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Evoked potentials and cerebral blood flow 'in solvent
induced psycho-organic syndrome

D Deschamps, R Gamier, F Lille, Y Tran Dinh, L Bertaux, A Reygagne, S Dally

Abstract
Epidemiological studies have provided
evidence that neuropsychiatric symptoms are
induced by long term exposure to solvents;
individual diagnosis with psychometric tests,
however, is not always possible (for example,
when the patient has linguistic difficulties).
Therefore evoked potentials and cerebral
blood flow were studied in 50 patients occupa-
tionally exposed to solvents who were referred
to our department and for whom a solvent
induced psycho-organic syndrome was sus-
pected. Degree of exposure was evaluated by
its duration (mean 13-9, range 1 to 37 years)
and its intensity (from an interview). At the
group level, P22 and N35 latencies and
amplitude N20-P22 of somatosensory evoked
potentials were higher in cases than in con-
trols (p < 005), whereas there was no differ-
ence for brainstem and visual evoked
potentials, nor for hemispheric cerebral blood
flow (but a higher distribution in the left
occipital region was seen in patients, p < 0.05).
Some parameters were linked to degree of
exposure (amplitude N20-P22 of somato-
sensory evoked potentials, interpeak latency
I-V of brainstem evoked potentials, distribu-
tion of cerebral blood flow in the internal
frontal left region). At the individual level,
these examinations were not of diagnostic
value because sensitivity was low.
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Neurobehavioural effects of occupational exposure
to organic solvents have given rise to numerous
studies in industry.' Although acceptable exposure
concentrations have not yet been established, it is
admitted that exposure to high concentrations can
cause lasting alterations in cognitive function.2 As
neurobehavioural impairments are not specific, it is
difficult to clinically diagnose a solvent induced
psycho-organic syndrome in a patient with subjec-
tive symptoms, and for whom being awarded com-
pensation may be a consideration.
Many studies have been conducted with psycho-

metric tests. Nevertheless, their results do not
confirm the existence of solvent induced psycho-
organic syndrome: they are not abnormal at the
early stage of the disease, when recovery after
removal of exposure occurs in most cases3; so it
could be judicious to complement them with
research of objective neurological impairments by
imaging or electrophysiological methods. Evoked
potentials (projections of the action potentials on
the cortex) and cerebral blood flows (reflecting
cerebral metabolism4) can be perturbed in toxic
central neuropathies (for example, from alcohol 5 6)
and could be of good diagnostic value in diseases
with subjective symptomatology for which the
organic cause is difficult to ascertain-for example,
migraine7 and perhaps developmental -learning dis-
abilities in children.8
The aims of this study were to compare with

controls the measurements of evoked potentials and
of cerebral blood flow in 50 patients who were
referred to our department and for whom solvent
induced psycho-organic syndrome had been sug-
gested, to search for a link between these results
and the degree of exposure, and to evaluate their
diagnostic interest by comparing them with the
results of psychometric tests.

Methods
SUBJECTS
Cases
The study population consisted of subjects occupa-
tionally exposed for more than one year to organic
solvents who were referred to our department
between 1984 and 1990 and for whom a psycho-
organic syndrome was suspected, based on an
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interview. This was because of the degree of expo-

sure or because the reason for consultation was an

evocative symptom (fatigue, memory impairment,
difficulties in concentration, irritability, sleep disor-
ders, headache). Ninety two persons consulted us.

Thirty five were not included because of alcohol
consumption5 6 9 (from either interview, reporting
consumption of more than lg/kg body weight a

day, or enhancement of activity of y-glutamyl-
transferase in serum, or increased mean corpuscu-

lar volume of red blood cells), or other potential
confounding factors. 10-20 Moreover, for reasons of
contingency, seven persons did not undergo mea-

surements of either cerebral blood flow or evoked
potentials and were not included. Fifty patients,
mean age 40-6 (SD 9-5) years were finally studied.
Among these, 13 persons were not included for
psychometric tests, because of psychiatric disease
or use of psychotropic drugs. Ten patients were

painters. Solvents were mostly (44 times out of 50)
mixtures.
The degree of exposure was measured in two

ways. Duration of exposure was 13-9 (SD 10)
years. Intensity was designated as mild or severe by
four physicians who classified the patients, based
on an interview about the workplace, independently
and without knowledge of the results of examina-
tions, into (1) severely exposed (probably near or

beyond the threshold limit value for at least one

solvent) and (2) mildly exposed. In cases of dis-
agreement the class of exposure assigned was the
weakest; 32 persons were severely exposed and 18
mildly exposed. Table 1 summarises the character-
istics of patients and controls.

