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Systolic time intervals as a measure of left
ventricular function in viscose rayon
workers exposed to carbon disulfide

by GIULIANO FRANCO, M.D., and TULLIO MALAMANI, M.D.1

FRANCO, G. and MALAMANTI, T. Systolic time intervals as a measure of left ven-
tricular function in viscose rayon workers exposed to carbon disulfide. Scand.
j. work environ. & health 2 (1976) 107—114. In a group of viscose rayon workers
exposed to carbon disulfide the systolic time intervals were calculated. They were
determined from the simultaneous recording of an ECG, a phonocardiogram, and
arterial pulse tracings. Results indicate a shortened left ventricular ejection time
(LVET) and a prolonged isovolumetric contraction time (ICT), together with an
increase in the ratio of ICT to LVET. These alterations, which occurred in the absence
of any clinical signs or symptoms of heart disease, are interpreted as a consequence
of an impaired left ventricular contractility, comparable to mild coronary dysfunc-
tion. Literature data support the hypothesis that the biochemical mechanisms
involved in the effect of carbon disulfide on myocardial cells are (a) an interference
with energy metabolism from the inadequate availability of thiamine and nicotina-
mide or a direct inhibition of cytochrome or (b) an interference with catecholamine
metabolism and defective hormonal control of the energy utilization process.
Impaired left ventricular function in rayon viscose workers exposed to carbon
disulfide represents an early and highly sensitive sign of carbon disulfide intoxication,
and the use of systolic time intervals as a noninvasive measure of myocardial per-
formance may be a useful method for monitoring carbon disulfide exposed people.

Key words: carbon disulfide intoxication, systolic time intervals, myocardium, myo-
cardial contractility, occupational diseases.

The first observations of myocardial ana-
tomopathological alterations in animals
poisoned experimentally with carbon di-
sulfide (CS,) go back to 1930 (6). Forty
years later epidemiologic studies estab-
lished a significant correlation between
chronic occupational CS, exposure and
increased risk of death from coronary
heart disease. In viscose rayon workers
exposed to CS,, when compared with
nonexposed workers, there was evidence
of a 2.5 to 3-fold excess mortality (28, 33).
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In addition to these retrospective ob-
servations, a Finnish team of investiga-
tors followed, starting in 1967, a group of
343 workers from a viscose rayon factory.
The first results showed a higher preva-
lence of angina, a higher mean systolic
and diastolic blood pressure, and a slight-
ly higher, but nonsignificant prevalence
of pathological ECG signs, while blood
lipids were not significantly altered (18,
20). The next stage confirmed the excess
mortality from coronary heart disease in
the CS, exposed group: 16 men died
against 3 in the comparison group (19).
During the next stage of follow up, a
high incidence of angina, present in 25 %%
of the CS, exposed subjects, and coro-
nary mortality and a higher mean value
of blood pressure was registered, while
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there was no difference between coro-
nary signs of exposed and nonexposed
subjects in ECGs evaluated by Minnesota
codes (34). The problem of ECG changes
in viscose rayon workers is controversial,
and no definitive conclusions can be
drawn from existing data. More recent
studies have shown an increased preva-
lence of coronary ECG findings (10, 17, 35)
and nonspecific changes in comparison
with healthy subjects of the same age and
social class (14, 32).

The data strongly support the hypothe-
sis of an association between chronic ex-
posure to CS, and an increased risk for
developing coronary heart disease. Fur-
thermore, a prolonged exposure to toxic
levels increases the incidence of coronary
heart disease and worsens the prognosis
of it. Nevertheless the toxic effect on
the heart may not always be clearly
demonstrated, except when clinical signs
of angina or myocardial infarction, as well
as ECG changes of such events, are pre-
sent.

Therefore an attempt to create a meth-
od capable of monitoring early signs of
heart dysfunction through the study of
cardiovascular phenomena in CS,; ex-
posed subjects appears worthwhile. For
this purpose it is necessary that the meth-
od of evaluating myocardial function re-
veal impaired contractility, even in the
absence of clinically manifested heart
disease. A large number of techniques
have been proposed for evaluating dy-
namic myocardial function of the heart.
However, none has achieved universal
acceptance. Left ventricular perform-
ance has been recently evaluated with
external atraumatic techniques, and mea-
surement of the systolic time intervals
calculated from recordings of the ECG,
phonocardiogram and carotid pulse trac-
ing have gained much popularity over
the last 15 years. In patients with ad-
vanced left ventricular disease, as in
heart failure and myocardial infarction,
the preejection period (PEP) and the
isovolumetric contraction time (ICT) are
usually prolonged, while the left ventri-
cular ejection time (LVET) is shortened
(16, 29, 36, 37). Two simple composites
of systolic time intervals, the ratio of
PEP to LVET and the ratio of ICT to
LVET, have correlated with ejection frac-
tion and with end diastolic volume in pa-
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Table 1. Range of the measured carbon di-
sulfide (CSg2) concentrations in the factory and
the number of subjects examined.

