
Research Article
Pupillographic Sleepiness Test and Polysomnography in
Nondemented Patients with Ischemic White Matter Lesions

Ralf Landwehr1 and Robert Liszka2

1Neurologische Klinik, Pfalzklinikum für Psychiatrie und Neurologie, Teaching Hospital, Medical Department,
University of Mainz, 76889 Klingenmünster, Germany
2Klinik für Neurologie, Westpfalz-Klinikum, Teaching Hospital, Medical Departments,
Universities of Mainz and Heidelberg/Mannheim, 67655 Kaiserslautern, Germany

Correspondence should be addressed to Ralf Landwehr; ralf landwehr@web.de

Received 18 August 2015; Revised 9 November 2015; Accepted 11 November 2015

Academic Editor: Stephen D. Ginsberg

Copyright © 2015 R. Landwehr and R. Liszka. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

Background. Patients with ischemic white matter lesions (WML) frequently report nonrestorative sleep or daytime sleepiness.
However, subjective estimations of sleep and sleepiness can differ considerably from objective measures. The pupillographic
sleepiness test (PST) could identify patients with sleep disorders requiring polysomnography (PSG) and further treatment.Methods.
We performed a PST and a PSG of 35 nondemented patients with WML, who reported nonrestorative sleep or daytime sleepiness,
and assessed the diagnostic value of the pupillary unrest index (PUI). Sleep parameters were compared to normative data. Results.
Themean PUI ofWML patients was normal (5.89mm/min) and comparable to PUIs of patients with other neurological disorders.
All 9 of the 35 WML patients (25.7%) who had a PUI above normal also had clinically relevant sleep disorders (5: sleep apnea, 7:
periodic leg movements, and 4: insomnia). Six patients with a normal PUI had mild to moderate primary insomnia. Conclusion.
PST and PSG parameters were physiological inmost patients withWML. Age-related changes and affective and neuropsychological
disordersmight account for their sleep-related complaints. An elevated PUI in patients withWML seems to indicate comorbid sleep
disorders that require further diagnostic evaluation and treatment (sleep apnea, insomnia with periodic leg movements, but not
primary insomnia).

1. Introduction

White matter lesions (WML) are a common finding in
cerebral MRI scans of elderly persons [1, 2]. However, their
clinical and pathophysiological significance remains a matter
of debate. The majority of WML are due to microvascular
ischemic lesions caused mainly by arterial hypertension and
other common vascular risk factors like diabetes mellitus,
hypercholesterolemia, and smoking. Although elderly per-
sons with WML can appear clinically asymptomatic, neu-
ropsychological testing can reveal impairments of process-
ing speed, immediate and delayed memory, and executive
function [1]. The presentation of clinical symptoms is mostly
subacute resulting from the combination of nonocclusive
small vessel disease and lacunes [3], with a chronic course
marked by fluctuations and slowly progressive worsening [4].

Typical symptoms are loss of frontal executive functions,
reduced information processing speed, gait disturbances,
depressive mood, motivation and initiative loss, and urinary
incontinence.Without sufficient treatment, the diseasemight
ultimately develop to vascular dementia.

Up to date, data about objective sleep parameters in
patients with ischemic WML are scarce. In general, cognitive
impairment and sleep disorders tend to aggravate each other
mutually [5–7]. A recently published study [8] described sev-
eral differences of polysomnographic parameters in patients
with vascular cognitive impairment but without demen-
tia, patients with simple stroke, and controls with similar
comorbidities but without stroke: compared with controls,
both patient groups had reduced total sleep time (TST),
slow wave sleep (SWS), REM sleep, and sleep efficiency, a
longer sleep onset latency, and an increased arousal index.

