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Abstract
Systemic sclerosis (SSc) is a generalized connective tissue disorder, and SSc patients are at risk of developing pulmonary 
arterial hypertension (PAH). The aims of this study are to evaluate the right ventricular regional systolic function using 
two-dimensional speckle-tracking echocardiography (2D STE) and to determine the predictive ability of peak longitudinal 
systolic strain (PLSS) at the RV lateral wall for PAH in SSc patients. 80 SSc patients (mean age 51 ± 12 years) were included 
in the study. Echocardiography and 2D STE were performed at baseline and after 12 months. RHC was performed only in SSc 
patients with clinical indications. PLSS at the apical segment of the RV free wall was significantly impaired in PAH patients 
compared with non-PH patients (–14.6 ± 5.9 vs. − 22.2 ± 7.5%, p = 0.034). PLSS at the basal, mid, and apical segments of 
the RV free wall was lower in both groups at follow-up compared to baseline, but the drop in strain values was statistically 
significant only in the non-PH group (p < 0.05). Right atrial area (OR 1.758; p = 0.023), peak tricuspid regurgitation velocity 
(OR 24.23; p = 0.011) and PLSS at the apical segment of the RV lateral wall (OR 2.47; p = 0.005) were independent predic-
tors of PAH. A cut-off value of − 14.48% PLSS at the apical segment of the RV lateral wall resulted in 100% specificity for 
predicting PAH in SSc patients. RV pressure overload affects RV systolic function as manifested by impaired RV longitudinal 
deformation. Evaluating RV regional systolic function with 2D STE could be useful as an additional echocardiographic 
parameter for screening PAH in SSc patients.
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Introduction

Systemic sclerosis (SSc) is a multisystem disorder charac-
terized by inflammation, widespread vascular lesions, and 
fibrosis involving various tissues and organs [1, 2]. SSc 
patients are at risk of developing pulmonary arterial hyper-
tension (PAH), a debilitating, progressive condition of the 
pulmonary vasculature that leads to right heart failure and 
death [3, 4]. PAH is diagnosed when the mean pulmonary 
arterial pressure is ≥ 25 mmHg, pulmonary capillary wedge 
pressure (PCWP) is ≤ 15 mmHg and pulmonary vascular 
resistance (PVR) is > 3 Wood units (WU) as assessed by 
right heart catheterization (RHC) at rest in the absence of 
other causes of pre-capillary pulmonary hypertension [5, 6]. 
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The current World Health Organization (WHO) classifica-
tion of PH includes five distinct groups, four of which may 
occur in SSc patients [7, 8]. WHO Group I, also known as 
pulmonary arterial hypertension (PAH), is the most frequent 
type of PH in SSc patients [3]. PAH associated with SSc 
can lead to right ventricular (RV) systolic dysfunction [9]. 
Because RV systolic dysfunction is associated with poor 
prognosis in SSc patients, evaluation of RV function in these 
patients has gained importance in clinical practice [7].

Owing to the complex geometry of RV, conventional 
measurements of volumes and function are considered less 
accurate than those for the left ventricle [10]. Two-dimen-
sional speckle-tracking echocardiography (2D STE) has 
been introduced for the evaluation of regional left ventricular 
and right ventricular function [11, 12]. 2D STE quantita-
tively analyzes the displacement and velocity of the myo-
cardium by tracking myocardial movement from frame to 
frame throughout the cardiac cycle. This angle-independent 
method can reliably assess regional myocardial function [13, 
14].

Therefore, we aimed to test the hypotheses that RV 
regional systolic function was reduced in SSc patients with 
PAH at baseline and that compared to baseline, peak lon-
gitudinal systolic strain (PLSS) at the RV lateral wall was 
diminished in all SSc patients after 12 months follow-up. 
We also hypothesized that PLSS at the RV lateral wall could 
predict PAH in SSc patients.

