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ABSTRACT

Four patients diagnosed as havino anorexia nervosa
were compared to eight normal patients using somatosensory
evoked potentials in looking for a symptomatic neural com-
ponent in the metabolic dysfunction. Central conduction
time along the spinal cord and peripheral nerve velocity
were measured and calculated in each group of patients.
Lower means were found in the anorexic in comparison to the
normal patients, but the difference was not significant.
More testing needs to be done on more natients to insure

conclusiveness of the test.
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INTRODUCTION

Medical experts believe anorexia nervosa and bulimia
are rapidly reaching epidemic propoortions (6). It is esti-
mated that anorexia nervosa and or bulimia strike more than
one in every 200 teenagers (6), nearly 1,000,000 or more
victims in this country alone (2). These disorcers are
curable, but their long term affects on one's health are
generally unknown (6).

The purpose of the study is to determine whether or not
anorexia has a symptomatic neural component. Anorexia in-
volves a rapid loss of 25% or more of body weicht brouaght
about through starvation, vomiting, laxative abuse, and
excessive exercise or a combination of these methods. Studies
have shown that specific metabolite deficiencies have a
neural effect (1,10,11,13). This study examines the neural
effect of a general metabolite deficiency, usinag somatosensory

evoked potentials.



LITERATURE REVIEW

Anorexia can end in death. Authorities estimate that
between 5 and 20% of all anorexics die (2,6,15). However,
orior to this death, should it occur, anorexia exhibits a
wide range of physical and physiological changes seen in most
victims. Occasiocnally anorexic symptoms are produced by
brain tumors, lesions of the CNS, glandular disorders, or
other physical and biological causes (2,6,9). This condition
is known clinically ang secondary anorexia. Most of the time
though, anorexia is produced throuagh voluntary excessive
weight loss which produces dire health conseguences for the
victim (9).

Symptoms produced by eating disorders vary according to
the methods used to produce the anorexic tendencies. Laxative
abuse produces dehydration of the skin, constipation, edema
from electrolyte imbalance (mainly potassium and sodium), and
bloating (3,6). These are common symtvoms linked to the
method of self imposed starvation.

As a result of excess weight loss, other onroblems are
produced within the victim. Anorexia characteristically pro-
duces hypothermia in the victim (5). Here the victim feels
chilled and growth of fine body hair, lanugo, is produced.
Also, the heart and metabolic rate slow, generally hampering
the blood pressure, pulse rate, and general circulation (5).

One of the major concerns is the effect on the endocrine

system. Through the loss of body fat, the anorexic becomes



unable to produce hormones necessary for sexual development
(3). If this occurs during the crowth spurt, the victim
eventually stops growing and further starvation arrests

the adolescent's sexual development, thus eliminatina their
reproductive capacity (9). In olcer female anorexics, the
endocrine disorder causes the cessation of the menstrual
cycle - secondary amenhorrhea (3,6,9). Anorexia also nro-
duces loss of hair and nail quality (due to oprotein defic-
iencies), insomnia, ulcers, acrocyanosis, petechiae, leuko-
penia, and anemia (3,6,15). These are the ageneral dysfunctions
commonly associated with anorexia. They can be lifelona or
even fatal.

Much more investigation has been done on the neural
component of specific nutritional deficiencies. These studies
revolve mostly around vitamin deficiencies; deficiencies of
vitamins A, E, and Bl2. One study, which examined nervous
and ocular disorders in children with cholestasis and vitamin
A and E deficiencies, found four tynes of clinical manifes-
tations: abnormalities of eye movement, retinal degenerative
changes, peripheral neuropathy, anéd cerebellar dysfunction (1).
A similar study on vitamin E deficiency and chronic intestinal
malabsorption, discovered clirnical manifestations of dysarthria,
cerebellar ataxia, and prominent proprioceptive loss with
depressed or absent tendon reflexes (11).

A substantial amount of research has been done on vitamin
Bl2 deficiency. A deficiency in Bl12 leads to the demyelination

of myelinated nerves, slowing the conduction time. One study



demonstreted this with visual, auditory, and somatosensory
evoked potentials. It showed that the evoked response

delay correlated directly with the degree of neurological
dysfunction. They also found that abnormalities were present
in sensory ststems without clinical evidence of involve-
ment (13). A similar study supported these findinags with
the evoked response studies, and also showed with peripheral
nerve conduction tests, an axonal degeneration peripheral
neuropathy (10).

