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A b s t r a c t

Introduction: There are limited data on left (LV) and right ventricular (RV) 
diastolic function in systemic sclerosis (SSc) patients especially in relation 
to biomarkers of matrix remodeling. The aim of the study was to analyze LV 
and RV myocardial diastolic function in SSc patients at baseline and after at 
least 1 year of follow-up and its relation to serum tissue inhibitors of metal-
loproteinase 1 (TIMP-1) level.
Material and methods: We prospectively studied 111 SSc patients (101 fe-
male, 10 male, age 54.2 ±13.8 years) and 21 age-matched controls (18 fe-
male, 3 male, age 49.3 ±10.5 years). After at least 1 year of observation (3.0 
±1.1 years) we reevaluated 69 of the SSc patients. Transthoracic echocardi-
ography (Philips, iE33) for assessment of LV and RV diastolic function was 
performed and TIMP-1 serum level was measured. 
Results: Impaired LV relaxation was observed in 38 (34%) SSc patients and 
in 1 (5%) of the controls (p < 0.001). The mean E/A ratio was lower in pa-
tients with SSc than in controls (p = 0.002) and significantly decreased af-
ter the follow-up period (p = 0.02). Impaired RV relaxation was detected in 
25 (22.5%) SSc patients and in 1 (5%) control subject (p < 0.001) but did 
not deteriorate after follow-up. Mean serum level of TIMP-1 was significant-
ly elevated in the follow-up group compared to baseline examination (p = 
0.0001). Serum TIMP-1 level correlated positively with E/E’, both septal and 
lateral (r = 0.4, p = 0.002 and r = 0.32, p = 0.01).
Conclusions: The LV and RV relaxation is impaired in SSc patients. More-
over, left ventricular diastolic function deteriorated after the follow-up pe-
riod. The TIMP-1 serum levels correlate with echocardiographic parameters, 
providing a  potent link for LV diastolic function and matrix remodeling in 
patients with SSc.

Key words: systemic sclerosis, echocardiography, diastolic function, 
biomarkers.

Introduction

Systemic sclerosis (SSc) is characterized by increased collagen depo-
sition and widespread vascular lesions leading to progressive systemic 
fibrosis [1]. In the clinical course of SSc, extensive fibrous degeneration 
develops in various internal organs, including the heart [2]. It was sug-
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gested that tissue fibrosis observed in SSc is par-
tially related to matrix metalloproteinases (MMP) 
inhibition by tissue inhibitors of metalloprotein-
ases (TIMP) [3]. Serum concentrations of MMP-1 
was reported to be increased in patients with SSc 
[4, 5]. Moreover, serum levels of TIMP-1 were also 
elevated in SSc patients [4, 6–8].

Such pathogenesis of organ complications 
in SSc suggests that the impairment of diastolic 
function of both ventricles might also be present. 
Diastolic dysfunction is clinically important and 
according to recent data is a marker of increased 
risk of death in SSc patients [9]. There are sever-
al studies evaluating left (LV) but only a  few on 
right ventricular (RV) diastolic function in SSc pa-
tients [10–14]. Moreover, there is limited evidence 
on potential progression of diastolic dysfunction 
during follow-up [15]. 

The aim of our study was to assess LV and RV 
diastolic function with Doppler echocardiography 
and to evaluate the potential relationship to se-
rum TIMP-1 concentration in systemic sclerosis 
patients at baseline and after at least 1 year of 
follow-up.

Material and methods

One hundred eleven consecutive patients with 
confirmed SSc (101 females, 10 males, mean age 
54.2 ±13.7) with mean time of 9.4 ±11.4 years 
from SSc diagnosis were prospectively included in 
the study. The SSc was diagnosed according to the 
American College of Rheumatology criteria [16]. 
Clinical characterization of patients with SSc was 
performed according to the European Scleroder-
ma Trial and Research (EUSTAR) recommendations 
[17]. Both patients with diffuse SSc and limited 
scleroderma were recruited. Forty-seven (42%) pa-
tients were classified as having diffuse SSc (dSSc), 
while 64 (58%) others had limited SSc (lSSc).

