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Objective. The aim of this study is to analyze dynamic cerebral autoregulation (dCA) in patients with epilepsy. Methods. One
hundred patients with epilepsy and 100 age- and sex-matched healthy controls were recruited. Noninvasive continuous cerebral
blood flow velocity of the bilateral middle artery and arterial blood pressure were recorded. Transfer function analyses were used
to analyze the autoregulatory parameters (phase difference and gain). Results.The overall phase difference of patients with epilepsy
was significantly lower than that of the healthy control group (𝑝 = 0.046). Furthermore, patients with interictal slow wave had
significant lower phase difference than the slow-wave-free patients (𝑝 = 0.012). There was no difference in overall phase between
focal discharges andmultifocal discharges in patients with epilepsy. Simultaneously, there was no difference inmean phase between
the affected andunaffected hemispheres in patientswith unilateral discharges. In particular, interictal slowwavewas an independent
factor that influenced phase difference in patients with epilepsy (𝑝 = 0.016). Conclusions. Our study documented that dCA is
impaired in patients with epilepsy, especially in those with interictal slow wave. The impairment of dCA occurs irrespective of the
discharge location and type. Interictal slowwave is an independent factor to predict impaired dCA in patients with epilepsy.Clinical
Trial Identifier. This trial is registered with NCT02775682.

1. Introduction

The relationship between epileptic seizures and stroke is
intimate but complex. Epilepsy not only is a common neu-
rologic sequela of stroke, but also could sometimes herald
a stroke [1, 2]. Since the first epilepsy preceding stroke was
described in early 1982 [3], postepilepsy stroke had been
noted. Simultaneously, several studies reported that patients
with epilepsy tend to have a higher stroke risk [4–6]. The
potential mechanisms remain unclear. Studies have reported
both supranormal demands of cerebral blood flow and
disruption of neurovascular coupling after epileptic discharge
[7, 8]. These abnormalities in cerebral hemodynamics could
well be an important mechanism in the development of
postepilepsy stroke.

Dynamic cerebral autoregulation, a mechanism to main-
tain cerebral blood flow, is a reliable method to evalu-
ate cerebrovascular function and has been proven to be
critical for the occurrence [9], development, and prog-
nosis [10] of ischemic stroke. Because seizure has poten-
tial effect on cerebral hemodynamics, cerebral autoregu-
lation may be of particular importance to patients with
epilepsy to maintain stable cerebral blood flow. It has
been demonstrated in animals that cerebral autoregula-
tion is disrupted during both seizures and the subsequent
postictal state, and impaired cerebral autoregulation may
be involved in the pathogenesis of ischemic brain lesions
[11, 12]. However, few studies with limited numbers have
examined cerebral autoregulation in humans with epilepsy to
date.
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In the study, we hypothesize that cerebral autoregulation
is impaired in patients with epilepsy during the interictal
state, which has a role in the occurrence of postepilepsy
stroke.We use transfer functionmethod, themost commonly
used method to quantify dynamic cerebral autoregulation
[13] based on spontaneous fluctuations of blood pressure and
cerebral blood flow velocity, to identify our hypothesis. If
this assumption is valid, cerebral autoregulationmay become
a potential intervention target for preventing postepilepsy
stroke.

2. Materials and Methods

The prospective study design was approved by the ethics
committee of the First Hospital of Jilin University under
the guidelines of the Declaration of Helsinki (1964). All the
participants/guardians signed the written informed consent
forms.The study is listed at clinicaltrials.gov/under identifier
NCT02775682.