The effect of anorexia on the nervous system is not as
well known. One investigator, using visual evoked potentials
{(VERs) , concluded that the typical cases of anorexia nervosa
can be classified as vsychosomatic diseases, and the atvnical
cases of eating disorders as neuroses (5). They noticed
that the amplitudes of the VERs increased markedly during
hyperventilation as did those of anxiety neurotic patients.
Another set of investicators working with rats using VERs,
found the conduction velocity to be slower than in normal
rats (14).

The schema of my experiment was to test for a neurologic
change in the anorexic patient using somatosensory evoked
votentials. I could find nothing written on this subject,
usinag this specific procedure.

Sensory evoked potentials offer a uniqgue tool to the
neurologist, they allow a noninvasive physiologic assessment
of the brain and nervous system (16,17). An evoked notential

is produced as an electrical manifestation of the brain's



response to an external stimulus. Evoked potentials have
very low amplitudes that normally are masked by background
brain wave activity and artifact. Because of this they are
not recorded on EEG recordings. Since they are counled to
a specific stimulus, and the background activity is not, it
is possible to extract them by use of a computer signal
averager. The presence or absence of anpropriate evoked
potential waveforms and their latencies are the princinle
components used in interpretations (7,8), once they are ex-
tracted. the contribution of sensory evoked potentials is
that they allow earlier and more accurate diagnoses than
previously possible (17).

From these concepts, three evoked potential tests have
evolved into clinical use: pattern-shift visual (VEP), brain
stem auditory (BAEP) and somatosensory evoked potentials (SSEP).
Pattern-shift evoked potentials are produced by altering a
pattern on a T.V. screen, as the patient watches, and moni-
toring the brain's response to the chanaging stimulus. Brain-
stem audotory evoked potentials are oroduced by deliverina
"clicks" through headnhones directly to the ears, and again
monitoring the brain's response. These two tests monitor the
response in just the brain, somatosensorv evoked potentials
assess also the entire length of the somatosensory pathway (12).
SSEPs are produced by a slight electrical shock to a peri-
vheral nerve, usually either the median nerve at the wrist,
or the tibial nerve at the ankle. This test allows you to
measure and calculate the peripheral conduction velocity,

the central latency, and also assess normal brain function (12,16).



These three tests are reliable diagnostic aids that con-
stitute objective measures of functions in their respective
sensory systems and tracts (7,8).

Evoked potentials provide sensitive quantitative exten-
sions of the clinical neurologic examination. These become
important when the neurologic examination and or the patient
history prove equivocal (7,8). The potential value of
evoked potentials is many fold. They demonstrate abnormal
sensory system functions, clinically unsuspected lesions,
and demyelination. They aid in defining the anatomic distri-
bution of a disease process, and as an objective measure of
changes in a patient's status over a period of time (7,8).
Because of the diagnostic bhenefits, the use of evoked poten-
tials is increasing and is becoming more immortant as a
diagnostic tool for the neurologist.

Somatosensory evoked potentials may prove to the the
most clinically useful of the three procedures, because of the
more extensive portion of the CNS traversed by the SSEPs (17).
This allows for monitoring along peripheral nerve tracks,
the spinal cord, and then also the brain. This becomes of
diagnostic value in evaluation of disorders causing proximal
lesions, reduced sensory conduction in peripheral nerves due
to demyelination, and subclinical lesions which could be
useful for diagnosis of a disease in its earlyv stages (12).
SSEPs can be used to evaluate the entire length of the
somatosensory vathway, and by itself is a powerful diagnostic
tool. This makes it useful to study disorders with an

unsuspected neural componrent.



MATERIALS AND METHODS

Patients

Four patients were obtained through permission of
Bruce Chessen, Ph.D., Clinical Psychologist, South Central
Regional Mental Health Center in Billings, Montana; William
Hague, M.D., Psychiatrist; and Mona Sumner, Board of Direc-
tors at the Rimrock Foundation, also in Billings. The
criteria on patient selection was that they had been diaagnosed
as presently having anorexia nervosa. Consent was received
from both the patient and the attending physician, and both
were informed as to the procedure and were allowed to ask
questions.

