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Obstructive sleep apnea (OSA) is highly prevalent, affecting 25% ofmen and 10% ofwomen.We recently reported
a prevalence of OSA of 30% among 130 adults with epilepsy unselected for sleep disorder complaints, including
16% with moderate-to-severe disease, rates that markedly exceed general population estimates. Treatment of
OSA with continuous positive airway pressure (CPAP) therapy or upper airway surgery reduces seizures in
many cases. A single study reported a reduction in interictal spike rate with CPAP in 6 patients with OSA. We
explored the effect of CPAP therapy on spike rate in 9 adults with epilepsy and OSA. Interictal epileptiform
discharges were quantified during a diagnostic polysomnogram (PSG) and a second PSG using therapeutic
CPAP. Spike rates were calculated for each recording during wake and sleep stages. Continuous positive airway
pressure therapy was associated with significant reductions in median (quartiles) spike rate overall (77.9
[59.7–90.7] %), in wakefulness (38.5 [0.3–55] %), and in sleep (77.7 [54.8–94.7] %) but not in REM sleep. Contin-
uous positive airway pressure therapy also produced a significant improvement in oxygen saturation and
arousals. Our work extends a single prior observation demonstrating beneficial effects of CPAP therapy on
interictal EEG in patients with epilepsywith comorbid OSA and supports the hypothesis that sleep fragmentation
due to OSA contributes to epileptogenicity.
Bangkok Hospital Pattaya, 301,
. Fax: +66 3825 9990.
iniyom).
© 2014 Published by Elsevier Inc.
1. Introduction

Obstructive sleep apnea (OSA) is a highly prevalent condition, affect-
ing 24% of men and 9% of women based on epidemiologic studies from
nearly 2 decades agowhen obesity rateswere lower than the current US
estimates [1]. We recently reported a prevalence of OSA (apnea–
hypopnea index [AHI] on polysomnogram [PSG] of≥10) of 30% in adults
with epilepsy unselected for sleep disorder symptoms, including 16%
withmoderate-to-severe disease [2]. Treatment of OSAwith continuous
positive airway pressure (CPAP) therapy or upper airway surgery has
been associated with a reduction in seizures in adults and children in
uncontrolled series [3–11]. Only one prior study examined the effects
of CPAP therapy on interictal EEG in patients with epilepsy [12].
Improvement in sleep continuity and reduction in spike rate during a
single sleep cycle were reported in 6 subjects with OSA treated with
CPAP and 2 with COPD treated with oxygen. Recurrent obstructive re-
spiratory events in sleep increase cardiovascular and metabolic risk
via a number of mechanisms including sympathetic activation,
endothelial dysfunction, systemic inflammation, and metabolic dysreg-
ulation [13]. But in addition to cardiovascular consequences, OSA may
increase seizure susceptibility. Proposedmechanisms include recurrent
oxygen desaturation and arousals, resulting in sleep fragmentation and
chronic sleep deprivation. We sought to compare the spike rate be-
tween diagnostic and therapeutic CPAP PSGs and assess the association
between changes in spike rate and sleep fragmentation and oxygena-
tion on PSG in adults with epilepsy and comorbid OSA.

2. Methods

We studied 9 adults with pharmacoresistant epilepsy (persistent
seizures despite 2 or more appropriately chosen doses of antiepileptic
drugs [AEDs]) and OSA (AHI ≥ 5) meeting the following criteria:
1) diagnostic PSG combined with 21-channel EEG showing interictal
epileptiform discharges (IEDs), 2) PAP titration in the laboratory or
autotitration in the home with identification of a CPAP setting that nor-
malized the AHI (AHI b 5), 3) repeat PSG–EEG using therapeutic CPAP
during which the pressure was altered by no more than 1 cm H2O
with all recorded pressures normalizing the AHI, and 4) no change in
AED therapy or bodymass index (BMI) by≥5 kg/m2 between diagnos-
tic and therapeutic CPAP recordings.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.yebeh.2014.06.025&domain=pdf
http://dx.doi.org/10.1016/j.yebeh.2014.06.025
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Polysomnograms were recorded and scored according to standard-
ized guidelines prior to the 2012 AASM new scoring criteria [14]. Re-
cordings included right and left electrooculogram, single-channel
electrocardiogram, submental and bilateral anterior tibialis EMG,
oronasal thermistor andnasal pressure transducer, thoracic and abdom-
inal piezoelectric belts, pulse oximetry, end-tidal CO2, videomonitoring,
and snoremicrophone in addition to a 21-channel EEG using the 10–20
system of electrode placement. The alternate hypopnea definition
(≥50% reduction in amplitude of the nasal pressure signal for≥10 s as-
sociated with an arousal or a ≥3% oxygen desaturation) was used. Ob-
structive sleep apnea severity was defined as mild (AHI 5–b15),
moderate (AHI 15–b30), and severe (AHI ≥30 events per sleep hour).
The median number of days from diagnostic to therapeutic CPAP PSG
was 62.2 (range: 29–92).