Hindawi Publishing Corporation
Journal of Geriatrics
Volume 2015, Article ID 150927, 6 pages
http://dx.doi.org/10.1155/2015/150927



2 Journal of Geriatrics

In addition, various sleep disturbances and increased daytime
sleepiness in patients with WML have been described and
were further assessed using questionnaires [9]. Other studies
have reported similar symptoms and disorders after both
cortical and subcortical ischemic stroke [8, 10, 11]. Sleep-
related breathing disorders can be a consequence of stroke
and represent an independent risk factor for cerebrovascular
diseases [12, 13]. Stroke-related sleep disturbances are very
common during the acute phase and persist in 25% of
the patients [12]. Frequent complaints about sleep-wake-
disorders with nonrestorative sleep and daytime sleepiness
as core symptoms suggest comparable problems in patients
with ischemic WML. However, the subjective estimation
and objective measures of sleepiness can differ considerably,
especially in subjects with sleep disorders [14]. Moreover,
the neuropsychological impairments of patients with WML
could reduce the ability to assess sleep-related symptoms
correctly, as was shown for patients with mild cognitive
impairment [15]. Affective disorders might also mimic sleep-
related symptoms. Lastly, the quality and recreational effects
of sleep tend to decrease with age [16, 17]. Polysomnography
(PSG) is the gold standard to identify sleep disorders that
require treatment. On the other hand, PSG is not always avail-
able, time- and personnel-consuming, and expensive. Alter-
native objective screening measures like the pupillographic
sleepiness test (PST) are therefore required to distinguish
pathological sleepiness from age-related, neuropsychological,
and affective impairments.

The pupillographic sleepiness test is an efficient and
easily applicable method to assess the level of the central
nervous activation. It is based on the autonomous regulation
of the pupillary diameter in the absence of light, which
dilates with sympathetic and constricts with parasympathetic
innervation. At a physiological arousal level, the central
sympathicotonus is high and inhibits the parasympathetic
nucleus Edinger-Westphal of the N. oculomotorius.Thus, the
diameter of the pupil remains nearly constant for a long time,
with only minor changes around 1Hz. In a state of sleepiness,
however, fluctuations of the pupillary diameter increase over
time, due to a decreasing effect of the sympathicus on the
pupil directly and on the nucleus Edinger-Westphal [18, 19].
Fluctuations especially in the frequency range below 0.8Hz
correlate with the variations of the central nervous activation,
so these were termed “fatigue waves.”

The objective of the present study was the identification
and quantification of sleep disorders in patients with WML
without dementia, based on complaints of nonrestorative
sleep or daytime sleepiness. In order to assess the diagnostic
value of the PST in these patients, we used the PST as a
screening procedure and evaluated the result by a one-night
PSG. Considering the physiological principle of the PST,
we expected to identify patients with sleep disorders caus-
ing increased daytime sleepiness, like sleep apnea, periodic
limb movements in sleep, and potentially secondary (symp-
tomatic) insomnia. Since PSTmeasures in primary insomnia
are usually within the normal range [20], a discrimination of
patients with primary insomnia and patients with secondary
insomnia (which is more prevalent in elderly persons) might
be possible.

