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Aims Chronic kidney disease (CKD) and right ventricular (RV) dysfunction are important predictors of prognosis in heart
failure (HF). We investigated the relationship between RV dysfunction and CKD in outpatients with chronic systolic
HF, an association which remains poorly defined.

Methods
and results

Outpatients (n ¼ 373) with chronic HF and left ventricular ejection fraction (LVEF) ≤45% underwent clinical and
echo-Doppler evaluations and were followed up for 31+ 24 months. Tricuspid annular plane systolic excursion
(TAPSE) assessed RV dysfunction. The estimated glomerular filtration rate (GFR) was measured by the simplified
Modification of Diet in Renal Disease (MDRD) formula. Correlation analysis was used to characterize the association
between TAPSE and estimated GFR. Odds ratios (ORs) for CKD and hazard ratios (HRs) for all-cause mortality were
assessed using multivariable logistic or proportional hazards regression models. TAPSE and estimated GFR were sig-
nificantly correlated (r ¼ 0.38, P , 0.0001). TAPSE ≤ 14 mm was associated with elevated estimated right atrial pres-
sure and N-terminal pro brain natriuretic peptide levels. TAPSE ≤ 14 mm increased the odds of estimated GFR ,60
mL/min/1.73 m2, OR [95% confidence interval (CI)] ¼ 2.51(1.44–4.39), P , 0.0001 and predicted all-cause mortality,
HR (95% CI) ¼ 1.80 (1.20–2.71) after multivariable adjustment.

Conclusions Right ventricular dysfunction is cross-sectionally associated with CKD and prospectively predicts survival in outpati-
ents with chronic systolic HF. These data suggest RV dysfunction to be one of the possible mechanistic links between
HF and CKD.
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Introduction
Chronic kidney disease (CKD) is an important predictor of poor
survival in patients with heart failure (HF).1– 4 The pathophysiology
of CKD in HF appears multifactorial. Traditional theories have
pointed to a decrease in arterial perfusion pressure and renal
blood flow (RBF) as the main cause of renal dysfunction in patients
with impaired cardiac output.5,6 Contemporary reports have also
associated venous congestion, as evidenced by high right atrial
pressure (RAP), with renal dysfunction in acute7 and chronic

HF,8 in pulmonary hypertension,9 and in an unselected population
of patients undergoing right heart catheterization for various clin-
ical indications.10 However, in the absence of cardiac imaging, these
clinical and haemodynamic studies did not evaluate the association
between specific cardiac abnormalities, such as right ventricular
(RV) failure, and renal dysfunction.

Among the several echo-Doppler measures of RV function that
have been proposed, tricuspid annular plane systolic excursion
(TAPSE) is the one that has been more extensively studied.11213

A TAPSE ≤ 14 mm has been associated with adverse outcomes
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in patients with chronic HF and reduced left ventricular (LV) func-
tion.11,12 A functional right ventricle is important for maintaining
low venous pressure (significantly below the plasmatic oncotic
pressure) as well as adequate cardiac output, either of which
might mediate associations between RV dysfunction and CKD.14

However, despite this possible mechanistic link, the association
between RV function and CKD in chronic systolic HF remains
poorly defined. Thus, the primary aim of this study was to test
the hypothesis that RV function, as assessed by TAPSE, is an inde-
pendent predictor of CKD in outpatients with chronic systolic HF.
The relationship between RV dysfunction and death in this patient
population was also investigated.

Methods

Patient population
Outpatients referred for transthoracic echocardiography between
January 2002 and June 2010 at the echocardiography labs of the
Cardiac, Thoracic and Vascular Department of the University of Pisa
were evaluated. The inclusion criteria were: history of chronic HF,
left ventricular ejection fraction (LVEF) ≤45%, and aetiology due to
ischaemic or hypertensive heart disease or idiopathic cardiomyop-
athy.15 Among n ¼ 692 referred for transthoracic echocardiography,
we included 373 consecutive patients in this study. The reasons for
patient exclusions are as follows: chronic HF with isolated LV diastolic
dysfunction (n ¼ 62); asymptomatic LV systolic dysfunction (LVEF
≤45%) (n ¼ 71); more than mild aortic or organic, mitral valve
disease (n ¼ 95); severe tricuspid regurgitation (n ¼ 5); or chronic
kidney replacement therapy (n ¼ 6). Finally, n ¼ 80 patients were
excluded due to incomplete data for critical echo-Doppler or
biochemical parameters such as LV measurements, creatinine, and
N-terminal pro brain natriuretic peptide (NT-proBNP). All patients
gave written informed consent.