Patients with cardiovascular disorders such as 
coronary artery disease (angina pectoris, previous 
myocardial infarction, ECG and/or echocardio-
graphic signs of myocardial ischemia), atrial fibril-
lation, cardiac pacing, significant valvular abnor-
malities, LV hypertrophy (intraventricular septum 
and posterior wall > 11 mm in echocardiographic 
examination) were not included in the current 
study. Moreover, SSc patients with significant pul-
monary function abnormalities defined by forced 
vital capacity (FVC), total lung capacity (TLC), or 
forced expiratory volume in 1 s (FEV

1) < 60% of the 
predicted value were also not included. Impaired 
renal function with creatinine clearance calculat-
ed by the Modification of Diet in Renal Disease 
Study Group (MDRD) formula below 60 ml/min 
was also an exclusion criterion.

As a  control group we assessed 21 age- and 
sex-matched subjects (18 females, 3 males, mean 

age 49.3 ±10.5 years). Special care was taken to 
select the control group with the same profile 
of coexisting systemic hypertension and treated 
with the hypotensive therapy as used in the study 
group. These subjects had no data for pulmonary 
diseases and presented no echocardiographic evi-
dence of structural heart disease.

After at least 1 year of observation (3.0 ±1.1 
years, median 3.1 years, range: 1.0–4.8 years) the 
second evaluation of SSc patients was done. 

All patients and control subjects gave informed 
consent, and the protocol of the study was ap-
proved by the local Institutional Ethics Committee.

Clinical features and visceral involvement

Clinical evaluation for the signs and symptoms 
of SSc was performed in all patients at the on-
set of the study. In all SSc patients pulmonary 
involvement was assessed by chest radiography, 
high-resolution computed tomography (Toshiba  
Aquilion 64), pulmonary function testing and 
measurement of single breath diffusing lung ca-
pacity for carbon monoxide (DECO) (Sensor Med-
ics, Yorba Linda, USA).

Serological parameters

Standard techniques were used to screen all 
patients for the serological markers anti-nuclear 
antibody (ANA), anti-nucleolar antibody (ANoA) 
and anti-centromere antibody (ACA) by indirect 
immunofluorescence on monkey esophagus at 
a dilution of serum of 1 : 20 and on the Hep 2 cell 
line at a dilution of 1 : 40. Anti-extractable nuclear 
antigen (ENA) antibodies, including Scl-70 antibod-
ies, were identified by double immunodiffusion. 

Blood sampling and assays

Fasting blood samples were collected by ve-
nipuncture, centrifuged and sera were stored at 
–70°C until assayed.

A  commercial immunoenzymatic kit to detect 
human tissue inhibitor of metalloproteinases 1  
(TIMP-1), Human TIMP-1 Immunoassay (R&D Sys-
tems, Inc. Minneapolis, MN, USA), was used. The 
tests detecting TIMP-1 are based on a solid dou-
ble antibody sandwich ELISA. All samples were 
assayed in duplicate. In the positive cases, anti-
gen-antibody complex reacted with peroxidase-la-
beled antihuman IgG conjugate. Using H2O2/TMB 
as substrate, the enzymatic activity of peroxidase 
was measured at 450 nm using the automated 
reading system Asys UVM 340. All the results were 
referred to the standard curve. The standards were 
provided for the generation of a semi-logarithmic 
reference curve. Immuno-enzymatic assays were 
performed blindly by a technician according to the 
manufacturer’s instructions.
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Echocardiography

Echocardiographic examination was performed 
with a  Philips iE33 ultrasound system (Andover, 
Md., USA) with 2.5–3.5 MHz transducers. Patients 
were examined in the left lateral position. Mea-
surements were averaged over 5 consecutive heart  
cycles. 

Evaluation of left ventricular systolic  
function

Left ventricular ejection fraction (LVEF) was 
calculated according to Simpson’s formula em-
ploying a two-dimensional image of the LV cham-
ber during systole and diastole in the four- and 
two-chamber apical views [18].

Evaluation of right ventricular systolic 
function

In order to assess the RV function using the 
one-dimensional M-mode echocardiography, the 
tricuspid annulus plane systolic excursion (TAPSE) 
was measured. We also calculated RV fraction 
area change (FAC) defined as end diastolic area – 
end systolic area/end diastolic area × 100% [19].

