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Extract

Periodic breathing (PB) is a respiratory pattern of young infants during the first few
weeks of life and is due presumably to “immaturity’ of the respiratory center. It has
no pathologic significance and must thus be sharply distinguished from true apneic
spells. '

Measurements and tests done on 141 infants exhibiting periodic breathing showed
the following results. (/) The incidence of PB is 36.19, in infants weighing more than
2,500 g at birth, and 94.59%, in infants of low birth weight. (2) Periodic breathing

begins after the first 1-2 days of life; it may persist for several weeks depending on the
degree of the baby’s prematurity. (3) Mean duration of apneic periods was 6.9 sec;
mean number of apneic periods per minute varied from 5 to less than 1. (#) End-
tidal Pgo, showed a mean figure of 29.15 mm Hg during regular breathing; after the
end of an apneic period it was 32.36 mm Hg. Corresponding values for end-tidal O,
were 113.58 and 98.33 mm Hg, respectively. (5) Ambient CO; in air tended to cause
a gradual decrease in the number of apneic episodes as CO. was raised. At 3.159,
CO,, PB had practically disappeared in all patients. The CO, did not have an effect
on the duration of individual apneic episodes, as long as such were present. (6) Am-
bient O, had no effect on either duration or frequency of apneic episodes up to a
certain characteristic level. If that particular O, concentration in the environment of
the baby was reached, PB abruptly turned to a regular breathing pattern (‘‘turning
point’”). The “turning point” was a characteristic, and on any given day, reproducible
finding in any given infant exhibiting PB. It would go down with time with a slope
very similar for all infants, although absolute values varied considerably between
different individuals.

Speculation

Periodic breathing is a respiratory pattern of healthy young infants. The regulatory
mechanisms causing PB are quite different from the respiratory control mechanisms
known to exist in older individuals. In some respects, they may even appear para-
doxical.
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Introduction

Periodic breathing is a respiratory pattern observed
primarily in premature infants. Avery [2], in an at-
tempt to define PB and to delineate it from other
breathing patterns of young infants (e.g., “apneic
spells”), listed the following criteria. (I) PB occurs
primarily in well premature infants of more than 24 hr
of age. (2) Periods of apnea last 5-10 sec; periods of
regular breathing last 10-15 sec. (3) Mean respiratory
frequency is 30-40/min; during periods of regular
breathing frequency is 50-60/min. (¢) No cyanosis and
no change in heart rate are observed in PB. (5) The
blood of infants exhibiting PB is slightly alkalotic
(mean pH 7.44). (6) PB is more common and tends to
last longer in very small premature infants in whom it
may persist for 6 weeks. It is rarely seen in infants
weighing more than 2 kg and /or of a gestational age of
more than 36 weeks.

According to the above definition, PB must be con-
sidered a nonpathologic condition of the immature. It
has to be sharply differentiated from true spells of
apnea some of which are known to be convulsive
equivalents [15].

From the systematic observations and investigations
reported in the literature, the following conclusions
can be drawn in addition to Avery’s criteria. (I) PB
occurs in 3045% of premature infants [4; 13]. (2)
High ambient oxygen may cause disappearance of PB
[18]. (3) Ambient CO, causes disappearance of PB [6;
18].

1l"his paper represents the result of a comprehensive
study aimed at the elucidation of the physiologic mech-
anisms underlying the occurrence of PB done over a
4-year period. In detail, the following areas will be
discussed: (1) incidence of PB; (2) measurements of
respiratory gas tensions in infants exhibiting PB; (3)
response of PB to ambient CO,; (4) response of PB to
ambient O,.

Materials and Methods

A total of 141 patients in our newborn ward were
tested. All patients of less than 48 hr of age who are
referred from maternity hospitals are admitted to the
ward. Since this is the only newborn referral center
within a rural areal of about 40 km, there is a mixed
population of true premature infants and neonates
with other disorders.

