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Cerebral Vasoreactivity by Transcranial Doppler in Carbon Disulfide

Poisoning Cases in Korea

The abnormalities of cerebral vasoreactivity were evaluated in CS; poisoning
cases. In 34 retired workers with CS, poisoning (case group) and 20 healthy
individuals (control group), blood flow velocities were measured in the middle
cerebral arteries (MCA) by transcranial Doppler. Compared with the control
group, the case group showed lower mean values of blood flow velocities and
pulsatile indices. The differences in CO: reactivities of both groups were remark-
able (1.10-2.19% decrease/mmHg CO: for cases and 3.35-5.08 for controls).
Multiple regression analyses were conducted to adjust the effect of age, sex,
and exposure level (non-low-high exposure) fo CO: reactivity and pulsatile index.
The exposure level was statistically significant in the regression model for CO:
reactivity of both MCA and for pulsatile index of the right MCA. Our study noted
a decrease of CO: reactivity and pulsatile index of cerebral vessels related with
CS; exposure. These findings suggested that CS; exposure could lead to a
decrease of cerebral vasoreactivities by the atherosclerotic change of cerebral
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vessels.

INTRODUCTION

Atherosclerotic changes in vessels and netve toxicity
appeat to be basic mechanisms of CS, poisoning cases in
Kotea. Major clinical findings of CS; poisonings in Kotea
wete petipheral neuropathy (1-4), retinopathy including
mictoaneutysm of the fundus (4, 5), multiple brain in-
farces (1, 5, 6), and glomerulosclerosis of the kidneys (7).

Diabetogenic changes of vessels caused by CS, were
reported by Korean and Japanese studies. The occutrence
of microaneutysm of the retina was repotted to be higher
in the CS; exposed group than in the control group for
both Korean and Japanese studies (5, 8). Some cases of
CS; poisoning showed intercapillary glomerulosclerosis
which is one of the typical patterns of diabetic glomet-
uloscletosis (7, 9).

Long-term atherogenic effects of CS; have been sug-
gested by Davidson and Feinleib (10). Several cohort
studies in Finland have shown elevated coronary mortal-
ity in wotkers exposed to CS; (11-13). CS; exposure can
cause atherosclerotic lesions in the cerebral vasculature
(14). Vigliani et al. (15) demonstrated hyalinosis of the
arterioles and precapillaties histologically, which is a find-
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ing that fits the picture of general atherosclerosis caused
by carbon disulfide.

Hypertension and diabetes mellitus are telated to
atherosclerotic change of cerebral vessels. CO, reactivity
as measuted by Transcranial Doppler (I'CD) is useful for
detecting abnormalities of cerebral hemodynamics among
patients with hypertension ot diabetes mellitus (16).
Maeda et al. (17) also reported that hypertension affected
the microvascular reactivity of the brain.

However, there have been few studies which assess
cetebral vasoreactivity in CS; poisonings using TCD. The
authors assumed that CS, caused the abnormalities of
mictovasculatute by atherosclerosis of the cerebral vessels
and these abnormalities could be evaluated by testing the
carbon dioxide (COy) reactivity of the brain in CS, poi-
soning cases.

In our initial case study of eleven workers with CS,
exposure, the authors found three cases of abnormal CO,
reactivity in the brain (18). The authors wanted to ex-
pand this study to assess the relationship between CS,
exposute and CO, reactivity of the brain by including
a control group and a large number of subjects who wete
exposed to CS,.
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MATERIALS AND METHODS

Subjects

The authors examined 33 males and 6 females who
wete retited wotkers among over 500 tetited Wonjin
wotkers who had received compensation for CS; poison-
ing. The “Association for Wonjin Occupational Disease
Patients” recruited the volunteers for this study. The
subjects were examined from May 13 to June 29, 1996
at the Department of Neurosurgery of Ewha Womans
University Mokdong Hospital. The disease status of the
subjects wete documented through history taking and
hospital tecords from whete they had been examined to
qualify for compensation. Histories of severe head trauma
and cerebrovascular accidents were not found.