Assessment of right ventricle systolic  
pressure

Using continuous-wave Doppler echocardiog-
raphy, the tricuspid regurgitation peak gradient 
(TRPG) was calculated according to the simplified 
Bernoulli equation. Pulmonary hypertension (PH) 
was suspected according to European Society of 
Cardiology (ESC) criteria when TRPG > 31 mm Hg 
(tricuspid regurgitant velocity > 2.8 m/s) [20]. Pa-
tients with suspicion of PH were referred for right 
heart catheterization (RHC). 

Assessment of left and right atrial  
dimensions

The dimension of the left atrium (LA) was mea-
sured in the parasternal long-axis view in late di-
astole defined by the R wave of continuously mon-
itored ECG lead. Both upper to lower and medial 
to lateral dimensions of the left and right atrium 
were measured on two-dimensional images from 
apical four-chamber view at the end of systole.

Analysis of left ventricular diastolic 
performance

Mitral valve inflow (MVF) was recorded in the 
apical four-chamber view with the pulsed wave 
Doppler gate positioned in the LV at the level of 
the mitral valve edges. The following parameters 
were measured: peak velocity of the early inflow 
phase (E), peak velocity of the atrial inflow phase 

(A), E/A ratio and phase E deceleration time (DT). 
The apical five-chamber view enabled simultane-
ous registration of the flow pattern through aortic 
and mitral valves and then isovolumetric relax-
ation time (IVRT) was calculated. The pattern of 
the right upper pulmonary vein inflow (PVF) was 
recorded from the apical four-chamber view after 
the Doppler gate was positioned approximately  
1 cm inside the vein. The following parameters were 
evaluated: peak systolic inflow velocity (S), peak di-
astolic inflow velocity (D), S/D ratio and peak veloc-
ity of regurgitated atrial flow (Ar) (Figure 1). 

Tissue Doppler mitral annular early 
diastolic velocities

Tissue Doppler imaging (DTI) was performed in 
the apical views to acquire mitral annular veloci-
ties. The sample volume was positioned at or 1 cm 
within the septal and lateral insertion sites of the 
mitral leaflets and adjusted as necessary (usual-
ly 5–10 mm) to cover the longitudinal excursion 
of the mitral annulus in diastole. Lateral annulus 
early diastolic velocity (Mit E’ lateral) and septal 
annulus early diastolic velocity (Mit E’ septal) were 
measured. Moreover, mitral E/E’ lateral and septal 
were calculated. 

The following values were considered normal: 
E/A 1.28 ±0.25, DT 181 ±19 ms, IVRT 74 ±7 ms, 
S/D 1.21 ±0.2, Ar 23 ±3 cm/s, lateral E’ 16.1 ±2.3 
cm/s and septal E’ 12.2 ±2.3 cm/s. Moreover, E/E’ 
ratio > 15 was defined as abnormal [21].

Assessment of global left ventricular 
function

The index of LV efficiency (Tei index) as a sum 
of isovolumetric systole and diastole time to LV 
ejection time ratio was calculated according to 
the method proposed by Tei et al. The normal val-
ue for the LV was assumed to be 0.39 ±0.05 [22]
(Figure 2). 

Figure 1. Methods of mitral valve inflow (MVF) and 
pulmonary vein inflow (PVF) measurements

AoVF – aortic valve flow. Other abbreviations are given 
in the main text
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Evaluation of right ventricular diastolic 
function

Inflow to the RV through the tricuspid valve was 
recorded in the apical four-chamber view with the 
Doppler gate positioned in the RV at the level of 
the tricuspid valve leaflet edges. Peak velocity of 
the early inflow phase (E), peak velocity of the atri-
al inflow phase (A) and E/A ratio were evaluated. 

Tissue Doppler mitral annular early 
diastolic velocities

Tricuspid annulus early diastolic velocity (TR 
E’ lateral) was measured. Tricuspid E/E’ was also 
calculated. Tricuspid E/A < 0.8 and E/E’ > 6 were 
defined as abnormal [19]. 