Spike rate (IEDs per hour) was calculated for the entire recordings
by dividing the number of IEDs by the time spent in each stage (wake,
stage 1 [N1], stage 2 [N2], stage 3 [slow wave sleep; N3], and REM).
Demographic and epilepsy-related characteristics were obtained
through a review of electronic medical records. The frequency of focal
and generalized seizures excluding auras was calculated as seizure
days per month for the 3 months prior to the diagnostic PSG and after
CPAP initiation, when available.

EEG and polysomnographic variables between diagnostic and PAP
studies were compared using the Wilcoxon matched-pairs signed-rank
test. Spearman's rho correlations were used to assess the linear associa-
tion between spike rate and AHI, arousal index (AI) and wake time after
sleep onset (WASO), both measures of sleep continuity, and mean and
nadir SPO2. Data are presented as medians and quartiles (P25–P75) for
continuous variables and as percentages for categorical variables. Statis-
tical Package for Social Sciences version 19.0 (SPSS Inc., Chicago, IL, USA)
was used for statistical analysis. p b 0.05 was considered significant.
3. Results

Nine subjects (7 males) with median (P25–P75) age of 28 (26–38)
years and BMI of 30.8 (22.7–36.4) kg/m2 were included. Subjects were
otherwise healthy with the exception of one with Crohn's disease and
anotherwith type II diabetesmellitus, hypertension, and hyperlipidemia.
Sample characteristics are presented in Table 1. Median (P25–P75)
seizure frequency (excluding auras) was 30 (16–30) days per month
with epilepsy duration of 14 (11–18) years. All subjects reported snor-
ing; 8 (89%) had excessive daytime sleepiness; and 4 (44%) had choking
during sleep or witnessed apneas, prompting the diagnostic PSG.
Table 2
Baseline and CPAP polysomnographic variables.

Parameter Baseline CPAP p

AHI 22.2 (17.3–33.2) 1.9 (0.7–2.4) 0.01
REM-AHI 25 (21.5–33.6) 2.6 (2.3–5.1) 0.01
Supine-AHI 22.2 (17.1–33.2) 0.9 (0–2.2) 0.01
SPO2 nadir (%) 86 (75–89) 92 (89–92) 0.01
Mean SPO2 (%) 94.5 (93.5–96) 95 (95–96) 0.05
Time in bed (min) 443.4 (414–490) 408.3 (379.6–469.9) 0.21
Total sleep time (min) 352.2 (310.5–422) 355.1 (322.9–365.5) 0.26
Supine time (%) 74 (46–100) 72.1 (48.3–100) 0.90
Sleep efficiency (min) 78 (72.6–82) 89 (86.3–95.8) 0.14
Sleep latency (min) 15 (5–24) 8.9 (2.5–12.3) 0.40
REM latency (min) 197 (120–236) 94.7 (80–96) 0.04
WASO (min) 85 (63–103) 22.8 (17.5–47.3) 0.09
Arousal index 24 (19–32.1) 9 (6.3–13.6) 0.01
PLM Arousal index 0 (0–0.84) 0.3 (0–18.5) 0.57
% stage 1 9.5 (6.4–17.2) 7 (2.2–8) 0.05
% stage 2 71.5 (64.5–79.2) 68 (56.5–72) 0.14
% stage 3 4.2 (1–8.6) 4.1 (1.7–11) 0.40
% REM 10.3 (7.9–13.8) 18.2 (12.3–23.2) 0.01

Data are shown asmedian (P25–P75). CPAP: continuous positive airway pressure;WASO:
wake time after sleep onset; PLM: periodic limb movement. Wilcoxon signed-rank test.



Table 3
Spike rates on baseline and CPAP studies.

Spike rate Baseline CPAP p

Total 257.6 (14–345.7) 65.4 (8.9–103.9) 0.01
Sleep 247.2 (19.7–385.5) 48.1 (8.9–116.3) 0.01
Wake 116.9 (1.1–173.9) 52 (0–81.2) 0.04
Stage 1 150.9 (8.3–320) 22.8 (0–88.7) 0.01
Stage 2 283.6 (25.6–377.8) 86.7 (1.5–118.9) 0.01
Stage 3 37 (0–217.9) 15.6 (0–79.2) 0.02
REM 37 (5.1–104.6) 28.3 (0–59.3) 0.06

Data are shown as median (P25–P75). CPAP: continuous positive airway pressure.
Wilcoxon signed-rank test.
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Table 2 shows respiratory and sleep parameters at baseline and after
CPAP treatment. Obstructive sleep apneawasmild in 1 case andmoder-
ate or severe in 4 cases. In all cases, CPAP therapy normalized the AHI.
Sleep architecture also improved with PAP therapy as exhibited by sig-
nificant reductions in arousals, stage 1 sleep, and REM sleep latency and
an increase in REM sleep percentage. Other features of sleep consolida-
tion were observed, although not significant.

