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Background: In previous studies, transcutaneous electri-
cal nerve stimulation (TENS), tactile stimulation, and o
combination of the two resulted in cognitive and affective
improvements in patients with Alzheimer’s disease (AD).
As in those studies the therapist was present during the
treatment of the experimental and control group (shemn
siimulation), a positive effect of the combination of TENS
with interpersonal commumication could not be excluded.
Therefore, the effects of “isoluted” TENS, ie. in the
ubsence of the therapist, on memory and affective distur-
bances tn AD patients were examined.

Methods: Eighteen subjects (7892 vears old) mer the

NINCDS-ADRDA criteria for the clinical diagnosis of

probable AD. To evaluate treatiment effects, the cxperi-
mental group (9} and the control group (9) underwent o
nmumber of neurapsvehological tests and two observation
scales.

Results: Treatment effects were observed for nonverbaf
short-ternt (Visugl Memory) and long-tesrm ( Face Recog-
nition) memory, word fluency (Verbal Fluency), and need
of help. whereas pasients’ affective behavior did not
improve.

Conclusions: The results of the present study show that
iselared TENS has a positive effect on patients’ cognitive
and independent funcrioning: however, isolated TENS
appeared nof to have a therapeutic effect on palienls’
affective  behavior. Biol Psychiatry 1998,43:417-424
& 1998 Saciety of Biological Psvehiatry
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Introduction

n a series of studies. patients in an carly stage of
Alzheimer’s disease (AD) were treated with transcuta-
neous electrical nerve stimulation {long-term and short-
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term TENS), tactile nerve stimulation, and a combination
of the twe for 5 days a week during a 6-weck period
(Scherder et al 1992, 1995u. 1993h, 1995¢, 1993d. in
press). Compared o the patients of the control group who
received sham stimulation {placebo), AD patienis of the
experimental group improved in visval short-term and
long-term memory. verbal lonz-term memory, and word
fluency. Moreover. stimulated AD patients participated
more independently in activities ol daily living, were
leoking more for social contacts. and el less withdrawn,
rritable, moody, dejected, and gloomy.

The rationate underlying these studies was thot periph-
eral nerve stimulation. mediated through the somatosen-
SOy systemn, might activate e.g. the hippocampus and
hypothalamas, which arg involved in memory processes
and affective behavior, respectively (Salzmann 1992; Car-
penter and Grossberg 1993; Raudsheer et al 1993). and are
affected in AD (Scheliens ot al 1992; Swaab et al 1392),
The assumption that these structures would be sumulated
by peripheral nerve stimulation was based upon animal
experimental studies that observed an inctease in aclivity
of the hippocampus. including a release ol acetylcholing,
and the hypothalamus {Huan-Fi and Yan-Fang 1976; Dutar
et al 1985}, The ncrease in activity of the hippocampus
and hypothalamus by peripheral nerve stimualation is
possibly mediated through the locus coerufeus and nuclens
raphe dorsalis (Huan-Ji and Yan-Fang 1976; Dutar et al
1985). 1t is known thal the locus coerzleus and nucleas
raphe dorsalis, origins of the noradresergic and seroton-
neurotransmitter  sysletns,  respectively  (Rossor
1888}, project to the hippocampus and hypothalamus
(Bobillier et al 1976, Legoralli-Sanchez et al 1989 Veries
1991 Perrov et al 1992). Morcover, both brain stem nuoclel
are affectecl in AD (Rossor T988). Interestingly, also other
studies confirm that neuronal stimulation might in general
result in functionally refevant effects in AD (for review,
sec Swaab 1991} [0 a recent study. transcranial electro-
stimulation in elderly patients with multi-intarct dementia
was also Jound to be effective m decreasing wandering
and nocturnal delicium and increasing paticnts” interaction
with others (Hozumi et al 1996). In explaining these
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findings, the anthors suggest a possible role of the somato-
sensory system in mediating transcranial electrostimula-
tion. In several other studies, application of bright light,
mediated through the visual sensory system, activated the
hypothalamus of AD patients, resulting in a decrease in
agitation, wandering, and delirium (Okawa et al 1991;
Satlin et al 1992; Lovell et al 1995).

In the former studies concerning peripheral nerve stim-
ulation in AD (Scherder et al 1992, 19954, 1995b. 1995c,
1995d, in press), the therapist was present during both the
peripheral nerve stimulation of the experimental group and
the sham stimulation of the control group. Hence, although
interpersonal communication might be considered as a
possible way of stimulation (Karlsson et al 1985:
Widerlsy et al 1989), it cannot explain the treatment
cffects; however, a positive effect of the combination of
TENS with interpersonal communication could not be
excluded. Therefere, in the present study, we examined the
effects of “isclated” TENS, lLe., in the absence of the
therapist, on memory and affective disturbances in AD
patients.

