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Abstract

This study investigated the TAPSE /PASP ratio, a measure of right ventricle-pulmonary artery coupling, as a predictor of short-term outcomes in
heart failure patients with reduced ejection fraction.

Background: Acute heart failure is a serious condition with high readmission and mortality rates. Identifying patients at high risk can improve
care. The right ventricle plays a key role, and the TAPSE/PASP ratio assessed by echocardiography is a promising tool. Right ventricular (RV) -
pulmonary artery (PA) coupling has emerged as a comprehensive index of global RV performance. As echocardiography is the most conventional
and feasible method for assessing cardiac morphologies and functions, many studies have evaluated several echocardiographic parameters
through different modalities as reliable measurements of RV-PA coupling in comparison with invasive ones, of which the ratio between tricuspid
annular systolic excursion (TAPSE) & pulmonary artery systolic pressure (PASP) has gain much attention in recent years.

Methods: This multicenter prospective comparative study studied 50 patients with acute heart failure. Researchers measured TAPSE/PASP ratio
and tracked hospital stay, readmissions, and mortality.

Results: Lower TAPSE/PASP ratio correlated with longer hospital stays, more readmissions, and higher mortality. A cutoff value of 0.4 identified
patients with worse outcomes (hospital stay and readmission) with high accuracy. Another cutoff of 0.28 predicted mortality with high accuracy.

Conclusion: TAPSE/PASP ratio appears to be a valuable tool for risk stratification and predicting outcomes in heart failure patients. This may help
guide treatment decisions and improve patient care.

Keywords: Right ventricle; Pulmonary artery; Uncoupling; TAPSE/PASP; Acute heart failure

Abbreviations: TAPSE: Tricuspid Annular Systolic Excursion; PASP: Pulmonary Artery Systolic Pressure; RV: Right Ventricular; PA: Pulmonary
Artery; HF: Heart Failure; AHF: Acute Heart Failure; LEVDD: Left Ventricular End Diastolic Dimension; LVESD: Left Ventricular End Systolic
Dimension; LVEF: Left Ventricular Ejection Fraction; FAC: Fractional Area Change; AUC: Area Under Curve; [HD: Ischemic Heart Disease; HTN:
Hypertension

Introduction

and rehospitalization rates [2]. The right ventricle is extremely
sensitive to hemodynamic changes and increased impedance. In
AHF, the development of pulmonary venous congestion and the
increase of left ventricular filling pressures favors pulmonary
vascular adverse remodeling and ultimately RV dysfunction,
leading to the onset of symptoms and to a further deterioration of

Heart failure (HF) is a syndrome characterized by recurrent
episodes of hospitalizations that deeply affect patients’ quality
of life and account for large healthcare expenditures [1]. Acute
heart failure refers (AHF) to rapid or gradual onset of symptoms
and/or signs of HF, severe enough for the patient to seek urgent
medical attention, leading to an unplanned hospital admission

o ) i . cardiac dynamics [3].
or an emergency department visit. Patients with AHF require

urgent evaluation with subsequent initiation or intensification
of treatment. AHF is a leading cause of hospitalizations in
subjects aged >65 years and is associated with high mortality

Different studies have shed light on both right ventricular
dysfunction and pulmonary hypertension as important prognostic
factors in patients with heart failure [4], whereas the relationship
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between them (best described as Coupling) has the most
prognostic value. Right ventricular-pulmonary artery coupling
can be defined as the relationship between RV contractility and
RV afterload; The normal adult pulmonary vascular bed is a low-
pressure, low-resistance and high compliance system capable
of accommodating large increases in blood flow with minimal
elevations of mean pulmonary artery pressure, the normal right
ventricle is coupled to this low-pressure and high-compliance
pulmonary circulation to ensure transfer of blood to the pulmonary
arteries in an energy efficient fashion; As pulmonary hypertension
develops, the vascular bed becomes a high-pressure, high
resistance, and low compliance system leading to an additional
load on the contracting ventricle; When RV contractility cannot
rise anymore to match RV afterload, RV-PA uncoupling occurs. As
echocardiography is the most conventional and feasible method
for assessing cardiac morphologies and functions, many studies
have evaluated several echocardiographic parameters through
different modalities as reliable measurements of RV-PA coupling
in comparison with invasive ones, of which the ratio between
tricuspid annular systolic excursion (TAPSE) & pulmonary artery
systolic pressure (PASP) has gain much attention in recent years

[5]-

It was first reported that TAPSE/PASP ratio assessed with
echocardiography might be a useful clinical index of RV function.
The ratio was thought to be a more accurate indicator of RV
dysfunction severity than either TAPSE or PASP alone [6].