2. Materials and Methods

2.1. Participants. Our study was based on a retrospective
analysis of clinical and PSG data of 35 patients with WML
who suffered from nonrestorative sleep (32 patients) or
daytime sleepiness (9 patients); 6 patients reported both of
these symptoms.Themean age of the patients was 72.6±4.30
years (64.1–87.4); 19 were male and 16 female. 34 patients
(97%) had cardiovascular risk factors: 31: arterial hyperten-
sion (89%), 25: hypercholesterolemia with LDL >130mg/dL
(71%), 9: diabetes mellitus (26%), 4: active smoking (11%),
and 16: a history of smoking (47%). WML were diagnosed
by cerebral MRI scans on a single 1.5 T scanner (Magnetom,
Siemens Medical Solutions, Erlangen, Germany) with the
following sequences: axial T1-weighted, T2-weighted, FLAIR,
and DWI, coronal T1-weighted, and sagittal T2-weighted
(axial T2∗-weighted sequences were additionally performed
when hemorrhagic lesions needed to be excluded). We
estimated the amount of WML with the rating scale of
Manolio et al. [21]. This scale is widely accepted, and its
correlation with other visual rating scales is high [22].
Cognitive deficits were evaluated by a CERAD (27 patients)
or MMST (8 patients). Cutoff values were 85 (CERAD) and
28 (MMST) for mild cognitive impairment and 77 (CERAD)
and 25 (MMST) for dementia [23]. Only patients with normal
neuropsychological test results or mild cognitive impairment
(28 and 7 patients, resp.) were included in the study. Sleep
disorders were diagnosed according to clinical criteria from
a detailed anamnesis supplemented by sleep questionnaires
(Pittsburgh Sleep Quality Index “PSQI,” Epworth Sleepiness
Scale “ESS”), a pupillographic sleepiness test, and one night
of polysomnography. The cutoff values were >5 for the PSQI
and >9 for the ESS; these scores were applied to complement
the clinical criteria based on the medical history and not
for diagnosis. Exclusion criteria were previous treatment
for the respective sleep disorders, the intake of medications
or substances with central nervous effects, concomitant or
former neurological and psychiatric disorders (especially a
history of stroke or the detection of territorial infractions
in the MRI), and abnormal findings in the waking EEG (21
leads). All participants had given informed consent for their
EEG data to be used for further evaluation. The local ethics
committee had approved this procedure.

2.2. Polysomnography. Participants underwent one-night in-
lab videopolysomnographic sleep recordings (Schwarzer
Brainlab 3.30-0.00, Belgium) including the following leads:
EEG (F3-A2, F4-A1, C3-A2, C4-A1, O1-A2, and O2-A1),
according to the international 10-20-system, Ag-AgCl-
electrodes (TC 0.3 s, HF 70Hz, and sampling rate 250Hz),
electrooculogram, electromyography of submental muscles,
left and right tibial muscles, oral and nasal airflow measured
by thermistor, thoracic and abdominal excursions by plethys-
mography, snoring by microphone, blood oxygen saturation
by finger oximetry, and ECG by a D2 lead and body position.
The recordings were stored on hard disc. Visual sleep scoring
[24] by two sleep specialists was based on 30 s epochs of
the sleep EEG, EOG, and EMG. Since there was no control
group, the results of the PSGwere compared to epidemiologic
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Table 1: Sleep parameters of WML patients with normal PUI (𝑃nor, 𝑛 = 26) and elevated PUI (𝑃elev, 𝑛 = 9).

Sleep parameter 𝑃nor: normal PUI
(4.32mm/min), 𝑛 = 26

𝑃elev: elevated PUI (10.76mm/min), 𝑛 = 9
Sleep apnea

(13.08mm/min), 𝑛 = 5
Significance of

differences to 𝑃nor
Insomnia

(7.86mm/min), 𝑛 = 4
Significance of

differences to 𝑃nor
Total sleep time 6.3 ± 1.1 h 6.6 ± 1.6 h n.s. 5.5 ± 1.3 h n.s.
Sleep onset latency 16.5 ± 15.8min 11.3 ± 13.7min n.s. 27.4 ± 24.0min 0.05
REM latency 98.4 ± 40.6min 146.2 ± 55.2min 0.05 129.8 ± 51.7min 0.05
WASO 6.8 ± 2.9% 12.7 ± 8.7% 0.05 16.9 ± 15.9% 0.05
N1 sleep 7.1 ± 4.5% 18.9 ± 11.5% 0.05 16.3 ± 12.4% 0.05
N2 sleep 59.6 ± 9.1% 51.5 ± 14.0% n.s. 58.7 ± 17.0% n.s.
Slow wave sleep 7.4 ± 7.7% 2.1 ± 1.8% 0.05 0.0 ± 0.0% 0.01
REM sleep 19.2 ± 8.4% 14.8 ± 6.4% n.s. 8.2 ± 12.2% 0.05
AHI 3.0 ± 2.3/h 33.6 ± 15.2/h 0.001 6.1 ± 3.9/h n.s.
PMLS-Index 6.2 ± 5.0/h 17.7 ± 12.6/h 0.01 27.8 ± 9.8/h 0.05
The 𝑃elev group was separated by the apnea-hypopnea-index (AHI) into an apnea-subgroup and an insomnia-subgroup. WASO = wake after sleep onset, AHI
= apnea-hypopnea-index, and PMLS = periodic leg movements in sleep.

data from the literature [6, 17, 25]. An apnea-hypopnea-
index >5.0/h and a PLMS-index >5.0/h were considered as
increased, with an AHI >10/h as definitely pathological [24].

