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Pathomechanisms involved in obstructive apneas remain ob- 
scure. Apnea arousal failure has been proposed as a cause for 
sudden death during sleep. The present study hypothesizes an 
interdependency between upper airway dilating submental mus- 
cle electromyogram (EMG) activity (EMGsub), diaphragmatic 
muscle activity (EMGdia), incidence of bradycardia, and trans- 
cutaneous measured Po, (tcpO,) upon termination of apnea. 
Polygraphic recordings, including surface EMG (EMGsub, 
EMGdia), EEG, ECG, and transcutaneous Po,/Pco, (tcpO,/ 
tcpCO,) were performed on 10 preterm infants at 36, 40, 44, and 
52 wk of conceptional age. EMGsub increased initially, then 
decreased in 28 of 33 non-rapid eye movement (N-REM) sleep 
apneas (REM: 35 of 69 events). This correlated with a decrease 
of tcpO2 during N-REM sleep ( y  < 0.05). A parallel decrease of 
EMGsub and EMGdia was correlated with the occurrence of 
bradycardia (REM and N-REM: p < 0.01). Concomitant termi- 
nation of apnea and bradycardia (n = 22), occurred in the 
presence of a phasic, simultaneous activation of EMGsub and 
EMGdia in 64% of REM sleep and in 79% of N-REM sleep- 
related event, was characterized by a deep inspiration preceded 
by a short expiration, and correlated with the extent of tcp0,- 

Prolonged apneas accompanied by hypoxemia frequently 
occur in preterm infants (1-3) especially in those recovering 
from respiratory distress syndrome (4) during the first months 
of life, A loss of balance between submental E M G  activity 
(representing mainly the protruding and thus upper airway 
dilating muscle force of m. genioglossus) and diaphragmatic 
E M G  has been proposed as playing a leading role in the 
incidence of obstructive apneas (5-7). In contrast to adults (8), 
in children no significant decrease of EMGsub was found at 
onset of apneas (9), but a preferential activation of EMGsub 
accompanied termination of apneas in both adults and children 
(8, 9). Bradycardia during apnea is a common finding (10). 
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decline during REM sleep apneas (p < 0.05). In one apnea with 
bradycardia that progressed to asystolia, this mechanism was 
missing, but was evoked by a slight tactile stimulation, where- 
upon cardiorespiratory fu~lctions were immediately reestablished 
whereas N-REM sleep continued uninterrupted. Our data dem- 
onstrate an interdependency between changes of EMGsub and 
EMGdia activity, tcpO, decline, and occurrence of bradycardia. 
A "cardiorespiratory arousal" terminated apneas and bradycardia 
without a change in sleep phase. (Pediatr Res 38: 298-305, 
1995) 

Abbreviations 
EMG, electromyogram 
EMGsub, submental clcctromyogram 
EMGdia, diaphragmatic electromyogram 
REM, rapid eye movement 
N-REM, non-rapid eye movement 
tcpo,, transcutaneous Po, 
tcpCO,, transcutaneous Pco, 
SIDS, sudden infant death syndrome 

Even cessation of heartbeat during an apnea has been reported 
in one preterm infant (11). but underlying mechanisms regard- 
ing the origin and termination of apnea are still obscure. 
Although controversial, there is evidence that apneas may play 
an important role in SIDS (12, 13). In infants surviving an 
apparent life-threatening event a diminished hypoxic ventila- 
tory arousal response could be demonstrated (14), which pos- 
sibly has an influence on termination of apneas. Autoresusci- 
tation by gasping is a well studied phenomenon in animals 
(15-17). Failure of this gasping mechanism in terminating 
apneas has been hypothesized as  being the final and most 
devastating physiologic factor in SIDS victims (18). Preterm 
infants recovering from respiratory distress syndrome and 
bronchopulmonary dysplasia frequently suffer from apneas 
with an obstructive component (4), show an impaired chemo- 
receptor response to hypoxia (19), and are at increased risk of 
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death during sleep (20). To reevaluate mechanisms initiating pararectal in the medial clavicular line (Biometer 2000 Copen- 
obstructive apneas as well as those related to cardiorespiratory hagen, Denmark). Nasal airflow was measured by a thermistor 
control, such infants were investigated by means of poly- placed below both nostrils. Recordings were performed during 
graphic recordings including submental and diaphragmatic the day until conceptional age of 52 wk, after which recordings 
muscle activity, EEG, nasal and abdominal breathing activity, were obtained in the early evening. The recordings encom- 
and tcp0, levels during apnea. passed 5 to 6 h during sleep. The sleep stages were defined 

according to established criteria as described elsewhere (1, 
METHODS 21-23). Arousal was defined as a sudden change of the pre- 