More recent studies concluded that TAPSE/PASP ratio
is a straightforward measurement of RV-PA coupling based
on its correlation with measurements through right heart
catheterization [7]. This study aimed to study the short-term
prognostic value of RV - PA uncoupling measured by TAPSE/PASP
ratio in acute decompensated heart failure patients with reduced
ejection fraction during hospitalization and its role in predicting
short-term morbidity and mortality.

Study Design and Population

This
conducted over 1 year period from August 2021 to August 2022 at

multicenter prospective comparative study was
Benha University hospital and Maadi military hospital. Informed
consents were obtained from all participants & the study was
approved by the ethics committee on research involving human
subjects of Faculty of Medicine - Benha University. Our study
was carried out on 50 patients clinically diagnosed with acute
decompensated Heart Failure with left ventricular ejection
fraction (LV EF) <40% on hospital admission.

The exclusion criteria were patients who are poorly echogenic,
patients with significant valvular heart disease (severe Aortic
or mitral stenosis and severe aortic or severe primary mitral
regurgitation), patients with primary pulmonary hypertension,
pulmonary hypertension due to chest disease (eg. COPD),
pulmonary hypertension due to chronic thromboembolism,
patients with recent acute coronary syndrome, patients with

intracardiac devices, patients with debilitating diseases in
addition to heart failure (end stage renal disease, liver cirrhosis,
Cancer) and patients with marked cognitive impairment. All
patients were subjected to:

i. History taking: Detailed personal history, past history
of medical disease, drug history and family history were discussed
with all participants.

i. Clinical examination: Complete general and local
examination on admission, including vital signs evaluation.
A-General examination: All participants were subjected to
complete physical examination including assessment of the
general condition and vital signs as blood pressure and heart rate
B- Cardiac examination: Heart sounds, Additional sounds, Cardiac
murmurs.

ii. Laboratory Investigations: Complete blood count,
plasma glucose level, serum creatinine, urea, serum electrolytes,
coagulation profile, liver function tests, troponin, arterial blood
gases.

iv. Standard 12-leads ECG: To detect Rate, rhythm,
conduction abnormalities and ischemic changes.

V. Resting Transthoracic Echocardiography (TTE):
Standard echocardiography with Doppler studies were performed
using a Vivid S5 Dimension ultrasound framework (GE Healthcare,
Waukesha, WI, USA).

All pictures and estimations were procured from standard
perspectives and revised carefully. All patients had a baseline
transthoracic echocardiogram within 24 hours of admission and
upon discharge using 2D, M-mode and doppler imaging. Left
ventricular end diastolic dimension (LVEDD), Left ventricular
end systolic dimension (LVESD), Left ventricular ejection fraction
(LVEF), left atrial dimension, LV diastolic function, right atrial
dimensions, right ventricular dimensions, tricuspid annular plane
systolic excursion (TAPSE), pulmonary artery systolic excursion
(PASP), right ventricular fractional area change (FAC), tricuspid
lateral annular systolic velocity (RV S’). Values denoting RV
dysfunction [8]: TAPSE < 16mm, RVFAC < 35% and RV s’ <9.5 cm.

Follow up: All patients were followed up during hospitalization.
Follow up echocardiography before discharge using same
parameters were obtained to assess RV-PA coupling after the
proper treatment and its correlation with hospital stay duration
and case progression, patients were followed for the next 30 days
post discharge for short-term morbidity and mortality through
telephone interviews or outpatient visits.

Sample Size Calculation

The minimum sample size required for sensitivity and
specificity test was calculated by using PASS software (PASS 11
citation: Hintze ] (2011). PASS 11. NCSS, LLC. Kaysville, Utah,
USA). Based on the previous report by Saleiro and colleagues
(2020), Kaplan Meier curves showed different event free survival
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among groups TAPSE/PSAP =0.33 vs <0.33mm/mmHg (69% vs
43%, Log Rank P=0.01) for all-cause mortality. Using Modified
hypergeometric exact, proportion of outcome of 0.1, setting
alpha error at 5% and power at 80%. The minimum required
sample size for the study is determined to be 50 patients without
accounting for dropout rate.