Echo-Doppler
Transthoracic two-dimensional and Doppler echocardiographic exam-
ination was performed with an Acuson Sequoia C256 ultrasound
instrument (Mountain View, CA, USA) with second-harmonic
imaging and a 3.5 MHz transducer. Recordings were made with the
patient in left lateral decubitus during quiet respiration. Continuous
single-lead electrocardiogram (ECG) monitoring was maintained
during the study. Left ventricular volumes and EF were calculated
from apical two- and four-chamber views using the modified Simpson’s
rule. Left ventricular volume indices and LV mass index were calcu-
lated.16 Right ventricular systolic function was evaluated by M-mode
echocardiography using TAPSE.13 Measurement of TAPSE was not
performed and patients were excluded if tricuspid regurgitation was
deemed to be severe, because assessment of RV systolic function by
TAPSE would not be accurate in the presence of severe tricuspid
regurgitation.17 Pulsed-wave Doppler mitral flow was analysed for
peak E and peak A velocities, E/A ratio, and E wave deceleration
time. Mitral regurgitation severity was graded according to the vena
contracta method.18 Patients were considered to have moderate to
severe mitral regurgitation if they had a vena contracta width
≥0.5 cm in the parasternal long axis view. The estimated pulmonary
artery systolic pressure was obtained by the sum of the Doppler-
derived transtricuspid gradient and the estimated right atrial pressure,
as assessed by the inspiratory collapse of the inferior vena cava.19

Clinical assessment and measurement of
biological variables
Medical history, physical examination, laboratory results, and medical
management of HF were registered at the time of the index echocar-
diogram. The HF score was calculated according to a scoring system
based on Framingham criteria by an experienced cardiologist at the
time of the index echocardiogram.20 The estimated glomerular filtra-
tion rate (GFR) was calculated on the basis of the Modification of
Diet in Renal Disease (MDRD) formula.21 Patients were divided
according to the estimated GFR into those with normal or relatively
preserved renal function (estimated GFR ≥ 60 mL/min/1.73 m2) vs.
those with renal dysfunction (estimated GFR ,60 mL/min/1.73 m2).
NT-proBNP plasma levels were measured by an Elecsys 2010 analyser
(measuring range, 5–35 000 pg/mL) using a chemiluminescent
immunoassay kit (Roche Diagnostics, Grenach-Wyhlen, Germany).

Follow-up data
The study endpoint was all-cause mortality. Survival data were
obtained through follow-up visits of patients and, in the case of a
missed visit, vital status was verified through telephone contacts,
local authority registry and hospital records. In the absence of con-
firmed mortality, survival times were based on last contact (clinical
visit or phone call).

Statistical analyses
SAS version 9.2 was used for analyses. Analysis of variance and Mann–
Whitney tests (continuous variables) or x2 tests (categorical variables)
were used to test for statistically significant differences across levels of
either CKD or TAPSE in descriptive analyses. Stepwise logistic regres-
sion models were used to identify predictors of prevalent CKD (cross-
sectional analyses). Independent variables were required to have a
P-value of ,0.10 to enter the stepwise selection and a P-value of
,0.05 to remain in the final model. Receiver operator characteristic
(ROC) curves considered multiple dichotomies of TAPSE to verify
that our a priori cut-off point of ≤14 mm11,12 was appropriate for
both renal and mortality outcomes; specifically, dichotomies based
on thresholds of 11, 12, 13, 14, 15, and 16 mm were evaluated. A non-
parameteric approach was used to compare the areas under the curve
(AUCs) for these multiple definitions and to determine the best
TAPSE threshold for the prediction of prevalent CKD.22 To construct
a concise mortality prediction model (longitudinal analyses), stepwise
Cox proportional hazards regression models were used as described
above.