Subjects. Ten preterm infants at conceptional age of 36, 40, 
44, and 5 2  wk were studied (Table 1). Analysis of data from 
infants still being ventilated at conceptional age of 36 and 40 
wk was excluded. Data from three infants were excluded at the 
conceptional age of 52 wk due to pneumonia and bacterial 
meningitis. Gestational age ranged from 26.1 to 36.1 ( X  = 

29.4) wk, birth weight from 740 to 2020 (X = 1029.5) g, and 
ventilation duration between 2.2 and 16.3 (X = 15.2) wk. The 
neonatal risk factors included low birth weight, perinatal as- 
phyxia, bacterial infections, transient periventricular echoden- 
sities, patent ductus arteriosus, and respiratory distress syn- 
drome which in some cases had progressed to severe 
bronchopulmonary dysplasia. None of the infants suffered 
neurologic complications such as seizures or intracranial hem- 
orrhage, which were ruled out by ultrasound examination. A 
bethamethasone prophylaxis was performed in all cases before 
delivery. No infant received theophylline within 7 d before 
recording. The study was conducted in accordance with the 
guidelines proposed in the "Declaration of Helsinki" and was 
accepted by the the Ethics Committee of the Chamber of 
Physicians, Hamburg, Germany. Informed consent was ob- 
tained from the parents, one of whom was present during the 
recordings. 

Measurements. The polygraphic recordings included EEG 
(C4-P4, C3-P3), ECG (8-channel recorder, Schwarzer Electro- 
encephaloscript 8000 Munich, Germany), recording of abdom- 
inal and thoracic movements measured by impedance 
(HewlettIPackard HP 78201B Boiblinger, Germany), and 
tcpO, and tcpCO, (Hellige Transoxode Type 1234, Transkap- 
node Type 4567 Hamburg, Germany). Submental EMG was 
obtained by surface electrodes placed between the chin and 
hyoid bone. The diaphragmatic EMG was obtained by surface 
electrodes positioned at the right chest wall, subcostal and 

Table 1. Patient information 

Duration of 
Gestational Birthweight APGAR ventilation 

Patient age (wk) (g) at 1 min (d) Neonatal risks* 

a 
b 
C 

d 
e 
f 

g 
h 
i 
k 
Mean 

-- p~ - 

" Neonatal risks: 1, bronchopulmonary dysplasia 111; 2, patent ductus arte- 
riosus; 3, transient periventricular echodensities; and 4, proved septicaemia. 

dominating pattern of EEG during sleep or in waking up 
(23-26). Bradycardia was defined as a deceleration of heart 
rate below 100 beatslmin. Apneas were differentiated into 
"inactive," "obstructive," and "mixed" types. Inactive apneas 
were defined as periods of cessation of diaphragm inspiratory 
activity and abdominal and thoracal breathing movements as 
well as nasal airflow. In obstructive apneas breathing move- 
ments as well as inspiratory diaphragmatic EMG activity con- 
tinued whereas nasal airflow was missing. Mixed apneas could 
show both types during the same apnea period with the inactive 
part preceding the obstructive part in all cases except one. 
EMG were recorded from silver/silver chloride surface elec- 
trodes filled with gel (Beckmann). Electrodes were attached to 
the skin using collodion. EMG activity was amplified a thou- 
sandfold using 20 and 3000 Hz high pass and low pass filters. 
The signals were rectified and integrated after digitalizing with 
a sampling rate of 8 kHz (CED 1401 AT) converter Cambridge, 
UK). 

