodes of sinus bradycardia, atrial escape rhythm, and
atrioventricular nodal escape rhythm in preterm infants. Material and methods: The study was observational, and
was carried out in a third level neonatal intensive care unit. We studied 19 spontaneously breathing infants
born healthy but prior to term, the examinations being carried out between the ages of 3 and 28 days. The mean
gestational age was 29.2 = 1.9 weeks, and the mean birth weight was 1154 = 264 g. Transient episodes of
bradycardia were defined as a decline in heart rate equal to or greater than 25% from baseline, lasting for at least
3 successive RR-intervals. To discriminate between different types of escape mechanisms, we used the P wave
and the P axis of the electrocardiogram. Sinus bradycardia was diagnosed when the P axis was from +0 to +90
degrees; atrial escape rhythm when it was from +91 to +359 degrees, and atrioventricular nodal escape
thythm when the P wave was absent, hidden, or followed the QRS complex. Results: The mean P axis
was +50 & 11 degrees. We observed 60 transient episodes of bradycardia in 11 of the 19 infants. Of these, 34
(57%) were classified as sinus bradycardia, and 13 (22%) as atrial escapes. Atrioventricular nodal escapes devel-
oped during 6 episodes (10%), while 7 episodes (11%) could not be classified. Conclusions: Atrial excitation as
evidenced by the P axis during sinus rhythm is similar in very preterm infants to that seen in children and
adults. Escape rhythms with different origins occur during transient episodes of bradycardia in healthy preterm
infants. In at least one third, the episodes are due to atrial or atrioventricular nodal escape.
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RANSIENT EPISODES OF BRADYCARDIA ARE
common in preterm infants, and have been
studied most frequently in association with
apnea.'™ The rapid development of hypoxaemia in
this setting suggests that the slowing is due to a
chemoreceptor reflex.> This is supported by the
observation that the bradycardic response to vagal
stimulation can be attenuated by hyperoxaemia.
Others believe that the relative maturity of the
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parasympathetic efferents, and relative immaturity
of the sympathetic efferents, both in experimental
animals and the newborn human infant, predispose
to bradycardia.”~” The association of bradycardia
with vagal stimulation leads to the notion that tran-
sient episodes of bradycardia are the result of a
decelerating firing rate of the sinus node.*” No
information is available, however, with regard to the
pacemaking function of the sinus node during such
episodes. In addition, as yet no thorough analysis has
been made of the different types of escape mecha-
nisms during transient episodes of bradycardia in
preterm infants. One study suggested “ectopic
arrhythmias” in both term and preterm infants.®
Nodal escape, and wandering pacemaker, were the
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commonest alterations in rhythm. The definition of
a wandering pacemaker was based on the temporary
inversion of the P wave in one bipolar lead. Meberg
reported one patient in which different ypes of
arthythmia occurred during bradycardia,” again
using one bipolar extremity lead. These findings
stimulated our interest in the occurrence and the
origin of escape mechanisms during transient
episodes of bradycardia in healthy preterm infants. To
discriminate between different sites of escapes, we
used two leads to identify the atrial excitation wave
and the P axis.

Materials and methods

Subjects

We examined 19 healthy preterm infants, 9 female
and 10 male. All were breathing room air sponta-
neously. There were no signs or symptoms of respira-
tory insufficiency or sepsis, nor of patency of the
arterial duct, at the time of the study. All infants had
a normal position of the heart on the chest X-ray.
Echocardiography revealed no structural abnormali-
ties. Preceding the study itself, a standard 12 lead
electrocardiogram (MAC 6, Marquette Electronics
Inc., Milwaukee, USA) had been recorded in each
infant during normal sinus rhythm and regular
breathing. None had echoencephalographic evi-
dence of cerebral haemorrhage. Values of sodium,
potassium, calcium, phosphate and magnesium were
all within the normal range. The mean gestational
age was 29.2 = 1.9 weeks, and birth weight was
1154 £ 264 g. The age at the time of the study
ranged from 3 to 28 days. During recording, the
infants were all studied in the prone position, and
were not fed. All infants received caffeine to prevent
apnea. The levels of caffeine in the blood were within
the therapeutic range (15-20 mg/). Cardiotropic
drugs or doxapram were not used.