2.1. Participants. Patients with epilepsy who were already
scheduled for EEG examination were recruited from the
Department of Neurology, First Hospital of Jilin University,
between April 2016 and May 2017. Each patient received
a diagnosis of epilepsy by two experienced neurological
physicians separately according to the operational clinical
definition of epilepsy recommended by the International
League Against Epilepsy (ILAE) in 2013 [14]. All patients
underwent CT/MRI examination when first diagnosed with
epilepsy. We placed no restriction on age and sex. The
exclusion criteria included (1) patients with status epilepticus;
(2) intracranial and/or extracranial major vascular steno-
sis/occlusion diagnosed by a transcranial Doppler (EMS-
9PB, Delica, China) and carotid ultrasound (IU22, Phillips,
Andover, MA), based on the criteria defined by Wong et
al. [15]; (3) a prior symptomatic cerebral vascular disease;
(4) a history of brain trauma, brain tumor, encephalitis, and
other symptomatic neurological diseases; (5) a history of
arterial hypertension, cardiovascular disease, diabetes, hyper-
lipidemia, current arrhythmia, hyperthyroidism, and anemia,
which may undermine hemodynamic stability, or inability
to cooperate sufficiently to complete the cerebral autoregu-
lation examination; (6) insufficient bilateral temporal bone
windows for insonation of the middle cerebral artery; and (7)
intolerance to cerebral autoregulation measurements. Age-
and sex-matched healthy controls without epilepsy were
recruited from the same region who otherwise met the same
eligibility criteria as the patients.

2.2. Dynamic Cerebral Autoregulation Measurement. The
procedures of dynamic cerebral autoregulation assessment
were performed on the basis of the white paper published in
2016 by the International Cerebral Autoregulation Research
Network [16]. Continuous cerebral blood flow velocity was
recorded noninvasively using transcranial cerebral Doppler
device (MultiDop X2, DWL, Sipplingen, Germany) in bilat-
eral middle cerebral artery at a depth of 45 to 60mm. Spon-
taneous arterial blood pressure was recorded using a servo-
controlled plethysmograph (Finometer PRO, Netherlands)

on the subject’s middle finger of the right hand positioned
at heart level. The analog output of arterial blood pressure
was plugged into the transcranial cerebral Doppler device
where two channels of cerebral blood flow velocity (bilateral)
and the signal of arterial blood pressure were recorded
simultaneously. In order to confirm stability of respiration,
end-tidal CO2 was monitored using a capnograph with a
facemask attached to the nasal cannula.

In the group of patients with epilepsy, dynamic cerebral
autoregulationmeasurementwas performed after EEGexam-
ination was completed. All the participants were accessed
during 8 to 11 am to minimize the diurnal variation of
dynamic cerebral autoregulation. The participants were told
to avoid alcohol intake and exercise for at least 12 hours.
Caffeinated drinks and the ingestion of a heavy meal were
also abstained from for a minimum of 4 hours.Themeasure-
ment was performed in a quiet, dedicated research laboratory
withminimized visual or acoustic stimulation, at a controlled
temperature of 22 to 24∘C. First, the subjects were told to
breathe normally in a supine position for 15min to measure
baseline arterial blood pressure (Omron 711) and heart rates.
Then, both cerebral blood flow velocity and arterial blood
pressure were recorded simultaneously for 10min. All the
measurements were performed by one experienced operator.

2.3. Data Analysis. Recorded data were processed using
MATLAB software (Math Works, Natick, MA, USA). The
raw waveforms were sampled at 100Hz for both arterial
blood pressure and cerebral blood flow velocity. Alignment
of the raw waveforms was achieved using a cross-correlation
function to remove possible time lags caused between the
devices. Mean values of the signals within each cardiac
cycle were calculated and interpolated by third-order poly-
nomial spline to achieve beat-to-beat signals with a uniform
sampling rate at 10Hz. A third-order Butterworth low-pass
filter (cutoff at 0.5Hz) was then applied as an antialias filter
before downsampling the data to 1Hz. Dynamic cerebral
autoregulation was evaluated using transfer function analysis
[16, 17]. Fast Fourier transform was used to transform time
series of blood pressure and cerebral blood flow velocity
to the frequency domain. The transfer function between
arterial blood pressure and cerebral blood flow velocity was
calculated as the quotient of the cross-spectrum of the two
signals and the autospectrum of arterial blood pressure in the
low frequency domain (0.06–0.12Hz) to obtain frequency-
dependent estimates of phase difference and gain, where the
derived parameters are considered most relevant to autoreg-
ulation hemodynamics [18]. At the same time, coherence
was calculated to estimate the reliability of the relationship
between the two signals at the frequency domain, and the
later statistical analysis was performed only if coherence of
the parameters was >0.5 [19].