Range of CSy Number

Work site concentrations of
(mg//m3) subjects

Churn room 20—40 7

Spinning room 40—60 8

Washing, desulfuring,

and bleaching sites 10—20 3

tients with coronary heart disease, and
they appear to separate patients with
severe coronary artery disease and those
with functionally mild disease from nor-
mal persons (16, 31). The ICT/LVET
appears to be the best index for predict-
ing left ventricular contractility in pa-
tients with mitral disease (5) or chronic
coronary heart disease (7).

In the present study the cardiac func-
tion in CS, exposed subjects was assessed
with the evaluation of left ventricular
contractility as measured by systolic time
intervals.

MATERIAL AND METHODS

Eighteen exposed subjects, whose ages
ranged from 47 to 59 years (mean 54 years)
were examined. They had worked un-
der exposed conditions in a rayon viscose
factory from 8 to 23 years (mean 18 years).
(CSy concentrations in the factory were
constantly below the threshold limit
value of 60 mg/m3 accepted in Italy; the
range of the measured CS,; concentra-
tions is reported in table 1.)

The small number of CS, exposed sub-
jects is due to the necessity to select
workers, in order to exclude subjects
presenting disease able to determine by
itself changes in the systolic time intervals.
Examined subjects did not present any of
the following clinical features: history of
probable or typical angina, diabetes mel-
litus (1), chronic obstructive bronchopneu-
mopathy (12, 21), coronary heart disease as
evaluated with the Minnesota code (7,
34), systolic blood pressure higher than
155 mm Hg, sum of the contraction time
and half relaxation time of the ankle



jerk reflex of more than 380 ms (8, 13).
Excluding workers with these clinical
symptoms should have eliminated any
factor capable of affecting systolic time
intervals (2, 7, 12, 13, 21), and therefore
any systolic time interval changes found
should be caused by exposure to CS,.
Twenty-two metal arc welding workers,
whose ages ranged from 42 to 61 years
(mean 56 years), were selected from a ma-
chine factory for the reference group.
They had never been exposed to CS..

With Weissler’s method (36, 37) the
duration of the phases of the left ventri-
cular systole was measured from the
simultaneous recording of the ECG, the
phonocardiogram, and the carotid and
femoral arterial pulse tracings with a
Mingograph 81 (Elema Schoenander) re-
corder at a paper speed of 100 mm/s
(fig. 1). The ECG lead used was D, For
recording the phonocardiogram a piezo-
electric microphone (EMT 25 B) was
placed over the mesocardium so that the
initial high frequency vibration of the
first and second sound could be distin-
guished. Carotid arterial pulse was re-
corded with a Boucke—Brecht capacitive
transducer (EMT 439); femoral arterial
pulse was recorded with a Marey’s capsule
connected by a polyethylene tube to a
transducer (EMT 510 C).

The following systolic time intervals
were measured directly (fig. 1): (a) the
total electromechanical systolic interval
(QS,) from the onset of the q wave in Dy
to the first vibration of the aortic com-
ponent of the second heart sound; (b) the
left ventricular ejection time (LVET)
from the beginning upstroke to the in-
cisura of the carotid arterial pulse trac-

Fig. 1. Simulaneous recording of an electro-
cardiogram (D2), a phonocardiogram, and caro-
tid and femoral pulse tracings. The recording
illustrates the direct measurement of the total
electromechanical systolic interval (QSg), the
left ventricular ejection time (LVET), the
interval between the first (S;) and the second
(S2) heart sound, the delay of the sphygmic
wave (R), and the calculation of the preejection
period (PEP), the interval from the beginning
of depolarization to the first heart sound
(QS1), and the isovolumetric contraction time
(ICT). Spystolic time intervals are expressed
in milliseconds.

ing; (c) the interval between the first (S;)
and the second (S,) heart sound from the
onset of the first heart sound to the
beginning of the aortic component of the
second heart sound; (d) the interval be-
tween the upstroke of the carotid and the
upstroke of the femoral arterial pulse
tracings (R), delay of the sphygmic wave.
Indirectly from the directly made mea-
surements the following time intervals
were calculated: (e) the preejection period
(PEP), derived by subtracting the LVET
from the @S, interval; (f) the interval
from the beginning of depolarization to the
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first heart sound (QS,), derived by sub-
tracting S;S, from QS,; and (g) the iso-
volumetric contraction time (ICT), derived
by subtracting LVET from S;S,.

Intervals were calculated as the aver-
age of at least 10 consecutive systoles.
Heart rate was calculated from the fol-
lowing relationship: 60 per average RR
interval.

