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Systemic sclerosis is a multisystemic disorder, also affecting the heart. To evaluate its influence on systolic left ventricular
(LV) function, we investigated 30 consecutive patients (age 54-5+ 2-4 years, 15 men and 15 women ) and 48 controls
matched for age and sex. All subjects were investigated by phonocardiography, pulse curve recordings, M-mode echocar-
diography, and by pulsed and continuous wave Doppler. Heart rate, blood pressure and peripheral resistance did not differ,
but patients weighed less than controls (P <0-01). Systolic time intervals indicated systolic impairment, with an increased
pre-ejection period to LV ejection time (LVET) ratio (0-37+0-02 vs 0-304+0-01 P<0-001), and also an increased
isovolumic contraction time to LVET ratio (0-17+0-02 vs 0-12+0-01, P<0-02). The latter difference remained when
LVET was adjusted for heart rate. Echocardiographic E-point to septal separation was increased in patients (8-3+ 1-3 vs
4-8+0-3mm, P=0-001), also after adjustment for LV dimension (P=0-0001), while septal fractional thickening was
decreased (P <0-01). End systolic wall stress (P =0-0002) and stress to volume ratio (P=0-03) were lower in systemic
sclerosis. Peak LV emptying rate was also lower in the patient group when measured by echocardiography (P=0-03).
There was no difference between groups regarding LV dimensions, fractional shortening or mean velocity of circumferen-
tial fibre shortening. While aortic Doppler peak emptying rate did not differ between groups, it occurred later in systole in
the patient group (P <0-01) as did peak velocity (P=0-0001). Cardiac output did not differ between the groups. In all, 18
of 30 patients (60%) had a systolic abnormality. However, only one patient had dilated cardiomyopathy, and two other
patients had poor systolic function without LV dilatation. There was no relation between disease duration and systolic LV
function. .
We conclude that, in a consecutive series of patients with systemic sclerosis, systolic LV function is frequently impaired.
While time intervals, emptying rate, and wall fractional thickening are affected, cardiac output and LV cavity dimensions
are usually not.

Introduction Subjects and methods

SUBJECTS

We studied 30 consecutive patients (15 men and 15
women) with systemic sclerosis according to the
American Rheumatology Association (ARA) criterial''.
The patients were referred from The Uppsala region
to Uppsala University Hospital between December 1986
and March 1988. Their mean age was 54-5 (range 25-77)
years, and their disease had been recognized for 5-6
(range 0-5-23) years. General characteristics are shown
in Table 1. Three randomly selected patients, and the
patient with the largest reversible perfusion defect shown
by myocardial scintigraphy after cold provocation, were
subjected to coronary arteriography, but none of the
four patients demonstrated abnormal angiograms. One
patient had right bundle branch block, while none was
found to have left bundle branch block.

For comparative purposes, age- and sex-matched
control subjects were selected from the general population
Submitted for publication on 27 July 1989, and in revised form 1 April 1990.  of Uppsala. Every resident in Sweden has a national regis-
tration number that includes date of birth. The numbers -

Systemic sclerosis is a multisystemic disease characterized
by fibrotic, inflammatory and degenerative changes in the
skin. Visceral involvement is also well recognized, par-
ticularly the lungs, heart, kidneys and the gastrointestinal
tract!, Cardiac involvement has, since it was reported by
Weiss et al. in 1943, been a subject of wide interest®].
Involvement of the heart in systemic sclerosis is associated
with poor prognosis®. Since myocardial impairment
may escape clinical detection, it seems important to apply
methods with the potential to reveal cardiac dys-
function. However, results from non-invasive studies of
systolic function in systemic sclerosis are somewhat
contradictory?'%.

We therefore studied a series of 30 consecutive patients
to evaluate the presence and extent of left ventricular (LV)
systolic dysfunction in systemic sclerosis and related the
results to those of matched controls.

Presented in part at the XIth World Congress of Cardiology, Manila,

Philippines, February 11-16, 1990. are registered by the County Census Bureau in a popu-
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Medicine, Uppsala Academic Hospital, S-751 85 Uppsala, Sweden. by law must be kept up to date. A sample of 90 age- and
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Table 1 Characteristics of controls and patients

Controls Patients P

(N=48) (N=30)
Age (years) 54:642-1 54-54+2:4 N.S.
Sex (female/male) 22/26 15/15 N.S.
Height (cm) 172:7+1-11 170-94+1-9 N.S.
Weight (kg) 72:6+1-7 65-142-0 0-01
Body surface area (m?) 1:9+0-03 1:740-04 0-02
Body mass index (kg m~2) 24:34-0-5 22:3+0-9 0-008
Systolic blood pressure (mmHg) 134:94-2-6 132:9+3-5 N.S.
Diastolic blood pressure (mmHg) 81-44+1-4 78-742-1 N.S.
Mean arterial blood pressure (mmHg) 993415 96-8+2-1 N.S.
Total peripheral resistance (dyn.s.cm=9) 1604 459 17234132 N.S.

Values are mean +S.E. N.S. =not significant.

sex-matched subjects (three for each patient) was drawn
from the register. All 90 controls were informed about the
investigation protocol, and 55 of them gave their consent
to participate in the study. Controls were excluded if
treated for hypertension, and if clinical history or electro-
cardiography revealed coronary or rheumatic heart dis-
ease. Controls were not excluded on the basis of blood
pressure level. No control had bundle branch block. None
had known renal or pulmonary disease. Of the 55 subjects
willing to participate, two were excluded due to previous
antihypertensive treatment, one due to an electrocardio-
gram (ECG) indicating coronary heart disease, one due to
a clinical history suggestive of ischaemic heart disease,
two subjects because of a history of rheumatic heart dis-
ease, and one subject because of inadequate recordings.
The remaining 48 subjects (26 men and 22 females) had a
mean age of 54-6 (range 25-77) years and were included as
a healthy control group.

METHODS

A standard 12-lead resting ECG, pulse curves and
phonocardiogram were recorded using a direct writing
ink-jet 7-channel Mingograph (Siemens Elema, Sweden)
as previously described!'?. In brief, simultaneous carotid
pulse tracing; ECG (standard lead IT) and a phonocardio-
gram from the third left parasternal intercostal space,
were recorded at 100 mm s~! at the end of normal relaxed
expiration with the subject in the supine position. Apex-
cardiographic registrations were obtained similarly, but
with the patient lying in the left lateral position.

Blood pressure was recorded in the supine position
after 30 min of rest, after pulse recordings and immedi-
ately before M-mode recordings. Standard sphygmo-
manometer technique was applied, and the mean of three
readings was used. Systolic blood pressure was measured
at phase one and diastolic blood pressure at the dis-
appearance of Korotkoff sound-phase five!'3],

Echocardiography was performed by means of a
Hewlett Packard ultrasound imaging system model
77020A, equipped with a 2-5 or 3-5 MHz phased array
transducer. Parasternal two-dimensional (2-D) echocar-
diographic views!"! were stored on VHS 0-5 inch video

tapes by means of a Panasonic video recorder NV 8100.
Two-D guided M-mode echocardiograms!™? were
recorded on strip charts (Honeywell, 8100, dry Silver
paper) at a speed of 50 mm.s™!. These investigations were
performed with the subject lying in the left lateral
position.

To measure cardiac output!'!], a Doppler system
(Alfred®, Vingmed A/S, Trondheim, Norway) was used
to record the aortic flow spectrum. A 2 MHz single
crystal pulsed and continuous wave Doppler probe with
a diameter of 13-7mm was used. The examination was
carried out with patients lying in the left lateral position
using an apical approach. The area of the maximum LV
apex pulsation was defined, and the transducer was placed
slightly above, slightly below or directly over it. Both con-
tinous and pulsed wave Doppler spectrum were recorded,
guided by the Doppler signal of valve closure and open-
ing. The audible Doppler sound pattern from the blood
flow was also used, and the transducer was manipulated
until the best spectral display was obtained from the aortic
flow. Strip chart recordings were obtained at a speed of
50 mm.s~".

MEASUREMENTS : c

All measuring points were agreed upon by two ob-
servers (E.K. and K.C.). One investigator (E.K.) carried
outallinterpretations after the recordings had been coded
and mixed (by K.C.). Only beats with acceptable or good
quality were used for measurements.

From M-mode echocardiographic recordings . the-

measurements listed below were made on three beats
(leading edge to leading edge method) according to_the
recommendations made by the American Society- of
Echocardiography!"®), and the mean was used for further
calculations. LV internal diameter, interventricular septal
thickness, and posterior wall thickness were meéasured at
end-diastole (the electrocardiographic Q wave), and at
end-systole (the shortest distance between the septum and
the posterior wall). M-mode echocardiographic dimen-
sions and time intervals as well as amplitudes from pulse
tracings were measured by means of a digitizing table-
minicomputer system. :

C
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LV wall fractional thickening was calculated as septal
and posterior wall systolic increase of thickness, respect-
ively, divided by the corresponding diastolic thickness.
Fractional shortening was defined as the difference
between LV diastolic and systolic dimensions divided by
the diastolic dimension. Ejection fraction was calculated
according to the cube formula, for reasons discussed
elsewherel', Mean velocity of circumferential fibre
shortening (mean Vcf) was calculated as fractional
shortening divided by LV ejection time (LVET). Mean
Vef adjusted for heart rate (mean Vcf) was calculated as
fractional shortening divided by LVET normalized by the
square root of the cardiac cycle length in seconds!.
Mitral E-point to septal separation (EPSS) was defined
as the vertical distance (mean of five beats) between the
E point of the anterior mitral leaflet and the ventricular
septum®?!, EPSS was adjusted for end-diastolic LV
dimension.

LV meridional end-systolic wall stress (ESWS)
(10°.dyn.cm™2) was estimated as ESWS=(1-332x
pressure x D)/[4h x (14-h/D)], where D represents LV
end-systolic dimension and h stands for the mean of the
septal and posterior wall end-systolic thickness('*?2,
Pressure was obtained by estimating end-systolic blood
pressure from the carotid pulse tracing, where systolic and
diastolic blood pressures were assigned to the peak and
nadir of the carotid curve, respectively, and end-systolic
blood pressure was estimated by linear interpolation to
the height of the dicrotic notch®. End-systolic volume
index (ESVI) was calculated as end-systolic volume/body
surface area. As a measure of contractility, we also calcu-
lated the ratio ESWS/ESVI. The mean Vcf;, to be expected
from the level of ESWS was calculated by means of the
regression formula obtained from the relation between
these two variables in the control group. The ratio
between measured and expected mean Vef, was calculated
as percentage (mean Vcf,%).

From M-mode recordings, LV peak emptying rate as
well as time from the electrocardiographic R-wave to
peak emptying rate were measured by means of a
digitizing table (Summagraphics ID-2CTR-TAB 17,
Connecticut, U.S.A.)and a microcomputer (Professional-
380, Digital Equipment Corp., U.S.A..), using an especially
designed computer programme!"”. The same equipment
was used for the evaluation of Doppler recordings.
Measurements of aortic Doppler (pulsed and continuous)
registrations were performed on five beats, and the mean
value was used. Maximum LV emptying velocity was
measured. Stroke volume was calculated as the velocity
integral of pulsed Doppler systolic aortic flow, multiplied
by the aortic area®?), where the latter was calculated at
n(dimension/2)? from the aortic diameter (leading edge)
Just below the insertion of the aortic leaflets in parasternal
2-D echocardiographic projection.

Mean arterial pressure (MAP) was calculated according
to the formula (systolic—diastolic blood pressure)/3+
diastolic blood pressure. Total peripheral resistance
(TPR) was calculated according to the formula TPR =
MAP x 1-33[60/Doppler cardiac output].

Measurements of pulse curve tracings were performed

on five beats, and the mean values were used. The LVET,
the electromechanical interval, the pre-ejection period
(PEP) and the isovolumic contraction time (ICT), were
measured as previously described, from the simultaneous
recordings of the electrocardiographic lead II, the
phonocardiogram and the carotid pulse tracing or apex-
cardiogram!'?. Electromechanical interval and LVET
were related to heart rate. LVET was therefore adjusted
for heart according to the regression equation of the
control group. The relative LVET was calculated as per-
centage of the expected normal LVET. PEP/LVET and
ICT/LVET were calculated. Ratios in which LVET had
been adjusted to heart rate 60 (LVET divided by square
root of the cycle length in seconds) were also computed.

STATISTICAL ANALYSIS

Data are presented as mean+standard error of the
mean (SE). Unpaired two-sided t-test was used to com-
pare differences between patients and controls. P values
<0:05 were considered significant. For selected variables,
abnormal values were defined by two standard deviations
(SDs) of the control group.

Results

GENERAL CHARACTERISTICS

Clinical characteristics of the controls and the patients
are shown in Table 1. In spite of similar heights, patients
weighed less than controls as a group, and five patients
had a low calculated body surface area. Blood pressure
and TPR were similar in the two groups.

SYSTOLIC TIME INTERVALS

In the patient group, LVET was significantly shorter,
and ICT as well as PEP were longer (Table 2). Also in the
patient group, the ratios PEP/LVET and ICT/LVET were
significantly higher, and differences remained when the
LVET was adjusted for heart rate. Five patients had an
increased PEP/LVET ratio.

ECHOCARDIOGRAPHY AND DOPPLER
When heart rate was measured during the echocardio-
graphicinvestigation, patients had higher heart rates than
controls (Table 3), but only one patient had a heart rate
above the reference limit. Two patients had LV dilatation,
but the mean values of end-diastolic and end-systolic LV
internal dimensions did not differ between groups, nor did
fractional shortening, mean Vcf or mean Vcf, (Table 3). In
spite of this, EPSS was larger in patients (increased in
26%). The difference regarding EPSS remained after
adjustment for LV dimension. Septal fractioning thicken-
ing was reduced in systemic sclerosis, and stroke volume
tended to be lower (P=0-06), as did stroke volume calcu-
lated from Doppler recordings (Table 4). ESWS was
lower in the patient group (Table 3), and a difference
remained when ESWS was adjusted for ESVI. Mean
Vcf.% tended to be lower in the patient group, and three
patients had a reduced value. The peak rate of LV
emptying, measured from M-mode echocardiography,
was lower among patients (Table 3). The time from the
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Table 2 Systolic time intervals

Controls Patients P

(N=48) (N=30)
LVET (ms) 323+4 303+6 0-007
PEP (ms) 96+3 110+5 0-01
ICT (ms) 40432 51442 0-04
PEP/LVET 0-3040-01 0-37+0-02 0-0006
ICT/LVET 0-1240-01 0-17+0-02 0-01
PEP/LVET, 0-:304+0-01 0-3740-02 0-0006
ICT/LVET, 0-124-0-01 0.1740-02 0-01

Values are mean +S.E. LVET =left ventricular ejection time; PEP =pre-ejection period; ICT =
isovolumic contraction time; LVET, =left ventricular time normalized for the square root of the

cardiac cycle length.

Table3 M-mode echocardiographic measurements

Controls Patients P ~
(N=438) (N=30)
Heart rate (beats min-') 61-6+1-4 67-5+1-7 0-01
LV dimension (Q) (mm) 499408 48-5+1-4 N.S.
LV dimension (end-systole) (mm) 32:8+0-7 32:5+1-7 N.S. <
Fractional thickening -
Septum (%) 4343 30+4 0-007
Posterior wall (%) 6144 53+5 N.S.
Stroke volume (ml) 94-5+4-9 80-445-0 N.S.
Ejection fraction 0-724+0-01 0:69+40-03 N.S.
Fractional shortening (%) 346409 33-5+1-6 N.S.
Mean Vcf (circ s—*) 1-0740-03 1-1140-05 N.S.
Mean Vcf, (circ s—! s%5) 1-07 +:0-03 1-05+0-05 N.S.
Mean Vef % 98-5+1-9 92:74+2-6 N.S.
ESWS (10°.dyn.cm-?) 629422 51-3+2-8 0-002
ESVI (mlm-2) 20-14+1-1 19-5+1-8 N.S.
ESWS/ESVI (10*.dyn.cm~'.ml-*.cm?) 3-3440-13 294016 0-03
EPSS (mm) 4-8+0-3 83+1-3 0-001
EPSS/LV dimension (Q) 0-09840-01 0-162 +0-02 0-0001
Peak emptying rate (mm 572 —105-5+4-2 —92-:0+34 0-03
Time R wave to peak emptying rate (ms) 201-94-9-3 188-6+11-8 N.S.
Time to peak emptying (% of systole) 68-243-3 67-1+4-8 N.S.
Values are mean +S.E. N.S. =not significant. LV =left ventricular; Vcf = velocity of circumferential
fibre shortening; Vef,=Vef adjusted for heart rate; Vcf.% =measured/expected (from ESWS)
Vef,; ESWS=end-systolic wall stress; ESVI=end-systolic volume index; EPSS = E-point septal C

separation.

R-wave to peak emptying did not differ, but, when calcu-
lated in relation to duration of systole, peak emptying
occurred later in the patient group. When calculated from
continuous wave Doppler (Table 4), the time to peak
aortic flow acceleration, and also the time to peak aortic
flow velocity, was longer in the patient group in spite of
no significant difference regarding peak velocity of LV
emptying (aortic flow acceleration) as calculated from
Doppler.