Controls
For evoked potentials, 40 persons of the same age
as the cases and without the mentioned confound-
ing factors were included.

For cerebral blood flows, controls were recruit-
ed, with the same criteria from the staff of the
department. Eighteen controls underwent measure-

ment of cerebral blood flow by tomography, 28
cerebral blood flow with conventional stationary
probes.

For psychometric tests, results were compared
with those of age adjusted reference tables.

NEUROLOGICAL EXAMINATIONS
Neuropsychological tests
Thirty seven of the 50 subjects underwent the neu-

ropsychological tests summarised in table 2. These
tests covered a wide range of higher central nervous

system functions, especially the ones that are most
sensitive to deterioration.21-23 Because there was no
control group, special importance was attached to
the vocabulary test: it gives an efficiency level par-

ticularly resistant both to mental deterioration24

Table 1 Characteristics of cases and controls

Controls Cases

Evoked potentials:
Number 40 50
Age (y (range)) 39 5 (22-59) 40-6 (24-56)
Exposure duration (y (range)) 13-9 (1-37)
Exposure intensity High: 32

Low: 18
Tomographic cerebral blood flow:
Number 18 24
Age (y (range)) 35-4 (21-61) 391 (24-55)
Exposure duration (y (range)) 12 3 (1-36)
Exposure intensity High: 14

Low: 10
Cerebral blood flow in grey matter:
Number 28 26
Age (y (range)) 31-0 (26-45) 41-9 (24-56)
Exposure duration (y (range)) 15-3 (1-37)
Exposure intensity High: 18

Low: 8

and to exposure to neurotoxic agents; so the result
reflects the intellectual capacity before the intoxica-
tion, and can be compared with the other
neuropsychological tests presumed to be affected
by exposure to solvents.

Evoked potentials9
Somatosensory evoked potentials (SEPs)-In this
study we focused our interest on the central
parameters of those potentials-that is, on cortical
components of the upper limb potentials. Peak
latencies were measured at the parietal level (N20,
P22, N35), and peak to peak amplitude from
N20-P22 was calculated. All the latencies were
adjusted to 170 cm constant size.
Visual evoked potentials (VEPs)-Pattern reversal
evoked VEPs were recorded from a central occipital
electrode referred to ear lobes. Measurements were
made for peak latencies P100 and peak to peak
amplitudes P100-N140, and the presence or
absence of a W shape of the P100 was noted.

Table 2 Neuropsychological test battery

Otherfunction(s)
Principalfunction measured with
tested Test method the test

Intellectual functions:
Verbal Vocabulary Verbal ability

Similitudes Verbal abstraction
Visuospatial Cubes Visuoconstructive

ability
Digit symbol Concentration

Shifting ability
Learning

Memory:
Short term memory Digit span

(verbal)
Long term memory Benton Abstraction

(visual) Concentration
Auditory verbal Paired words Learning
memory
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Brainstem auditory evoked potentials (BAEPs)-
These were elicited by mononeural alternative
clicks. Interpeak latency I-V and ratio of amplitudes
for waves I and V were analysed.

Cerebral bloodflow
Conventional stationary probe study-Cerebral blood
flow in grey matter was determined by the 133-
xenon technique.25 For practical reasons the intra-
venous route was preferred to inhalation. We
analysed the cerebral blood flow in the grey matter
of the hemispheres and the presence or absence of
increased blood flow in the frontal region (hyper-
frontality), present if the ratio frontal cerebral blood
flow: mean hemispheric cerebral blood flow was
higher than 1 left or right. From 1984 to 1986 26
persons underwent this examination.
Tomographic cerebral blood flow study-From 1986,
cerebral blood flow was measured using 133-xenon
single photon emission computed tomography,26 27
which does not differentiate grey and white matter.
This tomographic method allows study of deep and
undertentorial structures (figure). The ratio
regional value: hemispheric value was determined.

STATISTICAL PROCEDURES
Statistical analysis was carried out using the NCSS
program,28 with parametric or non-parametric tests
as appropriate.

For the neuropsychological tests, we studied the

Slice 1

'

percentage of loss of performance referring to the
vocabulary test, presumed not to be affected in the
case of solvent induced loss of intellectual
efficiency: we therefore calculated the ratio:
((SN/MN for vocabulary) - (SN/MN for test
studied))/(SN/MN for vocabulary) where SN is
standard note and MN maximal note for the test.