Assessment of global right ventricular 
performance

The index of RV efficiency (Tei index) was calcu-
lated according to the method proposed by Tei et 
al. A normal value for the RV was assumed to be 
0.28 ±0.04 [23].

Statistical analysis

Data characterized by a normal distribution 
are expressed as a  mean followed by a  stan-

dard deviation. For comparison of two groups 
for the quantitative parameters Wilcoxon test 
for independent samples (Wilcoxon rank-sum 
test) was used. To analyze changes in quan-
titative parameters during follow-up Wilcoxon 
test for related samples (Wilcoxon signed-rank 
test) was performed. For categorical variables 
the differences between the groups were com-
pared with the χ2 test or Fisher’s exact test. 
Correlations between echocardiographic pa-
rameters and TIMP-1 were evaluated by Spear-
man’s correlation coefficients. 

An analysis was performed using a  statistical 
software package (SAS 9.2). Value of p < 0.05 was 
considered statistically significant.

Results

A  total of 111 SSc patients and 21 control 
subjects were enrolled in this study. The general 
characteristics of the study population and control 
group are summarized in Table I.

Treatment 

Angiotensin-converting enzyme inhibitors 
(ACE-I) were taken by 31 (28%) SSc patients, 
angiotensin II receptor antagonists by 7 (6%), 
β-adrenolytics by 10 (9%), diuretics by 16 (14%), 
calcium channel blockers by 27 (24%). Due to the 
progression of SSc 15 (13.5%) patients received 
immunosuppressant agents (glucocorticoids and 
cyclophosphamide). We did not find statistically 
significant differences in the use of cardiovascular 
drugs between the SSc and control group.

The main clinical, pulmonary function and sero-
logical findings of SSc patients are shown in Table II.  
Echocardiographic parameters of LV diastolic func-
tion in SSc patients and controls are outlined in Ta-
ble III. 

The mean LA diameter in parasternal long axis  
view did not differ significantly between the 
groups (32.8 ±4.73 mm vs. 31.8 ±3.47 mm, NS). 
Moreover, the mean upper to lower and medial to 
lateral dimensions of the LA were also similar in 

Figure 2. Method of Tei index measurements

AoVF – aortic valve flow, IVCT – isovolumetric 
contraction time, IVRT – isovolumetric relaxation time, 
ET – ejection time, MVF – mitral valve inflow

E

MVF MVF

ET

AoVF
IVCT IVRT

Tei Index = IVCT + IVRT
ET

Table I. General parameters in the SSc and the control group

Parameter SSc patients (n = 111) Control subjects (n = 21) Value of p

Age [years] 54.2 ±13.7 49.3 ±10.5 NS

Gender (F/M), no. 101/10 18/3 NS

Body surface area [m2] 1.73 ±0.26 1.72 ±0.18 NS

Systolic blood pressure [mm Hg] 124 ±21 121 ±12 NS

Diastolic blood pressure [mm Hg] 76 ±11 72 ±9 NS

Heart rate [bpm] 73.47 ±9.45 76.21 ±12.38 NS

Systemic hypertension [%] 37 (33%) 6 (29%) NS
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SSc patients and controls (36.0 ±4.0 vs. 35.5 ±3.3, 
NS and 44.7 ±6.2 vs. 45.1 ±4.1, NS).

Impaired LV relaxation defined as E/A ratio of 
the mitral inflow < 0.8 was observed in 38 (34%) 
patients with SSc and in 1 (5%) of the control 
group (p < 0.001). The mean E/A ratio was signifi-
cantly lower in patients with SSc. No marked dif-
ferences between the two groups in pulmonary 
vein inflow parameters were observed. However, 

significantly higher mean value of the Tei index 
was seen in SSc patients compared to controls. 
We found no significant differences in mitral 
DTI parameters except for Mit E’ septal, whose 
mean value was lower in SSc patients than  
controls. 

In SSc patients the mean value of ejection frac-
tion (EF) was significantly lower than in the control 
group (65.05 ±5.1% vs. 67.57 ±2.52%, p = 0.01).

