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Study objectives: The respiratory related evoked potential (RREP) 
has been previously recorded in children and adults during wakeful-
ness and in adults during sleep. However, there have been no data on 
RREP during sleep in children. We thus examined children during sleep 
to determine whether early RREP components would be maintained 
during all sleep 
design and participants: Twelve healthy, nonsnoring children, aged 
5-12 years, screened by polysomnography and found to have no sleep 
disorders were assessed during stage 2 sleep, slow wave sleep, and 
REM sleep. Brief occlusions were presented via an occlusion valve at 
the inspiratory port of a non-rebreathing valve as interruptions of inspi-
ration. EEG responses were averaged and assessed for the presence 
of early and late RREP components.
Results: Robust early components were seen in the majority of sub-
jects in all sleep stages. Late components were also present, although 

with some apparent differences compared to those previously reported 
in adults (using the same recording protocol and an almost identical 
method of stimulus presentation). Specifically, N350 and N550 were 
less readily differentiated as separate components, and the N550 did 
not display the clear anterior-posterior amplitude gradient that is ubiq-
uitous in adults.
conclusion: Cortical processing of respiratory-related information 
persists throughout sleep in children. The pattern of activation in the 
late components appear to reflect differences in the structure of the 
developing brain prior to the process of dendritic pruning associated 
with adolescence.
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inTRodUcTion

THE APPLICATION OF BRIEF RESISTIVE LOADS OR OC-
CLUSIONS TO INSPIRATION STIMULATES PRESSURE 
RECEPTORS AND MECHANORECEPTORS THROUGH-
OUT the airways. These then produce an afferent volley 
within the peripheral nervous system that leads to a series of 
identifiable cortical responses subserving conscious sensa-
tion and perception of the events. The cortical activation can 
be measured with surface EEG response as the respiratory-
related evoked potential (RREP).1 The RREP has a series of 
obligatory peaks. During wakefulness, the earliest peaks are a 
positive component occurring approximately 50-80 ms post-
stimulus (P1),1 and a negative peak in the same latency range, 
seen most prominently over frontal scalp (Nf).2 The two com-
ponents are thought to reflect the initial processing load-re-
lated information by the sensory cortex and supplementary 
motor cortex3 respectively.

The RREP persists into sleep in adults. In NREM sleep, it 
contains the P1 and Nf components,4 and a series of large sleep-
specific but stimulus modality independent later components. 
These are the P2 (a positive peak at around 200 ms), the N350 

and N550 (negative peaks at around 350 and 550 ms respective-
ly), and the P900 (a positive peak at around 900 ms).4-10 Data 
from REM sleep have only been reported in abstract form11: 
they are consistent with the few studies of auditory evoked po-
tentials (AEP) during sleep in showing a response similar to 
that of NREM sleep but without a prominent N550.12,13 While 
RREP data collected during wakefulness have been reported 
from children,2,14 there have been no RREP or AEP studies con-
ducted during sleep in children.

The early P1 and Nf components have proved difficult to 
reliably measure during NREM sleep in adults due to the small 
signal to noise ratio (SNR) associated with measuring small 
components in the context of background EEG, which can be 
an order of magnitude larger. Both EEG and breathing during 
sleep are remarkably different in children compared to adults.15 
The amplitude of sleep EEG is larger in children, but they also 
have augmented neuromotor activation of the upper airway 
during sleep.16 We thus examined children during sleep to de-
termine whether early RREP components would be maintained 
during all sleep stages.

Prior to adolescence, children display more delta frequency 
activity of higher amplitude, and with a broader scalp distri-
bution, than that seen in adults. The decrease in incidence and 
amplitude of delta waves, together with the development of 
a frontal scalp distribution associated with adolescence,17-19 
have been hypothesized to reflect the caudal to rostral process 
of dendritic pruning seen in the developing brain over this 
timeframe.20 This process has been described as “frontaliza-
tion.” We thus hypothesized that the N550 RREP component 
(which falls within the delta frequency band21) would show a 
less “frontalized” scalp distribution pattern than that seen in 
adults.
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MeThodS