Statistical Analysis

An Excel spreadsheet was established for the entry of data.
The analyses were be carried with SPSS software (Statistical
Package for the Social Sciences, version 24, SSPS Inc, Chicago, IL,
USA). Frequency tables with percentages were used for categorical
variables and descriptive statistics (mean and standard deviation)
were used for numerical variables. All statistical tests were two-
sided. P values less than 0.05 were considered significant and P
values less than 0.001 were considered highly significant. ROC

analysis was done for TAPSE/PASP in predicting prognosis. Area
Under Curve (AUC) with 95% confidence interval, best cutoff
point, and diagnostic indices were calculated. Multivariate logistic
regression analysis was done for predicting prognosis. The odds
ratio and the 95% confidence interval were calculated.

Results & Discussion
Demographics and General Characteristics

The mean age in our study group was 63.62 +5.06 years
ranged between 54 to 73 and 66% of them were males, also
42% of patients were smokers. Regarding comorbidities: 50%
of patients were diabetics (DM), 34% had history of ischemic
heart disease (IHD) and 54% had history of hypertension (HTN).
Regarding clinical data; the average HR was (108.7 * 9.1) beat/
min, the average RR was (24.8 + 3.4) breath/min, and the average
MAP was (77.4 £ 15.6) mmHg (Table 1).

Table 1: Socio-demographic data, risk factors and clinical data of all patients on admission,

Age (years) Mean +SD 63.6+5
Males n (%) 33 (66%)
Sex
Females n (%) 17 (34%)
Smoking n (%) 21(42.0)
Diabetes mellitus n (%) 25 (50%)
Hypertension n (%) 27 (54%)
Ischemic heart disease n (%) 17 (34%)
Heart rate (beat/min) Mean +SD 108.7£9.1
Respiratory rate (breath/min) Mean +SD 248 +3.4
Mean arterial pressure (mmHg) Mean +SD 77.4 +15.6
Echocardiographic Data
Table 2: Echocardiographic data of all patients on admission and upon discharge.
On Admission Upon discharge
LVEDD (mm) Mean +SD 61.06 + 2.36 61.14+ 2.31
LVESD (mm) Mean +SD 43.16 £ 2.23 43.08 £ 2.21
LV EF (%) Mean +SD 29+4.2 30+4.1
RA size (cm) Mean +SD 45.08 +3.31 42.38+2.61
RV 1 size (cm) Mean +SD 29.6 +7.20 28.74+6.71
RV 2 size (cm) Mean +SD 34.04 £5.78 33.02£5.81
RV 3 size (cm) Mean +SD 79.8 £ 7.45 78.17+7.57
RV-FAC (%) Mean +SD 30.1 +4.23 3247 +7.20
IVC diameter (cm) Mean +SD 1894 +2.41 15.59+ 1.51
RV S’ (cm) Mean +SD 8.5+2.04 9.68+1.53
TAPSE (mm) Mean +SD 14.92 +2.85 15.31+2.63
PASP (mmHg) Mean +SD 42.14 +8.94 37.38+8.16
TAPSE /PASP Ratio Mean +SD 0.37+0.11 0.43 +£0.12

Abbreviations: LVESD: Left Ventricular End Systolic Volume. LVESD: Left Ventricular End Diastolic Volume. LV EF: Left ventricular Ejection
Fraction. RA: Rt atrial. RV: Rt ventricle. FAC: Fractional area change. IVC: inferior vena cava. RV S': tricuspid lateral annular systolic velocity,
TAPSE: tricuspid annular plane systolic excursion. PASP: pulmonary artery systolic pressure.
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Follow up Data

Average duration of hospital admission was 4.6 + 1.6 days,

Table 4: Correlation between TAPSE/PASP Ratio with admission and
prognosis parameters of all selected patients.