The study was conducted over the course of several
years; the different steps were carried out in different

- groups of patients.

Assessment of Incidence

To calculate the incidence of periodic breathing
(PB) in such a mixed newborn population, 91 patients
admitted consecutively were observed carefully every
other day for a period varying from 2 to 11 weeks,
depending on the duration of their respective hospital
stays. Examination consisted in careful observation of
the respiratory pattern for at least 5 min when the
patient was presumably in rapid eye movement (REM)
sleep [15]. When there was any doubt as to whether
PB was no longer observed in a patient who had
previously shown such, a recording of the respiratory
pattern was performed using an impedance pneumo-

graph [19] for objective assessment.

Registration of Different Parameters

To estimate some physiologic parameters associated
with PB, registration of respiration and respiratory
gases was performed in 20 patients: for respiratory
frequency and incidence and duration of PB, impe-
dance pneumography was performed. End-tidal CO,
and O, determinations were done continuously by
analyzing respiratory gas sampled from the nose via a
small plastic catheter at a flow of 80 liters/hr. For CO,
analysis, an instantaneous CO, analyzer [20] was used.
The O, was determined similarly using a rapidly re-
sponding polarographic O, electrode (response time
0.20-0.25 sec for 95% deflection) which was placed
immediately beyond the CO. analyzing chamber [3].
In addition, the electrocardiogram was continuously
monitored. All signals were displayed on the oscillo-
graphic screen of a recorder [21] and recorded on

paper.
CO, Administration

In 10 patients with spontaneous PB in room air, the
effect of inspiratory CO, was tested. A small plastic
box [22] was placed over the baby’s head. Since build-
up of expired CO, within the box was desired, a very
small flow of O, was led into the box. This was just
enough to counterbalance O, consumption in order to
prevent a drop of environmental O, concentration be-
Iow 21%. To achieve such accurate adjustment, a cer-
tain amount of skill was necessary initially, but with
experience, adjustment proved to be quite successful.
Tests were disregarded for calculation when O, con-
centration was less than 20% or more than 23%.

The mean number of apneic periods per unit of
time as well as the mean duration of apneic periods
were recorded using an impedance pneumograph [19]
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Fig. 1. Respiratory observations in 10 very small premature infants (birth weight 1,000-1,500 g) during the first few weeks of life. Respira-
tion was checked every other day. Note: periodic breathing is present in most of the subjects up to the 6th week of life. During the 4th
week, all 10 infants were breathing periodically. From the 7th week on, an increasing number of subjects are lost 1o follow-up because of
discharge from the hospital. In the remaining two infants observed at 11 weeks of age, periodic breathing had disappeared. For statistical
analysis, results were pooled. The incidence of PB during week 7 through week 6 was significantly increased when compared with weeks 7

through /7 (P < 0.01).
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Fig. 2. Results of respiratory observations in 25 mature newborn
infants (birthweight >3,000 g) during the first few weeks of life.
Respiration was checked every other day. Note: during week I,
the occurrence of PB in this group of infants was 25%. The
subsequent disappearance rate could not be fully estimated,
inasmuch as many of these infants were rapidly lost to follow-up
because of discharge from the hospital.

at four levels of inspired CO,: 0% = 0 mm Hg (prior
to the experiment), 0.75% = 5.3 mm Hg, 1.55% = 11.0
mm Hg, 3.10% = 22.0 mm Hg. After this testing pro-
cedure, another “zero period” was run. The CO,
monitoring was continuous; the suction tube of the
infrared CO, analyzer [20] was left in place within the
plastic box close to the baby’s face. The O, monitoring
was done intermittently several times each minute

using an oxygen analyzer [28]. Ill effects other than
hyperventilation were not observed.

