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Asynchronous breathing during sleep

Abstract
Background—Children rarely complain
of symptoms associated with sleep disordered breathing (SDB). Paradoxical inward rib cage movement (PIRCM) during
sleep might prove useful for detecting
SDB.
Aims—(1) To determine the correlation
between the degree of PIRCM and other
measures of disordered breathing during
sleep. PIRCM occurs physiologically
throughout rapid eye movement sleep in
neonates, while no PIRCM has been
reported during sleep in adolescents. (2)
To determine the chronological changes in
the degree of PIRCM.
Methods—PIRCM was quantified by
means of the laboured breathing index
(LBI). LBI was determined by respiratory
inductive plethysmography; PIRCM accompanies a high LBI. Sleep recordings
obtained for 101 subjects for various
reasons (aged from 3.5 months to 19
years) were analysed.
Results—In 22 records, the minimum SaO2
value was 90% or more and no obstructive
apnoea of more than 10 seconds was
observed. In these 22 records, LBI during
rapid eye movement sleep decreased significantly with age, reaching the mature
low level at 3.3 years of age. In the other 79
records, LBI correlated well with measures of obstructed breathing during sleep.
Conclusions—By paying more attention to
PIRCM, more obstructed breathing during sleep might be found among children
aged 3 years or more.
(Arch Dis Child 2001;84:174–177)
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Sleep disordered breathing (SDB) occurs in
about 1–3% of children.1 2 Children with SDB
show more behaviour problems than controls.1 3 However, children rarely complain of
symptoms associated with SDB, making diagnosis diYcult. Paradoxical inward rib cage
movement (PIRCM) or asynchronous breathing occurs in patients with obstructive sleep
apnoea or SDB.4 We consideered that PIRCM
might be useful for detecting SDB.
One of our aims was to determine the correlation between the degree of PIRCM and other
measures of disordered breathing during sleep.
PIRCM is known to occur physiologically
throughout rapid eye movement sleep (REMS)
in neonates,5 while PIRCM has not been seen
during REMS in adolescents.6 Although
PIRCM during REMS is widely believed to
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disappear by 3 years of age,4 this age dependency has been examined quantitatively only by
Gaultier et al.7 Our other aim was to determine
chronological changes in the degree of
PIRCM.
For these purposes, we needed an index to
quantify PIRCM. The laboured breathing
index (LBI), determined on respiratory inductive plethysmography (RIP), is the sum of the
integrals of the absolute values of the derivatives of the inspiratory limbs of the rib cage and
abdomen divided by the corresponding integral of the derivative of the inspiratory limb of
the tidal volume.8 LBI equals 1.0 when the
chest and abdominal motions are in perfect
synchrony. Any lack of synchrony between
them will increase LBI. Qualitative diagnostic
calibration performed before each RIP recording allowed us to determine the absolute tidal
volume value by RIP.9–11 After qualitative diagnostic calibration, LBI has been reported to be
stable regardless of a change in body position.8 9 Therefore, we calculated LBI in order
to assess PIRCM through all night polysomnography in infants, children, and adolescents.
Unfortunately, as our cohort was not a normal healthy population, we have not obtained
normative data. However, the results regarding
chronological changes of LBI obtained for
subjects without desaturation and obstructive
apnoea during sleep corresponded well with
previously accepted views on normal subjects
(for example, PIRCM during REMS disappears by age 3).4
Materials and methods
We analysed 101 all night polysomnographical
recordings with complete RIP (RESPISOMNOGRAPH, nims. Inc.) together with
percutaneous arterial oxygen saturation (SaO2)
monitoring obtained between October 1992
and September 1999. All recordings were performed in an isolated semisoundproof recording room with an air conditioner (temperature
range, 22–24°C). Each recording included
electroencephalography, electro-oculography,
electromyography of the chin and trunk
muscles, SaO2 monitoring (Ohmeda Biox 3740;
averaging time, six seconds), and video monitoring. Oxygen desaturation obtained when the
averaging time was set to six seconds on this
equipment showed no significant diVerence
from that obtained with the control oximeter.12
We did not measure end tidal or transcutaneous carbon dioxide. Sleep stages were determined according to the standard criteria
depending on the age at the time of
recording.13–15
The 101 recordings were obtained for 101
subjects, for various reasons: 57 subjects had
respiratory problems during sleep (irregular
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The significance of the correlation coefficient (r) between two parameters was assessed
by means of the t test. The multiple correlation
coeYcient (R) was calculated to examine the
significance of regression between the age in
months and LBI. The significance of regression
was assessed by means of F statistics.
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Results
The minimum SaO2 value in the whole night
recordings was observed exclusively during
non-REMS in 33 records, during REMS in 56,
and during both non-REMS and REMS in the
remaining 12. The average minimum SaO2
value in 56 cases who exhibited the minimum
SaO2 value during REMS was significantly
lower than in the 33 cases who exhibited the
minimum SaO2 value during non-REMS
(81.6% v 87.0%, p < 0.05). LBI-R was higher
than LBI-NR in 74 subjects, equal to LBI-NR
in 14, and lower than LBI-NR in the
remaining13. Eighteen of the 101 subjects had
a central apnoea index exceeding 1.0. However, desaturation below 90% did not accompany their central sleep apnoea.
We classified the recordings into two types
according to the minimum SaO2 value and
obstructive apnoea index: 22 without obvious
desaturation (minimum SaO2 > 90%)18 and
obstructive apnoea (obstructive apnoea index
= 0)19; and 79 with desaturation or obstructive
apnoea. The maximum change of SaO2 in the
22 records without desaturation and obstructive apnoea was less than 4%.
RECORDS WITHOUT DESATURATION AND
OBSTRUCTIVE APNOEA