The total number of case group tested by TCD was
30 males and 4 females (Table 1). Two women and three
men wete excluded because of their thick temporal bone
ot inability to detect the strongest signals by the Doppler
test. The age of the subjects ranged from 35 to 68 yeats
old. The mean duration of exposure to CS; was 142.1
months. Some subjects were examined on only one side
of the middle cerebral artery because the strongest signal
of the MCA was not detectable on the other side. Thete-
fore, the total number of case group for CO, reactivity
and pulsatile index of right ot left MCA in Table 3 was
different as shown in Table 1.

The control group consisted of 20 healthy individuals,
10 males and 10 females, who had no evidence ot histoty
of cetebral and/or cetebtovascular disease, heart disease,
hypertension ot abgnormalities of blood chemistry. The
CO, reactivities for this control group were measured in
1994 (19). However, all the measurements were done by
the same instrument and the same examinet.

Methods

Blood flow velocities for both MCA wete measured by
TCD (Trans-scan, Eden Medical Electronics, US). The
case and control groups were examined by an experienced
neurosurgeon (co-authot). The subjects were put in a su-

Table 1. Age and sex distribution of subjects
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pine position on the examination bed, and blood flow
velocities were measured at the strongest signals through
tempotal bone. Exhaled CO, was monitored by a CO,
monitor (SC-300 CO, monitor, Pryon Cotporation, US).
CO; reactivity was calculated as the change in the blood
velocity over the change in the exhaled CO, during
hyperventlation. The pulsatile index (PI) which reflects
vessel elasticity was calculated as the difference of the
systolic blood flow velocity and the diastolic blood flow
velocity over the mean blood flow velocity.

The authors divided the subjects into two age groups
(<50 and 50 or above) to reduce the effect of age in
the analysis of the data. The authors compated the mean
values of CO, reactivities, pulsatile indices and blood flow
velocities between the case and control group by strati-
fying the age and sex.

The authors reconstructed each worket’s exposure level
based on wotk histories such as wotk duration and the
department whete the subjects had wotked for. The re-
constructed exposure level was exptressed as cumulative
CS; exposure indices (CI). The average CS, concentrations
of the spinning department were about 10 ppm from
1986 to 1989, and below 5 ppm after 1990 when air
supply masks were supplied to the wotkers (1). The au-
thors assumed the average concentration of CS; in the
spinning department was about 20 ppm before 1986
when the shields of the spinning machines remained
open. The authors also assumed the exposure degrees of
delivery and repair wotkers were 80% and 50% of the
spinning wotkets respectively based on their wotking
pattetns. The other workers in the departments of raw
materials, coking, washing and acid tecovety were ex-
posed to 0.2-0.5 ppm of CS;. There had been no big
changes of average concentration of CS; in these depart-
ments since 1986.

The average CI of all case group was 1340.5 ppm X
month (Table 2). The subjects from the spinning, deliv-
ety and repait department showed average Cls of over
1,000 ppm X month, while those from the raw matetial,
coking, acid recovety and washing department showed an
average Cls of over 300 ppm X month. Depending on the
exposute level, case subjects were classified into two

35-49 years old 50-68 years old Mean age
Male Female Subtotal Male Female Subtotal (S.D)

Carbon disulfide 19 3 22 11 1 12 46.1 yrs old
Case group (N=34) 6.7)

Control group 4 6 10 4 6 10 52.4 yrs old
(N=20) (10.5)

Work duration of cases: mean 142.1 months (S.D. 71.4) (range: 41-344)
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Table 2. Cumulative CS, exposure indices of each department in case group

Department Exposure levels (ppm) Number of Mean (S.D)* Minimum*  Maximum* Total*
1962-1985 1986-1990 1986-1993  subjects

Spinning 20 10 5 13 1699.9 (1059.7) 523.0 3575.0

Delivery 16 8 4 8 1169.5 (712.1) 244.0 21150 Mean=1340.5

Repair 10 5 25 8 1542.2 (830.5) 756.0 30200 SD.=9427

Raw material, coking, 05 3 338.7 (261.5) 520 5640 Median=1188.8

acid recovery

Washing 02 2 384.3 (506.1) 26.4 742.2

*unit: ppm xmonth

gtoups as high and low based on the median of CI,
1188.8 (CS; ppm X work-month). So all exposure groups
wete three, i.e., no exposute group (control), low group
and high exposure group.