Table II. Clinical, pulmonary function and serological data of 111 SSc patients

Characteristics Mean

Disease duration [years] 9.0 ±12.4 (range: 1–25)

FVC, % predicted 100.4 ±18.3

FEV1, % predicted 94.7 ±19.7

FEV1/FVC, % predicted 79.8 ±8.2

TLC, % predicted (n = 24) 101.9 ±17.5

DLCO, % predicted (n = 21) 70.7 ±19.1

Parameter Number Percent

Cutaneous involvement:

Diffuse 47 42

Limited 64 58

Autoantibodies:

ANA positive 105 95

ACA positive 34 31

Anti-Scl 70 positive 56 50

FVC – forced vital capacity, FEV
1
 – forced expiratory volume in 1 s, TLC – total lung capacity, DLCO – diffusion capacity of the lung for 

carbon monoxide

Table III. Echocardiographic evaluation of left ventricular diastolic performance in SSc patients and controls

Parameter SSc (n = 111) Control group (n = 21) Value of p

Mit E [cm/s] 73.24 ±17.04 87.4 ±14.25 NS

Mit A [cm/s] 76.92 ±18.55 66.45 ±16.15 0.01

Mit E/A  0.98 ±0.3 1.21 ±0.28 0.002

IVRT [ms] 73.25 ±12.0 64.28 ±7.79 0.001

DT [ms] 178.95 ±38.84 185.6 ±25.63 NS

PVF S [cm/s] 61.14 ±17.24 60.39 ±10.85 NS

PVF D [cm/s] 47.22 ±11.74 50.65 ±9.47 NS

S/D 1.32 ±0.4 1.21 ±0.28 NS

PVF Ar [cm/s] 29.99 ±7.22 29.47 ±3.62 NS

LV Tei index 0.46 ±0.09 0.39 ±0.06 0.01

Mit E’ lateral [cm/s] 10.87 ±3.82 12.51 ±4.25 NS

Mit E/E’ lateral 7.55 ±2.85 6.87 ±2.30 NS

Mit E’ septal [cm/s] 8.12 ±2.35 10.1 ±3.61 0.02

Mit E/E’ septal 9.69 ±3.05 8.46 ±2.59 NS
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The echocardiographic parameters of RV dia-
stolic function are presented in Table IV. No sig-
nificant differences were found in the mean upper 
to lower and medial to lateral dimensions of the 
RA in SSc patients and controls (42.8 ±5.2 mm vs. 
40.1 ±4.8 mm, NS and 35.4 ±4.6 vs. 3.2 ±3.7; NS, 
respectively). Tricuspid E/A < 0.8 was detected in 
25 (22.5%) SSc patients and in 1 (5%) control sub-
ject (p < 0.001).

The SSc patients had a  significantly higher 
mean value of the Tei index and lower E/A ratio 
than control individuals.

The mean value of FAC did not differ between 
SSc patients and controls (43.13 ±9.15% vs. 40.13 
±9.48%, NS), while the mean value of TAPSE was 
significantly lower in SSc patients (22.2 ±3.23 vs. 
24.14 ±2.37, p = 0.01).

In the study group the mean value of TRPG 
was significantly higher than in controls (26.67 
±6.97 mm Hg vs. 17.78 ±4.07 mm Hg, p < 0.0001). 
Twenty-eight patients (25%) with TRPG exceeding 

31 mm Hg were referred for RHC. Seven refused 
consent to undergo the procedure, 1 patient could 
not undergo the procedure due to rapid deterio-
ration of general condition, and 1 patient died 
while awaiting the procedure due to bleeding from 
esophageal varices. Finally, RHC was performed in 
19 patients. In 2 patients pulmonary arterial hyper-
tension and in 1 pulmonary venous hypertension 
was diagnosed. We did not find any differences in 
LV and RV diastolic parameters between patients 
with TRPG ≥ 31 mm Hg and below this value.

After at least 1 year of observation (3.0 ±1.1 
years, median 3.1 years, range 1.0–4.8 years) the 
second evaluation of 69 SSc patients was done. 
After the follow-up period the incidence of ACE I   
treatment was significantly higher than at the 
baseline (31 (45%) vs. 31 (28%), p < 0.001). We did 
not find statistically significant differences in the 
use of other drugs between baseline and follow-up.