O, Administration

In 30 additional patients exhibiting spontaneous
PB while breathing room air, O, was gradually raised
by again placing the plastic hood over the head and
leading pure oxygen (not preheated and unmoistur-
ized) into it through its inlet hole. The fit was not
tight around the neck; thus, CO, accumulation as well
as pressure build-up were prevented. Oxygen flow was
kept high enough to ensure complete washout of COy,
and low enough to prevent development of noticeable
turbulence around the baby’s head.

Oxygen was frequently monitored using an oxygen
analyzer [23]. When periodic breathing was observed
to disappear, inspired oxygen was carefully lowered
until PB reappeared. The procedure was repeated,
thus making possible the determination of an exact
concentration of oxygen at which PB turned into
regular breathing. This concentration was then called
“turning point.”

The total procedure required approximately 30
min. Signs of oxygen toxicity were not observed and
careful ophthalmologic examination was carried out in
each patient before discharge from the hospital.

When we found that the “turning point” went down
in any given individual on subsequent testing, the pro-
cedure was repeated about once a week until PB had
disappeared in room air, except in those patients who
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Fig. 3. Results of respiratory observations in eight very immature infants during the first few weeks of life (gestational age 29-31 weeks).
Respiration was checked every other day. Note: periodic breathing was present in muost of the subjects up to the 5th week of life. During
the 4th week, all eight infants were breathing periodically. From the 6th week on, an increasing number of patients were lost to follow-up
due to discharge from the hospital. It appears however, that the incidence of PB decreases rapidly after the 7th week of life.

were discharged from the hospital prior to the disap-
pearance of PB. Thus, all 30 subjects were tested on at
least two and up to five occasions.

Statistical Analysis

For statistical evaluation of the data, following
standard methods were applied: (I) calculation of
mean values * sp; (2) Student ¢ test for calculation of
significant differences in comparing mean results of
two different populations; (3) standard formula for
calculation of linear regressions of paired values.

Results

Incidence

Of 91 consecutively admitted premature and new-
born infants, a total of 66 (72.5%) exhibited PB at
some time during their hospital stay.

In premature infants the incidence was much higher
than in full-term newborns: in 52 babies of a gesta-
tional age of less than 37 weeks the total rate was
86.5% (= 45 infants) as compared with 41.03% (16 out
of 39 infants) in mature neonates (Fig. 4). When divi-
sion is done by birth weight, the incidence in the low
birth weight group (<2,500 g) was 94.5% in compari-
son with 36.1% (13 out of 36) among infants of normal
birth weight.

Figures 1-4 illustrate the incidence and course of
PB in four representative groups of patients. PB tends
to occur more frequently and to persist longer in the
more immature individuals. Unfortunately, follow-up
was difficult, particularly in the larger babies, since
they were usually discharged from the hospital before
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Fig. 4. Results of respiratory observations in 89 full term
newborns during the first few weeks of life (gestational age
>37 weeks). Respiration was checked every other day. Note:
periodic breathing was present in 40% of these subjects during
the first week of life. The subsequent disappearance rate was
difficult to assess because of loss of follow-up after discharge
from the hospital.

their PB had disappeared. Figures 5 and 6 show the
relative incidence of PB as it relates to actual body
weight (Fig. 5) and postconceptional age (Fig. 6), re-
spectively. The results may be somewhat misleading in
that they are not based on a fixed number of infants
because loss to follow-up as mentioned above. Rather,
they give incidence of PB in percentage of total obser-
vations. However, the tendency of a linear decline with
time is most impressive. The time course of PB is fairly
uniform in most infants; rarely is PB observed in the
first 2 days of life. Peak incidence is seen during the
2nd and 3rd week; subsequent disappearance rate
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Fig. 5. Correlation of frequency of apneic periods to actual body weight. The ordinate represents the percentage of positive (Z.e., infants
with apneic periods) observations with respect to the total number of observations. It does not relate to a given number of infants observed.
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Fig. 6. Plot similar to that in Figure 5: correlation of “incidence” of periodic breathing to postconceptional age (= gestational age at
birth + postnatal age). The ordinate gives percentage of observations of PB rather than being related to a given number of subjects.

depends largely on initial maturity; the more prema-
ture, the longer is PB likely to persist.

