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ABSTRACT
Background. Pulmonary arterial hypertension (PAH) is a very severe consequence that may arise in individuals diagnosed 
with Systemic Scleroderma (SSc). Transthoracic echocardiography (TTE) is an important screening method for PAH. A new 
useful echocardiographic marker has been noted: the ratio between the tricuspid annular plane systolic excursion and the 
systolic pulmonary arterial pressure (TAPSE/sPAP). This ratio correlates with invasive measurements.
Objectives. In the present study, we aim to evaluate the new echocardiographic marker and correlate it with other 
echocardiographic markers specific to assessing PAH, with age, with form of disease, and with high risk of PAH according 
to the DETECT algorithm.
Material and methods. An observational study that included 27 patients diagnosed with SSc according to the ACR/EULAR 
2013 criteria was conducted between November 2022 and June 2023. The patients were clinically and paraclinically 
evaluated in the first Rheumatology Clinic, Iasi. TTE evaluation was performed in the third Internal Medicine Clinic, Iasi. 
The threshold value of TAPSE/CPAP was <0.6mm/mmHg. High-risk PAH was determined using the DETECT algorithm, 
employing the online calculator at https://www.detectionofpah.com. The statistical analysis was conducted using the 
PSPP 2.0.0 program. P-values of <0.05 were considered significant.
Outcomes. A total of 9 patients (33.34%) presented the TAPSE/sPAP ratio value <0.6 mm/mmHg. All these patients had 
tricuspid regurgitation peak gradient (TRPG) >30 mmHg, and 8 of them had a value >2.8 m/s in tricuspid regurgitation 
velocity assessment. According to DETECT algorithm, seven patients were identified as having a high risk of PAH. They all 
had a TAPSE/sPAP ratio <0.6 mm/mmHg.
Conclusion. The TAPSE/sPAP ratio is an effective method for assessing right ventricular coupling in patients with SSc-PAH. 
Given the invasive nature and difficulty associated with right heart catheterization (RHC), this echocardiographic marker 
can be used in screening. TTE remains an important screening tool, and a correlation between different echocardiographic 
variables can be an advantage in screening. 
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INTRODUCTION

Pulmonary arterial hypertension (PAH) is a highly 
severe complication that may manifest in individuals 
diagnosed with systemic sclerosis (SSc). It is induced 
by pulmonary circulation remodeling [1]. The diagno-

sis is established through right heart catheterization 
(RHC) when the mean pulmonary arterial pressure 
(mPAP) values are > 20 mmHg [2]. Among the five 
forms of pulmonary hypertension (PH), patients with 
scleroderma most often belong to group 1, PAH with 
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an incidence of approximately 12% [3,4]. Given the 
poor long-term prognosis, with a median survival of 4 
years, screening methods are essential [5].

Due to nonspecific symptoms, patients are often 
diagnosed in advanced stages of the disease [6]. Re-
ducing the time between disease onset and diagnosis 
through screening methods is an important objec-
tive, as it allows for the early initiation of treatment 
[4,7].

Transthoracic echocardiography (TTE) is an im-
portant screening method for PAH [8]. In addition to 
classic parameters for evaluating right heart hemod-
ynamics, a new helpful marker in assessment has 
been noted in recent years: the ratio between tricus-
pid annular plane systolic excursion and systolic pul-
monary arterial pressure (TAPSE/sPAP). Colalillo et 
al. concluded that a value <0.6 mm/mmHg is associat-
ed with the presence of PAH [9]. This ratio is the only 
echocardiographic index that correlates with inva-
sive measurements of pulmonary pressures [10].

Although TTE provides essential information 
about right heart hemodynamics, the obtained data 
must be sufficient for adequate screening. The 
DETECT algorithm is a high-sensitivity screening 
algo rithm, as demonstrated in multiple studies [11]. 