Data analysis. To evaluate the changes of submental and 
diaphragmatic muscle activity at the onset, during, and at 
resolution, apneas were subdivided into thres sequences, each 
containing two windows of 1000 ms duration (Fig. I), as 
follows. In sequence a, for analysis of EMGsub activity at 
onset of apneas window 1 beginning 4 s before apnea onset 
was compared with window 2 just at onset. In sequence b, for 
analysis of EMGsub during apneas window 3 beginning 2 s 
after apnea onset was compared with window 4. at 2 s before 
resolution apnea. In sequence c, for analysis of EMGsub 
activity at termination of apneas wirtdow 4 beginning 2 s 
before resolution of apnea was compared with window 5 just at 
resolution of apnea. In sequence d, for analysis of EMGdia 
activity during apneas window 6 at 4 s before apnea onset was 
compared with window 7 at 2 s before resolution of apnea. In 
sequence e, for analysis of EMGdia at termination of apnea 
window 7 at 2 s before resolution of apnea was compared with 
window 8 at resolution of apnea. 

Because no inspiratory diaphragmatic EMG activity could 
be recorded for mixed apneas with an initial inactive part, these 
first windows had to be excluded from analysis. Only one 
inspiratory diaphragmatic EMG burst within each window was 
included in the analysis. Percentage of changes in submental 
and diaphragmatic EMG activity were correlated with the 
decrease of tcpO, (mm Hg) as well as the increase of tcpCO, 
during apneas. Artifacts due to ECG were eliminated before 
analysis. An epoch of 20 ms before and after the R-wave was 
removed from the raw EMG signal and replaced by the mean 
activity of the adjoining EMG according to a method used 
elsewhere (27). Abdominal muscle activity due to body move- 
ments or expiration may confound diaphragmatic EMG mea- 
surements with its typical breathing syrichronous form and was 
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Figure 1. Recordings included EEG activity (C4-P4), submental (EMGsuh) and diaphragmatic (EMGdiu) surface EMG, ECG, thoracic movements, and nasal 
airflow. lntegratcd submcntal EMG was analyzed by selecting three sequences representing onset, course, and resolution of apneas, each containing one pair of 
windows of I-s duration: the first sequence (sequence n)  with a window 4 s before (window I) and another window just at onset of apnea   win do^^ 2), the second 
sequence (.requer~ce h) containing a window 2 s after onsct (wirzdow 3) and a window 2 s before resolution of apnea (window 4), the third sequence (.requence 
c )  with a window 2 s before resolution of apnea (window 4) and window 5 just at resolution of apnea. The sequences for analyzing the EMGdia are parallel to 
thosc of EMGsub, but consist of only two sequences (sequences d and e )  with three windows (windows 6, 7, and 8)  because diaphragmatic inspiratory EMG 
activity was absent during the inactive part of {nixed apneas of the "inactive-obstructive" type. For comparison of the EMG activity change within each sequence 
values of the first window represent 100% 

thus differentiable. Submental EMG activity may be influenced 
not only by inspiration but also through swallowing or moving. 
The latter could be ruled out by visual observation and record- 
ing of an actogram but was never seen during N-REM sleep in 
our study. Measurement of tcp02 is influenced by skin thick- 
ness, sensor temperature, and state of peripheral perfusion and 
provides only a delayed and attenuated reflection of changcs of 
blood gases with a sensitivity of approximately 85%. Thus 
although the recorded changes might underestimate real val- 
ues, they appropriately reflect the tendency of blood gas 
changes during apneas (28). To evaluate tcpO, and tcpC0, 
changes, comparative levels at the beginning of apneas and, 
according to the responding time of that method, at 10 s after 
its resolution were included in the analysis. Onset of apnea was 
defined as the beginning of the last inspiratory effort before the 
event. The first change of the nasal airflow after apnea defined 
its resolution. At resolution of apneas a specific pattern of a 
phasic, simultaneous EMG activation of both submental and 
diaphragmatic muscle groups was found to mark relief from 
obstruction. Phasic activation was defined as an increase of 
more than 80% of the mean integrated activity. A simultaneous 
activation of both muscle groups was given, if the time devi- 
ation between maximum of amplitudes of submental and dia- 
phragmatic EMG was less than 200 ms. For statistical evalu- 
ation the 2 test, Fisher's exact test, Spearman rank correlation, 
and Wilcoxon rank test were used. Due to the small number of 
apneas at different conceptional ages, all recorded apneas with 
an obstructive component were included in the study and were 
considered to reflect a homogeneous pathophysiologic phe- 
nomenon during the first months of life in preterm infants 
recovering from respiratory distress syndrome. 

