
n recent years, it has become evident that early diagno-
sis and accurate staging of visceral involvement are
fundamental for appropriate management and treat-

ment of systemic sclerosis (SSc).1 Cardiac involvement in
SSc can manifest as myocardial disease, pericardial disease,
conduction system disease and arrhythmias, and is an
important complication affecting the prognosis of SSc. In
autopsy studies, myocardial involvement has been ob-
served in as many as 20–50% of cases, which included a
minor degree of abnormality.2,3 Of the noninvasive diagnos-
tic tools, 201Tl myocardial perfusion imaging has demon-
strated a high incidence of stress- or cold-induced ischemia
even without apparent clinical symptoms4,5 and 99mTc
myocardial perfusion imaging has also been used for the
detection of abnormalities in systemic lupus erythematosus
and SSc.6 However, few studies have evaluated its corre-
lation to the types and severities of scleroderma. A study
using myocardial gated perfusion single photon emission
computed tomography (SPECT) has shown that the inci-
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dence of induced ischemia is relatively low, but that dias-
tolic dysfunction may be an early sign of cardiac involve-
ment.7 Another study showed the possibility of detecting
myocardial abnormality using 123I metaiodobenzylguanidine
(MIBG) imaging in SSc, revealing that as many as 83% of
patients had an MIBG abnormality,8 which was in accor-
dance with the fact that MIBG imaging has been used as a
sensitive marker for ischemia and myocardial damage.
Thus, we hypothesized that early functional abnormalities
would be detected using nuclear imaging with either perfu-
sion or sympathetic imaging. The correlation to the severity
of SSc was also investigated.

Methods
The study population consisted of 23 patients with SSc

(54.1±11.7 years, 5 males, 18 females) and 14 control pa-
tients. The diagnosis of SSc was made in the Department of
Dermatology based on American Rheumatism Association
diagnostic criteria.9 The severity and involvement of organ
lesions was determined using skin lesions and a general
survey of the lungs, heart, kidney and digestive systems.9,10

Thirteen patients had diffuse cutaneous type SSc and 10 had
limited type SSc. The total skin thickness score (TSS) based
on modified Rodnan’s criteria ranged from 1 to 38 (average
13.2±8.6, median 18).11,12 Because our previous study in
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patients with SSc showed significant diastolic abnormality
in the diffuse type and those with TSS ≥10, we classified
patients into 2 subgroups: severe (diffuse type or TSS ≥10)
and mild (limited type and TSS <10). The threshold of
TSS=10 was also in agreement with a report from the re-
search project for SSc supported by the Japanese Ministry
of Health and Welfare.13 Both MIBG and 99mTc methoxy-
isobutylisonitrile (MIBI) studies were performed in all
patients. Control subjects were selected from low-risk pa-
tients in whom the possibility of ischemic heart disease was
eliminated and who showed neither ECG nor echocardio-
graphy abnormalities, and did not have diabetes or hyper-
tension. They were judged as having no major risk factors
for coronary heart disease.14 The mean age was 54.1±11.7
years (4 males, 10 females), which did not differ signifi-
cantly from that of the SSc group.

Myocardial Perfusion Study
The myocardial perfusion study was performed using a

1-day exercise – rest sequence protocol. Three patients
could only undergo a resting study because of their poor
condition. Approximately 300–370 MBq of 99mTc MIBI
was injected at peak exercise with a multi-stage ergometer
exercise. SPECT image acquisition was started after 30min
with a 64×64 matrix, 6-degree step and 360-degree rotation
using a 3-detector system (Toshiba GCA 9300A, Tokyo,
Japan). The data acquisition time was 60s/projection and
the total acquisition time was approximately 20min. Low-
energy parallel-hole collimators were used, and the energy
was centered on 140keV with a 20% window. A resting
SPECT study was started 60min after injection with 700–
900 MBq. Gated SPECT was performed at rest with 16
frames per cardiac cycle and 60s per projection. Although
the RR acceptance window was set to 30%, no significant
bad-beat rejection was recorded during the present study.