Methods and Materials
Subjects

The sample consisted of 18 subjects. drawn from a larger sample
of 500 elderly persons who lived in a residential home [or elderly
people. The subjects ranged in age from 78 to 92 years, with a
mean age of 834 years. Level of cognitive funclioning was
assessed by using a Durch cognitive screening test (CST) (de
Graal’ and Deelman 1991}, a modified version of the Shert
Partable Mental Questionnaire of Pfeiffer ¢ Pfeiffer 19753 The
CST consists of 20 items evaluating recent and remote memory.,
personal orientation, and orientation to time and place. Subjects
with u score of 12 or less were classified as baving a cognitive
decline (maximum total score = 203 The mean score of the CST
of our sample was 10.4, ranging from ¥ to 13, suggesting that the
subjects were in a relatively early stage of ADN All subjects had
completed elementary school. After this first plobal screening,
the subjects and their family were informed extensively about the
iim and procedure of this invesngation. After their consent, we
continned with the screening procedure.

All subjects met the NINCDS-ADRDA criteria for the clinical
diagnosis of probable Alzheimer’s disease (McKhann et al
1984). The chinical symptoms of the dementia were present for al
least 6 months, Tn addition, a score of 17 or less on the Hamilton
Depression Rating Scale (Hamilton 1960) was considered to
indicate that the cognitive decline of the subject was not due to
depression. The mesn score an the Hamilton Depression Rating
Scale of our sample was 3.9,

Subjects were excluded from participation in this stody if they
had a history of psychiatric disorder, alcoholism, cerebral
trauma, cerebrovascular discase, hydrocephalus, neoplasm, epi-
lepsy, disturbances of consciousness, or focal brain disorders,
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The subjects’ drug use bad not changed during the 3 months
preceding treatiment. None of the subjects had a pacemaker.

After this screening procedure. the subjects were randomly
assigned to the experimental (# = 9} and control group (n = 9).
but they were not told to which group they belonged. The
subjects in the two groups appeared to match for age and
performance on the CST. To examine whether the provided
information had been understood correctly, a trial treatment was
applied to both the experimental and the control group. The
subjects of the experimental group were familiarized with the
electrostimulation method by applying a trial treatment, during
which they could experience the electrical stimulus. The subjects
of the controt group were familiarized with a sham electrostimu-
lator, i.e.. during the trial treatment no electrical current was
appled (placebo). During the trial treatment of both the experi-
mental and the contrel group no negative reactions of the
subjects were observed. The subjects and their family subse-
quently gave their final informed consent. The famity, who also
did not kaow in which group their relative participated, was
weekly contacted only to detect possible disturbances in patients’
life by our daily visils.

Newropsychological Tests

The 18 subjects underwent a number of neuropsychological rests
w evaluale the effects of treatment on various aspects of
memory, including verbal and visual short-lerm and long-term
memary, and semantic memory. The test battery consisted of the
following tasks:

Digit Span from the Wechsler Memory  Scale-Revised
(WMS-R) (Wechsler 1984) was used to assess patients’ verbal
short-lerm memory abilities.

Visual Memory Span trom the WMS-R (Wechsler 1984) can
be considered as a nonverbal equivalent of the Digit Span test.

The 8 Words Test (Lindeboom and Jonker 1989) was used as
a measure of auditory, verbal long-term memory. This task
provides measures of lmmediate Recall, Delayed Recall, and
Recognition.

Face Recognition from the Rivermead Behaviovral Memory
Test (RBMT) provides a measure of visual, nonverbal long-lern
mernory {Wilson et al 1987).

Ficture Recognition trom the RBMT provides a measore of
visual, verbal long-term memory (Wilson et al 1987)

Word Fluency from the Groninger Inteliigence Test, 1 Dutch
intelligence test (Snijders and Verhage 1983). measures the
ability of subjects to retricve familtar informarion from semantic
memoery by asking thent to name as many ammals and occupa-
tons as possible. each during 1 min.

All subjects did these rests the day before (pretreatment test
scores) and the day after a period of 6 weeks (postireaumnent test
scores) during which the cxperimental and placebo treatments
were applied. In addition, a [ollow-up measurement wus por-
formed 6 weeks uafler the experimental und placebo treutment had
cided {delayed lest scores).

The tests were administered by an mdependent tnvestigator
who was not informed about which subjects belonged 1o the
experimental or the control group. The tesls were given n the
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following order: Digit Span, Visual Memory Span, 8 Words Test
(Immediate Recall), Face Recognition (stimulus presentation),
Word Fluency (names of animals), Face Recognition (response).
Picture Recognition {stimuius presentation), Word Fluency
{names of occupations). Picture Recognition {response), 8 Words
Test (Delayed Recall and Recognition).

Observation Scales

Aill subjects were evajuated on the basis of two obsecvation
scales to evaluate the effects of treatment on various aspects of
affective behavior.

