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ARTICLE INFO ABSTRACT

Keywords: Objectives: The study aim was to evaluate the predictive role of the echocardiography-derived tricuspid annular
TAPSE/. SPAP rat_io plane systolic excursion/systolic pulmonary artery pressure (TAPSE/sPAP) ratio for pulmonary hypertension
Systemic sclerosis (PH) diagnosis and mortality in the European Scleroderma Trials and Research (EUSTAR) cohort.

Pulmonary hypertension

Right ventricle Methods: Eligible patients were systemic sclerosis (SSc) patients registered in the EUSTAR database with at least

one visit recording TAPSE and sPAP data. Individual centres were required to provide TAPSE and sPAP data at 12
+ 3 months before right heart catheterization (RHC). Logistic regression analysis was applied to analyse the
predictive ability of TAPSE/sPAP ratio for PH diagnosis. Cox regression analysis was performed to evaluate
TAPSE/sPAP ratio as a predictive factor for all-cause mortality.

Results: 2555 SSc patients met the inclusion criteria for this study with 355 SSc patients having available RHC
data at baseline. PH was confirmed by RHC in 195 SSc patients (54.9%). TAPSE/sPAP ratio < 0.55 mm/mmHg
[OR 0.251 (95% CI 0.084-0.753), p < 0.05] and FVC/DL¢o [OR 2.568 (95% CI 1.227-5.375), p < 0.05] were
significantly associated with PH diagnosis. In logistic regression analysis with echocardiographic parameters at
12 + 3 months before RHC, TAPSE/sPAP ratio < 0.55 mm/mmHg [OR 0.265 (95% CI 0.102-0.685), p < 0.01]
and FVC/DL¢o [OR 2.529 (95% CI 1.358-4.711), p < 0.01] were associated with PH diagnosis. In multivariate
Cox regression analysis, TAPSE/sPAP ratio < 0.32 mm/mmHg [HR 0.310 (0.164-0.585), p < 0.001] was the
most significant predictive factor for death.

Conclusions: TAPSE/sPAP ratio < 0.55 mm/mmHg is a predictive risk factor for PH. TAPSE/sPAP ratio < 0.32
mm/mmHg is a predictive risk marker for all-cause mortality.

Abbreviations: TAPSE/sPAP, tricuspid annular plane systolic excursion/systolic pulmonary artery pressure.
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1. Introduction

Pulmonary arterial hypertension (PAH) is a major cause of morbidity
and mortality in systemic sclerosis (SSc), affecting approximately
6-12% of SSc patients [1-4]. Despite therapeutic advances, long-term
survival is still disappointing [5,6]. Early diagnosis and treatment are
crucial to significantly improve patient outcomes [7]. The
echocardiography-estimated systolic pulmonary artery pressure (SPAP)
has a key role in PAH annual screening. However, the diagnostic accu-
racy of echocardiography or other tests alone in detecting PAH is sub-
optimal. The new 2022 pulmonary hypertension (PH) guidelines
recommend the use of composite measures for PAH screening in SSc
patients [8]. In particular, the DETECT algorithm, combining clinical
features, echocardiography, pulmonary function tests (PFTs) and N-
terminal pro-brain natriuretic peptide (NT-proBNP), improves diag-
nostic accuracy and patient selection for right heart catheterization
(RHC) referral to confirm PAH diagnosis [8-10].

The right ventricular - pulmonary arterial (RV-PA) coupling de-
scribes the RV adaptation to its afterload. In PAH the progressive pul-
monary vascular remodelling leads to an increasing pulmonary vascular
resistance and pulmonary artery pressure, an additional load on the
contracting RV and an altered RV-PA coupling [11,12]. Tricuspid
annular plane systolic excursion/systolic pulmonary artery pressure
(TAPSE/sPAP) ratio is the validated non-invasive estimation of RV-PA
coupling easily obtained during a standard Doppler echocardiography
[13].

A previous study on 51 SSc patients, comparing the positive pre-
dictive value (PPV) between a TAPSE/sPAP ratio of <0.60 mm/mmHg
and the DETECT algorithm, suggested the potential utility of TAPSE/
SPAP ratio in addition to the DETECT algorithm in selecting patients
requiring RHC to confirm PAH diagnosis [14]. In the new 2022 pul-
monary hypertension (PH) guidelines, the TAPSE/sPAP ratio has been
included among the additional echocardiographic signs suggestive of PH
[8]. However, to date, the role of TAPSE/sPAP ratio as a screening tool
for PH in SSc patients is underinvestigated.