Myocardial perfusion was evaluated based on the stan-
dard 17-segment model with visual analysis. Quantification
of gated SPECT was performed using QGS software
(Cedars Sinai Medical Center, USA). After calculating the
volume of each time-bin, Fourier fitting was performed with
a direct current component to fourth harmonics. Volumes
and ejection fraction (EF) were calculated using the stan-
dard algorithm of the QGS software. Diastolic parameters
were calculated as peak filling rate (PFR) in the early dias-
tole, time to peak filling (TPF) and TPF/RR interval. The
TPF was defined as the time from end-systolic point to PFR.
Mathematica 5.1 software (Wolfram Research, Inc, USA)

was used for calculating dV/dt parameters.

123I MIBG Study
123I MIBG planar and SPECT studies were performed 

at 20 min (early) and 3 h (delayed) after injection with
111MBq. The interval between MIBG and the perfusion
studies was 3.9±2.4 days. In the planar study, a region of
interest (ROI) was set over the heart and a rectangular ROI
on the upper third of the mediastinum. The early and de-
layed heart-to-mediastinum average count ratios (H/M)
were calculated, and the washout rate (WR) was calculated
using the formula:

WR=(myocardial early count–delayed count)/early 
count after 123I decay and background correction.
123I MIBG SPECT study was performed with 64×64

matrix, 6-degree step and 360-degree rotation using a 3-
detector SPECT system. The acquisition time was 60 s/pro-
jection. High-resolution, low-energy collimators were used,
and the energy was centered on 159keV with a 20% win-
dow. Myocardial MIBG defects and heterogeneity were
analyzed visually by 2 nuclear medicine specialists.

Statistical Analysis
All the results are expressed as mean±standard devia-

tion (SD). The difference of the mean was tested using
ANOVA. For comparisons among the 3 groups, a Dunnett
test was performed. To compare the presence of abnormali-
ties, contingency tables were made and a likelihood ratio
and Pearson’s chi-square tests were examined. Because TSS
has an ordinal-scale nature, a non-parametric Spearman’s
rank-order correlation coefficient (rho) was also calculated.
A p-value <0.05 was considered significant.

Results
When myocardial exercise-induced ischemia was exam-

ined, none of the SSc patients had a significant perfusion
defect, although 3 patients showed a slight decrease in the
apical inferior segment both at rest and during exercise. A
slight area of hypoperfusion was seen in the inferior seg-
ment (n=1) and the apex (n=1) at rest. However, all of
these findings were borderline and could not be judged as
definite perfusion defects. No abnormal perfusion defect
was observed in the control subjects.

Regarding the parameters of gated SPECT, EF was
73.5±9.3% and 68.4±8.5% for the SSc and control groups,

Table 1 123I MIBG and Gated SPECT Studies in the Control and Systemic Sclerosis Groups

Control Systemic sclerosis p value

No. of patients 14 23
Sex (M/F)   4/10   5/18 NS
Age (years) 54.4±11.9 54.1±11.7 NS
123I MIBG
    Early heart/mediastinum ratio 2.13±0.18 2.02±0.22 NS
    Delayed heart/mediastinum ratio 2.31±0.16 2.04±0.29 0.0037
    Washout rate (%) 11.1±4.3  18.2±7.0  0.0015
Gated myocardial perfusion SPECT
    End-diastolic volume (ml) 68.1±20.1 62.3±21.4 NS
    Ejection fraction (%) 68.4±8.5  73.5±9.3  NS
    Peak filling rate (/s) 2.55±0.55 2.76±0.66 NS
    Time to peak filling (ms) 160.4±24.7  184.4±34.6  0.030  
    Time to peak filling/RR interval 0.179±0.029 0.214±0.056 0.039  

MIBG, metaiodobenzylguanidine; SPECT, single photon emission computed tomography.
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respectively (NS), and end-diastolic volume did not differ
significantly between the 2 groups (Table 1). Regarding
diastolic dysfunction, PFR did not differ significantly be-
tween the 2 groups, but TPF was significantly prolonged in
the SSc group (184.4±34.6ms) compared with the control
group (160.4±24.7ms) (p=0.030). TPF/RR also showed a
significant difference between groups (0.214±0.056 vs
0.179±0.029, p=0.039).