In addition to echocardiographic evaluation, 
non-echocardiographic data such as Diffusing Capac-
ity of the Lungs for Carbon Monoxide (DLCO), 
NT-proBNP, uric acid, right axis deviation on electro-
cardiogram (ECG), presence of telangiectasias, and 
detection of anti-centromere antibodies (ACAs) are 
included in patient assessment. After inputting the 
data, patients at high risk of PAH are identified, with 
the RHC recommendation for diagnosis. The DETECT 
algorithm is included in the 2022 ESC and ERS Pulmo-
nary Hypertension Guidelines [8].

 This study aims to evaluate the new echocar-
diographic marker and correlate it with other specif-
ic echocardiographic markers for PAH assessment, 
considering age, disease form, and high-risk indica-
tion according to the DETECT algorithm.

MATERIALS AND METHODS

An observational study was conducted between 
November 2022 and June 2023, involving 27 patients 
diagnosed with SSc according to the ACR/EULAR 2013 
criteria, aged 18 and above. Exclusion criteria were 
the inability to perform echocardiographic measure-
ments and patient refusal. Patients were clinically 
and paraclinically evaluated at the first Rheumatolo-
gy Clinic in Iasi. Parameters such as age, gender, dis-
ease form (limited cutaneous, diffuse cutaneous), tel-
angiectasias, symptoms, and the presence of ACAs 
were assessed.

TTE evaluation took place on the third Internal 
Medicine Clinic utilizing a GE Health Care Vivid T8 

v204 ultrasound machine. A single, experienced ex-
aminer performed Two-dimensional and Doppler 
measurements. The following parameters were eval-
uated: tricuspid regurgitation peak gradient (TRPG), 
tricuspid regurgitation velocity (TRV), right ventricu-
lar area, right atrial area, tricuspid valve regurgita-
tion degree, systolic pulmonary arterial pressure 
(sPAP) and the TAPSE/PAPs ratio. The criteria used for 
identifying patients with pulmonary arterial hyper-
tension (PAH) using echocardiography are as follows: 
a TRV more than 2.8 m/s [8], a sPAP higher than 36 
mmHg [9], a TRPG over 30 mmHg (13), and the pres-
ence of tricuspid regurgitation grade II/III.

High-risk PAH was determined using the DETECT 
algorithm, employing the online calculator available 
at https://www.detectionofpah.com. The statistical 
analysis was conducted using the PSPP 2.0.0 pro-
gram. P-values of <0.05 were considered significant.

OUTCOMES

A group of 27 patients were included in the study; 
patients’ demographic, clinical, and paraclinical 
characteristics are presented in Table 1. The female 
gender predominated, with a female-to-male ratio of 
9:1. The average age was 56.34 years. Limited cutane-
ous form was present in 37.07% (n=10) of patients, 
and ACA were present in 8 patients (29.62%). Symp-
tomatology expressed through dyspnea was placed 
in most patients (77.78%, n=21), with no other symp-
toms commonly associated with PAH. By using the 
DETECT screening algorithm, seven patients were 
identified as having a high risk of PAH, with a recom-
mendation for RHC.

TABLE 1. Demographic, clinical and immunological 
characteristics of patients

Characteristics N (%) n

Mean age 56.34 27

Gender – female 24 (88.8%) 27

Gender – male 3 (12.2%) 27

Diffuse cutaneous 17 (62.96%) 27

Limited cutaneous 10 (37.07%) 27

Telangiectasias 18 (66.67%) 27

Dyspnea 21 (77.78%) 27

Anti-centromer antibodies (ACAs) 8 (29.62%) 27

High risk of PAH - DETECT 7 (25.92%) 27

The results of the echocardiographic evaluation 
are presented in Table 2. The average TRV was 2.52 
m/s, and the average TRPG was 28.5 mmHg. The 
TAPSE/sPAP ratio was assessed in all patients, with an 
average ratio of 0.73 mm/mmHg.

