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Detecting Subclinical
Biventricular Impairment

in Scleroderma Patients
by Use of Pulsed-Wave Tissue Doppler Imaging

Systemic scleroderma is a disease that is characterized by excessive fibroblastic activity
and collagen deposition in various organs, including the heart. We sought to evaluate the
limits of biventricular function as derived noninvasively from pulsed-wave tissue Doppler
imaging (TDI) of tricuspid and mitral annular motion in patients who had scleroderma.

We enrolled 24 patients with scleroderma (study group; mean age, 49+ 11 yr; 20 women)
and 24 healthy participants (control group;, mean age, 51 + 9 yr; 19 women). Persons with
cardiovascular risk factors were excluded. We obtained images by conventional echocar-
diography and by pulsed-wave TDI, measuring the respective peak systolic velocities (S,
Sm) and peak early (E, Em) and late (A, Am) diastolic velocities. Mean Sm, mean Em, and
mean Am were averages of the 4 measured sites (anterior, inferior, lateral, and septal).
We calculated noninvasive estimates of left ventricular (LV) filling pressure by dividing E
velocities (from the mitral inflow) by Em velocities (E/Em ratios).

Biventricular regional Sm, regional LV myocardial Em, and ratios of myocardial Emyatrial
component velocity (Em/Am) for the LV, and mean Sm, mean Em, and mean Em/mean
Am ratios for the LV were significantly lower in the study group. The E/Em ratio was higher
in the study group (7.3 + 2.6 vs 5.2 + 1.0, P=0.01). Global LV systolic and diastolic function
did not differ between the groups.

Tissue Doppler imaging complements conventional echocardiography in detecting
subclinical biventricular impairment in patients with scleroderma who have normal global
measurements. (Tex Heart Inst J 2009;36(1):31-7)

ystemic sclerosis is a connective-tissue disease that is clinically characterized

by variable involvement of the skin and the visceral organs.' Involvement of

the heart is one of the most frequent complications that has been reported in
several clinical investigations and autopsy studies.”> When scleroderma involves the
heart, fibrosis due to collagen deposition replaces damaged muscle cells with fibrous
ones, which leads to atrial and ventricular arrhythmias, conduction disturbances, and
right ventricular (RV) and left ventricular (LV) systolic and diastolic dysfunction.*
Cardiac involvement can exist without symptoms; once it becomes clinically appar-
ent, the affected patient’s prognosis is poor.””

Pulsed-wave tissue Doppler imaging (PW TDI) is a recently developed ultrasono-
graphic technique that enables quantitative analysis of global and regional myocardial
function. It has been shown that early diagnosis of ventricular dysfunction is possible
by the use of newer techniques such as PW TDI.*’ Previous investigators who used
tissue Doppler echocardiography reported reduced systolic myocardial function of the
LV" and significant improvement after patients were treated with nifedipine," while
others' detected no alteration in the systolic function of patients who had scleroder-
ma. Several investigators have reported LV diastolic dysfunction after using conven-
tional echocardiography or TDIL"** Right ventricular diastolic impairment has also
been reported.®"” In our study, we sought to investigate RV and LV function by both
conventional echocardiography and PW TDL

Participants and Methods

For this study, we enrolled 24 patients who had scleroderma (the study group; mean
age, 49 + 11 yr; 20 women) and 24 healthy persons (the control group; mean age, 51 +
9 yr; 19 women). All gave written informed consent to participate in the study, which
was approved by our local ethics committee. Persons with any of the following were
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excluded from the study: prior pacemaker implantation,
left or right bundle branch block, congenital or valvular
heart disease, pericarditis, coronary artery disease, pul-
monary emboli, or heart failure. We also excluded indi-
viduals who were receiving digitalis, 3-blockers, or other
antiarthythmic drugs. Four members of the study group
and 6 of the control group were smokers.

None of the 24 patients who qualified for the study
group had a history of persistent or paroxysmal atrial fi-
brillation. All had Raynaud’s phenomenon, and 10 had
digital ulcers. Eighteen fulfilled the criteria for diffuse
scleroderma, and 6 met the criteria for limited (cutane-
ous) scleroderma.”