Assessment of Different Parameters Associated with
Periodic Breathing

Frequency of apneic periods varies from one indi-
vidual to another and also, within the same, baby. This
is probably related to the state of vigilance; most fre-

quently, PB occurs while the baby is in REM sleep. In
20 patients in whom we studied 188 apneic periods,
mean frequency was 6.3 = 2.9/3-min period, mean
duration of single apneic periods 6.88 = 0.56 sec (range
8-12 sec). Mean respiratory frequency in the series was
43.2 = 10.74 breaths/min [10]. '
Figure 7 shows a typical recording obtained from an
infant exhibiting PB. No change in heart rate occurred
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during the apneic period. This finding was so constant
that we consider it one of the most reliable criteria of
PB as opposed to true apneic spells. Likewise, cyanosis
was never observed in periodically breathing infants.
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Fig. 7. Vy: Respiration (impedance pneumography); ECG: elec-
trocardiography; Oy O, in respired air/inspiration-upward strokes
(polarographic); CO,: CO, in respired air/inspiration-upward
strokes (ultrared CO; analyzer): Note: after regular breathing, an
apneic episode of 9 sec occurred during which the respiratory
record showed only the small “wiggles” of superimposed heart-
beats. Cardiac frequency remained unchanged throughout the
apneic period. The O, and GO, showed an increased amplitude
immediately after reappearance of respiration.
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End-tidal Pgo, values varied considerably, depend-
ing to a great extent on the duration of the apneic
periods. Mean values were: 29.15 = 1.94 mm Hg dur-
ing breathing periods, 32.36 % 2.22 mm Hg following
nonbreathing periods. The mean difference thus is
3.22 mm Hg [10}. Comparison of individual differ-
ences by means of the ¢ test for paired values, shows a
high statistical significance (£ < 0.001).

End-tidal Po, showed a mean value of 113.58 = 7.37
mm Hg during regular breathing, 98.33 = 10.42 mm
Hg after apneic periods. The mean difference of 15.25
mm Hg is also highly significant when calculation is
performed according to the ¢ test for paired values
(P < 0.005).

CO, Administration

With increasing CO. concentration in ambient air,
PB could be abolished. The critical concentration
necessary to make PB turn into regular breathing, was
between 2 and 4% CO, in air. Interestingly, the dura-
tion of apneic periods did not change significantly,
before PB disappeared completely (Fig. 8). On the
other hand, there was a gradual decrease in the number
of apneic periods as CO, was gradually increased (Fig.

9).
O Admintstration

The most surprising effect was noticed when O, was
raised in ambient air. As with CO; application, PB

could also be made to disappear when O, was admin-
istered. Figure 10 demonstrates a recording of a test

) 0,75

n=63 n=29
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n=2t nz8 n=55%

Fig. 8. Mean duration + 1 sp of apneic periods at different levels of ambient CO..
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Fig. 9. Mean number -+ 1 sp of apneic periods at different levels of ambient CO;. Note: the number of apneic periods decreased steadily
as the CO; concentration was raised. The last bar represents the control value after termination of the test period. Levels of statistical sig-

nificance:

0% (initial) < 0.75% P < 0.0025
0.75%, <> 1.55% 0.20 > P > 0.10
1.55%, <> 2.35% P < 0.025
0.75%, < 2.35% P < 0.0025

0% (initial) «> 0% (terminal) 0.30 > P > 0,25

done in a premature infant on one particular day: a
critical threshold level of O, was reached at 46%. At
this point PB abruptly changed to regular respiration
[11]. When we attempted to study this phenomenon
longitudinally, a decrease in the threshold concentra-
tion (“turning point”) was found on subsequent test-
ing several days later (Fig. 11). In 30 infants followed
between two and five times in this manner, a striking
similarity could be demonstrated in the slope at which
the “turning point” went down during their early
postnatal development (Figs. 12 and 13). This was all
the more surprising, since the initial level of the “turn-
ing point” was not at all similar in infants comparable
with respect to size (body weight, Fig. 12) and/or
development (postconceptional age, Fig. 13).