A slight decrease in MIBG uptake was seen in 12 of 23
patients in the apical inferior region, but as this sort of de-
crease is often regarded as a non-specific finding, we did not
judge it as an apparent abnormality. The MIBG distribution
was judged as significantly heterogeneous in 3 patients.
The early H/M ratio was 2.02±0.22 and 2.13±0.18 for the
SSc and control groups, respectively (NS). The delayed
H/M ratio was 2.04±0.29 and 2.31±0.16 for the SSc and
control patients (p=0.0037), respectively. The WR was
18.2±7.0% and 11.1±4.3% for the SSc and control patients
(p=0.0015), respectively. Thus, the patients with SSc had
more delayed uptake and a more rapid MIBG clearance. No
significant difference was observed between the diffuse
and limited types with respect to diastolic function and
MIBG parameters.

When we observed the relationship between TSS and
MIBG parameters or diastolic parameters, Spearman’s rank-
order correlation coefficients (rho) were –0.43 between
TSS and delayed MIBG H/M ratio (p=0.0078), 0.60 be-
tween TSS and MIBG WR (p=0.0013), 0.45 between TSS
and TPF (p=0.0058), and 0.43 between TSS and TPF/RR
(p=0.0072).

When the SSc patients were classified into the severe
(n=17) and mild (n=6) subgroups, the mean age was 52.3±
12.3 and 55.4±11.9 (NS), and TSS was 2.57±1.51 and
17.2±5.8 (p<0.0001) for the mild and severe groups. The

TPF/RR was 0.189±0.024 and 0.225±0.062 for the mild
and severe groups, respectively (p=0.029 by ANOVA,
p=0.004 between the control and severe groups by Dunnett
test). Regarding the MIBG study, delayed H/M was 2.12±
0.22 and 2.04±0.37 for the mild and severe groups, respec-
tively (p=0.047 by ANOVA, p=0.028 between the control
and severe groups by Dunnett test). The MIBG WR showed
17.4±9.4% and 18.2±6.2% for the mild and severe groups,
respectively (p=0.0106 for 3 groups by ANOVA, p=0.008
between the control and severe groups, and p=0.068 be-
tween the control and mild groups by Dunnett test).

Table2 shows the frequency of abnormality in the con-
trol, mild and severe groups. The contingency tables of ab-
normality are shown using the criteria of TPF >200 ms,
TPF/RR >0.23, MIBG delayed H/M ratio <2.00 and MIBG
WR >20% as abnormal values, which were determined us-
ing the 95%confidence interval for the mean of the control
group. Regarding severity, the severe group had a signifi-
cantly longer TPF and TPF/RR, and lower MIBG delayed
H/M ratio and higher WR (Table2). A fair positive correla-
tion was observed between the MIBG WR and TPF/RR
values (R=0.36, p=0.026). Table3 shows the incidence of
diastolic and sympathetic abnormalities in the control and

Table 2 Contingency Tables for Mild and Severe Groups of Systemic Sclerosis and Control Group