Table 1 shows the profiles and sleep variables
of the 22 records without desaturation and
obstructive apnoea. The correlation between
age in months and LBIs was statistically
significant for REMS (LBI-R, r = −0.67,
p < 0.001), but not significant for non-REMS
(LBI-NR, r = −0.37, p > 0.05). The regression
curve for the age in months (X) and LBI-R was
as follows: LBI-R = 1.41X−0.065 (R = 0.78,
p < 0.001). The upper range (mean + 2.0 SD)
for LBI-R in the 11 subjects aged more than
100 months was 1.11. The regression curve
crossed this value at 39.7 (3.3 years).
RECORDS WITH DESATURATION OR OBSTRUCTIVE
APNOEA

In the other 79 records we calculated correlations between LBIs and the age in months, DT,
obstructive apnoea index, minimum SaO2
value, and central apnoea index (table 2). The
indices other than the age and central apnoea
index showed statistically significant correlations with LBIs.
However, some subjects were exceptional. A
13 year old boy (patient A) who complained of
nocturnal seizures exhibited no desaturation
(minimum SaO2 > 90%) and a low obstructive
apnoea index (0.3), but showed high LBI
values (LBI-NR, 1.42; LBI-R, 2.06). In
contrast, an 8 month old boy (patient B) with
the complaint of irregular respiration during
sleep had a high DT (8.2%), a high obstructive
apnoea index (7.5), and a low minimum SaO2
value (69%), but showed low LBI values (LBINR, 1.04; LBI-R, 1.24).
OBESITY INDEX

The obesity index ranged from 72.4% to
−58.0% with a mean value of 2.0. The correlation coeYcient between the obesity index and
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respiration, apnoea, snoring, etc.), 15 had been
suggested as having seizures, nine had sleep
disturbance (including four with delayed sleep
phase syndrome, three with night terrors, and
two with hypersomnia), five had group non-A
xeroderma pigmentosum, two had breath
holding spells, two had Freeman–Sheldon syndrome, and the remaining 11 had other conditions including torsion dystonia, tic, orthostatic
dysfunction, anorexia nervosa, hypothyroidism, apparent life threatening event, Angelman
syndrome, Duchenne muscular dystrophy, a
sibling of a victim of sudden infant death syndrome, a son of a male patient with Joseph disease, and a neurologically unaVected girl with a
double cerebral cortex. Their ages ranged from
3.5 months to 19 years (first quartile age, 2.6
years; average age, 6.7 years; third quartile age,
9.6 years; 63 males and 38 females). Informed
consent was obtained from all parents and also
from the 18 subjects who were older than 12
years, after the procedure and aims had been
fully explained.
Five minute qualitative diagnostic calibration was performed before each RIP recording.
An episode of apnoea was defined as 10
seconds or more respiratory suppression that
did not exceed 25% of the baseline tidal
volume measured during qualitative diagnostic
calibration. According to the movements of the
chest and abdominal portions during the respiratory suppression, a pause on RIP was determined as obstructive or central.9 We did not
count central apnoeas following movement
according to Marcus et al.16
We calculated the average LBI every five
minutes. Quality control of the qualitative
diagnostic calibration was assessed by means of
the quality control factor.17 We calculated the
average whole night LBI value during nonREMS (LBI-NR) and REMS (LBI-R), respectively. We excluded five minute periods during
which changes in the sleep stage (non-REMS
and REMS) or massive body movements
occurred.
In addition to LBI, we calcuated desaturation time (DT; the percentage of time with
SaO2 less than 90% against the total sleep
time), minimum SaO2 level, obstructive apnoea
index (incidence of obstructive apnoea per one
hour of total sleep time), and central apnoea
index (incidence of central apnoea per one
hour of total sleep time). We calculated mean
SaO2 value separately during both non-REMS
and REMS, respectively. The obesity index was
also calculated as follows.
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Table 1