RESULTS 

General jindings. A total of 33 apneas in N-REM (12 
obstructive and 21 mixed events) and 69 in REM sleep (30 
obstructive and 39 mixed) were recorded (Table 2). Apneas 
were preceded by an initial sigh in 16 REM sleep and in 8 
N-REM-related events. The mean duration of apneas was 11.0 
s (i- 1.4 SD) in REM and 13.2 s ( 2  3.8 SD) in N-REM sleep 
with a maximum of 28 s in N-REM sleep. A decrease in upper 
airway dilating submental muscle activity during apneas was 
found during N-REM sleep relative to the extent of tcpO, 
decline. Upper airway maintenance was reachieved by a gasp- 
like simultaneous activation of both EMGsub and EMGdia at 
termination of apneas. Moreover, incidence of bradycardia 
correlated with a combined decrease of EMGsub and EMGdia 
during apneas. Bradycardia always ceased at termination of 
apnea, in parallel with a gasp but without change in EEG 
activity. This defined a "cardiorespiratory arousal." 

Submental muscle activity at onset and during apneas. The 
onset of apneas (Fig. 1, sequence a; Table 3) was marked by a 
significant increase of submental EMG activity in REM sleep 
in 59 of 69 cases (85.5%) and in N-REM sleep in 29 of 33 
cases (74.3%). The quantitative increase of integrated submen- 
tal muscle activity amounted to a mean of 50.1% (242.9 SD) 
in REM sleep and 61.9% (1-49.7 SD) in N-REM sleep. The 
occurrence of increasing EMGsub activities was significant in 
REM sleep as well as in N-REM sleep (Wilcoxon rank test, 
p < 0.05). In contrast to the initial increase of submental EMG 
at onset of most apneas, only a slight decrease with a mean of 
16.1% (285.0 SD) accompanied the events (Fig. 1, sequence 
b; Table 3): in 35 of the REM sleep-related apneas (50.7%) a 
decrease was found, 34 showed an increase. N-REM sleep, on 
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Table 2. Total auneas recorded 
-- 

Conceptional age 

(wk) 36 40 44 52 

Typeofapnea* ob. g b mix. g b ob. g b mix. g b ob. g b mix. g b ob. g b mix. g b 

Patients Sleep phase 

a N-REM 1 1 1 1 1  2 2 2 2 2  1 1  2 1 2  
REM 2 1 1 1  3 2 1  3 2 1 1 1  2 1 1 

b N-REM 1 1 1  2 2 1  2 
REM 1 1  2 1 2 2 2 1 1  2 2 1  1 

c N-REM 1 1  -1' - 

REM 1 1  1 1  1 1  2 1 1 1  1 1 1  - - 

d N-REM 1 1 1 1  1 - - 

REM 2 1 1  2 2 1  1 1 1  1 1  - - 

e N-REM 1 1 1  1 
REM 1 1  1 1 1 1 1  1 1 1  

f N-REM - - - - 

REM - - - - 1 2 1 

g N-REM 1 1 1  1 1 1 1 1 1  
REM 2 1 4 2 2 2 1  1 1  

h N-REM 3 2 1 - 
REM 1 1  2 1 1 1  1 1  - 

i N-REM 1 1 1 1 1 
REM 2 2 1 1  1 1  1 1  

k N-REM - - 1 1  1 1  1 
REM - 1 1 - 

Sum: N-REM 2 2 1 3 2 2  6 5 2 12 1 0 5  3 2 1 4 3 2 J 1 2 1 
REM 1 2 9 1  14 1 0 1  9 6 1  15 1 0 4  8 6 1  8 3 1  1 2 

* ob, obstructive apnea; g, apnea terminating gasp; b, bradycardia (<100/min); mix, mixed apnea. 
t- = no record. 