2.3. Pupillographic Sleepiness Test. We used a standardized
pupillographic measurement protocol with the PST xsII
(AMTech GmbH, Dossenheim, Germany): the pupillary
diameter was registered for 11 minutes in the sitting subject
with an infrared camera under quiet conditions and light
shielding, between 8:00 and 11:00 a.m. on the day before the
PSG. The pupillary unrest index (PUI) is based on the sum
of the absolute changes of the pupil diameter (in mm/min)
and relates to cumulative changes of the pupil diameter over
the measurement period. It was automatically calculated in
40ms bin quantities by the PST device’s standard software.
Normative data of the PUI exist for male and female adults
at different ages [18, 26]: a physiological PUI is <6.6mm/min
(the mean PUI of the normative study +1 SD), a borderline
PUI between 6.6 and 9.8mm/min (mean PUI ≥ +1 SD to <
+2 SD), and a pathological PUI ≥ 9.8mm/min (mean PUI +
≥2 SD). In our study, all PUIs ≥ 6.6mm/min are designated
as “elevated,” since, in this range, further diagnostics are
required. The PUI was also compared to patients with other
neurological disorders from our data bank [27].

2.4. Statistics. All statistical analyses were performed by a
PC-based statistical program (MacAnova 5.05, release 3,
University of Minnesota, 2006). When a normal distri-
bution of variables seemed probable, this was confirmed
by the Kolmogorov-Smirnov-test. Differences between nor-
mally distributed variables were assessed using the t-test.
In not normally distributed parameters, the significance of
differenceswas assessed using theWilcoxon-Mann-Whitney-
test. Correlations were calculated according to the Pearson’s
correlation coefficient for normally distributed variables.
Significance was assumed for 𝑃 ≤ 0.05.

3. Results

Themean value for theManolio global rating of all 35 patients
was 3.6 ± 2.3 (median 3), ranging from 0 to 8; based on
this rating, most patients had mild or moderate WML. The
mean PUI = 5.89 ± 3.59mm/min of WML patients was
physiological. 26 patients had a normal PUI (mean 4.32 ±
1.07mm/min, range 2.52–6.22mm/min); 13 of these patients
were male and 13 female. Nine patients (6 male, 3 female)
had an elevated PUI = 10.76 ± 4.06mm/min. The range of
individual PUI values was large from 6.75 to 18.12mm/min;
only 5 patients (4male, 1 female) had a definitely pathological
PUI ≥9.80mm/min.

Themean ESS score of all patients was 6.4 ± 3.9 (range 3–
17), and the mean PSQI score was 10.1±4.0 (range 5–20); the
patients with a normal PUI had an ESS score of 5.9±4.3 and a
PSQI score of 9.8 ± 3.7, and the patients with an elevated PUI
had an ESS score of 7.0 ± 6.1 and a PSQI score of 10.5 ± 4.4.
None of these differences reached significance.

We analyzed the PSG results of the 26 patients with a
normal PUI (𝑃norm) and the 9 patients with an elevated PUI
(𝑃elev) separately (Table 1). 𝑃norm results regarding latencies,
global sleep parameters, and the distribution of sleep stages
were comparable to the sleep heart health study data [17].
The mean AH- and PLMS-indices of 𝑃norm were also normal.
We found gender differences only for sleep onset latencies
(men 21.3min, women 11.7min, 𝑃 < 0.05) and REM latencies
(men 117.8min, women 79.0min, 𝑃 < 0.05) but not for the
other PSG parameters and the PUI. Only 6 𝑃norm patients
were clinically diagnosed with mild to moderate primary
insomnia; all these patients had corresponding alterations of
PSG parameters: prolonged sleep onset and REM latencies,
increased proportions of waking after sleep onset, and light
sleep (N1, N2), reduced to absent slow wave sleep (N3), and
more arousal than normal sleepers. This patient group had a
mean PUI of 3.49 ± 0.93. No 𝑃norm patient had sleep apnea or
PLMS.