Upon receiving the consent from both the physician and
the patient, the patient was examined by Dale Peterson, M.D.,
a neurologist from the Billings Clinic. This examination
was a primary neurological examination, concentrating on
clinical signs of neurological dysfunction. It consisted of:

1) Past neurclogical history.

2) Testing for normal deep tendon reflexes on both
upper and lower extermities.

3) Appreciation of vibritory senses.
4) Proprioreception.

5) Pinprick pain sensation.

This examination evaluated the somatosensorv nathway in
its various components and the reception of the stimulus in
the different brain centers of the pnatient. If Adysfunction
was detected then the patient was rejected. However, this did

not occur.



Normal Subjects

Eight normal subjects were obtained at random from the
hospital staff. These subjects were asked if they presently
had a diagnosed condition or if they had a past history of
neurological problems. If these were negative then they were
informed on the procedure, allowed to ask guestions, and
allowed to decide on their participation. Once their informed
concent was given, they were tested in the same manner as

the anorexics.

Somatosensory Evoked Potentials (SSEPs)

The Nicolet CAl1000 signal averager, X-Y nlotter, and
floppy disk memory storage unit were utilized in this experi-
ment. Stimulus and acqguisition parameters used were the
generally accepted parameters for SSEP recordings:

Stimulus:
Rate: 4.1/sec.
Duration: 300 microsec.

Intensity: 5.9-10.4 milliamps

Acauisition

Sensitivity: 25-50 micro volts
Filter, low: 5 hz

hiagh: 250 hz
Analysis time: 100 millisec.

No. of Repititions: 500
Conscious patients were tested in the supine oosition in
the EEG room at the Deaconness Hospital in Billings, Montana.
These patients were asked to relax or even sleen if they wanted.
Surface electrodes were attached to positions L1 and L5 on
the lumbar segment of the sninal cord, and to positions Cz
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and Pz on the top of the skull and middle of the forehead
respectively, by placing them in electrode cream and taping
them in position. These leads were then connected into the
signal averager via a lead box. A ground lead was placed on
the belly of the gastrocnemius and was also connected into
the lead box. The electrical stimulator was directly
attached to the signal averager. The signal averager then
monitored each lead for 100 millisec. after the electrical
impulse of duration 300 microsec. was initiated from the
stimulator. It then averaged these throuagh 500 revetitions
of the stimulus as it was initiated and traveled alonag the
neural pathway to the cortex.

The stimulus was applied to the tibial nerve just below
the ankle bone. The intensity of the stimulus was increased
or decreased accordingly, to produce a noticeable toe twitch
without discomfort. This stimulus at the tibial nerve was
enhanced by thorough cleaning of the skin directly over the
nerve, and by applying a light coat of electrolyte gel. Once
the toe twitch was achieved, the averaging process began.
This was done twice on both legs to insure reproducibility of
the results. The results were then plotted by computer
readout onto a standardized araph printout, the latencies
measured by the computer, and then the data were stored on
flopny disk.

After the recording was completed, several measurements
were taken. A measurement from the point of stimulus to L5

was taken, which represents the lenath of the veripheral



pathway. The height and age of the vatient were also
obtained. All the information regarding the anorexic con-
dition of each patient was obtained directly from their

attending physician.
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RESULTS

From the positions of the positive deflections in
electrode recordings, and the latencies between them, it
was possible to measure the Central Conduction Time. In
the spinal segment of the SSEP recording, a positive de-
flection was recorded at the L5 electrode, and usually
occurred around 20 msec. In the cerebral portion of the
recording, a similar phenomenon occurred around 40 msec.
The difference between these gave an estimate of the Central
Conduction Time for the stimulus, as it moves up the spinal
cord to the cerebral hemispheres.

The mean Central Conduction Time (CCT) for the standard

normal subjects was 20.00 msec., with a standard deviation of
2.14. The CCT mean for the anorexic patients was 18.4 msec.,
which is within one standard deviation of the normal. The

Student t value of significance was 0.4089 with a degree of
freedom of 22. The t value for this degree of freedom at a
.02 level of significance, was 2.508. Therefore, since
0.4089 was less than 2.508, there was no significant level
of difference between the CCT times in the anorexic and
normal subijects.