INDIVIDUAL ABNORMALITIES

We evaluated the number of patients with abnormal
values regarding the following variables: LV end-diastole
dimension, ejection fraction, Vcf %, PEP/LVET, ICT/
LVET, ESWS/ESV]I, EPSS, time to peak aortic flow vel-
ocity and acceleration. Altogether, 18 patients (60%) had

one or more abnormal findings regarding these variables.

The variables displaying the highest prevalence of abnor-
mal values were EPSS, time to peak flow velocity, PEP/
LVET, and time to aortic peak flow acceleration. There
was no significant relation between these variables and
disease duration. o
One patient had findings of dilated cardiomy'opg'tl_}y
with a dilated left ventricle (77 mm) and a low ejection
fraction (22%). Two other patients had low ejection frac-
tion and low Vcf,% in spite of LV dimension within'‘the
reference limits. Two patients had isolated abnormality of
systolic time intervals and two patients isolated increase

of EPSS.

Discussion

The present study is the first to compare LV function, in
a consecutive series of patients with systemic sclerosis,
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Table4 Doppler measurements

Controls Patients P

(N=48) (VN=30)
Heart rate (beats min=") 61-4+1-1 69-0+2-1 0-0008
Stroke volume (ml) 74-44-2-8 67-54+50 N.S.
Cardiac output (I min-") 46402 4:540-3 N.S.
Peak aortic gradient (mmHg) 53104 5040-5 N.S.
Time to peak velocity (% of systole) 25:0+0-8 31-:7+1-6 0-0001
Peak acceleration (mmHg s- D] 11146 104+11 N.S.
Time to peak acceleration (% of systole) 9-1+0-3 10-61+0-6 0-01

Values are mean +S.E. N.S. =not significant.

with that of a random sample of matched control subjects
from the general population. Great care was taken to en-
sure objective evaluation of data. Thus, the investigations
were all carried out by the same investigator, who was
unaware of the clinical findings. Interpretations were
likewise performed by a single investigator, after blind-
coding and mixing of the recordings from patients and
controls. ’

Focal myocardial fibrosis reported by several
authors®*?, may be the reason for the development of
myocardial dysfurction in systemic sclerosis. However,
even patients with systemic sclerosis who died suddenly
seem to display conspicuously normal extramural coron-
ary arteries at autopsy® %l Focal myocardial lesions
have no relation to specific extramural vasculature®, and
myocardial necrosis occurs with widely patent intramural
and extramural coronary arteries, suggesting the micro-
circulation is abnormal®-3%. Although patients with ar-
rhythmias and conduction disturbances who die suddenly
have abnormalities of their sinus node artery and AV-
node artery?, an autopsy study of 52 patients have
shown intramural coronary arteries to be generally nor-
mal histologically and microangiograms in 12 patients to
be free from abnormalities™. Vasospasm or myocardial
Raynaud’s phenomenon have been suggested to be re-
sponsible for the myocardial necrosis seén in systemic
sclerosis®™?, and we were recently able to substantiate
this hypothesis by showing in the present study group
reversible myocardial perfusion defects induced by cold
provocation®!), Since in the patient with the largest
myocardial perfusion defects arteriography showed
normal coronary arteries, as did the angiograms from
three randomly selected patients, we considered coronary
arteriography to be neither necessary nor ethical in the
remainder of the present study population. Moreover, we
could not, for ethical reasons, have made comparative
studies in the control group.

Some patients with systemic sclerosis develop severe
cardiac involvement with a picture of dilated cardiomyo-
pathyP2. Such findings are, however, rare and were only
seen in one patient in the present study, while two other
patients had low ejection fraction without dilatation.
Most patients had only a mild or moderate impairment
of systolic function. Thus, the mean values of ejection
fraction did not differ between the groups.

The systolic time intervals of the patients were clearly
abnormal. One possible explanation for this is inclusion
of patients with bundle branch block, while controls had
normal transmission of depolarization potentials. Such
an explanation was, however, not valid, since only one
patient had right bundle branch block, and none had left
bundle branch block. A more plausible explanation of
abnormal systolic time intervals is obviously a true
myocardial impairment.

The existence of myocardial dysfunction was substan-
tiated by the findings of increased EPSS (with and
without adjustment for LV dimension), reduced septal
fractional thickening, reduced LV emptying by M-mode
digitization, and delayed times to peak aortic flow acceler-
ation and velocity by Doppler. The time for aortic flow
to peak acceleration and velocity may be more sensitive
indicators of contractility than peak acceleration,
although also the latter tended to be abnormal.

We used EPSS in the present study since this measure
has been shown to be a valid predictor of depressed sys-
tolic function independent of LV size and wall motion
abnormalities, and better than other echocardiographic
indices correlated to angiographic ejection fraction?3334,
Mitral regurgitation causing a low afterload in the patient
group is one possible explanation for the lack of difference
between groups regarding fractional shortening and simi-
lar indicesP?). Although, Doppler evidence of mild mitral
insufficiency was prevalent, moderate or severe regurgi-
tation was rare (two patients) in systemic sclerosis (any
degree of regurgitation found in 40% of patients vs 4% in
the control group, P<0-001)"%, a low afterload being
more probably explained by systolic impairment together
with an increased relative wall thickness among
patients®”. The ratio ESWS/ESVI takes load into
account, and a low value of this ratio indicates systolic
impairment irrespective of mitral regurgitation®!. Thus,
the difference between groups regarding ESWS/ESVI
means systolic impairment in the patient group.

We conclude that the systolic LV function in many
patients with systemic sclerosis is impaired to a mild or
moderate degree. The prevalence of more advanced in-
volvement is low, possibly because of rapid deterioration
in such cases. However, myocardial dysfunction seems to
be detectable at an early stage when it could still be
influenced by medical therapy. The cardiac effects of
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treatment with angiotensin-converting-enzyme inhibi- -

tors is currently being evaluated in the present study
population.

This study was supported by the Swedish Heart and Lung
Foundation, Skandia Life Insurance Company, Eris ‘50-drsstiftelse’
and Uppsala University. The authors are grateful to Mrs Eivor
Hofflander for linguistic revision.
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Systemic sclerosis is a multisystemic disorder, also affecting the heart. To evaluate its influence on systolic left ventricular
(LV) function, we investigated 30 consecutive patients (age 54-5+2-4 years, 15 men and 15 women) and 48 controls
matched for age and sex. All subjects were investigated by phonocardiography, pulse curve recordings, M-mode echocar-
diography, and by pulsed and continuous wave Doppler. Heart rate, blood pressure and peripheral resistance did not differ,
but patients weighed less than controls (P <0-01). Systolic time intervals indicated systolic impairment, with an increased
pre-ejection period to LV ejection time (LVET) ratio (0-37+0-02 vs 0-30+0-01 P<0-001 ), and also an increased
isovolumic contraction time to LVET ratio (0-17+0-02 vs 0-124+0-01, P <0-02 ). The latter difference remained when
LVET was adjusted for heart rate. Echocardiographic E-point to septal separation was increased in patients (8:3+ 1-3 vs
48+0-3mm, P=0-001), also after adjustment for LV dimension (P=0-0001), while septal fractional thickening was
decreased (P <0-01). End systolic wall stress (P =0-0002) and stress to volume ratio (P=0-03) were lower in systemic
sclerosis. Peak LV emptying rate was also lower in the patient group when measured by echocardiography (P=0-03).
There was no difference between groups regarding LV dimensions, fractional shortening or mean velocity of circumferen-
tial fibre shortening. While aortic Doppler peak emptying rate did not differ between groups, it occurred later in systole in
the patient group (P <0-01) as did peak velocity (P =0-0001). Cardiac output did not differ between the groups. In all, 18
of 30 patients (60% ) had a systolic abnormality. However, only one patient had dilated cardiomyopathy, and two other
patients had poor systolic function without LV dilatation. There was no relation between disease duration and systolic LV
Sfunction. ‘ .
We conclude that, in a consecutive series of patients with systemic sclerosis, systolic LV function is frequently impaired.
While time intervals, emptying rate, and wall fractional thickening are affected, cardiac output and LV cavity dimensions
are usually not.

Introduction Subjects and methods

SUBJECTS

We studied 30 consecutive patients (15 men and 15
women) with systemic sclerosis according to the
American Rheumatology Association (ARA) criterial'"l.
The patients were referred from The Uppsala region
to Uppsala University Hospital between December 1986
and March 1988. Their mean age was 54-5 (range 25-77)
years, and their disease had been recognized for 5-6
(range 0-5-23) years. General characteristics are shown
in Table 1. Three randomly selected patients, and the
function. However, results from non-invasive studies of ~Patient with the largest reversible perfusion defect shown
systolic function in systemic sclerosis are somewhat DY myocardial scintigraphy after cold provocation, were
contradictory®', subjectec_i to coronary arteriography, but. none of the

We therefore studied a series of 30 consecutive patients ~{OUr patients demonstrated abnormal angiograms. One

to evaluate the presence and extent of left ventricular (LV) ~ Patient had right bundle branch block, while none was
systolic dysfunction in systemic sclerosis and related the found to have left'bund_le branch block. .
results to those of matched controls. For comparative purposes, age- and sex-matched
control subjects were selected from the general population
Submitted for publication on 27 July 1989, and in revised form 1 April 1990.  of Uppsala. Every resident in Sweden has a national regis-
tration number that includes date of birth. The numbers -

Systemic sclerosis is a multisystemic disease characterized
by fibrotic, inflammatory and degenerative changes in the
skin. Visceral involvement is also well recognized, par-
ticularly the lungs, heart, kidneys and the gastrointestinal
tract!'). Cardiac involvement has, since it was reported by
Weiss ez al. in 19432, been a subject of wide interest®,
Involvement of the heart in systemic sclerosis is associated
with poor prognosis™®. Since myocardial impairment
may escape clinical detection, it seems important to apply
methods with the potential to reveal cardiac dys-

Presented in part at the XIth World Congress of Cardiology, Manila,

Philippines, February 11-16, 1990. are registered by the County Census Bureau in a popu-
Address for correspondence: Elsadig Kazzam, M.D., Dept. of Internal lation register, which includes vital statistics, and which
Medicine, Uppsala Academic Hospital, S-751 85 Uppsala, Sweden. by law must be kept up to date. A sample of 90 age- and

0195-668X/91/020151 + 06 $03.00/0 © 1991 The European Society of Cardiology
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Table I Characteristics of controls and patients

Controls Patients P

(N=48) (V=30)
Age (years) 54-642-1 54-5+42-4 N.S.
Sex (female/male) 22/26 15/15 N.S.
Height (cm) 17274111 170-94+1-9 N.S.
Weight (kg) 72:6+1-7 65-1+2-0 0-01
Body surface area (m?) 1-9+0-03 1-74+0-04 0-02
Body mass index (kg m~2) 24-34+0-5 223409 0-008
Systolic blood pressure (mmHg) 134-9+26 132:9+3-5 N.S.
Diastolic blood pressure (mmHg) 81-4+14 78-742-1 N.S.
Mean arterial blood pressure (mmHg) 99-3+1-5 96-8+2-1 N.S.
Total peripheral resistance (dyn.s.cm™5) 1604 459 17234132 N.S.

Values are mean +S.E. N.S. =not significant.

sex-matched subjects (three for each patient) was drawn
from the register. All 90 controls were informed about the
investigation protocol, and 55 of them gave their consent
to participate in the study. Controls were excluded if
treated for hypertension, and if clinical history or electro-
cardiography revealed coronary or rheumatic heart dis-
ease. Controls were not excluded on the basis of blood
pressure level. No control had bundle branch block. None
had known renal or pulmonary disease. Of the 55 subjects
willing to participate, two were excluded due to previous
antihypertensive treatment, one due to an electrocardio-
gram (ECG) indicating coronary heart disease, one due to
a clinical history suggestive of ischaemic heart disease,
two subjects because of a history of rheumatic heart dis-
ease, and one subject because of inadequate recordings.
The remaining 48 subjects (26 men and 22 females) had a
mean age of 54-6 (range 25-77) years and were included as
a healthy control group.

METHODS

A standard 12-lead resting ECG, pulse curves and
phonocardiogram were recorded using a direct writing
ink-jet 7-channel Mingograph (Siemens Elema, Sweden)
as previously described!"?. In brief, simultaneous carotid
pulse tracing, ECG (standard lead IT) and a phonocardio-
gram from the third left parasternal intercostal space,
were recorded at 100 mm s~ at the end of normal relaxed
expiration with the subject in the supine position. Apex-
cardiographic registrations were obtained similarly, but
with the patient lying in the left lateral position.

Blood pressure was recorded in the supine position
after 30 min of rest, after pulse recordings and immedi-
ately before M-mode recordings. Standard sphygmo-
manometer technique was applied, and the mean of three
readings was used. Systolic blood pressure was measured
at phase one and diastolic blood pressure at the dis-
appearance of Korotkoff sound-phase five!?.

Echocardiography was performed by means of a
Hewlett Packard ultrasound imaging system model
77020A, equipped with a 2-5 or 3-5 MHz phased array
transducer. Parasternal two-dimensional (2-D) echocar-
diographic views!" were stored on VHS 0-5 inch video

tapes by means of a Panasonic video recorder NV 8100.
Two-D guided M-mode echocardiograms"? were
recorded on strip charts (Honeywell, 8100, dry Silver
paper) at a speed of 50 mm.s~!. These investigations were
performed with the subject lying in the left lateral
position.

To measure cardiac output'®'”, a Doppler system
(Alfred®, Vingmed A/S, Trondheim, Norway) was used
to record the aortic flow spectrum. A 2 MHz single
crystal pulsed and continuous wave Doppler probe with
a diameter of 13-7 mm was used. The examination was
carried out with patients lying in the left lateral position
using an apical approach. The area of the maximum LV
apex pulsation was defined, and the transducer was placed
slightly above, slightly below or directly over it. Both con-
tinous and pulsed wave Doppler spectrum were recorded,
guided by the Doppler signal of valve closure and open-
ing. The audible Doppler sound pattern from the blood
flow was also used, and the transducer was manipulated
until the best spectral display was obtained from the aortic
flow. Strip chart recordings were obtained at a speed of
50 mm.s !,

MEASUREMENTS S

All measuring points were agreed upon by two ob-
servers (E.K. and K.C.). One investigator (E.K.) carried
outall interpretations after the recordings had been coded
and mixed (by K.C.). Only beats with acceptable or good
quality were used for measurements.

From M-mode echocardiographic recordings . the:

measurements listed below were made on three beats
(leading edge to leading edge method) according to the
recommendations made by the American Society- of
Echocardiography!"®), and the mean was used for further
calculations. LV internal diameter, interventricular septal
thickness, and posterior wall thickness were méasured at
end-diastole (the electrocardiographic Q wave), and at
end-systole (the shortest distance between the septum and
the posterior wall). M-mode echocardiographic dimen-
sions and time intervals as well as amplitudes from pulse
tracings were measured by means of a digitizing table-
minicomputer system.

(

C,



Systolic function in systemic sclerosis 153

LV wall fractional thickening was calculated as septal
and posterior wall systolic increase of thickness, respect-
ively, divided by the corresponding diastolic thickness.
Fractional shortening was defined as the difference
between LV diastolic and systolic dimensions divided by
the diastolic dimension. Ejection fraction was calculated
according to the cube formula, for reasons discussed
elsewherel”. Mean velocity of circumferential fibre
shortening (mean Vcf) was calculated as fractional
shortening divided by LV ejection time (LVET). Mean
Vcf adjusted for heart rate (mean Vcf)) was calculated as
fractional shortening divided by LVET normalized by the
square root of the cardiac cycle length in seconds!™.
Mitral E-point to septal separation (EPSS) was defined
as the vertical distance (mean of five beats) between the
E point of the anterior mitral leaflet and the ventricular
septum®?!], EPSS was adjusted for end-diastolic LV
dimension.

LV meridional end-systolic wall stress (ESWS)
(10*.dyn.cm~?) was estimated as ESWS=(1-332 x
pressure x D)/[4h x (14-h/D)], where D represents LV
end-systolic dimension and h stands for the mean of the
septal and posterior wall end-systolic thickness!'*?2,
Pressure was obtained by estimating end-systolic blood
pressure from the carotid pulse tracing, where systolicand
diastolic blood pressures were assigned to the peak and
nadir of the carotid curve, respectively, and end-systolic
blood pressure was estimated by linear interpolation to
the height of the dicrotic notch!®). End-systolic volume
index (ESVI) was calculated as end-systolic volume/body
surface area. As a measure of contractility, we also calcu-
lated the ratio ESWS/ESVI. The mean Vcf, to be expected
from the level of ESWS was calculated by means of the
regression formula obtained from the relation between
these two variables in the control group. The ratio
between measured and expected mean Vcf, was calculated
as percentage (mean Vcf,%).

From M-mode recordings, LV peak emptying rate as
well as time from the electrocardiographic R-wave to
peak emptying rate were measured by means of a
digitizing table (Summagraphics ID-2CTR-TAB 17,
Connecticut, U.S.A.) and a microcomputer (Professional-
380, Digital Equipment Corp., U.S.A.), using an especially
designed computer programme™*. The same equipment
was used for the evaluation of Doppler recordings.
Measurements of aortic Doppler (pulsed and continuous)
registrations were performed on five beats, and the mean
value was used. Maximum LV emptying velocity was
measured. Stroke volume was calculated as the velocity
integral of pulsed Doppler systolic aortic flow, multiplied
by the aortic area®?), where the latter was calculated at
n(dimension/2)? from the aortic diameter (leading edge)
Just below the insertion of the aortic leaflets in parasternal
2-D echocardiographic projection.