Data acquisition
Electrocardiograms were registered using a Hewlett

Packard monitor (Waltham, USA). The mean record-
ing time was 2.5 hours per infant. In order to regis-
ter lead I and lead aVF simultaneously, we placed
5 electrodes on the chest and the abdomen. The gain
and off-set were identical for each signal. All
electrocardiograms were digitised at a sample rate of
400 Hertz, and all data were stored and were avail-
able for off-line analysis.

During the recordings, the oxygen saturation was
measured by means of a pulse oximeter. We defined
hypoxaemia as a saturation below 86%. Respiration
was recorded by measurement of transthoracic elec-
tric impedance.
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Analysis of data

R waves were detected from the electrocardiogram,
after which a RR-interval sequence was obtained.
A transient episode of bradycardia was defined as a
period of 3 or more RR-intervals being at least 25%
longer than the mean of the preceding 400 RR-
intervals measured during baseline sinus rhythm.
The duration of a transient episode of bradycardia
was defined as the total number of prolonged RR-
intervals. The longest RR-interval during a tran-
sient episode of bradycardia was expressed as the
lowest instantaneous heart rate in beats per minute.

The simultaneously registered leads I and aVF
were visualised by means of a spreadsheet program. In
most recordings, the P wave and the QRS complex
could be clearly detected. During transient episodes of
bradycardia, the P axis was determined complex-to-
complex, and semi-quantified in one of the four quad-
rants: left lower quadrant (axis +0 to +90 degrees),
right lower quadrant (axis +91 to +180 degrees),
right upper quadrant (axis +181 to +270 degrees) and
left upper quadrant (axis +271 to +359 degrees).'”
A transient episode of bradycardia with a P wave pre-
ceding each QRS complex, and a P axis in the left
lower quadrant, was classified as sinus bradycardia. A
P wave preceding each QRS complex, and the P axis
outside the left lower quadrant, indicated an atrial
escape. Absence of the P wave, or a P wave following
the QRS complex, indicated an atrioventricular nodal
escape. Thus, transient episodes of bradycardia could
show sinus bradycardia, atrial escapes, or atrioventric-
ular nodal escapes.

Informed consent

Informed consent was obtained from the parents of
each infant, and the study was approved by the hos-
pital ethical committee.

Statistical analysis

Values were expressed as means & standard devia-
tion or medians and ranges. Comparisons were made
with the Mann-Whitney U test for unpaired non
parametric values. A p value <0.05 was considered
significant.

Results

In all 19 infants, the P axis was determined during
sinus rhythm at a mean heart rate of 148 & 12 beats
per minute, and during regular breathing at a
mean rate of 50 = 10 per minute. The mean of
P axes in the standard 12-lead electrocardiogram was
+50 £ 11 degrees.
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Table 1. Characteristics of escape beats during transient episodes of bradycardia.

Duration of episode

Number of
escape beats

Lowest instantaneous heart
rate (beats per minute)

Type (mumber of RR-intervals)
Sinus bradycardia (n = 34) 12 (3-59)
Atrial escape rhythm (n = 13) 15 (3-77)
Atrioventricular nodal escape 19 (5-51)

rhythm (n = 6)

79 (46-111)
67 (39-90)
48 (38-55)*@

6 (;_40)
2 (1-5)