The perivheral conduction velocity can be calculated
knowing the time of the first positive deflection and the
distance from the stimulus to the position of the positive

deflection. The first positive deflection occurred at the
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L5 electrode, and with the distance between this electrode
and the stimulus at the tibial nerve measured, it was
possible to calculate the peripheral conduction velocity.
The velocity was obtained in m/sec by dividing the
distance in centimeters (cm) by the latency in msec. The
normal mean obtained for both legs was 50.2 m/sec, with a
standard deviation of 3.54. The mean velocity for the anor-
exlc patients was 47.4 m/sed, which was within one standard
deviation of the normal. The Student t value of significance
was 0.6416 with a deagree of freedom of 22. The t value for
this degree of freedom at a .02 level of significance was
2.508. Therefore, since 0.6416 is less than 2.508, there
was no significant level of difference between the means of

conduction velocities in normal and anorexic patients.
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Table 1

Anorexic Patient Profile
as obtained from their attending nhysician

LOWEST PRESENT
AGE WEIGHT WEICHT
HEIGHT OF TREATMENT HICHEST % OF FTOE VITAMINS
,PATIENT SEX AGE (cm) ONSET DURATION WEIGHT HIGHEST HIGHEST Y /N DIAGNOSIS
' 91 105
| : Ihdul _ g e 2 -
! Al F 14 176.5 =<1 vy <l yr 125 53 84 ? Anorexia
|
‘ | W0 . Anorexia
- - * -
AZ M 17 170.2 15 2 yr 165 15 3l Iv Bulimia
Outpat. 1
A3 F{ 21| 174.0 | 17| 6 mon. 170 100 t13.5 2 Anorexia
Inpat. 59 67 Bulimzia
| 4 wks. #
- - .
- |
’ A4 F| 24| 166.4 17 1 yr 140 2 i 2 Anorexia
} 68 68 Bulimia

This patient was hospitalized at the time of the testing and had been receivinc vitamins
intravenously.

#. This patient was also diagnosed as chemically dependent-EtO}l.



Table 2

Conduction Velocity and Central Conduction Time in anorexic
patients, recorded and measured by the Nicolet CAl000 signal
averager using somatosensory evoked potentials.

CONDUCTION CCT
VETOCITY pP40-pP20
mSEC
PATIENT SEX AGE HEIGHT L AVE L R AVE
Al P 14 176.5 | 52.1 48.7 50.4 20.€{19.6 | 19.8
] i
A2 17 170.2 46.4 [ 42.1 44.3 | 16.4117.2 | 16.8
|
A3 F 21 174.0 50.3 } 44.6 47.5 | 18.82/19.6| 19.2
T
A4 Fl 24 166.4 47.2 i 48.1 47.4% 18.0{17.6 | 17.8¢#
|

*. The total average for conduction velocity for all the patients was
47.4 m/sec.

#. The total average for CCT for all the patients was 18.4 msec.
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Table 3

Conduction Velocity and Central Conduction Times in anorexic
patients, recorded and measured by the Nicolet CAl1000 signal
averager using somatosensory evoked potentials.

CONDUCTION CCT
VELOCITY P40-P20
HEIGHT M/SEC mSEC
PATIENT SEX AGE {cm) L R AVE L R AVE
N1 M 32 180.3 49.0 51.5 50.3120.4 23.2 21.8
N2 F 24 175.3 46.7) 48.8 47.8121.0 17.6 19.3
N3 F 35 157.5 47.3! 48.9 42.1121.0] 19.6 20.3
N4 F 28 166.4 52.9| 51.6 52.3)19.4] 18.8 19.1
N5 M 30 190.5 43.3| 44.1 43.7(20.0, 19.8 19.9
Né& M 41 190.5 53.1{ 52.5 52.8(24.0 23.2 23.56
N7 F 21 162.6 53.3| 55.8 54.5(18.0] 16.8 17.4
|
7
N8 F 20 166 .4 53.2| 51.6 52.4*120.4 19.5 |18.8¢

*

The total average for conduction velocity for all patients

was 50.2 m/sec.

The total average for CCT for all patients was 20.0 msec.
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Fig. 1. Comparison of anorexic patients and normal patients with

respect to the average Central Conduction Time in relation
to overall height.

The Central Conduction Time was obtained by subtracting the latencies
between the first positive deflections in the spinal cord and cerebral
hemispheres as measured by SSEP recording. Normal patients (@ )
anorexic patients (A ); average for normal patients (—) .
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DISCUSSION AND CONCILUSION

The statistics indicate that a significant difference does
not exist between the means of CCT and conduction velocity in
anorexics and normal subjects. This study was limited, however,
in the number of patients tested so it is cautioned not to extend
this statement to say that no difference exists at all. The Student
t statistic simply states that no significant difference exists be-
tween the group means involved. The .02 level of significance
indicates that with 98% confidence this finding did not occur by
chance.