The authors used t-tests to compare the mean values
of the case and control group, and also used analysis of
variance (ANOVA) to compare the mean values of the
three exposute groups. Multivatiate analysis was done by
multiple stepwise tegression analysis to control the effects
of several explanatory variables such as age, sex, and
exposute level. All the statistical analysis was performed
by PC/SAS 6.11.

RESULTS

All the mean values of CO; reactivity between the case
group and control group were stratified by both gender
and age group as shown in Table 3. They showed statis-
tically significant differences in 35-49 yeat-old groups of
both gendets (Table 3). In 50-68 yeat-old group, the
average values of controls were higher than those of
cases. The mean values of the case group were 1.10-2.19
%/mmHg of CO,, and those of the control group wete
3.35-5.08%/mmHg of CO..

The average values of CO, reactivity wete also sta-
dstically significant differences among three exposute
groups in 35-49 yeat-old male subjects. However, these
values did not show a dose-response pattern (Table 4).
The mean values in 50-68 year-old male subjects showed
a decreasing trend according to exposure levels, but the
differences of these values were not statistically signifi-
cant.

Most of the average values of pulsatile indices (PI) of
the case group were lower than those of the control
group (Table 3). However, there were no statistically sig-
nificant differences in stratified tables. The difference be-
tween total mean values of PI for the case and control
group wete statistically significant in the right MCA. The
total mean values of cetebral blood flow velocity wete
higher in the control group than in the case group. But

thete were no statistically significant differences (Table
3).

Only in the male subjects, there were segmental blood
flow changes in cetebral vessels (Table 5). Frequencies of
these changes showed dose-response patterns in the 35-
49 year-old male group, such as 27.3% in the high expo-
sute group, 12.5% in the low exposute group and 0%
in no exposute group. In 50-68 year-old male group,
only the high exposute group showed a segmental blood
flow change in cetebral vessels.

In simple cotrelation analysis, exposure group was
correlated better with CO, reactivity than CI in 35-49
year-old-groups of both genders (Table 6). The cotrela-
tion coefficients between exposute group and CO, reac-
tivity wete -0.73 to -0.77. Cls were significantly cotte-
lated with CO, reactivity, pulsatile index and cetebral
blood flow velocity in 50-68 year-old male subjects.

The variable “exposute groups (EXP)” was statistically
significant in the regression of CO, reactivity of both
MCA (Table 7). In terms of pulsatile index (PI), the EXP
variable was statistically significant only in the model for
the right MCA. The regtession model for mean cerebral
blood flow velocity did not show any significant exposute
vatiable.

DISCUSSION

The petfusion pressure of the human brain cannot be
measuted directly. The CO,-stimulation technique by
Transcranial Dopplet (TCD) sonography, however, is one
of the safest and most inexpensive as well as most reliable
techniques to evaluate cerebral arterial reserve (20). The
changing effect of CO; is restricted mainly to the periph-
eral vascular bed (21, 22), leaving proximal artetial diam-
eters constant (23). TCD sonogtaphy delivers flow veloci-
ty data to assess the cetebral vasomotor reactivity (20)
and detects reduced cerebral perfusion states (15).