A previous European Scleroderma Trials and Research (EUSTAR)
study showed that a sPAP >36 mmHg was significantly and indepen-
dently associated with reduced survival in SSc patients [15]. The role of
TAPSE/sPAP ratio in risk stratification and predicting mortality has
already been described in several conditions, including heart failure and
PH [16-22]. In patients with PH, a TAPSE/sPAP ratio < 0.31 mm/
mmHg has been identified as the cut-off value discriminating RV-PA
uncoupling and has been associated with a significantly worse prog-
nosis [13]. Besides, TAPSE/sPAP ratio was independently associated
with overall mortality in 290 patients with PAH and the worst overall
survival was reported for a TAPSE/sPAP ratio < 0.19 mm/mmHg [21].
In the new 2022 PH guidelines, the TAPSE/sPAP ratio has been included
among the echocardiographic parameters for 1-year mortality risk
assessment [8]. To date, only a few studies with small sample size spe-
cifically investigated the prognostic role of TAPSE/sPAP ratio in SSc
patients [23,24].

The primary aim of the study was to evaluate the RV-PA coupling by
the echocardiography-derived TAPSE/sPAP ratio and to assess the pre-
dictive role of TAPSE/sPAP ratio in the diagnosis of PH in the SSc
EUSTAR cohort. The secondary aim of the study was to evaluate the
prognostic role of TAPSE/sPAP ratio in predicting mortality in the SSc
EUSTAR cohort.

2. Materials and methods
2.1. Study design and inclusion criteria

The prospective cohort study was a post hoc analysis of data from the
multinational EUSTAR database. The structure of the online database,

the collected data set and definitions of clinical variables have been
described in detail previously [1,25].
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Patients registered since 2010 in the EUSTAR database (start of the
online version), aged >18 years, who fulfilled the 2013 American Col-
lege of Rheumatology/European League Against Rheumatism SSc clas-
sification criteria [26] and with available TAPSE and sPAP
measurements on echocardiography at baseline were included. The first
visit with available TAPSE and sPAP data was considered as the study
baseline. TAPSE/sPAP ratio is not present in the EUSTAR database and
was calculated for all SSc patients with recorded TAPSE and sPAP data.
All-cause mortality was assessed in all SSc patients with available TAPSE
and sPAP values at baseline. The time interval (months) between the
date of study baseline and the date of death was calculated.

The presence of PH, reported in the EUSTAR database as PH “yes”,
“no” or “unknown”, independently of RHC confirmation, was also
evaluated in these patients.

The outcomes evaluated in this population were:

a. The predictive value of sPAP and TAPSE/sPAP ratio for all-cause
mortality;
b. The association between sPAP and TAPSE/sPAP ratio and PH.

2.2. Patients with available RHC data

All SSc patients with available RHC data (mean PAP) at baseline
were selected among enrolled patients. PH was defined by a mPAP >20
mmHg [8]. In all SSc patients with available RHC at baseline, TAPSE and
SPAP values at 12 + 3 months before RHC were also evaluated. TAPSE
and sPAP measurements at 12 + 3 months before RHC were not reported
in the EUSTAR database. Principal investigators of individual centres
were required to provide missing data. All-cause mortality was assessed
in all SSc patients with available RHC data. The time interval (months)
between the date of RHC and the date of death was calculated.

The outcomes evaluated in this population were:

a. The association between sPAP and TAPSE/sPAP ratio and PH diag-
nosis confirmed by RHC;

b. The predictive value of sPAP and TAPSE/sPAP ratio at 12 + 3
months before RHC for PH diagnosis confirmed by RHC;

c. The predictive value of sPAP and TAPSE/sPAP ratio for all-cause
mortality.

2.3. Echocardiographic data

sPAP was reported in mmHg and a value of >36 mmHg was
considered increased [8,15,27]. TAPSE/sPAP ratio was expressed in
mm/mmHg and a cut-off of <0.55 mm/mmHg for PH diagnosis was
selected according to the new 2022 PH guidelines [8]. As for mortality
risk assessment, a cut-off of TAPSE/sPAP ratio < 0.32 mm/mmHg for
intermediate-high risk of mortality and a cut-off of <0.19 for high risk of
mortality were selected according to the new 2022 PH guidelines [8].