Subjects

Twelve healthy, nonsnoring children (4 girls), aged 5-12 
(mean 9.7 + 1.2) years, were recruited from the general popula-
tion. The lower age limit was chosen to exclude children too 
young to cooperate with the testing apparatus. The upper age 
limit was chosen to exclude children in mid to late puberty.22 
A history and physical examination were performed. Children 
who had significant medical or neurologic conditions or who 
were on any medications which could affect their level of con-
sciousness were excluded. The subjects underwent baseline 
polysomnography to rule out sleep disordered breathing. On a 
separate night, a second polysomnograph was done and RREPs 
were measured.

eeG Measurement

EEG electrodes were placed at Fz, Cz, Pz, C3, C4, A1, and 
A2, with a separate ground electrode. Impedance levels were 
maintained at less than 3 kOhms. The electrodes were con-
nected to a Neuroscan Synamp Amplifier (Compumedics, El 
Paso, TX) and EEG activity was recorded continuously using 
Neuroscan Scan 4 software (Compumedics, El Paso, TX). C3/
A2 and C4/A1 derivations were recorded in parallel on an Alice 
3 (Healthdyne, Marietta, GA) computerized PSG system, to-
gether with left and right electrooculogram and submental elec-
tromyogram (EMG) for sleep staging, which was conducted off 
line according to Rechtschaffen and Kales criteria.23

RRep assessment

The subjects breathed through a full face mask. The mask 
was attached to an inspiratory occlusion balloon valve (Hans 
Rudolph, Inc., Kansas City, MO). The valve was then connect-
ed to a continuous positive airway pressure machine. A bias 
flow with a pressure of 2 cm H2O was provided to account for 
the resistance within the circuit and to wash out CO2 within 
the mask. The assembly was attached to a suspending cable. A 
controller for actuating the inspiratory occlusion valve was pro-
grammed to deliver a 400 msec occlusion. Flow was measured 
using a pneumotachometer (Hans Rudolph, Inc., Kansas City, 
MO) with a differential pressure transducer (ADInstruments, 
Colorado Springs, CO) connected to the full face mask. Pres-
sure within the mask was measured using a pressure transducer 
with a demodulator (Validyne Engineering Corp., Northridge, 
CA).

Multiple inspiratory occlusions were each performed during 
stage 2 sleep, slow wave sleep (SWS), and REM sleep. Each 
occlusion was separated by at least 2 unoccluded breaths. EEG 
data was band pass filtered (0.3-30 Hz) and investigated be-
tween 500 ms before and 1500 ms after onset of each occlu-
sion. Artifact free responses were averaged to produce RREPs 
in each sleep stage with peaks determined as per previous sleep 
studies in adults.4-10 P1 was measured at C3 and C4 following 
digital re-referencing to Cz. Nf was measured at Fz referenced 
to A1+A2. Due to the superimposition of the fast components 
onto ongoing sleep EEG activity, pre-stimulus baseline values 

varied substantially, introducing error into estimates of base-
line-peak amplitudes. Thus P1 and Nf amplitudes were mea-
sured relative to the preceding opposite polarity deflections. P1 
was defined as the most positive and Nf as the most negative 
values between 50 and 100 ms, respectively. The later com-
ponents were all measured from Fz, Cz, and Pz referenced to 
A1+A2, with amplitudes assessed relative to the average of the 
pre-stimulus baseline. P2 was the most positive value between 
100 and 300 ms, and N350 and N550 were the most negative 
values between 200 and 350 ms and 350 and 700 ms, respec-
tively. P900 was the most positive value between 700 and 1100 
ms.

Statistical analysis

P1 and Nf were assessed for sleep stage (REM, stage 2, 
SWS) using a one-way repeated measures ANOVA. Where 
available from both C3-Cz and C4-Cz derivations, the average 
value of P1 was entered into the analysis. P2, N350, N550, and 
P900 were assessed for sleep stage (REM, stage 2, SWS) and 
scalp topography (Fz, Cz, Pz) with a two-way repeated mea-
sures ANOVA. Differences between sleep stages were further 
compared with repeated measures planned contrasts compar-
ing stage 2 to SWS and stage 2 to REM. The scalp topography 
factor was tested for sphericity with Mauchly’s test, and where 
significant, Greenhouse-Geisser corrections were applied to the 
degrees of freedom used in the analysis, and probabilities re-
ported accordingly.