2.4. Statistical Analysis. Continuous variables with a nor-
mal distribution, including phase difference and gain, were
expressed as mean (standard deviation), while variables with
skewed distribution were expressed as median (interquartile
range). Discrete variables were expressed as absolute values
and percentages.The intergroup differences were tested using
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Figure 1: Participant enrollment.

the 𝑡-test. We defined the overall phase difference/gain as
mean phase difference/gain of bilateral cerebral hemispheres.
Univariate and multivariate linear regression were used to
assess the association of dynamic cerebral autoregulation
parameters and clinical parameters including sex, age, dis-
charge types (focal discharges and multifocal discharges),
duration (years), discharge period (discharge at waking
versus at sleep state), interictal slow wave, and antiepileptic
drugs therapy. All the data were analyzed using the Statistical
Program for Social Sciences version 23.0 (SPSS, IBM, West
Grove, PA, USA). 𝑝 < 0.05 was considered statistically
significant.

3. Results

3.1. Participant Characteristics. Of 107 patients with epilepsy
and 105 age- and sex-matched healthy controls enrolled in
this study, 100 patients with epilepsy and 100 healthy controls
completed the cerebral autoregulation measurement (Fig-
ure 1). Among the patients with epilepsy, 44 (44%) patients
had focal discharges (discharge originated from a single site)
and 56 (56%) patients had multifocal discharges (discharge
originated from more than one lobe or within same lobe
of bilateral cerebral but appeared nonsynchronously). The
media seizure duration was 6.6 (1,10) years. Fourteen subjects
were with new-onset epilepsy. Sixteen patients had epileptic
discharges combined with interictal slow wave, and 38 (38%)
patients had only epileptic discharges during sleep. Among
66 patients with temporal region seizures, 31 (47%) patients
had unilateral discharges, and 35 (53%) patients had bilateral
discharges. No patients had a clinical seizure onset during the
dynamic cerebral autoregulation measurement. Neurologic
examinations were normal in all participants.We did not find
any significant differences in sex, age, mean blood pressure,

heart rate, or end-tidal carbon dioxide between patients
with epilepsy and those in the control group. The clinical
characteristics of participants are shown in Table 1.

3.2. Autoregulatory Parameters between Patients with Epilepsy
and the Control Group. The overall phase difference of
patients with epilepsy was significantly lower than that of the
control group (50.20±16.28 versus 54.23±11.84 degree, 95%
confidence interval [CI] −8.01 to −0.07, 𝑝 = 0.046), as shown
in Figures 2(a) and 2(b).There were no significant differences
between the overall gain of the two groups (0.87±0.30 versus
0.84 ± 0.25 cm/s/mmHg, 95% CI −0.05 to 0.11, 𝑝 = 0.415).

Interestingly, patients with interictal slow wave (𝑛 = 16)
had significant lower phase difference than slow-wave-free
patients (𝑛 = 84) (41.11 ± 14.23 versus 51.93 ± 16.14 degree,
95% CI −19.03 to 2.60, 𝑝 = 0.012; Figures 2(c) and 2(d)). The
overall gain of these two groups had no significant differences
(0.92 ± 0.34 versus 0.86 ± 0.29 cm/s/mmHg, 95% CI −0.13 to
0.24, 𝑝 = 0.534).