Table 3. Number of apneas with increasing or decreasing EMG 
activity (mean extent of EMG activity change: % 2 SD) at onset 

and during apneas 

Increase Decrease Extent 

REM 
EMGsub 

At onset" 59 10 x = +50.1% t 42.9 SDt  
During apnea 34 35 x = -16.1% 5 85.0 SD 

EMGdia during apnea 35 34 x = +27.0% ? 64.2 SD 
N-REM 

EMGsub 
At onset* 29 4 x = +61.9% ? 49.7 SD 
During apnea* 5 28 ,y = -38.8% t 39.9 SD 

EMGdia during apnea 15 18 x = +9.1% -t 48.5 SD 

* Wilcoxon test: p < 0.05. 
t Mean extent: % ? SD. 

the other hand, was characterized by a predominance of de- 
creasing submental EMG activity of 38.8% (239.9 SD): 28 of 
33 episodes (84.4% of the apneas) showed a decrease (Wil- 
coxon rank test, p < 0.05). EMGdia (Table 3; Fig. l, sequence 
d) increased by a mean of 27.0% (?64.2 SD) in REM-related 
apneas with 35 of 69 apneas (50.7%) showing increasing 
activity. During N-REM sleep EMGdia activity increased in 15 
of 33 events (45.5%), with a mean increase of only 9.1% 
(+48.5 SD). 

Submental and diaphragmatic EMG activity at resolution 
of apneas. At resolution of the apneas a phasic, simultaneous 
activation of submental and diaphragmatic EMG was ob- 
served. Especially remarkable was that the deep inspiration 
terminating the apneas was preceded by a short expiration (Fig. 
2). This phasic, simultaneous EMG activation was found in 44 

(63.8%) of the REM sleep related apneas and in 26 (78.8%) of 
the N-REM sleep-related apneas. The integrated activity of 
EMGsub increased in REM sleep by a ]mean of 129.7% (1-49.5 
SD) and in N-REM sleep by 117.3% (+-38.5 SD), whereas 
EMGdia rose by 158.3% (260.5 SD) in REM sleep and 
188.2% (k77.3 SD) in N-REM sleep (Fig. 1, sequences c and 
e). The remaining apneas (n = 25, 36 2% in REM sleep; n = 

7, 21.2% in N-REM sleep) showed either decreasing or in- 
creasing EMG activities of EMGsub and EMGdia, never 
reaching the synchronicity of activation as described above. 

Submental and diaphragmatic EMG activity and tcp02/ 
CO, levels. Although EMGsub showed both decreasing and 
increasing EMG activities, a significant correlation was found 
between the degree of tcpO, decline and EMGsub and EMG- 
dia: the greater the decrease in tcpO, level, the greater the 
decrease in EMGsub and EMGdia (Spearman rank correlation, 
p < 0.05; Fig. 3) in N-REM sleep. No correlation was found 
during REM sleep (Fig. 4). Moreover, no correlation was 
found between tcpCO, and augmented EMG activity during or 
at resolution of apneas. The appearance of phasic and simul- 
taneous submental/diaphragmatic EMG activation in REM 
sleep showed a significant correlation with the degree of 
decrease of tcpO, levels (Fisher's exact test, p < 0.01, Table 
4). In N-REM sleep, such a correlation was not found because 
this specific EMG pattern predominated, independent of the 
degree of tcpO, decrease. 

Parallel decrease of EMGsub and EMGdia activity during 
apneas and the appearance of bradycardia. A parallel de- 
crease of EMGsub and EMGdia was found in REM sleep in 18 
(24.6%) and in N-REM sleep in 14 (42.2%) apneas. Bradycar- 
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Figure 2. EMGsub and EMGdia during and at resolution of mixed and obstructive apneas. A mixed (inactive-obstructive) apnea with onset of thoracic and 
abdominal movements as well as diaphragmatic inspiratory activity displays an initial increase of EMGsub at onset, which subsequently decreases. Obstruction 
continues despitc an isolated activation of submental EMG in the course of the event (snzull circle) until the parallel occurrence of a phasic, sin~ultaneous EMG 
activation of submental and diaphragmatic EMG (large circle), which coincides with relief from obstruction and termination of bradycardia. The registration of 
diaphragmatic EMG shows the beginning of this activation at the end of thc inspiratory phase of the last inspiratory effort against obstruction whcreas nasal 
airflow starts again in accordancc with an expiration before continuation of normal breathii~g 