Mean arterial pressure (MAP) was calculated according
to the formula (systolic—diastolic blood pressure)/3+
diastolic blood pressure. Total peripheral resistance
(TPR) was calculated according to the formula TPR =
MAP x 1-33[60/Doppler cardiac output].

Measurements of pulse curve tracings were performed

on five beats, and the mean values were used. The LVET,
the electromechanical interval, the pre-gjection period
(PEP) and the isovolumic contraction time (ICT), were
measured as previously described, from the simultaneous
recordings of the electrocardiographic lead II, the
phonocardiogram and the carotid pulse tracing or apex-
cardiogram'?. Electromechanical interval and LVET
were related to heart rate. LVET was therefore adjusted
for heart according to the regression equation of the
control group. The relative LVET was calculated as per-
centage of the expected normal LVET. PEP/LVET and
ICT/LVET were calculated. Ratios in which LVET had
been adjusted to heart rate 60 (LVET divided by square
root of the cycle length in seconds) were also computed.

STATISTICAL ANALYSIS

Data are presented as mean +standard error of the
mean (SE). Unpaired two-sided t-test was used to com-
pare differences between patients and controls. P values
<0-05 were considered significant. For selected variables,
abnormal values were defined by two standard deviations
(SDs) of the control group.

Results

GENERAL CHARACTERISTICS

Clinical characteristics of the controls and the patients
are shown in Table 1. In spite of similar heights, patients
weighed less than controls as a group, and five patients
had a low calculated body surface area. Blood pressure
and TPR were similar in the two groups.

SYSTOLIC TIME INTERVALS

In the patient group, LVET was significantly shorter,
and ICT as well as PEP were longer (Table 2). Also in the
patient group, the ratios PEP/LVET and ICT/LVET were
significantly higher, and differences remained when the
LVET was adjusted for heart rate. Five patients had an
increased PEP/LVET ratio.

ECHOCARDIOGRAPHY AND DOPPLER
When heart rate was measured during the echocardio-
graphicinvestigation, patients had higher heart rates than
controls (Table 3), but only one patient had a heart rate
above the reference limit. Two patients had LV dilatation,
but the mean values of end-diastolic and end-systolic LV
internal dimensions did not differ between groups, nor did
fractional shortening, mean Vcf or mean Vcf, (Table 3). In
spite of this, EPSS was larger in patients (increased in
26%). The difference regarding EPSS remained after
adjustment for LV dimension. Septal fractioning thicken-
ing was reduced in systemic sclerosis, and stroke volume
tended to be lower (P=0-06), as did stroke volume calcu-
lated from Doppler recordings (Table 4). ESWS was
lower in the patient group (Table 3), and a difference -
remained when ESWS was adjusted for ESVI. Mean
Vef,% tended to be lower in the patient group, and three
patients had a reduced value. The peak rate of LV
emptying, measured from M-mode echocardiography,
was lower among patients (Table 3). The time from the
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Table2  Systolic time intervals

Controls Patients P

(N=48) (N=30)
LVET (ms) 323+4 303+6 0-007
PEP (ms) 96+3 110+5 0-01
ICT (ms) 40432 51442 0-04
PEP/LVET 0-304-0-01 0-3740-02 0-0006
ICT/LVET 0-1240-01 0-1740-02 0-01
PEP/LVET, 0-30+0-01 0-374+0-02 0-0006
ICT/LVET, 0-124+0-01 0.1740-02 0-01

Values are mean +S.E. LVET =left ventricular ejection time; PEP =pre-ejection period; ICT=
isovolumic contraction time; LVET, =left ventricular time normalized for the square root of the

cardiac cycle length.

Table3 M-mode echocardiographic measurements

Controls Patients P
(N=48) (V=30)

Heart rate (beats min-') 61-6+1-4 67-5+1-7 0-01
LV dimension (Q) (mm) 49-94-0-8 48-54+1-4 N.S.
LV dimension (end-systole) (mm) 32:84+0-7 32:5+17 N.S.
Fractional thickening

Septum (%) 4343 30+4 0-007

Posterior wall (%) 61+4 53+5 N.S.
Stroke volume (ml) 94-54+4-9 804450 N.S.
Ejection fraction 0-724+0-01 0:6940-03 N.S.
Fractional shortening (%) 34-64+09 33-5+1-6 N.S.
Mean Vcf (circ s7h) 1-07+40-03 1-114+0-05 N.S.
Mean Vcf, (circ s=1 s%9) 1-07+0-03 1-054-0-05 N.S.
Mean Vef, % 98-5+1-9 92:742-6 N.S.
ESWS (10°.dyn.cm-2) 62:942:2 51-3+2-8 0-002
ESVI (ml m-?) 20-1+1-1 19-5+1-8 N.S.
ESWS/ESVI (10’.dyn.cm~".ml-".cm?) 3-344-013 294016 0-03
EPSS (mm) 4-840-3 8:3+1-3 0-001
EPSS/LV dimension (Q) 0-098 +0-01 0-16240-02 0-0001
Peak emptying rate (mm 572 —105-54+4-2 —92-0+34 0-03
Time R wave to peak emptying rate (ms) 201-949-3 188-6+11-8 N.S.
Time to peak emptying (% of systole) 682433 67-1+4-8 N.S.

Values are mean +S.E. N.S. =not significant. LV =left ventricular; Vef=velocity of circumferential

fibre shortening; Vef,=Vef adjusted for heart

rate; Vcf % =measured/expected (from ESWS)

Vef,; ESWS=end-systolic wall stress; ESVI=end-systolic volume index; EPSS=E-point septal

separation.

R-wave to peak emptying did not differ, but, when calcu-
lated in relation to duration of systole, peak emptying
occurred later in the patient group. When calculated from
continuous wave Doppler (Table 4), the time to peak
aortic flow acceleration, and also the time to peak aortic
flow velocity, was longer in the patient group in spite of
no significant difference regarding peak velocity of LV
emptying (aortic flow acceleration) as calculated from
Doppler.

INDIVIDUAL ABNORMALITIES

We evaluated the number of patients with abnormal
values regarding the following variables: LV end-diastole
dimension, ejection fraction, Vcf %, PEP/LVET, ICT/
LVET, ESWS/ESVI, EPSS, time to peak aortic flow vel-
ocity and acceleration. Altogether, 18 patients (60 %) had
one or more abnormal findings regarding these variables.

The variables displaying the highest prevalence of abnor-
mal values were EPSS, time to peak flow velocity, PEP/
LVET, and time to aortic peak flow acceleration. There
was no significant relation between these variables and
disease duration. A

One patient had findings of dilated cardiomyopathy
with a dilated left ventricle (77 mm) and a low ejection
fraction (22%). Two other patients had low ejection frac-
tion and low Vcf,% in spite of LV dimension within'the
reference limits. Two patients had isolated abnormality of
systolic time intervals and two patients isolated increase
of EPSS. )

Discussion

The present study is the first to compare LV function, in
a consecutive series of patients with systemic sclerosis,

FN
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Table 4 Doppler measurements

Controls Patients P

(N=48) (WN=30)
Heart rate (beats min—") 61-44+1-1 69-0+2-1 0-0008
Stroke volume (ml) 74-44-2-8 67-5+50 N.S.
Cardiac output (I min-") 46402 4:540-3 N.S.
Peak aortic gradient (mmHg) 5-3+0-4 50405 N.S.
Time to peak velocity (% of systole) 25:04:0-8 31-74+1-6 0-0001
Peak acceleration (mmHg s—') 111+6 104+ 11 N.S.
Time to peak acceleration (% of systole) 9:1+0-3 10-6+0-6 0-01

Values are mean +S.E. N.S.=not significant.

with that of a random sample of matched control subjects
from the general population. Great care was taken to en-
sure objective evaluation of data. Thus, the investigations
were all carried out by the same investigator, who was
unaware of the clinical findings. Interpretations were
likewise performed by a single investigator, after blind-
coding and mixing of the recordings from patients and
controls. ’

Focal myocardial fibrosis reported by several
authors™*?, may be the reason for the development of
myocardial dysfunction in systemic sclerosis. However,
even patients with systemic sclerosis who died suddenly
seem to display conspicuously normal extramural coron-
ary arteries at autopsy®?). Focal myocardial lesions
have no relation to specific extramural vasculature®, and
myocardial necrosis occurs with widely patent intramural
and extramural coronary arteries, suggesting the micro-
circulation is abnormal®%. Although patients with ar-
rhythmias and conduction disturbances who die suddenly
have abnormalities of their sinus node artery and AV-
node artery®, an autopsy study of 52 patients have
shown intramural coronary arteries to be generally nor-
mal histologically and microangiograms in 12 patients to
be free from abnormalities®®. Vasospasm or myocardial
Raynaud’s phenomenon have been suggested to be re-
sponsible for the myocardial necrosis seén in systemic
sclerosis®®), and we were recently able to substantiate
this hypothesis by showing in the present study group
reversible myocardial perfusion defects induced by cold
provocation®!], Since in the patient with the largest
myocardial perfusion defects arteriography showed
normal coronary arteries, as did the angiograms from
three randomly selected patients, we considered coronary
arteriography to be neither necessary nor ethical in the
remainder of the present study population. Moreover, we
could not, for ethical reasons, have made comparative
studies in the control group.

Some patients with systemic sclerosis develop severe
cardiac involvement with a picture of dilated cardiomyo-
pathy™. Such findings are, however, rare and were only
seen in one patient in the present study, while two other
patients had low ejection fraction without dilatation.
Most patients had only a mild or moderate impairment
of systolic function. Thus, the mean values of ejection
fraction did not differ between the groups.

The systolic time intervals of the patients were clearly
abnormal. One possible explanation for this is inclusion
of patients with bundle branch block, while controls had
normal transmission of depolarization potentials. Such
an explanation was, however, not valid, since only one
patient had right bundle branch block, and none had left
bundle branch block. A more plausible explanation of
abnormal systolic time intervals is obviously a true
myocardial impairment.

The existence of myocardial dysfunction was substan-
tiated by the findings of increased EPSS (with and
without adjustment for LV dimension), reduced septal
fractional thickening, reduced LV emptying by M-mode
digitization, and delayed times to peak aortic flow acceler-
ation and velocity by Doppler. The time for aortic flow
to peak acceleration and velocity may be more sensitive
indicators of contractility than peak acceleration,
although also the latter tended to be abnormal.

We used EPSS in the present study since this measure
has been shown to be a valid predictor of depressed sys-
tolic function independent of LV size and wall motion
abnormalities, and better than other echocardiographic
indices correlated to angiographic ejection fraction!2033.34,
Mitral regurgitation causing a low afterload in the patient
group is one possible explanation for the lack of difference
between groups regarding fractional shortening and simi-
lar indicesP?). Although, Doppler evidence of mild mitral
insufficiency was prevalent, moderate or severe regurgi-
tation was rare (two patients) in systemic sclerosis (any
degree of regurgitation found in 40% of patients vs 4% in
the control group, P<0-001), a low afterload being
more probably explained by systolic impairment together
with an increased relative wall thickness among
patients®. The ratio ESWS/ESVI takes load into
account, and a low value of this ratio indicates systolic
impairment irrespective of mitral regurgitation®. Thus,
the difference between groups regarding ESWS/ESVI
means systolic impairment in the patient group.

We conclude that the systolic LV function in many
patients with systemic sclerosis is impaired to a mild or
moderate degree. The prevalence of more advanced in-
volvement is low, possibly because of rapid deterioration
in such cases. However, myocardial dysfunction seems to
be detectable at an early stage when it could still be
influenced by medical therapy. The cardiac effects of
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treatment with angiotensin-converting-enzyme inhibi-
tors is currently being evaluated in the present study
population.

This study was supported by the Swedish Heart and Lung
Foundation, Skandia Life Insurance Company, Eris ‘50-rsstiftelse’
and Uppsala University. The authors are grateful to Mrs Eivor
Hofflander for linguistic revision.
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Systemic sclerosis is a multisystemic disorder, also affecting the heart. To evaluate its influence on systolic left ventricular
(LV) function, we investigated 30 consecutive patients ( age 54-5+ 24 years, 15 men and 15 women) and 48 controls
matched for age and sex. All subjects were investigated by phonocardiography, pulse curve recordings, M-mode echocar-
diography, and by pulsed and continuous wave Doppler. Heart rate, blood pressure and peripheral resistance did not differ,
but patients weighed less than controls (P <0-01). Systolic time intervals indicated systolic impairment, with an increased
pre-ejection period to LV ejection time (LVET) ratio (0-3740-02 vs 0-30+0-01 P <0-001 ), and also an increased
isovolumic contraction time to LVET ratio (0-17+0-02 vs 0-12+0-01, P<0-02 ). The latter difference remained when
LVET was adjusted for heart rate. Echocardiographic E-point to septal separation was. increased in patients (8:3+1-3 vs
4-8+0-3mm, P=0-001), also after adjustment for LV dimension (P=0-0001 ), while septal fractional thickening was
decreased (P <0-01). End systolic wall stress (P=0-0002) and stress to volume ratio (P=0-03) were lower in systemic
sclerosis. Peak LV emptying rate was also lower in the patient group when measured by echocardiography (P=0-03).
There was no difference between groups regarding LV dimensions, JSractional shortening or mean velocity of circumferen-
tial fibre shortening. While aortic Doppler peak emptying rate did not differ between groups, it occurred later in systole in
the patient group (P <0-01) as did peak velocity (P=0-0001). Cardiac output did not differ between the groups. In all, 18
of 30 patients (60% ) had a systolic abnormality. However, only one patient had dilated cardiomyopathy, and two other
patients had poor systolic function without LV dilatation. There was no relation between disease duration and systolic LV
function. ,
We conclude that, in a consecutive series of patients with systemic sclerosis, systolic LV function is frequently impaired.
While time intervals, emptying rate, and wall fractional thickening are affected, cardiac output and LV cavity dimensions
are usually not.

Introduction Subjects and methods

SUBJECTS

We studied 30 consecutive patients (15 men and 15
women) with systemic sclerosis according to the
American Rheumatology Association (ARA) criterial''l,
The patients were referred from The Uppsala region
to Uppsala University Hospital between December 1986
and March 1988. Their mean age was 545 (range 25-77)
years, and their disease had been recognized for 5-6
(range 0-5-23) years. General characteristics are shown
in Table 1. Three randomly selected patients, and the
patient with the largest reversible perfusion defect shown
by myocardial scintigraphy after cold provocation, were
subjected to coronary arteriography, but none of the
four patients demonstrated abnormal angiograms. One
patient had right bundle branch block, while none was
found to have left bundle branch block.

For comparative purposes, age- and sex-matched
control subjects were selected from the general population
Submitted for publication on 27 July 1989, and in revised form 1 April 1990.  of Uppsala. Every resident in Sweden has a national regis-
tration number that includes date of birth. The numbers
are registered by the County Census Bureau in a popu-
Address for correspondence: Elsadig Kazzam, M.D., Dept. of Internal lation register, which includes vital statistics, and which
Medicine, Uppsala Academic Hospital, S-751 85 Uppsala, Sweden. by law must be kept up to date. A sample of 90 age- and

Systemic sclerosis is a multisystemic disease characterized
by fibrotic, inflammatory and degenerative changes in the
skin. Visceral involvement is also well recognized, par-
ticularly the lungs, heart, kidneys and the gastrointestinal
tract!"). Cardiac involvement has, since it was reported by
Weiss e al. in 19431, been a subject of wide interest9,
Involvement of the heart in systemic sclerosis is associated
with poor prognosis™®. Since myocardial impairment
may escape clinical detection, it seems important to apply
methods with the potential to reveal cardiac dys-
function. However, results from non-invasive studies of
systolic function in systemic sclerosis are somewhat
contradictory®!%.

We therefore studied a series of 30 consecutive patients
to evaluate the presence and extent of left ventricular (LV)
systolic dysfunction in systemic sclerosis and related the
results to those of matched controls.

Presented in part at the XIth World Congress of Cardiology, Manila,
Philippines, February 11-16, 1990.
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Table I Characteristics of controls and patients

Controls Patients P

(N=48) (N=30)
Age (years) 54:642-1 54-54+24 N.S.
Sex (female/male) 22/26 15/15 N.S.
Height (cm) 172:7+1-11 170-9+1-9 N.S.
Weight (kg) 72:6+17 65-142-0 0-01
Body surface area (m?) 1:9+0-03 1-7+0-04 0-02
Body mass index (kg m~2) 24-31+0-5 22:3+0-9 0-008
Systolic blood pressure (mmHg) 1349426 132:943-5 N.S.
Diastolic blood pressure (nmHg) 81-4+1-4 78-7+2:1 N.S.
Mean arterial blood pressure (mmHg) 99-3+1-5 96:-842-1 N.S.
Total peripheral resistance (dyn.s.cm~) 1604 4 59 17234132 N.S.