Methods

Study population

From May 2014 to May 2015, patients presenting to the 
rheumatology clinic of our tertiary university medical center 
and who fulfilled criteria for SSc, as proposed by the Ameri-
can College of Rheumatology, were approached for inclu-
sion in the study [15]. Informed consent was obtained from 
all individual participants included in the study. From those 
granting informed consent, demographic data and co-mor-
bidities were recorded. Clinical examinations and biochemi-
cal tests were performed on all participants. Echocardiog-
raphy was performed as described below. All patients were 
evaluated by a rheumatologist and were classified as having 
diffuse or limited SSc according to the extent of cutane-
ous involvement [15]. From the SSc patients enrolled in the 
study, only patients with clinical indications were under-
gone RHC. Patients with documented coronary artery dis-
ease, diabetes mellitus, moderate to severe mitral or aortic 
stenosis or regurgitation, impaired left ventricular ejection 
fraction (< 50%), poor quality RV images, atrial fibrillation, 
pregnancy, or connective tissue disease other than systemic 
sclerosis were excluded from analysis. Systemic sclerosis 

patients who had different types of pulmonary hyperten-
sion other than PAH, who had a diagnosis of pulmonary 
hypertension confirmed by RHC or were on PH therapy 
prior to enrollment were also excluded from participating 
in the study.

Patients who were undergone RHC according to clinical 
indications were classified as either non-PH or WHO group 
1 PH (PAH) according to current guidelines [6, 8]. Patients 
who had pulmonary hypertension due to left heart disease or 
due to lung disease/hypoxia as diagnosed by RHC were not 
included in the study. RHC was not performed to patients 
with peak tricuspid regurgitation velocity ≤ 2.8 m/s and no 
clinical signs of dyspnea, and these patients were also clas-
sified as the non-PH group.

Echocardiography and conventional Doppler 
measurements

Standard 2D echocardiographic measurements, tissue Dop-
pler imaging (TDI) and 2D STE were performed at baseline 
and 12 months after initial presentation using a commer-
cially available ultrasound transducer and equipment (M4S-
RS probe, Vivid S6, GE Medical Systems, Horten, Norway). 
Images of all patients were obtained from the parasternal 
and apical views (parasternal long-axis and short axis views, 
apical 4-chamber, 2-chamber and apical long-axis views). 
Images were stored digitally for off-line analysis (EchoPAC, 
version BT13; GE, Norway). Peak tricuspid regurgitation 
(TR) velocity was measured by continuous-wave Doppler 
echocardiography from multiple standard views. The view 
that provided the highest peak velocity was used. Pulmonary 
artery systolic pressure was estimated from the peak con-
tinuous-wave Doppler velocity of the TR jet plus estimated 
central venous pressure [16]. Right atrium end-systolic area 
was calculated from the apical 4-chamber view. For con-
ventional echocardiographic assessment of RV function, the 
tricuspid annular plane systolic excursion (TAPSE) and the 
tricuspid annular peak systolic velocity (s′) were measured 
from the apical 4-chamber view at the RV free wall level, 
as previously described [17]. RV end-diastolic diameters 
were determinated from the apical 4-chamber view [18]. 
RV end-diastolic and end-systolic areas were measured in 
the apical 4-chamber view by tracing the endocardial border 
of the RV and the tricuspid annular plane [18]. RV fractional 
area change (RVFAC) was calculated as follows: RV end-
diastolic area minus RV end-systolic area divided by RV 
end-diastolic area [18].

The left ventricle ejection fraction (LVEF) was obtained 
according to the recommendations of the ASE [10]. The 
peak velocity of mitral E wave was measured from apical 
4-chamber view by placing the sample volume at mitral 
leaflet tips. Peak early (e′) diastolic myocardial velocity of 
LV was measured in the apical 4-chamber view, placing the 
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sample volume at the septal side of the mitral annulus and 
the E/e′ ratio was calculated to estimate LV filling pressures.

2‑Dimensional speckle‑tracking strain analysis

In each patient, 2-dimensional strain analysis was performed 
offline by use of a dedicated software package (EchoPAC, 
version BT13) which evaluates real-time tracking of nat-
ural acoustic markers during two consecutive 2-dimen-
sional grayscale images taken at a frame rate of 60–80 
frames/s. For assessment of RV peak longitudinal systolic 
strain, images taken at a frame rate of 60–80 frames/s were 
obtained from the apical 4-chamber view. Three consecutive 
cardiac cycles were acquired and digitally stored for offline 
analysis. The RV endocardial border was manually traced 
in the end-systolic frame. The region of interest (ROI) in 
each image was automatically generated. The position of the 
ROI and its width were adjusted manually when the speckle 
tracking appeared to be poor. The software then automati-
cally tracked and accepted segments of good tracking quality 
and rejected poorly tracked segments. When all segments of 
RV were accepted, the regional longitudinal strain curves 
were obtained for six segments of RV. After that, segmental 
values of peak longitudinal systolic strain from the basal, 
mid, and apical segments of the RV free wall were recorded. 
Representative examples of regional longitudinal strain 
curves taken from the right ventricle by STE were shown 
in Figs. 1 and 2.