3.3. Autoregulatory Parameters of Different Groups of Patients.
No significant differences of the dynamic cerebral autoreg-
ulation parameters were noted between patients with focal
discharges (𝑛 = 44) and patients with multifocal discharges
(𝑛 = 56) (phase difference 48.16 ± 18.52 versus 51.80 ± 14.25
degree, 95% CI −10.36 to 3.10, 𝑝 = 0.286; gain 0.86 ± 0.30
versus 0.88 ± 0.30 cm/s/mmHg, 95% CI −0.14 to 0.10, 𝑝 =
0.757; Figure 3(a)).

Among patients with temporal region seizure, no sig-
nificant differences of the overall phase and gain between
unilateral discharges (𝑛 = 31) and bilateral discharges (𝑛 =
35) were observed (phase difference 48.98 ± 18.10 versus
50.36 ± 16.42 degree, 95% CI −7.11 to 9.86, 𝑝 = 0.749;
gain 0.90 ± 0.28 versus 0.87 ± 0.38 cm/s/mmHg, 95% CI
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Figure 2:Theautoregulatory parameter and statistical distributions in overall epileptic patients and epileptic patients with/without slowwave. (a)
The autoregulatory parameter (phase difference) derived from the transfer function in overall epileptic patients. (b) Statistical distributions of
the phase difference in overall epileptic patients. (c)The phase difference derived from the transfer function in epileptic patients with/without
slow wave. (d) Statistical distributions of the phase difference in epileptic patients with/without slow wave. In (a) and (c), frames in orange
represent specific frequency domain (0.06–0.12Hz). In (b) and (d), bars denote means; whiskers denote standard error.𝑁 = 16 for interictal
slow wave patients; 𝑛 = 84 for slow-wave-free patients. ∗ indicates statistically different (𝑝 < 0.05).

−0.19 to 0.14, 𝑝 = 0.753; Figure 3(b)). To identify whether
epileptic discharges could influence cerebral autoregulation
in the contralateral hemisphere, we analyzed 36 patients with
unilateral discharges and did not find significant differences
of the two autoregulatory parameters between ipsilateral side
and contralateral side (phase difference 49.62 ± 18.21 versus
47.88 ± 18.43 degree, 95% CI −4.63 to 8.10, 𝑝 = 0.584; gain
0.89 ± 0.27 versus 0.88 ± 0.31 cm/s/mmHg, 95% CI −0.09 to
0.09, 𝑝 = 0.995; Figure 3(c)).

3.4. Univariable and Multivariable Analyses. The clinical
parameters used in the univariable andmultivariable analysis
are shown in Table 2. In the univariable model, interictal
slow wave was related to lower phase difference (𝑝 =
0.016). The multivariable model included gender, age, and
interictal slow wave. Interictal slow wave was an inde-
pendent factor that influenced phase difference. No fac-
tors were detected associated with gain after multivariable
analysis.
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Figure 3: The autoregulatory parameter and statistical distributions in each group. (a) Phase difference derived from the transfer function
(left) and its statistical distributions (right) in patients with focal discharges and multifocal discharges. (b) Among patients with temporal
seizure, the overall phase difference (left) and its statistical distributions (right) in patients with unilateral discharges and bilateral discharges.
(c) Mean phase difference (left) and its statistical distributions (right) of ipsilateral side and contralateral side in patients with unilateral
discharges. Denotations by lines and frames are similar to those in Figure 2. 𝑁 = 44 for patients with focal discharges; 𝑛 = 56 for patients
with multifocal discharges; among 66 patients with temporal seizure, 𝑛 = 31 for unilateral discharges and 𝑛 = 35 for bilateral discharges;
𝑛 = 36 for patients with unilateral discharges.
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Table 1: Baseline characteristics of patients with epilepsy and the control group.