2.4. Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics version
26. Data were reported as mean and standard deviation (SD); categorical
data were represented as frequencies and proportions. Student's test was
used to evaluate the difference between numerical variables. Chi-square
test or Fisher's exact test were used to compare categorical variables.
Receiver Operating Characteristic (ROC) curves were used to evaluate
the diagnostic performance of sPAP and TAPSE/sPAP ratio. Univariate
and multivariate logistic regression analyses with odds ratio (OR) and
95% confidence interval (CI) were applied to analyse the association
between variables and PH at baseline and the predictive ability of var-
iables for PH at 12 + 3 months before RHC. The variables included in
logistic regression analysis were: categorical variables [increased sPAP
(yes or no), reduced TAPSE/sPAP ratio (yes or no)] and numerical
variables [NT-proBNP (pg/mL), forced vital capacity/diffusing capacity
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of the lungs for carbon monoxide (FVC/DL¢o) and age (years)]. Overall
survival (OS) data were represented by Kaplan-Meier curves and the log-
rank test was used for statistical comparisons. Univariate Cox regression
analysis was applied to evaluate the significant variables for overall
survival. Multivariate Cox regression analysis was performed on the
significant variables in univariate Cox regression analysis. Hazard Ratio
(HR) and 95% CI were reported. A significance level of 0.05 was used for
all tests.

3. Results

From the EUSTAR database, 2555 SSc patients met the inclusion
criteria for this study. Demographic and clinical characteristics of all
included 2555 SSc patients are reported in Table 1. sPAP and TAPSE/
SPAP ratio mean values were 30 + 14 mmHg and 0.83 + 0.30 mm/
mmHg, respectively. With a cut-off of >36 mmHg for sPAP, 513 (20.1%)
SSc patients had an increased sPAP value. 460 (18%) SSc patients had a
reduced TAPSE/sPAP ratio with a cut-off of <0.55 mm/mmHg; 152
(5.9%) and 39 (1.5%) SSc patients had a reduced TAPSE/sPAP ratio with
a cut-off of <0.32 mm/mmHg and < 0.19 mm/mmHg, respectively.

3.1. Overall survival in all EUSTAR cohort

After excluding 107 (4.2%) SSc patients lost at follow-up, all-cause
mortality was analyzed in 2448 (95.8%) SSc patients. Of these, 116
(4.7%) SSc patients died after a follow-up of 24.6 + 21.5 months. The
ROC curve analysis showed an AUC of 0.759 (0.709-0.809, p < 0.001)
for sPAP and 0.765 (0.716-0.813, p < 0.001) for TAPSE/sPAP ratio.

Overall survival was evaluated with a cut-off of >36 mmHg for SPAP
and a cut-off of <0.32 mm/mmHg for TAPSE/sPAP ratio. Kaplan Meier
curves showed a higher mortality in SSc patients with increased sPAP
(Log Rank 3% 124.1, p < 0.001) and in SSc patients with reduced TAPSE/
SPAP ratio (Log Rank X2 105, p < 0.001). In univariate Cox regression

Table 1
Demographic and clinical characteristics of systemic sclerosis (SSc) patients.
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analysis, increased sPAP [HR 0.147 (0.099-0.217), p < 0.001], reduced
TAPSE/sPAP ratio [HR 0.160 (0.107-0.240), p < 0.001] and age [HR
1.052 (1.035-1.069), p < 0.001)] were predictive factors for death;
while male sex was not [HR 0.816 (0.512-1.301), p = 0.394]. In
multivariate Cox regression analysis, increased sPAP [HR 0.252
(0.159-0.399), p < 0.001], reduced TAPSE/sPAP ratio [HR 0.460
(0.293-0.723), p < 0.01] and age [HR 1.030 (1.013-1.048), p < 0.01]
were predictive factors for all-cause mortality.

Overall survival was also assessed with a cut-off of >36 mmHg for
sPAP and a cut-off of <0.19 mm/mmHg for TAPSE/sPAP ratio. Kaplan
Meier curves showed a higher mortality in SSc patients with increased
sPAP (Log Rank x 124.1, p < 0.001) and in SSc patients with reduced
TAPSE/sPAP ratio (Log Rank %2 81.7, p < 0.001). In univariate Cox
regression analysis, increased sPAP [HR 0.147 (0.099-0.217), p <
0.001], reduced TAPSE/sPAP ratio [HR 0.111 (0.063-0.199), p <
0.001] and age [HR 1.052 (1.035-1.069), p < 0.001)] were predictive
factors for death; while sex was not [HR 0.816 (0.512-1.301), p =
0.394]. In multivariate Cox regression analysis, increased sPAP [HR
0.215 (0.140-0.329), p < 0.001], reduced TAPSE/sPAP ratio [HR 0.330
(0.181-0.600), p < 0.001] and age [HR 1.029 (1.012-1.047), p < 0.01]
were predictive factors for all-cause mortality.