One observation scale was a standard factor-analyzed rating
scale for elderly patients (Beoordelingsschaal voor Oudere Pati-
énten: BOP) (Van der Kam et al 1971}, a revision of the Stocklon
Geriatric Rating Scale (Meer and Baker 1966), The scale has
heen divided into six subscaies, ie., Need of Help (BOPIL: 23
items); Aggressiveness (BOP2: 5 iems): Physical Invalidity
(BOP3A; 3 items); Depressed Behavior (ROP3B; 3 items);
Mental Invalidity {BOP3C: 4 jiems); and Inactivity (BOP4, 7
items). The administration of the BOP subscales wok place a day
before (pretreatment test scores) and a day after a treatment
period of 6 weeks (posttreatment test scores), and again after a
6-week period without treatment (delayed lest scores),

The other observation scale was a Behavior Inventory, con-
structed by the authors. This inventory includes 12 main traits,
1.¢., depression, elation, shyness, mood, anger. tiredness, activity,
anxiety, conscience, indifference, cognition, and contact, Fach
iem was measured on a five-point rating scale, ranging from --2
to +2. A score of -2 meant that, in comparison with & weeks
ago, o particular itlem was applicable to the patient 1o a much
lesser extent; a score of +2 indicated the opposite. Scores in
belween implied 4« moderate change oF no change (score of zero).
This inventory was administered twice. The first administration
oceurred 6 weeks after the experimental and placebo treatments
were applied, the second evaluation wok place following a
t-week period wathout treatment.

All subjects were evaiuated by a nursing staff consisting of 10
nurses, trained to observe paticnts” behavior. They did not know
whether the subjects belonged to the experimental or the control
aroup. The nursing staff filled in the two inventories together,
which resulted in a joint judgment,

Stimulation

Activation of the hippocampus and hypothalamus via the locus
cocruleus and nucleus raphe dorsatis by TENS is supposed to be
mediated by afferent nerve fibers, i.e., thickly myelinated A-beta
fibers, thinly myelinated A-della fibers, and unmyelinated C
fibers (Howsan 1978; Coffey and Mahon 1982). The selection of
stimulation parameters under which these three types ol atferem
nerve fibers in AD patients couid be optimally stimulated was
based upon animal studies dealing with analgesia. Because
peripheral tactile und electrical stimulation seems 1o activate the
same altferent nerve fibers (Guieu et al 1990), animal studies
dealing with analgesia by either type of stimulation seem to be
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suitable for providing the parameters for location, intensiiy. and
duration of the stimulation.

FREQUENCY AND INTENSITY. A-hetz fibers respond very
well to high-frequency stimulation, e.g., 100 Hz with an intensity
Jjust above threshold (Omura 1987; Guieu et al 1990). In another
study. A-beta fibers appeared to respond also to low-frequency
stimulation (2 Hz), however, with an intensity that triggered
visibie muscular twitches (Jorum and Shyu 1938). Activation of
A-delta and C fibers is usually caused by low-freguency stimu-
lation (less thun 10 Hz) with an intensity well above threshold
(Pauser 1980, Jones and Gebhart 1987}, tripgering strong mus-
cular contractions {Duranti et al 1988).

To activate all three types of afterent nerve fibers, high-
frequency and low-frequency stimulation had 1o be combined in
one treatment. For this purpose. pauents of the experimental
group were treated with an elecirostimulator, type Premier 10 s,
This stimulator generates transcutaneous electrostimulation,
which consists of asymmetric biphasic square impulses, applied
in bursts of trains, nine pulses per (rain, with an internal
frequency ot 160 Hz, a repetition rate of 2 Hz, and a pulse width
ol 100 psec. This tvpe of TENS is known as BURST-TENS
{Eriksson et al 1979). The mtensity of the stimolaton wriggered
visible muscular twitches which, as appeared by means of
feedback from the patients. were painless. A flickering groen
light placed on the electrostimulator indicated stimulation.

The same electrostimulator was applied to patients of the control
group: however, for sham stimulation no current was administered
tox the patients. The patients were woid that the stimulator gave off
signals which they could not fecl, and that the stimulation began at
the moment a green light started tw flicker on the apparatus.

LOCATION. The patients of the experimental group were
sitting in a chair. Two 2 <X 3 cm (height X width} standard
carbon rubber electrodes with gel were fixed on the patienty
back with tape between Thl and Th3, cach on one side of the
spmal column, 2 cm from the diumeter. Because asymmetric
biphasic impulses were used. one electrode had a negative pole.
the other a positive one. To divide the possible cffect of
BURST-TENS equally over bath sides of the spinal column, the
poles were swilched every day. The sume procedure took pluce
for the control group.

ABSENCE OF THERA#IST. The therapist went out after appli-
cation of the stimulator and only retumed a few times just to
check whether the trearment progressed as planned.

DURATION.  Studies conceming analgesia indicatc that a
peripheral stimulation time of 20-30 min per treatment is
necessary to provide analgesia (Wolf et al 1981 Robaima et
1989). To evaiuate the analgesic effect of peripheral stimulation
and to maintain the acquired relief fiom pain, these studies report
a tofal duration of 4 weatment period of ar least 4 weeks
{(Frampton 1982). Based on these data, in the present study a
3)-min-a-day treatment of TENS and of sham electrostimulation
was applied to the experimental and contro] group, respectively,
for 5 days a week, during a 6-week period.
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Data Analyses

NEUROPSYCHOLOGICAL TESTS. The pretreatment scores
were  submitted to a  multivariate  analysis of  variance
(MANOVA) to verify that no ditference existed between the two
groups at the start of the experiment.