For cerebral blood flow and evoked potentials,
cases and controls were compared and relation to
degree of exposure (duration and intensity) was
looked for, taking age into account if it was related
to the parameter. For parameters that either
differed between cases and controls or were related
to exposure, the sensitivity and the specificity were
assessed considering the neuropsychological tests as
the reference examination; this was abnormal if
there was a significant difference between the stan-
dard notes of the vocabulary test and the other
WAIS tests (significant level was given by the
fourth version book21); for paired words, the same
method was adopted. For the Benton test the result
was considered abnormal if it differed by more than
three points from the presumed note. The para-
meters of evoked potentials and cerebral blood flow
were considered abnormal if they exceeded the
mean ± 1 96 SD of the values found in the control
group. The Youden index (sensitivity + specificity
- 1) was calculated: if it is 0 it indicates that the
parameter has no interest; if it is 1, the parameter
has a perfect diagnostic value.29 We also calculated
the probability of more abnormal parameters in

Slice 2 Slice 3

Figure Tomographic study of regional cerebral bloodflow. Regions of interest for which were calculated regional values of
cerebral bloodflow are shown on the left side of each dzagram. I frontal internal region; 2 middle frontal region;
3 frontal region = 1 + 2; 4 vascular region of the middle cerebral artery; 5 temporal region; 6 occipital region; 7 thalamus area;
8 cerebellar lobe.
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persons with abnormal psychometric test results
than in persons with normal ones.

Results
COMPARISON OF CASES AND CONTROLS
The P22 and N35 latencies of upper limb SEPs
were longer in cases than in controls (p < 0 005).
Peak to peak amplitude N20-P22 was also longer in
cases (p < 0 05). Parameters studied for BAEPs
and VEPs did not differ significantly between cases
and controls (table 3).

Cerebral blood flow in grey matter was not sig-
nificantly different between cases and controls (an
analysis of covariance was performed because cases
were older than controls and cerebral blood flow
decreases with increasing age30). The lack of physi-
ological hyperfrontal distribution was not more
frequent in cases than in controls.

Cerebral blood flow measured by tomography
did not differ between cases and controls. For the
distribution of regional cerebral blood flow, only
the left occipital region was proportionally more
perfused in cases than in controls (104 (SD 5-8)%
and 100 (SD 5 5)% of the flow in the hemisphere
(p < 0 05).

SEARCH FOR A LINK BETWEEN DEGREE OF EXPOSURE
AND EVOKED POTENTIALS AND CEREBRAL BLOOD
FLOW
Duration of exposure was linked only to interpeak
latency I-V of BAEPs (r = 0-41, p < 0-05). Neither
cerebral blood flow (of grey matter or from the
tomographic study) nor psychometric tests
(expressed in percentage of loss in regard to
vocabulary test) were correlated with duration.

For intensity of exposure, the most exposed
patients had a higher amplitude N20-P22 of upper
limb SEPs (3-65 jv (range 0-15-113)) than the
least exposed (2-15 ,uv (0 3-5 0) (p < 0-01)). The
frontal internal left region was proportionally less
perfused in the most exposed (respectively 99 (SD

7 5)% and 105 (SD 7 3)% of the tomographic
(cerebral blood flow, p < 0 05). The other parame-
ters of evoked potentials, of cerebral blood flow
(from the conventional study or from the tomo-
graphic study), and psychometric tests did not dif-
fer whether intensity of exposure was high or low.

SENSITIVITY AND SPECIFICITY OF EVOKED
POTENTIALS AND CEREBRAL BLOOD FLOW
We studied parameters that either differed between
cases and controls or were linked to degree of
exposure.
We established three classifications of normal

and abnormal subjects for psychometric tests
according to the number of abnormal tests-
namely, at least one, at least two, or at least three
(respectively 17, 11, and four of the 37 people who
underwent the tests).
The number of subjects with abnormal evoked

potentials and cerebral blood flow in those classi-
fied as abnormal for psychometric tests and those
classified as normal was not significantly different.

Specificity of these parameters varied between
0 70 and 1 but sensitivity was always low (less than
0 15). The Youden index was always less than 0-25
(table 4).