The normal value for systolic time in-
tervals predicted for heart rate were cal-
culated from the regression equation of
Weissler (36, 37). Deviations from the
normal data were calculated as the dif-
ference between the observed values and
that predicted for heart rate from the
normal regression equation. The differ-
ences in the deviations from the normal
regression equation are expressed in mil-
liseconds as AQS, ALVET, AS;S,,
APEP, AQS;; ICT needed no correction
for heart rate (36, 37). In addition the
ratios between PEP and LVET and be-
tween ICT and LVET, not corrected for
heart rate, were calculated.

We calculated sphygmic wave rate by
dividing the time between the upstroke
of the carotid pulse and the upstroke of
the femoral pulse (R) by the distance, ob-
tained from the difference between the
sum of the jugular point — umbilicus
segment plus umbilicus — carotid pulse
segment minus the carotid pulse point —
jugular segment (38).

The average of the differences obtained
from the normal regression data in the
CS, exposed group and in the reference
group was calculated with the Student’s
t-test.

RESULTS

The results are presented in table 2. In
the CS, exposed group the LVET and ICT
were significantly shortened (P < 0.01).
Also QS, appeared to be shortened, but
not significantly (P <0.1). The changes
in 5;S, (P<0.2), PEP (P<0.3) and QS
(P <0.2) were nonsignificant. The mean
value of the ratio PEP/LVET of the CS;
exposed group did not greatly differ from
that of the nonexposed group (P <0.2),
while the increased mean value of the
ratio ICT/LVET, resulting from the sim-
ultaneous shortened LVET and prolonged
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diastolic blood

(HR =

pressure, PWR = pulse wave rate; NS = not significant) Systolic time intervals are expressed in milliseconds; blood pressure, in mm Hg; and

Table 2. The mean values (X), the standard error of the mean values (ex) of the systolic time intervals, and their deviation (A) from predicted
pulse wave rate, in meters per second.

normal values in the carbon disulfide exposed and nonexposed groups.

heart rate, SBP = systolic blood pressure, DBP

PWR

ICT

LVET LVET

PEP

ICT

AQSy

PEP APEP QSi

AQS2 LVET ALVET SiS» AS1S»

QS2

Age HR SBP DBP

Group

7.83
3.8

0.166
0.016

40.6  0.350
0.022

0

62.8

3
2

100.3

8
3

128 178 388.9 13 286.5 11 326.4

69

54

(n = 18)

Exposed

2.3

3.0

2.9

7.9

6.7

9.6

iEx

Nonexposed
n = 22)

6.8

0.127
0.013

0.352
0.020

36.2

102.2

2

321.4

2

285.2

0

388.1

76 127 76

58

X
* ex

2.0

2.2

8.1

5.8

8.5

2.01
0.05

3.72
NS < 0.001

2.68
<0.01

NS — NS

NS

t value
p value




ICT, was highly significant (P <0.001).
There was no significant correlation be-
tween the parameters of the ratios ICT/
LVET (r = —0.07) and PEP/LVET (r =
0.012).

The sphygmic rate of the CS, exposed
group was increased in comparison with
the nonexposed group. However the sig-
" nificance of the difference appeared to be
critical (P = 0.05). The preceding ob-
servations must to be confirmed and ex-
plained with further investigation.

DISCUSSION

Previous studies have demonstrated that
an impaired myocardial contractility
determines a shortened LVET and a
prolonged PEP and ICT, the latter by
decreasing the rise of isovolumetric pres-
sure rise (7, 27, 36). Instead, when
myocardial contractility increases, the
rate of development of tension too in-
creases, and thus the ICT shortens (3).
Observations on the relationship between
systolic time intervals and direct mea-
sures of left ventricular performance, as-
sessed angiographically, have revealed a
correlation between LVET, PEP, ICT, and
the end diastolic volume and the ejection
fraction (2, 16), but it was concluded that,
“ICT is the interval most intimately re-
lated to contractility” (2). The measure
of ICT and the determination of the ratio
of ICT to LVET appear to be the best
indices for predicting a left ventricular
contractility and for detecting contract-
ile deficits which may exist in the absence
of clear clinical symptoms (2, 27).

Results of the present study showed a
prolonged ICT, a shortened LVET, and
an increased ratio of ICT to LVET, all of
which indicate an impaired myocardial
function. The impainment is similar, but
lesser in grade, to the well-documented
impairment found in various heart dis-
eases (7, 24, 31). In coronary heart dis-
ease and heart failure an extensively
shortened LVET, an extensively pro-
longed PEP, and an increased value for
the ratios PEP/LVET and ICT/LVET
(7, 36) have been observed. The PEP,
composed of two subdivisions, the ICT,
and the QS; interval did not show any

significant deviation in the CS, exposed
group. A prolonged ICT alone (not
accompanied by a prolonged QS;) was
insufficient to determine a prolongation
of PEP and, hence, an increased PEP/
LVET.