All 48 individuals underwent physical examina-
tion, laboratory testing (blood cell count, serum crea-
tinine levels, and for anticentromere, antinuclear, and
antisclerderma 70 antibodies), computed tomograph-
ic scanning, pulmonary function testing (including
spirometry and the diffusion capacity for carbon mon-
oxide), conventional echocardiography, and PW TDL
A forced vital capacity of less than 80% or a diffusion
capacity for carbon monoxide of less than 70% of pre-
dicted normal values was considered to be abnormal.
The baseline clinical characteristics of the patients are
shown in Table I.

Echocardiographic Analysis

All echocardiographic examinations were conducted
with the use of a VingMed® System FiVe cardiac ul-
trasonographic scanner (GE VingMed® Ultrasound;
Horten, Norway) and 2.5-3.5-MHz transducers. While
in the left lateral decubitus position, all 48 participants
were examined by precordial M-mode and 2-dimen-
sional echocardiography, the latter in the parasternal
long-axis and biplanar apical 4- and 2-chamber views.
Interventricular wall thickness and LV posterior wall
thickness, LV diastolic dimension, and left atrial dimen-
sion were measured from the M-mode images. The LV
ejection fraction (LVEF) was derived from the bipla-
nar apical 2- and 4-chamber views by use of a modi-
fied Simpson’s method.

Conventional Doppler Echocardiographic
Evaluation of Global Function

Mitral and tricuspid flow velocities were obtained with
the sample volume placed at the tip of the mitral and
tricuspid valve leaflets, respectively. From the mitral
and tricuspid velocity profiles, the following measure-
ments were made, in accordance with the recommenda-
tions of the American Society of Echocardiography™: 1)
early (E) peak diastolic velocity; 2) late (A) peak diastol-

TABLE I. General Characteristics of the Study and Control Groups

Study Group Control Group
Characteristic (n=24) (n=24) P Value

Mean age, yr 49+ 11 51+9 0.58
Female sex, n (%) 20 (83) 19 (79) 0.5
Mean heart rate, beats/min 78+8 75+9 0.23
Mean systolic blood pressure, mmHg 120 £ 15 123+ 11 0.5
Mean diastolic blood pressure, mmHg 71+10 65+9 0.4
Mean disease duration (yr) 6.91 +6.03 - -
Limited scleroderma, n (%) 6 (25) - -
Diffuse scleroderma, n (%) 18 (75) - -
Raynaud'’s phenomenon, n (%) 24 (100) - -
Lung involvement, n (%) 15 (63) - -
Antinuclear antibody, n (%) 23 (96) - -
Anticentromer antibody, n (%) 2(8) - -
Antiscleroderma 70 antibody, n (%) 18 (75) - -
Mean FVC (% of predicted value) 84 +10 - -
Patients with FVC <80%, n 10 - -
Mean DLCO (% of predicted value) 82+12 - -
Patients with DLCO <70%, n 13 - -
Mean ESR (mm/1st hr) 36 +23 - -
Mean C-reactive protein (mg/L) 6.6+1.4 - -

DLCO = diffusion capacity for carbon monoxide; ESR = erythrocyte sedimentation rate; FVC = forced vital capacity
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ic velocity; 3) early diastolic/late diastolic (E/A) velocity
ratio; and 4) E-wave deceleration time. By use of color
M-mode Doppler, the propagation velocity of flow (Vp)
into the LV was determined after a change to the color-
coded scale so that the 1st aliasing wavefront could be
clearly seen and measured. Pulmonary venous flow
peak systolic (S) and diastolic (D) velocities were deter-
mined by pulsed-wave Doppler, with the sample volume
placed inside the upper right pulmonary vein. The E/
Vp index, which has been shown to provide good non-
invasive estimates of LV filling pressure,” was also cal-
culated. Transtricuspid peak retrograde velocities were
recorded via the continuous-wave Doppler technique,
and a modified Bernoulli equation was used to estimate
systolic pulmonary artery pressure.”