To ensure that any sleep state difference in RREP compo-
nents were not the result of difference in the stimulus intensity, 
peak mask pressure from the averaged occlusions in each state 
were assessed using a single factor repeated measure ANOVA. 
This revealed no differences (P = 0.3).

ReSUlTS

Data were collected from all 12 subjects in stage 2 and SWS 
and 11 subjects in REM. Between 154 and 242 responses were 
available for averaging in stage 2 (mean of 186.7 ± 25), be-
tween 81 and 272 in SWS (mean of 183.9 ± 49), and between 
65 and 351 in REM (mean of 159.5 ± 75). The REM data had a 
P1 component as clearly identifiable in 10 subjects at both C3 
and C4, with the 11th showing the component in C4 only. Nf 
was seen in all 11 subjects. The stage 2 data had P1 in either C3 
or C4 in all 12 subjects, and in both leads in 9 subjects. Nf was 
seen in 11 of the 12. In SWS, it was seen in both C3 and C4 in 
10 subjects, but was absent in the remaining 2. Nf was again 
seen in 11 of the 12.

Stimulus intensity

The magnitude of the pressure change elicited by occlusions 
did not vary as a function of diagnosis or sleep stage. The pres-
sure differences were 2.3 ± 0.94 cm H2O for stage 2; 2.3 ± 1.04 
cm H2O for SWS; and 2.1 ± 0.62 cm H2O for REM sleep. The 
rise times of the stimuli were also not affected by sleep stage, 
and were 38.4 ± 10.8 ms for SWS; 38.3 ± 12.5 ms for stage 2; 
and 39.1 ±12.8 ms for REM.
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early components: p1 and nf

There was no significant main effect of sleep state for P1 or 
Nf amplitude or latency (see Table 1 and Figures 1-3).

late components:

p2

P2 was observed in all subjects in all 3 sleep stages. P2 am-
plitude displayed significant effects of sleep stage (F2,18 = 4.2, 
P < 0.05), of electrode site (F2,18 = 9.0, P < 0.01), and a stage x 
site interaction (F4,36 = 6.2, P < 0.05) (see Table 2 and Figures 4-
6). Planned contrasts revealed that stage 2 values were similar 
to SWS values but significantly larger than REM values (F1,9 
= 11.4, P < 0.01). Cz values were similar to those at Fz but 
significantly larger than those at Pz (F1,9 = 14.2, P < 0.01). The 
interaction effect reflected that the magnitude of the electrode 
site effect was smaller in REM than in stage 2 or SWS. P2 la-
tency displayed significant effects of sleep stage (F2,18 = 3.9, P 
< 0.05) (see Table 3). Planned contrasts revealed that stage 2 
values were similar to REM values but that SWS latencies were 
significantly longer (F1,9 = 22.3, P = 0.001).

n350

N350 was observed in all subjects in all 3 sleep stages. N350 
amplitude displayed significant effects of sleep stage (F2,18 = 
23.5, P < 0.001), of electrode site (F2,18 = 28.3, P < 0.001), and a 
stage x site interaction (F4,36 = 15.9, P < 0.001) (see Table 2 and 
Figures 4-6). Planned contrasts revealed that stage 2 values were 
significantly smaller than SWS values (F1,9 = 10.8, P < 0.01) and 
significantly larger than REM values (F1,9 = 21.7, P = 0.001). Cz 
values were significantly larger than those at Fz (F1,9 = 54.3, P < 
0.01) and Pz (F1,9 = 50.5, P < 0.01). The interaction effect reflect-
ed that the magnitude of the electrode site effect was greater in 
SWS than stage 2, with the REM difference being even smaller. 
N350 latency displayed no effects of sleep state or electrode site; 
however, there was again a significant interaction effect, indicat-

ing that Fz had longer latencies than the other sites in SWS and 
stage 2, but shorter latencies in REM (see Table 3).

n550

N550 was present as a separate peak in all subjects in stage 2 
sleep, but was only seen at all sites in 8 subjects in SWS and a 
different combination of 8 subjects in REM. Two separate anal-
yses were thus conducted. Single factor ANOVA (Fz, Cz, Pz) 
was conducted within stage 2 to assess the effect of electrode 
site. A second single factor ANOVA (stage 2, SWS, REM) was 
conducted using only Cz data to assess for sleep state effects. 
This analysis was able to include seven subjects.