40% of cases reported re-hospitalization and 24% reported death R P
during 30 day follow up, average time of death was 15 * 7 days
after discharge (Table 3). Hospital admission duration -.885%* <0.0001
Table 3: Duration of hospital stay and Follow-up of all patients. Re-hospitalization -420%* 0.002
Mortality -.754%* <0.0001
Hospital admission duration (days) Mean +SD 46%1.6
There was also a statistically significant negative correlation
Re-hospitalization rate n (%) 20 (40%) between TAPSE/PASP Ratio upon discharge and Hospital
admission duration (P < 0.001), Re-hospitalization (P < 0.001)
and Mortality (P < 0.001). (Table 5).
Mortality rate n (%) 12 (24%)
Table 5: Correlation between TAPSE/PASP Ratio with admission and
prognosis parameters of all selected patients.
Time of mortality (day) Mean +SD 15+7
R P
Our study showed a statistically significant negative Hospital admission duration -884* <0.0001
correlation between TAPSE /PASP Ratio on admission and Hospital Re-hospitalization -.595%* <0.0001
admission duration (P < 0.001), Re-hospitalization (P < 0.05) and Mortality _726%* <0.0001

Mortality (P < 0.001) (Table 4).
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Figure 1: ROC curve of admission and discharge TAPSE/PASP Ratio in predicting Poor prognosis.
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Table 6: Correlation between TAPSE/PASP Ratio with admission and prognosis parameters of all selected patients.

AUC

Best Cut off point Sensitivity (%) Specificity (%) P value

Admission TAPSE/PASP Ratio

0.901

<0.40

88 88 <0.0001**

ROC curve analysis showed that Admission TAPSE/PASP
Ratio at a cutoff point (< 0.40) predicted patients with poor

prognosis (prolonged hospital admission and increased incidence

of re-hospitalization) with sensitivity= 88% and specificity= 88%
(P<0.0001, AUC=0.948) (Table 6, Figure 1).
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Figure 2: ROC curve of admission and Discharge TAPSE/PASP Ratio in predicting mortality.
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ROC curve analysis showed that admission TAPSE /PASP Ratio
at a cutoff point (< 0.28) predicted mortality, with sensitivity=

91% and specificity= 92% (P<0.0001, AUC=0.958) (Table 7,
Figure 2).

Table 7: Correlation between TAPSE/PASP Ratio with admission and prognosis parameters of all selected patients.

AUC Best Cut off point

Sensitivity (%) Specificity (%) P value

Admission TAPSE/PASP Ratio 0.958 <0.28

91.67 92.11 <0.0001**

IN HF syndrome, development of right ventricular (RV)
dilation and failure (RVF) are signs of accelerated disease
progression that carry a two- to threefold increase in risk of
cardiac death, irrespective of degree of left ventricular (LV)
dysfunction [9]. TAPSE/PASP ratio is an easily obtained measure
that provides a more comprehensive evaluation of the RV length/
force relationship and has both pathophysiological and prognostic
significance [10].

In our study, 50 % of the patients were diabetic, 34 % had IHD
and 54% of them were hypertensive. In contrast with Braganca
et al. [11] study which reported that a total prevalence of 42%
diabetes, 80% hypertension and about half of patients (52%) had
ischemic cardiomyopathy. In our study, on admission;, The mean
EF in our study was 29%, in comparison with Guazzi et al. [6]
study in which the mean EF was 33%, RV FAC baseline was 30 %
in average while DTI s’ baseline was 8.5, in contrast with Tello et
al. [7] study which reported that average FAC was 21% and mean
RV s’ was 12.

In our study, on admission; the mean of TAPSE was 14.92 +
2.85 while mean of PASP was 42.14 + 8.94. The baseline TAPSE/
PASP Ratio was 0.372 + 0.11. On discharge: the mean of TAPSE was
15.32 + 2.63 while mean of PASP was 37.38 + 8.16. The TAPSE/

PASP Ratio on discharge was 0.433 * 0.12. It was concordant with
Guazzi et al. [6] study in which mean TAPSE was 17.8 £ 2.9 mm
and mean PASP was 39.6 + 11.0 mmhg while mean TAPSE/PASP,
mm/mmHg was 0.49 + 0.18. It came in disagreement with Tello et
al. [7] study where mean TAPSE was 18.1 + 5.6 mm and mean PASP
was 72.4 + 24.5 mmhg while mean TAPSE/PASP, mm/mmHg was
0.25. The Mean of hospital stay in our study was 4.66 days ranged
between 3 to 8 days. Regarding outcomes and follow-up, our study
showed that 20 patients (40%) needed Re-hospitalization within
1 month from first admission. Regarding mortality rate during the
period of follow-up, it was 12 patients (24%) and mean time of
mortality was 15.17+6.9 days ranged between 6 to 27 days.