Discussion
One of the main problems of units of occupational
medicine is to find tools that allow the detection, in
individual subjects, of abnormalities that have been
shown to be present in groups of workers exposed
to a given substance. After epidemiological studies
and experimental research that assess the existence
of a phenomenon, we have to look for the criteria
that allow us to assert that a person is ill or not.
This study showed that the group of 50 patients
differed from controls in several parameters of
evoked potentials and cerebral blood flow. The
individual diagnostic interest of these examinations

Table 3 Evoked potentials in cases and in controls

Cases (n = 50) Controls (n = 40)
Mean (range) Mean (range) p Value

Somatosensory evoked potentials:
N20 latency (ms) 19-9 (17-7-21-6) 19-7 (18-2-21-1) NS
P22 latency (ms) 24-4 (21-2-29-5) 23-1 (21-2-27-9) < 0-005
N35 latency (ms) 33 9 (27-40) 32-0 (27 3-39 2) < 0 005
N20-P22 amplitude (pIV) 3-10 (0-15-11-3) 2-06 (0-43-8 7) < 0 05

Brainstem auditory evoked potentials:
Interpeak latency of I-V (ms) 4-08 (3 64-4 68) 4-06 (3-6-452) NS
Ratio of amplitudes: A1/A5 0-69 (0-18-1-22) 0 58 (0-17-1-28) NS

Visual evoked potentials:
P100 latency (ms) 107-2 (88-123) 107-2 (99-117) NS
P100-N140 amplitude (pV) 4-57 (2-9-16) 4-85 (1-11 3) NS
Wave w present 38 33 NS
Wave w absent 11 6
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Table 4 Youden index for parameters of evoked potentials and cerebral bloodflow that either differed between cases and controls
or were linked to degree of exposure

SEP SEP SEP BAEP CBF CBF
P22 latency N35 latency N20-P22 amplitude latency I-V Frontal internal left Occipital left

Normality cut off:
1 abnormal psychometric test 0-18 0-06 0-13 0-15 0 0-22

Normality cut off:
2 psychometric tests abnormal 0-17 0-04 0-08 0-12 0 0-18

Normality cut off:
3 psychometric tests abnormal 0-24 0 04 0-06 0 09 0 0-13

SEP = Somatosensory evoked potential; BAEP = brainstem auditory evoked potential; CBF = cerebral blood flow.

was evaluated by calculation of specificity and sen-
sitivity of these parameters, with psychometric tests
as reference: these examinations had a good speci-
ficity but a very low sensitivity.
The first part of our study investigated the group

of 50 consulting patients. By contrast with epidemi-
ological studies, the group was not homogeneous;
this probably explains why we did not find any rela-
tion between psychometric tests and degree of
exposure. Duration of exposure was variable, rang-
ing from one year to 37 years. We included patients
with at least one year of exposure although the
hypothesis has been made that symptoms of solvent
induced psycho-organic syndrome appear only after
several years of exposure.3'

In the second part of the study, we looked for the
diagnostic value of evoked potentials and cerebral
blood flow. Examinations other than psychometric
tests would be useful for the diagnosis of solvent
induced psycho-organic syndrome. Indeed, socio-
economic background and linguistic difficulties do
not always allow the correct execution of psycho-
metric tests, which is why we had to exclude some
patients from this part of the study. Moreover,
there is no consensus about the type and the num-
ber of abnormal psychometric tests necessary to
distinguish normal from abnormal patients. We
made three classifications to declare subjects as
abnormal: the cut off was either one, two, or three
abnormal psychometric tests (independent of the
function tested); results were not noticeably differ-
ent: we were unable to show a diagnostic value for
any of the parameters that either differed between
cases and controls, or were linked to degree of
exposure.

Results of other studies conducted on evoked
potentials in populations exposed to solvents (other
than n-hexane) are contradictory-namely, no
abnormality of VEPs32 or BAEPs,33 34 increased
latencies33 35 and modified amplitudes of VEPs
(decreased35 or increased31), and increased laten-
cies of BAEPs indicating a lesion of white matter
(this examination is more sensitive than cerebral
magnetic resonance imaging).20 But the popula-
tions of these studies were different: two were

exposed for a short time during experimental stud-
ies32 33; three, from cross sectional epidemiological
studies, were exposed for a long time and probably
to similar solvents and atmospheric concentra-
tions3' 34 35; and one intensively, for a long time
(sniffers with high exposure).2O This probably
explains discrepancies among the results.
Our study does not confirm the decrease in

cerebral blood flow of grey matter found by
others.36-39 This may be the effect of a less evolved
disease,36 37 39 of a lower exposure,38 of an insuffi-
cient number of patients, or of the heterogeneity of
our population.

Cerebral blood flow measured by tomography
was also not decreased at a group level, and
regional analysis showed only an increase of left
occipital distribution in cases compared with con-
trols. This is difficult to interpret, as is the negative
relation between the left frontal internal distribu-
tion and the intensity of exposure. These positive
unilateral results may have occurred by chance and
at an individual level, are not of diagnostic interest.
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