Normal Abnormal Total χ2 p value

Abnormal TPF >200 ms
    Control 14 (100%)   0 (0%)  14
    Mild   6 (86%)    1 (14%)   7
    Severe   9 (56%)    7 (44%) 16
    Total 29 (78%)    8 (22%) 37
    Likelihood ratio 10.962 0.0042
    Pearson   8.707 0.0129
Abnormal TPF/RR >0.23
    Control 13 (93%)    1 (7%)  14
    Mild   7 (100%)   0 (0%)    7
    Severe   8 (50%)    8 (50%) 16
    Total 28 (76%)    9 (24%) 37
    Likelihood ratio 11.669 0.0029
    Pearson 10.225 0.0060
Abnormal delayed H/M ratio <2.00
    Control 13 (93%)    1 (7%)  14
    Mild   4 (57%)    3 (43%)   7
    Severe   8 (50%)    8 (50%) 16
    Total 25 (68%)  12 (32%) 37
    Likelihood ratio   7.680 0.0215
    Pearson   3.686 0.0353
Abnormal MIBG washout rate >20%
    Control 14 (100%)   0 (0%)  14
    Mild   5 (71%)    2 (29%)   7
    Severe 10 (63%)    6 (37%) 16
    Total 29 (78%)    8 (22%) 37
    Likelihood ratio   9.088 0.0106
    Pearson   6.442 0.0399

TPF, time to peak filling; H/M, heart-to-mediastinum average count ratios. Other abbreviation see in Table 1.

Table 3 Incidence of Abnormal Findings for Diastolic Function and 
MIBG Parameters

Normal
Abnormal

Total
MIBG Diastolic Both

Control 11 (79%) 1 (7%)  1 (7%)  1 (7%)  14 (100%)
SSc   6 (26%) 6 (26%) 4 (17%) 7 (30%) 23 (100%)

Likelihood ratio: χ2=10.233, p=0.0167. Pearson: χ2=9.728, p=0.0210.
SSc, systemic sclerosis. Other abbreviation see in Table 1.



1484 NAKAJIMA K et al.

Circulation Journal   Vol.70, November 2006

Fig 2. Patient with diffuse cutaneous-type
systemic sclerosis with total skin thickness
score 21, showing decreased metaiodobenzy-
lguanidine (MIBG) activity and rapid wash-
out rate. MIBG distribution showed marked
heterogeneity in both early and delayed im-
ages. Resting perfusion and volume curve
were normal. MIBI, methoxyisobutylisoni-
trile; SPECT, single photon emission com-
puted tomography; PFR, peak filling rate.

Fig1. Patient with diffuse cutaneous-type
systemic sclerosis (SSc) with total skin
thickness score (TSS) 18, showing diastolic
dysfunction. Basal and apical 99mTc metho-
xyisobutylisonitrile (MIBI) and 123I metaio-
dobenzylguanidine (MIBG) slices are shown
(Left). The volume curve and dV/dt curve
showed diastolic dysfunction and MIBG pa-
rameters were also abnormal. Ex, exercise;
TPF, time to peak filling; PFR, peak filling
rate; SPECT, single photon emission com-
puted tomography.
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SSc patients. Both abnormalities were observed in 7 (30%)
and 1 of them in 17 (74%) of patients with SSc. The SSc
patients showed significantly more frequent diastolic and
sympathetic abnormalities than the control group (p=0.021).

The severe group recorded an ECG abnormality of ST-
segment depression (n=1), supraventricular premature 
contraction (SVPC) (n=5), atrioventricular block (n=1), 
intraventricular conduction defect (n=1) and multiform
premature ventricular contraction (n=2). Only sporadic
SVPC (n=3) was observed in the mild type.