In stage 2 sleep, there was a significant effect of electrode 
site for amplitude (F2,22 = 11.9, P < 0.001) with planned con-
trasts indicating that Cz values were significantly larger than 
those at Fz (F1,11 = 6.2, P < 0.05) or Pz (F1,11 = 26.8, P < 0.05) 
(see Table 2 and Figures 4-6). There was also a significant ef-
fect of latency (F2,22 = 5.6, P < 0.05). N550 at Cz was similar to 
that of Pz but was earlier at Fz (F1,11 = 7.0, P < 0.05) (see table 
3). At electrode site Cz, there was significant sleep state effect 
for amplitude (F2,10 = 28.2, P < 0.001), with planned contrasts 
indicating no significant difference between SWS and Stage 2; 
but N550 in SWS was significantly larger than when measured 
in REM (F1,11= 19.9, P < 0.01). There was no effect for latency.

Figure 2—Short-latency RREP waveforms for slow wave sleep. 
Fz waveforms are referenced to linked ears. The vertical black bar 
indicates time of the commencement of mask pressure change in 
response to the occlusion.

Figure 1—Short-latency RREP waveforms for Stage 2 sleep. Fz 
waveforms are referenced to linked ear leads. The vertical black 
bar indicates time of the commencement of mask pressure change 
in response to the occlusion.

Table 1—Amplitude (µV) and Latency (ms) Values for the Early 
RREP Components in Slow Wave, Stage 2, and REM Sleep Stages

 SWS Stage 2 REM
  Mean SD Mean SD Mean SD

P1 amplitude C3-Cz 4.0 2.5 3.5 1.3 3.4 2.0
 C4-Cz 4.6 2.5 2.5 1.8 3.2 1.5

P1 latency C3-Cz 55.1 9.0 55.6 9.9 62.7 20.5
 C4-Cz 57.4 9.2 52.0 5.6 62.6 23.1

Nf amplitude Fz -4.6 3.0 -3.9 2.1 -4.3 2.3

Nf latency Cz 50.1 7.5 45.6 8.4 45.7 13.9
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The pattern of amplitude change from Fz to Cz and Pz ob-
served in the children was very different from that previously 
reported in previous studies of adults. To illustrate this phe-
nomenon more clearly, Figure 7 displays N550 amplitude data 
scaled to Fz values from the present dataset, as well as com-
parable data from 2 previous studies of adults in their 20s.4,5 
Previously reported data on RREP and AEP during NREM 
sleep from young adults have shown an anterior to posterior 
decrease in N550 amplitude; the values from Pz were approxi-
mately 60% of those seen at Fz.24,25 The present data display a 

remarkably different pattern, with a Cz maximum and Pz values 
approximately equal to Fz.

p900

P900 was present as a separate peak in all subjects in stage 2 
sleep and 11 subjects in SWS, but was only seen at all sites in 
8 subjects in REM. As with N550, two separate analyses were 
thus conducted. Both analyses were able to include all 12 sub-
jects.

In stage 2 sleep, there was no significant effect of electrode 
site for amplitude (see Table 2 and Figures 4-6). At electrode 
site Cz, there was significant sleep state effect for amplitude 
(F2,22 = 5.5, P <.05), with planned contrasts indicating that P900 
in SWS was significantly larger than that seen in stage 2 (F1,11 
= 5.2, P <.05) and in REM (F1,11 = 8.1, P <.05). Similarly there 

Figure 3—Short-latency RREP waveforms for REM sleep. Fz 
waveforms are referenced to linked ears. The vertical black bar 
indicates time of the commencement of mask pressure change in 
response to the occlusion.

Figure 4—Long-latency RREP waveforms for Stage 2 sleep. All 
waveforms are referenced to linked ears. The vertical black bar 
indicates time of the commencement of ask pressure change in 
response to the occlusion.