Statistical analysis

Statistical analysis was performed using the SPSS statistical 
software package (IBM SPSS Statistics for Windows, Ver-
sion 20.0., Armonk, NY, USA). Distribution of data was 
assessed by using one-sample Kolmogorov–Smirnov test-
ing. Values displaying normal distribution were expressed 
as mean ± SD, whereas values not displaying normal distri-
bution were expressed as median with interquartile range. 
Categorical variables were presented as number (n) and per-
centage (%). Comparison between groups was performed 
with the Student’s t test or the Mann–Whitney U test (non-
normally distributed data). Chi square test was used to com-
pare categorical variables. Correlation was tested by Pearson 
or Spearman’s correlation tests where appropriate. Statistical 
analysis for determining independent predictors of PAH was 
performed via a backward stepwise logistic regression model 
which included findings with p values under 0.25 among 
conventional, Doppler and 2-dimensional speckle-tracking 
echocardiographic results. The discriminatory performance 
of variables which could predict PAH in SSc patients was 
examined by receiver operating characteristic (ROC) curve 
analysis. For all analyses, a p value of less than 0.05 was 
considered statistically significant.

Intraobserver and interobserver variability were assessed 
in randomly selected 15 subjects (5 SSc patients with PAH 
and 10 SSc patients without PH), intraobserver variability 
was determined by having the same physician remeasure-
ment after one month. Interobserver variability was assessed 

Fig. 1  RV regional longitudinal strain curves in an SSc patient with PAH. Longitudinal systolic strain curves of the basal (red), mid (dark blue) 
and apical (pink) segments of the RV lateral wall are depicted
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by a second observer who was blinded to the clinical and the 
STE findings. The absolute difference between two meas-
urements divided by the average value of these two meas-
urements was calculated. Interobserver and intraobserver 
reproducibility were calculated by intraclass correlation 
coefficient.

Results

During the study period, 96 SSc patients met the inclusion 
and exclusion criteria. During the image analysis, 3 SSc 
patients with PAH and 13 SSc patients without PH were 
excluded from the study because of poor image quality 
for optimal speckle tracking. Reliable measurements were 
obtained in 79% of SSc patients (11 of 14) with PAH and 
84% of SSc patients (69 of 82) without PH.

Baseline characteristics

We included 80 SSc patients (11 males, mean age 
51 ± 12 years) in our study. Of the 80 SSc patients enrolled, 
RHC was performed in 29 SSc patients according to clinical 
indications, and PAH was diagnosed in 11 of these. Demo-
graphic and clinical characteristics of the patients are shown 
in Table 1. Those with PAH were older and had had SSc 
diagnosed later in life than those without PH. The PAH and 

non-PH patients were not significantly different regarding 
gender, duration of disease, type of disease and incidence 
of hyperlipidemia and systemic hypertension. All patients 
were in sinus rhythm.

Of the SSc patients, 66.3% (53 of 80) had limited disease 
and 33.8% (27 of 80) had diffuse disease. The distribution 
of type of scleroderma between the PAH and non-PH groups 
was not statistically significant. The level of BNP was sig-
nificantly higher in PAH than non-PH patients, but the inci-
dence of positivity of ANA, anti-scl 70, and anti-centromere 
antibodies was similar in the two groups (Table 1).

Description of patient selection for RHC 
and hemodynamic findings of SSc patients

Patients who had peak tricuspid regurgitation veloc-
ity > 2.8 m/s and patients who had clinical signs of dyspnea 
and peak tricuspid regurgitant velocity ≤ 2.8 m/s were evalu-
ated via RHC. PAH was diagnosed in 11 patients with SSc. 
Patients with peak tricuspid regurgitation velocity ≤ 2.8 m/s 
and no clinical signs of dyspnea were not evaluated via 
RHC. As expected, pulmonary artery systolic pressure 
(PASP), pulmonary artery diastolic pressure (PADP), mean 
pulmonary artery pressure (mPAP) and pulmonary vascular 
resistance (PVR) were higher in PAH patients than in those 
without PH (Online Resource 1).