Fig1 shows a 60-year-old female patient with diffuse
cutaneous-type SSc. The duration from onset was 7 years.
TSS was 18 (moderately high) and antibodies of both anti-
topoisomerase I and anti-centromere were positive. Pulmo-
nary function, vital capacity (%VC, 76%) and lung diffusion
capacity for CO (%DLco, 31%) were decreased. The renal
glomerular filtration rate was also decreased (27ml/min).
The myocardial perfusion study showed no abnormality at
either peak exercise or at rest. However, gated SPECT
showed significant diastolic dysfunction, represented by the
decreased early filling dV/dt. In this patient, TPF was within
normal limits, but PFR is low and compensatory augmenta-
tion of the atrial kick was evident, as shown by the second
diastolic peak. 123I MIBG showed decreased activity in the
inferior walls. The delayed H/M ratio was decreased, and
WR slightly increased. Fig2 shows a 67-year-old female
patient with diffuse cutaneous-type SSc. Her TSS was 21
and she had decreased diffuse lung capacity (%DLco, 50%)
and glomerular filtration rate (56 ml/min). Although her
gated perfusion study at rest was normal, MIBG showed
heterogeneous activity and significantly decreased uptake.

Discussion
The major results of the present study are that patients

with SSc have a high frequency of diastolic dysfunction
and sympathetic abnormality as detected by myocardial
perfusion gated SPECT and 123I MIBG studies. Because
perfusion abnormality was minimal in these patients, such
findings may occur only in the early stage of cardiac dys-
function. SSc is a disease involving multiple organs and
functional abnormalities, and thus the index for detecting
the early stages of complication, therapeutic effect and
prognosis has been considered important. Of these compli-
cations, cardiac functional abnormality is one of the most
important prognostic factors, as well as lung and renal dys-
function. However, the diagnosis may be late or difficult
because of frequent discrepancies between the clinical
manifestation and real cardiac involvement. For this reason,
to achieve an early diagnosis, using all the available diag-
nostic procedures is recommended.1

According to previous studies using perfusion scans,
ischemia and perfusion defects are frequently documented
in patients with SSc.4,5 Follansbee showed that 20 of 26 pa-
tients had abnormal thallium scans, including 10 with
reversible exercise-induced defects and 18 with fixed de-
fects, and these conditions were attributed to a disturbance
of the myocardial microcirculation.4 Another study found
cold-induced reversible perfusion defects in 12 of 21 pa-
tients; 9 of them also had permanent defects.15 In 22 patients
with collagen diseases, including SSc (n=13), 18 (82%) had
abnormal findings on 201Tl SPECT. Thes findings show that
a myocardial perfusion study is an effective method of
evaluating the wide spectrum of myocardial involvement in
collagen disease.16 Studies using a 99mTc perfusion imaging

agent have also shown a similar ability to detect ischemia as
201Tl.6,17 A high frequency of perfusion abnormality (88%)
in symptomatic patients is demonstrated compared with
asymptomatic patients (38%) withn systemic lupus erythe-
matosus and SSc. Compared with those studies, our study
population had a relatively low incidence of myocardial
ischemia as was also the case in another previous study.7

Regarding the severity of SSc, few studies have evalu-
ated the role of gated SPECT and sympathetic imaging. Al-
though it is known that the diffuse cutaneous type has a
higher incidence of myocardial complications, the diffuse
type may be associated with less severe skin lesions. In
contrast, the limited cutaneous type may have severe skin
lesions. Because we found that the diffuse type, or TSS
≥10, had significant diastolic dysfunction, in the present
study we defined severity based on the combination of both
factors, and found significant differences between the
groups. The use of TSS has been justified by its good corre-
lation with organ involvement and good reproducibility,
and it has been used as a reference for clinical trials.13,18,19

Therefore, a positive relationship to the TSS was meaning-
ful in the present study.

The reason for the low incidence of stress-induced
ischemia may be related to the severity of SSc in the pres-
ent study population. In fact, the distribution of TSS in the
present study was the mean and SD of 13.2±8.6, and that
score corresponded to the mild and moderate grades in the
severity scale of Medsger et al.19 This low incidence may be
partly related to racial differences. When the same severity
score is applied to a Japanese population of SSc patients,
there are less patients in the severe and end-stage groups.13

When the more severe types are defined as severe >30 and
end-stage >40, and if these patients had been included in the
present study, a higher incidence of ischemia and MIBG
defect might have been found. In a study of 95 Japanese
patients with SSc, 8-year follow-up revealed a diversity of
myocardial involvement, such as diffuse or regional wall
hypokinesis (n=7), cor pulmonale (n=10) and septal hyper-
trophy (n=12), and was related to type and specific anti-
bodies.20 Although the frequency of severe involvement
was not high, a long-term follow-up study of our study
group would be informative.