CS, exposure appears to be associated
with a decreased rate of isovolumetric
pressure rise and therefore with a de-
creased myocardial contractility. Our re-
sults revealed an impaired myocardial
contractility in CS, exposed workers,
in whom it was impossible to find any
other feature which may have influenced
systolic time intervals. This finding
would suggest that the toxin exerts a
direct effect on myocardial cells and leads
to a diminished contractility that may
account for a deficit in the number, orga-
nization, and synchronism of myocardial
cells. Myocardial cells contain more
mitochondria than any other cells in the
body — evidence of the tremendous ener-
gy required for contraction. The transfer
of energy from oxygen to ATP depends
upon mitochondrial integrity, including
the enzyme of the intermediary citric
acid cycle, the respiratory oxidative chain,
and the cytochrome system. Any inter-
ference with the enzymatic systems in-
volved in the oxidative metabolism leads
to defective ATP production and utili-
zation and results in a progressive de-
crease in cardiac contractile force.

At least four biochemical mechanisms
may account for CS, toxic action on the
myocardial tissue: (a) deficiency of thi-
amine, an essential component of the
decarboxilation .enzymes; (b) deficiency
of nicotinamide, an essential constituent
of NAD and NADP; (c) inhibition of the
respiratory cytochrome system; and (d)
interference with catecholamine meta-
bolism.

In experimental CS, poisoning and in
occupational CS, intoxication, clinical
features of generalized neuropathy, simi-
lar to those present in beriberi, have been
documented (22, 23). The hypothesis of
a thiamine deficiency in CS, intoxicated
subjects is supported by the observation
of decreased thiamine content in liver and
muscle found in CS, poisoned rats (4).
Resulting interference with the oxidative
cycle and ATP deficiency is noted all
through the body, especially in the highly
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ATP-dependent cardiac muscle, and may
cause abnormalities in myocardial con-
tractility.

In CS; poisoned animals an increased
excretion of nicotinamide metabolites (49)
and a decrease of blood and skeletal
muscle nucleotides (40, 41) were observed.
No studies exist regarding heart content
of NAD and NADP; however, the litera-
ture suggests that CS, exposure provokes
an inadequate availability of nicotinamide
and leads to abnormalities in mitochon-
drial electron transfer and, finally, to
reduced contractile efficiency.

Various chemical substances (-CN, CO,
BAL, barbiturates) may inhibit the en-
zymes of the respiratory chain. In vitro
CS, inhibits the cytochrome oxidase
system (30); in CS, poisoning a depres-
sion of the oxidative metabolism of the
liver (15) and a loss of cytochrome oxi-
dase of myocardial tissue after the admin-
istration of subtoxic doses of noradren-
aline (9) have also been observed. These
toxicological aspects of CS, interference
with the respiratory oxidative chain and
the cytochrome system would suggest that
CS, is responsible for a reduced avail-
ability and utilization of energy required
for myocardial contraction.

The interference of CS, with catechol-
amine metabolism (a temporary increase
of dopamine level in the brain of CS,
poisoned rats) has been observed as a
consequence of an inhibition of dopamine
f hydroxylase (26). In addition myocar-
dial lesions caused by subtoxic doses of
noradrenaline in CS, exposed rats show
that CS, affects the catecholamine meta-
bolism in the myocardial tissue (9, 26).
The increased amount of coronary heart
disease among workers exposed to CS,
might be explained by a derangement in
catecholamine metabolism (25, 26). In
this way, through an interference with
the hormonal control via the adenyl
cyclase (11), CS,; may justify the abnormal
myocardial confractility in CS, exposed
people.

Present findings reveal alterations of
some parameters considered to be wvalid
measures of myocardial contractility in
CS, exposed workers, in the absence of
clinical symptoms of heart failure or
coronary heart disease. The literature
suggests that CS, may affect the heart
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either by interfering with the enzymatic
systems, the interference leading to a
defective energy compound production
(the involved enzymatic systems would be
the tricarboxylic acid cycle enzymes and
the respiratory chain enzymes) through
a deficiency of thiamine and nicotinamide
or a direct inhibition of cytochrome, or
by interfering with the catecholamine

metabolism, which would lead to an
impaired hormonal control of energy
utilization.

Findings of a prolonged ICT, an in-
creased ICT/LVET ratio and a shortened
LVET, unassociated with clinically mani-
fested cardiopathy, may be interpreted
as an early mechanical deficit in myo-
cardial function, otherwise not detectable.
These data support the use of systolic
time intervals as a noninvasive measure
of left ventricular performance for the
evaluation of impaired myocardial con-
tractility by any systolic time interval
change in workers exposed to CS,. This
method may represent a new way of
monitoring early signs of CS, intoxica-
tion.
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