The LV diastolic parameters at baseline and af-
ter follow-up are summarized in Table V. The mean 

Table IV. Echocardiographic evaluation of right ventricular diastolic function

Parameter SSc (n = 111) Control group (n = 21) Value of p

Tr E [cm/s] 52.12 ±11.35 58.85 ±11.15 0.008

Tr A [cm/s] 50.49 ±13.53 46.43 ±10.38 NS

Tr E/A  1.05 ±0.24 1.3 ±0.27 0.0003

RV Tei index 0.37 ±0.08 0.29 ±0.02 < 0.0001

Tr E’ [cm/s] 12.04 ±3.55 12.66 ±2.68 NS

Tr E/E’ 4.75 ±1.84 4.67 ±0.82 NS

Table V. LV diastolic parameters at baseline examination and after follow-up

Parameter SSc (n = 69) SSc follow-up (n = 69) Value of p

Mit E 71.8 ±14.95 71.5 ±17.1 NS

Mit A 75.5 ±15.5 79.23 ±19.9 NS

Mitral E/A 0.99 ±0.3 0.92 ±0.3 0.02

IVRT [ms] 73.45 ±11.13 75.0 ±13.19 NS

DT [ms] 175.64 ±36.63 198.66 ±36.63 0.001

PVF S [cm/s] 59.45 ±16.37 63.57 ±16.62 0.03

PVF D [cm/s] 46.72 ±11.56 47.11 ±12.18 NS

S/D 1.21 ±0.28 1.38 ±0.33 0.05

PVF Ar [cm/s] 29.48 ±7.46 33.28 ±8.06 0.0003

LV Tei index 0.45 ±0.1 0.47 ±0.1 NS

Mit E’ lateral [cm/s] 10.87 ±3.8 11.0 ±3.1 NS

Mit E/E’ lateral 7.5 ±3.11 6.91 ±2.53 NS

Mit E’ septal [cm/s] 8.1 ±2.3 7.9 ±2.3 NS

Mit E/E’ septal 9.47 ±3.3 9.56 ±3.47 NS
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value of mitral E/A  was significantly lower after 
follow-up in SSc patients. Mean DT was signifi-
cantly longer than in baseline examination. More-
over, the mean PVF S velocity and the mean PVF Ar 
velocity were higher and the mean S/D was mar-
ginally higher after follow-up. We did not find any 
significant differences in DTI parameters between 
baseline and follow-up. In SSc patients the mean 
value of EF decreased significantly after follow-up 
(66.54 ±3.03 vs. 65.1 ±4.18, p = 0.03). 

The RV diastolic parameters at baseline and af-
ter follow-up are presented in Table VI. Among the 
parameters of RV diastolic functionality the mean 
value of RV Tei index was significantly higher after 
the follow-up period than at baseline examination. 
We did not find any significant differences in the 
mean value of FAC and TAPSE between baseline 
and follow-up (43.13 ±9.15% vs. 40.99 ±13.15%, 
NS and 22.77 ±2.32 vs. 21.41 ±2.95, NS, respec-
tively). The mean value of TRPG was significantly 
increased after observation (26.0 ±7.18 mm Hg vs. 
27.09 ±7.28 mm Hg, p = 0.01).

Tissue inhibitors of metalloproteinase 1 
assessment

At baseline the mean serum level of TIMP-1 did  
not differ between SSc patients and controls (167.0  
±63 vs. 182.8 ±29  ng/ml, NS); however, it was 
significantly elevated in the follow-up group com-
pared to baseline examination (161.6 ±59 ng/ml 
vs. 204.6 ±63 ng/ml, p = 0.0001)

Significant correlations between TIMP-1 serum 
level and DTI parameters in SSc follow-up patients 
are presented in Table VII.

The mean serum TIMP-1 level correlated nega-
tively with Mit E lateral and septal and positively 
with E/E’, both septal and lateral.