dia occurred in 9 cases during REM sleep and in 13 cases 
during N-REM sleep-related apneas. There was a significant 
predominance of bradycardia during apneas with parallel de- 
creasing activities of EMGsub and EMGdia in REM sleep in 8 
of 9 (2: p < 0.001; Table 5) and in N-REM sleep in 10 of 13 
cases (2: p < 0.01; Table 5). In all apileas, bradycardia began 
during the last seconds of the event. As in all but one of the 
mixed apneas, the obstructive activity was preceded by the 
inactivation, and bradycardia was always related to obstruc- 
tion. With the appearance of the phasic simultaneous activation 
of EMGsub and EMGdia, not only termination of apnea but 
also of bradycardia occurred. 

Occurence of bradycardria progressing to asystolia during 
one mixed apnea. During one of a number of mixed apneas of 
one particular infant (gestational age 30, conccptional age 40 
wk) with decreasing activities of EMGsub and EMGdia, the 
characteristic simultaneous EMG pattern at apnea resolution 
was missing (Fig. 5). After onset of bradycardia during the 
obstructive part of the mixed event, heartbeat ceased only 13 s 
after apnea onset, whereas inspiratory efforts continued with 
decreasing amplitude. The tcpO,, already suppressed during 

preceding apnea episodes to 5.5 Pa, further dropped to 5.1 Pa. 
A slight tactile stimulation of the infant evoked the missed 
phasic, simultaneous EMG pattern and led to immediate rees- 
tablishment cardiorespiratory functions, whereas N-REM sleep 
continued uninterrupted. 

DISCUSSION 

Submental and diaphragmatic EMG at onset of apneas. 
This study demonstrates the predominance of decreasing sub- 
mental EMG activity during apneas in N-REM sleep after an 
initial increase at onset of apneas with an obstructive compo- 
nent in preterm infants recovering from respiratory distress 
syndrome. It shows that the decrease of submental as well as 
diaphragmatic EMG activity during thc course apneas is cor- 
related with the decline of tcpO, levels during N-REM sleep 
and that termination of mixed and obstructive apneas is char- 
acterized by a gasp. This is in contrast to other findings in 
adults (8), children (29), and preterm infants (27). Whereas a 
decrease of genioglossus activity has been described in adults 
at onset of apneas, possibly leading to obstruction of the upper 

/ submental EMG 

d~aphragn~atrc EMG I 

Figure 3. Change of submental and diaphragmatic EMG activity in rclation to tcpO, decline during N-REM sleep apneas (%). Data show a Spearman rank 
correlation 13 < 0.05. 
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Figure 4. Change of s~lbmental and diaphragmatic EMG activity in relation to tcpO, decline during REM sleep apneas (%). 

Table 4. Number of apizeas occurring with or without a phasic, Table 5. Distribution of apneas with (+) and without (-) 
simultaneous EMGsub and EMGdia activation at resolution occurrence of bradycardia in relation to .simultaneous presence of 

REM:" N-REM: submental and diaphragmatic EMG decrease during apneas 
ep 

With 13 31 With 8 18 No. of apneas with (+) and without (-) 
Without 16 9 Without 4 3 bradycardia 