Results

Baseline characteristics
Relevant demographic, clinical, echo-Doppler, and biochemical
characteristics of the patient population are summarized in
Table 1. The study patients had a mean age of 68 years, 80%
were male, and 23% had LVEF ,25%. CKD as defined by esti-
mated GFR ,60 mL/min/1.73 m2 was present in 53% of partici-
pants. Patients with estimated GFR ,60 mL/min/1.73 m2 were
older, had a higher prevalence of hypertension, diabetes, atrial
fibrillation, and ischaemic aetiology of their cardiomyopathy, and
were more often treated with diuretics and less often with
angiotensin-converting enzyme (ACE) inhibitors and beta-blockers.
In addition, CKD patients exhibited more advanced HF score and
New York Heart Association (NYHA) class, had lower diastolic
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blood pressure and LVEF, and higher left atrial size, NT-proBNP
levels, and estimated RAP. In patients with estimated GFR .60
mL/min/1.73 m2, TAPSE was significantly higher than in patients
with CKD (P , 0.0001).

Validation of TAPSE cut-off points for
CKD and mortality prediction
An initial ROC analysis confirmed the ,14 mm cut-off11,12 as an
appropriate threshold for creating a dichotomous TAPSE variable.
For the prediction of both CKD and mortality, TAPSE ≤ 14 mm
and TAPSE ≤ 15 mm were not meaningfully different. AUCs for
TAPSE ≤ 14 mm and TAPSE ≤ 15 mm were 60% and 63%,
respectively (P ¼ 0.02), for the prediction of estimated GFR ,60
mL/min/1.73 m2, whereas for the prediction of mortality the

respective AUCs were 61% and 60% (P¼non-significant),
respectively.

Correlates of impaired renal function
TAPSE and estimated GFR demonstrated a highly statistically
significant linear relationship, with a correlation of 0.38 (P ,

0.0001, Figure 1). Among 373 patients included in the study, 84
had TAPSE ≤ 14 mm (25%). TAPSE averaged (25th percentile,
75th percentile) 12 (10,14) and 20 (17,22) mm in participants
with low (≤14 mm) vs. high (.14 mm) TAPSE, respectively.
Mean (+ SEM) values of estimated RAP and NT-proBNP
between patients with low vs. high TAPSE were 8+ 0.3 vs. 6+
0.2 mmHg (P , 0.0001) and 6837+ 873 vs. 2709+244 pg/mL
(P , 0.001), respectively. Systolic and diastolic blood pressures
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Table 1 Baseline characteristics of patients classified according to renal function

Variable All eGFR ≥60 mlmL/m/1.73 m2 (n 5 177) eGFR <60 mL/min/1.73m2 (n 5 196) P-value