Discussion

Diastolic dysfunction is clinically important 
and there is growing evidence on LV relaxation 
impairment in SSc patients. However, RV diastolic 
function has not been widely studied yet. In one 
of the largest studies on LV diastolic function, De 
Groote et al. revealed LV diastolic dysfunction on 

echocardiographic examination in 101 (17.7%) of 
570 SSc patients [10]. Meune et al. reported, using 
DTI parameters, diastolic dysfunction in 30 (30%) 
SSc patients with a group of 100 examined indi-
viduals [1]. In an interesting paper, Hachulla et al. 
analyzed magnetic resonance imaging in 52 SSc 
patients and detected impaired diastolic function 
in 15 (35%) of 45 patients [24]. Our results are 
consistent with data from the literature. We re-
vealed impaired relaxation of LV (E/A < 0.8) in 38 
(34%) patients with SSc and in only one subject 
(5%) from the control group (p < 0.001). The PVF 
parameters did not differ between groups, but 
there was an evident trend to their inferior val-
ue in SSc patients compared to control subjects. 
The LV Tei index combines both elements of sys-
tolic and diastolic LV function evaluation. It has 
been shown that heart rate, blood pressure and 
afterload do not affect the LV Tei index [22, 25]. 
However, it is partial preload dependent and less 
reliable when LA or RA pressure is elevated [23]. 
The Tei index value is increased in patients with 
LV diastolic dysfunction and shows a  correlation 
with hemodynamic parameters describing LV re-
laxation [26, 27]. In our group of SSc patients we 
observed a significantly increased mean value of 
LV Tei index compared to controls (p = 0.01). How-
ever, it should be underlined that although left 
ventricular systolic function was preserved in SSc 
patients, it was slightly impaired in comparison to 
controls. The advantage of our study was to as-
sess diastolic function after follow-up. Few data 
have been published on this issue so far. More-
over, we performed detailed echo evaluation of 
both ventricular functions using important echo 

Table VI. RV diastolic parameters at baseline and after follow-up period

Parameter SSc (n = 69) SSc follow-up (n = 69) Value of p

Tr E 53.01 ±10.6 50.9 ±10.6 NS

Tr A 51.1 ±13.9 50.5 ±11.3 NS

Tricuspid E/A 1.05 ±0.22 1.02 ±0.24 NS

RV Tei index 0.35 ±0.07 0.4 ±0.08 0.01

Tr E’ [cm/s] 12.1 ±3.5 11.6 ±3.0 NS

Tricuspid E/E’ 4.75 ±1.35 4.83 ±1.54 NS

Table VII. Significant correlations between TIMP-1 
serum level and DTI parameters

Parameter r p

Mit E lateral –0.46 0.0003

Mit E septal –0.38 0.003

Mit E/E’ lateral 0.4 0.002

Mit E/E’ septal 0.32 0.01
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parameters including DTI and PVF. In SSc patients 
only Maione et al. analyzed LV diastolic function 
after the follow-up period. However, this was an 
evaluation without DTI and PVF parameters as-
sessment. After a mean time of observation of 65 
±36 months they revealed significantly decreased 
Mit E/A (1.08 ±0.37 vs. 1.2 ±0.49, p < 0.001). How-
ever, DT and IVRT did not differ significantly be-
tween baseline and follow-up examinations [15]. 
Our results suggest ongoing deterioration of the 
LV diastolic function after follow-up. The mean 
value of E/A  decreased (0.92 ±0.3 vs. 0.99 ±0.3,  
p = 0.02) and the mean value of DT significantly in-
creased after observation. Moreover, in our group 
of patients the mean values of PVF parameters de-
teriorated after follow-up, suggesting impaired LV 
relaxation. The RV diastolic function assessment 
is much more difficult mainly due to the method-
ological limitations; however, its measurements 
should be considered in patients with suspected 
RV impairment as a marker of early or subtle RV 
dysfunction [19]. There are only a few data about 
RV diastolic function in SSc patients. Giunta et al. 
reported RV diastolic dysfunction in 31 (40%) of 
77 SSc patients and in none of the control group 
[11]. Similar findings were reported by Lindqvist et 
al. They revealed impaired RV diastolic function in 
a small group of 26 SSc patients compared to con-
trols (Tr E/A 1.2 ±0.4 vs. 1.7 ±0.6, p < 0.01) [28]. In 
our group of SSc patients we revealed impaired RV 
relaxation. According to the recent guidelines for 
echocardiographic assessment of the right heart 
in adults, tricuspid E/A  ratio < 0.8 is considered 
as abnormal [19]. E/A  < 0.8 was detected in 25 
(22.5%) SSc patients and in 1 (5%) control subject 
(p < 0.001). The mean value of tricuspid E/A was 
significantly lower in the study group (p = 0.0003). 
Moreover, the mean value of the RV Tei index, 
a parameter of global estimation of both systol-
ic and diastolic function of RV, was significantly 
increased in SSc patients (p < 0.0001). There are 
some data about the prognostic value of RV Tei 
index in patients with pulmonary hypertension 
[23]. Furthermore, changes of the RV Tei index cor-
relate with clinical status in this group of patients 
[29]. So far there is limited evidence about the RV 
Tei index in SSc patients. Recently, Ivanovic et al. 
reported an increased RV Tei index in 50 SSc pa-
tients compared to controls (p < 0.001) [30].