Fig. 2  RV regional longitudinal strain curves in an SSc patient without PH. Longitudinal systolic strain curves of the RV lateral wall from the 
basal (red), mid (dark blue), and apical (pink) segments are demonstrated
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Conventional 2D and Doppler echocardiographic 
findings in SSc patients

Two-dimensional and Doppler echocardiographic parame-
ters of the groups are compared in Table 2. Left ventricular 
ejection fraction (LVEF) was within normal range in both 
groups and was without a significant difference between the 

groups (p > 0.05). Patients with PAH had significantly larger 
RV diameters, reduced TAPSE and RVFAC values, larger 
right atrial area compared with non-PH patients (p < 0.05 
for all). Peak tricuspid regurgitation velocity and PASP (as 
measured by TTE) was higher in PAH patients (p < 0.001).

Mitral E wave peak velocity was similar in PAH and non-
PH patients (Table 2). Myocardial velocities as detected by 

Table 1  Demographic and 
clinical characteristics of 
systemic sclerosis patients with 
(PAH) and without (non-PH) 
pulmonary hypertension

*p < 0.05 PAH versus the non-PH group

All
n = 80

Non-PH
n = 69

PAH
n = 11

p

Gender [n (%)]
 Male 11 (14) 9 (13) 2 (18) 0.347
 Female 69 (86) 60 (87) 9 (82)

Age (years) 51 ± 12 50 ± 12 61 ± 10 0.003*
Disease duration (years) 11.16 ± 8.3 11.1 ± 8.6 11.6 ± 6.9 0.763
Age at diagnosis (years) 39 ± 13 37 ± 12 51 ± 12 0.001*
Type of systemic sclerosis [n (%)]
 Diffuse 27 (34) 23 (33) 4 (36) 0.844
 Limited 53 (66) 46 (67) 7 (64)

Hypertension [n (%)] 27 (34) 23 (33) 4 (36) 0.796
Hyperlipidaemia [n (%)] 26 (32) 25 (36) 1 (9) 0.093
Brain natriuretic peptide (pg/mL) 68.6 63.5 171.0 0.034*
Antinuclear antibodies [n (%)] 62 (87) 54 (89) 8 (80) 0.605
Anti-Scl-70 antibodies [n (%)] 34 (52) 30 (53) 4 (50) 0.889
Anti-centromere antibodies [n (%)] 13 (20) 9 (17) 4 (40) 0.192

Table 2  Conventional 
2-dimensional and Doppler 
echocardiographic variables of 
systemic sclerosis patients with 
(PAH) and without (non-PH) 
pulmonary hypertension

LVEF left ventricular ejection fraction, RVD1 RV base diameter, RVD2:RV mid-cavity diameter, RVD3 RV 
base to apex distance, TAPSE tricuspid annular plane systolic excursion, RV s′ tricuspid annular peak sys-
tolic velocity, RVFAC RV fractional area change, TR tricuspid regurgitation, Septal e′ peak early diastolic 
velocity at the septal side of the mitral annulus
*p < 0.05 PAH versus the non-PH group

Non-PH
n = 69

PAH
n = 11

p

LVEF (%) 64.9 ± 2.8 65.2 ± 2.0 0.999
RVD1 (cm) 3.0 ± 0.4 4.1 ± 0.7 < 0.001*
RVD2 (cm) 2.7 ± 0.3 3.4 ± 0.5 < 0.001*
RVD3 (cm) 6.5 ± 0.7 8.4 ± 0.7 < 0.001*
TAPSE (cm) 18.2 ± 2.4 14.2 ± 2.3 0.046*
RV s′ (cm/s) 12.4 ± 2.3 8.2 ± 1.7 0.032*
RVFAC (%) 53.4 ± 9.5 26.4 ± 8.2 < 0.001*
Peak TR velocity (m/s) [n (%)] < 0.001*
 ≤ 2.8 60 (87) 2 (18)
 > 2.8–≤ 3.4 9 (13) 5 (46)
 > 3.4 4 (36)

Pulmonary artery systolic pressure (mmHg) 27.9 ± 5.8 61.4 ± 26.2 < 0.001*
Right atrial area  (cm2) 12.4 ± 2.4 22.1 ± 4.1 < 0.001*
Mitral E wave peak velocity (m/s) 0.7 ± 0.2 0.8 ± 0.2 0.173
Septal e′ (cm/s) 9.2 ± 1.4 10.3 ± 1.8 0.546
Septal E/e′ 8.2 ± 2.1 7.9 ± 1.6 0.748
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TDI, did not differ significantly between the two groups 
except for RV s′, which was significantly lower in PAH 
patients (8.2 ± 1.7 vs. 12.4 ± 2.3 cm/s, p = 0.032). In addi-
tion, the septal E/e′ ratio, which is the predictor of left 
ventricular filling pressure, was not significantly different 
between PAH and non-PH patients (7.9 ± 1.6 vs. 8.2 ± 2.1, 
p = 0.748).