4 Journal of Geriatrics

The 𝑃elev group was not homogenous in regard to sleep
disorders: sleep apnea was diagnosed in 5 𝑃elev patients with
a mean AHI = 33.6/h: 4 had obstructive and 1 mixed sleep
apnea (3 of these patients also had PLMS). Four 𝑃elev patients
had insomnia, as diagnosed by clinical and PSG criteria.
Based on these diagnoses, we divided the 𝑃elev group into two
subgroups with sleep apnea and insomnia, respectively. The
PUI of the sleep apnea-subgroup (13.08mm/min) was higher
than the PUI of the insomnia-subgroup (7.86mm/min, 𝑃 <
0.05). PSG data of both subgroups differed from the 𝑃norm
group by an increased amount of wake after sleep onset and
stage N1, reduced slow wave sleep, a prolonged REM sleep
latency, and an elevated AHI and PLMS-index (Table 1). All 4
of the insomnia patients and 3 of the patients with obstructive
sleep apnea had PLMS. The insomnia patients with an
elevated PUI had also reduced REM sleep. Neither REM
behavior disorders nor other parasomnias were diagnosed
in the 𝑃norm and 𝑃elev groups. 𝑃elev patients had significantly
more vascular risk factors than𝑃norm (3.1 versus 1.7,𝑃 < 0.05).
The PSG parameters for insomnia patients from the 𝑃norm
and the 𝑃elev groups differed only for the PLMS-index (5.1/h
versus 27.8/h), but not for sleep latencies and stages.

In summary, all patients with an elevated PUI had
clinically relevant sleep disorders, while only 6 patients of
26 (23%) with a normal PUI had mild to moderate primary
insomnia, but no other sleep disorders. Therefore, the PUI
separated normal sleepers from patients with sleep apnea and
patients with insomnia plus PLMS, but not frompatients with
primary insomnia without PLMS. This can also be expressed
by the predictive values for the PUI with a cutoff value of
6.60mm/min: for the 𝑃elev group (sleep apnea or insomnia
plus PLMS), the positive predictive value (PPV) and the
negative predictive values (NPV) were 1.0, respectively; when
considering all sleep disorders including primary insomnia,
the PPV was also 1.0 and the NPV 0.77. A cutoff value of
9.80mm/min reduced the PPV to 0.56 and the NPV to 0.87
(including primary insomnia NPV 0.67). Only 3 of 5 sleep
apnea patients and 2 of 4 insomnia plus PLMS patients had
an ESS score >9, while 6 patients with physiological PSG and
PST measures also had an ESS score >9. All 9 patients in the
𝑃elev group and 24 of 26 patients in the𝑃norm grouphad aPSQI
score >5.

The PSG parameters and the PUI did not differ between
patients with normal cognitive function and patients with
mild cognitive impairment.The percentage of SWS and REM
sleep correlated negatively with the value of the Manolio
scale, so a larger amount ofWML implied a reduced percent-
age of SWS and REM sleep: Pearson’s correlation coefficient
was 𝑟 = −0.43 (𝑃 < 0.05) for SWS and 𝑟 = −0.37 (𝑃 < 0.05)
for REM sleep and the Manolio score, respectively.