Profiles and sleep parameters of the 22 subjects without desaturation and obstructive apnoea
Sex

Cause of PSG

% REMS

Mean SaO2
non-REMS/REMS

Min. SaO2
(%)

LBI-NR

LBI-R

CAI
(/h)

3.5 mth
9 mth
9 mth
10 mth
1 y 2 mth
1 y 6 mth
4 y 2 mth
5 y 11 mth
6 y 7 mth
7 y 1 mth
7 y 2 mth
8 y 6 mth
8 y 7 mth
9 y 0 mth
9 y 3mth
9 y 3 mth
9 y 5 mth
12 y 11mth
13 y 5 mth
14 y 11 mth
16 y 10 mth
19 y 6 mth

M
M
M
F
M
M
M
F
F
F
M
M
M
F
F
F
M
F
F
M
M
F

CRS
CRS
SIDS sibling
CRS
CRS
CRS
CRS
Epi
XP
Double cortex
DMD
XP
CRS
XP
AN
Epi
Hypersomnia
Epi
OD
DSPS
Epi
Epi

39.4
32.1
27.5
23.9
25.1
36.8
23.3
18.9
16.4
14.1
16.4
17.0
23.1
19.4
8.5
26.5
15.3
20.0
21.8
16.8
26.8
27.0

98.2 / 97.9
96.9 / 97.0
97.5 / 97.4
97.6 / 97.6
95.6 / 96.3
98.3 / 98.1
97.0 / 97.1
96.3 / 96.9
97.8 / 98.5
96.9 / 97.0
96.6 / 96.9
95.7 / 96.0
96.6 / 96.4
97.4 / 97.8
96.4 / 96.3
96.5 / 96.7
97.5 / 97.5
97.1 / 96.7
96.9 / 97.3
97.8 / 97.0
97.1 / 97.3
96.5 / 97.0

91
92
90
91
91
90
90
93
90
91
91
90
91
94
94
91
92
90
93
95
91
93

1.09
1.08
1.02
1.03
1.15
1.09
1.02
1.01
1.01
1.23
1.01
1.02
1.00
1.01
1.00
1.00
1.05
1.03
1.01
1.02
1.03
1.01

1.28
1.30
1.12
1.19
1.18
1.39
1.03
1.02
1.00
1.19
1.01
1.03
1.00
1.01
1.00
1.01
1.14
1.06
1.00
1.02
1.01
1.01

0.15
0.48
0.00
0.00
0.00
0.00
0.35
0.54
0.20
0.12
0.13
0.12
0.00
1.11
0.44
0.00
0.12
0.27
0.13
0.00
0.75
0.86

PSG, polysomnography; % REMS, percentage of REMS against total sleep time; min. SaO2, minimum SaO2 value; CAI, central
apnoea index per hour; LBI-NR, laboured breathing index during non-REM sleep; LBI-R, laboured breathing index during REM
sleep; CRS, complaining of irregular respiration during sleep; Epi, epilepsy; XP, non-A xeroderma pigmentosum; AN, anorexia nervosa; OD, orthostatic dysfunction; DSPS, delayed sleep phase syndrome.

LBIs calculated for the total 101 recordings
was less than 0.1 (not significant).
Discussion
Obstructive apnoea of more than 10 seconds is
not observed in normal subjects aged 3 months
or more.19 The minimum age of our subjects
was 3.5 months. Twenty two of our subjects
satisfied this criterion and also exhibited no
desaturation (minimum SaO2 > 90%), although
these 22 subjects did not belong to a healthy
population.
In these 22 records (mean SaO2 during
REMS ranged from 96.0% to 98.5%; mean
97.1%, SD 0.6%), LBI-R calculated on whole
night RIP recording decreased to the mature
low level at age 3.3 years. Interestingly, this
result was similar to the report of Gaultier et
al.7 They assessed PIRCM by visual coding in
13 normal subjects aged from 7 to 31 months
(the mean transcutaneous partial pressure of
O2 during REMS ranged from 68.7 to 84.8
mm Hg; mean 76.5; SD 5.5), and concluded
that PIRCM in REMS decreased significantly
with age. The general notion that PIRCM during REMS disappears by age 3 years4 is based
on this report. In our study, we found this
notion true for subjects without desaturation
and obstructive apnoea during sleep, though
these subjects were not completely healthy.
REMS atonia is one of the factors that produce PIRCM (that is, elevation of LBI),4–8 and
facilitate the occurrence of SDB.20 21 Although
the minimum SaO2 value was observed during
Table 2 Correlations between LBI and other indices in the 79 subjects with desaturation or
obstructive apnoea