Unlike the CO, response, O, caused no change in
either duration or number of apneic periods until the
threshold concentration (“turning point”) was actually
reached [12].

Discussion

The incidence of PB as given in this paper has been
the highest thus far reported. This is particularly true

for premature babies. Other groups have given figures
of 75.7% [18], 56% [3], and 44% [13], respectively. -
Chernick et al. [5] pointed out that PB may occur
predominantly during periods of “active sleep.” We
are convinced that this may be the reason that our
own incidence is so high; we always observed the in-
fants at a time shortly after the meal when they were
presumably in REM sleep [15].

Our incidence for full term neonates is close to that
reported by others: 40.5% (8], 40% [14], as compared
with 41.08% in our own series. Differences in the defi-
nition of maturity may account for the small dis-
crepancy. On the basis of our own findings and the
survey of the literature, we are hesitant to agree with
Chernick et al. [5], Avery [2], or Dietel [9], who con-
sider PB a respiratory pattern that is practically non-
existent in full term infants.

One further point to be considered when discrepant
results are obtained, is the interesting phenomenon
observed by Daily et al. [7] of a dependency of “apnea”
on environmental temperature. In our series, all obser-
vations were made in a constant thermal environment
(22°) with the exception of the very young and very
low weight infants, who were still in the incubator.
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The mean duration of apneic periods is in agree-
ment with that reported by Chernick et al. [5]. This
and the lack of change in heart rate facilitates the dis-
tinction of periodic breathing from true apneic spells.
Clinically there is an important difference, in that PB

must be considered a benign, “physiologic” breathing

pattern of young infants, whereas apneic spells are
usually a pathologic symptom of some neurologic dis-
turbance, frequently seizures [15].

Our respiratory CO, measurements are in agreement
with those of Chernick et al. [b]. We do agree with
their statement that PB is a pattern of slight hyper-
ventilation. The build-up of CO, during apneic pe-
riods showed a lower mean figure in our group of sub-
jects. To our knowledge, no results have been pub-
lished on respiratory O, measurements. OQur figures
confirm the fact that the infants are hyperventilating.
The relatively greater difference between pre- and
postapnea end-tidal O, tension values is noteworthy.
It is in keeping with the notion of Avery [2], who com-
mented on the difference in incidence of PB among
full term infants between cities of different barometric
pressure. We may add that Liibeck, the city where our
own experiments were conducted, is at sea level.

The response to CO, in our series is similar to that
found by other investigators [6, 16, 18]. The PB can be
made to disappear; the concentration of CO, neces-
sary is 2-4%. The mechanism is most likely a mere
hyperventilation due to CO,,.

Without question the most interesting aspect is the
response of PB to Os. From studies on Cheyne-Stokes
breathing in adults, Anthony et al. [1] were able to
demonstrate a change in the periodic respiratory pat-
tern upon administration of 80% O,, although the
periodicity did not regularly disappear. Another well
known phenomenon is the occurrence of a periodic
type of respiration at high altitude which is convertible
when oxygen is administered [1]. Whether or not these
conditions are, in any respect, analogous to what we
call “periodic breathing of infancy,” remains open to
question.