4. Discussion

Our study had two main objectives: Firstly, we examined
patients with WML complaining of nonrestorative sleep or
daytime sleepiness using the PST and PSG, in order to
complement the scarce data about objective sleep parameters
of patients withWML in the literature. Secondly, we assessed
the sensitivity of the PST regarding the identification ofWML

patients who suffer from clinically relevant sleep disorders,
based on the polysomnographic sleep parameters. Most of
our patients with ischemicWML, in spite of their complaints
of nonrestorative sleep or daytime sleepiness, had a normal
PUI and normal objective sleep parameters in PSG, compara-
ble to patients of the sleep heart health study [17] and normal
sleepers of the same age [6, 25]. However, all patients with an
elevated PUI had clinically relevant sleep disorders; the PUI
distinguished healthy sleepers from patients with sleep apnea
and from insomnia patients with PLMS, but not from insom-
nia patients without PLMS. This result is in accordance with
previously published data, documenting that patients with
primary insomnia tend to have normal PST values [28]. Since
the patients with an elevated PUI had relevant sleep disorders
as well as significantly more vascular risk factors, the PST
might be an important screening technique to identify a sub-
group of patients with WML at high risk of vascular events.
This result is crucial especially for patients with sleep apnea,
since sleep-related breathing disorders themselves increase
the risk of cardiovascular and cerebrovascular pathology [12,
13]. Furthermore, the PST distinguished insomnia patients
with PLMS from insomnia patients without PLMS, so the
PLMSmight further reduce sleep quality in insomnia patients
[29]. Interestingly, a cutoff value of 6.60mm/min for the
PUI had a better predictive value for relevant sleep disorders
than the definitely pathological cutoff value of 9.80mm/min.
Whether this result correlates to the smaller pupil diameter in
the examined age group or other age-related changes can not
be distinguished by our data. PLMS are a common finding in
patients with sleep apnea and tend decrease with successful
treatment of the apneas [30], although treatment might also
unmask PLMS. Since treatment effects of sleep apnea were
not registered in our study, we did not make a distinction
between sleep apnea patients with and without PLMS.

Normal aging seems to involve qualitative and quantita-
tive changes in sleep parameters, though with a high degree
of individuality in the sleep/wake patterns [31]: epidemiologic
studies have consistently described a reduction of TST and
sleep efficiency, a minor decrease of REM sleep, and in
men a substantial reduction of SWS [6, 17, 25]. The PSG
sleep parameters in our study confirmed these results for
the examined age group (64–87 years). When discussing
sleep parameters of geriatric populations, the influence of
comorbidities on sleep has to be taken into account, healthy
persons without any diagnosis being rare in this age group.
Since our patients had mostly typical cardiovascular risk
factors, they could represent a realistic sample of geriatric
patients, despite the selection bias caused by WML and
subjective sleep disturbances. Alterations of sleep parameters
in patients with vascular cognitive impairment [8] and stroke
[8, 10, 11] are qualitatively similar but considerably more
pronounced.Thenegative correlation of the quantity ofWML
(scored by the Manolio scale) with the percentage of SWS
and REM sleep is in good accordance with the sleep changes
Jiang et al. [8] described for patients with vascular cognitive
impairment; 46% (26/56) of these also had diffuse white
matter hyperintensities.

The mean PUI of our 35 patients was comparable
to patients with other neurological disorders who had
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a PUI = 6.22 ± 3.17mm/min, range 2.52–18.12mm/min [27].
If only the 26 patients with a normal PUI are considered, their
mean PUI of 4.32mm/min was only slightly higher than the
mean PUI (3.98mm/min) of a group of healthy sleepers aged
60–79 y in the normative study of Eggert et al. [18]. Since the
6 of our patients with a normal PUI and primary insomnia
had a mean PUI of 3.49mm/min, they cannot account for
this difference. However, compared to the younger groups
(20–60 y) in the studies of Wilhelm et al. [26] and Eggert et
al. [18] with a mean PUI of 4.50mm/min and 4.58mm/min,
respectively, our 26 patients had a lower PUI. Thus, the age
effect on the PUI described by Eggert et al. is also confirmed
by our data, even if less distinct.