Values are mean +S.E. N.S. = not significant.

sex-matched subjects (three for each patient) was drawn
from the register. All 90 controls were informed about the
investigation protocol, and 55 of them gave their consent
to participate in the study. Controls were excluded if
treated for hypertension, and if clinical history or electro-
cardiography revealed coronary or rheumatic heart dis-
ease. Controls were not excluded on the basis of blood
pressure level. No control had bundle branch block. None
had known renal or pulmonary disease. Of the 55 subjects
willing to participate, two were excluded due to previous
antihypertensive treatment, one due to an electrocardio-
gram (ECG) indicating coronary heart disease, one due to
a clinical history suggestive of ischaemic heart disease,
two subjects because of a history of rheumatic heart dis-
ease, and one subject because of inadequate recordings.
The remaining 48 subjects (26 men and 22 females) had a
mean age of 54-6 (range 25-77) years and were included as
a healthy control group.

METHODS

A standard 12-lead resting ECG, pulse curves and
phonocardiogram were recorded using a direct writing
ink-jet 7-channel Mingograph (Siemens Elema, Sweden)
as previously described!"?. In brief, simultaneous carotid
pulse tracing; ECG (standard lead IT) and a phonocardio-
gram from the third left parasternal intercostal space,
wererecorded at 100 mm s~! at the end of normal relaxed
expiration with the subject in the supine position. Apex-
cardiographic registrations were obtained similarly, but
with the patient lying in the left lateral position.

Blood pressure was recorded in the supine position
after 30 min of rest, after pulse recordings and immedi-
ately before M-mode recordings. Standard sphygmo-
manometer technique was applied, and the mean of three
readings was used. Systolic blood pressure was measured
at phase one and diastolic blood pressure at the dis-
appearance of Korotkoff sound-phase five!'3].

Echocardiography was performed by means of a
Hewlett Packard ultrasound imaging system model
77020A, equipped with a 2-5 or 3-5 MHz phased array
transducer. Parasternal two-dimensional (2-D) echocar-
diographic views!"! were stored on VHS 0-5 inch video

tapes by means of a Panasonic video recorder NV 8100.
Two-D guided M-mode echocardiograms™? were
recorded on strip charts (Honeywell, 8100, dry Silver
paper) at a speed of 50 mm.s~!. These investigations were
performed with the subject lying in the left lateral
position. )

To measure cardiac output!®!), a Doppler system
(Alfred®, Vingmed A/S, Trondheim, Norway) was used
to record the aortic flow spectrum. A 2 MHz single
crystal pulsed and continuous wave Doppler probe with
a diameter of 13-7mm was used. The examination was
carried out with patients lying in the left lateral position
using an apical approach. The area of the maximum LV
apex pulsation was defined, and the transducer was placed
slightly above, slightly below or directly over it. Both con-
tinous and pulsed wave Doppler spectrum were recorded,
guided by the Doppler signal of valve closure and open-
ing. The audible Doppler sound pattern from the blood
flow was also used, and the transducer was manipulated
until the best spectral display was obtained from the aortic
flow. Strip chart recordings were obtained at a speed of
50 mm.s~'.

MEASUREMENTS T

All measuring points were agreed upon by two ob-
servers (E.K. and K.C.). One investigator (E.K.) carried
outallinterpretations after the recordings had been coded
and mixed (by K.C.). Only beats with acceptable or good
quality were used for measurements.

From M-mode echocardiographic recordings . the-.

measurements listed below were made on three beats
(leading edge to leading edge method) according to the
recommendations made by the American So_ciéty-_of
Echocardiography!"®, and the mean was used for further
calculations. LV internal diameter, interventricular septal
thickness, and posterior wall thickness were méasured at
end-diastole (the electrocardiographic Q wave), and at
end-systole (the shortest distance between the septum and
the posterior wall). M-mode echocardiographic dimen-
sions and time intervals as well as amplitudes from pulse
tracings were measured by means of a digitizing table-
minicomputer system. -

-
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LV wall fractional thickening was calculated as septal
and posterior wall systolic increase of thickness, respect-
ively, divided by the corresponding diastolic thickness.
Fractional shortening was defined as the difference
between LV diastolic and systolic dimensions divided by
the diastolic dimension. Ejection fraction was calculated
according to the cube formula, for reasons discussed
elsewherel”. Mean velocity of circumferential fibre
shortening (mean Vcf) was calculated as fractional
shortening divided by LV ejection time (LVET). Mean
Vef adjusted for heart rate (mean Vcf)) was calculated as
fractional shortening divided by LVET normalized by the
square root of the cardiac cycle length in seconds!).
Mitral E-point to septal separation (EPSS) was defined
as the vertical distance (mean of five beats) between the
E point of the anterior mitral leaflet and the ventricular
septum®?!], EPSS was adjusted for end-diastolic LV
dimension.

LV meridional end-systolic wall stress (ESWS)
(10*.dyn.cm™2) was estimated as ESWS=(1-332x
pressure x D)/[4h x (14+h/D)], where D represents LV
end-systolic dimension and h stands for the mean of the
septal and posterior wall end-systolic thickness!'*?2,
Pressure was obtained by estimating end-systolic blood
pressure from the carotid pulse tracing, where systolic and
diastolic blood pressures were assigned to the peak and
nadir of the carotid curve, respectively, and end-systolic
blood pressure was estimated by linear interpolation to
the height of the dicrotic notch®”). End-systolic volume
index (ESVI) was calculated as end-systolic volume/body
surface area. As a measure of contractility, we also calcu-
lated the ratio ESWS/ESVI. The mean Vcf, to be expected
from the level of ESWS was calculated by means of the
regression formula obtained from the relation between
these two variables in the control group. The ratio
between measured and expected mean Vcf, was calculated
as percentage (mean Vcf,%).

From M-mode recordings, LV peak emptying rate as
well as time from the electrocardiographic R-wave to
peak emptying rate were measured by means of a
digitizing table (Summagraphics ID-2CTR-TAB 17,
Connecticut, U.S.A.) and a microcomputer (Professional-
380, Digital Equipment Corp., U.S.A.), using an especially
designed computer programme!".. The same equipment
was used for the evaluation of Doppler recordings.
Measurements of aortic Doppler (pulsed and continuous)
registrations were performed on five beats, and the mean
value was used. Maximum LV emptying velocity was
measured. Stroke volume was calculated as the velocity
integral of pulsed Doppler systolic aortic flow, multiplied
by the aortic area®?), where the latter was calculated at
n(dimension/2)? from the aortic diameter (leading edge)
Just below the insertion of the aortic leaflets in parasternal
2-D echocardiographic projection.

Mean arterial pressure (MAP) was calculated according
to the formula (systolic—diastolic blood pressure)/3+
diastolic blood pressure. Total peripheral resistance
(TPR) was calculated according to the formula TPR =
MAP x 1-33[60/Doppler cardiac output]. ;

Measurements of pulse curve tracings were performed

on five beats, and the mean values were used. The LVET,
the electromechanical interval, the pre-ejection period
(PEP) and the isovolumic contraction time (ICT), were
measured as previously described, from the simultaneous
recordings of the electrocardiographic lead II, the
phonocardiogram and the carotid pulse tracing or apex-
cardiogram'?. Electromechanical interval and LVET
were related to heart rate. LVET was therefore adjusted
for heart according to the regression equation of the
control group. The relative LVET was calculated as per-
centage of the expected normal LVET. PEP/LVET and
ICT/LVET were calculated. Ratios in which LVET had
been adjusted to heart rate 60 (LVET divided by square
root of the cycle length in seconds) were also computed.

STATISTICAL ANALYSIS

Data are presented as mean+standard error of the
mean (SE). Unpaired two-sided t-test was used to com-
pare differences between patients and controls. P values
<0-05 were considered significant. For selected variables,
abnormal values were defined by two standard deviations
(SDs) of the control group.

Results

GENERAL CHARACTERISTICS

Clinical characteristics of the controls and the patients
are shown in Table 1. In spite of similar heights, patients
weighed less than controls as a group, and five patients
had a low calculated body surface area. Blood pressure
and TPR were similar in the two groups.

SYSTOLIC TIME INTERVALS

In the patient group, LVET was significantly shorter,
and ICT as well as PEP were longer (Table 2). Also in the
patient group, the ratios PEP/LVET and ICT/LVET were
significantly higher, and differences remained when the
LVET was adjusted for heart rate. Five patients had an
increased PEP/LVET ratio.

ECHOCARDIOGRAPHY AND DOPPLER
When heart rate was measured during the echocardio-
graphicinvestigation, patients had higher heart rates than
controls (Table 3), but only one patient had a heart rate
above the reference limit. Two patients had LV dilatation,
but the mean values of end-diastolic and end-systolic LV
internal dimensions did not differ between groups, nor did
fractional shortening, mean Vcf or mean Vcf, (Table 3). In
spite of this, EPSS was larger in patients (increased in
26%). The difference regarding EPSS remained after
adjustment for LV dimension. Septal fractioning thicken-
ing was reduced in systemic sclerosis, and stroke volume
tended to be lower (P=0-06), as did stroke volume calcu-
lated from Doppler recordings (Table 4). ESWS was
lower in the patient group (Table 3), and a difference
remained when ESWS was adjusted for ESVI. Mean
Vcf,% tended to be lower in the patient group, and three
patients had a reduced value. The peak rate of LV
emptying, measured from M-mode echocardiography,
was lower among patients (Table 3). The time from the
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Table 2 Systolic time intervals

Controls

Patients

(N=48) (V=30) i
LVET (ms) 32314 30346 0-007
PEP (ms) 963 110£5 001
ICT (ms) 40132 S1442 0-04
PEP/LVET 0301001 0373002 0-0006
ICT/LVET 0123001  017+0-02 0-01
PEP/LVET, 0302001 0373002 0-0006 ;
ICT/LVET. 0122001 0173002 0-01

Values are mean +S.E. LVET=left v

isovolumic contraction time; LVET,
cardiac cycle length.

Table3 M-mode echocardiographic measurements

entricular ejection time; PEP = pre-ejection period; ICT =
=left ventricular time normalized for the square root of the

Controls Patients P g
(N=43) (N=30)
Heart rate (beats min-") 61-6+14 675417 0-01
LV dimension (Q) (mm) 49-94-0-8 48-5+1-4 N.S. g
LV dimension (end-systole) (mm) 32:840-7 32-54+1-7 N.S. . =
Fractional thickening (L_f
Septum (%) 4343 30+4 0-007
Posterior wall (%) 61+4 5345 N.S.
Stroke volume (ml) 94-54+-4-9 80-445-0 N.S.
Ejection fraction 0-72+0-01 0-69+0-03 N.S.
Fractional shortening (%) 346409 33-5+1-6 N.S.
Mean Vcf (circ s—") 1-074+0-03 1-1140-05 N.S.
Mean Vcf, (circ s~ s°9) 1-07+0-03 1-0540-05 N.S.
Mean Vef % 98-5+1-9 92:74+2-6 N.S.
ESWS (10°.dyn.cm-?) 62:9+42:2 51-3+2-8 0-002
ESVI (nl m~?) 20-1+1-1 19-5+1-8 N.S.
ESWS/ESVI (10.dyn.cm~'.ml-".cm? 3-344-013 2:940-16 0-03
EPSS (mm) 4-8+0-3 83+1-3 0-001
EPSS/LV dimension (Q) 0-098 +0-01 0-1624+0-02 0-0001
Peak emptying rate (mm s-2) —105-54+4-2 —92:0+34 0-03
Time R wave to peak emptying rate (ms) 201-949-3 188-6+11-8 N.S.
Time to peak emptying (% of systole) 68-2+3-3 67-1+4-8 N.S.
Values are mean +S.E. N.S. =not significant. LV =left ventricular; Vef= velocity of circumferential
fibre shortening; Vef,=Vcf adjusted for heart rate; Vef, % =measured/expected (from ESWS)
Vef,; ESWS=end-systolic wall stress; ESVI=end-systolic volume index; EPSS = E-point septal .
separation. C E

R-wave to peak emptying did not differ, but, when calcu-
lated in relation to duration of systole, peak emptying
occurred later in the patient group. When calculated from
continuous wave Doppler (Table 4), the time to peak
aortic flow acceleration, and also the time to peak aortic
flow velocity, was longer in the patient group in spite of
no significant difference regarding peak velocity of LV
emptying (aortic flow acceleration) as calculated from
Doppler.

INDIVIDUAL ABNORMALITIES

We evaluated the number of patients with abnormal
values regarding the following variables: LV end-diastole
dimension, ejection fraction, Vcf %, PEP/LVET, ICT/
LVET, ESWS/ESVI, EPSS, time to peak aortic flow vel-
ocity and acceleration. Altogether, 18 patients (60 %) had

one or more abnormal findings regarding these variables.

The variables displaying the highest prevalence of abnor-
mal values were EPSS, time to peak flow velocity, PEP/
LVET, and time to aortic peak flow acceleration. There
was no significant relation between these variables and
disease duration. _

One patient had findings of dilated cardiomy'_opfiyyy
with a dilated left ventricle (77 mm) and a low ejection
fraction (22%). Two other patients had low ejection frac-
tion and low Vcf,% in spite of LV dimension within’the
reference limits. Two patients had isolated abnormality of
systolic time intervals and two patients isolated increase
of EPSS. ’

Discussion
The present study is the first to compare LV function, in
a consecutive series of patients with systemic sclerosis,

Y

Y
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Table4 Doppler measurements

Controls Patients P

(N=48) (N=30)
Heart rate (beats min—") 61-411-1 69-04-2:1 0-0008
Stroke volume (ml) 74-44-2-8 67-5+50 N.S.
Cardiac output (I min—") 4-6+0-2 4-540-3 N.S.
Peak aortic gradient (mmHg) 53104 50405 N.S.
Time to peak velocity (% of systole) 25:0+0-8 31-7+1-6 0-0001
Peak acceleration (mmHg s~) 11146 104+11 N.S.
Time to peak acceleration (% of systole) 91403 10-6+0-6 0-01

Values are mean +S.E. N.S. = not significant.

with that of a random sample of matched control subjects
from the general population. Great care was taken to en-
sure objective evaluation of data. Thus, the investigations
were all carried out by the same investigator, who was
unaware of the clinical findings. Interpretations were
likewise performed by a single investigator, after blind-
coding and mixing of the recordings from patients and
controls. ’

Focal myocardial fibrosis reported by several
authors™*9, may be the reason for the development of
myocardial dysfunction in systemic sclerosis. However,
even patients with systemic sclerosis who died suddenly
seem to display conspicuously normal extramural coron-
ary arteries at autopsy?”*!. Focal myocardial lesions
have no relation to specific extramural vasculature®, and
myocardial necrosis occurs with widely patent intramural
and extramural coronary arteries, suggesting the micro-
circulation'is abnormal®-%, Although patients with ar-
rhythmias and conduction disturbances who die suddenly
have abnormalities of their sinus node artery and AV-
node artery?, an autopsy study of 52 patients have
shown intramural coronary arteries to be generally nor-
mal histologically and microangiograms in 12 patients to
be free from abnormalities™. Vasospasm or myocardial
Raynaud’s phenomenon have been suggested to be re-
sponsible for the myocardial necrosis seén in systemic
sclerosis™®), and we were recently able to substantiate
this hypothesis by showing in the present study group
reversible myocardial perfusion defects induced by cold
provocation®!. Since in the patient with the largest
myocardial perfusion defects arteriography showed
normal coronary arteries, as did the angiograms from
three randomly selected patients, we considered coronary
arteriography to be neither necessary nor ethical in the
remainder of the present study population. Moreover, we
could not, for ethical reasons, have made comparative
studies in the control group.

Some patients with systemic sclerosis develop severe
cardiac involvement with a picture of dilated cardiomyo-
pathy®2. Such findings are, however, rare and were only
seen in one patient in the present study, while two other
patients had low ejection fraction without dilatation.
Most patients had only a mild or moderate impairment
of systolic function. Thus, the mean values of ejection
fraction did not differ between the groups.

The systolic time intervals of the patients were clearly
abnormal. One possible explanation for this is inclusion
of patients with bundle branch block, while controls had
normal transmission of depolarization potentials. Such
an explanation was, however, not valid, since only one
patient had right bundle branch block, and none had left
bundle branch block. A more plausible explanation of
abnormal systolic time intervals is obviously a true
myocardial impairment.

The existence of myocardial dysfunction was substan-
tiated by the findings of increased EPSS (with and
without adjustment for LV dimension), reduced septal
fractional thickening, reduced LV emptying by M-mode
digitization, and delayed times to peak aortic flow acceler-
ation and velocity by Doppler. The time for aortic flow
to peak acceleration and velocity may be more sensitive
indicators of contractility than peak acceleration,
although also the latter tended to be abnormal.

We used EPSS in the present study since this measure
has been shown to be a valid predictor of depressed sys-
tolic function independent of LV size and wall motion
abnormalities, and better than other echocardiographic
indices correlated to angiographic ejection fraction®3334,
Mitral regurgitation causing a low afterload in the patient
group is one possible explanation for the lack of difference
between groups regarding fractional shortening and simi-
lar indicest®. Although, Doppler evidence of mild mitral
insufficiency was prevalent, moderate or severe regurgi-
tation was rare (two patients) in systemic sclerosis (any
degree of regurgitation found in 40% of patients vs 4% in
the control group, P<0-001)", a low afterload being
more probably explained by systolic impairment together
with an increased relative wall thickness among
patients®”. The ratio ESWS/ESVI takes load into
account, and a low value of this ratio indicates systolic
impairment irrespective of mitral regurgitation®®. Thus,
the difference between groups regarding ESWS/ESVI
means systolic impairment in the patient group.