Considering the previously mentioned threshold 
values, a total of 10 patients presented values of 
TRPG, TRV, and sPAP above the threshold. The TAPSE/

https://www.detectionofpah.com


119Romanian JouRnal of Rheumatology – Volume 32, no. 3, 2023

TABLE 2. Echocardiographic parameters
Echocardiographic parameters Min-max; 

mean
n

Tricuspid regurgitation peak 
gradient (TRPG)- mmHg 9.5-50; 28.5 27

Peak tricuspid regurgitation 
velocity (TRV) – m/s 1.33-3.5; 2.52 27

Systolic pulmonary arterial 
pressure (sPAP) - mmHg 55-20; 33.1 27

Tricuspid annular plane systolic 
excursion (TAPSE) - mm 12-28; 22.5 27

TAPSE/sPAP - mm/mmHg 0.2-1.6; 0.73 27

Right atrium area – cm2 9.5-18.4; 13.2 27

sPAP ratio < 0.6 mm/mmHg was found in 33.34% 
(n=9) of patients – Table 3.

TABLE 3. Echocardiographic parameters with their thres-
holds 

Characteristic echocardiographic 
values for PAH

N (%) n

TRPG > 30 mmHg 10 (37.03%) 27

TRV > 2.8 m/s 10 (37.03%) 27

sPAP > 36 mmHg 10 (37.03%) 27

TAPSE/sPAP < 0.6 mm/mmHg 9 (33.34%) 27

Regarding patients with a TAPSE/sPAP index <0.6 
mm/mmHg, Table 4 shows their characteristics com-
pared to the rest. A correlation of this index with oth-
er indices used in echocardiographic screening for 
PAH was observed. All these patients had TRPG >30 
mmHg, and 8 had a value >2.8 m/s in TRV assessment. 
Tricuspid regurgitation of grade II was revealed in 4 
of these patients, while in patients with TAPSE/sPAP 
>0.6 mm/mmHg, no tricuspid regurgitation with a 
grade more significant than one was identified. All 
seven patients identified as having a high risk of PAH 
according to the DETECT algorithm belong to this cat-
egory (TAPSE/sPAP < 0.6 mm/mmHg). No correlations 
were found between TAPSE/sPAP and age or disease 
form.

TABLE 4. Patients characteristics based on the TAPSE/sPAP ratio
TAPSE/sPAP<0.6 mm/mmHg

(n=9)
N (%)

TAPSE/sPAP>0.6 mm/mmHg
(n=18)
N, (%)

p value

Mean age (age range) 57.77 (47-70) 55.67 (40-73) 0.536

Dispnea 6 (66.67%) 14 (77.78%) 0.752

Limited cutaneos 3 (33,34%) 7 (38,89%) 1.00

TRPG > 30mmHg 9 (90%) 1 (10%) <0.001

TRV > 2.8m/s 8 (88.89%) 1 (5.56%) <0.001

Tricuspide regurgitation 
– grade II 4 (44.45%) 0 <0.001

High risk of HTAP - 
DETECT 7 (77.78%) 0 0.001

DISCUSSION

In patients with PAH, right ventricular (RV) func-
tion is affected by increased afterload, leading to the 
onset of symptoms [14]. Cardiac involvement in PAH 
can result in right heart failure, causing a two- to 
threefold increase in the risk of cardiac death [15]. 
The gold standard for determining pressures is RHC. 
Considering the invasiveness and difficulty of this 
procedure, various echocardiographic parameters 
have been explored over time as prognostic and 
screening factors in PAH: sPAP, TRV, TRPG [16]. The 
2022 ESC and ESR Pulmonary Hypertension Guide-
lines recommend using TRV to suggest PH more accu-
rately than sPAP [8]. Considering these recommenda-
tions, correlations were made in this study between 
the TAPSE/sPAP index and TRV, confirming the utility 
of this ratio in the echocardiographic evaluation of 
PAH. However, for a correct assessment, other varia-
bles characterizing RV function are needed [17]. In 
this study, a correlation of echocardiographic param-
eters assessing right heart function was observed, 
confirming their utility.

The DETECT algorithm is a screening tool de-
signed by Coghlan et al. that helps reduce the number 
of missed RHCs and streamlines the screening of pa-
tients with SSc-PAH. Although the negative predictive 
value (NPV) of DETECT is around 98%, the positive 
predictive value (PPV) is low (35%) [12]. In these con-
ditions, there is a need to explore new screening tools 
to optimize RHC indications. 