Cognitive tesling took place immediately before the 6 weeks
of stumulation {pretreatment, T1), aflter this pertd (postireat-
ment, T2), and lollowing another period of & weeks without
stimulation (delayed. 13). There are two important questions of
investigation in this study: 1) Does stimulation improve memory
tunctions more in the experimental group than in the placebo
wroup? To answer this guestion, an analvsis of the fest scores
Irom T1 and T2 {pre/post) is required. 2) Do etfects, if any, last
vver a period of 6 weeks without further stimulation? To answer
this question we compared T1 and T3 (pre/delayed).

For the first question of investigation, an one-factor analysis of
covdriance (ANCOV A} was applied for each nevropsychological
Lext. with the posttreatment scores (T2) as dependeat variable and
the pretreatment scores (T1) as covariate. For the second ques-
tioe: also, an ANCOVA was wsed lor each 1est, with the detaved
scores (13) as dependent variable and the pretreatment scores
1TH as covarate. The duta were snulyred by means of the
SPSS-PC program {Norusis 19881

OBSERVATION SCALES,  The BOP scale has been constructed
primarily 10 evaluate patient’s behavior on fixed moments, in the
present study the day before (pretreatment scores, T1) and the
day after the trcatment period of 6 weeks (posttreatment scores,
T2). The ditference between the two measurements 11 and T2
might indicate 4 chunge in the patient’s behavior, The Behavior
Inventory, however, is primarily aimed at recording a possible
change in affective behavior. rendering pretreatment scores
supcrfluous. Consequently. the first evaluation teok place after
the h-week treatment period (postirealment scores, T21. To
investigate whether treatrnent improved overall atfective behay-
107, 4 total score of changes was caleulaled by summing up the
recoded scores of all iterms emploved in the Behavior Inventory.
Tu evaluate whether the treatment effects could be naimained
over a B-week period without treatment (delaved scores, T3 u
companson with the pretreatment situation 15 necessary. There-
tore. an overall effect score was caleulated by adding up the
postireatment scores (T2) and the delayed scores (T3 For
exiample, a4 pesttreatment seore of +2 and a delaved score ol (3
leads to an overali effect score ol +2. This score would mean
that the treatment effect observed during the treatment period
coud he maintained duning the no-treatruent period. The
SPE5-PC program was used for statistical analyses, including
ANCOVAs and 1 wsts (Norusis 19883, A p value of =7 05 was
vonsidered to be signilicant.

Results
Newropsvchological Tests

The test scores showed a normal pattern of distribution,
and no outliers were found in the sample. The results of
the MANOVA on the pretreatment scorcs showed no
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significant differences belween the experimental and pla-
cebo groups on any of the pretreatment scores. This
finding was confirmed by univariate analyses.

For the experimental as well as for the control group,
the pretreatment, posttreatment, and delayed test scores
{mcans and standard deviations) on the various neuropsy-
chelogical tests as well as the ANCOV As are presented in
Table 1.

The results of the pre—post {T1-T2) analyses revealed
significant treatment cffects for Visual Memory, Face
Recognition. und Verbal Fluency. The treatment effect on
Picture Recognition tended 1o be significant. The results
showed that after treatment the experimental group per-
formed better or slightly better on all feur of these tasks,
whereas the control group declined in performance { Visual
Memory, Face Recognition, and Verbal Fluency) or
showed a lesser improvement (Picture Recognition). No
treatment effects were found on the Digit Span test and the
Immediate Recall and Delayed Recall subtests of the 8
Words Test. The results of the pre-delayed (T1-T3)
analyses revealed that the treatment cffects could still be
abserved over a period of 6 weeks without (reatment for
Visual Memory and Verbal Fluency. On beth tasks, the
experimental group performed slightly better after
the treatment-frec period than betore the treatment period.
The coutral group remained level for Visual Memory and
declined in Verbal Fluency during this period.

Observation Scales

Directly after the treatment period of 6 weeks, 1 patient of
the experimental group died. The administration of the
nearopsychological tests had just finished, but in the cir-
cumstances, the nursing staff was not able to 1ill in the two
observation scales for this patiens (Table [).

BOP SUBSCALES.  For the experimental group as well
as for the control group, the pretreatment, posttrcatment,
and delayed scores {means and standard deviations) on the
BOW? subscales as well as the ANCOV As are presented in
Table |. The pretreatment scores an the BOP subscales
revealed no significant differences between the two groups
as indicated by ¢ lests.