Diastolic dysfunction was observed even without stress-
induced ischemia and systolic dysfunction. 99mTc radiophar-
maceuticals are suitable for gated studies, and a 16-frame
per cardiac cycle was successfully performed for calculat-
ing the diastolic parameters.7,21–23 Simultaneous assessment
of perfusion and ventricular function is considered con-
venient for clinical practice. Akincioglu et al studied the
validity of diastolic dysfunction using QGS software, and
concluded that gated SPECT could be used for the diastolic
functional study.23 According to their results, TPF appeared
to be a stable and more useful parameter, because of the de-
pendency of PFR on sex, age and heart rate (HR). The pres-
ent study also showed the usefulness of TPF rather than
PFR for discriminating patients with diastolic dysfunction.
Other diastolic parameters, such as one-third filling rate
and filling fraction, might be used, but we selected PFR and
TPF because they are widely used parameters in nuclear
studies. Diastolic dysfunction indicated that myocardial
stiffness or compliance was affected by the pathologic
process in SSc. Diastolic dysfunction in the early stages
has also been noted in a gated pool–pool study, and gated
SPECT could have detected the same abnormality.24 Those
researchers found that impaired diastolic relaxation of the
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left ventricle was also detected in 10 of 24 patients with
SSc.

Sympathetic abnormality was detected by MIBG, as
shown by decreased uptake and rapid clearance. Some
studies have indicated that autonomic dysfunction is ex-
tremely common in SSc. It is characterized by parasympa-
thetic impairment and marked sympathetic overactivity,
particularly in the early stage.25 Moreover, significant abnor-
malities in cardiovascular reflexes have been found in pa-
tients with SSc, both in those with CREST syndrome (cal-
cinosis, Raynaud’s phenomenon, esophageal dysmotility,
sclerodactyly, telangiectasia) and in those with diffuse
involvement. Both sympathetic and parasympathetic dys-
function have been observed.26 HR variability is reduced
and sympathetic output increased in patients with SSc,27 so
a MIBG abnormality and rapid MIBG turnover may reflect
sympathetic derangement in SSc. Gürtner et al reported
that 123I MIBG scintigraphy revealed an inhomogeneous
reduction in 15 patients (83%).8 The present study showed 
a lower incidence which may reflect differences in disease
severity, technical differences, such as the ROI setting and
collimator selection, and particularly the criteria for judging
heterogeneity. However, if more severe types were included
as discussed before, the incidence of MIBG defects may be
more clearly identified.

MIBG and diastolic dysfunction seem to have indepen-
dent diagnostic significance. Although the incidence of
MIBG and diastolic abnormality was higher in the severe
group, it was also observed in some of the less severe
groups, resulting in fair correlation as a whole. In addition,
the correlation between TPF/RR and MIBG WR was fair,
and as was that between TSS and the MIBG or diastolic
parameters. The reason for this is partly because TSS is a
semiquantitative ordinal-scale value that reflects skin
lesions. The cardiac involvement in SSc is multifactorial
and may not show a simple linear correlation with skin
scores. Moreover, if more end-stage patients had been
included in the present study, a higher correlation between
diastolic dysfunction and MIBG abnormality might have
been found. Although an independent diagnostic signifi-
cance of MIBG and diastolic dysfunctionswas suspected,
the inter-factorial relationship is an important issue to be
investigated. Thus, elucidating the mechanism of each
abnormality and its prognostic significance requires further
study, including long-term follow-up of patients.