In 2022, Colalillo et al. conducted a study in which 
51 patients were screened for PAH through TTE and 
DETECT. The PPV of the TAPSE/sPAP ratio (62.5%) was 
higher than that of the DETECT algorithm (31.3%). 
Considering these data, TAPSE/sPAP evaluation can 
optimize RHC recommendations through DETECT. 

In our study, the percentage of patients recom-
mended for RHC according to DETECT was 25.72% 
(n=7), a similar value to that identified in the study’s 
patient group (31.4%). SSc-PAH is more common in 
patients with limited cutaneous disease, confirmed 
by multiple studies in the literature [9,18]. In our 

study, no predomi-
nance of limited cu-
taneous disease was 
identified among pa-
tients with echocar-
diographic markers 
indicating the pres-
ence of PAH.

In a 2021 study by 
Vriz et al., age-specif-
ic changes in right 
ventricular function 
and right ventricle- 
pulmonary artery 
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(RV-PA) coupling were analyzed in a cohort of 1899 ap-
parently healthy patients. RV-PA coupling was assessed 
by the TAPSE/sPAP ratio. Results revealed a negative 
association between TAPSE/sPAP and age [19]. A corre-
lation of the TAPSE/sPAP ratio with age was also found 
in the study by Colalillo et al. [9]. However, there are 
also studies where the value of the TAPSE/sPAP ratio 
did not correlate with age [10,20]. In our study, no asso-
ciations were identified between TAPSE/sPAP and the 
age of patients, with the average age being approxi-
mately equal in the two groups (57.77 vs. 55.67).

The prognostic significance of the TAPSE/sPAP 
ratio has been established in a multitude of medical 
conditions, including chronic lung diseases [24], 
pulmonary embolism [21,22], and heart failure [21, 
22]. A recent study from 2023, including 2555 patients 
from the European Scleroderma Trials and Research 
(EUSTAR) diagnosed with SSc-PAH through RHC, 
investigated the correlation between TAPSE/sPAP 
and mortality. The result was that a value <0.32 mm/
mmHg is essential for all-cause mortality. Only one 

patient with TAPSE/sPAP <0.32 mm/mmHg was 
identified in our patient cohort. Prior research has 
also shown that this proportion serves as a prognostic 
indicator for death in patients with SSc-PAH, although 
with smaller groups of patients [25,26].

A limited number of patients and the incapacity to 
execute right cardiac catheterization (RHC) consti-
tute the study’s limitations. In addition, the patient’s 
current medication regimen was not considered.

CONCLUSION

The TAPSE/sPAP ratio is an effective method for 
assessing RV coupling in patients with SSc-PAH. Giv-
en the invasive nature and difficulty associated with 
RHC, this echocardiographic marker can be used in 
screening. TTE remains an important screening tool, 
and a correlation between variables can be advanta-
geous. Although not included in screening strategies, 
TAPSE/sPAP is a marker that provides essential infor-
mation regarding cardiac impairment in PAH.

Conflict of interest: none declared
Financial support: none declared

1. Hachulla E, de Groote P, Gressin V, Sibilia J, Diot E, Carpentier 
P, et al.; Itinér AIR-Sclérodermie Study Group. The three-year 
incidence of pulmonary arterial hypertension associated with 
systemic sclerosis in a multicenter nationwide longitudinal study 
in France. Arthritis Rheum. 2009 Jun;60(6):1831-9. doi: 10.1002/
art.24525. PMID: 19479881.

2. Simonneau G, Montani D, Celermajer DS, Denton CP, Gatzoulis MA, 
Krowka M, et al. Haemodynamic definitions and updated clinical 
classification of pulmonary hypertension. Eur Respir J. 2019 Jan 
24;53(1):1801913. doi: 10.1183/13993003.01913-2018. PMID: 
30545968; PMCID: PMC6351336.