The table displays the characteristics of the different transient episodes of bradycardia: sinus bradycardia, atrial escape rhythm and

atrioventricular nodal escape rhythm. All values are expressed as medians and ranges in brackets.
The lowest instantaneous heart rate was significantly slower during atrioventricular nodal escape rhythm than during sinusbrady-

cardia or atrial escape rhythm (Mann-W hitney U test). *Atrial escape thythm versus sinusbradycardia p < 0.05; Tatrioventricular

nodal escape rhythm versus sinusbradycardia p < 0.005; *atrioventricular nodal escape rhythm versus atrial escape rhythm

p <0.005

<1sec>

Figure 1.

lead |

lead aVF

Tracing of a short transient episode of bradycardia with a duration of 4 RR-intervals (matked by asterisks) being at least 25% longer than
the preceding RR-intervals of the baseline rhythm (135 beats per minute). The P wave in both lead I and aVF remains positive indicating

sinus bradycardia.

In 8 of 19 infants, we found no bradycardia during
the period of recording. In the other 11 infants, we
observed 60 episodes of transient bradycardia, with a
median of 5 episodes per infant, and a range from 3 to
8. We were able to classify 53 episodes on the basis of
the P axis and the relation between the P wave and
the QRS complex. The median duration of these
episodes was 14 RR-intervals, with a range from 3 to
77. Seven episodes could not be classified because of
artefacts. The instantaneous heart rate was slower
during atrioventricular nodal escape rhythm than
during sinus bradycardia (Mann-Whitney U test:
p < 0.005) or atrial escape rhythm (p < 0.005). The
characteristics of the transient episodes of bradycar-
dia with respect to duration, number of escapes, and
lowest instantaneous heart rate are shown in the
Table 1.

In 8 of these 11 infants, we found different types
of escape other than sinus bradycardia (Figs 1-3).
Ventricular escapes were not observed.

The mean oxygen saturation dropped from
97 % 3% to 87 % 12% in the whole group. Hypox-
aemia was associated with 32% of episodes of sinus
bradycardia, and 37% of cases with escape rhythms.
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During 34 episodes of bradycardia, with median
RR-intervals of 12, and a range from 3-59, the
P axis remained between +0 and +90 degrees.
These were therefore classified as sinus bradycardia.
We classified 13 episodes, with a median RR-interval
of 15, and range from 3 to 77, as atrial escape rhythms.
The median number of escapes was 6, with a range of
2 to 40. During 7 of these 13 periods, the P axis
shifted leftwards from the left lower quadrant to the
left upper quadrant and returned back to the left
lower quadrant. During 2 episodes, the P axis wan-
dered between the left lower and left upper quad-
rants. During 4 episodes, it wandered between the
left lower, left upper, and the right upper quadrant.

During 6 episodes of bradycardia, with median
RR-intervals of 19, and a range from 5 to 51, we
found atrioventricular nodal escape rhythms. The
median number of escapes was 2, with a range from
1-5. During 3 episodes in 3 infants, atrioventricular
nodal escapes were seen together with atrial escapes.
These episodes were relatively long, lasting a median
of 42 RR-intervals, with a range from 25-51. They
were associated with hypoxaemia, with a median oxy-
gen saturation of 60%, and a range from 50-75%.
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Figure 2.

Tracing of a short transient episade of bradycard ia with a duration of 5 RR-intervals (marked by asterisks) being at least 25% longer than the
preceding RR-intervals of the baseline rhychm. T he baseline rhythm (136 beats per minute) is sinus rhythm wich positive P waves in lead I and
aVE After a long pause of sinus arrest the first escape complex is characterised by a very short PR-interval and negative P wave in both lead I
and aVF, indicating that the origin of the escape is in or near the atrioventricular node. T he next complexes have a positive P wave in lead I and
negative P wave in lead aVF, indicating an ectopic atrial focus. T he follow ing complex has a biphasic P w ave, althoug h slightly positive, in lead
aVF and positive in lead 1. T hereafter sinus rhythm is restored.

lead aVF

<1sec>

Figure 3.