Table 2. Amplitude Values (µV) for the Late RREP Components 
in Slow Wave, Stage 2, and REM Sleep Stages

 SWS Stage 2 REM
  Mean SD Mean SD Mean SD
 Fz 12.7 10.6 13.1 8.6 4.5 1.67
P2 Cz 13.6 12.9 16.8 10.4 6.6 3.8
α β γ Pz 5.0 11.9 8.6 6.3 5.3 2.5
       
 Fz -36.6 27.9 -42.4 33.4 -18.4 10.3
N350 Cz -99.7 35.8 -61.9 21.2 -26.9 9.0
δ ε θ Pz -64.0 28.6 -32.5 24.2 -9.1 8.3
       
 Fz -61.7 34.0 -56.8 35.3 -15.1 9.8
N550 Cz -98.1 18.6 -71.4 32.1 -20.5 10.3
σ τ Pz -67.2 22.4 -41.7 21.9 -13.4 11.0
       
 Fz 26.6 24.9 7.3 23.0 3.1 5.2
P900 Cz 33.4 50.4 6.1 32.9 -3.1 8.6
φ Pz 24.5 35.1 3.9 18.7 -2.9 10.1

α sleep stage effect at P < 0.05;
δ sleep stage effect at P < 0.001
β electrode site effect at P < 0.01;
ε electrode site effect at P < 0.001;
γ sleep stage x electrode site interaction at P < 0.05
θ sleep stage x electrode site interaction at P < 0.001
σ electrode site effect within stage 2 sleep at P < 0.001
φ sleep stage effect at Cz at P < 0.05
τ sleep stage effect at Cz at P < 0.001

Table 3. Latency Values (ms) for the late RREP Components in 
Slow Wave, Stage 2, and REM Sleep Stages

 SWS Stage 2 REM
  Mean SD Mean SD Mean SD
 Fz 259.3 16.6 284.4 32.8 253.9 31.4
P2 Cz 246.9 18.0 260.6 31.0 274.2 35.2
α Pz 234.0 34.1 248.3 31.6 270.7 941
       
 Fz 424.2 61.2 493.2 98.9 389.6 47.6
N350 Cz 408.8 54.1 443.6 51.6 411.8 50.0
γ Pz 405.4 59.2 431.1 101.7 421.2 113.6
       
 Fz 542.8 72.1 650.8 128.7 522.0 68.4
N550 Cz 513.4 68.2 575.0 74.5 542.0 53.6
ψ Pz 517.4 68.0 586.0 98.5 594.1 106.4
       
 Fz 868.6 185.0 1046.6 365.4 691.1 65.7
P900 Cz 798.3 178.5 1032.8 330.7 754.4 108.4
φ Pz 818.3 176.0 941.8 295.0 828.1 220.4

α sleep stage effect at P < 0.05;
φ sleep stage effect at Cz at P < 0.05
ψ electrode site effect within stage 2 sleep at P < 0.05
γ sleep stage x electrode site interaction at P < 0.05
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was a main effect of state for P900 latency (F2,22 = 5.6, P <.05), 
with stage 2 values being later than SWS (F1,11 = 6.8, P <.05) 
and REM (F1,11 = 7.0, P <.05) (see Table 3 and Figures 4-6).

diScUSSion

The data reported represent the first ever study of evoked 
potentials during sleep in children. Furthermore, these data pro-
vide the first full report of RREP during REM sleep. Robust, 
early RREP responses were seen in all sleep stages, despite the 
very low signal to noise ratio inherent in measuring very small 
evoked potential components in the context of very large am-
plitude background EEG. The typical late components previ-
ously reported in adults were seen in stage 2 sleep and slow 
wave sleep, with some important modifications. In particular, 
the N550 did not display the clear anterior-posterior amplitude 
gradient that is prominent in adults.

p1 and nf

The early RREP components P1 and Nf act as a reflection 
of the central processing of load application. P1 probably re-
flects bilateral activation of the primary somatosensory cortex, 
with Nf probably reflecting a parallel motor activation.3 During 
wakefulness, P1 and Nf only occur in response to stimuli that 
are of sufficient magnitude to exceed detection threshold26; the 
amplitude of both components has been shown to correlate with 
load magnitude,27,28 and P1 amplitude is correlated with subjec-
tive load magnitude estimation.28-30 The fact that it is these com-
ponents are likely generated by multiple afferent sources from 
throughout the respiratory system is highlighted in studies that 
show the persistence of the responses following vagal transac-
tion in double lung transplant patients31 and also in tracheosto-
mized patients in whom the upper airway is isolated.26

The small magnitude of the P1 and Nf components relative to 
the background EEG has made them difficult to record during 
sleep in adults, with only one study being able to do so success-
fully in stage 2 sleep. In that study, the components were not 
observable in SWS.4 Despite children having an even higher 
amplitude background EEG, P1 and Nf were well represented 
in all sleep states in the majority of subjects in the current study. 