After the follow-up period the mean RV Tei 
index value increased (p = 0.01), although other 
parameters of RV diastolic assessment (tricuspid 
E/A and DTI indices) did not differ between base-
line and follow-up examination. Our observations 
suggest that RV diastolic function is impaired in 
comparison to control subjects but did not get sig-
nificantly worse after follow-up. According to our 
knowledge, in the available literature there are 

no data on long-term observation of RV diastolic 
function in SSc patients.

In our opinion observed differences between LV 
and RV diastolic parameters in SSc patients and 
controls could not be explained by coexisting sys-
temic hypertension because we did not find dif-
ferences in prevalence of this condition between 
groups. Moreover, patients with essential systemic 
hypertension and LV hypertrophy were excluded.

It is well known that ACE I can improve diastol-
ic function in hypertensive patients [31]. What is 
interesting, the differences in LV diastolic parame-
ters in SSc patients were also evident after the fol-
low-up period despite more frequent use of ACE I  
compared to baseline. 

Many studies have confirmed raised serum 
level of TIMP-1 in SSc patients [3, 32]. Lindsay et 
al. analyzed echocardiographic data of 100 hy-
pertensive patients, and reported that TIMP-1 is 
a  marker of LV diastolic dysfunction. Moreover, 
there are several studies where the correlation 
between serum TIMP-1 level and arterial stiffness 
was confirmed [33, 34]. In our SSc follow-up group 
the mean serum concentration of TIMP-1 was sig-
nificantly elevated when compared to baseline ex-
amination. What is interesting, after the follow-up 
period significant correlations between the mean 
value of serum TIMP-1 concentrations and DTI pa-
rameters were evident. Probably the progression 
of heart fibrosis and arterial stiffness during the 
observation, expressed by progressive diastolic 
dysfunction and increased serum concentrations 
of TIMP-1, led to such a correlation. In our opin-
ion this is a new, original observation. In only one 
study involving 42 patients with SSc, Shahin et 
al. observed frequent diastolic dysfunction in pa-
tients with elevated levels of TIMP-2 [35].

Other authors have tried to find other biomark-
ers that correlate with diastolic dysfunction. Re-
cently, Jurisic et al. reported that IL-6 levels are in-
creased in patients with SSc and correlate with LV 
diastolic dysfunction [36]. More studies are need-
ed investigating the relationship of other biomark-
ers with diastolic dysfunction in patients with SSc. 

In this study we did not analyze the potential 
impact of lung function parameters on the echo-
cardiographic indices. However, in order to min-
imize the influence of impaired lung function, 
patients with even moderate airway obstruction 
were not included in the study.

In our group of patients we did not assess oth-
er biomarkers of matrix remodeling. Perhaps their 
assessment could provide a better insight into the 
relationship between matrix remodeling and dia-
stolic function in SSc patients. 

In conclusion, left and right ventricular relax-
ation is impaired in SSc patients when compared 
to controls. Moreover, left ventricular diastolic 
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function deteriorated after the follow-up period. 
The TIMP-1 serum levels correlate with echocar-
diographic parameters, providing a potent link for 
LV diastolic function and matrix remodeling in pa-
tients with SSc.
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