3.2. Echocardiographic parameters in SSc patients with available PH data

TAPSE, sPAP and PH (yes or no) data were available in 664 (26%)
SSc patients at baseline. In this group of patients, PH was reported as
present in 307 (46.2%) SSc patients. Demographic and clinical charac-
teristics of 664 SSc patients with available PH data are reported in
Table 1.

The mean values of sPAP and TAPSE/sPAP ratio were 41 + 19
mmHg and 0.61 + 0.28 mm/mmHg, respectively. Analyzing PH data, a
cut-off of >36 mmHg for sPAP and a cut-off of <0.55 mm/mmHg for
TAPSE/sPAP ratio were selected. In this group of SSc patients, 322

TAPSE and sPAP data available at baseline

PH data (yes or no) available at baseline RHC data available at baseline

(n = 2555) (n = 664) (n = 355)
Results N Results N T0 T(-1) N
Age, years, mean + SD 62 + 14 2555 67 £ 12 664 69 +11 68 +£11 355
Male, n (%) 414 (16.2) 2555 125 (18.8) 664 59 (16.6) N.A. 355
Disease duration, years, mean + SD 14 +£ 10 2215 17 £ 10 592 16 £ 11 N.A. 302
Limited cutaneous SSc, n (%) 1479 (70.5) 2097 349 (64.7) 539 196 (70.5) N.A. 278
Diffuse cutaneous SSc, n (%) 618 (29.5) 2097 190 (35.3) 539 82 (29.5) N.A. 278
ACA, n (%) 815 (43.9) 1857 206 (41.3) 499 123 (48.2) N.A. 255
Scl-70, n (%) 628 (33.5) 1876 166 (33.2) 500 70 (27) N.A. 259
RNA Pol 111, n (%) 138 (9.5) 1448 23 (6.2) 373 13 (6.2) N.A. 210
mRSS, mean + SD 6+8 1916 8+8 462 8+8 N.A. 206
Digital ulcers history, n (%) 1075 (45.5) 2364 301 (52.3) 575 154 (50.8) N.A. 303
Tendon friction rubs, n (%) 87 (3.6) 2394 33 (5.6) 591 16 (5.4) N.A. 296
Telangiectasias, n (%) 1493 (63.5) 2352 430 (72.6) 592 229 (75.1) N.A. 205
NT-proBNP, pg/mL, mean + SD 643 + 3508 1514 1035 + 2487 315 1172 + 2961 N.A. 157
FVC, % predicted, mean + SD 92 + 22 2200 87 +23 585 88 + 24 92 + 22 308
DLco, % predicted, mean + SD 66 + 22 2087 51 +£20 531 51 +£19 56 +£ 18 265
FVC/DL¢o, mean + SD 1.58 + 0.63 2047 1.97 + 0.80 526 2+0.78 1.79 + 0.64 263
LVEF, %, mean + SD 60.9 + 6.5 2322 60.4 +7 589 60.7 +7.3 N.A. 297
Diastolic dysfunction, n (%) 625 (28.9) 2160 239 (41.8) 572 121 (42.3) N.A. 286
TAPSE, mm, mean + SD 21.8 + 4.2 2555 20.7 + 4.8 664 204 +5 21.2 + 4.6 355
sPAP, mmHg, mean + SD 30 + 14 2555 41 +£19 664 46 +£19 39.7 £17.2 355
TAPSE/sPAP, mm/mmHg, mean + SD 0.83 £+ 0.30 2555 0.61 £ 0.28 664 0.52 £ 0.24 0.64 £ 0.29 355
sPAP >36 mmHg, n (%) 513 (20.1) 2555 322 (48.5) 664 224 (63.1) 169 (47.6) 355
TAPSE/sPAP <0.55 mm/mmHg, n (%) 460 (18) 2555 288 (43.4) 664 199 (56.1) 154 (43.4) 355
TAPSE/sPAP <0.32 mm/mmHg, n (%) 152 (5.9) 2555 113 (17) 664 76 (21.4) 49 (13.8) 355
TAPSE/sPAP <0.19 mm/mmHg, n (%) 39 (1.5) 2555 33 (5) 664 25 (7) 10 (2.8) 355