We conclude that the systolic LV function in many
patients with systemic sclerosis is impaired to a mild or
moderate degree. The prevalence of more advanced in-
volvement is low, possibly because of rapid deterioration
in such cases. However, myocardial dysfunction seems to
be detectable at an early stage when it could still be
influenced by medical therapy. The cardiac effects of
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treatment with angiotensin-converting-enzyme inhibi- -

tors is currently being evaluated in the present study
population.
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Non-invasive assessment of systolic left ventricular function in
systemic sclerosis
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Systemic sclerosis is a multisystemic disorder, also affecting the heart. To evaluate its influence on systolic left ventricular
(LV) function, we investigated 30 consecutive patients (age 54-5+ 24 years, 15 men and 15 women) and 48 controls
matched for age and sex. All subjects were investigated by phonocardiography, pulse curve recordings, M-mode echocar-
diography, and by pulsed and continuous wave Doppler. Heart rate, blood pressure and peripheral resistance did not differ,
but patients weighed less than controls (P <0-01). Systolic time intervals indicated systolic impairment, with an increased
pre-ejection period to LV ejection time (LVET) ratio (0-3740-02 vs 0-3040-01 P<0-001), and also an increased
isovolumic contraction time to LVET ratio (0-17 +0-02 vs 0-12+0-01, P<0-02). The latter difference remained when
LVET was adjusted for heart rate. Echocardiographic E-point to septal separation was increased in patients (8-3+ 1-3 vs
4-8+0:3mm, P=0-001), also after adjustment for LV dimension (P=0-0001), while septal fractional thickening was
decreased (P <0-01). End systolic wall stress (P=0-0002) and stress to volume ratio (P=0-03) were lower in systemic
sclerosis. Peak LV emptying rate was also lower in the patient group when measured by echocardiography (P=0-03).
There was no difference between groups regarding LV dimensions, fractional shortening or mean velocity of circumferen-
tial fibre shortening. While aortic Doppler peak emptying rate did not differ between groups, it occurred later in systole in
the patient group (P <0-01) as did peak velocity (P=0-0001). Cardiac output did not differ between the groups. In all, 18
of 30 patients (60% ) had a systolic abnormality. However, only one patient had dilated cardiomyopathy, and two other
patients had poor systolic function without LV dilatation. There was no relation between disease duration and systolic LV
function. )
We conclude that, in a consecutive series of patients with systemic sclerosis, systolic LV function is frequently impaired.
While time intervals, emptying rate, and wall fractional thickening are affected, cardiac output and LV cavity dimensions
are usually not.

Introduction Subjects and methods

SUBJECTS

We studied 30 consecutive patients (15 men and 15
women) with systemic sclerosis according to the
American Rheumatology Association (ARA) criteria!'!.
The patients were referred from The Uppsala region
to Uppsala University Hospital between December 1986
and March 1988. Their mean age was 545 (range 25-77)
years, and their disease had been recognized for 5-6
(range 0-5-23) years. General characteristics are shown
in Table 1. Three randomly selected patients, and the
patient with the largest reversible perfusion defect shown
by myocardial scintigraphy after cold provocation, were

Systemic sclerosis is a multisystemic disease characterized
by fibrotic, inflammatory and degenerative changes in the
skin. Visceral involvement is also well recognized, par-
ticularly the lungs, heart, kidneys and the gastrointestinal
tract!'l. Cardiac involvement has, since it was reported by
Weiss et al. in 1943, been a subject of wide interest®,
Involvement of the heart in systemic sclerosisis associated
with poor prognosis™®. Since myocardial impairment
may escape clinical detection, it seems important to apply
methods with the potential to reveal cardiac dys-
function. However, results from non-invasive studies of
systolic function in systemic sclerosis are somewhat

contradictory®'%.

We therefore studied a series of 30 consecutive patients
to evaluate the presence and extent of left ventricular (LV)
systolic dysfunction in systemic sclerosis and related the
results to those of matched controls.
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subjected to coronary arteriography, but none of the
four patients demonstrated abnormal angiograms. One
patient had right bundle branch block, while none was
found to have left bundle branch block.

For comparative purposes, age- and sex-matched
control subjects were selected from the general population
of Uppsala. Every resident in Sweden has a national regis-
tration number that includes date of birth. The numbers -
are registered by the County Census Bureau in a popu-
lation register, which includes vital statistics, and which
by law must be kept up to date. A sample of 90 age- and

© 1991 The European Society of Cardiology
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Table 1 Characteristics of controls and patients

Controls Patients P

(N=48) (N=30)
Age (years) 54:642:1 54-5+2-4 N.S.
Sex (female/male) 22/26 15/15 N.S.
Height (cm) 172:7+1-11 170-94+1-9 N.S.
Weight (kg) 72:6+1-7 65-1+2-0 0-01
Body surface area (m?) 1-:940-03 1-74-0-04 0-02
Body mass index (kg m~?) 24-3+0-5 22-340-9 0-008
Systolic blood pressure (mmHg) 1349426 132:943-5 N.S.
Diastolic blood pressure (mmHg) 814414 78-7+2-1 N.S.
Mean arterial blood pressure (mmHg) 99-3+1-5 96-8+2-1 N.S.
Total peripheral resistance (dyn.s.cm™9) 1604 + 59 1723 +132 N.S.

Values are mean +S.E. N.S. =not significant.

sex-matched subjects (three for each patient) was drawn
from the register. All 90 controls were informed about the
investigation protocol, and 55 of them gave their consent
to participate in the study. Controls were excluded if
treated for hypertension, and if clinical history or electro-
cardiography revealed coronary or rheumatic heart dis-
ease. Controls were not excluded on the basis of blood
pressure level. No control had bundle branch block. None
had known renal or pulmonary disease. Of the 55 subjects
willing to participate, two were excluded due to previous
antihypertensive treatment, one due to an electrocardio-
gram (ECG) indicating coronary heart disease, one due to
a clinical history suggestive of ischaemic heart disease,
two subjects because of a history of rheumatic heart dis-
ease, and one subject because of inadequate recordings.
The remaining 48 subjects (26 men and 22 females) had a
mean age of 54-6 (range 25-77) years and were included as
a healthy control group.

METHODS

A standard 12-lead resting ECG, pulse curves and
phonocardiogram were recorded using a direct writing
ink-jet 7-channel Mingograph (Siemens Elema, Sweden)
as previously described!'?. In brief, simultaneous carotid
pulse tracing, ECG (standard lead IT) and a phonocardio-
gram from the third left parasternal intercostal space,
were recorded at 100 mm s~! at the end of normal relaxed
expiration with the subject in the supine position. Apex-
cardiographic registrations were obtained similarly, but
with the patient lying in the left lateral position.

Blood pressure was recorded in the supine position
after 30 min of rest, after pulse recordings and immedi-
ately before M-mode recordings. Standard sphygmo-
manometer technique was applied, and the mean of three
readings was used. Systolic blood pressure was measured
at phase one and diastolic blood pressure at the dis-
appearance of Korotkoff sound-phase five!"3!.

Echocardiography was performed by means of a
Hewlett Packard ultrasound imaging system model
77020A, equipped with a 2-5 or 3-5 MHz phased array
transducer. Parasternal two-dimensional (2-D) echocar-
diographic views!" were stored on VHS 0-5 inch video

tapes by means of a Panasonic video recorder NV 8100.
Two-D guided M-mode echocardiograms!™ were
recorded on strip charts (Honeywell, 8100, dry Silver
paper) at a speed of 50 mm.s~". These investigations were
performed with the subject lying in the left latera
position. _

To measure cardiac output!®!l, a Doppler system
(Alfred®, Vingmed A/S, Trondheim, Norway) was used
to record the aortic flow spectrum. A 2 MHz single
crystal pulsed and continuous wave Doppler probe with
a diameter of 13-7mm was used. The examination was
carried out with patients lying in the left lateral position
using an apical approach. The area of the maximum LV
apex pulsation was defined, and the transducer was placed
slightly above, slightly below or directly over it. Both con-
tinous and pulsed wave Doppler spectrum were recorded,
guided by the Doppler signal of valve closure and open-
ing. The audible Doppler sound pattern from the blood
flow was also used, and the transducer was manipulated
until the best spectral display was obtained from the aortic
flow. Strip chart recordings were obtained at a speed of
50 mm.s~!.

MEASUREMENTS :

All measuring points were agreed upon by two ob-
servers (E.K. and K.C.). One investigator (E.K.) carried
outallinterpretations after the recordings had been coded
and mixed (by K.C.). Only beats with acceptable or good
quality were used for measurements.

From M-mode echocardiographic recordings . the-

measurements listed below were made on three beats
(leading edge to leading edge method) according to the
recommendations made by the American So_ci;éty of
Echocardiography!'¥, and the mean was used for further
calculations. LV internal diameter, interventricular septal
thickness, and posterior wall thickness were measured at
end-diastole (the electrocardiographic Q wave), and at
end-systole (the shortest distance between the septum and
the posterior wall). M-mode echocardiographic dimen-
sions and time intervals as well as amplitudes from pulse
tracings were measured by means of a digitizing table-
minicomputer system.

.

C,
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LV wall fractional thickening was calculated as septal
and posterior wall systolic increase of thickness, respect-
ively, divided by the corresponding diastolic thickness.
Fractional shortening was defined as the difference
between LV diastolic and systolic dimensions divided by
the diastolic dimension. Ejection fraction was calculated
according to the cube formula, for reasons discussed
elsewherel'. Mean velocity of circumferential fibre
shortening (mean Vcf) was calculated as fractional
shortening divided by LV ejection time (LVET). Mean
Vef adjusted for heart rate (mean Vcf) was calculated as
fractional shortening divided by LVET normalized by the
square root of the cardiac cycle length in seconds!™.
Mitral E-point to septal separation (EPSS) was defined
as the vertical distance (mean of five beats) between the
E point of the anterior mitral leaflet and the ventricular
septum®?!. EPSS was adjusted for end-diastolic LV
dimension.

LV meridional end-systolic wall stress (ESWS)
(10°.dyncm™?) was estimated as ESWS=(1-332x
pressure x D)/[4h x (1+h/D)], where D represents LV
end-systolic dimension and h stands for the mean of the
septal and posterior wall end-systolic thickness!!®,
Pressure was obtained by estimating end-systolic blood
pressure from the carotid pulse tracing, where systolic and
diastolic blood pressures were assigned to the peak and
nadir of the carotid curve, respectively, and end-systolic
blood pressure was estimated by linear interpolation to
the height of the dicrotic notch!®). End-systolic volume
index (ESVI) was calculated as end-systolic volume/body
surface area. As a measure of contractility, we also calcu-
lated the ratio ESWS/ESVI. The mean Vcf, to be expected
from the level of ESWS was calculated by means of the
regression formula obtained from the relation between
these two variables in the control group. The ratio
between measured and expected mean Vcf, was calculated
as percentage (mean Vcf,%).

From M-mode recordings, LV peak emptying rate as
well as time from the electrocardiographic R-wave to
peak emptying rate were measured by means of a
digitizing table (Summagraphics ID-2CTR-TAB 17,
Connecticut, U.S.A.) and a microcomputer (Professional-
380, Digital Equipment Corp., U.S.A.), using an especially
designed computer programme'?), The same equipment
was used for the evaluation of Doppler recordings.
Measurements of aortic Doppler (pulsed and continuous)
registrations were performed on five beats, and the mean
value was used. Maximum LV emptying velocity was
measured. Stroke volume was calculated as the velocity
integral of pulsed Doppler systolic aortic flow, multiplied
by the aortic area®?), where the latter was calculated at
n(dimension/2)* from the aortic diameter (leading edge)
Just below the insertion of the aortic leaflets in parasternal
2-D echocardiographic projection.

Mean arterial pressure (MAP) was calculated according
to the formula (systolic—diastolic blood pressure)/3+
diastolic blood pressure. Total peripheral resistance
(TPR) was calculated according to the formula TPR =
MAP x 1-33[60/Doppler cardiac output].

Measurements of pulse curve tracings were performed

on five beats, and the mean values were used. The LVET,
the electromechanical interval, the pre-ejection period
(PEP) and the isovolumic contraction time (ICT), were
measured as previously described, from the simultaneous
recordings of the electrocardiographic lead II, the
phonocardiogram and the carotid pulse tracing or apex-
cardiogram!'?. Electromechanical interval and LVET
were related to heart rate. LVET was therefore adjusted
for heart according to the regression equation of the
control group. The relative LVET was calculated as per-
centage of the expected normal LVET. PEP/LVET and
ICT/LVET were calculated. Ratios in which LVET had
been adjusted to heart rate 60 (LVET divided by square
root of the cycle length in seconds) were also computed.

STATISTICAL ANALYSIS

Data are presented as mean+standard error of the
mean (SE). Unpaired two-sided t-test was used to com-
pare differences between patients and controls. P values
< 0-05 were considered significant. For selected variables,
abnormal values were defined by two standard deviations
(SDs) of the control group.

Results

GENERAL CHARACTERISTICS

Clinical characteristics of the controls and the patients
are shown in Table 1. In spite of similar heights, patients
weighed less than controls as a group, and five patients
had a low calculated body surface area. Blood pressure
and TPR were similar in the two groups.

SYSTOLIC TIME INTERVALS

In the patient group, LVET was significantly shorter,
and ICT as well as PEP were longer (Table 2). Also in the
patient group, the ratios PEP/LVET and ICT/LVET were
significantly higher, and differences remained when the
LVET was adjusted for heart rate. Five patients had an
increased PEP/LVET ratio.

ECHOCARDIOGRAPHY AND DOPPLER
‘When heart rate was measured during the echocardio-
graphicinvestigation, patients had higher heart rates than
controls (Table 3), but only one patient had a heart rate
above the reference limit. Two patients had LV dilatation,
but the mean values of end-diastolic and end-systolic LV
internal dimensions did not differ between groups, nor did
fractional shortening, mean Vcf or mean Vcf, (Table 3). In
spite of this, EPSS was larger in patients (increased in
26%). The difference regarding EPSS remained after
adjustment for LV dimension. Septal fractioning thicken-
ing was reduced in systemic sclerosis, and stroke volume
tended to be lower (P=0-06), as did stroke volume calcu-
lated from Doppler recordings (Table 4). ESWS was
lower in the patient group (Table 3), and a difference
remained when ESWS was adjusted for ESVI. Mean
Vcf, % tended to be lower in the patient group, and three
patients had a reduced value. The peak rate of LV
emptying, measured from M-mode echocardiography,
was lower among patients (Table 3). The time from the
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Table 2 Systolic time intervals

Controls

Patients

(N=48) (N=30) P
LVET (ms) 32314 30346 0-007
PEP (ms) 963 11015 001
ICT (ms) 40132 51142 0-04
PEP/LVET 0304001 0374002 0-0006
ICT/LVET 0124001 0174002 0-01
PEP/LVET, 0304001 0374002 0-0006 ;
ICT/LVET. 0124001 0174002 0-01

Values are mean +S.E. LVET =left ventricular

isovolumic contraction time; LVET,
cardiac cycle length.

Table3 M-mode echocardiographic measurements

ejection time; PEP = pre-ejection period; ICT =
=left ventricular time normalized for the square root of the

Controls Patients
(N=48) (N=30)

Heart rate (beats min-') 61-6+14 67-5+1-7 0-01
LV dimension (Q) (mm) 49-94-0-8 48-5+1-4 N.S.
LV dimension (end-systole) (mm) 32:840-7 32:5+17 N.S. =
Fractional thickening C_-f

Septum (%) 4343 3044 0-007

Posterior wall (%) 61+4 5345 N.S.
Stroke volume (ml) 94-5+4-9 80-4+5-0 N.S.
Ejection fraction 0-724-0-01 0-6940-03 N.S.
Fractional shortening (%) 346409 33-5+1-6 N.S.
Mean Vcf (circ s—') 1-07+0-03 1-1140-05 N.S.
Mean Vcf_ (circ s—15%%) 1:07+0-03 1-0540-05 N.S.
Mean Vef % 98-5+1-9 92:7+2-6 N.S.
ESWS (10°.dyn.cm—2?) 62-94-2-2 51-3+2-8 0-002
ESVI (ml m-?) 20-1+1-1 19-54+1-8 N.S.
ESWS/ESVI (10°.dyn.cm~'.ml-'.cm?) 3-34+0-13 2:940-16 0-03
EPSS (mm) 48403 83+1-3 0:001
EPSS/LV dimension (Q) 0-098 +0-01 0-162+0-02 0-0001
Peak emptying rate (mm s=2) —105-5+4-2 —92:0+34 0-03
Time R wave to peak emptying rate (ms) 201-949-3 188-6+11-8 N.S.
Time to peak emptying (% of systole) 68-2+3-3 67-14+4-8 N.S.
Values are mean +S.E. N.S. =not significant. LV =left ventricular; Vcf = velocity of circumferential
fibre shortening; Vcf,=Vcf adjusted for heart rate; Vcf, % =measured/expected (from ESWS)
Vcf,; ESWS=end-systolic wall stress; ESVI=end-systolic volume index; EPSS = E-point septal .
separation. C E
R-wave to peak emptying did not differ, but, when calcu-  The variables displaying the highest prevalence of abnor-
lated in relation to duration of systole, peak emptying mal values were EPSS, time to peak flow velocity, PEP/
occurred later in the patient group. When calculated from LVET, and time to aortic peak flow acceleration. There
continuous wave Doppler (Table 4), the time to peak  was no significant relation between these variables and (’

aortic flow acceleration, and also the time to peak aortic
flow velocity, was longer in the patient group in spite of
no significant difference regarding peak velocity of LV
emptying (aortic flow acceleration) as calculated from
Doppler.