Sleep disturbances seem to be less prominent in patients
with WML compared to patients with MCI, probably due
to the disruption of multiple intracortical networks by
A𝛽 aggregation in the latter group [15]. In contrast, the
ability to assess the sleep duration and restorative effects
correctly seems to be similarly impaired in both patient
groups, since the majority of our patients complained of
nonrestorative sleep and daytime sleepiness, in spite of having
age-appropriate PST and PSG parameters.

Limitations of our study were as follows: We had no
control group, so we compared our PSG results to three
large epidemiologic studies [6, 17, 25] and our PST results to
normative data [26] that provide data for the examined age
group. Further methodical limitations are the retrospective
study design, a selection bias due to the selective examination
of inpatients without dementia, and the 1st-night effect of
PSG, since only 1 night of PSG was available. Next, most of
our patients had mild to moderate WML, so no conclusions
concerning patients with severe WML were possible. Lastly,
WML are a common finding in cerebral MRI scans of elderly
persons. The clinical significance of WML, however, remains
a matter of debate, with contradictory literature on the topic,
due to several reasons [2]. (1) WML might be an incidental
finding, especially due to the increasing sensitivity of MRI
devices. (2) Several terms are used in the literature with
inexact definitions and mutual discrimination (referred to as
cerebral microangiopathy, encephalomalacia, leukoaraiosis,
M. Binswanger, subcortical arteriosclerotic encephalopathy,
and vascular dementia). (3) Different etiologies may con-
tribute to WML, although most cases seem to be caused by
cerebral small vessel ischemic disease. (4) The correlation of
WMLand clinical symptoms is not always definite.Therefore,
our collective of WML patients might be heterogeneous,
although themajority hadmultiple vascular risk factors as the
most probable cause of WML.

Why had most examined patients age-appropriate PSG
and PST parameters in contrast to their subjective impair-
ments of sleep and vigilance? As subjective and objective
measures of sleep quality and sleepiness can differ consider-
ably [18], confounding factors concerning the self-assessment
of sleep quality and daytime sleepiness need to be taken
into account: apathy, abulia, and depression are common
in patients with cerebrovascular disorders [31] and may
present with overlapping or coexisting clinical symptoms
[32]. Especially in patients with major depressive disorder,
high incidences of hyperintense lesions in periventricular

and deep white matter as well as subcortical and brain stem
areas have been described [33]. Nondemented patients with
WML also tend to have reduced global cognitive functioning
and more specific neuropsychological deficits of processing
speed, memory, and executive function [1]. One may assume
that all these impairments might affect the self-assessment
of sleep quality and daytime sleepiness. In addition, the
deterioration of sleep quality and quantity with age itself,
combined with a poor sleep perception [8], might cause an
overestimation of sleep problems and thus the subjective
experience of nonrestorative sleep. This hypothesis is sup-
ported by the low predictive values of the ESS and PSQI in
our study, since not all patients with sleep apnea and daytime
sleepiness had an elevated ESS, and a relevant number of
patients with physiological PSG and PST parameters had
increased ESS and PSQI scores. Lastly, the distinction of
fatigue and sleepiness is difficult for many patients suffering
from insomnia; the sympathicotonus is frequently elevated in
these patients, so PUI values are often conspicuously low [20].
The PST results of the 6 insomnia patients in our study are in
accordance with these findings.

In conclusion, PST and PSG parameters were physiolog-
ical in most patients with WML despite their complaints of
nonrestorative sleep or daytime sleepiness. Primary insom-
nia, age-related changes, and affective and neuropsycholog-
ical disorders might therefore contribute to these subjective
impairments. However, an elevated PUI seems to be a strong
indicator of comorbid sleep disorders causing increased
daytime sleepiness (sleep apnea, insomnia plus periodic leg
movements) and possibly also of patients at higher risk of
vascular events. The PST is an efficient and easily applicable
method to assess daytime sleepiness in WML patients and
could thus facilitate a preselection of those patients that
require a PSG and potentially a medical treatment of their
sleep disorders and associated vascular risk factors. However,
the PST is not suited to identification of subjects with
insomnia (without PLMS) who might also need a PSG.
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