Treatment cffects were examined by means of a one-
factor ANCOV A, separately tor cach test. with the post-
lreatment scores (T2) as dependent variable and the
pretreatment scores (T1) as covariate (see Table 1), A
significant ireatment effect was observed for Need of Help
(BOP1). indicating that the experimental group improved,
whereas the control group dectinad. No (reatment effects
were found for the other five subscales. The results of the
pre-delayed analyses (T1-T3) showed that the observed
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Table 1. Means, Standard Deviations (8D, and Analyses of Covariance (ANCOVAs) of the Neuropsychological Tests and BOP
Subscales, and Means, 51, and ¢ Tests of the Behavior [nventory (Overall Affective Behavior)

Experimental group

Control group

Pre Post Del Pre Post Det ANCOVA ANCOVA
(n = 9) in =9 = n =19 (n=10 n =Y} post delayed
Mean S Mean ST Mean  SD Mean SD Mean SD Mean SD FLI5) p < Fitld p-=
Tests
Digit Span 506 2102 528 162 425 217 422 079 400 094 411 Y I6H7 13 g 3
Visual Memory 428 203 517 203 463 255 4084 126 439 089 430 06 1370 .02 482 5

R Words Test
Immediate Becall 022 083 08¢ (03 sy 169
Delayed Recall 000 oG 067 100 05 7
Recognition 600 616 778 5.52 750 o639

Face Recognition TI8 156 BOO O 2.00 600 478

-033 122 022 109 0 2 061 4ds VAR R
00t 033 01l 033 033 7 204 a7 L1l 35
667 436 333 400 B00 402 198 .18 .05 B4
.56 260 489 348

578 273 526 04 0.02 M1

Picture Recogrition 1444 606 1756 343 475 700 1289 5,67 1422 383 1222 K47 3158 08 (148 i
Yerbal Fluency 206 1A a2 218 200 2060 1.24 16l 1356 L2830 624 03 6.6l 03
ANCOVA ANCOVA
Prein =8y Postin =81 Deliw = %) Predn = 9 Post(e =91 DNel iy = Y) post delayed
Mean  SD Mean S Mean 512 Mean  SD Mean SD Mean S ALI4 p -l (L op o=l
BOF subscales
Need of Help 1363 616 1250 545 1238 5366 11B® 737 1556 KOR 1336 958 531 A4 217 A7
AgEresaveness 238 226 213 181 225 198 278 L3586 233 212 201 162 0.00 Y R &7
Physical 175 B9 1.85 (L83 1.8% (.83 200 112 189 145 2My 141 0. 85 (.00 1.0}
Frevabadity
Depressed 312 1RG 263 074 288 RT3 200 1.32 a7 1.32 33T 179 1.5 EX o 11
Behavior
Mental Invalidicy 175 212 163 177 163 1.85 200 087 236 142 233 132 208 An .22 At
inactivity ®.03 220 738 3493 795 2135 622 268 T8 323 722 373 1.27 28 2 20
Post (n - 8 Delin = 8) Post twn = 9 Delin =9 7 Hest post 1 test delayed
Mean Sy Mean 5D Mean SD Mean SD tl3  p< WIS o
Behavior inventary o
Uverali aflecuve behavior 037 19.24 —R.50 2758 —5.56 10.08 — 1638 2] 82 .71 49 0.7 a2
Del, delaved scores. )
treatment effects did not persist in the period withoul Discussion

{reatment.

BEHAVIOR INVENTORY, For the experimental group
as well as for the coatrol group, the posttreatment and
delayed scores (means and standard deviations) on the
Behavior Inventory are presented in Table 1.

The effect of treatment was analvzed by administering
the Behavior Inventory after the trealment period of 6

weeks (posttreatment scores, T2). The total score of

changes (overall affective behavior) appeared not to be
significant. Each main trait was anaiyzed by summing up
the recoded scores of all items belonging to that particular
trait. The results showed no significant treatment effects
for the main traits. The overall effect score (T3} revealed
ne significant difference between the experimemal and
control group as indicated by a ¢ test, nor did the main
traits reveal significant effects between the two groups.

The results of the present study show thar TENS, in the
absence of the therapist, has a positive effect on nonverbal
short-term memory (Visual Memory) and nonverbal long-
lerm recognition memory (Face and Picture Recognition)
as well as on word fluency (Verbal Fluency). Besides its
effect on memory, the present findings also suggest that
TENS has a beneficial influence on patients’ independent
participation in activities of duily life (Need of Help,
BOP1); however, TENS appeared not to have a therapcu-
tic effect on patients” affective behavior (overall affective
hehavior. Behavior Inventory ). The results further indicate
that the treatment effects, although declining, could still be
obscrved atter a period ol 6 weeks without treatment tor
the neuropsychological tests Visual Memory and Verbal
Fluency.