INDIVIDUAL ABNORMALITIES

We evaluated the number of patients with abnormal
values regarding the following variables: LV end-diastole
dimension, ejection fraction, Vcf %, PEP/LVET, ICT/
LVET, ESWS/ESVI, EPSS, time to peak aortic flow vel-
ocity and acceleration. Altogether, 18 patients (60%) had
one or more abnormal findings regarding these variables.

disease duration. o

One patient had findings of dilated cardiom_y'(_)pvaﬂ_;y
with a dilated left ventricle (77 mm) and a low ejection
fraction (22%). Two other patients had low ejection frac-
tion and low Vcf % in spite of LV dimension within‘the
reference limits. Two patients had isolated abnormality of
systolic time intervals and two patients isolated increase
of EPSS. ’

Discussion

The present study is the first to compare LV function, _in
a consecutive series of patients with systemic sclerosis,

DY
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Table4 Doppler measurements

Controls Patients P

(V=48) (W=30)
Heart rate (beats min—"') 61-441-1 69-0+2-1 0-0008
Stroke volume (ml) 74-44-2-8 67-5+50 N.S.
Cardiac output (I min~*) 4-6+0-2 4-540-3 N.S.
Peak aortic gradient (mmHg) 53404 5040-5 N.S.
Time to peak velocity (% of systole) 25:040-8 31-7+1-6 0-0001
Peak acceleration (mmHg s-') 11146 104 +11 N.S.
Time to peak acceleration (% of systole) 9:-1+0-3 10-610:6 0-01

Values are mean +S.E. N.S. =not significant.

with that of a random sample of matched control subjects
from the general population. Great care was taken to en-
sure objective evaluation of data. Thus, the investigations
were all carried out by the same investigator, who was
unaware of the clinical findings. Interpretations were
likewise performed by a single investigator, after blind-
coding and mixing of the recordings from patients and
controls. ’

Focal myocardial fibrosis reported by several
authors®*?9, may be the reason for the development of
myocardial dysfunction in systemic sclerosis. However,
even patients with systemic sclerosis who died suddenly
seem to display conspicuously normal extramural coron-
ary arteries at autopsy?*?®. Focal myocardial lesions
have no relation to specific extramural vasculature®, and
myocardial necrosis occurs with widely patent intramural
and extramural coronary arteries, suggesting the micro-
circulation is abnormal®2%, Although patients with ar-
rhythmias and conduction disturbances who die suddenly
have abnormalities of their sinus node artery and AV-
node artery®, an autopsy study of 52 patients have
shown intramural coronary arteries to be generally nor-
mal histologically and microangiograms in 12 patients to
be free from abnormalities®. Vasospasm or myocardial
Raynaud’s phenomenon have been suggested to be re-
sponsible for the myocardial necrosis seén in systemic
sclerosis™?), and we were recently able to substantiate
this hypothesis by showing in the present study group
reversible myocardial perfusion defects induced by cold
provocation®'. Since in the patient with the largest
myocardial perfusion defects arteriography showed
normal coronary arteries, as did the angiograms from
three randomly selected patients, we considered coronary
arteriography to be neither necessary nor ethical in the
remainder of the present study population. Moreover, we
could not, for ethical reasons, have made comparative
studies in the control group.

Some patients with systemic sclerosis develop severe
cardiac involvement with a picture of dilated cardiomyo-
pathyP3, Such findings are, however, rare and were only
seen in one patient in the present study, while two other
patients had low ejection fraction without dilatation.
Most patients had only a mild or moderate impairment
of systolic function. Thus, the mean values of ejection
fraction did not differ between the groups.

The systolic time intervals of the patients were clearly
abnormal. One possible explanation for this is inclusion
of patients with bundle branch block, while controls had
normal transmission of depolarization potentials. Such
an explanation was, however, not valid, since only one
patient had right bundle branch block, and none had left
bundle branch block. A more plausible explanation of
abnormal systolic time intervals is obviously a true
myocardial impairment.

The existence of myocardial dysfunction was substan-
tiated by the findings of increased EPSS (with and
without adjustment for LV dimension), reduced septal
fractional thickening, reduced LV emptying by M-mode
digitization, and delayed times to peak aortic flow acceler-
ation and velocity by Doppler. The time for aortic flow
to peak acceleration and velocity may be more sensitive
indicators of contractility than peak acceleration,
although also the latter tended to be abnormal.

We used EPSS in the present study since this measure
has been shown to be a valid predictor of depressed sys-
tolic function independent of LV size and wall motion
abnormalities, and better than other echocardiographic
indices correlated to angiographic ejection fraction?%3334.
Mitral regurgitation causing a low afterload in the patient
group is one possible explanation for the lack of difference
between groups regarding fractional shortening and simi-
lar indices®?). Although, Doppler evidence of mild mitral
insufficiency was prevalent, moderate or severe regurgi-
tation was rare (two patients) in systemic sclerosis (any
degree of regurgitation found in 40% of patients vs 4% in
the control group, P<0-001)"%, a low afterload being
more probably explained by systolic impairment together
with an increased relative wall thickness among
patients®™. The ratio ESWS/ESVI takes load into
account, and a low value of this ratio indicates systolic
impairment irrespective of mitral regurgitation®. Thus,
the difference between groups regarding ESWS/ESVI
means systolic impairment in the patient group.

We conclude that the systolic LV function in many
patients with systemic sclerosis is impaired to a mild or
moderate degree. The prevalence of more advanced in-
volvement is low, possibly because of rapid deterioration
in such cases. However, myocardial dysfunction seems to
be detectable at an early stage when it could still be
influenced by medical therapy. The cardiac effects of
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treatment with angiotensin-converting-enzyme inhibi- -

tors is currently being evaluated in the present study
population.
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Non-invasive assessment of systolic left ventricular function in
systemic sclerosis
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Systemic sclerosis is a multisystemic disorder, also affecting the heart. To evaluate its influence on systolic left ventricular
(LV) function, we investigated 30 consecutive patients (age 54-5+2-4 years, 15 men and 15 women) and 48 controls
matched for age and sex. All subjects were investigated by phonocardiography, pulse curve recordings, M-mode echocar-
diography, and by pulsed and continuous wave Doppler. Heart rate, blood pressure and peripheral resistance did not differ,
but patients weighed less than controls (P <0-01). Systolic time intervals indicated systolic impairment, with an increased
pre-ejection period to LV ejection time (LVET) ratio (0-37+0-02 vs 0-30+0-01 P<0-001), and also an increased
isovolumic contraction time to LVET ratio (0-174+0-02 vs 0-121+0-01, P<0-02). The latter difference remained when
LVET was adjusted for heart rate. Echocardiographic E-point to septal separation was increased in patients (8:3+1-3 vs
4-8+0-3mm, P=0-001), also after adjustment for LV dimension (P=0-0001), while septal fractional thickening was
decreased (P <0-01). End systolic wall stress (P=0-0002) and stress to volume ratio (P=0-03) were lower in systemic
sclerosis. Peak LV emptying rate was also lower in the patient group when measured by echocardiography (P=0-03).
There was no difference between groups regarding LV dimensions, fractional shortening or mean velocity of circumferen-
tial fibre shortening. While aortic Doppler peak emptying rate did not differ between groups, it occurred later in systole in
the patient group (P <0-01) as did peak velocity (P=0-0001). Cardiac output did not differ between the groups. In all, 18
of 30 patients (60% ) had a systolic abnormality. However, only one patient had dilated cardiomyopathy, and two other
patients had poor systolic function without LV dilatation. There was no relation between disease duration and systolic LV
function. .
We conclude that, in a consecutive series of patients with systemic sclerosis, systolic LV function is frequently impaired.
While time intervals, emptying rate, and wall fractional thickening are affected, cardiac output and LV cavity dimensions
are usually not.

Introduction Subjects and methods

SUBJECTS
We studied 30 consecutive patients (15 men and 15
women) with systemic sclerosis according to the
American Rheumatology Association (ARA) criterial'"l.
The patients were referred from The Uppsala region
to Uppsala University Hospital between December 1986
and March 1988. Their mean age was 54-5 (range 25-77)
years, and their disease had been recognized for 5-6
(range 0-5-23) years. General characteristics are shown
in Table 1. Three randomly selected patients, and the
patient with the largest reversible perfusion defect shown
by myocardial scintigraphy after cold provocation, were

Systemic sclerosis is a multisystemic disease characterized
by fibrotic, inflammatory and degenerative changes in the
skin. Visceral involvement is also well recognized, par-
ticularly the lungs, heart, kidneys and the gastrointestinal
tract!'), Cardiac involvement has, since it was reported by
Weiss et al. in 19431, been a subject of wide interest?,
Involvement of the heart in systemic sclerosis is associated
with poor prognosist’®. Since myocardial impairment
may escape clinical detection, it seems important to apply
methods with the potential to reveal cardiac dys-
function. However, results from non-invasive studies of
systolic function in systemic sclerosis are somewhat

contradictory®%,

We therefore studied a series of 30 consecutive patients
to evaluate the presence and extent of left ventricular (L'V)
systolic dysfunction in systemic sclerosis and related the
results to those of matched controls.
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subjected to coronary arteriography, but none of the
four patients demonstrated abnormal angiograms. One
patient had right bundle branch block, while none was
found to have left bundle branch block. _
For comparative purposes, age- and sex-matched
control subjects were selected from the general population
of Uppsala. Every resident in Sweden has a national regis-
tration number that includes date of birth. The numbers
are registered by the County Census Bureau in a popu-
lation register, which includes vital statistics, and which
by law must be kept up to date. A sample of 90 age- and

© 1991 The European Society of Cardiology
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Table 1 Characteristics of controls and patients

Controls Patients P

(N=48) (N=30)
Age (years) 54-642-1 54-5+24 N.S.
Sex (female/male) 22/26 15/15 N.S.
Height (cm) 172-7+1-11 170-9+1-9 N.S.
Weight (kg) 72-641-7 651420 0-01
Body surface area (m?) 1-9+0-03 1-740-04 0-02
Body mass index (kg m~2) 24-340-5 22:34+0-9 0-008
Systolic blood pressure (mmHg) 134-9+2-6 132:943-5 N.S.
Diastolic blood pressure (mmHg) 814414 78-7+2-1 N.S.
Mean arterial blood pressure (mmHg) 99-3+1-5 96-8+2-1 N.S.
Total peripheral resistance (dyn.s.cm~%) 1604 59 1723 4+132 N.S.

Values are mean +S.E. N.S. =not significant.

sex-matched subjects (three for each patient) was drawn
from the register. All 90 controls were informed about the
investigation protocol, and 55 of them gave their consent
to participate in the study. Controls were excluded if
treated for hypertension, and if clinical history or electro-
cardiography revealed coronary or rheumatic heart dis-
ease. Controls were not excluded on the basis of blood
pressure level. No control had bundle branch block. None
had known renal or pulmonary disease. Of the 55 subjects
willing to participate, two were excluded due to previous
antihypertensive treatment, one due to an electrocardio-
gram (ECG) indicating coronary heart disease, one due to
a clinical history suggestive of ischaemic heart disease,
two subjects because of a history of rheumatic heart dis-
ease, and one subject because of inadequate recordings.
The remaining 48 subjects (26 men and 22 females) had a
mean age of 54-6 (range 25-77) years and were included as
a healthy control group.

METHODS

A standard 12-lead resting ECG, pulse curves and
phonocardiogram were recorded using a direct writing
ink-jet 7-channel Mingograph (Siemens Elema, Sweden)
as previously described!"?. In brief, simultaneous carotid
pulse tracing; ECG (standard lead IT) and a phonocardio-
gram from the third left parasternal intercostal space,
were recorded at 100 mm s~! at the end of normal relaxed
expiration with the subject in the supine position. Apex-
cardiographic registrations were obtained similarly, but
with the patient lying in the left lateral position.

Blood pressure was recorded in the supine position
after 30 min of rest, after pulse recordings and immedi-
ately before M-mode recordings. Standard sphygmo-
manometer technique was applied, and the mean of three
readings was used. Systolic blood pressure was measured
at phase one and diastolic blood pressure at the dis-
appearance of Korotkoff sound-phase five!'?],

Echocardiography was performed by means of a
Hewlett Packard ultrasound imaging system model
77020A, equipped with a 2-5 or 3-:5 MHz phased array
transducer. Parasternal two-dimensional (2-D) echocar-
diographic views!"!! were stored on VHS 0-5 inch video

tapes by means of a Panasonic video recorder NV 8100.
Two-D guided M-mode echocardiograms!'? were
recorded on strip charts (Honeywell, 8100, dry Silver
paper) at a speed of 50 mm.s ™. These investigations were
performed with the subject lying in the left lateral
position.

To measure cardiac output!'®!”l, a Doppler system
(Alfred®, Vingmed A/S, Trondheim, Norway) was used
to record the aortic flow spectrum. A 2 MHz single
crystal pulsed and continuous wave Doppler probe with
a diameter of 13-7mm was used. The examination was
carried out with patients lying in the left lateral position
using an apical approach. The area of the maximum LV
apex pulsation was defined, and the transducer was placed
slightly above, slightly below or directly over it. Both con-
tinous and pulsed wave Doppler spectrum were recorded,
guided by the Doppler signal of valve closure and open-
ing. The audible Doppler sound pattern from the blood
flow was also used, and the transducer was manipulated
until the best spectral display was obtained from the aortic
flow. Strip chart recordings were obtained at a speed of
50 mm.s~".

MEASUREMENTS ; -

All measuring points were agreed upon by two ob-
servers (E.K. and K.C.). One investigator (E.K.) carried
outall interpretations after the recordings had been coded
and mixed (by K.C.). Only beats with acceptable or good
quality were used for measurements.

From M-mode echocardiographic recordings . the:

measurements listed below were made on three beats
(leading edge to leading edge method) according to the
recommendations made by the American Society: of
Echocardiography!"®), and the mean was used for further
calculations. LV internal diameter, interventricular septal
thickness, and posterior wall thickness were meéasured at
end-diastole (the electrocardiographic Q wave), and at
end-systole (the shortest distance between the septum and
the posterior wall). M-mode echocardiographic dimen-
sions and time intervals as well as amplitudes from pulse
tracings were measured by means of a digitizing table-
minicomputer system. :

(

C.
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LV wall fractional thickening was calculated as septal
and posterior wall systolic increase of thickness, respect-
ively, divided by the corresponding diastolic thickness.
Fractional shortening was defined as the difference
between LV diastolic and systolic dimensions divided by
the diastolic dimension. Ejection fraction was calculated
according to the cube formula, for reasons discussed
elsewhere'. Mean velocity of circumferential fibre
shortening (mean Vcf) was calculated as fractional
shortening divided by LV ejection time (LVET). Mean
Vcf adjusted for heart rate (mean Vcf,) was calculated as
fractional shortening divided by LVET normalized by the
square root of the cardiac cycle length in seconds!"?.
Mitral E-point to septal separation (EPSS) was defined
as the vertical distance (mean of five beats) between the
E point of the anterior mitral leaflet and the ventricular
septum®?!. EPSS was adjusted for end-diastolic LV
dimension.

LV meridional end-systolic wall stress (ESWS)
(10>.dyncm™>) was estimated as ESWS=(1-332x
pressure x D)/[4h x (14h/D)], where D represents LV
end-systolic dimension and h stands for the mean of the
septal and posterior wall end-systolic thickness!>?Z,
Pressure was obtained by estimating end-systolic blood
pressure from the carotid pulse tracing, where systolic and
diastolic blood pressures were assigned to the peak and
nadir of the carotid curve, respectively, and end-systolic
blood pressure was estimated by linear interpolation to
the height of the dicrotic notch®. End-systolic volume
index (ESVI) was calculated as end-systolic volume/body
surface area. As a measure of contractility, we also calcu-
lated the ratio ESWS/ESVI. The mean Vcf, to be expected
from the level of ESWS was calculated by means of the
regression formula obtained from the relation between
these two variables in the control group. The ratio
between measured and expected mean Vcf, was calculated
as percentage (mean Vcf,%).

From M-mode recordings, LV peak emptying rate as
well as time from the electrocardiographic R-wave to
peak emptying rate were measured by means of a
digitizing table (Summagraphics ID-2CTR-TAB 17,
Connecticut, U.S.A.) and a microcomputer (Professional-
380, Digital Equipment Corp., U.S.A.), usingan especially
designed computer programme!'*l. The same equipment
was used for the evaluation of Doppler recordings.
Measurements of aortic Doppler (pulsed and continuous)
registrations were performed on five beats, and the mean
value was used. Maximum LV emptying velocity was
measured. Stroke volume was calculated as the velocity
integral of pulsed Doppler systolic aortic flow, multiplied
by the aortic areal ), where the latter was calculated at
n(dimension/2)? from the aortic diameter (leading edge)
Just below the insertion of the aortic leaflets in parasternal
2-D echocardiographic projection.

