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ABSTRACT. The ability to maintain pharyngeal patency
is compromised in infants who have apneic episodes asso-
ciated with airway obstruction. Since the genioglossus
(GG) muscle is thought to be important in maintaining
pharyngeal patency, we measured the GG EMG with
sublingual surface clectrodes during unobstructed breath-
ing and in responsc to end-expiratory airway occlusion.
Studies were performed in nine premature infants with
mixed and obstructive apnea and in eight nonapneic control
infants. Phasic GG EMG was usually absent during normal
tidal breathing in both groups of infants, however, GG
activity typically appeared during airway occlusion. The
response of the GG muscle during airway occlusion differed
between control and apneic infants. During the first three
occluded inspiratory efforts, control infants had 42 * 5, 74
+ 5, and 80 * 5% (mean = SEM) of their occlusions
associated with a GG EMG response, respectively. In
contrast, apneic infants had significantly fewer (13 £ 4, 38
+9_and 52 * 9%) occlusions associated with a GG EMG
response. There was a delay in onset of the GG EMG
when compared to the onset of the diaphragm EMG and
initial negative esophageal pressure swing, but this delay
decreased with cach subsequent appearance of the GG
EMG in both infant groups. Infants with mixed and ob-
structive apnea thus have decreased activation of their GG
in response to occlusion which may reflect their inability
to recruit dilating muscles of the upper airway during
spontancous airway obstruction. (Pediatr Res 22: 683687,
1987)

Abbreviations

GG, genioglossus
DIA, diaphragmatic
T1i, inspiratory time

Upper airway obstruction is a [uqumt component of apnea
in adults with sleep apnca syndrome. in micrognathic infants.
and in infants with apnea of prematurity (1-3). The site of airway

obstruction is p]immi]\ pharvngeal (4) and thus the response of

the major upper airway dilating muscle. the GG. has been a
subject of recent investigation. The GG oresponse to arrway
occlusion, hypercarbia, and hypoxia has been measured 1 adults.
animals. and micrognathic infants by recording EMG activity
with needle electrodes inserted into the muscle (2. 5-7). As this
technique is unsuitable for the study of GG activity in healthy
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infants. we adapted the noninvasive sublingual surface clectrode
apparatus devised by Doble ¢r al. (8) in adults to evaluate the
GG response in a group of premature infants.

To test the hvpothesis that infants with mixed and obstructive
apnea are less able to initiate an upper airway dilator response
to airway occlusion. we used sublingual surface clectrodes to
examine the GG response to induced end-expiratory airway
occlusion in infants with and without mixed and obstructive
apnea. Our data indicate that GG activity does differ between
infants with apnea and healthy control infants.

SUBJECTS AND METHODS

A study population of 17 premature infants was selected. Nine
infants with mixed and obstructive apnea and cight nonapneic
control infants were studied. Infants with apnea had a (mean =+
SD) gestational age of 28 + 2 wk (range 26-31 wk). birth weight
of 1165 + 290 g (range 740-1675 g). and a postconceptional age

of 32 + | wk (range 31-34 wk). The control infants had a
gtslallonal age of 30 + 2 wk (range 26-33 wk). birth weight of
1420 + 310 (range 800-1630 g). and postconceptional age of 33
+ | wk (range 31-35 wk). The two groups were prospectively
selected to be of comparable postconceptional age and this was
confirmed by parametric and nonparametric unpaired 7 test.
Birth weight did not differ between the two groups. The two
groups. however. did differ in gestational age at birth when
compared by the Mann Whitney test (p = 0.04).