Tissue Doppler Imaging Evaluation

of Regional Myocardial Function

Pulsed-wave TDI was performed at transducer fre-
quencies of 3.5 MHz with as minimal an optimal gain
as possible, in order to obtain the best signal-to-noise
ratio. Myocardial velocities were recorded by use of a
standard PW TDI technique. The sample volume was
placed at the junction of the LV wall with the mitral
annulus of the septal and lateral myocardial segments
from the 4-chamber view, and the inferior and anterior
myocardial segments from the 2-chamber view, sequen-
tially. For the RV, the sample volume was placed at the
junction of the RV and the tricuspid annulus from the
4-chamber view. Peak systolic velocity (Sm), peak early
diastolic velocity (Em), and peak late diastolic velocity
(Am) were measured, and an Em/Am ratio was calcu-
lated for each segment. Mean Sm, mean Em, mean Am,
and mean Em/Am represented the average of the 4 mea-
sured sites. The E/Em ratio, which has been shown to
provide good noninvasive estimates of LV filling pres-
sure, was calculated by dividing the peak E velocity (ob-
tained by pulsed Doppler from the mitral inflow) by the
Em that was measured from the septal, lateral, inferi-
or, and lateral mitral annulus by use of PW TDI.* For
the RV E/Em ratio, the peak E velocity (obtained by
conventional pulsed Doppler from the tricuspid inflow)
was divided by the Em that was measured from the lat-
eral tricuspid annulus by use of PW TDI. The intrao-
bserver and interobserver coefficients of variation (the
SD of the differences between the 2 observations divid-
ed by the mean value, expressed as a percentage) varied
between 3% and 4%, and 4% and 5%, respectively.

Statistical Analysis

Continuous data were expressed as mean £ SD and the
categorical data as percentages. The continuous data
were compared by means of Student’s # test, and the cat-
egorical data by the ¥ test. The relationship between
parameters was determined by using either the Spear-
man or the Pearson correlation test. The SPSS statistical
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software package version 9.05 (SPSS Inc.; Chicago, IlI)
was used to perform all statistical calculations. A Pvalue
<0.05 was considered statistically significant.

Results

All 24 scleroderma patients were in sinus rthythm during
the study’s duration. There were no significant differ-
ences between the study group and the control partici-
pants with respect to age, sex, resting heart rate, systolic
and diastolic blood pressure, and global measurements
of LV diastolic function (Tables I and II). The LV end-
diastolic and end-systolic diameters, LVEFs, and left
atrial diameters were similar between the groups (Table
II). Tricuspid Am was significantly higher, and the tri-
cuspid inflow E/A ratio was significantly lower in the
study group than in the control group, which indicated
a relaxation abnormality of the RV in the study group
(P=0.03; Table II). The study group had higher pulmo-
nary artery pressure than the control group (37 * 8 vs
23 +4 mmHg, P=0.004). Pulsed-wave TDI showed re-
duced regional Sm values for both the LV and the RV
in the study group, compared with the control group
(Table I1T). The Em values, as measured by PW TDI at
the lateral, septal, anterior, and inferior mitral annulus,
were significantly lower in the study group than in the
control group. The Em/Am ratio at the lateral, septal,
and anterior regions of the LV was significantly lower in
the study group, showing reduced regional distensibility.
The E/Em ratio obtained at the lateral, septal, anterior,
and inferior segments of the LV was significantly high-
er in the study group. Mean Sm and Em values and the
mean Em/Am ratio of the LV were significantly lower
in the study group (Table IV).

Odur chief findings indicated that LV regional systol-
ic and diastolic myocardial function was affected in the
study group, as was evidenced by PW TDI, and that
RV regional systolic and global diastolic function was al-
tered, as was shown by PW TDI and conventional echo-
cardiography, respectively.