However, age and sex have to be taken into account
for a cotrect interpretation when examining the blood
velocity in cetebral artety (24). The cerebral blood veloci-
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Table 3. Differences of CO. reactivity, pulsatile index, and mean cerebral blood velocity in male and female subjects between
carbon disulfide poisoning case group and control group

Male subjects

Female subjects

35-49 50-68 35-49 50-68 Total
year-old-group year-old-group year-old-group year-old-group
Rt Case 1.93 (1.15) 2.19 (1.33) 1.25(1.03) 1.10(.) 1.92 (1.18)
N=18 N=10 N=3 N=1 N=32
Control 5.05 (1.47) 3.42 (0.21) 443 (1.53) 4.83 (3.14) 4.48 (1.98)
N=4 N=4 N=6 N=6 N=20
o (p="0.0001}) (p=0.017) (p=0.015) (p=0.32) {(p=0.0001})
2 fe% Lf Case 2.06 (1.07) 2.18 (1.28) 1.34 (0.66) 1.63(.) 2.02 (1.10)
N=19 N=11 N=3 N=1 N=34
Control 5.08 (1.38) 3.35 (0.59) 413 (1.45) 3.70 (1.44) 4.04 (1.35)
N=4 N=4 N=6 N=6 N=20
(p="0.0001}) (p=0.11) (p=0.018) (p=0.24) {p=0.0000})
Rt Case 0.75 (0.13) 0.72 (0.10) 0.67 (0.04) 0.84(.) 0.73 (0.11)
N=18 N=9 N=3 N=1 N=31
Control 0.75 (0.15) 0.86 (0.23) 0.89 (0.22) 1.05 (0.20) 0.90 (0.22)
N=4 N=4 N=6 N=6 N=20
(p=0.97) (p=0.15) (p=0.14) (p=0.37) (p=0.004)
i Lf Case 0.78 (0.30) 0.70 (0.14) 0.64 (0.07) 0.78 (.} 0.74 (0.24)
N=19 N=10 N=3 N=1 N=33
Control 0.76 (0.20) 0.85 (0.16) 0.69 (0.10) 0.95(0.11) 0.81 (0.16)
N=4 N=4 N=6 N=6 N=20
(p=0.89) (p=0.13) (p=0.50) (p=0.24) (p=0.27)
Rt Case 49.3 (12.9) 49.6 (9.9) 62.0 (11.4) 55.0(.) 50.8 (12.0)
N=18 N= 9 N=3 N=1 N=31
Control 555 (15.0) 458 (11.4) 75.3 (28.0) 58.3 (25.6) 60.4 (23.6)
N=4 N=4 N=6 N=6 N=20
(p=0.40) (p=0.55) (p=0.47) (p=091) (p=0.11)
B Lf Case 48.3 (18.2) 63.9 (40.5) 58.3(12.5) 54.2 (24.7) 54.0 (26.6)
N=19 N=10 N=3 N=6 N=33
Control 70.0 (43.3) 395 (11.5) 76.5 (22.4) 490(.) 61.1 (28.5)
N=4 N=4 N=6 N=1 N=20
(p=0.39) (p=0.26) (p=0.24) (p=0.85) (p=0.36)

Rt, right middle cerebral artery; Lf, left middle cerebral artery; CO, rex., CO. reactivity (% per mmHg of CO.): PI, Pulsatile index; BV,
mean cerebral blood flow velocity (cm/sec)

Table 4. Differences of CO, reactivity according to the CS, exposure groups stratified by age-group and sex

Male subjects
35-49 year-old-group 50-68 year-old-group

Female subjects
35-49 year-old-group  50-68 year-old-group

No exposure group 5.05 (1.47) 3.43 (0.21) 4.43 (1.53) 4.83 (3.14)
N=4 N=4 N=6 N=6
Rt Low exposure group 1.86 (1.51) 0=00008 2.70(_1.40) 0=0.10 0.79 @.91) 0=0.05 0=032
N=8 N=6 N=4 -
High exposure group 1.99 (0.85) 1.69 (1.17) 218 1.10
N=10 N=7 N=1 N=
No exposure group 5.08 (1.38) 3.35 (0.59) 413 (1.45) 3.7 (1.44)
N=4 N=4 N=6 N=6
Lf Low exposure group 1.54 (0.60) 0=0.0001 2.27 (1.56) 0028 1.28 @.92) 0=0075 - 0=024
N=9 N=6 N=2 -
High exposure group 2.53 (1.21) 2.07 (1.01) 1.45 1.63
N=10 N=5 N=1 N=1

unit: % per mmHg of CO.
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Male subjects