Age (years) 68+12 64+13 73+10 ,0.0001

Male (%) 80 88 74 0.001

Heart rate (b.p.m.) 75+15 74+16 76+14 0.24

BMI 26.4+4.3 26.5+4.0 26.2+4.5 0.50

Ischaemic CM (%) 47 37 57 0.006

Hypertensive CM (%) 15 14 16 0.37

Idiopathic CM (%) 37 49 27 0.0001

DM (%) 21 13 28 ,0.0001

History of hypertension 40 38 42 0.05

Atrial fibrillation (%) 19 14 23 0.03

Loop diuretics (%) 89 83 94 ,0.0001

ACE inhibitors (%) 74 84 64 ,0.0001

Beta-blockers (%) 69 78 60 0.0002

Aldosterone antagonists (%) 58 56 60 0.64

Digoxin (%) 19 18 19 0.64

NYHA class .II (%) 45 29 60 ,0.0001

Framingham HF score 1.0 (0.5–2.0) 1.0 (0.5–1.5) 1.5 (0.5–2.5) ,0.0001

Systolic BP (mmHg) 124+16 125+10 122+10 0.09

Diastolic BP (mmHg) 73+10 75+9 72+10 0.002

LV EDVi (ml/m2) 113+34 110+32 116+35 0.09

LV ESVi (mL/m2) 80+31 76+28 83+33 0.04

LVEF (%) 31+9 32+8 30+9 0.03

Left atrial size (mm) 49+7 48+7 50+6 0.02

Mitral regurgitation (%) 30 23 37 0.003

E/A ratio 1.8+1.5 1.7+1.4 1.8+1.6 0.71

EDT (ms) 156+53 163+54 150+51 0.03

TAPSE (mm) 18+5 19+5 17+5 ,0.0001

PASP (mmHg) 40+12 39+12 42+11 0.006

eRAP (mmHg) 6+3 6+3 7+4 0.11

NT-proBNP (pg/mL)a 1687 (749–3888) 1285 (507–2596) 2644 (1090–5835) ,0.0001

Creatinine (mg/dL) 1.4+0.7 1.8+0.8 1.0+0.2 ,0.0001

ACE, angiotensin-converting enzyme; BMI, body mass index; BP, blood pressure; CM, cardiomyopathy; DM, diabetes mellitus; EDT, E wave deceleration time; EDVi, end-diastolic
volume index; ESVi, end-systolic volume index; eGFR, estimated glomerular filtration rate; HF, heart failure; LV, left ventricular; LVEF, left ventricular ejection fraction; NT-proBNP,
N-terminal pro brain natriuretic peptide; NYHA, New York Heart Association; PASP, pulmonary artery systolic blood pressure; eRAP, estimated right atrial pressure; TAPSE,
tricuspid annular plane systolic excursion.
aMedian and interquartile range.
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were reduced by 7 (P , 0.001) and 3 (P , 0.05) mmHg, respect-
ively, among patients with low TAPSE vs. high TAPSE.

In univariable analysis, we found several variables to be related to
estimated GFR ,60 mL/min/1.73 m2 (Tables 1 and 2). In stepwise
logistic regressions, older age, male gender, diabetes, NYHA class
.II, and TAPSE ≤ 14 mm were all associated with estimated GFR
,60 mL/min/1.73 m2 (Table 2). Participants with TAPSE ≤ 14 mm
vs. .14 mm had a substantially increased odds of estimated GFR
,60 mL/min/1.73 m2: odds ratio (OR) ¼ 2.51 [95% confidence
interval (CI) 1.44–4.39], P , 0.0001. Of note, this association was
even stronger when considering patients with more severe CKD.
In multivariable models, increased NT-proBNP levels, age, body
mass index, and decreased TAPSE were all associated with increased
odds of estimated GFR ,30 mL/min/1.73 m2. The OR for estimated
GFR ,30 mL/min/1.73 m2 when comparing TAPSE ≤ 14 mm vs.
.14 mm was 4.06 (95% CI 1.80–9.17), P , 0.0001.

TAPSE and other predictors of mortality
During a mean follow-up time of 31 months (range 1.0–90
months), 121 patients died; overall mortality rate ¼ 32%. Several

Figure 1 Association between tricuspid annular plane systolic
excursion (TAPSE) and estimated glomerular filtration rate
(GFR); r ¼ 0.38, P , 0.0001.
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Table 2 Univariable and multivariable predictors of impaired renal function (estimated GFR <60 mL/min/1.73 m2)
among 373 patients with systolic heart failure

Variable Univariate Multivariate P-value
OR (95% CI) P-value OR (95% CI) Selection order (score x2)

Age (per 5 year increase) 1.41 (1.27–1.56) ,0.0001 1.55 (1.35–1.77) First (48) ,0.0001

Male 0.40 (0.23–0.70) 0.001 2.24 (1.15–4.36) Fifth (6) 0.02

BMI (per 1 m/kg2 increase) 0.98 (0.94–1.03) 0.50

Heart rate (per 10 b.p.m. increase)a 1.09 (0.94–1.27) 0.24

Idiopathic vs. ischaemic CM 0.35 (0.22–0.56) ,0.0001

Hypertensive vs. ischaemic CM 0.79 (0.43–1.45) 0.44

DM 2.61 (1.53–4.47) 0.0005 2.01 (1.17–3.45) Fourth (6) 0.01

History of hypertension 1.18 (0.78–1.79) 0.43

Atrial fibrillation 1.90 (1.10–3.27) 0.02

NYHA class .II vs. ≤II 3.56 (2.31–5.48) ,0.0001 2.39 (1.44–3.95) Third (11) 0.0009