Wilson et al. [18] were the first workers to point out
that PB of young infants can also be influenced by high
ambient oxygen, in that PB is converted into a regular
breathing pattern. On the basis of Wilson’s findings,
our own investigation was aimed at the quantification
of this phenomenon. As a result, a “turning point”
could be determined in each infant on any given day.
The similarity in the slopes of decrease of the turning
point in time among different individuals makes us
believe that a developmental principle common to all
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Fig. 10. Effect of a stepwise increase in O, in inspired air on the
respiratory pattexrn of a young premature infant who exhibited
spontancous periodic breathing., Recording of respiration by
impedance pneumography. Note: no cffect occurred until a cer-
tain level of ambient O, (46% in this particular case) had been
reached. This concentration of O, necessary to convert PB into
regular breathing has been termed “‘turning point” by us. It was
always reproducible for any given day at an accuracy of *5%.

premature babies may be operative here. The differ-
ences in the absolute Fyq, (fraction of O, in inspiratory
gas) values between different individuals are not fully
understood at this point. The degree of right-to-left
shunting may account for part of it, particularly when
observations were begun during the Ist week of life
[2)-

The applicability of the well known laws of the
respiratory control mechanisms to premature and new-
born infants has been demonstrated with respect to
various parameters [2, 4-6, 13, 17]. However, spon-
taneous periodic breathing at sea level does not occur
as a physiologic respiratory pattern in human indi-
viduals other than young infants. We therefore tend
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Fig. 11. Recording of the respiratory pattern (impedance pneumography) of the same patient on three different occasions. While breathing
air (left panel), PB was observed each time. Stepwise increase of O, in inspired air showed the “‘turning point” (see legend of Fig. 10) to be at
a different Oy concentration on each occasion. Note: as the infant matured, the Oy concentration necessary for conversion of PB into regular

breathing (“turning point”) decreased steadily.
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Fig. 12. Individual courses of “turning points” in 30 patients,
plotted as a function of body weight. Each line was derived
from two (minimum) to five (maximum) tests. Note: although the
absolute level of individual “turning points” is quite vari-
able, the slopes of decrease are surprisingly similar, which sug-
gests a developmental pattern of postnatal respiratory “maturity”
common to all infants.

to believe that more evidence is needed before we
explain its origin by analogy to Cheyne-Stokes breath-
ing of adults. Thus the response of PB to high ambient
O, in young infants and its time course is presented as
a highly interesting phenomenon of development
rather than a fully understood physiologic mechanism.

Nevertheless, one vague speculation may be allotted
at the conclusion of this chapter; if the cerebral vessels
are very reactive to blood gas tensions at this age, they
may constrict vigorously when Py, in arterial blood is
high. This could render cerebral tissue slightly aci-
dotic. The tissue acidoses would be extended to the
cerebrospinal fluid and exhibit a stimulatory effect on
the central chemoreceptors. The only support we can

" Turning Point"

40

30 p<0.001

20

32 34 36 138 40 42 4L 46 48 50 Postconceptional
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Fig. 13. Same individual regressions as in Fig. 12, plotted as a
function of postconceptional age (gestational age at birth +
postnatal age). The similarity in the slopes of most of the 30
infants is even more striking than in Fig. 12.
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offer to attest to the high reactivity of cerebral vessels
to blood gas tensions at this age is the well known
reactivity of the retinal vessels to O, which clinically
may result in retrolental fibroplasia.

Summary

Observations, measurements of physiologic parameters
(respiration, heart rate, respiratory gas tensions), and
response testing upon application of O, uvs CO, were
performed in a total of 141 premature and full term
newborns exhibiting periodic breathing over a period
of several years. The results may be summarized as
follows: (I) Periodic breathing (PB) is a “physiologic”
respiratory pattern of a certain percentage of young
infants, the incidence being greater, the more imma-
ture the subjects. (2) Alveolar gases reveal PB to be a
type of hyperventilation. (3) The CO, in ambient air
causes apneic periods to disappear, presumably by the
induction of more hyperventilation. () The O, in
ambient air also converts PB to regular breathing, pre-
sumably, not by directly inducing hyperventilation.

It is speculated that high arterial Py, may cause
severe cerebral vascular constriction and thus, provoke
central nervous system acidosis. This, in turn, could
stimulate the central chemoreceptors by way of the
cerebrospinal fluid.
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