It iy interesting to compare the present findings with
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those of a previous TENS study in which the therapist was
present during treatment (Scherder et al 1995b). In both
studies. treatment effects were observed for visual short-
terrn memory (Visnal Memory) and visual long-term
memory (Face and Picture Recognition). Furthermore, a
treatment effect was observed for the patients’ verbal
long-term memory (Recognition subtest of the 8 Words
Test) if the therapist was present, and for the patients’
word fluency (Verbal Fluency) if the therapist was absent.
With respect to the observation scales, the results of both
studies revealed that stimulated patients participated more
independently in activities of daily life (BOPI1). In con-
trasi, only patients who were treated in the presence of the
therapist acquired more physical skills (BOP3A) and were
looking for more social contacts (BOP4). They also
showed an improvement in overall affective behavior
(Behavior Inventory), indicating that they felt less de-
pressed (Depression), more cheerful (Elation}, less irrita-
ble and moody (Mood), and less withdrawn (Shyness).
They also showed more initiative and interest in daily life
(Activity}, and were less forgetful and confused (Cogni-
tion). Although comparisons drawn between the two
TENS studies are tentative, since they concern indepen-
dent groups of patients, and a slightly different puise width
and a different location of the electrodes in the control
group in the present study, the results suggest that TENS
has a similar effect on patients’ cognitive functioning and
need of help, irrespective of the presence or absence of the
therapist; however, isolated TENS appears to have no
beneficial effect on patients® affective functioning.

The present study has several caveats, one of which is
the relatively small number of patients; however, the
results of the present study are not an isolated observation,
but were also found in earlier studics with TENS
{Scherder et al 1992, 1993b) and tactile stimulation
{Scherder et al 1995a, 1995¢, n press). Furthermore, the
present findings provide, of course, no direct evidence that
the locus coeruleus—noradrenergic system and the nucleus
raphe dorsalis—serotonergic system are indeed activated by
TENS with subsequent activation ol the hippocampus or
hypothalamus of AD patients. Another caveat might be
that although this study is a randomized double-blind
placebo-controlled study, the therapist knew which pa-
tients belonged to the experimental and control group, thus
creating a bias, On the other hand, compared to the former
TENS study. in which the therapist was present during
treatment (Scherder et al 1995b), the absence of therapist
in the present study (isolated TENS) has certainly lowered
the bias. In other words, isolated TENS might be consid-
ered as a replication with an improved blinded design.

Since the influence ol peripheral nerve stimulation on
various ncurotransmitter systems, including the cholin-
ergic system. has been assumed (Dutar et at 1985}, one
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could compare the present results with those observed
after administration of, e.g., Tacrine {tetrahydroaminoeacri-
dine or THA), a cholinesterase nhibitor. Tacrine appears
1 have beneficial effects on, particularly. simpler memory
tasks like, e.g.. delayed matching to sample with only a
short delay of 4 sec (Eagger et al 1991). Indeed. in the
present study we found improvements in Face and Picture
Recognition, tasks that do not require complex memory
processes. In contrast to Tacrine, however, isolated TENS
seemed to have an additional effect on visual short-term
memory (Visual Memorv) and word fluency (Verbal
Fluency). For a better performance on the Visval Memory
task, patients had to improve storing, reversing, and
producing of visual information. A higher score on Verbal
Fluency implied that patients” capacity for retrieval of
familiar, categorized information from their memory store
had improved. As for behavior, AD patients participated
more independently in activities of daily life after appli-
cation of both TENS and Tacrine (Ashford et al 1989), A
major limitation of Tacrine is the occurrence of side
effects that include, among others. nauses, vomiling.
transient dysphoria, headache, and aggression (Eagger c1
al 1991). In contrast, TENS has no known side effects, is
perceived by the patient as a type of neutral, friendly
stimulation, is casy 1o apply, and, except for patients with
a pacemaker (Howson 1978), seems completely safi.

Finally, it should be emphasized that TENS does not
claim to cure AD. Instead, it should be viewed as an
example of a new therapeutic strategy that tries to improve
the quality of life of demented patients by stimulation of
the central nervous system.

E.LAS. was linancially supported hy NOG-Insurances.

The authors are very gratetul to the siafl members of the St Jacob
Nursing Home for their hospitality and help in conducting the study, and
to the frm of Xymon Medical for their kind permission to use their
apparatus. We would dike to thank ILLE. Ravesteijn lor his invaluable
assistance with the administration of the neuropsychalogical 12sts. We
sincetely thank TLF. Swaab, MD. PhI), for his critical reading of the
manuseript and his constructive conunenis.

References

Ashford JW, Sherman KA, Kumar ¥V (1989): Advances in
Alzheimer therapy: Cholinesicrase inhibitors. Neurobiol Ag-
ing 10:99-105,

Bobillier P, Seguin S, Petitjean F, Salvert I, Touret M, Jouvet M
(1976): The raphe nuciei of the cat brain stem: A topograph-
ical atlas of their efferent projections as revealed by autora-
diography, Brain Res 11:449-- 486,

Carpenter GA, Grossberg S {1993): Normal and ammesic Jearn-
ing. recognition and memory by a neural model of cortico-
hippocamnpal interactions. Trends Newrnsci 16:131-137.