Patients
(𝑛 = 100)

Control group
(𝑛 = 100) 𝑝

Age (year) 32.7 ± 11.8 32.1 ± 10.3 0.703
Gender, male/female 40/60 40/60 1
Smoking, 𝑛 (%) 17 (17.0%) 10 (10.0%) 0.092
Mean blood pressure (mmHg) 87.3 ± 8.5 86.4 ± 7.5 0.399
Mean MCA velocity 67.69 ± 12.34 64.82 ± 12.41 0.102
Heart rate (beats/min) 70.7 ± 8.1 70.4 ± 7.6 0.773
End-tidal CO2 (mmHg) 37.6 ± 1.7 37.1 ± 1.8 0.527
Discharge types

Focal discharges, 𝑛 (%) 44 (44)
Multifocal discharges, 𝑛 (%) 56 (56)

Epileptic discharge sites
Temporal region, 𝑛 (%) 66 (66)
Frontal region, 𝑛 (%) 13 (13)
Multiple regions, 𝑛 (%) 21 (21)

Discharge state
Wake, 𝑛 (%) 62 (62)
Sleep, 𝑛 (%) 38 (38)

Interictal EEG discharge wave
Sharp waves, 𝑛 (%) 40 (40)
Sharp-wave complex, 𝑛 (%) 73 (73)
Spikes, 𝑛 (%) 12 (12)
Spike-wave complex, 𝑛 (%) 20 (20)
Slow waves, 𝑛 (%) 16 (16)

AED therapy, 𝑛 (%) 48 (48)
MCA, middle cerebral artery; AED, antiepileptic drugs.

Table 2: Univariable and multivariable analysis of clinical parameters associated with autoregulatory parameters.

Univariable analysis Multivariable analysis
Phase difference Gain Phase difference Gain
𝛽 𝑝 𝛽 𝑝 𝛽 𝑝 𝛽 𝑝

Gender 0.004 0.971 0.037 0.713 0.042 0.681 0.078 0.491
Age −0.030 0.768 −0.137 0.175 −0.010 0.917 −0.196 0.065
Smoking −0.108 0.291 −0.101 0.324
Epileptic discharge sites −0.056 0.624 −0.054 0.596
Interictal slow wave −0.241 0.016ab 0.069 0.496 −0.249 0.016bc

Duration 0.167 0.108 −0.154 0.139
Epileptic discharge type 0.101 0.318 0.034 0.736
Discharge state 0.006 0.953 −0.011 0.914
AED therapy −0.017 0.875 0.127 0.231
aNominally significant values (𝑝 < 0.1) included in themultivariablemodel; b𝑝 value< 0.05 (statistically different); cindependent factor that influences cerebral
autoregulation.

4. Discussion

In this study, we found the autoregulatory parameter, phase
difference, was impaired in patients with epilepsy.There were
no differences of the impairment between focal discharges

and multifocal discharges and no differences between
affected and unaffected hemispheres. In particular, interictal
slow wave was an independent factor that influenced phase
difference values in patients with epilepsy. These findings
may increase understanding of the underlying mechanism
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where patients with epilepsy tend to have higher risk of
stroke and provide a potential intervention target to prevent
postepilepsy stroke.

The first case of epilepsy preceding stroke was described
in early 1982 by Barolin [3]. Several years later, a case-control
study by Shinton and colleagues showed that preexisting
epilepsy was more common in the stroke group, which
suggested that epilepsy could sometimes herald a stroke
[1]. Subsequently, studies with larger amount of patients
supported Shinton’s hypothesis in both elderly and young
patients [4]. Recently, a prospective study by Sillanpää et
al. with five decades of follow-up showed that patients with
childhood-onset epilepsy had higher MRI abnormalities,
including those with epilepsy in remission, which may be
a predictor of clinically evident stroke [20]. The potential
mechanisms underlying this phenomenon remain unclear.
Except for the use of antiepileptic drugs and the lifestyles
of patients with epilepsy that have been demonstrated to be
risk factors for stroke (such as smoking, physical inactivity,
and certain unhealthy diet choice), epileptic seizures were
thought to be an essential cause [21]. Shinton et al. detected
that, among the patients who had partial motor epilepsy, a
hemiplegia developed on the same side as the epileptic focus
in most cases [1]. It was probably the earliest evidence of this
kind. Olesen et al. reported a higher risk of stroke in patients
with untreated epilepsy [22]. Another study showed the risk
of stroke was higher in patients with epilepsy without any
vascular risk factors (such as hypertension, atrial fibrillation,
cardiovascular disease, diabetes, or hyperlipidemia) [5]. In
this study, none of the participants had any identified vascular
risk factors, and we did not find any significant influences of
clinical factors on dynamic cerebral autoregulation param-
eters containing smoking and antiepileptic drugs therapy.
Because of the altered hemodynamics and hypoperfusion
during both ictal and interictal events [7], we speculated
that disrupted cerebral hemodynamics caused by epileptic
discharges participated in the subsequent stroke.