Conclusion
In patients with SSc, a sympathetic abnormality is

observed in both the mild and severe types in the MIBG
study. Diastolic abnormality is observed by gated SPECT,
even without ischemia, and correlates with the severity of
SSc. Moreover, sympathetic and diastolic abnormalities
were not directly correlated, suggesting independent patho-
logic significance. Thus, a scintigraphic approach can be a
good adjunctive method for evaluating cardiac complica-
tions even in the early stage of SSc. Considering the possi-
bility of early detection of cardiac dysfunction by nuclear
studies, these patients should be followed up for future
symptomatic cardiac complications.

References
1. Generini S, Fiori G, Moggi Pignone A, Matucci Cerinic M, Cagnoni

M. Systemic sclerosis: A clinical overview. Adv Exp Med Biol 1999;
455: 73–83.

2. D’angelo W, Fries J, Masi A, Shulman L. Pathologic observation in
systemic sclerosis (scleroderma): A study of fifty-eight autopsy cases
and fifty-eight matched controls. Am J Med 1969; 46: 428–440.

3. Ridolfi R, Bulkley B, Hutchins G. The cardiac conduction system in
progressive systemic sclerosis: Clinical and pathologic features of 35
patients. Am J Med 1976; 61: 361–366.

4. Follansbee WP, Curtiss EI, Medsger TA Jr, Steen VD, Uretsky BF,
Owens GR, et al. Physiologic abnormalities of cardiac function in
progressive systemic sclerosis with diffuse scleroderma. N Engl J
Med 1984; 310: 142–148.

5. Alexander EL, Firestein GS, Weiss JL, Heuser RR, Leitl G, Wagner
HN Jr, et al. Reversible cold-induced abnormalities in myocardial
perfusion and function in systemic sclerosis. Ann Intern Med 1986;
105: 661–668.

6. Hsu HB, Kao CH. Usefulness of technetium-99m tetrofosmin SPECT
to detect abnormal myocardial perfusion in systemic lupus erythe-
matosus or systemic sclerosis patients. Clin Rheumatol 2003; 22:
495.

7. Nakajima K, Taki J, Kawano M, Higuchi T, Sato S, Nishijima C, et
al. Diastolic dysfunction in patients with systemic sclerosis detected
by gated myocardial perfusion SPECT: An early sign of cardiac in-
volvement. J Nucl Med 2001; 42: 183–188.

8. Gurtner C, Werner RJ, Winten G, Krause BJ, Wendt T, Hor G, et al.
Early diagnosis of cardiac involvement in systemic sclerosis by 123I-
MIBG neurotransmitter scintigraphy. Nucl Med Commun 1998; 19:
849–857.

9. Subcommittee for scleroderma criteria of the American Rheumatism
Association Diagnostic and Therapeutic Criteria Committee. Prelimi-
nary criteria for the classification of systemic sclerosis (sclero-
derma). Arthritis Rheum 1980; 23: 581–590.

10. LeRoy EC, Black C, Fleischmajer R, Jablonska S, Krieg T, Medsger
TA Jr, et al. Scleroderma (systemic sclerosis): Classification, subsets
and pathogenesis. J Rheumatol 1988; 15: 202–205.

11. Clements PJ, Lachenbruch PA, Seibold JR, Zee B, Steen VD, Brennan
P, et al. Skin thickness score in systemic sclerosis: An assessment of
interobserver variability in 3 independent studies. J Rheumatol 1993;
20: 1892–1896.

12. Furst DE, Clements PJ, Steen VD, Medsger TA Jr, Masi AT,
D’Angelo WA, et al. The modified Rodnan skin score is an accurate
reflection of skin biopsy thickness in systemic sclerosis. J Rheumatol
1998; 25: 84–88.

13. Takehara K, Sato S (editors). The clarification of pathogenesis and
the development of therapy in systemic sclerosis: The classification
of severity and the guideline for treatment: A research project for
systemic sclerosis supported by Japanese Ministry of Health and
Welfare. Tokyo: The Ministry; 2004.