While not directly tested in this study, this implies a stronger af-
ferent response to inspiratory loads during sleep in children and 
is consistent with their increased levels of neuromotor activa-
tion of the upper airway during sleep.16

late RRep components

P2, N350, N550, and P900 peaks were able to be measured 
during sleep in the children studied. None of these components 
are specific to the RREP and thus, unlike the P1 and Nf, none 
selectively index the processing of respiratory afferent informa-
tion. What they provide is a measure of central nervous system 
responsiveness during sleep to whichever type of stimulus is 
being presented.

P2 is a ubiquitous component and appears in NREM sleep, 
REM sleep, and wakefulness; however remarkably little is 
known about its neural generation or functional significance. It 
increases in amplitude across the adult life span and is thought 
to be generated by the mesencephalic reticular activating sys-
tem which responds to input from all sensory modalities.32 P2 
was one of the components reported in the first paper show-
ing the existence of the RREP.1 Most subsequent studies of the 
RREP during wakefulness in adults have shown a P2 compo-
nent, although it has not been seen during wakefulness in chil-
dren.2,14 The presence of a P2 component in all children in all 
sleep stages, would appear to add support to the hypothesis that 
the P2 in sleep is a component functionally distinct from that 
seen in wakefulness.32

In adults, N350 appears during the transition from a drowsy 
state to that of sleep.8 It is thought to be related to the pres-
ence of vertex sharp waves in the averaged responses7 that are 
able to be elicited by inspiratory occlusion stimuli.9 As would 
be expected, N350 has a vertex prominent distribution and is 
always larger at Cz than Fz or Pz.7 In the present study, N350 
also appeared as a vertex maximal component during all sleep 
stages, arguing that the same generator mechanism is stimu-
lated in children.

Following Bastien and Campbell’s initial work,33 it is now 
clear that N550 is produced when evoked K-complexes are 
present in an averaged response.21 There is now a substantial 
literature indicating that the RREP and AEP N550 components, 
measured as either the average of all responses or as averages of 

Figure 5—Long-latency RREP waveforms for slow wave sleep. 
All waveforms are referenced to linked ears. The vertical black 
bar indicates time of the commencement of mask pressure change 
in response to the occlusion.

Figure 6. Long-latency RREP waveforms for REM sleep. All 
waveforms are referenced to linked ears. The vertical black bar 
indicates time of the commencement of mask pressure change in 
response to the occlusion.
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exclusively K-complex responses, have a topographic distribu-
tion indicating frontal or frontocentral maxima, bilateral sym-
metry, and a gradual fall off in voltage from the midline frontal/
fronto-central area to the posterior and lateral scalp.21 The most 
parsimonious explanation of the altered topography observed in 
children (see Figure 7) would be that dendritic pruning has not 
yet occurred, leaving open the possibility of spreading activa-
tion of the component through a network of synapses that is 
reduced in extent with further brain development.20

In the present study, N350 and N550 often appeared as two 
points in a broadly negative waveform in stage 2 and SWS (see 
Figures 5 and 6) rather than as distinct peaks with an interven-
ing positivity (P450), as is often reported in adults (see Figure 
1 in Gora et al.8, or Figure 5 in Webster and Colrain4 for ex-
amples of the adult pattern in waveforms analogous to those of 
the present study). The diminished N550 in REM (see Figure 6) 
is understandable given the known role of K-complexes in the 
generation of this component and their absence in REM sleep.21 
The absence of N550 as a distinct component in SWS is more 
surprising, as previous RREP4 and AEP34 studies in adults have 
shown N550 as a prominent component. It is possible that in 
children the N350 and N550 tend to merge into a single delta 
frequency response. Certainly, the present data indicate that the 
N350 appeared to occur later, and the N550 earlier, than typical 
adult values (see4 for example). Another possibility is that the 
first (N350) generator is more readily able to trigger the second 
(N550), due to the availability of synaptic interconnections pri-
or to pruning as discussed above.20 This speculation will require 
more extensive evaluation.