Compared to non-PH patients, SSc patients with PAH 
had significantly larger RV diameters and right atrial area, 
higher peak tricuspid regurgitation jet velocity and PASP, 
reduced RV systolic function by TAPSE, RV s′, RVFAC at 
follow-up (p < 0.05 for all). LVEF, mitral E wave peak veloc-
ity, septal e′ and the septal E/e′ ratio did not differ signifi-
cantly between the PAH and the non-PH group at follow-up 
(Online Resource 2).

RV regional longitudinal function

PLSS values from the basal, mid, and apical segments of 
the right ventricular lateral wall are listed in Table 3. PLSS 
values from the apical segment of the RV free wall were 
significantly lower in the PAH group compared with the 
non-PH group at baseline (− 14.6 ± 5.9 vs. − 22.2 ± 7.5, 
p = 0.034). At the same visit, PLSS values from the basal 
and mid segments of the RV free wall were also lower in the 
PAH group, but these differences between the two groups 
were not statistically significant. PLSS at the basal, mid, 
and apical segments of the RV free wall were lower in both 
groups at follow-up compared to baseline, but the reduction 
of strain values was statistically significant only in the non-
PH group (p < 0.05 for all).

The relationship between RV regional longitudinal 
function and hemodynamic parameters 
and predictors of PAH

PLSS at the basal, mid, and apical segments of the RV 
free wall correlated significantly with mean pulmonary 
artery pressure, as measured by RHC (r = − 0.456, − 0.627, 
− 0.604, respectively; p < 0.05) (Online Resource 3).

Using a logistic regression model, we found that right 
atrial area (RA area) (OR 1.758, p = 0.023), peak tricus-
pid regurgitation velocity (OR 24.23, p = 0.011) and PLSS 
at the apical segment of the RV lateral wall (OR 2.47; 
p = 0.005) were independent predictors of pulmonary arte-
rial hypertension (Table 4).

Table 3  Peak longitudinal 
systolic strain from the basal, 
mid, and apical segments of the 
RV free wall at baseline (visit 
1) and at 12-month follow-up 
(visit 2) in systemic sclerosis 
patients with (PAH) and 
without (non-PH) pulmonary 
hypertension

RV Apex apical segment of the RV free wall, RV Mid mid segment of the RV free wall, RV Base basal seg-
ment of the RV free wall
*p < 0.05 visit 2 versus visit 1 in the non-PH group
▲ p < 0.05 PAH versus the non-PH group at visit 1
○ p > 0.05 PAH versus the non-PH group at visit 1
●  p > 0.05 visit 2 versus visit 1 in the PAH group

Peak systolic strain (%) Non-PH
n = 69

PAH
n = 11

Visit 1
n = 69

Visit 2
n = 69

Visit  1
n = 11

Visit  2
n = 11

RV Apex (%) –22.2 ± 7.5 –19.1 ± 7.6 –14.6 ± 5.9 –14.1 ± 7.5
 p (visit 2 vs. 1) 0.011* 0.686●

 p (visit 1, PAH vs. non-PH) 0.034▲

RV Mid (%) –19.6 ± 7.6 –17.7 ± 7.8 –14.7 ± 4.9 –12.2 ± 4.6
 p (visit 2 vs. 1) 0.030* 0.500●

 p (visit 1, PAH vs. non-PH) 0.090○

RV Base (%) –18.6 ± 6.9 –16.3 ± 7.3 − 13.8 ± 3.6 –12.7 ± 3.8
 p (visit 2 vs. 1) 0.048* 0.500●

 p (visit 1, PAH vs. non-PH) 0.074○

Table 4  Independent predictors of pulmonary arterial hypertension 
(PAH) in systemic sclerosis patients

β ± SE regression coefficient ± standard error, R2 coefficient of deter-
mination, 95% CI 95% confidence interval, RV Apex peak longitudi-
nal systolic strain at the apical segment of the RV free wall, TR tri-
cuspid regurgitation
*p < 0.05