Mean arterial pressure (MAP) was calculated according
to the formula (systolic —diastolic blood pressure)/3+
diastolic blood pressure. Total peripheral resistance
(TPR) was calculated according to the formula TPR =
MAP x 1-33[60/Doppler cardiac output].

Measurements of pulse curve tracings were performed

on five beats, and the mean values were used. The LVET,
the electromechanical interval, the pre-ejection period
(PEP) and the isovolumic contraction time (ICT), were
measured as previously described, from the simultaneous
recordings of the electrocardiographic lead II, the
phonocardiogram and the carotid pulse tracing or apex-
cardiogram!?. Electromechanical interval and LVET
were related to heart rate. LVET was therefore adjusted
for heart according to the regression equation of the
control group. The relative LVET was calculated as per-
centage of the expected normal LVET. PEP/LVET and
ICT/LVET were calculated. Ratios in which LVET had
been adjusted to heart rate 60 (LVET divided by square
root of the cycle length in seconds) were also computed.

STATISTICAL ANALYSIS

Data are presented as mean +standard error of the
mean (SE). Unpaired two-sided t-test was used to com-
pare differences between patients and controls. P values
<0-05 were considered significant. For selected variables,
abnormal values were defined by two standard deviations
(SDs) of the control group.

Results

GENERAL CHARACTERISTICS

Clinical characteristics of the controls and the patients
are shown in Table 1. In spite of similar heights, patients
weighed less than controls as a group, and five patients
had a low calculated body surface area. Blood pressure
and TPR were similar in the two groups.

SYSTOLIC TIME INTERVALS

In the patient group, LVET was significantly shorter,
and ICT as well as PEP were longer (Table 2). Also in the
patient group, the ratios PEP/LVET and ICT/LVET were
significantly higher, and differences remained when the
LVET was adjusted for heart rate. Five patients had an
increased PEP/LVET ratio.

ECHOCARDIOGRAPHY AND DOPPLER
When heart rate was measured during the echocardio-
graphicinvestigation, patients had higher heart rates than
controls (Table 3), but only one patient had a heart rate
above the reference limit. Two patients had LV dilatation,
but the mean values of end-diastolic and end-systolic LV
internal dimensions did not differ between groups, nor did
fractional shortening, mean Vcf or mean Vef, (Table 3). In
spite of this, EPSS was larger in patients (increased in
26%). The difference regarding EPSS remained after
adjustment for LV dimension. Septal fractioning thicken-
ing was reduced in systemic sclerosis, and stroke volume
tended to be lower (P=0-06), as did stroke volume calcu-
lated from Doppler recordings (Table 4). ESWS was
lower in the patient group (Table 3), and a difference
remained when ESWS was adjusted for ESVI. Mean
Vcf.% tended to be lower in the patient group, and three
patients had a reduced value. The peak rate of LV
emptying, measured from M-mode echocardiography,
was lower among patients (Table 3). The time from the
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Table 2 Systolic time intervals

Controls Patients P

(N=48) (N=30)
LVET (ms) 323+4 303+6 0-007
PEP (ms) 96+3 110+5 0-01
ICT (ms) 40432 51+4-2 0-04
PEP/LVET 0-30+0-01 0-:3740-02 0-0006
ICT/LVET 0-1240-01 0-1740-02 0-01
PEP/LVET, 0-30+0-01 0-374+0-02 0-0006
ICT/LVET, 0-1240-01 0.1740-02 0-01

Values are mean +S.E. LVET = left ventricular ejection time; PEP =pre-¢jection period; ICT=
isovolumic contraction time; LVET, =left ventricular time normalized for the square root of the

cardiac cycle length.

Table3 M-mode echocardiographic measurements
Controls Patients P
(N=48) (N=30)

Heart rate (beats min-') 61-641-4 67-5+1-7 0-01
LV dimension (Q) (mm) 49-940-8 48-5+1-4 N.S.
LV dimensijon (end-systole) (mm) 32:8+0-7 32:5+1-7 N.S.
Fractional thickening

Septum (%) 4343 30+4 0-007

Posterior wall (%) 61+4 5345 N.S.
Stroke volume (ml) 94-5+4-9 80-4+5-0 N.S.
Ejection fraction 0-7240-01 0-694-0-03 N.S.
Fractional shortening (%) 3461409 33-5+16 N.S.
Mean Vef (circs=Y) 1-07+0-03 1-114+0-05 N.S.
Mean Vef, (circ s—1 s%%) 107 +0-03 1-05+0-05 N.S.
Mean Vef, % 98-5+1-9 92:742:6 N.S.
ESWS (10°.dyn.cm-?) 629422 51-342-8 0-002
ESVI (ml m-2) 20-1+1-1 1954+1-8 N.S.
ESWS/ESVI (10°.dyn.cm=".ml-'.cm?) 3-344-0-13 294016 0-03
EPSS (mm) 4-84-0-3 83+1-3 0-001
EPSS/LV dimension (Q) 0-098+0-01 0-162+0-02 0-0001
Peak emptying rate (mm 572 —105-5+4-2 —92:0+34 0-03
Time R wave to peak emptying rate (ms) 201-9+9-3 188-6+11-8 N.S.
Time to peak emptying (% of systole) 68-2+3-3 67-1+4-8 N.S.

Valuesare mean +S.E. N.S. = notsignificant. LV =left ventricular; Vef= velocity of circumferential

fibre shortening; Vef =Vef adjusted for heart

rate; ch;%=mcasured/expected (from ESWS)

Vef; ESWS=end-systolic wall stress; ESVI=end-systolic volume index; EPSS = E-point septal

separation.

R-wave to peak emptying did not differ, but, when calcu-
lated in relation to duration of systole, peak emptying
occurred later in the patient group. When calculated from
continuous wave Doppler (Table 4), the time to peak
aortic flow acceleration, and also the time to peak aortic
flow velocity, was longer in the patient group in spite of
no significant difference regarding peak velocity of LV
emptying (aortic flow acceleration) as calculated from
Doppler.

INDIVIDUAL ABNORMALITIES

We evaluated the number of patients with abnormal
values regarding the following variables: LV end-diastole
dimension, ejection fraction, Vcf %, PEP/LVET, ICT/
LVET, ESWS/ESVI, EPSS, time to peak aortic flow vel-
ocity and acceleration. Altogether, 18 patients (60%) had

one or more abnormal findings regarding these variables.

The variables displaying the highest prevalence of abnor-
mal values were EPSS, time to peak flow velocity, PEP/
LVET, and time to aortic peak flow acceleration. There
was no significant relation between these variables and
disease duration. ) )
One patient had findings of dilated cardiomyopathy
with a dilated left ventricle (77 mm) and a low ejection
fraction (22%). Two other patients had low ejection frac-
tion and low Vef,% in spite of LV dimension within’the
reference limits. Two patients had isolated abnormality of
systolic time intervals and two patients isolated increase

of EPSS.

Discussion

The present study is the first to compare LV function, _in
a consecutive series of patients with systemic sclerosis,

N\
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Table 4 Doppler measurements

Controls Patients P

(V=48) (N=30)
Heart rate (beats min~') 61-4+1-1 69-0+2-1 0-0008
Stroke volume (ml) 74-44-2-8 67-5+50 N.S.
Cardiac output (I min-"') 46102 4-540-3 N.S.
Peak aortic gradient (mmHg) 53404 50405 N.S.
Time to peak velocity (% of systole) 25:0+0-8 31'7+1-6 0-0001
Peak acceleration (mmHg s-') 11146 104+11 N.S.
Time to peak acceleration (% of systole) 91403 10-6+0-6 0-01

Values are mean +S.E. N.S. =not significant.

with that of a random sample of matched control subjects
from the general population. Great care was taken to en-
sure objective evaluation of data. Thus, the investigations
were all carried out by the same investigator, who was
unaware of the clinical findings. Interpretations were
likewise performed by a single investigator, after blind-
coding and mixing of the recordings from patients and
controls. ’

Focal myocardial fibrosis reported by several
authorsP*? may be the reason for the development of
myocardial dysfuriction in systemic sclerosis. However,
even patients with systemic sclerosis who died suddenly
seem to display conspicuously normal extramural coron-
ary arteries at autopsy?” . Focal myocardial lesions
have no relation to specific extramural vasculature®), and
myocardial necrosis occurs with widely patent intramural
and extramural coronary arteries, suggesting the micro-
circulation'is abnormal®-°., Although patients with ar-
rhythmias and conduction disturbances who die suddenly
have abnormalities of their sinus node artery and AV-
node artery®”, an autopsy study of 52 patients have
shown intramural coronary arteries to be generally nor-
mal histologically and microangiograms in 12 patients to
be free from abnormalities®l. Vasospasm or myocardial
Raynaud’s phenomenon have been suggested to be re-
sponsible for the myocardial necrosis seén in systemic
sclerosis®™®), and we were recently able to substantiate
this hypothesis by showing in the present study group
reversible myocardial perfusion defects induced by cold
provocation®'. Since in the patient with the largest
myocardial perfusion defects arteriography showed
normal coronary arteries, as did the angiograms from
three randomly selected patients, we considered coronary
arteriography to be neither necessary nor ethical in the
remainder of the present study population. Moreover, we
could not, for ethical reasons, have made comparative
studies in the control group.

Some patients with systemic sclerosis develop severe
cardiac involvement with a picture of dilated cardiomyo-
pathyP?. Such findings are, however, rare and were only
seen in one patient in the present study, while two other
patients had low ejection fraction without dilatation.
Most patients had only a mild or moderate impairment
of systolic function. Thus, the mean values of ejection
fraction did not differ between the groups.

The systolic time intervals of the patients were clearly
abnormal. One possible explanation for this is inclusion
of patients with bundle branch block, while controls had
normal transmission of depolarization potentials. Such
an explanation was, however, not valid, since only one
patient had right bundle branch block, and none had left
bundle branch block. A more plausible explanation of
abnormal systolic time intervals is obviously a true
myocardial impairment.

The existence of myocardial dysfunction was substan-
tiated by the findings of increased EPSS (with and
without adjustment for LV dimension), reduced septal
fractional thickening, reduced LV emptying by M-mode
digitization, and delayed times to peak aortic flow acceler-
ation and velocity by Doppler. The time for aortic flow
to peak acceleration and velocity may be more sensitive
indicators of contractility than peak acceleration,
although also the latter tended to be abnormal.

We used EPSS in the present study since this measure
has been shown to be a valid predictor of depressed sys-
tolic function independent of LV size and wall motion
abnormalities, and better than other echocardiographic
indices correlated to angiographic ejection fractionl%3334,
Mitral regurgitation causing a low afterload in the patient
group is one possible explanation for the lack of difference
between groups regarding fractional shortening and simi-
lar indicesP?. Although, Doppler evidence of mild mitral
insufficiency was prevalent, moderate or severe regurgi-
tation was rare (two patients) in systemic sclerosis (any
degree of regurgitation found in 40% of patients vs 4% in
the control group, P<0-001)"%, a low afterload being
more probably explained by systolic impairment together
with an increased relative wall thickness among
patients®”. The ratio ESWS/ESVI takes load into
account, and a low value of this ratio indicates systolic
impairment irrespective of mitral regurgitation®®. Thus,
the difference between groups regarding ESWS/ESVI
means systolic impairment in the patient group.

We conclude that the systolic LV function in many
patients with systemic sclerosis is impaired to a mild or
moderate degree. The prevalence of more advanced in-
volvement is low, possibly because of rapid deterioration
in such cases. However, myocardial dysfunction seems to
be detectable at an early stage when it could still be
influenced by medical therapy. The cardiac effects of
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treatment with angiotensin-converting-enzyme inhibi- -

tors is currently being evaluated in the present study
population.
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Non-invasive assessment of systolic left ventricular function in
systemic sclerosis
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Systemic sclerosis is a multisystemic disorder, also affecting the heart. To evaluate its influence on systolic left ventricular
(LV) function, we investigated 30 consecutive patients (age 54-5+2-4 years, 15 men and 15 women) and 48 controls
matched for age and sex. All subjects were investigated by phonocardiography, pulse curve recordings, M-mode echocar-
diography, and by pulsed and continuous wave Doppler. Heart rate, blood pressure and peripheral resistance did not differ,
but patients weighed less than controls (P <0-01). Systolic time intervals indicated systolic impairment, with an increased
pre-ejection period to LV ejection time (LVET) ratio (0-37+0-02 vs 0-30+0-01 P<0-001), and also an increased
isovolumic contraction time to LVET ratio (0-174+0-02 vs 0-12+0-01, P<0-02). The latter difference remained when
LVET was adjusted for heart rate. Echocardiographic E-point to septal separation was increased in patients (8-3+ 1-3 vs
4:8+0-3mm, P=0-001), also after adjustment for LV dimension (P=0-0001), while septal fractional thickening was
decreased (P <0-01). End systolic wall stress (P=0-0002) and stress to volume ratio (P=0-03) were lower in systemic
sclerosis. Peak LV emptying rate was also lower in the patient group when measured by echocardiography (P=0-03).
There was no difference between groups regarding LV dimensions, fractional shortening or mean velocity of circumferen-
tial fibre shortening. While aortic Doppler peak emptying rate did not differ between groups, it occurred later in systole in
the patient group (P <0-01) as did peak velocity (P=0-0001). Cardiac output did not differ between the groups. In all, 18
of 30 patients (60% ) had a systolic abnormality. However, only one patient had dilated cardiomyopathy, and two other
patients had poor systolic function without LV dilatation. There was no relation between disease duration and systolic LV
Sfunction.
We conclude that, in a consecutive series of patients with systemic sclerosis, systolic LV function is frequently impaired.
While time intervals, emptying rate, and wall fractional thickening are affected, cardiac output and LV cavity dimensions
are usually not.

Introduction Subjects and methods

SUBJECTS
We studied 30 consecutive patients (15 men and 15
women) with systemic sclerosis according to the

Systemic sclerosis is a multisystemic disease characterized
by fibrotic, inflammatory and degenerative changes in the
skin. Visceral involvement is also well recognized, par-

ticularly the lungs, heart, kidneys and the gastrointestinal
tract!!. Cardiac involvement has, since it was reported by
Weiss et al. in 19432, been a subject of wide interest®*,
Involvement of the heart in systemic sclerosis is associated
with poor prognosis™®. Since myocardial impairment
may escape clinical detection, it seems important to apply
methods with the potential to reveal cardiac dys-
function. However, results from non-invasive studies of
systolic function in systemic sclerosis are somewhat
contradictory®'?.

We therefore studied a series of 30 consecutive patients
to evaluate the presence and extent of left ventricular (LV)
systolic dysfunction in systemic sclerosis and related the
results to those of matched controls.
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American Rheumatology Association (ARA) criterial'.
The patients were referred from The Uppsala region
to Uppsala University Hospital between December 1986
and March 1988. Their mean age was 545 (range 25-77)
years, and their disease had been recognized for 5:6
(range 0-5-23) years. General characteristics are shown
in Table 1. Three randomly selected patients, and the
patient with the largest reversible perfusion defect shown
by myocardial scintigraphy after cold provocation, were
subjected to coronary arteriography, but none of the
four patients demonstrated abnormal angiograms. One
patient had right bundle branch block, while none was
found to have left bundle branch block.

For comparative purposes, age- and sex-matched
control subjects were selected from the general population
of Uppsala. Every resident in Sweden has a national regis-
tration number that includes date of birth. The numbers
are registered by the County Census Bureau in a popu-
lation register, which includes vital statistics, and which
by law must be kept up to date. A sample of 90 age- and

© 1991 The European Society of Cardiology
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Table 1 Characteristics of controls and patients

Controls Patients p

(N=48) (N=30)
Age (years) 54:64+2-1 54-54+24 N.S.
Sex (female/male) 22/26 15/15 N.S.
Height (cm) 172:7+1-11 170-9+1-9 N.S.
Weight (kg) 72-641-7 65-1+2:0 0-01
Body surface area (m?) 1-9+0-03 1-7+0-04 0-02
Body mass index (kg m~?) 24-340-5 22-340-9 0-008
Systolic blood pressure (mmHg) 1349426 132:943-5 N.S.
Diastolic blood pressure (mmHg) 81-4+1-4 78-7+2-1 N.S.
Mean arterial blood pressure (mmHg) 99-3+1-5 96-8+2-1 N.S.
Total peripheral resistance (dyn.s.cm™%) 1604459 17234132 N.S.

Values are mean + S.E. N.S. =not significant.

sex-matched subjects (three for each patient) was drawn
from the register. All 90 controls were informed about the
investigation protocol, and 55 of them gave their consent
to participate in the study. Controls were excluded if
treated for hypertension, and if clinical history or electro-
cardiography revealed coronary or rheumatic heart dis-
ease. Controls were not excluded on the basis of blood
pressure level. No control had bundle branch block. None
had known renal or pulmonary disease. Of the 55 subjects
willing to participate, two were excluded due to previous
antihypertensive treatment, one due to an electrocardio-
gram (ECG) indicating coronary heart disease, one due to
a clinical history suggestive of ischaemic heart disease,
two subjects because of a history of rheumatic heart dis-
ease, and one subject because of inadequate recordings.
The remaining 48 subjects (26 men and 22 females) had a
mean age of 54-6 (range 25-77) years and were included as
a healthy control group.