None of the inflml% required supplemental oxyeen and there
was no evidence of tachvpnea or radiographic lung discase at
time of the study. Infants with a history of three or more
bradycardias with or without apnca. as detected by clectrocardi-
ogram and impedance monitoring. and occurring 24 h prior to
the study period. were sclected for the apneic group. Bradycardia
without detection of apnea by impedance monitoring was as-
sumed to be representative of obstructive apnea. Apneic infants
also had two or more mixed and/or obstructive apneic episodes
lasting at least 10 s during the 2-h study period. No comparable
apneic or bradycardiac LDISOdLS were observed in the control
infants. Spontancous apneic episodes were defined as: 1) obstruc-

tive if DIA EMGs and esophageal pressure swings persisied in
the absence of nasal airflow for =10 s: 2) mixed if in addition to
the obstructed efforts there were cessation of nasal airflow. absent
esophageal pressure swings. and absent diaphragmatic EMG for
at least 2 s with the entire episode lasting =10 s. Apneas without
any obstructive components (central) of =10 s duration were not
observed in cither group of infants. Seven of nine infants with
apnea and none of the control infants were receiving theophylline
at the time of the study.

The infants were studied in the neonatal pulmonary research
laboratory in incubators maintained to approximate the infants’
neutral thermal environment. Informed parental consent was
obtained prior to cach study. Measurements were performed
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during sleep, and no sedation was used. The apparatus used to
record the GG EMG consisted of two silver, domed, 4-mm
surface electrodes attached to flexible insulated wires and
mounted on a moulded acrylic chin piece that was held in place
by an elastic head band. The wires could be adjusted to allow a
secure fit for each infant. The two surface electrodes were placed
in an anterior sublingual position on each side of the frenulum
(Fig. 1). The infants tolerated the apparatus well and were
positioned with their head turned laterally and their neck in a
neutral position. The DIA EMG was obtained from two adhesive
surface clectrodes (Medtronic Andover Medical, Lowell, MA)
placed over the right subcostal margin between the mid- and
anterior axillary line. The GG and DIA EMGs were amplified
(Preamplifier, Coulbourn, Lehigh Valley. PA) and displayed on
an oscilloscope. Raw EMGs were filtered from 30-300 Hz. For
the DIA EMG, the electrocardiographic artifact was removed by
gating (SB-1 EKG Blanker, CWE, Inc., Ardmore, PA). The raw
DIA EMG was full-wave rectified and compared to a reference
voltage that was adjusted to be triggered by the electrocardi-
ogram. This signal was both stored undisturbed and sent to a
delay circuit. The delayed signal was sent to the output until an
electrocardiogram was detected. At this point, the delayed signal
was replaced by the undelayed signal. Hence, the electrocardi-
ogram was removed and replaced by an adjacent portion of the
DIA EMG. This process introduced a delay of the DIA EMG of
approximately 60 ms. The dclay was always accounted for when
timing calculations were performed using the DIA EMG. Both
EMGs were averaged by a moving time averager (9) (MA-821
moving averager, Charles Ward Enterprises, PA) with a time
constant of 100 ms. Esophageal pressurc was measured by a
dome transducer (Gould, Cleveland, OH). attached to a SFr
fluid-fitled catheter (Argyle, St. Louis, MO) placed in the mid-
csophagus. Airflow and mask pressure were measured with a
nasal pncumotachograph that had a linear flow up to 5 liter/min
with a resistance of 8 cm H,O)-liter™' s and a dead space of less
than 2.5 ml (10). The averaged GG and DIA EMGs, esophageal
pressure, atrflow. and mask pressure were recorded on a
6-channcl Gould chart recorder.

A mean (£SD) of 13 + 4 end-cxpiratory occlusions were
performed per infant with 8 + 3 performed in active sleep and 5
+ 3 in quict sleep. After the nasal mask was manually occluded
at end cxpiration, the occlusion was held until at least three
occluded efforts were recorded or for a maximum of 10 s.
Occlusions were separated by at least 60-s intervals and those
resulting in behavioral arousal were not analyzed. Occlusions
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Fig. 1. Schematic illustration of the apparatus used to measure the
genioglossus EMG via the sublingual electrodes used in the study.
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were only performed when oxygen saturation was at least 95%
as measured by pulse oximetry (Nellcor-100, Nellcor Incorpo-
rated Haywood, CA). After =10 min of sleep, behavioral criteria
were utilized to assess sleep state with active sleep being associ-
ated with rapid eye movements, body movements, and an irreg-
ular respiratory pattern. Quiet sleep was characterized by a
regular respiratory pattern and the absence of rapid eye and body
movements with the exception of occasional startles. Each infant
exhibited three min of active or quiet sleep before occlusions
were performed. Data were only collected and analyzed when
there was no subsequent change in sleep state.