It is widely accepted that during epileptic seizures, the
energy metabolism of the cerebrum increases accompanied
by the rising neuronal activity, leading to an increase in
cerebral blood flow simultaneously. Studies accessed by
fMRI and SPECT have confirmed this [23, 24]. However,
several studies have shown the opposite cerebral blood flow
changes [25, 26]. For example, frontal region hypoperfusion
has been documented in patients with temporal seizures
[27, 28]. As the intrinsic mechanism to maintain cere-
bral perfusion, cerebral autoregulation dilates arterioles to
increase cerebral blood flow in the ictal and postictal state
[7]. Cerebral blood flow changes underlie an exhaustion of
cerebral autoregulation capability [25]. Several decades ago
Hascoet et al. demonstrated in animals that autoregulation
of cerebral blood flow was impaired during both seizures
and the subsequent postictal state [12]. They thought this
persistent impaired cerebral autoregulation was relevant in
the pathogenesis of hemorrhagic or ischemic brain lesions.
However, in Hascoet et al.’s study, newborn piglets were
studied at 20 to 90min after cessation of seizures, and the
correlations between cerebral blood flow and mean arterial
pressure in this period represented cerebral autoregulation in

the postictal state. Cerebral autoregulation during subclinical
onset and interictal period has not been described yet. Our
study focuses on the interictal period, and compromised
cerebral autoregulation during this period suggested that it
was not only clinical seizure onset but also interictal epileptic
discharges that influenced cerebral hemodynamics. Patients
with lower cerebral autoregulation may be prone to hypoper-
fusion during epileptic events. In addition, we did not find
significant differences in dynamic cerebral autoregulation
parameters between patients with focal discharges andmulti-
focal discharges, nor did we find the ipsilateral side and con-
tralateral side in patients with unilateral discharges. That is,
the cerebral autoregulation of epilepsy patients was impaired
bilaterally despite the discharge location and type, suggesting
the possibility of distant changes induced by chronic epileptic
discharges. Analogously, a study by Dütsch and colleagues
demonstrated that temporal lobe epilepsy surgery improved
the dynamic cerebral autoregulation parameters gain and
phase bilaterally, regardless of the side of surgery. They
thought a decrease in interictal epileptic activity mostly
led to a decreased sympathetic cerebrovascular modulation
after the surgery and thus improved cerebral autoregulation
capability [29].

The potential mechanisms of impaired cerebral autoreg-
ulation in the interictal period are unclear. Since none of
our patients had clinical seizure onset before and during
measurement, we believe that repetitive interictal epileptic
discharges as well as their underlying etiology influenced
cerebrovascular function through a series of neuroendocrine
mechanisms, thus affecting cerebral autoregulation. Our
hypothesis has some evidence. Above all, despite the con-
troversy, cerebral hemodynamic alterations were detected
during variable epileptic discharges [23, 27, 28]. Further,
epileptic seizures have been proven to disrupt the neurovas-
cular coupling [7], which is another distinct mechanism to
regulate cerebral blood flow. This suggested that epileptic
seizures not only cause cerebral hemodynamics alteration
but also influence cerebrovascular function. The research
of Gómez-Gonzalo et al. showed that astrocyte activation
resulted from Ca2+ elevation and participated in the control
of neurovascular coupling and vasomotor response during
epileptic activity. However, they observed that comparedwith
the ictal discharges the efficacy of interictal discharges was
too poor to elicit cerebral arteriole response, which differed
from our findings [30]. In our opinion, as Ca2+ elevation
and isolated astrocytes activation were indeed seen during
interictal discharges, it was likely that chronic and repetitive
interictal discharges elicited neurovascular coupling alter-
ation and cerebrovascular dysfunction combined with occa-
sional ictal events.Moreover, Rosengarten et al. observed that
neurovascular coupling might have identical mechanisms
with cerebral autoregulation [31], which helped explain our
results. In addition, interictal autonomic nervous system
dysfunction was seen in patients with epilepsy [32, 33], which
affected the cerebral autoregulation [34, 35]. Autonomic dys-
functionwas thought to acceleratewith duration anddepends
on the degree of seizure control [36]. Similarly, Dütsch
et al. considered that enhanced autonomic cerebrovascular
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function could explain the cerebral autoregulation recovery
after surgery in patients with temporal lobe epilepsy [29].