14. Grundy SM, Pasternak R, Greenland P, Smith S Jr, Fuster V. Assess-
ment of cardiovascular risk by use of multiple-risk-factor assessment
equations: A statement for healthcare professionals from the American
Heart Association and the American College of Cardiology. Circula-
tion 1999; 100: 1481–1492.

15. Gustafsson R, Mannting F, Kazzam E, Waldenstrom A, Hallgren R.
Cold-induced reversible myocardial ischaemia in systemic sclerosis.
Lancet 1989; 2: 475–479.

16. Ishida R, Murata Y, Sawada Y, Nishioka K, Shibuya H. Thallium-
201 myocardial SPECT in patients with collagen disease. Nucl Med
Commun 2000; 21: 729–734.

17. Lin CC, Ding HJ, Chen YW, Wang JJ, Ho ST, Kao A. Usefulness of
technetium-99m sestamibi myocardial perfusion SPECT in detection
of cardiovascular involvement in patients with systemic lupus ery-
thematosus or systemic sclerosis. Int J Cardiol 2003; 92: 157–161.

18. Clements P, Lachenbruch P, Siebold J, White B, Weiner S, Martin R,
et al. Inter and intraobserver variability of total skin thickness score
(modified Rodnan TSS) in systemic sclerosis. J Rheumatol 1995; 22:
1281–1285.

19. Medsger TA Jr, Silman AJ, Steen VD, Black CM, Akesson A, Bacon
PA, et al. A disease severity scale for systemic sclerosis: Develop-
ment and testing. J Rheumatol 1999; 26: 2159–2167.

20. Murata I, Takenaka K, Shinohara S, Suzuki T, Sasaki T, Yamamoto
K. Diversity of myocardial involvement in systemic sclerosis: An 8-
year study of 95 Japanese patients. Am Heart J 1998; 135: 960–969.

21. Higuchi T, Nakajima K, Taki J, Kinuya S, Bunko H, Tonami N. As-
sessment of left ventricular systolic and diastolic function based on
the edge detection method with myocardial ECG-gated SPET. Eur J
Nucl Med 2001; 28: 1512–1516.

22. Kikkawa M, Nakamura T, Sakamoto K, Sugihara H, Azuma A,
Sawada T, et al. Assessment of left ventricular diastolic function from
quantitative electrocardiographic-gated 99mTc-tetrofosmin myocar-
dial SPET. Eur J Nucl Med 2001; 28: 593–601.

23. Akincioglu C, Berman DS, Nishina H, Kavanagh PB, Slomka PJ,



1487Perfusion and MIBG in Systemic Sclerosis

Circulation Journal   Vol.70, November 2006

Abidov A, et al. Assessment of diastolic function using 16-frame
99mTc-sestamibi gated myocardial perfusion SPECT: Normal values.
J Nucl Med 2005; 46: 1102–1108.

24. Valentini G, Vitale DF, Giunta A, Maione S, Gerundo G, Arnese M,
et al. Diastolic abnormalities in systemic sclerosis: Evidence for as-
sociated defective cardiac functional reserve. Ann Rheum Dis 1996;
55: 455–460.

25. Dessein PH, Joffe BI, Metz RM, Millar DL, Lawson M, Stanwix AE.

Autonomic dysfunction in systemic sclerosis: Sympathetic overac-
tivity and instability. Am J Med 1992; 93: 143–150.

26. Klimiuk PS, Taylor L, Baker RD, Jayson MI. Autonomic neuropathy
in systemic sclerosis. Ann Rheum Dis 1988; 47: 542–545.

27. Pancera P, Sansone S, Presciuttini B, Montagna L, Ceru S, Lunardi
C, et al. Autonomic nervous system dysfunction in sclerodermic and
primary Raynaud’s phenomenon. Clin Sci (Lond) 1999; 96: 49–57.