Occlusions were analyzed with respect to: 1) the frequency of
occurrence of phasic GG EMG activity associated with the first
three occluded inspiratory efforts in active and quiet sleep; 2) the
timing of onset of the DIA and GG EMG during the occluded
inspiratory efforts, in relation to the initial negative deflection of
the esophageal pressure swing; 3) the prolongation of inspiratory
time of the first occluded effort as compared to the breath
preceding occlusion; 4) the magnitude of the esophageal pressure
deflection of the first occluded inspiratory effort. A mean re-
sponse to occlusion was calculated separately for each infant and
the combined means were then subjected to statistical analysis.
Ti was measured from the onset to the peak of the esophageal
pressure swing for both the unoccluded breath and the occluded
inspiratory effort. The percent of inspiratory prolongation was
calculated from the equation [(Tiseq — Tlunocanjoca)] X 100 where
Tiaea represents the first occluded cffort and Tiumeca represents
the preceding unoccluded breath.

Results were analyzed by authors E.B.G. an J.M.D., one of
whom was unaware as to which group the infants belonged.
Statistical tests were analysis of variance with repeated measures
and the Newman-Keuls procedure, the Student’s paired and
unpaired ¢ test and Mann-Whitney U test as appropriate. Results
are presented as mean + SEM.

RESULTS

Sporadic bursts of phasic GG EMG werc recorded during
arousal, nonnutritive sucking, swallowing, and apnea. Sponta-
neously occurring phasic GG EMG associated with respiration
was infrequent and not sustained in either group of infants. In
contrast, occlusion usually elicited a brisk GG response. As the
response of the GG to airway occlusion was comparable in both
sleep states, the combined data are presented for each group of
infants.

The frequency of phasic GG EMG differed between control
and apneic infants during occlusion. A representative tracing
from each group is shown in Figures 24 and B. In the control
group 42 + 5% of occlusions were accompanied by a phasic GG
EMG on the Ist occluded inspiratory effort. The frequency of
this response increased to 74 = 5% (p < 0.01) and 80 + 5% (p
< 0.01) by the second and third occluded inspiratory efforts,
respectively. In contrast, in the infants with apnea only 13 + 4%
of occlusions were associated with a phasic GG EMG on the [st
occluded inspiratory effort which increased to 38 + 9% (p <
0.01) and 52 + 9% (p < 0.01) by the second and third occluded
inspiratory efforts, respectively. As indicated in Figurc 3, the
percent of occlusions with a GG response was less in the apneic
as compared to the control infants (p < 0.001). When the data
were subjected to analysis of variance with repeated measures,
using gestational and postconceptual age as separate covariates,
the GG response still differed significantly (both p < 0.01)
between the two groups of infants.

The onset of the phasic GG and DIA EMGs during the
occluded inspiratory efforts was compared to the onset of the
esophageal pressure deflection for the first three occluded efforts
cxhibiting a GG EMG. A delay in onset of the GG EMG was
typically observed during occluded inspiratory efforts. This delay
decreased with each subsequent appearance of the GG EMG as
demonstrated in Figure 24. The control infants had a delay of
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AL tvpical response of the GG EMG in a control infant prior
to and during occlusion. The arrow depicts the start of an end-expiratory

Fg. 2.

arrway occlusion, Both raw and moving time averaged (M7 1) signals
are presented for the GG oand DIA EMGs. Each occluded inspiratory
effort is associated with a GG EMGL B tvpical response of the GG EMG
in an apneice ilant prior to and during occlusion. The GG EMG does
not appear until the third occluded inspiratory effort and reappears with
the fifth occluded ispiratory ceffort.