Framingham HF score (per 1 unit increase) 1.04 (1.02–1.05) ,0.0001

Systolic BP per 10 mmHg increase 0.90 (0.79–1.02) 0.09

Diastolic BP per 10 mmHg increase 0.71 (0.57–0.88) 0.002

LV EDVi (per 35 mL/m2 increase) 1.20 (0.97–1.48 0.09

LV ESVi (per 31 mL/m2 increase) 1.24 (1.01–1.53) 0.05

LVEF (per 5% increase) 0.88 (0.78–0.99) 0.04

Mitral regurgitation 1.99 (1.26–3.14) 0.003

EDT (per 52 ms increase)a 0.78 (0.62–0.98) 0.03

TAPSE ≤14 mm vs. .14 mm 3.09 (1.85–5.14) ,0.0001 2.51 (1.44–4.39) Second (19) ,0.0001

PASP .35 mmHg vs. ≤35 mmHga 2.46 (1.57–3.86) ,0.0001

eRAP .6 mmHg vs. ≤6 mmHg 1.71 (0.94–3.08) 0.08

NT-pro-BNP (per 3000 pg/mL increase) 1.85 (1.44–2.36) ,0.0001

BP, blood pressure; CI, confidence interval; CM, cardiomyopathy; DM, diabetes mellitus; EDT, E wave deceleration time; EDVi, end-diastolic volume index; eGFR, estimated
glomerular filtration rate; eRAP, estimated right atrial pressure; ESVi, end-systolic volume index; HF, heart failure; LV, left ventricular; LVEF, left ventricular ejection fraction;
NT-proBNP, N-terminal pro brain natriuretic peptide; NYHA, New York Heart Association; OR, odds ratio; PASP, pulmonary artery systolic blood pressure; TAPSE, tricuspid
annular plane systolic excursion.
an ¼ 343 participants included in heart rate univariable analysis; n ¼ 364 available for PASP univariable analysis; n ¼ 334 patients included in EDT univariable analysis; heart rate,
PASP, and EDT were not eligible for inclusion in stepwise regressions due to missing data. Adding these variables to manually constructed multivariable models did not result in
meaningful changes to the findings summarized in the table.
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parameters were associated with increased risk of death in univari-
able models (Table 3).

In crude analyses, the hazard ratio (HR) for all-cause mortality
among patients with TAPSE ≤ 14 mm vs. those with TAPSE
.14 mm was 2.72 (95% CI 1.88–3.93), P , 0.0001. The crude
HR for estimated GFR ,60 mL/min/1.73 m2 predicting mortality
was 2.75 (95% CI 1.83–4.14); P , 0.05. TAPSE, age, male
gender, Framingham HF score, LV end-diastolic volume index, esti-
mated RAP .6 mmHg, and estimated GFR ,60 mL/min/1.73 m2

were all selected as predictors of mortality in the final multivariable
model (Table 3). NT-proBNP predicted mortality in univariable
models (Table 3) and was the first parameter selected in stepwise
regression. However, after the full multivariable model was con-
structed, NT-proBNP was not statistically significantly associated
with mortality: HR 1.07 (95% CI0.99–1.16); P ¼ 0.09.

The combination of TAPSE with either CKD or estimated RAP
was also evaluated to determine the ability of minimal prognostic
models to predict mortality (Figure 2). Mortality was lowest in
patients with TAPSE .14 mm and estimated GFR .60 mL/min/

1.73 m2 (Figure 2A). Patients with CKD, presumably from aetiolo-
gies other than RV dysfunction (their TAPSE being .14 mm)
had an intermediate prognosis. Of note, prognosis was also inter-
mediate in those patients who were able to maintain normal kidney
function despite low TAPSE (≤14 mm). The combination of severe
RV and renal dysfunction was associated with poor prognosis in
our patient cohort: 50% survival at 2 years. There was marginal
statistical evidence for an interaction between CKD and TAPSE
(P ¼ 0.06).

When evaluating the combination of TAPSE and estimated RAP,
patients with preserved RV function and normal right side filling
pressures had the lowest mortality. Patients with TAPSE ≤
14 mm and estimated RAP ,6 mmHg as well as those with
increased estimated RAP and TAPSE .14 mm had an intermediate
prognosis. Low TAPSE and high estimated RAP identified a unique
population of patients with particularly poor survival (Figure 2B).
Although the survival pattern observed suggests an interaction
between TAPSE and estimated RAP, there was no statistical
evidence for interaction (P ¼ 0.45).
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Table 3 Univariable and multivariable predictors of all cause mortality among 373 patients with systolic heart failure

Variable Univariate Multivariate P-value
HR (95% CI) P-value HR (95% CI) Selection order (score x2)