Tracing of a short transient episade of bradycardia with a duration of 5 RR-intervals (marked by asterisks) being at least 25% longer than
the preceding RR-intervals of the baseline rhythm (163 beats per minute). T he first 3 complexes are normal sinus rhychm. After a long pause
of sinus arrest the first 2 escapes are almost certainly of atrioventricular nodal origin (absence of a P wave). T hereafter clear P waves are
visible ind icating the return of sinus rhythm.

The observed sequence was sinus bradycardia, with at rest is characterised by a relatively high cardiac
subsequent atrial escape rhythm, and ultimately output.'' This output is very sensitive to changes in
atrioventricular nodal escape rhythm. In 3 other heart rate.!” Because of the great impact of such
episodes, however, atrioventricular nodal escapes changes on cardiac output we, like others, took into
occurred abruptly (Fig. 3) and without hypoxaemia. account the baseline rate for each infant.'”> We
In these, the median oxygen saturation was 94%, defined bradycardia as a fall in heart rate of greater
with a range from 93-98%. The heart rate during than 25% from baseline, lasting for at least 3 succes-
atrioventricular nodal rhythm, determined in two sive RR-intervals. Episodes of bradycardia may be
periods each with 5 consecutive atrioventricular associated with significant reduction in cerebral
escape complexes, was 49 ventricular depolarisations blood flow and therefore be a predisposing factor in
per minute. the development of periventricular leucomalacia.'*

Most studies concerning apnea, bradycardia, and
hypoxaemia in preterm infants investigate the asso-

Discussion ciation between apnea and bradycardia and their
The human cardiac output depends, amongst other temporal relationship.'!31>18 Systematic electro-
features, on the ability of the heart to vary its rate cardiographic analysis of different types of bradycar-
and stroke volume. The circulation of the newborn dias occurring during these events is not available.
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Some authors have noticed a change in the P wave
recorded in one electrocardiogr%phic lead during
transient episodes of bradycardia.®” The P axis rep-
resents the direction of the atrial depolarisation.
During sinus rhythm, the wave of atrial depolarisa-
tion spreads in a leftward and downward direction.'”
The normal P axis ranges from +0 to +90 degrees
in infants at term and in children, being positive
or isoelectric in leads I and aVE?® Using a standard
12 lead electrocardiogram, we found a mean P axis
of +50 degrees, with a range from 29 to 68 degrees,
in our 19 healthy preterm infants. Thus, the P axis
in very preterm infants is similar to that seen in
older infants and children. Atrial excitation seems to
be well established in these tiny preterm infants.

The P wave is useful in identifying the site of the
pacemaker.'® During 34 transient episodes of brady-
cardia, the axis of the P wave was between +0
and +90 degrees. This suggested sinus nodal brady-
cardia. If the cells of the sinus node are suppressed,
other regions of the node take over and depolarise
the atrium in a slightly different, but still leftward
and downward, direction.!®? If the sinus node is
further suppressed, an escape depolarisation will
ultimately result from the next highest hierarchical
pacemaking tissue.!” The lowest instantaneous heart
rate demonstrated this hierarchy in pacemaker
frequency. Atrioventricular escape was significantly
slower in comparison with atrial escape, while the
atrial escape rhythm was slower than sinus nodal
rhythm.

The next highest pacemaking tissue after sinus
node tissue is the atrial myocardium. In atrial
escapes, atrial excitation does not originate from the
sinus node, and a negative P wave is seen in either
lead I or lead aVE We observed 13 transient episodes
of bradycardia in which a P wave preceded each QRS
complex and the P axis deviated outside the left
lower quadrant. In 7 episodes, the P axis was tem-
porarily directed superiorly and leftward. This could
fit with a temporarily coronary sinus rhythm, in
which an abnormal pacemaker in the lower part of
the right atrium produces atrial depolarisation
directed superiorly.” This results in a P axis directed
superiorly, with a positive P wave in lead I and a neg-
ative P wave in lead aVE Another observation was a
shift of the P axis between different quadrants. This
is known as a wandering atrial pacemaker, in which
the pacemaking site varies within the atrium.!**"
This produces a change in the shape of the P waves
and the P axis varies in subsequent depolarisations.