360 £ 50, 170 + 40, and 50 % 60 ms on the first three appearances
of the GG EMG during occlusion. respectively. The infants with
apnea had a comparable decrease of the delay from 330 = 20. 1o
110 = 60 and 90 + 50 ms during occlusion. A significant decrease

in this delay occurred from the first to the second appearance of

the GG EMG in both groups of infants (IFg. 4). The DIA EMG
was present with cach breath or occluded inspiratory effort and
preceded the onset of the esophageal pressure swing by 110 + 3
ms in the control infants and 80 + 10 in the apneic infants for
the first three occluded inspiratory efforts that were associated
with a GG EMG (p = 0.05).

The magnitude of the esophageal pressure deflection of the
first occluded inspiratory cffort was compared between the two
groups. The control and apneie infants generated =9 + 3 and
=8 + 2 cm 1,0). respectively (p = 0.5) during occlusion.

Inspiratory time of the first occluded effort was significantly
prolonged as compared to the breath preceding the occlusion for

both groups of infants (Fig. 5). The pereent prolongation of

inspiratory time for the control infants (35 = 8%) did not differ
stgnificantly from that in the apneic infants (30 + 6% p = 0.5).
The results were recaleulated after omitting those occlusions
when Tieea was shorter than Tigoea. This occurred in 11 + 49
of the occlusions in the control infants and in 17 + 4% of the
occlusions in the apneic infants. The two groups of infants still
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had comparable pereent prolongation of T 41 + 5% i the
control and 40 = 3% 1n the apneic group (p = 0.9),
DISCUSSION
We did not observe sustained phasic inspiratory GG EMG
with unobstructed breathing in either of our infant groups. Phasic
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Fig. 3. Comparison of the percent of occlusions assoctated with a GG
EMG on the first. second. and third occluded effort. There was a
signifrcant ditference between the response of control and apnete intants
(*p < 0.001)
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activity occurring with inspiration has been recorded from the
GG, using intramuscular electrodes in adults with and without
sleep apnea syndrome (1, 6, 11) although there is a paucity of
data reporting the overall incidence of phasic GG activity during
normal tidal breathing. Furthermore, it has been documented
that sustained inspiratory activity of the GG during unobstructed
breathing does not always occur in animals, children, or microg-
nathic or preterm infants (2, 5, 12-14). The activity of the GG
1s augmented, however, during hypercarbia, hypoxia, and end-
expiratory airway occlusion (5-7, 13, 14). Our data in prematurc
infants indicate that GG activity may be absent during unob-
structed breathing but can be clearly elicited during occlusion.

We have shown that infants with apnea have less augmentation
of their GG EMG during occlusion than nonapneic controls.
Previous data suggest that lung inflation preferentially inhibits
the activity of the upper airway muscles via a vagal reflex (Hering-
Breuer) arising from pulmonary stretch receptors (15-17). Thus,
the absence of lung inflation during end-expiratory occlusion
may produce an increase in the activity of the upper airway
muscles due to the release of this inhibition (2, 13, 17). Alteration
in afferent activity from pressure or flow receptors in the upper
airway may also contribute to augmentation of the GG during
occlusion (18, 19). Esophageal pressure should reflect upper
airway pressure provided the airway remains patent and this did
not differ between the two groups of infants on the first occluded
inspiratory effort. Therefore, it is unlikely that the decreased GG
response in the apneic infants resulted from less negative pressure
in the upper airway during occlusion.