Female subjects

35-49 year-old-group

50-68 year-old-group

35-49 year-old-group 5068 year-old-group

No exposure group
Low exposure group
High exposure group

0of 4 (0%)
10f 8 (125%)
3 of 11 (27.3%)

0 of 4 (0%)
0 of 4 (0%)
2 of 7 (28.6%)

0 of 6 (0%) 0 of 6 (0%)
0 of 2 (0%) -
0 of 1 (0%) 0 of 1 (0%)

Table 6. Correlation analysis between exposure and response variables stratified by sex and age group

cl EXP CO.R) CO.(h PI(RY Pl (L) BV(RY BV
Cl 10 052" 022 011 0.02 003 0.02 0.06
. Male (N=22) EXP 10 073 073 -0.007 0.03 0.19 0.34
Fomgle (N=g)  © 10 057 030 043 024 030 0.03 028
- EXP 10 077" 076 053 026 028 -0.44
vl (N=12) cl 10 0.66' 05 018 026 065 002 061"
s - EXP 10 046 -0.43 042 043 0.18 0.32
Fomgle (=) © 10 10 044 051 040 052 0.05 -0.09
- EXP 10 044 051 040 052 0.05 -0.09

Cl, cumulative CS, exposure index; EXP, exposure group; CO», CO. reactivity; 35-49, 35-49 year-old-group; 50-68,

"p<0.05

50-68 year-old-group.

Table 7. Multiple stepwise regression analysis of age, sex, exposure groups (EXP) to CO. reactivity, pulsatile index, and mean

cerebral blood flow velocity

Variables (parameter estimate, p value)

R (p value)
CO:, reactivity Rt 0.33 (0.0001)
Lf 0.23 (0.0002)
Pulsatile index Rt 0.23 (0.0018)
Lf 0.04 (0.13)
Mean cerebral Rt 0.17 (0.0031)
blood flow velocity Lf No significant model

EXP (-1.29, p=0.0001)
EXP (-0.86, p=0.0002)

EXP (-0.065, p=0.033), Sex (0.096, p=0.09)
EXP (-0.052, p=0.13)

SEX (15.5, 0.0031)

ty at test decreased significantly with age increase. Fe-
males up to 50 years of age had significantly higher
blood velocity values than males. To adjust the effects
of age and sex, the authors stratified the data according
to sex and age-groups.

Smoking and drinking were not considered in stratified
analysis and multiple regression analysis of CO, reactivity
because the authots did not have any histoty of smoking
and drinking habits for the control group. Some intra-
cranial circulatory changes, predominantly in the verte-
bral arteties, and some pathologic intimal changes in the
carotid arteties have been found in smokers (25). Smok-
ing also can cause significant intracranial blood flow dis-
tutbances. However, there have been few reports indicat-
ing any relationship between the decrease of CO, reac-
tivity and drinking.

In this study, CO, reactivities of the case group were
much lower than those of the control group in the same