If sinus nodal tissue and atrial myocardium are
both suppressed, the atrioventricular node will ulti-
mately depolarise and give rise to atrioventricular
nodal escapes. In atrioventricular nodal escapes, P
waves are positive or isoelectric in lead I, and negative

1
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in lead aVE so-called “retrograde” P waves, following
a narrow QRS complex. Alternative, the P waves are
hidden in the QRS complex. We observed 6 transient
episodes of bradycardia associated with atrioventricu-
lar nodal escapes. The measured heart rate during
these escapes, at 49 beats per minute, is slightly
higher than in adults, who show 40 beats per minute,
and is consistent with the hierarchy in frequency of
pacemaking myocardial tissue.'” Three of them were
associated with hypoxaemia. In 3 relatively short
episodes, nonetheless, we observed a sinus arrest with
atrioventricular nodal escapes. This was not associated
with hypoxaemia. Although mean oxygen saturation
in the whole group dropped from 97% before to 87%
after a transient episode of bradycardia, no relation-
ship could be found between the hypoxaemia and type
of bradycardia.

We were surprised at the relatively high incidence
of escape rhythms during transient episodes of
bradycardia in healthy preterm infants. Electrophys-
iological changes have been studied in myocardial
cells during embryonic development in the chick
heart.”! Myocardial cells in the young embryonic
heart resemble the cells of the adult sinus node. This
indicates that atrial and ventricular myocardial cells
possess automaticity when they are young, but that
this capability diminishes as the cells age. One may
assume that the sinus node of the very preterm infant
is less mature than in full term neonates. In these
hearts, other atrial areas may have more capability to
assume automaticity whenever the sinus node fails to
fire. This possibly results in various escape origins
during bradycardia.

A methodological consideration concerns the
determination of the P wave axis in leads [ and aVF
as a means of identifying sinus rhythm. Patients
with ectopic atrial rhythms can have a P wave axis
that is between 0 and 90 degrees due to early depo-
larisation from any area high in the right atrium, but
may not be in sinus rhythm.*>** One of the most
commonly found sites of early activation in these
patients is the right atrial appendage. Only careful
review of the P wave morphology in multiple leads,
in addition to data concerning the axis, can conclu-
sively determine a P wave to be “sinus” in origin.
This means that some ectopic atrial rhythms may be
erroneously labelled as sinus.

Methylxanthines, caffeine for example, are fre-
quently used to treat apnea in preterm infants.
Caffeine leads to an increase in left ventricular out-
put, but does not increases heart rate.?* In another
study, caffeine in a maintenance dosage of 2.5 mg/
kg day, demonstrated no chronotropic effect.”” In
this study, we administered caffeine in a dosage of
2.5mg kg /day, and all levels were within the thera-
peutic range. For these reasons, we assume that the
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escape rhythms were not triggered by the adminis-
tration of caffeine.

In conclusion, during sinus rhythm, the pattern of
atrial depolarisation is similar in very preterm infants
to that of children and adults. A relatively high
incidence of supraventricular escape rhythms occur
in these healthy preterm infants. This may be due
to immature pacemaking by the sinus node, and is
probably a physiological variant of normal sinus
rthythm in early life. Continuous electrocardiographic
recordings show similar patterns in healthy full term
infants and children.®2° On the other hand, 24-hour
continuous electrocardiographic monitoring showed
a high incidence of arrhythmia in healthy infants
with a history of apparent life-threatening events.*’
Our study was not designed to determine the inci-
dence and variation of cardiac rhythms in the indi-
vidual patient. Future studies should focus on the
follow-up of supraventricular escape mechanisms in
preterm infants. It is not inconceivable that escape
mechanisms as found in this study may prevent life
threatening events in infancy, or even sudden infant

death.
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