“Isplated” TENS in Alzheimer's Discase

Coffey GH. Mahon MV (1982): Pain: Theories and a new
approach to treatment, J Naft Med Assoc 74:147-153.

de Graaf A, Deelman BG (1991). Cegnitive Screening Test.
Lisse, The Netherlands: Swets & Zeitlinger.

Duranti R, Pantaleo T, Bellini F {1988). [ncreasc in muscular
pain threshold following low frequency-high intensity periph-
eral conditioning stimuiation in humans. Brain Res 452:66—
72

Dutar P, Lamour Y, Jobert A (1985) Activation ol identitfied
sepiohippocampal neurons by noxious peripheral stimulation.
Brain Rey 328:15-21.

Eagger SA, Levy R, Sahakian BJ {1991): Tacrine in Alzheimer's
disease. Lancer 337:989-992,

Erksson MBE, Sjdlund BH, Niclzen S (1979} Long term results
of peripheral conditioning stimujation as an analgesic mea-
sure in chronic pain. Pain 6:335-347,

Frampton VM (1982): Pain control with the aid of transcutane-
ous nerve stimulation. Physiotherapy 687781

Guieu R, Tardy-Gervet MF, Blin O, Pouget J {1990): Pain relief
achieved by transcutaneous electrical nerve stimulation
and/or vibratory stimulation in a case of painful legs and
moving toes. Pain 42:43- 48,

Hamilton M (1960} A rating scale lor depression. f Newro!
Newrosury Pyyvchiatry 23:56-62.

Howson DC (1978): Peripheral neural excitability. Implications
for transcutaneous electrical nerve stimulation. Phve Ther
58:1467-1473.

Hozumi S, Horl H, Okawa M, Hishikawa Y, Sato K (1996}
Favorable effect of transcranial electrostimulation on behayv-
ior disorders in elderly patienls wilth dementia; A double-
blind swdy. frr J Newrosci 88:1--10).

Huan-Ji 1), Yan-Fang Cr1976): Localization of central structures
involved in descending inhibitory effect of acupunclure on
viscero-somatic reflex discharges. Sci Sin 19:137-148,

Jones SL. Gebhart GF ( 1987y Spinal pathways mediating tonic,
coerulospinal and raphe-spinal descending inhibition in the
rat. J Neurophysiol 38 |38--159. .

Jerum E, Shyu BC (1938): Analgesia by low-lrequency nerve
stimulation mediated by low-threshold afferents in rats, Parn
32:357-366.

Karisson L Widerlov E, Melin EV, Nyth A, Brane GAM, Rybo
E. et al (1985): Changes of CSF neuropeptides after environ-
mental stimulation in dementia. Neord Psykiatr Tidsskr 39:75—
81

Legoratti-Sanchez MO, Guevara-Guzman R, Solzno-Flores T.P
{1989} Flectrophysiological evidences of bidirectional com-
munication between the locus coeruleus and the suprachias-
matic nucleus. Brain Res Bull 23:283-285%.

Lindeboom [, Jonker € {1989 Amsterdamse Dementie-Screen-
ingstest, Handleiding. Lisse. The Netherlunds: Swets &
Zeitlinger.

Lovell BB, Ancali-lsrael §, Gevirtz R (1995): Lffect of bright
light treatment on agitated behavier in institutionalized cl-
derly subjects. Psvefifarry Res 57:7-12.

McKhann G, Drachman D, Fuolstein M. Katzman B, Price D,
Stadian EM (1984} Clinical diagnosis of Alzheimer’s dis-
case: Repons of the NINCDS-ADRDA work-group under the
auspices of the Department of Health and Human Services
task force on Alzheimer's disease. Newrology 34:930 944,

BIOL PSYCHIATRY 423
1998:47:4) 7-424

Meer B, Baker JA (1966): The Stockton Geriatric Rating Scale.
J Geromol 21:392-403,

Norusis MJ (1988): Statistical Packages for the Social Sciences,
SPSS/PC+. New York: McGraw-Hill.

Okawa M, Hishikawa Y, Hozomi S, Hoti H (1991} Sleep-wake
disorder and phototherapy in elderly patients with dementia.
In: Racagni G, editor. Biologival Psychiarry, Amsterdam:
Elsevier, pp 837-840.

Omura Y (1987): Basic clectrical parameters for safe and
effective  clectro-therapeutics  [electro-acupuncmure, TES,
TENMS {or TEMS), TENS and electro-magnetic field stim-
ulation with or without drug field] for pain, neuromuscular
skeletal problems, and circulatory disturbances, Acupiarict
Flectrother Res Inr J 12:201-225.

Pauser G (1980): Neurophysiologische und Neuropharmakolo-
gische Untersuchungen Gber (mogliche) Mechanismen der
peripheren Stimulationsanalpesie. Wien Kiin Wochenschir 92
1-20.

Petrov T, Krukoff TL, Jhamandas JH (1992} The hypothalamic
paraventricular and lateral parabrachial nucler receive collat-
erals from raphe nucleus nearons: A combined double retro-
grade and immunocytocheniical study. S Comp Newrol 318:
1826,

Pfeiffer E (1973} A short portable mentsl status questionnaire
lor the assessment of organic brain deficit in elderly patienss,
J Am Gertatr Soc 23:433-a41.