Table 3 and Fig. 1 show the EEG data. Spike rate was reduced with
CPAP therapy by a median (P25–P75) of 77.9 (59.7–90.7) % overall,
77.7 (54.8–94.7) % in sleep, and 38.5 (0.3–55) % in wakefulness owing
to significant declines in all NREM sleep stages and a trend for decline
in REM sleep.

Positive correlations between the baseline AHI and total and sleep
spike rates were observed (r = 0.7, p = 0.04 and r = 0.73, p = 0.03,
respectively) but not between AHI and wake spike rate (r = 0.38,
p =0.32). No correlation was found between the baseline total spike
rate and arousal index (r = 0.28, p = 0.46), WASO (r = 0.07, p =
0.87), mean/nadir SPO2 (r = 0.61, p = 0.11/r = 0.77, p = 0.02), or
the magnitude of spike rate reduction with CPAP therapy (r = 0.56,
p = 0.15).

4. Discussion

The main findings of our study are the following: 1) therapeutic
CPAP was associated with significant reductions in spike rate compared
with baseline in the absence of AED changes in adults with epilepsy and
OSA; 2) these reductions were observed in wakefulness and all sleep
stages excluding REM sleep; 3) improvements in sleep continuity and
nadir SPO2 were also found; however, no correlation between the
spike rate and these variables was observed; and 4) more severe OSA
(higher AHI) was associated with higher spike rates.

Obstructive sleep apnea is characterized by recurrent upper airway
obstruction in sleep resulting in arousals and oxygen desaturations. In
Fig. 1. Median (P25–P75) spike rates at baseline and with therap
turn, sleep fragmentation leads to a disruption in the normal sleep–
wake cycle and a reduction in restorative sleep (stage 3 and REM)
stages. Untreated moderate-to-severe OSA produces a state of chronic
sleep deprivation leading to excessive daytime sleepiness, fatigue, and
a host of cardiovascular, neurologic, and metabolic consequences [13,
15]. Adults with epilepsy have a higher than expected prevalence of
OSA [2,16], and treatment of OSA with CPAP is associated with a reduc-
tion in seizures in several small case series [3–11]. Although unproven,
proposed mechanisms for sleep apnea-induced seizure susceptibility
include recurrent oxygen desaturation and arousals, resulting in sleep
fragmentation and sleep deprivation.

One prior study explored the effect of PAP on spike rate during a sin-
gle sleep cycle in 6 patients with focal epilepsy and OSA immediately
after application of PAP and in two with snoring and COPD treated
with oxygen supplementation alone [12]. A reduction in spike rate
during sleep was observed in all sleep stages but was only significant
in stage 3, which has the highest spike rate of all sleep stages in patients
with focal epilepsy [17–21]. Sleep fragmentation and oxygen
desaturations improved with treatment. Our methodology extends
these observations, increasing confidence in the demonstrated effect
as 1) spike quantification was performed over an entire night of
recording and 2) spike rate was quantified after subjects had been
fully acclimating to CPAP and confirmed that the recommended setting
normalized the AHI. In turn, we found a significant reduction in spike
rate inwake and all sleep stages except for REM sleep despite the higher
REM percentage with CPAP. This is not unexpected since REM sleep is a
protective state for IEDs and seizures and thus, characterized by a lower
spike rate than wakefulness and NREM sleep [17–23].

Continuous positive airway pressure therapy produced an improve-
ment in sleep continuity by reducing arousals, sleep latency,WASO, and
stage 1 sleep percentage and increasing REMsleep percentage in the ab-
sence of AED changes. Yet, we did not find a correlation between spike
rate and oxygen saturation or sleep fragmentation parameters, possibly
due to the small number of cases. Notably, our oxygen saturation
analysis was limited to mean and nadir values as we were unable to
collect desaturation indices. Therefore, our work does not offer insights
into the precise mechanisms by which CPAP reduces epileptiform EEG
abnormalities. However, a positive correlation between spike rate and
AHI was observed before CPAP therapy, suggesting that OSA increases
epileptogenicity in predisposed individuals. Additionally, we found no
correlation between baseline spike rate and the amount of spike rate
reduction after CPAP therapy, suggesting that the beneficial effects of
therapy are not limited to those with frequent IEDs in sleep. Because
of the retrospective nature of our study, we were unable to collect
post-CPAP therapy seizure outcomes in 3 subjects (lost to follow-up,
refused long-term CPAP therapy and status-post temporal lobectomy).
eutic CPAP therapy. *p b 0.05 (Wilcoxon signed-rank test).
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In the 6 subjects with post CPAP seizure outcome, there was a signifi-
cant reduction in seizure frequency from a median of 30 (16–30) to 4
(4–8) seizure days per month (p = 0.05).

The high prevalence of OSA in adults with epilepsy and growing ev-
idence of beneficial effects of PAP therapy on seizure control support the
need for early recognition and treatment of OSA in patients with epilep-
sy. Ourwork offers further evidence that OSA increases epileptogenicity
that can be reversed with PAP therapy in patients with epilepsy regard-
less of the OSA severity and epilepsy type.
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