Percentages are calculated on the number of available data. TAPSE: tricuspid annular plane systolic excursion; sPAP: systolic pulmonary arterial pressure; PH: pul-
monary hypertension; RHC: right heart catheterization; N: number of patients with available data; TO: baseline; T(—1): 12 + 3 months before RHC; N.A.: not
applicable; ACA: anticentromere antibodies; Scl-70: antitopoisomerase I antibodies; RNA Pol III: RNA polymerase III antibodies; mRSS: modified Rodnan skin score; NT-
proBNP: N-terminal pro-B-type natriuretic peptide; FVC: forced vital capacity; DLco: diffusing capacity of the lungs for carbon monoxide; LVEF: left ventricular ejection

fraction.
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(48.5%) had an increased sPAP value and 288 (43.4%) had a reduced
TAPSE/sPAP ratio. The ROC curve analysis showed an AUC of 0.833
(0.802-0.864, p < 0.001) for sPAP and 0.845 (0.815-0.874, p < 0.001)
for TAPSE/sSPAP ratio. The OR for PH was 9.8 (95% CI 6.9-14) for sPAP
and 11.1 (95% CI 7.7-16) for TAPSE/sPAP ratio. The logistic regression
analysis showed that increased sPAP [OR 0.395 (95% CI 0.182-0.854),
p < 0.05], reduced TAPSE/sPAP ratio [OR 0.268 (95% CI 0.124-0.579),
p < 0.01] and FVC/DL¢o [OR 1.707 (95% CI 1.125-2.592), p < 0.05]
were significantly associated with PH (Table 2).

3.3. Echocardiographic parameters in SSc patients with available RHC
data at baseline

RHC data at baseline were available in 355 SSc patients. No patient
had a previously reported diagnosis of PH at the study baseline in the
EUSTAR database. Demographic and clinical characteristics of 355 SSc
patients with available RHC data are reported in Table 1.

mPAP mean value was 27 + 11 mmHg. sPAP and TAPSE/sPAP ratio
mean values were 46 + 19 mmHg and 0.52 + 0.24 mm/mmHg,
respectively. With a cut-off of >36 mmHg for sPAP and a cut-off of
<0.55 mm/mmHg for TAPSE/sPAP ratio, 224 (63.1%) SSc patients had
an increased sPAP value and 199 (56.1%) had a reduced TAPSE/sPAP
ratio. In this group of SSc patients, the prevalence of PH, confirmed by
RHC, was 54.9% (n = 195). As for PH diagnosis by RHC, the ROC curve
analysis showed an AUC of 0.815 (0.771-0.858, p < 0.001) for sPAP and
0.832 (0.790-0.874, p < 0.001) for TAPSE/sPAP ratio (Fig. 1, A and B).
The OR for PH was 7.8 (95% CI 4.7-12.7) for sPAP and 9 (95% CI
5.6-14.6) for TAPSE/sPAP ratio. The logistic regression analysis showed
that only reduced TAPSE/sPAP ratio [OR 0.251 (95% CI 0.084-0.753),
p < 0.05] and FVC/DL¢o [OR 2.568 (95% CI 1.227-5.375), p < 0.05]
were significantly associated with PH diagnosis (Table 2).

3.4. Echocardiographic parameters at 12 + 3 months before RHC

In this group of 355 SSc patients, the mean values of sPAP and
TAPSE/sPAP ratio at 12 + 3 months before RHC were 39.7 + 17.2

Table 2
Logistic regression analysis in different groups of systemic sclerosis (SSc)
patients.

PH in 664 SSc patients

OR (95% CI) P
sPAP >36 mmHg 0.395 (0.182-0.854) <0.05
TAPSE/sPAP <0.55 mm/mmHg 0.268 (0.124-0.579) <0.01
NT-proBNP, pg/mL 1.000 (1.000-1.000) 0.118
FVC/DLco 1.707 (1.125-2.592) <0.05
Age, years 1.009 (0.982-1.037) 0.519
PH in 355 SSc patients at TO

OR (95% CD) p
sPAP >36 mmHg 0.785 (0.282-2.188) 0.643
TAPSE/sPAP <0.55 mm/mmHg 0.251 (0.084-0.753) <0.05
NT-proBNP, pg/mL 1.000 (1.000-1.001) 0.242
FVC/DLco 2.568 (1.227-5.375) <0.05
Age, years 0.974 (0.934-1.015) 0.205
PH in 355 SSc patients at T(—1)