The Hering-Breuer reflex is thought to contribute to the pro-
longation of the first inspiratory effort in response to airway
occlusion in infants (20, 21). The intercostal phrenic reflex may
also influence inspiratory time as chest wall distortion during
inspiration may shorten inspiratory time (22), especially during
occlusion. Therefore, in response to occlusion two opposing
mechanoreceptor reflexes, the Hering-Breuer and the intercostal
phrenic reflex, may be affecting inspiratory duration in prema-
ture infants. When the occlusions associated with shortening of
inspiratory time were removed from the analysis, the two groups
of infants still had comparable inspiratory prolongation. Thus,
our data indicate that the strength of the Hering-Breuer reflex
does not appear to differ between apneic and nonapneic infants.
This is in contrast to the findings of Gerhardt and Bancalari (23)
who observed significant differences in the prolongation of in-
spiration following occlusion in apneic versis nonapneic pre-
mature infants. Our study had 80% power to detect a difference
of 30% or more in the percent prolongation of inspiratory time
between the two groups with group sizes of nine and eight, at p
< 0.05. The infants reported by Gerhardt and Bancalari (23) had
a mean postnatal age of 8 days while our infants had a mean
postnatal age of 3 and 4 wk for the control and apneic infants,
respectively. This difference in postnatal age may have contrib-
uted to the contrasting findings between these two studies. Qur
data indicate that the decreased response of the GG during
occlusion in the apneic infants cannot be explained by a differ-
ence in mechanoreceptor influence on the activity of the upper
airway muscles.

We speculate that the decreased GG response during occlusion
in the infants with apnea may result from an overall decrease in
efferent output to the muscles of the upper airway. Gerhardt and
Bancalari (24) demonstrated decreased CO- sensitivity in apneic
infants when compared to controls at a mean gestation of 30 wk,
and speculated that the infants with apnea had an abnormality
in the central control of breathing. In addition, studies evaluating
brainstem evoked potentials have also found prolonged brain-
stem conduction times in apneic infants suggestive of immature
brainstem function (25). Contrary to adult and animal data,
when the phasic GG EMG appeared during occlusion it did not
precede the DIA EMG or the onset of the corresponding inspir-
atory effort (5-7). Both groups of infants, however, had an earlier
appearance of the GG EMG with each subsequent firing of the
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GG during occlusion. It is possible that the sensitivity of the
surface electrodes did not allow us to detect the true onset of
EMG activity. However, the electrodes were placed directly over
the origin of insertion of the GG, and this position was the
optimal placement of recording EMG activity with needle elec-
trodes as described by Sauerland and Harper (11). In addition,
Doble ¢r al. (18) reported good correlation between sublingual
surface electrodes and intramuscular electrodes in adults. The
use of surface electrodes, however, may have limited our ability
to detect very low level phasic activity. It is likely that the upper
airway muscles are inhibited during unobstructed breathing (13,
15, 16). The delay in activation of the GG during occlusion may
be secondary to release of this inhibition or stimulation that
occurs after the onset of the occluded inspiratory effort. The
progressive decrease in this delay with each subsequent appear-
ance of the GG EMG during occlusion is probably the effect of
increased chemoreceptor and/or mechanoreceptor stimulation.

Although the two groups were of comparable postconceptional
age, and the difference in the response to occlusion between the
two groups was still present when the data were subjected to an
analysis of variance with gestational age used as a covariate, the
relative immaturity of the apneic infants at the time of birth may
have still influenced our results. Seven of the nine infants in the
apneic group were being treated with theophylline. Theophylline
has been shown to be a central respiratory stimulant (26). There-
fore this is unlikely to have contributed to the decreased GG
response to occlusion in the apneic infants.

We conclude that the GG is usually not active during unob-
structed breathing in premature infants. During end-expiratory
airway occlusion, there appears to be release of the inhibitory
control with resultant augmentation of the GG. However, pre-
mature infants with mixed and obstructive apnea have less
augmentation of the GG during induced occlusion than control
infants, possibly due to an overall decrease in central output to
the muscles of the upper airway. Our findings suggest that infants
with mixed or obstructive apnea are less apt to recruit their upper
airway dilating muscles in response to spontaneous obstruction,
thereby prolonging the airway obstruction and its consequences.
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