PAH β ± SE 95% CI (lower–upper) p

Right atrial area 1.758 ± 0.524 1.081–2.858 0.023*
Peak TR velocity 24.23 ± 8.437 2.091–48.732 0.011*
RV Apex 2.470 ± 0.840 0.790–4.140 0.005*
Nagelkerke  R2 = 0.684; p < 0.001*
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Cut‑off values of PLSS of the RV lateral wall 
for predicting PAH in SSc patients

Among strain values measured in the RV lateral wall, 
PLSS at the apical segment significantly discriminated SSc 
patients with PAH from patients without PH (p < 0.05). A 
PLSS value of − 14.48% in the apical segment of the RV 
lateral wall (RV Apex) was only 62% sensitive in predicting 
PAH but was 100% specific in ruling out PAH. PLSS values 
at the basal and mid segments of the RV lateral wall were 
not useful for discriminating SSc patients with PAH from 
patients without PH (Table 5).

Intraobserver and interobserver variability

Intraobserver variability of PLSS at the basal, mid, and api-
cal segments of the RV free wall was 4.23, 6.71, 3.82%, 
respectively. Interobserver variability of PLSS at the basal, 
mid, and apical segments of the RV free wall was 7.93, 
10.48, 6.42%, respectively. The intra-observer ICC for PLSS 
at the basal, mid, and apical segments of the RV free wall 
was 0.91, 0.88, 0.89, respectively. The interobserver ICC for 
PLSS at the basal, mid, and apical segments of the RV free 
wall was 0.84, 0.82, 0.86, respectively.

Discussion

In systemic sclerosis patients, we found that peak longitudi-
nal systolic strain at baseline was significantly less in PAH 
patients (compared to non-PH patients) only at the apical 
segment of the RV free wall. Similarly, in the studies by 
Puwanant et al. and Li et al., PLSS from the RV lateral wall 
and interventricular septum (IVS) were decreased in patients 

with PAH compared to healthy controls [19, 20]. Also, Pirat 
et al. showed that PLSS at the RV free wall and IVS meas-
ured by velocity vector imaging was lower in patients with 
PAH than in normal controls [21].

Although others found that PLSS was lower in all seg-
ments of the RV free wall in patients with PAH, in our 
study we found that PLSS was reduced significantly only 
at the apical segment of the RV free wall in SSc patients 
with PAH. PLSS values from the basal and mid segments 
of the RV free wall were also lower in the PAH group, but 
these differences failed to reach statistical significance in our 
study. Results differing from previous studies may be due 
to our comparison of SSc patients with PAH and without 
PH. Unlike our study, previous studies had control groups 
made up of healthy subjects, who did not have any systemic 
diseases [19–21]. The reason we examined SSc patients 
(without PH) as the control group was due to the fact that 
subclinical myocardial involvement in SSc patients may 
cause a reduction of strain values [22–24].

Previous studies showed that subclinical myocardial 
involvement in SSc patients could cause reduction of global 
longitudinal peak systolic strain of left ventricle [25, 26]. 
As a result, myocardial fibrosis in SSc patients can also 
affect the systolic function of the interventricular septum. 
Therefore we assume that right ventricular septum could 
be affected by myocardial involvement more severely than 
RV free wall in SSc patients because it has a greater amount 
of myocardial muscle mass compared to RV free wall. For 
the purpose of minimizing the effect of myocardial fibrosis 
on peak systolic strain values, right ventricular septum was 
excluded from analysis.

In previous studies of STE used to assess the effect of 
pulmonary hypertension on RV function, patients were not 
followed up for changes in RV function over a period of 
time [19–21]. In our study, however, patients were evaluated 
by STE at baseline and after at least 12 months to detect 
changes over time. Compared to baseline, decreases in PLSS 
at follow-up were significant only in the non-PH group. Of 
note, patients in the PAH group were given specific PAH 
therapy after the diagnosis of PAH. Initiation of approved 
PAH medications to SSc patients who were diagnosed with 
PAH could slow the progression of the disease and prevent 
further deterioration of the RV. Therefore STE measure-
ments in the PAH group could remain stable at follow-up 
because of the initiation of specific PAH therapy.