OR (95% CD) P
SPAP >36 mmHg 0.521 (0.226-1.201) 0.126
TAPSE/sPAP <0.55 mm/mmHg 0.265 (0.102-0.685) <0.01
FVC/DLco 2.529 (1.358-4.711) <0.01
Age, years 1.021 (0.991-1.053) 0.176

OR: odds ratio; PH: pulmonary hypertension; TAPSE: tricuspid annular plane
systolic excursion; sPAP: systolic pulmonary arterial pressure; NT-proBNP: N-
terminal pro-B-type natriuretic peptide; FVC: forced vital capacity; DLco:
diffusing capacity of the lungs for carbon monoxide; TO: baseline; T(—1): 12 + 3
months before right heart catheterization.
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mmHg and 0.64 + 0.29 mm/mmHg, respectively. With a cut-off of >36
mmHg for sPAP and a cut-off of <0.55 mm/mmHg for TAPSE/sPAP
ratio, 160 (47.6%) had an increased sPAP value and 154 (43.4%) had a
reduced TAPSE/sPAP ratio. As for PH diagnosis by RHC, the ROC curve
analysis showed an AUC of 0.775 (0.728-0.822, p < 0.001) for sPAP and
0.783 (0.736-0.830, p < 0.001) for TAPSE/sPAP ratio (Fig. 1, C and D).
The OR for PH was 4.7 (95% CI 3-7.4) for sPAP and 5.6 (95% CI 3.5-9)
for TAPSE/sPAP ratio. The logistic regression analysis showed that only
TAPSE/sPAP ratio [OR 0.265 (95% CI 0.102-0.685), p < 0.01] and FVC/
DLco [OR 2.529 (95% CI 1.358-4.711), p < 0.01] at 12 + 3 months
before RHC were significantly associated with PH diagnosis (Table 2).

3.5. Mortality in SSc patients with available RHC data

In this group of 355 SSc patients, the predictive value of sPAP and
TAPSE/sPAP ratio for all-cause mortality was also analyzed. 41 of 355
(11.5%) SSc patients died after a follow-up of 38.8 + 25.1 months. The
ROC curve analysis showed an AUC of 0.735 (0.666-0.805, p < 0.001)
for sPAP and 0.773 (0.703-0.843, p < 0.001) for TAPSE/sPAP ratio.

Overall survival was evaluated with a cut-off of >36 mmHg for SPAP
and a cut-off of <0.32 mm/mmHg for TAPSE/sPAP ratio. Kaplan Meier
curves showed a higher mortality in SSc patients with increased sPAP
(Log Rank y2 24.6, p < 0.001) and in SSc patients with reduced TAPSE/
SPAP ratio (Log Rank Xz 41.1, p < 0.001) (Fig. 2, A and B). In univariate
Cox regression analysis, increased sPAP [HR 0.066 (0.016-0.276), p <
0.001], reduced TAPSE/sPAP ratio [HR 0.167 (0.089-0.310), p < 0.001]
and age [HR 1.047 (1.014-1.080), p < 0.01)] were predictive factors for
death. In multivariate Cox regression analysis, reduced TAPSE/sPAP
ratio [HR 0.310 (0.164-0.585), p < 0.001] was the most significant
predictive factor for all-cause mortality (Table 3).

Overall survival was also assessed with a cut-off of >36 mmHg for
sPAP and a cut-off of <0.19 mm/mmHg for TAPSE/sPAP ratio. Kaplan
Meier curves showed a higher mortality in SSc patients with increased
sPAP (Log Rank x2 24.6, p < 0.001) and in SSc patients with reduced
TAPSE/sPAP ratio (Log Rank xz 29.3, p < 0.001) (Fig. 2, A and C). In
univariate Cox regression analysis, increased sPAP [HR 0.066
(0.016-0.276), p < 0.001], reduced TAPSE/sPAP ratio [HR 0.173
(0.084-0.356), p < 0.001] and age [HR 1.047 (1.014-1.080), p < 0.01)]
were predictive factors for death. In multivariate Cox regression anal-
ysis, increased sPAP [HR 0.092 (0.022-0.388), p < 0.01] and reduced
TAPSE/sPAP ratio [HR 0.317 (0.154-0.656), p < 0.01] were predictive
factors for all-cause mortality (Table 3).

4. Discussion

This is the first study to show the association between a reduced
TAPSE/sPAP ratio and PH diagnosis and, even more important, its
predictive ability 12 months before PH diagnosis in a large cohort of SSc
patients. Moreover, this is the largest study to demonstrate the predic-
tive role of a reduced TAPSE/sPAP ratio for all-cause mortality in SSc
patients.