Discussion

Scleroderma is a connective-tissue disease that is charac-
terized by widespread vascular lesions and fibrosis of the
skin and internal organs. Primary myocardial involve-
ment (common in scleroderma) is recognized as a poor
prognostic factor.?** “Patchy” fibrosis, thus termed due
to its characteristic distribution in the myocardium, is
considered to be the hallmark of sclerodermic heart in-
volvement.” In a study of 16 patients who had sclero-
derma with normal LV systolic function and a normal
electrocardiogram, Fernandes and colleagues” used en-
domyocardial biopsy to identify abnormal myocardial
collagen deposition in 15 of those patients. Some histo-
logic examinations have shown diffuse patchy fibrosis
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TABLE Il. Conventional Echocardiographic Data*

Study Group Control Group
Value (n=24) (n=24) P Value

LV end-diastolic diameter, cm 46+0.3 49+0.2 0.1
LV end-systolic diameter, cm 29+0.3 3+0.2 0.6
LV ejection fraction 0.69+0.05 0.69+0.03 0.9
Septal thickness, mm 8+1.1 8+0.9 0.8
Posterior wall thickness, mm 1+£0.1 09+0.2 0.2
Left atrial diameter, cm 3.4+0.6 3.4+£04 0.8
Mitral E-wave velocity, cm/sec 76.4 £ 15.8 78.2+9.2 0.7
Mitral A-wave velocity, cm/sec 74.2 £16.3 65.4+£13.9 0.09
Mitral E/A ratio 11+0.3 1.2+0.2 0.1
Mitral E deceleration, ms 191 +42 174 + 37 0.2
Isovolumic relaxation time, ms 80+ 20 77 £15 0.7
Tricuspid E-wave velocity, cm/sec 475+6.8 48.2+53 0.8
Tricuspid A-wave velocity, cm/sec 40.8+12.3 34.8+11.1 0.02
Tricuspid E/A ratio 1.1+0.2 1.4+0.2 0.03
Tricuspid E deceleration, ms 176 £ 56 170 £ 29 0.7
Systolic pulmonary artery pressure, mmHg 37+8 23+4 0.004
Pulmonary venous flow

Peak systolic velocity, cm/sec 56.8+10.5 59.1+10.2 0.5

Peak diastolic velocity, cm/sec 47.4 +£11.4 46.9+13.9 0.9

Peak atrial velocity, cm/sec 32.5+8.2 30.2+55 0.4
Vp, cm/sec 50+ 19 61122 0.2
E/Vp ratio 1.6+£0.3 1.4+£0.4 0.1

A wave = late diastolic velocity; E/Vp = ratio of peak early diastolic velocity to the left ventricular inflow propagation velocity; E
wave = early diastolic velocity; LV = left ventricular; Vp = left ventricular inflow propagation velocity

*Expressed as mean + SD

with contraction-band necrosis unrelated to epicardi-
al coronary artery stenosis®; others have shown con-
centric intimal hypertrophy associated with fibrinoid
necrosis of intramural coronary arteries.” Some stud-
ies have also shown a high prevalence of myocardial
involvement, by use of single-photon-emission comput-
ed tomography (SPECT).”* Vignaux and associates"
discovered segmental myocardial perfusion defects by
using magnetic resonance imaging in patients who had
scleroderma. These defects did not correspond to any
epicardial coronary artery distribution, which suggest-
ed microvascular alteration.

During the last 30 years, there has been a consider-
able change in the causes of death in patients who have
scleroderma. Due to the widespread use of angiotensin-
converting enzyme inhibitors, death from renal crisis
has decreased from 31% to 3% of all deaths. Cardi-
ac involvement accounts for 5% of scleroderma-related
deaths; in contrast, lung disease (pulmonary hyperten-
sion and pulmonary fibrosis) accounts for 60%, mak-
ing it the primary cause of such deaths today.”