sex and age-groups (Table 3). In spite of no adjustment
for smoking and drinking, it is unlikely that these large
differences could be explained entirely by behavioral or
other factors which were not considered in this study.
TCD study is applied to vatious clinical conditions
such as occlusion and stenosis of the carotid artery (20),
and stroke ot intracranial hemorrhages (26, 27). TCD
study is also applied to diseases such as hypertension and
diabetes mellitus to detect reduced vasoteactivity of the
brain (15, 16). Hypertension is one of the major risk fac-
tors for arteriosclerosis, and cerebral vessels ate often
affected (28, 29). Hypertensive patients showed decreased
CO; reactivities measured by TCD (16).
Atherosclerosis of cerebral vessels may be a common
change in CS; poisoning. Vascular changes due to carbon
disulfide exposure are similar to those produced by
atherosclerosis due to aging, and these changes are pat-
ticulatly prominent in the central nervous system and
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kidneys (30). These changes can be detected by TCD like
hypertension. The athetosclerotic change of cerebral ves-
sels may be the basic mechanism which can explain the
abnormal findings of CS; poisoning cases in this study.
CO; reactivities of the case group wete statistically lower
than those of the control group (Table 3). Pulsatle indi-
ces and mean blood flow velocities of the case group wete
lower than those of the control group. Decteased cerebral
vasoreactivity was also related with CS; exposure. Expo-
sure indices were statistically significant in the multiple
regtession analysis for CO, reactivity and pulsatile index
with age and sex adjusted (Table 7). All these findings
suggest athetosclerotic changes of cerebral vessels.

Another possible explanation for the decrease in cete-
bral vasoteactivity may be a direct toxic effect of CS..
Aaserud et al. (31) repotted both brain atrophy and vas-
cular encephalopathy. Brain atrophy was found in ap-
proximately 81% (13/16) of the wotkers exposed to 30-
60 mg/m’ CS; for at least 10 years. The subjects in that
study also showed vascular encephalopathy in the exami-
nation of regional cerebral blood flow. They reported that
CS; induced encephalopathy is not exclusively a result of
vasculopathy at the acute exposutre level.

However, thete were no brain atrophy cases reported
in the Korean Wonjin wotkers exposed to CS;. Some of
them were exposed to similar level of CS,. Brain infarcts
were among the major findings in these workers (1).
Other majot clinical findings were microaneurysm of the
fundus (4, 5) and glomerulosclerosis of the kidneys (7).
These findings suggest that atherosclerotic changes of
cerebral vessels were mote important in reducing cerebral
vasoreactivity in Korean CS; workers than direct toxic
vasculopathy.

This study was a ctoss-sectional study, the number of
subjects was small, and age difference remained between
case and control group after stratification of age. In spite
of these limitations, the authors concluded that the
decrease in CO, reactivity, and pulsatile index, and the
stenotic change of the MCA in CS; exposed workers may
be caused by the atherosclerotic effects of long term
exposure to CS,.

TCD test can detect the arterial reserve before the
development of brain infarcts which is one of the most
common clinical findings in wotkers with CS, poisoning.
This study showed the possibility of TCD test to detect
abnormal vasoreactivity in CS, poisoning wotkers. How-
evet, further study is needed to evaluate the usefulness
of the TCD test as a screening or detection tool to assess
the decreased arterial reserve in workers with CS; expo-
sure who do not manifest clinical abnormalities of CS,
poisoning.

In conclusion, the authors examined whether CO, re-
activity of cerebral vessels measured by TCD was related

E. Lee, M.-H. Kim

to CS; exposure. Cerebral atherosclerosis is a basic toxic
effect caused by in CS, poisoning. Recognizing that TCD
test is one of the safest, most inexpensive and reliable
techniques available to evaluate artetial cerebral vasoteac-
tivity, the authots decided to use this method in this
study. Wotkers with CS; poisoning showed decreased
vasoreactivities of cerebral vessels. There were statistically
significant differences in CO, reactivity and pulsatile in-
dex between the case group and the control group. The
variable “CS, exposure group” was significant in multiple
regtession analyses for CO, reactivity and pulsatile index.
These findings suggested that deceased vasoreactivities of
cetebral vessels in the case group were caused by ather-
osclerotic effects of CS; exposute. Further study is needed
to evaluate the usefulness of the TCD test as a screening
ot detection tool to assess the decreased arterial reserve
in workers with CS, exposure who do not manifest clin-
ical abnormalities of CS, poisoning.
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