In our study, correlation between TAPSE/PASP Ratio with
admission and prognosis of all patients showed that there was
a statistically significant negative correlation between TAPSE/
PASP Ratio and (Hospital admission duration, Re-hospitalization
and Mortality). In our study, ROC curve analysis showed that
admission TAPSE/PASP Ratio at a cutoff point (< 0.40) predicted
patients with poor prognosis (prolonged hospital admission
and increased incidence of re-hospitalization) with sensitivity=
88% and specificity = 88% (P<0.0001, AUC=0.948), while
admission TAPSE/PASP Ratio at a cutoff point (< 0.28) predicted
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mortality, with sensitivity= 91% and specificity= 92% (P<0.0001,
AUC=0.958).

It was in concordance with Trejo-Velasco et al. [12] study
which concluded that, on Kaplan-Meier survival analysis, patients
with TAPSE/PASP < 0.35 had a higher risk of suffering the primary
combined endpoint, Log Rank 8.844, p = 0.003. Trejo-Velasco et al.
[12] also reported that, the primary combined endpoint occurred
more frequently among patients with lower TAPSE and TAPSE/
PASP ratio.

These results also came in agreement with Popolo Rubbio et
al. [13] study that concluded that TAPSE/PASP ratio < 0.36, as an
expression of the RV-PA uncoupling, is strongly associated with an
increased risk of composite all-cause mortality and heart failure
re-hospitalization. Popolo Rubbio et al. [13] also reported that,
patients with TAPSE /PASP < 0.36 presented higher incidence of 1-
year all-cause mortality (32.2% vs. 8.1%; p < 0.001), heart failure
hospitalization (24.7% vs. 10.5%; p = 0.007) and of the combined
primary endpoint (39.4% vs. 14.8%; p < 0.001), if compared to
patients with TAPSE/PASP > 0.36.

Braganca et al. [11] study reported that, the optimal cut-off
points were 17.5 mm for TAPSE, 39 mmHg for PASP and 0.44
mm/mmHg for TAPSE/PASP. Among them, TAPSE/PASP ratio
demonstrated the best discriminative ability (AUC of 0.76). The
full diagnostic performance of the TAPSE/PASP ratio was the
following: sensibility 76%, specificity 71%, positive predictive
value 75%, negative predictive value 72%, positive likelihood
ratio 2.6 and negative likelihood ratio 0.33.

Whereas Guazzi et al. [6] study reported that the ratio
TAPSE/systolic pulmonary artery pressure (SPAP) improves
the prognostic risk stratification in heart failure patients when
compared to TAPSE alone and a ratio <0.36 mm/mmHg predicts
higher mortality in such patients. While Tello et al. [7] study
concluded that the TAPSE/PASP cutoff value for prediction of RV-
arterial uncoupling was 0.31 [14,15].

Conclusion

TAPSE /PASP ratio appears as a good prognostic tool in acute
heart failure patients with reduced ejection fraction that might
improve risk stratification and outcome prediction.

Limitations

Small sample size, large exclusion criteria, short follow up
duration.

Sources of Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Acknowledgement

The authors would like to sincerely thank all patients for their
participation and cooperation in the study. This research did not

receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Author Contribution

Authors contributed equally in the study.
Contflicts of Interest

No conflicts of interest.

References

1. Gheorghiade M, De Luca L, Fonarow GC, Filippatos G, Metra M, et al.
(2005) Pathophysiologic Targets in the Early Phase of Acute Heart
Failure Syndromes. Am ] Cardiol 96(6): 11-17.

2. Heidenreich PA, Bozkurt B, Aguilar D, Allen LA, Byun J], et al. (2022)
2022 AHA/ACC/HFSA Guideline for the Management of Heart
Failure: A Report of the American College of Cardiology/American
Heart Association Joint Committee on Clinical Practice Guidelines.
Circulation 145(18): e895-e1032.

3. Li Y, Guo D, Gong ], Wang |, Huang Q, et al. (2021) Right Ventricular
Function and Its Coupling With Pulmonary Circulation in Precapillary
Pulmonary Hypertension: A Three-Dimensional Echocardiographic
Study. Front Cardiovasc Med 8: 690606.

4. Gorter TM, Hoendermis ES, van Veldhuisen D], Voors AA, Lam CSP, et
al. (2016) Right ventricular dysfunction in heart failure with preserved
ejection fraction: A systematic review and meta-analysis. Eur ] Heart
Failure 18(12): 1472-1487.

5. Todaro MC, Carerj S, Zito C, Trifiro MP, Consolo G, et al. (2020)
Echocardiographic evaluation of right ventricular-arterial coupling in
pulmonary hypertension. Am J Cardiovasc Dis 10(4):1272-283.