According to the new 2022 PH guidelines, we assessed all-cause
mortality selecting two different cut-off values for TAPSE/sPAP ratio.
For both cut-off values, a reduced TAPSE/sPAP ratio was a predictive
risk factor for all-cause mortality and SSc patients with a reduced
TAPSE/sPAP ratio had worse survival than patients with higher values.
Previous studies described the prognostic role of different TAPSE/SPAP
cut-off values in several conditions, including heart failure [16-18],
valvular heart disease [28-30], pulmonary embolism [31], chronic lung
disease [32] and PH [19-22]. Only two small sample size studies spe-
cifically evaluated the prognostic role of TAPSE/sPAP ratio in SSc pa-
tients. Lai et al. reported the association between a TAPSE/sPAP ratio <
0.194 mm/mmHg and the composite endpoint of all-cause death and
clinical worsening in 60 SSc patients with PAH [23]. Instead, Xanthouli
et al. identified a TAPSE/sPAP ratio < 0.6 mm/mmHg as an independent
predictor of survival in 225 SSc patients [24]. Furthermore, a previous
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Fig. 1. Receiver Operating Characteristic (ROC) curves for the echocardiographic parameters for the prediction of pulmonary hypertension in 355 systemic sclerosis
patients. A: ROC curve for systolic pulmonary artery pressure (sPAP) at baseline; B: ROC curve for tricuspid annular plane systolic excursion (TAPSE)/sPAP ratio at
baseline; C: ROC curve for sPAP at 12 + 3 months before right heart catheterization (RHC); D: ROC curve for TAPSE/sPAP ratio at 12 + 3 months before RHC.

EUSTAR study showed that a sPAP >36 mmHg was associated with
reduced survival in SSc patients [15]. In our study, a TAPSE/sPAP ratio
< 0.32 mm/mmHg emerged as a stronger predictor of all-cause mor-
tality than a sPAP >36 mmHg in a large cohort of SSc patients under-
going RHC, independently of PH diagnosis and PH group. The TAPSE/
SPAP ratio, the ratio between an index of RV function (TAPSE) and an
index of RV afterload (sPAP), is the validated non-invasive measure of
RV-PA coupling. A TAPSE/sPAP ratio < 0.36 mm/mmHg and a TAPSE/
SPAP ratio < 0.31 mm/mmHg have been identified as the cut-off values
discriminating RV-PA uncoupling in heart failure and PH, respectively
[13,18]. RV-PA uncoupling occurs when RV contractility is unable to
match RV afterload. Prompt detection of RV-PA uncoupling, before RV
failure occur, is therefore crucial to identify patients at higher risk of
clinical deterioration and mortality and to optimise treatment strategies.
Vicenzi et al. reported that including TAPSE/sPAP ratio in two different
risk scores improved risk stratification in 102 patients with PAH [20].
Our results confirm that TAPSE/sPAP ratio should be included in the
prognostic assessment of SSc patients.

In the present study, a TAPSE/sPAP ratio < 0.55 mm/mmHg was
significantly and independently associated with the presence of PH in a
large cohort of SSc patients. Besides, we evaluated the association be-
tween TAPSE/sPAP ratio measured 12 months before RHC and PH
diagnosis. We demonstrated for the first time that a TAPSE/sPAP ratio <
0.55 mm/mmHg 12 months before RHC was a risk factor for PH
confirmed by RHC. In healthy subjects of all ages, a median (5th-95th
percentiles) normative value of 1.25 (0.81-1.78) mm/mmHg has been

reported for TAPSE/sPAP ratio [33]. Early PH detection, before RV-PA
uncoupling and RV dysfunction occur, is crucial to promptly start
treatment and significantly improve patients exercise capacity, quality
of life and survival. According to 2022 PH guidelines, our findings
suggest that a cut-off of <0.55 mm/mmHg for TAPSE/sPAP ratio is the
optimal cut-off value identifying SSc patients who are more likely to
have PH. Our results are in line with a previous study that investigated
the role of TAPSE/sPAP ratio as a potential screening tool for PAH in 51
SSc patients comparing the PPV between TAPSE/sPAP ratio and
DETECT algorithm. The PPV of TAPSE/sPAP ratio was higher than the
PPV of DETECT algorithm, suggesting potential utility for TAPSE/SPAP
ratio in SSc patients with a DETECT algorithm step 2 total score > 35 to
select patients requiring RHC to confirm PAH diagnosis [14]. According
to PH guidelines, echocardiography has a central role in PH screening
and a TRV >2.8 m/s, corresponding to an estimated sPAP >36 mmHg, is
the cut-off value discriminating patients with intermediate-high proba-
bility of PH [8]. In our study, a TAPSE/sPAP ratio < 0.55 mm/mmHg
emerged as a stronger risk factor for PH than a sPAP >36 mmHg in a
large cohort of SSc patients. To date, there is an unmet need for
screening tools able to improve the selection of patients requiring
further diagnostic testing to exclude or confirm PH. Our results confirm
that TAPSE/sPAP ratio should be included in the PH screening algorithm
of SSc patients.