METHODS

A standard 12-lead resting ECG, pulse curves and
phonocardiogram were recorded using a direct writing
ink-jet 7-channel Mingograph (Siemens Elema, Sweden)
as previously described'?. In brief, simultaneous carotid
pulse tracing, ECG (standard lead IT) and a phonocardio-
gram from the third left parasternal intercostal space,
were recorded at 100 mm s~! at the end of normal relaxed
expiration with the subject in the supine position. Apex-
cardiographic registrations were obtained similarly, but
with the patient lying in the left lateral position.

Blood pressure was recorded in the supine position
after 30 min of rest, after pulse recordings and immedi-
ately before M-mode recordings. Standard sphygmo-
manometer technique was applied, and the mean of three
readings was used. Systolic blood pressure was measured
at phase one and diastolic blood pressure at the dis-
appearance of Korotkoff sound-phase five!".

Echocardiography was performed by means of a
Hewlett Packard ultrasound imaging system model
77020A, equipped with a 2-5 or 3-5 MHz phased array
transducer. Parasternal two-dimensional (2-D) echocar-
diographic views!'"! were stored on VHS 0-5 inch video

tapes by means of a Panasonic video recorder NV 8100.
Two-D guided M-mode echocardiograms!™ were
recorded on strip charts (Honeywell, 8100, dry Silver
paper) at a speed of 50 mm.s~!. These investigations were
performed with the subject lying in the left lateral
position.

To measure cardiac output!'®'), a Doppler system
(Alfred®, Vingmed A/S, Trondheim, Norway) was used
to record the aortic flow spectrum. A 2 MHz single
crystal pulsed and continuous wave Doppler probe with
a diameter of 13-7mm was used. The examination was
carried out with patients lying in the left lateral position
using an apical approach. The area of the maximum LV
apex pulsation was defined, and the transducer was placed
slightly above, slightly below or directly over it. Both con-
tinous and pulsed wave Doppler spectrum were recorded,
guided by the Doppler signal of valve closure and open-
ing. The audible Doppler sound pattern from the blood
flow was also used, and the transducer was manipulated
until the best spectral display was obtained from the aortic
flow. Strip chart recordings were obtained at a speed of
50 mm.s~.

MEASUREMENTS :

All measuring points were agreed upon by two ob-
servers (E.K. and K.C.). One investigator (E.K.) carried
outall interpretations after the recordings had been coded
and mixed (by K.C.). Only beats with acceptable or good
quality were used for measurements.

From M-mode echocardiographic recordings the-

measurements listed below were made on three beats
(leading edge to leading edge method) according to the
recommendations made by the American Society of
Echocardiography!'®, and the mean was used for further
calculations. LV internal diameter, interventricular septal
thickness, and posterior wall thickness were measured at
end-diastole (the electrocardiographic Q wave), and at
end-systole (the shortest distance between the septum and
the posterior wall). M-mode echocardiographic dimen-
sions and time intervals as well as amplitudes from pulse
tracings were measured by means of a digitizing table-
minicomputer system.

C.
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LV wall fractional thickening was calculated as septal
and posterior wall systolic increase of thickness, respect-
ively, divided by the corresponding diastolic thickness.
Fractional shortening was defined as the difference
between LV diastolic and systolic dimensions divided by
the diastolic dimension. Ejection fraction was calculated
according to the cube formula, for reasons discussed
elsewhere!”. Mean velocity of circumferential fibre
shortening (mean Vcf) was calculated as fractional
shortening divided by LV ejection time (LVET). Mean
Vcf adjusted for heart rate (mean Vcf,) was calculated as
fractional shortening divided by LVET normalized by the
square root of the cardiac cycle length in seconds!.
Mitral E-point to septal separation (EPSS) was defined
as the vertical distance (mean of five beats) between the
E point of the anterior mitral leaflet and the ventricular
septum?2!], EPSS was adjusted for end-diastolic LV
dimension.

LV meridional end-systolic wall stress (ESWS)
(10°.dyn.cm™?) was estimated as ESWS=(1-332x
pressure x D)/[4h x (14+h/D)], where D represents LV
end-systolic dimension and h stands for the mean of the
septal and posterior wall end-systolic thickness!'>?Z,
Pressure was obtained by estimating end-systolic blood
pressure from the carotid pulse tracing, where systolic and
diastolic blood pressures were assigned to the peak and
nadir of the carotid curve, respectively, and end-systolic
blood pressure was estimated by linear interpolation to
the height of the dicrotic notch®. End-systolic volume
index (ESVI) was calculated as end-systolic volume/body
surface area. As a measure of contractility, we also calcu-
lated the ratio ESWS/ESVI. The mean Vcf, to be expected
from the level of ESWS was calculated by means of the
regression formula obtained from the relation between
these two variables in the control group. The ratio
between measured and expected mean Vcf, was calculated
as percentage (mean Vcf %).

From M-mode recordings, LV peak emptying rate as
well as time from the electrocardiographic R-wave to
peak emptying rate were measured by means of a
digitizing table (Summagraphics ID-2CTR-TAB 17,
Connecticut, U.S.A.)and a microcomputer (Professional-
380, Digital Equipment Corp., U.S.A.), using an especially
designed computer programme!"”. The same equipment
was used for the evaluation of Doppler recordings.
Measurements of aortic Doppler (pulsed and continuous)
registrations were performed on five beats, and the mean
value was used. Maximum LV emptying velocity was
measured. Stroke volume was calculated as the velocity
integral of pulsed Doppler systolic aortic flow, multiplied
by the aortic area??, where the latter was calculated at
n(dimension/2)? from the aortic diameter (leading edge)
just below the insertion of the aortic leaflets in parasternal
2-D echocardiographic projection.

Mean arterial pressure (MAP) was calculated according
to the formula (systolic—diastolic blood pressure)/3+
diastolic blood pressure. Total peripheral resistance
(TPR) was calculated according to the formula TPR =
MAP x 1-33[60/Doppler cardiac output].

Measurements of pulse curve tracings were performed

on five beats, and the mean values were used. The LVET,
the electromechanical interval, the pre-ejection period
(PEP) and the isovolumic contraction time (ICT), were
measured as previously described, from the simultaneous
recordings of the electrocardiographic lead II, the
phonocardiogram and the carotid pulse tracing or apex-
cardiogram!'?. Electromechanical interval and LVET
were related to heart rate. LVET was therefore adjusted
for heart according to the regression equation of the
control group. The relative LVET was calculated as per-
centage of the expected normal LVET. PEP/LVET and
ICT/LVET were calculated. Ratios in which LVET had
been adjusted to heart rate 60 (LVET divided by square
root of the cycle length in seconds) were also computed.

STATISTICAL ANALYSIS

Data are presented as mean+standard error of the
mean (SE). Unpaired two-sided t-test was used to com-
pare differences between patients and controls. P values
<0-05 were considered significant. For selected variables,
abnormal values were defined by two standard deviations
(SDs) of the control group.

Results

GENERAL CHARACTERISTICS

Clinical characteristics of the controls and the patients
are shown in Table 1. In spite of similar heights, patients
weighed less than controls as a group, and five patients
had a low calculated body surface area. Blood pressure
and TPR were similar in the two groups.

SYSTOLIC TIME INTERVALS

In the patient group, LVET was significantly shorter,
and ICT as well as PEP were longer (Table 2). Also in the
patient group, the ratios PEP/LVET and ICT/LVET were
significantly higher, and differences remained when the
LVET was adjusted for heart rate. Five patients had an
increased PEP/LVET ratio.

ECHOCARDIOGRAPHY AND DOPPLER

When heart rate was measured during the echocardio-
graphicinvestigation, patients had higher heart rates than
controls (Table 3), but only one patient had a heart rate
above the reference limit. Two patients had LV dilatation,
but the mean values of end-diastolic and end-systolic LV
internal dimensions did not differ between groups, nor did
fractional shortening, mean Vcf or mean Vcf, (Table 3). In
spite of this, EPSS was larger in patients (increased in
26%). The difference regarding EPSS remained after
adjustment for LV dimension. Septal fractioning thicken-
ing was reduced in systemic sclerosis, and stroke volume
tended to be lower (P=0-06), as did stroke volume calcu-
lated from Doppler recordings (Table 4). ESWS was
lower in the patient group (Table 3), and a difference
remained when ESWS was adjusted for ESVI. Mean
Vcf,% tended to be lower in the patient group, and three
patients had a reduced value. The peak rate of LV
emptying, measured from M-mode echocardiography,
was lower among patients (Table 3). The time from the
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Table 2 Systolic time intervals

Controls

Patients

(N=48) (N=30) F
LVET (ms) 12344 30346 0-007
PEP (ms) 96+3 110%5 001
ICT (ms) 40132 51442 0-04
PEP/LVET 0301001  037+0-02 0-0006
ICT/LVET 0124001 0171002 001 : ‘
PEP/LVET., 030£001  0-3710:02 0-0006 )
ICT/LVET. 0123001 017002 0-01

Values are mean +S.E. LVET =left ventricular ejection time; PEP =pre-ejection period; ICT =
isovolumic contraction time; LVET,_=left ventricular time normalized for the square root of the

cardiac cycle length.

Table3 M-mode echocardiographic measurements

Controls Patients
(N=43) (N=30)

Heart rate (beats min~') 61-6+1-4 67-5+1-7 0-01
LV dimension (Q) (mm) 49-9+0-8 48-5+14 N.S. .
LV dimension (end-systole) (mm) 328407 32:5+1-7 N.S. &
Fractional thickening Q_

Septum (%) 4343 30+4 0-007

Posterior wall (%) 61+4 53+5 N.S.
Stroke volume (ml) 94-5+4-9 80-4+5-0 N.S.
Ejection fraction 0:72+0-01 0-69+0-03 N.S.
Fractional shortening (%) 346409 335+1-6 N.S.
Mean Vcf (circs—!) 1-07+£0-03 1-11+0-05 N.S.
Mean Vcf, (circ s~ s*%) 1-:07+0-03 1-05+0-05 N.S.
Mean Vcf % 98-5+1-9 92-7+2-6 N.S.
ESWS (10°.dyn.cm™?) 62-94-2-2 51-3+2-8 0-002
ESVI (mlm-?) 20-1+1-1 19-5+1-8 N.S.
ESWS/ESVI (10°.dyn.cm~'.ml-'.cm?) 3-34+0-13 2:940-16 0-03
EPSS (mm) 4-840-3 83+1-3 0-001
EPSS/LV dimension (Q) 0-098+0-01 0-16240-02 0-0001
Peak emptying rate (mm s~—2) —105-5+4-2 —92:0+3-4 0-03
Time R wave to peak emptying rate (ms) 201-9+9-3 188-6+11-8 N.S.
Time to peak emptying (% of systole) 68-243-3 67-1+4-8 N.S.
Values are mean + S.E. N.S. =not significant. LV =left ventricular; Vcf'= velocity of circumferential
fibre shortening; Vcf,=Vcf adjusted for heart rate; Vcf,% =measured/expected (from ESWS)
Vcf; ESWS=end- systollc wall stress; ESVI=end- systollc volume index; EPSS=E-point septal y
separation. C :

R-wave to peak emptying did not differ, but, when calcu-
lated in relation to duration of systole, peak emptying
occurred later in the patient group. When calculated from
continuous wave Doppler (Table 4), the time to peak
aortic flow acceleration, and also the time to peak aortic
flow velocity, was longer in the patient group in spite of
no significant difference regarding peak velocity of LV
emptying (aortic flow acceleration) as calculated from
Doppler.

INDIVIDUAL ABNORMALITIES

We evaluated the number of patients with abnormal
values regarding the following variables: LV end-diastole
dimension, ejection fraction, Vcf,%, PEP/LVET, ICT/
LVET, ESWS/ESVI, EPSS, time to peak aortic flow vel-
ocity and acceleration. Altogether, 18 patients (60%) had
one or more abnormal findings regarding these variables.

The variables displaying the highest prevalence of abnor-
mal values were EPSS, time to peak flow velocity, PEP/
LVET, and time to aortic peak flow acceleration. There

was no significant relation between these variables and r

disease duration.

One patient had findings of dilated cardlomyopathy
with a dilated left ventricle (77 mm) and a low ejection
fraction (22%). Two other patients had low ejection frac-
tion and low Vcf_ % in spite of L'V dimension within'the
reference limits. Two patients had isolated abnormality of
systolic time mtervals and two patients isolated increase
of EPSS.

Discussion

The present study is the first to compare LV function, .in
a consecutive series of patients with systemic sclerosis,

LY
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Table4 Doppler measurements

Controls Patients P

(V=48) (N=30)
Heart rate (beats min—"') 61-4+1-1 69-0+2-1 0-0008
Stroke volume (ml) 74-4+2-8 67-5+5-0 N.S.
Cardiac output (I min~") 46102 4-540-3 N.S.
Peak aortic gradient (mmHg) 53404 5:0+05 N.S.
Time to peak velocity (% of systole) 25:0+0-8 31-7+1-6 0-0001
Peak acceleration (mmHg s™") 111+6 104+11 N.S.
Time to peak acceleration (% of systole) 9-1+0-3 10-6+0-6 0-01

Values are mean +S.E. N.S. =not significant.

with that of a random sample of matched control subjects
from the general population. Great care was taken to en-
sure objective evaluation of data. Thus, the investigations
were all carried out by the same investigator, who was
unaware of the clinical findings. Interpretations were
likewise performed by a single investigator, after blind-
coding and mixing of the recordings from patients and
controls. ’

Focal myocardial fibrosis reported by several
authors®*?, may be the reason for the development of
myocardial dysfunction in systemic sclerosis. However,
even patients with systemic sclerosis who died suddenly
seem to display conspicuously normal extramural coron-
ary arteries at autopsy?"®l. Focal myocardial lesions
have no relation to specific extramural vasculature®, and
myocardial necrosis occurs with widely patent intramural
and extramural coronary arteries, suggesting the micro-
circulation is abnormal®-*%, Although patients with ar-
rhythmias and conduction disturbances who die suddenly
have abnormalities of their sinus node artery and AV-
node artery?’), an autopsy study of 52 patients have
shown intramural coronary arteries to be generally nor-
mal histologically and microangiograms in 12 patients to
be free from abnormalities®. Vasospasm or myocardial
Raynaud’s phenomenon have been suggested to be re-
sponsible for the myocardial necrosis seén in systemic
sclerosis®?), and we were recently able to substantiate
this hypothesis by showing in the present study group
reversible myocardial perfusion defects induced by cold
provocationP!, Since in the patient with the largest
myocardial perfusion defects arteriography showed
normal coronary arteries, as did the angiograms from
three randomly selected patients, we considered coronary
arteriography to be neither necessary nor ethical in the
remainder of the present study population. Moreover, we
could not, for ethical reasons, have made comparative
studies in the control group.

Some patients with systemic sclerosis develop severe
cardiac involvement with a picture of dilated cardiomyo-
pathyP?. Such findings are, however, rare and were only
seen in one patient in the present study, while two other
patients had low ejection fraction without dilatation.
Most patients had only a mild or moderate impairment
of systolic function. Thus, the mean values of ejection
fraction did not differ between the groups.

The systolic time intervals of the patients were clearly
abnormal. One possible explanation for this is inclusion
of patients with bundle branch block, while controls had
normal transmission of depolarization potentials. Such
an explanation was, however, not valid, since only one
patient had right bundle branch block, and none had left
bundle branch block. A more plausible explanation of
abnormal systolic time intervals is obviously a true
myocardial impairment.

The existence of myocardial dysfunction was substan-
tiated by the findings of increased EPSS (with and
without adjustment for LV dimension), reduced septal
fractional thickening, reduced LV emptying by M-mode
digitization, and delayed times to peak aortic flow acceler-
ation and velocity by Doppler. The time for aortic flow
to peak acceleration and velocity may be more sensitive
indicators of contractility than peak acceleration,
although also the latter tended to be abnormal.

We used EPSS in the present study since this measure
has been shown to be a valid predictor of depressed sys-
tolic function independent of LV size and wall motion
abnormalities, and better than other echocardiographic
indices correlated to angiographic ejection fraction?3*34,
Mitral regurgitation causing a low afterload in the patient
group is one possible explanation for the lack of difference
between groups regarding fractional shortening and simi-
lar indices®. Although, Doppler evidence of mild mitral
insufficiency was prevalent, moderate or severe regurgi-
tation was rare (two patients) in systemic sclerosis (any
degree of regurgitation found in 40% of patients vs 4% in
the control group, P<0-001)*% a low afterload being
more probably explained by systolic impairment together
with an increased relative wall thickness among
patients®’. The ratio ESWS/ESVI takes load into
account, and a low value of this ratio indicates systolic
impairment irrespective of mitral regurgitation®. Thus,
the difference between groups regarding ESWS/ESVI
means systolic impairment in the patient group.

We conclude that the systolic LV function in many
patients with systemic sclerosis is impaired to a mild or
moderate degree. The prevalence of more advanced in-
volvement is low, possibly because of rapid deterioration
in such cases. However, myocardial dysfunction seems to
be detectable at an early stage when it could still be
influenced by medical therapy. The cardiac effects of
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treatment with angiotensin-converting-enzyme inhibi-
tors is currently being evaluated in the present study
population.
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and Uppsala University. The authors are grateful to Mrs Eivor
Hofflander for linguistic revision.
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