Raadsheer FC'. van Heenkhuize )1, Lucassen PJ, Hoogenditk
WIG, Tilders FTH. Swaab DF (1995): Corticotropin-releasing
hormone mRNA levels in the paraventricular nucleus of
patients with Alzheimer's disease and depression. Am J
Psychiatry 152:1372-1376.

Rohaina FJ, Rodrigquez JL. de Vera JA, Martin Ma {1989):
Transcutancons clectrical nerve stimulation and spinal cord
stimulation fur pain retief in reflex sympathetic dysirophy.
Stereotaci Funct Newrosurg 32:53-62.

Rossor M (1988): Neurochecmical studies ir. dementia. In: Tversen
LL. lversen SD. Snijder SH. editors. Handbook of Psvcho-
pharmacofogy. New York: Plenum Press. pp 107-1 30,

Salzmann E (1992): Tmpostance of the hippocampus and para-
hippocampus wilh reference to pormal and disordered mem-
ory function. Fertschr Newrol Payveliawr 600163176,

Satlin A, Volicer L, Ross ¥V, Herz L, Campbell S (1992} Bright
light treatinent of behavioral and sleep disurbances in pa-
lients with Alzheimer's disease. Am J Psvehiarry 149:102% -
1032,

Scheltens P, Leys D Barkhof F, Huglo D. Weinstein HC,
Vermersch P, et al (1992); Atrophy of medial temporal lobes
on MRI in “probable™ Alzhcimer's disease and normai
ageing: Diagnostic value and neuropsyehological correlutes.
J Neurol Neurosurg Psvehiatry 55967972,

Scherder EJA. Bouma A, Steen AM {19923 Influence of
transcutancous clectrical nerve stimulation on memory in
patients with dementia of the Alzheimer tvpe. J Clin Evp
Newropsvehed 14:951-960).

Scherder EJA. Bouma A, Steen AM (199323 Effects of’ periph-
cral tactile stimulation on memory in patients with Alzhei-
mer’s diseuse. Am J Alcheimer Dis May/lune: 15-21,

Scherder A, Bouma A, Steen AM (1995b): Elfects of short-
term lranscutaneous clectrical nerve stimulation on memory



424 BIOL PSYCHIATRY
1094:43:417 424

and alfective behavior in patients with probable Alrheimer's
disease. Behav Brain Res 67:211-219.

Scherder EJA, Bouma A, Steen AM (1995¢): Eftiects of simul-
tancously applied short-term transcutaneous clectrical nerve
stimulation and tactile stimulation on memory and ailective
behavior of patients with probable Alzheimer’s discasc.
Behav Newrof 8:3-13.

Scheyder EJA, Bouma A, Swen AM, Swaab DF (1995d):
Peripheral nerve stimulution in Alzhcimer’s disease. A meta-
analysis. Afcheimer Res [1183-184,

Scherder EJA, Bouma A, Steen AM (in press): Effects of
peripheral tactile nerve stimulation on affective behavior of
patients with probuble Alzheimec’s discase. Am J Alzheimer
12is.

Snijders JT, Verhage F (1983% Grominger inielfiventie Test
l.isse, The Netherlands: Swets & Zeitlinger.

Swaih DF (1921): Brain aging and Alzheimer's discase, “wear
and tear” versus “usc it or lose 16" Newrobiol Aging 12:317 -
324,

Swaab DF, Grundke-Tghal |, Igbal K, Kremer HPH. Ravid R,
Van de Nes TAP (1992} Tau and ubiguitin i the human

E.J.A. Scherder et al

hypothalamus in aging and Alzheimer’s iseasc. Bruin Kes
5390:239-249.

Vaun der Kan P, Mol F. Wimmers MFHG (1971): Bevordelingss-
chaal voor OQudere Patitnien. Deventer, The Netherlands:
Van Loghum Slaterus.

Vertes R (1991): A PHA-L analysis of ascending projections of
the dorsal raphe nucleus in the rat. J Comp Neurol 313643
668,

Wechsler T (1984 Wechsler Memory Scale-Revised. New
York: The Psychological Corporation.

Widerloy E, Brane G. Ekman R, Kihlgren M. Norberg A,
Karlsson 1 (19893 Elevated CSIF somatostatin concentrations
in demented patients parallel improved psychomotor func-
tions induced by inlegnly-promoting care. Acta Psyohiatr
Svand 79:41-47.

Wilson B, Cockburn J, Baddeley A (19871 The Rivermeuwd
Behavioral Memory Test. Titchtield, UK. Thames Valley
Test Company.

Woll 5L, Gersh MR, Rao VR {19811 Examination of electrode
placements and stimulating parameters in treating chronic
pain with conventional transcutaneous electeical nerve stim-
ulation (TENS1. Pain 11:37-47,