3. Avouac J, Airò P, Meune C, Beretta L, Dieude P, Caramaschi P, et 
al. Prevalence of pulmonary hypertension in systemic sclerosis in 
European Caucasians and metaanalysis of 5 studies. J Rheumatol. 
2010 Nov;37(11):2290-8. doi: 10.3899/jrheum.100245. Epub 2010 
Sep 1. PMID: 20810505.

4. Lechartier B, Humbert M. Pulmonary arterial hypertension in 
systemic sclerosis. Presse Med. 2021 Apr;50(1):104062. doi: 
10.1016/j.lpm.2021.104062. Epub 2021 Feb 3. PMID: 33548377.

5. Morrisroe K, Stevens W, Huq M, Prior D, Sahhar J, Ngian GS, et al.; 
Australian Scleroderma Interest Group (ASIG). Survival and quality 
of life in incident systemic sclerosis-related pulmonary arterial 
hypertension. Arthritis Res Ther. 2017 Jun 2;19(1):122. doi: 10.1186/
s13075-017-1341-x. PMID: 28576149; PMCID: PMC5457656.

6. Brown Z, Proudman S, Morrisroe K, Stevens W, Hansen D, Nikpour 
M. Screening for the early detection of pulmonary arterial hyper-
tension in patients with systemic sclerosis: A systematic review and 
meta-analysis of long-term outcomes. Semin Arthritis Rheum. 2021 
Jun;51(3):495-512. doi: 10.1016/j.semarthrit.2021.03.011. Epub 
2021 Apr 4. PMID: 33857705.

7. Kiely DG, Lawrie A, Humbert M. Screening strategies for pulmonary 
arterial hypertension. Eur Heart J Suppl. 2019 Dec;21(Suppl K): 
K9-K20. doi: 10.1093/eurheartj/suz204. Epub 2019 Dec 17. PMID: 
31857796; PMCID: PMC6915059.

8. Humbert M, Kovacs G, Hoeper MM, Badagliacca R, Berger RMF, 
Brida M, et al.; ESC/ERS Scientific Document Group. 2022 ESC/
ERS Guidelines for the diagnosis and treatment of pulmonary 

REFERENCES

hypertension. Eur Respir J. 2023 Jan 6;61(1):2200879. doi: 10.1183/ 
13993003.00879-2022. PMID: 36028254.

9. Colalillo A, Grimaldi MC, Vaiarello V, Pellicano C, Leodori G, Gigante 
A, et al. In systemic sclerosis, the TAPSE/sPAP ratio can be used in 
addition to the DETECT algorithm for pulmonary arterial hyperten-
sion diagnosis. Rheumatology (Oxford). 2022 May 30;61(6):2450-
2456. doi: 10.1093/rheumatology/keab748. PMID: 34605890.

10. Tello K, Wan J, Dalmer A, Vanderpool R, Ghofrani HA, Naeije R, et al. 
Validation of the Tricuspid Annular Plane Systolic Excursion/Systolic 
Pulmonary Artery Pressure Ratio for the Assessment of Right 
Ventricular-Arterial Coupling in Severe Pulmonary Hypertension. 
Circ Cardiovasc Imaging. 2019 Sep;12(9):e009047. doi: 10.1161/
CIRCIMAGING.119.009047. Epub 2019 Sep 10. PMID: 31500448; 
PMCID: PMC7099862.

11. Young A, Moles VM, Jaafar S, Visovatti S, Huang S, Vummidi D, et al. 
Performance of the DETECT Algorithm for Pulmonary Hypertension 
Screening in a Systemic Sclerosis Cohort. Arthritis Rheumatol. 2021 
Sep;73(9):1731-1737. doi: 10.1002/art.41732. Epub 2021 Jul 27. 
PMID: 33760392; PMCID: PMC8403104.

12. Coghlan JG, Denton CP, Grünig E, Bonderman D, Distler O, Khanna 
D, et al.; DETECT study group. Evidence-based detection of 
pulmonary arterial hypertension in systemic sclerosis: the DETECT 
study. Ann Rheum Dis. 2014 Jul;73(7):1340-9. doi: 10.1136/
annrheumdis-2013-203301. Epub 2013 May 18. PMID: 23687283; 
PMCID: PMC4078756.