This is further supported by the standard deviation statistic.
Most evoked potential measurements have a normal distribution so
that the bounds of the normal range can be expressed in multinles
of the standard deviation, (SD), (7,8). A standard deviation ranae
of t2.5 SD, provides a probability of error less than 2%. The
individual and groun means of all the anorexics fall well withain
this range.

As a group, the anorexics were within the normal ranae, but
examining the patients individually, interestina pohenomena apvear.
Al, the patient most recently affected and judged strictly on
weight gain, no longer anorexic (less than 25% cdepletion in oridginal
body mass), exhibited nearly normal means. The conduction
velocity was 0.2 m/sec faster than normal, whereas the CCT was only
0.2 msec less than normal.

This is contrasted by the patient which was most severely

affected, A2. This patient had been as low as 42% of oricinal



body weight, and still exhibited the lowest nercentage of original
body weight in the test group, 61%. This was reflected in the
largest deviation from the normal means in the anorexic test
group. A2 exhibited a conduction velocity which was lower than
normal by 5.9 m/sec and a CCT 3.2 msec slower than normal. It
would have been interesting to see if a major difference existed
nrior to the administration of vitamins through IV.

The data on A3 and A4 are not as trendish. Patient A4 was
tested at her lowest weight, and exhibited deviations from the
normal means as well. The changes here were not as dramatic as
in the case of patient A2, but they still represented a considerable
deviation from the normal. Her conduction velocity was lower
by 2.8 m/sec, while the CCT was less by 2.2 msec. Patient A3
exhibited a large change in conduction velocity, 2.7 m/sec slower
than the ncrmal, but a very slight change in CCT, only 0.8 msec.

It would be interesting to follow these pateints in their
treatment. By following the patients, one might be able to de-
tect whether or not subseguent weight loss or gain affected the SSEP
recording in a significant manner.

The data on the normals exhibit several interesting results.
Patients N7 and N8 both had low CCT times, 17.4 msec and 18.8 msec
respectively, while patient N5 exhibited a very low conduction
velocity, 43.7 m/sec. These deviations within the normal test aroup
make generalization on the effect of anorexia on the nervous
system very difficult to make on an individual basis.

In comparison of the normal and anorexic test aroups, it should

18



be noted that the age and sex of the patients contribute little

to the variability. In this population of anorexic patients, the
male may have been represented in higher percentage than which

i1s normally found. Male anorexics represent 5% to 10% of all cases
of anorexia, however, it is accepted that anorexia is underdiagnosed
in males making it difficult to judge the actual occurrence of it
in anorexic populations (4). Age plays even less of a role than
does the sex. After age 2, there is little change in the latency
of the nerve conduction until the fifth decade of life when it
increases by about 2 msec per decade thereafter (8). Therefore,
these factors contributed little to the difference between anor-
exic and normal patients, and may be ignored in interpreting the
results.

This experiment has its limitations in linking a general
metabolite deficiency to neural dysfunction. More information is
needed on the anorexic's vitamin intake and ageneral diet trend.

The lack of information on vitamin intake is a serious gap 1in the
data, judging from the literature written on the subject of vitamin
deficiencies (1,10,11,13). Without more information of the actual
diet, the variability here makes it difficult to assess the
meaning behind a dysfunction and to reach a general conclusion.

Another difficulty in this expveriment, was the limited opopulation
tested. Each laboratory must test their own normal subiects, for
the results are not transferable (7). This creates a problem in
the size of the population tested in regards to randomness and
representativeness. I used very small novulations for both the

normals and the anorexics, and therefore may have inadvertently
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incurrecd an error in lack of representativeness and randomness.
This may have been avoided if more patients had been made
available.

More testing is needed in order to make this study more con-
clusive. A greater population of anorexic patients should be
tested against a greater population of normal subjects, and the
background dietary information on the anorexics made more comnlete.
The anorexic means in both the CTT and the conduction velocity
were both below the normal mean values; this may be coincidence,
but more work needs to be done in order to clarify this phenomenon

and to insure conclusiveness.
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