LBI-NR
p value
LBI-R
p value

Age

DT

OAI

Min. SaO2

CAI

−0.16
>0.05 (ns)
−0.03
>0.05 (ns)

0.27
<0.05
0.32
<0.01

0.57
<0.001
0.65
<0.001

−0.50
<0.001
−0.57
<0.001

−0.20
>0.05 (ns)
−0.22
>0.05 (ns)

LBI-NR, laboured breathing index during non-REM sleep; LBI-R, laboured breathing index during REM sleep; OAI, obstructive apnoea index per hour; CAI, central apnoea index per hour; min.
SaO2, minimum SaO2 value; ns, not significant.
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REMS in most of our records, it was also seen
during non-REMS. Similarly, LBI-R was
higher than LBI-NR in most records, but some
exceptional cases were noted. REMS is a state
in which desaturation and PIRCM (elevation
of LBI) tend to occur. In fact, the average
minimum SaO2 value in cases who exhibited the
minimum SaO2 value during REMS was
significantly lower than in those who exhibited
it during non-REMS. However, REMS atonia
is not a single determinant of SDB19 or PIRCM
(or LBI). The degree of REMS atonia
increases with age.22 Other factors that overcome this age related development of REMS
atonia function to decrease PIRCM with age.
As proposed by Gaultier et al, a reduction in
chest wall compliance is one of the candidate
factors explaining the age related disappearance of PIRCM during REMS.7
In contrast to the current results, we found a
significant decrease in LBI-NR with age in a
larger number of subjects without notable
desaturation
and
obstructive
apnoea
(n = 51).23 In that preliminary study, we used
milder criteria for desaturation and obstructive
apnoea than those in the current study.
According to these criteria, some young infants
who had a high LBI-NR value were included.
Studies on factors that aVect LBI during nonREMS should also be performed.
Respiratory eVort is a factor that could produce PIRCM or increase LBI. To measure respiratory eVort, monitoring of oesophageal
pressure is the standard method.24 However, no
absolute level of oesophageal pressure is known
to be abnormal.24 In contrast to the measurement of oesophageal pressure, PIRCM is easily
observed even by caretakers. The correlation
between the degree of PIRCM (or the LBI
value) and oesophageal pressure as well as the
reliability of the caretakers’ observation of
PIRCM are the next important issues to be
examined. Moreover, we have to confirm that
PIRCM (elevation of LBI) does not occur even
with notable respiratory eVort when muscle
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weakness is present. Although these limitations
exist, we wondered whether the quantification
of PIRCM through LBI could be used to assess
the severity of SDB.
In the 79 records with desaturation or
obstructive apnoea, we observed statistically
significant correlations between LBI and DT,
the obstructive apnoea index, and the minimum SaO2 value. However, we found no correlation between LBI and the central apnoea
index. We concluded LBI correlated well with
measures of obstructed breathing during sleep.
In patient A, airflow enough to maintain the
SaO2 value might have been maintained by the
action of increasing negative intrathoracic
pressure against the upper airway obstruction.
This negative intrathoracic pressure could produce PIRCM and increase LBI. Unfortunately,
a lack of oesophageal pressure data prevented
us from diagnosing him as having upper aiway
resistance syndrome.25 In contrast, patient B
exhibited notable disturbance of the SaO2 value
and a high obstructive apnoea index without
disturbance of LBI. Mechanisms that cause
airway obstruction but do not aVect LBI might
be involved in this patient.
Obesity is an important factor in causing
sleep apnoea in adults, and is also a predisposing factor in children. However, most children
with obstructive sleep apnoea are not obese,
and abnormal polysomnographical findings
were reported to have been obtained in patients
who had an obesity index of more than 200%.26
Consistently, the correlation between the obesity index and LBI was not significant in our
study.
We have shown that LBI correlated with
measures of obstructed breathing during sleep.
The correlation between the absolute LBI
value and the degree of clinically observed
PIRCM has not yet been studied, but PIRCM
can be easily observed even by caretakers.
PIRCM might prove to be a useful tool in
detecting obstructed breathing during sleep in
children aged 3 or more. By paying more
attention to PIRCM, obstructed breathing
during sleep might be detected more frequently. PIRCM might also produce a thoracic
deformity which could cause cardiorespiratory
problems. We should pay more attention to
PIRCM.