6. Guazzi M, Bandera F, Pelissero G, Castelvecchio S, Menicanti L, et al.
(2013) Tricuspid annular plane systolic excursion and pulmonary
arterial systolic pressure relationship in heart failure: An index of right
ventricular contractile function and prognosis. Am ] Physiol Heart
Circul Physiol 305(9): H1373-1381.

7. Tello K, Wan ], Dalmer A, Vanderpool R, Ghofrani HA, et al. (2019)
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.
Circulation. Cardiovasc Imaging 12(9): e009047.

8. Sanz ], Sdnchez-Quintana D, Bossone E, Bogaard HJ, Naeije R (2019)
Anatomy, Function, and Dysfunction of the Right Ventricle: JACC State-
of-the-Art Review. ] Am Coll Cardiol 73(12): 1463-1482.

9. Damy T, Kallvikbacka-Bennett A, Goode K, Khaleva O, Lewinter C, et
al. (2012) Prevalence of, associations with, and prognostic value
of tricuspid annular plane systolic excursion (TAPSE) among out-
patients referred for the evaluation of heart failure. ] Cardiac Failure
18(3): 216-225.

10. Konstam MA, Kiernan MS, Bernstein D, Bozkurt B, Jacob M, et al. (2018)
Evaluation and Management of Right-Sided Heart Failure: A Scientific
Statement From the American Heart Association. Circulation 137(20):
e578-e622.

1

=

.Braganga B, Trépa M, Santos R, Silveira I, Fontes-Oliveira M, et al.
(2020) Echocardiographic Assessment of Right Ventriculo-arterial
Coupling: Clinical Correlates and Prognostic Impact in Heart Failure
Patients Undergoing Cardiac Resynchronization Therapy. ] Cardiovasc
Imag 28(2): 109-120.

12. Trejo-Velasco B, Estevez-LR, Carrasco-CF, Fernandez-VF, Arzamendi
D, et al. (2021). Prognostic Role of TAPSE to PASP Ratio in Patients
Undergoing MitraClip Procedure. J Clin Med 10(5): 1006.

m How to cite this article: Mohamed Abdel Kader E, Sameh Emil S, Ali Abo E, Mahmoud Shawky A. Right Ventricular - Pulmonary Arterial Uncoupling in
Patients with Acute Heart Failure and Reduced Ejection Fraction. J Cardiol & Cardiovasc Ther 2024; 19(4): 556016 DOI: 10.19080/J0CCT.2024.19.556016


http://dx.doi.org/10.19080/JOCCT.2024.19.556016
https://pubmed.ncbi.nlm.nih.gov/16196154/
https://pubmed.ncbi.nlm.nih.gov/16196154/
https://pubmed.ncbi.nlm.nih.gov/16196154/
https://pubmed.ncbi.nlm.nih.gov/35363499/
https://pubmed.ncbi.nlm.nih.gov/35363499/
https://pubmed.ncbi.nlm.nih.gov/35363499/
https://pubmed.ncbi.nlm.nih.gov/35363499/
https://pubmed.ncbi.nlm.nih.gov/35363499/
https://pubmed.ncbi.nlm.nih.gov/34277739/
https://pubmed.ncbi.nlm.nih.gov/34277739/
https://pubmed.ncbi.nlm.nih.gov/34277739/
https://pubmed.ncbi.nlm.nih.gov/34277739/
https://pubmed.ncbi.nlm.nih.gov/27650220/
https://pubmed.ncbi.nlm.nih.gov/27650220/
https://pubmed.ncbi.nlm.nih.gov/27650220/
https://pubmed.ncbi.nlm.nih.gov/27650220/
https://pubmed.ncbi.nlm.nih.gov/33224574/
https://pubmed.ncbi.nlm.nih.gov/33224574/
https://pubmed.ncbi.nlm.nih.gov/33224574/
https://pubmed.ncbi.nlm.nih.gov/23997100/
https://pubmed.ncbi.nlm.nih.gov/23997100/
https://pubmed.ncbi.nlm.nih.gov/23997100/
https://pubmed.ncbi.nlm.nih.gov/23997100/
https://pubmed.ncbi.nlm.nih.gov/23997100/
https://pubmed.ncbi.nlm.nih.gov/31500448/
https://pubmed.ncbi.nlm.nih.gov/31500448/
https://pubmed.ncbi.nlm.nih.gov/31500448/
https://pubmed.ncbi.nlm.nih.gov/31500448/
https://pubmed.ncbi.nlm.nih.gov/31500448/
https://pubmed.ncbi.nlm.nih.gov/30922478/
https://pubmed.ncbi.nlm.nih.gov/30922478/
https://pubmed.ncbi.nlm.nih.gov/30922478/
https://pubmed.ncbi.nlm.nih.gov/22385942/
https://pubmed.ncbi.nlm.nih.gov/22385942/
https://pubmed.ncbi.nlm.nih.gov/22385942/
https://pubmed.ncbi.nlm.nih.gov/22385942/
https://pubmed.ncbi.nlm.nih.gov/22385942/
https://pubmed.ncbi.nlm.nih.gov/29650544/
https://pubmed.ncbi.nlm.nih.gov/29650544/
https://pubmed.ncbi.nlm.nih.gov/29650544/
https://pubmed.ncbi.nlm.nih.gov/29650544/
https://pubmed.ncbi.nlm.nih.gov/32052609/
https://pubmed.ncbi.nlm.nih.gov/32052609/
https://pubmed.ncbi.nlm.nih.gov/32052609/
https://pubmed.ncbi.nlm.nih.gov/32052609/
https://pubmed.ncbi.nlm.nih.gov/32052609/
https://pubmed.ncbi.nlm.nih.gov/33801311/
https://pubmed.ncbi.nlm.nih.gov/33801311/
https://pubmed.ncbi.nlm.nih.gov/33801311/