34 Subclinical Biventricular Impairment in Scleroderma by PW TDI

When cardiomyopathy is suspected, conventional
echocardiography is often the 1st method used in order
to evaluate LV and RV function. The routinely used val-
ues, such as end-diastolic diameter, fractional shorten-
ing, and LVEEF, are load-dependent and do not reflect
the contractile state of the myocardium. Tissue Doppler
echocardiography is a new, less load-dependent method
that enables the direct, reliable measurement of region-
al myocardial systolic and diastolic abnormalities.” In
our study, patients with scleroderma did not show sys-
tolic dysfunction when conventional measurements of
LVEF were used. Global LV diastolic function was also
within normal range, compared with the control group;
on the other hand, there was relaxation abnormality in
the RV, as was evidenced by the lower tricuspid inflow
E/A ratio. Our PW TDI analysis showed reduced re-
gional Sm values for the LV and the RV. The PW TDI
also showed a reduced Em and Em/Am ratio in the LV,
which indicated diastolic dysfunction, and a higher E/
Em ratio, which has been shown previously to be a non-
invasive estimate of filling pressure.
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TABLE Ill. Pulsed-Wave Tissue Doppler Variables*

Study Group Control Group
Variable (n=24) (n=24) P Value
Lateral LV segment
Sm, cm/sec 9142 11.7+£1.8 <0.001
Em, cm/sec 11.4+3.3 154+25 <0.001
Am, cm/sec 101+24 10.3+1.8 0.8
Em/Am ratio 1.2+04 1.5+0.3 0.03
E/Em ratio 7.3+2.6 52+1 0.01
Septal LV segment
Sm, cm/sec 76+1.6 8.6+0.7 0.04
Em, cm/sec 9.0+23 109+19 0.02
Am, cm/sec 9.2+1.8 9.3+1 0.5
Em/Am ratio 1+£0.3 1.2+0.2 0.03
E/Em ratio 9.1+29 7.2+1.3 0.01
Anterior LV segment
Sm, cm/sec 8.5+2.1 10.4+2.3 0.01
Em, cm/sec 10.3+£3.1 13.6+25 0.003
Am, cm/sec 9.4+2 9.3+2.1 0.8
Em/Am ratio 1.2+04 1.5+0.2 0.04
E/Em ratio 79425 59+1.4 0.01
Inferior LV segment
Sm, cm/sec 8.3+15 9.6+1.2 0.01
Em, cm/sec 10+2.6 128+2.4 0.01
Am, cm/sec 10.6£2 11.8+£2.3 0.1
Em/Am ratio 1+0.3 1.1+£0.3 0.1
E/Em ratio 8+2.3 6.2+1.1 0.02
Right ventricle
Sm, cm/sec 129+1.8 15.3+2.6 0.01
Em, cm/sec 12.2+2.6 13.6+3.8 0.4
Am, cm/sec 16.4 +3.6 16.5+4.1 0.9
Em/Am ratio 0.7+0.2 0.8+0.3 0.3
E/Em ratio 4+1.3 3.7+0.9 0.2

Am = peak late diastolic velocity; Em = peak early diastolic velocity; E = early diastolic velocity; LV = left ventricular; Sm = peak

systolic velocity

* Expressed as mean = SD

TABLE IV. Mean Values* of Tissue Doppler Myocardial Velocities

Study Group Control Group
Value (mean) (n=24) (n=24) P Value
Sm, cm/sec 8.4+16 101+1.4 <0.01
Em, cm/sec 10.2+2.6 13.2+2 <0.01
Am, cm/sec 98+1.7 10.2+1.4 0.4
Em/Am ratio 1+£0.4 1.3+£0.2 0.03

Am = peak late diastolic velocity; Em = peak early diastolic velocity; Sm = peak systolic velocity

*Mean Sm, mean Em, and mean Am represent the average of the 4 sites: lateral, septal, anterior, and inferior mitral myocardial
peak systolic, early diastolic, and late diastolic velocities, respectively.