13. Aessopos A, Farmakis D, Taktikou H, Loukopoulos D. Doppler-
determined peak systolic tricuspid pressure gradient in persons 
with normal pulmonary function and tricuspid regurgitation. J Am 
Soc Echocardiogr. 2000 Jul;13(7):645-9. doi: 10.1067/mje.2000. 
104535. PMID: 10887347.

14. Vonk Noordegraaf A, Chin KM, Haddad F, Hassoun PM, Hemnes AR, 
Hopkins SR, et al. Pathophysiology of the right ventricle and of the 
pulmonary circulation in pulmonary hypertension: an update. Eur 
Respir J. 2019 Jan 24;53(1):1801900. doi: 10.1183/13993003.01900-
2018. PMID: 30545976; PMCID: PMC6351344.

15. Guazzi M, Bandera F, Pelissero G, Castelvecchio S, Menicanti 
L, Ghio S, et al. Tricuspid annular plane systolic excursion and 

https://doi.org/10.1002/art.24525
https://doi.org/10.1002/art.24525
https://doi.org/10.1183/13993003.01913-2018
https://doi.org/10.3899/jrheum.100245
https://doi.org/10.1016/j.lpm.2021.104062
https://doi.org/10.1186/s13075-017-1341-x
https://doi.org/10.1186/s13075-017-1341-x
https://doi.org/10.1016/j.semarthrit.2021.03.011
https://doi.org/10.1093/eurheartj/suz204
https://doi.org/10.1183/13993003.00879-2022
https://doi.org/10.1183/13993003.00879-2022
https://doi.org/10.1093/rheumatology/keab748
https://doi.org/10.1161/circimaging.119.009047
https://doi.org/10.1161/circimaging.119.009047
https://doi.org/10.1002/art.41732
https://doi.org/10.1136/annrheumdis-2013-203301
https://doi.org/10.1136/annrheumdis-2013-203301
https://doi.org/10.1067/mje.2000.104535
https://doi.org/10.1067/mje.2000.104535
https://doi.org/10.1183/13993003.01900-2018
https://doi.org/10.1183/13993003.01900-2018


121Romanian JouRnal of Rheumatology – Volume 32, no. 3, 2023

pulmonary arterial systolic pressure relationship in heart failure: 
an index of right ventricular contractile function and prognosis. 
Am J Physiol Heart Circ Physiol. 2013 Nov 1;305(9):H1373-81. 
doi: 10.1152/ajpheart.00157.2013. Epub 2013 Aug 30. PMID: 
23997100.

16. Tello K, Dalmer A, Axmann J, Vanderpool R, Ghofrani HA, Naeije R, 
et al. Reserve of Right Ventricular-Arterial Coupling in the Setting 
of Chronic Overload. Circ Heart Fail. 2019 Jan;12(1):e005512. 
doi: 10.1161/CIRCHEARTFAILURE.118.005512. PMID: 30616360.

17. D‘Alto M, Di Maio M, Romeo E, Argiento P, Blasi E, Di Vilio A, et 
al. Echocardiographic probability of pulmonary hypertension: 
a validation study. Eur Respir J. 2022 Aug 4;60(2):2102548. doi: 
10.1183/13993003.02548-2021. PMID: 34996833.

18. Chung L, Domsic RT, Lingala B, Alkassab F, Bolster M, Csuka ME, 
et al. Survival and predictors of mortality in systemic sclerosis-
associated pulmonary arterial hypertension: outcomes from the 
pulmonary hypertension assessment and recognition of outcomes 
in scleroderma registry. Arthritis Care Res (Hoboken). 2014 
Mar;66(3):489-95. doi: 10.1002/acr.22121. PMID: 23983198.

19. Vriz O, Veldman G, Gargani L, Ferrara F, Frumento P, D‘Alto M, et 
al. Age-changes in right ventricular function-pulmonary circulation 
coupling: from pediatric to adult stage in 1899 healthy subjects. The 
RIGHT Heart International NETwork (RIGHT-NET). Int J Cardiovasc 
Imaging. 2021 Dec;37(12):3399-3411. doi: 10.1007/s10554-021-
02330-z. Epub 2021 Jul 5. PMID: 34227030.