We know that SSc patients are at risk of developing PAH, 
which is the leading cause of mortality in SSc [27]. Previ-
ous studies revealed that PLSS at the basal, mid, and apical 
segments of the right ventricular free wall were higher in 
patients with mild PAH than in patients with severe PAH, 
but were lower in patients with mild PAH than in healthy 
subjects [20]. Reduction of strain values in the RV free wall 
in non-PH patients at follow-up may be due to an increase 

Table 5  Cut-off values of peak longitudinal systolic strain from the 
basal, mid, and apical segments of the RV free wall for predicting 
pulmonary arterial hypertension (PAH) in systemic sclerosis patients 
using 2D STE

AUC  ± SE area under the curve ± standard error, 95% CI 95% confi-
dence interval, RV Apex peak longitudinal systolic strain at the apical 
segment of the RV free wall, RV Mid peak longitudinal systolic strain 
at the mid segment of the RV free wall, RV Base peak longitudinal 
systolic strain at the basal segment of the RV free wall
*p < 0.05

RV Apex RV Mid RV Base

AUC ± SE 0.709 ± 0.099 0.667 ± 0.088 0.675 ± 0.075
95% CI 0.596–0.806 0.552–0.769 0.561–0.776
p value 0.035* 0.052 0.069
Sensitivity 62% 90% 86%
Specificity 100% 42% 48%
Cut-off value for 

predicting PAH
> − 14.48 > − 20.46 > − 18.23
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in mean pulmonary arterial pressure and pulmonary vas-
cular resistance in these patients. However, we can only 
speculate about long-term changes of these values in SSc 
patients without PH, because RHC was not performed in 
these patients at follow-up.

In our study, 29 SSc patients were referred to RHC based 
on their peak tricuspid regurgitation jet velocity and clinical 
status. PAH was not confirmed in 18 of these patients. So the 
proportion of RHC performed that did not confirm a diag-
nosis of PAH was 62% (18/29). Also, in the DETECT study, 
this ratio is found to be %65 (129/198) [28]. The proportion 
of RHC performed that did not confirm a diagnosis of PAH 
in our study was similar compared to the DETECT study. 
Pulmonary artery systolic pressure can be determined from 
peak tricuspid regurgitation jet velocity using the simpli-
fied Bernoulli equation [18]. Peak tricuspid regurgitation jet 
velocity is an estimate of systolic pulmonary artery pressure, 
not mean pulmonary artery pressure [18]. Therefore peak 
tricuspid regurgitation jet velocity can fail in diagnosing 
PAH.

In addition, failure to obtain systolic pulmonary artery 
pressure (PAP) has been reported in between 20 and 39% of 
patients in previous studies [5, 29]. Doppler-derived pres-
sure estimations show poor reliability in individual patients 
with both under- and overestimation of actual systolic PAP 
[30–33]. The prevalence of PAH in a population with tricus-
pid regurgitation (TR) jet ≤ 2.8 m/s is considered to be very 
low. However, the DETECT study showed that one-third of 
all SSc-PAH in a screening population is found in patients 
with a TR jet ≤ 2.8 m/s [28]. Therefore echocardiographic 
assessment of the estimated systolic PAP cannot always be 
relied on particularly in associated PAH where pressures are 
less elevated at diagnosis. So additional echocardiographic 
parameters are needed to rule out PAH especially in patients 
with TR jet velocity ≤ 2.8 m/s.

As far as we know our study is the first to determine the 
discriminative ability of PLSS at the RV lateral wall for the 
prediction of PAH in SSc patients. In this study, we found 
that PLSS from the apical segment of the RV lateral wall has 
a very high specificity for ruling out PAH in SSc patients. 
Therefore evaluating RV regional systolic function with 2D 
STE could be useful as an additional echocardiographic 
parameter for screening PAH in SSc patients.

Study limitations

Our study included a small number of SSc patients. Also, 
the follow-up period was relatively short. Furthermore, only 
patients with clinical indications were evaluated by RHC. 
Therefore future prospective studies of larger samples and 
longer follow-up periods are needed to determine the clinical 
utility of 2D STE for predicting PAH in SSc patients.

Conclusion

Our findings suggest that chronic RV pressure overload 
directly affects RV systolic function as manifested by 
impaired RV longitudinal deformation at the apical segment 
of the RV lateral wall in SSc patients with PAH. And 2D 
STE can identify these abnormalities in RV regional systolic 
function. Also in SSc patients, PLSS from the apical seg-
ment of the RV lateral wall has a very high specificity for 
ruling out PAH. Therefore we conclude that indices derived 
from 2D STE can be used as an adjunctive tool in the com-
prehensive evaluation of RV systolic function and the pre-
diction of PAH in SSc patients.
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