Strengths of the study are the large sample size and the applicability
of results to clinical practice due to the use of representative real-world
data. Nevertheless, this study has several limitations. This is a
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Fig. 2. Overall survival in 355 systemic sclerosis (SSc) patients. A: overall survival in SSc patients with systolic pulmonary artery pressure (SPAP) >36 mmHg (dotted
line) and sPAP <36 mmHg (continuous line); B: overall survival in SSc patients with tricuspid annular plane systolic excursion (TAPSE)/sPAP ratio < 0.32 mm/
mmHg (dotted line) and TAPSE/sPAP ratio > 0.32 mm/mmHg (continuous line); C: overall survival in SSc patients with TAPSE/sPAP ratio < 0.19 mm/mmHg

(dotted line) and TAPSE/sPAP ratio > 0.19 mm/mmHg (continuous line).

Table 3

Univariate and multivariate Cox regression analysis for overall survival using
standardized cut-off values of TAPSE/sPAP ratio in 355 systemic sclerosis pa-
tients with available right heart catheterization data.

Intermediate-high risk TAPSE/sPAP ratio

Univariate analysis Multivariate analysis

HR (95% CD p HR (95% CD p
0.066 0.124

(0.016-0.276) <0.001 <0.01

sPAP >36 mmHg (0.029-0.543)

TAPSE/sPAP
0.167 0.310
<0.32 .001 .001
0.32 mm/ (0.089-0.310) <0001 4 164-0.585) <0.00
mmHg
1.047 1.032
A 01 062
86, years (1.014-1.080) <00 (0.998-1.067) 0.06
0.881
Male sex (0.407-1.909) 0.749 - -
High risk TAPSE/sPAP ratio
Univariate analysis Multivariate analysis
HR (95% CI) p HR (95% CI) p
0.066 0.092
sPAP >36 mmHg (0.016-0.276) <0.001 (0.022-0.388) <0.01
TAfgligsiAnﬁ/ 0.173 <0001 %37 <0.01
: (0.084-0.356) : (0.154-0.656) :
mmHg
1.047 1.029
A 01 101
8¢, years (1.014-1.080) <0.0 (0.995-1.064) 0.10
Male sex 0.881 0.749 - -

(0.407-1.909)

HR: hazard ratio; TAPSE: tricuspid annular plane systolic excursion; sPAP: sys-
tolic pulmonary arterial pressure.

retrospective study in which patients were selected on available TAPSE
and sPAP data. Patients with available RHC data did not have serial
TAPSE and sPAP measurements and therefore a longitudinal analysis
was not possible. Many RHC parameters data were missing (e.g. wedge
pressure was not recorded in 84/355 SSc patients with RHC) and could
not be used for the analysis. Many data were missing for parameters
included in the DETECT algorithm (e.g. TRV was documented only in
67/355 patients and right atrium area only in 62/355 patients), so that
comparing the PPV of TAPSE/sPAP ratio and DETECT algorithm was not
possible. The cause of death for SSc was missing in many patients. PH-
specific mortality was not provided by the EUSTAR database.

Routine echocardiography is crucial for early PH diagnosis, for the
prognostic assessment of patients with PH and for their follow-up under
therapy. TAPSE/sPAP ratio is a non-invasive, low cost, easy repeatable
measure of RV performance related to pulmonary hemodynamics that
integrates seamlessly into the existing diagnostic work-up and risk
assessment strategies.

In conclusion, in SSc patients a TAPSE/sPAP ratio < 0.55 mm/mmHg
is significantly and independently associated with PH and is a potential
predictive risk factor for PH. A TAPSE/sPAP ratio < 0.32 mm/mmHg is a
predictive risk factor for all-cause mortality.
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