Age (per 5 year increase) 1.18 (1.08–1.30) 0.0005 1.15 (1.04–1.27) Seventh (6) 0.02

Male 1.32 (0.82–2.11) 0.25 1.98 (1,19–3.30) Sixth (6) 0.01

BMI (per 1 m/kg2 increase) 0.94 (0.90–0.99) 0.02

Heart rate (per 10 b.p.m. increase)a 1.14 (1.01–1.28) 0.04

Idiopathic vs. ischaemic CM 0.78 (0.51–1.18) 0.24

Hypertensive vs. ischaemic CM 1.59 (0.96–2.62) 0.07

DM 1.57 (1.07–2.32) 0.02

Hypertension 1.19 (0.83–1.71) 0.93

Atrial fibrillation 1.40 (0.89–2.19) 0.14

NYHA class .II vs. ≤II 2.31 (1.60–3.34) ,0.0001

Framingham HF score (per 1 unit increase) 1.04 (1.03–1.05) ,0.0001 1.02 (1.01–1.03) Second (17) ,0.0001

Systolic BP (per 10 mmHg increase) 0.84 (0.75–0.94) 0.004

Diastolic BP (per 10 mmHg increase) 0.72 (0.58–0.87) 0.001

LV EDVi (per 35 mL/m2 increase) 1.54 (1.31–1.80) ,0.0001 1.46 (1.24–1.72) Fourth (11) 0.0008

LV ESVi (per 31 mL/m2 increase) 1.59 (1.36–1.86) ,0.0001

LVEF ,25% vs. ≥25% 1.94 (1.32–2.87) 0.0008

Mitral regurgitation 1.97 (1.37–2.82) 0.0002

EDT per 52 ms increasea 0.68 (0.54–0.85) 0.0007

TAPSE ≤14 mm vs. .14 mm 2.72 (1.88–3.93) ,0.0001 1.80 (1.20–2.71) Fifth (8) ,0.01

PASP .35 mmHg vs. ≤35 mmHga 1.96 (1.28–.00) 0.002

eRAP .6 mmHg vs. ≤6 mmHg 3.15 (2.11–4.70) ,0.0001 1.79 (1.08–2.97) Eighth (3) 0.02

NT-proBNP (per 3000 pg/mL increase) 1.29 (1.21–1.37) ,0.0001 First (76)b ,0.0001

eGFR ,60 mL/min/1.73 m2 2.75 (1.83–4.14) ,0.0001 1.86 (1.19–2.90) Third (11) 0.0008

BP, blood pressure; CI, confidence interval; CM, cardiomyopathy; DM, diabetes mellitus; EDT, E wave deceleration time; EDVi, end-diastolic volume index; eGFR, estimated
glomerular filtration rate; eRAP, estimated right atrial pressure; ESVi, end-systolic volume index; HF, heart failure; HR, hazard ratio; LV, left ventricular; LVEF, left ventricular
ejection fraction; NT-proBNP, N-terminal pro brain natriuretic peptide; NYHA, New York Heart Association; PASP, pulmonary artery systolic blood pressure; TAPSE, tricuspid
annular plane systolic excursion.
an ¼ 343 participants included in heart rate univariable analysis; n ¼ 364 available for PASP univariable analysis; n ¼ 334 patients included in EDT univariable analysis; heart rate,
PASP, and EDT were not eligible for inclusion in stepwise regressions due to missing data. Adding these variables to manually constructed multivariable models did not result in
meaningful changes to the findings summarized in the table.
bNT-proBNP entered into the model first but was removed in the final multivariable model. The HR for a 3000 pg/mL increase in NT-proBNP was 1.07 (0.99–1.16).
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Discussion
The present results indicate that after multivariable adjustment
TAPSE ≤ 14 mm as a measure of RV dysfunction was strongly
associated with prevalent CKD as well as risk for death in outpa-
tients with chronic systolic HF. Patients with RV dysfunction
experienced an � 2.5-fold increase in the odds for estimated
GFR ,60 mL/min/1.73 m2, and an 80% increase in the risk for
death during up to 8 years of longitudinal follow-up.