tcp0,-decline (Pa) 0-0.13 0.26-1.30 0-0.13 0.26-1.30 
REM" N-REMI- 

* Fisher's exact test: p < 0.01. 
EMGsub + dia + - + - 

Decrease 
airways (S), an augmented genioglossus EMG activity during NO decrease 
periods of sleep-related partial airway obstruction has been 
described in children (29), which was significantly correlated 
with tcpO, decrease. A certain but not significant decrease with 
no relation to tcpO, levels was found in five of seven children 
with obstructive apneas mainly due to enlarged tonsils (9). 
Using two surface electrodes in the anterior sublingual position 
no distinct sublingual EMG activity changes could be mea- 
sured during apneas (27). A correlation to tcpO, levels was not 
included in that study. The increase of EMGsub accompanying 
the onset of apneas as found in the present study could be part 
of a compensating mechanism to counteract instability of the 
pharyngeal walls, perhaps due to an insufficient activity of 
other muscles in the upper pharyngeal region (m. stylopharyn- 
geus, m. palatopharyngeus, m. pharyngeus constrictor), such as 
has been shown in adults (30) or at the laryngeal level as shown 
in preterm infants (31). In the present study the increased 
submental EMG activity at the onset of some apneas was 
evoked by a deep sigh followed by an inactive apnea. In these 
cases the onset of breathing activity revealed an obstruction of 
the upper airways, turning the event into an apnea of the 
"inactive-obstructive" typc. The negative pressurc within the 
upper airways during the sigh at apnea onset possibly leads to 
obstruction that is first noticeable at the recurrence of breathing 
(Figs. 1, 2, and 5). Such a process has been described using 
endoscopy (31). Thus the increase of submental EMG activity 
could neither prevent nor immediately overcome upper airway 
obstruction in preterm infants, possibly due to adhesive forces 
causing obstruction in the region of the pharyngeal walls. 

Submental and diaphragmatic EMG during apneas. In 
contrast to the EMGsub activation at onset of apneas, submen- 
tal EMG activity showed a decrease during REM sleep in about 
51% of the events and in N-REM sleep in approximately 85%, 

" 2 test: p < 0.001 
t 2 test: p < 0.01. 

which correlated with the decline of tcpO, during the events: 
tcp0,-levels decreased with submental EMG activity (Fig. 3, 
p < 0.05). These findings are in contrast with observations of 
infants at a mean age of 46 mo (9), showing a preferential 
increase of submental EMG during the course of obstructive 
sleep apneas which were correlated with tcpO,. A decreased 
ventilatory responsiveness to hypoxia has been described in 
preterm infants (32) as well as in "near-miss victims" of SIDS 
(33). Thus a predominant decrease in submental EMG during 
apneas in N-REM sleep could point toward a progressing 
instability of upper airway maintenance. The correlation be- 
tween decreasing EMGsub and falling tcpO, levels could be 
related to decreasing central drive during the events, especially 
in that sleep phase. A decline of inspiratory diaphragmatic 
EMG activity has been found in preterm infants (27), possibly 
reflecting a decreased central drive influenced by an intercos- 
lal-phrenic inhibition due to mechanoreceptors (34). Although 
increased tcpCO, levels, which are closely connected with a 
decrease of tcpO, during apneas, can have an effect on venti- 
latory response (14), we did not find a correlation between 
tcpCO, and EMG activity. The elevation of tcpCO, levels by 
transcutaneous measurement in our study was not higher than 
0.27 Pa possibly due to the brief duration of the apneas 
observed, which did not exceed 22 s. 

Submental and diaphragmatic EMG at termination of 
apneas. Recovery of upper airway niaintenance seemed Less 
dependent on the continuity of submental muscle force during 
the obstructive event alone and more on the "reflex-like" 



Figure 5. Illustration of an apnea with asystolia. During one of a number of mixed apneas recorded in this infant, bradycardia, which coincides with onset of 
breathing movements against obstruction, progressed to asystolia, whereas tcpO, dropped from 5.5 to 5.1 Pa (42 to 38 mm Hg). A slight tactile stimulation evoked 
the missed parallel activation of EMGsub and EMGdia and led to immediate recovery of both cardiorespiratory and respiratory functions, remarkably without 
change of the sleep phase (EEG arousal). 