20. Tello K, Axmann J, Ghofrani HA, Naeije R, Narcin N, Rieth A, et 
al. Relevance of the TAPSE/PASP ratio in pulmonary arterial 
hypertension. Int J Cardiol. 2018 Sep 1;266:229-35. doi: 10.1016/j.
ijcard.2018.01.053. PMID: 29887454.

21. Naseem M, Alkassas A, Alaarag A. Tricuspid annular plane systolic 
excursion/pulmonary arterial systolic pressure ratio as a predictor 

of in-hospital mortality for acute heart failure. BMC Cardiovasc 
Disord. 2022 Sep 17;22(1):414. doi: 10.1186/s12872-022-02857-6. 
PMID: 36115949; PMCID: PMC9482278.

22. Ghio S, Guazzi M, Scardovi AB, Klersy C, Clemenza F, Carluccio E, 
et al.; all investigators. Different correlates but similar prognostic 
implications for right ventricular dysfunction in heart failure 
patients with reduced or preserved ejection fraction. Eur J Heart 
Fail. 2017 Jul;19(7):873-9. doi: 10.1002/ejhf.664. Epub 2016 Nov 
17. PMID: 27860029.

23. Lyhne MD, Kabrhel C, Giordano N, Andersen A, Nielsen-Kudsk JE, 
Zheng H, Dudzinski DM. The echocardiographic ratio tricuspid 
annular plane systolic excursion/pulmonary arterial systolic 
pressure predicts short-term adverse outcomes in acute pulmonary 
embolism. Eur Heart J Cardiovasc Imaging. 2021 Feb 22;22(3):285-
94. doi: 10.1093/ehjci/jeaa243. PMID: 33026070.

24. Tello K, Ghofrani HA, Heinze C, Krueger K, Naeije R, Raubach C, et 
al. A simple echocardiographic estimate of right ventricular-arterial 
coupling to assess severity and outcome in pulmonary hypertension 
on chronic lung disease. Eur Respir J. 2019 Sep 12;54(3):1802435. 
doi: 10.1183/13993003.02435-2018. PMID: 31073085.

25. Xanthouli P, Miazgowski J, Benjamin N, Gordjani O, Egenlauf B, 
Harutyunova S, et al. Prognostic meaning of right ventricular 
function and output reserve in patients with systemic sclerosis. 
Arthritis Res Ther. 2022 Jul 21;24(1):173. doi: 10.1186/s13075-
022-02863-1. PMID: 35864554; PMCID: PMC9306074.

26. Lai J, Zhao J, Li K, Qin X, Wang H, Tian Z, et al. Right Ventricle to 
Pulmonary Artery Coupling Predicts the Risk Stratification in 
Patients With Systemic Sclerosis-Associated Pulmonary Arterial 
Hypertension. Front Cardiovasc Med. 2022 May 11;9:872795. 
doi: 10.3389/fcvm.2022.872795. PMID: 35647074; PMCID: 
PMC9130575.

https://doi.org/10.1152/ajpheart.00157.2013
https://doi.org/10.1161/circheartfailure.118.005512
https://doi.org/10.1183/13993003.02548-2021
https://doi.org/10.1002/acr.22121
https://doi.org/10.1007/s10554-021-02330-z
https://doi.org/10.1007/s10554-021-02330-z
https://doi.org/10.1016/j.ijcard.2018.01.053
https://doi.org/10.1016/j.ijcard.2018.01.053
https://doi.org/10.1186/s12872-022-02857-6
https://doi.org/10.1002/ejhf.664
https://doi.org/10.1093/ehjci/jeaa243
https://doi.org/10.1183/13993003.02435-2018
https://doi.org/10.1186/s13075-022-02863-1
https://doi.org/10.1186/s13075-022-02863-1
https://doi.org/10.3389/fcvm.2022.872795