Relationship of right ventricular
dysfunction with chronic kidney disease
The pathogenic mechanisms responsible for worsening renal func-
tion in acute and chronic HF are multifactorial and not fully char-
acterized. Historically, several studies have demonstrated that

reduced cardiac output and RBF are strong determinants of GFR
in patients with chronic HF, so-called forward failure.5,6

However, while decreased resting cardiac output may contribute
to decreased RBF and decreased GFR in advanced HF, elevated
renal venous pressure from backward failure due to RV dysfunc-
tion may also play an important and possibly earlier role in the
pathophysiology of impaired renal function in chronic HF.23,24

Under this framework, elevated renal venous pressure will
decrease GFR by: (i) increasing interstitial and tubular hydrostatic
pressures within the kidneys (which are encapsulated organs);
and (ii) decreasing renal perfusion pressure and RBF. Hypoxia as
well as local and systemic neurohormonal activation from elevated
venous pressure may further compromise kidney function in these
patients.25227

Recent reports have associated increased RAP with worsening
renal function in acute7 and chronic HF8 in pulmonary hyperten-
sion,9 and in an unselected population of patients who had
various clinical indications for right heart catheterization.10

However, little is known as to whether specific cardiac abnormal-
ities such as RV dysfunction contributed to renal impairment. This
is a key issue as renal dysfunction, by causing fluid retention, may
also raise RAP regardless of concomitant cardiac dysfunction.
Testani et al. studied unstable patients who were hospitalized for
acute decompensated HF and were acutely treated with a high
dose of intravenous diuretics.28 The authors found that the pres-
ence of RV dysfunction and venous congestion predicts improve-
ment and not worsening of renal function during the index
hospitalization. They further suggest that relief of congestion in a
setting of aggressive diuresis probably mediated these findings. In
the present study we investigated the relationship between a
comprehensive set of clinical, echo-Doppler, and biochemical para-
meters, and CKD in stable outpatients with chronic systolic HF.
Our results showed that RV dysfunction as measured by TAPSE
≤ 14 mm was an important determinant of CKD in this patient
population. Of note, LVEF and blood pressure were not associated
with decreased estimated GFR after multivariate adjustment.
Although our results are somewhat inconsistent with earlier
reports,8,29 we believe it is possible that previous studies reporting
LVEF and blood pressure to be significantly related to CKD in mul-
tivariable models might do so because they have not adequately
accounted for parameters related to RV dysfunction (such as
TAPSE). From a mechanistic standpoint, we also show that
reduced TAPSE is associated with elevated RAP and NT-proBNP
levels as well as lower blood pressure, suggesting venous conges-
tion and reduced renal perfusion pressure (the latter eventually
resulting from both high RAP and low cardiac output) to be
possible mechanistic links between RV dysfunction and CKD.
Importantly, from this perspective, coupling between LV and RV
function may also impair cardiac output and, thereby, arterial
perfusion pressure and RBF. The observed association between
reduced TAPSE and lower blood pressure may suggest limited
forward flow to be an important contributor to the relationship
between RV dysfunction and CKD.

The casual relationship between RV function and venous
congestion has been extensively characterized by Guyton in his
seminal work on cardiovascular equilibrium.30234 Guyton superim-
posed venous return curves on cardiac output curves to reveal

Figure 2 Kaplan–Meier plots showing survival (A) in patients with
systolic chronic heart failure categorized according to tricuspid
annular plane systolic excursion (TAPSE) ≤14 mm or .14 mm
and estimated glomerular filtration rate (eGFR) ,60 mL/min/
1.73 m2 or ≥60 mL/min/1.73 m2; and (B) in patients categorized
according to TAPSE ≤14 mm or .14 mm and right atrial pressure
(RAP) ≤6 mmHg or .6 mmHg. P-values for (A) and (B) , 0.0001.
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their intersection at a specific level of RAP and blood flow, which is
influenced by the contractile properties of the right ventricle.
According to this concept, when the right ventricle fails RAP is
driven up to a new equilibrium that makes cardiac output and
venous return equal. This basic concept provides a causal founda-
tion to our findings since advanced RV dysfunction (as reflected in
our study by a severely reduced TAPSE) may precede and directly
contribute to increased RAP that, in turn, by promoting systemic
congestion, may mechanistically account for the association
between impaired RV function and reduced GFR.