appearance, similar to a gasp, of a combination of short 
expiration and deep inspiration apparently triggered by the 
decline of tcpO, in REM sleep. An isolated increase of EMG- 
sub was observed in several mixed and obstructive apneas 
without reestablishing upper airway patency (Fig. 2). This 
observation emphasizes the relevance of the simultaneous ap- 
pearance of both EMGsub and EMGdia activation in resolution 
of apneas. A deep inspiration during an obstructive apnea alone 
might not overcome the adhesive force of the narrowed pha- 
ryngeal sidewalls and the tongue and could intensify this effect 
through a negative inspiratory pressure within the upper air- 
ways. Thus the observed expiratory effort prior the gasp could 
terminate the obstruction due to a positive airway pressure. The 
described simultaneous activation of both muscle groups re- 
quires a well developed integration of afferent and efferent 
neuronal pathways. Gasps are generated by neuronal pathways 
different from normal breathing activity in cats (15). Moreover, 
genioglossus EMG activity has been found to be more depen- 
dent on peripheral chemoreceptors, whereas the diaphragm 
seems to be preferentially controlled by central chemoreceptors 
(35). Gasping, in relation to apnea and hypoxia as an autore- 
suscitating mechanism, has been described in animals (17, 36, 
37) as well as in infants (38). An age-related autoresuscitating 
gasping mechanism could be demonstrated in young and adult 
mice with a failure in gasping during a period of time in the 
maturing mice (16). The occurrence of an autoresuscitating 
gasp in spontaneous recovery from hypoxic apneas could be 
suppressed by low Po, levels in adult and infant mice (17). The 
significant correlation of the incidence of the apnea terminating 
simultaneous EMG activation of both EMGsub and EMGdia 
points to the important role of chemoreceptors in this apnea 
terminating mechanism in REM sleep. In N-REM sleep we 
found that this EMG pattern of apnea termination did not 
correlate with tcpO, levels; it predominated independent of the 
degree of the decline of tcpO,. This could point to other 
mechanisms possibly involved in activation of EMGsub and 
EMGdia in terminating apneas observed in trachetomized 
lambs (39). The gasping mechanism we observed could not be 
considered unreservedly as a part of an "arousal reaction" 
because it was not related to a change of sleep phase, which 

includes an "EEG arousal," connected with a change in EEG 
activity or an awakening (23, 24). EEG arousal accompanying 
recovery from airway obstruction induced by neck flexion 
during sleep has been found in healthy newborns (40), the 
missing EEG arousal being related to a delayed and incomplete 
reopening of upper airways. This is in contrast to our findings 
of a complete recovery of upper airway patency as well as 
cardiac functions without a change in sleep phase. Arousal 
response to hypoxia has been found to be diminished in 
near-miss SIDS infants versus healthy infants (14, 32) as well 
as in infants with bronchopulmonary dysplasia (25). It has been 
hypothesized that a failure in arousal or gasping might be the 
decisive failure in SIDS victims if some deficit in cardiorespi- 
ratory, chemoreceptor, or temperature control is also present 

(18). 
Bradycardia and asystolia in mixed and obstructive ap- 

neas. Incidence of bradycardia in our study was, with two 
exceptions, highly related to mixed and obstructive apneas. 
The distinct correlation between the combined decrease of 
EMG activities of both muscle groups, and the incidence of 
bradycardia points to an interaction of different neuronal path- 
ways within the CNS, including the brainstem. A significant 
sudden decrease of EEG activity just at onset of inactive 
apneas in REM sleep as well as mixed and obstructive apneas 
in N-REM sleep (41) could be the consequence of a sudden 
decrease of central sympathetic activity. If this change were 
related to a lost balance between sympathetic and vagal activ- 
ity, a consecutive increase of vagal tonus could facilitate the 
occurrence of bradycardia, more likely by intrathoratic pres- 
sure changes (10) than by hypoxia (42), which we did not find 
during apnea. An increased vagal tonus has been presumed by 
increased incidence of severe bradycardia and asystolia due to 
ocular compression (43) found in infants at risk of SIDS. On 
the other hand, decreased heart rate could also be considered as 
a protecting mechanism in reducing oxygen consumption dur- 
ing apnea (44), and not as reflecting a dysfunction. Such a 
protective mechanism could even be additive in provocation of 
bradycardia. In all of our observed apneas the gasping mech- 
anism was not only followed by a reestablished upper airway 
patency but also by the termination of bradycardia: a "cardio- 
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