Previous TDI studies of scleroderma patients led to
different results with regard to systolic and diastolic
function. Plazak and co-authors™ used TDI to evaluate
19 patients who had scleroderma and normal LVEFs and
found no significant difference in systolic myocardial
velocities; however, early diastolic velocities were signif -
icantly lower than in their control group. Their patients
had reduced transmitral E/A flow. In contrast, we noted
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in our study that transmitral E/A flow was normal. This
discrepancy can be explained by the absence in our pa-
tients of LV hypertrophy, systemic hypertension, and
renal insufficiency, which are conditions likely to af-
fect global LV diastolic function in patients who have
scleroderma.® Plazak’s control group also tended to be
younger (43.6 yr, vs 51.7 yr in the scleroderma group),
which may account for part of the difference. Hsiao and
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colleagues® evaluated 40 patients who had scleroderma
and normal LVEFs but found no difference in TDI-
derived systolic and diastolic velocities from the LV lat-
eral wall. In our study, we evaluated 4 regions of the LV,
and all displayed altered systolic and diastolic function
on TDI. The Hsiao investigation also determined that
the RV had lower systolic velocity, as obtained by TDI,
and that the RV ejection fractions were significantly
lower than in their control group. We also detected that
the RV has a lower Sm value, similar to the results of
Hsiao and colleagues.® Meune and coworkers' exam-
ined 17 patients who had scleroderma. All 17 exhibit-
ed myocardial perfusion abnormalities on SPECT, and
normal LVEFs on radionuclide ventriculography; TDI
analysis showed reduced regional myocardial contractil-
ity and diastolic dysfunction of the posterior wall. Our
study, which showed reduced LV Sm values despite
normal LVEFs, and abnormal diastolic function as evi-
denced on TDI, is in accord with that study." Lindqvist
and co-investigators” studied 26 patients who had scle-
roderma and normal LVEFs, and—as did we—found
no alteration in LV conventional diastolic measure-
ments (such as Em, Am, and E/A ratio). However, the
RV Am value was significantly higher and the tricus-
pid inflow E/A ratio was lower in their patients than in
their control group, a finding that indicated reduced
wall distensibility in their scleroderma group. Those in-
vestigators found no RV regional diastolic dysfunction
when they used TDI analysis in their scleroderma pa-
tients. Our results were in accord with their results. The
Lindqvist study"” did not evaluate LV regional function
by use of TDL

Our study showed impaired regional systolic and di-
astolic function of the LV, and impaired regional systol-
ic and global diastolic function of the RV. There was no
significant impairment of global LV systolic and diastol-
ic function. Conventional echocardiographic evaluation
revealed global RV diastolic dysfunction but could not
detect LV diastolic dysfunction. This is probably due
to ischemia or fibrosis in scleroderma, either of which
could have affected the subendocardial region of the
myocardium more than the subepicardial part. Inter-
mittent coronary vasospasm (Raynaud’s phenomenon)
has been shown to be prevalent in patients who have
scleroderma.’ We used PW TDI to evaluate long-axis
contraction and relaxation, which is mainly a function
of subendocardial fibers that are particularly sensitive to
ischemia.*

Limitations

In this study, we have shown that RV Sm is reduced, but
we did not evaluate RV ejection fraction. Our patients
with scleroderma had higher systolic pulmonary artery
pressures than did the control participants, which might
have affected our results, yet none of the patients exhib-
ited signs or symptoms of RV failure. The low number

36 Subclinical Biventricular Impairment in Scleroderma by PW TDI

of patients in our limited-scleroderma subgroup pre-
cluded an effective comparison of echocardiographic
values between that patient subgroup and the subgroup
of patients who had diffuse scleroderma.

Conclusion

On PW TDI, patients with scleroderma exhibit abnor-
mal LV systolic and diastolic function despite normal
global LVEF. Right ventricular regional systolic myo-
cardial function and global diastolic function are also
altered, as we determined from PW TDI and conven-
tional echocardiographic measurements, respectively.
The early echocardiographic detection of cardiac in-
volvement in scleroderma patients is desirable for op-
timal treatment and for implementation of preventive
measures in the early stages of the disease. A PW TDI
analysis complements conventional echocardiography
in the detection of subclinical biventricular impairment
in patients who have scleroderma.
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