Journal of Cardiology & Cardiovascular Therapy

13.Popolo Rubbio A, Testa L, Granata G, Salvatore T, De Marco F, et
al. (2022) Prognostic significance of right ventricle to pulmonary
artery coupling in patients with mitral regurgitation treated with the
MitraClip system. Catheter Cardiovasc Interv 99(4): 1277-1286.

14. Soares FL de ], Oliveira JMG de, Freire GN da C, Andrade LC, Noya-
Rabelo MM, et al. (2017) Incremental Prognostic Value of Conventional

@ This work is licensed under Creative
@ Commons Attribution 4.0 License
DOI: 10.19080/J0CCT.2024.19.556016

Echocardiography in Patients with Acutely Decompensated Heart
Failure. Arquivos Brasileiros De Cardiol 109(6): 560-568.

15. Amsallem M, Mercier O, Kobayashi Y, Moneghetti K, Haddad F (2018)
Forgotten No More: A Focused Update on the Right Ventricle in
Cardiovascular Disease. JACC. Heart Failure 6(11): 891-903.

Your next submission with Juniper Publishers
will reach you the below assets

¢ Quality Editorial service
¢ Swift Peer Review
¢ Reprints availability
¢ E-prints Service
e Manuscript Podcast for convenient understanding
¢ Global attainment for your research
¢ Manuscript accessibility in different formats
( Pdf, E-pub, Full Text, Audio)

e Unceasing customer service

Track the below URL for one-step submission
https://juniperpublishers.com/online-submission.php

007 How to cite this article: Mohamed Abdel Kader E, Sameh Emil S, Ali Abo E, Mahmoud Shawky A. Right Ventricular - Pulmonary Arterial Uncoupling in
Patients with Acute Heart Failure and Reduced Ejection Fraction. J Cardiol & Cardiovasc Ther 2024; 19(4): 556016 DOI: 10.19080/J0CCT.2024.19.556016


http://dx.doi.org/10.19080/JOCCT.2024.19.556016
https://juniperpublishers.com/submit-manuscript.php
http://dx.doi.org/10.19080/JOCCT.2024.19.556016
https://pubmed.ncbi.nlm.nih.gov/34939726/
https://pubmed.ncbi.nlm.nih.gov/34939726/
https://pubmed.ncbi.nlm.nih.gov/34939726/
https://pubmed.ncbi.nlm.nih.gov/34939726/
https://pubmed.ncbi.nlm.nih.gov/29185616/
https://pubmed.ncbi.nlm.nih.gov/29185616/
https://pubmed.ncbi.nlm.nih.gov/29185616/
https://pubmed.ncbi.nlm.nih.gov/29185616/
https://pubmed.ncbi.nlm.nih.gov/30316939/
https://pubmed.ncbi.nlm.nih.gov/30316939/
https://pubmed.ncbi.nlm.nih.gov/30316939/