Prognostic implications
Right ventricular dysfunction and CKD are associated with a poor
outcome in chronic systolic HF. Ghio et al.11 as well as Kjaergaard
et al.12 found that based on multivariable comparison the same
cut-off for TAPSE ≤ 14 mm adds significant prognostic informa-
tion in patients with chronic HF. A recent meta-analysis of .18
000 patients showed that an increase in serum creatinine
≥0.2 mg/dL or a corresponding decrease in estimated GFR ≥5
mL/min/1.73 m2 was associated with a 50% higher risk for
mortality and 30% higher incidence of hospitalization.35 Our
current results confirmed that after accounting for conventional
predictors of mortality in HF such as NT-proBNP, LV function,
and CKD, TAPSE ≤ 14 mm (and estimated RAP) was also a
strong predictor of mortality in patients with chronic systolic HF.

We also analysed the ability of minimal prognostic models to
predict mortality. With respect to the combination of TAPSE
with CKD, we found that mortality was lowest in patients with
TAPSE .14 mm and estimated GFR .60 mL/min/1.73 m2, and
intermediate in those with mild to moderate CKD and normal
TAPSE as well as in those who were able to maintain normal
kidney function despite reduced TAPSE ≤ 14 mm. This latter
finding suggests that RV dysfunction may affect mortality independ-
ently from its renal effects, by limiting, for example, cardiac output
in advanced HF (ventricular coupling). Not surprisingly, the
combination of severe RV and renal dysfunction was associated
with the worst prognosis.

We also explored the prognostic value of combining RV func-
tion and estimated RAP, and found that that TAPSE ≤ 14 mm
and normal filling pressures were associated with increased
mortality, again suggesting that RV dysfunction may negatively
impact survival from mechanisms other than venous congestion
(see above). Of note, mortality was similarly increased in those
patients who had increased estimated RAP despite TAPSE
.14 mm, implying that systemic venous congestion from aetiolo-
gies other than RV dysfunction, for example from CKD, may
lower survival in patients with chronic systolic HF. Prognosis in
patients with severe RV dysfunction and elevated RAP was
dismal, with only a 20% survival at 2 years.

Limitations
The present study has several limitations. It comprises a selected
population of outpatients with chronic systolic HF who had a clin-
ical indication for transthoracic echocardiography. Our report is
also limited by the lack of invasive haemodynamic data and RBF
in particular. We also did not directly measure RAP. However,
the latter was assessed non-invasively in all patients using a reliable

method for estimation of mean RAP from the inspiratory collapse
of the inferior vena cava.36 In addition, grading of tricuspid regurgi-
tation is not available in our echocardiographic database. This limi-
tation is important as tricuspid regurgitation increases RAP.
Tricuspid regurgitation also reduces RV afterload, thereby attenu-
ating the decrease in TAPSE. However, in the present study,
patients were excluded if tricuspid regurgitation was severe (as
detailed in the Methods section) which probably minimized the
impact of this confounder on our final results. Future studies are
needed to examine whether the addition of tricuspid regurgitation
to the statistical model removes or diminishes the observed strong
associations between TAPSE, CKD, and mortality in patients with
chronic systolic HF. Finally, our reported associations between
TAPSE and estimated GFR are cross-sectional, precluding any
temporal assessment and substantially weakening causal inference
on whether the relationship between RV function and estimated
GFR is from heart to kidney, bidirectional, or actually the
reverse. Nevertheless, from an epidemiological perspective, cross-
sectional data are quite valuable in combination with other
reports7,28 supporting a link between venous congestion and RV
and renal function as they demonstrate consistency of results
exploring this hypothesis.

Conclusion
Right ventricular dysfunction, as assessed by TAPSE ≤ 14 mm, is
strongly associated with CKD and poor prognosis in outpatients
with chronic systolic HF. These data further support the concept
that venous congestion from backward cardiac failure might be
as important as forward failure in the pathophysiology of renal
impairment in HF. As previously reported,10 this concept chal-
lenges the intuitive notion that volume overload is beneficial
from the point of view of preservation of renal function. These
findings set the stage for follow-up studies that can address
whether serial measurements of TAPSE, possibly resulting in
early and aggressive treatment of RV dysfunction, for example
through reduction of pulmonary pressures, may favourably
impact the progression of CKD and the overall survival in patients
with chronic systolic HF.
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