Brain development in childhood and adolescence, in particu-
lar the pruning of dendritic synaptic connections, commences 
in the occipital regions and progresses in a caudorostral direc-
tion, with the dorsolateral prefrontal cortex being among the 

last to take on an adult form.35 The lack of a frontally prominent 
N550 in children raises the possibility that this component may 
have some utility as a marker of brain development. Testing of 
this hypothesis will require the use of high-density electrode 
arrays in children of different ages to accurately map develop-
mental changes.

When all responses to stimuli are averaged, a P900 is seen fol-
lowing the negative deflection of N550. As with the N550, this 
P900 component is more prominent in averages of K-complexes, 
and it is debatable whether it should be viewed as an independent 
component. The one study to investigate P900 topography34 indi-
cated that within stage 2 it is maximal frontocentrally, bilaterally 
symmetrical, and showed no evidence of polarity inversion over 
the Sylvian plane. During SWS, it showed frontocentral maxima 
and had amplitudes that declined more rapidly over inferior re-
gions of the scalp than was the case in stage 2.

The similarity in topographic distribution between the P900 
and N550 described above is consistent with an argument that 
they reflect activity of the same generator mechanism. In further 
support of this hypothesis is the fact that P900, like N550, was 
not affected by manipulations of stimulus parameters.33 Further-
more, both N550 and P900 were affected by the rate of presenta-
tion, being larger with the 30-s interstimulus interval (ISI) than 
with the 5-s and 10-s ISI.36 The above evidence would thus tend 
to indicate that the P900 is the averaged representation of the 
positive voltage change that terminates the K-complex. The pres-
ent data from children are thus particularly interesting in that they 
show no significant electrode site effects in any sleep stage; they 
show much less of a Cz prominence than the N550 data. Again 
this raises the possibility that children have a different pattern of 
generator activity for N550 and P900 than adults.

As this is the first study of RREPs during sleep in children, 
it has some limitations and leaves several interesting questions 
unanswered. To maximize the number of responses within each 
sleep stage, it was necessary to average responses from across 
all sleep cycles. The data cannot therefore address the ques-
tion of whether there are sleep-cycle or time-of-night effects 
on the RREP response. Two other limitations relate to the com-
parison of the sleep data in children to historical wake data in 
children and sleep data in adults. Although beyond the scope 
of this study, it would clearly have been preferable to record 
evoked potentials during wakefulness in the same children, and 
to have an adult comparison group using identical recording 
parameters.

The main difference in methods used in the present study 
compared to previous studies in adults was the use of a bias 
flow to prevent rebreathing of CO2. This was required in chil-
dren because the respiratory circuit produced a relatively large 
dead space (410 mL, with a resistance of 0.0032 cm H2O/mL/
sec) relative to their size. This is typically not required in adults, 
as the adult tidal volume is sufficiently larger than the circuit 
dead space to ensure adequate CO2 clearance. While the use 
of low-pressure CPAP to provide this flow might acutely alter 
pressure mechanoreception in the upper airway, it is unlikely 
that it would lead to different scalp EEG topography. The im-
pact of bias flow on RREPs in adults should nonetheless be 
assessed.

In conclusion, the data are clear in indicating that RREP re-
sponses are able to be elicited in children in all sleep states. The 

Figure 7. N550 amplitude presented as a proportion of the am-
plitude at Fz. Data are presented from the present study, from the 
seven 19 to 28-year-old male subjects reported in Webster and 
Colrain4 and five 23 to 29-year-old female control subjects drawn 
from Afifi et al.5 The data from the children in the present study 
demonstrate the lack of the typical adult pattern of an anterior-
posterior gradient in N550 amplitude.
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presence of the early components, in at least the majority of 
children, indicates that central processing of load-related infor-
mation is maintained for children throughout sleep. The differ-
ent topography of later components, together with altered laten-
cies, relative to those in adults, highlight the potential utility of 
sleep evoked potentials as indicators of brain development and 
pathology in children.
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