Another important finding of this study was that slow
wave was an independent factor that influenced phase differ-
ence in patients with epilepsy. Slow wave is a fundamental
cortical rhythm that generally emerges in deep nonrapid eye
movement sleep [37], mainly composed of delta slowing. In
the waking state, slow wave is produced by lesions in both
cortical gray matter and subcortical white matter [38, 39]
and is generally thought to represent structural or metabolic
dysfunction [40]. The pathogenesis of interictal slow wave
remains poorly understood. Keller and colleagues found an
increase in neuronal firing during discharge as well as a
diminished rate of neuronal activity during the slow wave,
corresponding to a period of relative inhibition, suggesting
that slow wave represented inhibition of brain function.
Additionally, physiologic events that resulted in the interictal
discharge were not limited to the seizure focus [41].There are
also perspectives that interictal regional delta slowing repre-
sents the epileptogenic process, for its locations are striking
in accordance with the epileptic focus [40]. Furthermore,
several studies demonstrated a strong relationship between
interictal slow wave and diminished rate of neuronal activity
in the relevant regions [41, 42]. In this study, we recognized
that cerebral autoregulation of patients with interictal slow
wave was impaired even and interictal slow wave was an
independent predictor of dynamic cerebral autoregulation
capability. We speculate that interictal slow wave plays an
essential role in the impairment of dynamic cerebral autoreg-
ulation through unknown mechanisms and may have an
association with postepilepsy stroke. Epidemiologic studies
with large sample are needed to confirm this hypothesis.

The study has some limitations. First, the dynamic
cerebral autoregulation and EEG were examined separately.
Thus, we cannot identify whether the patients had subclinical
epileptic discharges during the dynamic cerebral autoregula-
tion measurement, which may influence the cerebral hemo-
dynamics. Second, epilepsy was caused by different reasons,
such as juvenile myoclonic epilepsy or mesial temporal lobe
sclerosis, which may result in difficulty in explaining the
mechanisms of cerebral autoregulation impairment. How-
ever, our limitation is not to distinguish the different causes
of epilepsy. Furthermore, dementia, a potential factor to
influence cerebral autoregulation, is common in patients with
epilepsy [43]. Not including the cognitive function test is a
limitation of our study.

Our findings raised new questions. It is not easy to deter-
mine whether disruption of dynamic cerebral autoregulation
during the chronic epileptic phase is just a consequence
of epileptic discharges or that it can also contribute to
discharges. Further work is required to explore this issue.The
cause-and-effect relationship between interictal slow wave
and dynamic cerebral autoregulation should also be explored
further.

5. Conclusions

The present study documented that dynamic cerebral auto-
regulation capability is impaired in the patients with epilepsy,

especially in those with interictal slow wave. Cerebral
autoregulation disruption occurs irresponsive of the dis-
charge location and type, suggesting hemodynamic changes
exceeding the epileptogenic focus. Interictal slow wave is an
independent factor to predict impaired cerebral autoregula-
tion in patients with epilepsy.
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