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Abstract

Aims Previous studies have demonstrated that moderate/severe tricuspid regurgitation (TR) is associated with adverse out-
come in patients with heart failure (HF) with reduced ejection fraction. Little is known about the prevalence and prognostic
value of TR in patients of stage B HF and those with stage C HF with preserved ejection fraction (HFpEF). We aimed to inves-
tigate the prevalence and prognosis of TR in patients with HFpEF.
Methods and results From 2013 to 2017, 2014 patients with stage B (n = 1341) or C (n = 673) HFpEF were enrolled in the
study. Detailed transthoracic echocardiogram was performed, and the severity of TR was graded as no, mild, moderate, and
severe. The mean age of the study population was 66.7 ± 14.1 years old, and 46% were men. Mean left ventricular ejection
fraction was 62.2 ± 5.5%. The prevalence of moderate/severe TR increased from stage B to C HF (8% to 16%, respectively,
P < 0.01). Older age, hyperlipidaemia, atrial fibrillation, left ventricular mass, and right ventricular systolic pressure were in-
dependently associated with moderate/severe TR (P < 0.05 for all). With a median follow‐up of 3.8 (2.9–4.7) years, 346 pa-
tients died and 234 developed HF requiring hospitalization. Kaplan–Meier curve revealed that the presence of
moderate/severe TR was associated with all‐cause mortality, HF requiring hospitalization and cardiovascular death (log‐rank
test P < 0.01). Multivariable analysis demonstrated that moderate (hazard ratio = 1.5; 95% confidence interval: 1.1–2.2;
P < 0.05) and severe TR (hazard ratio = 2.1; 95% confidence interval: 1.3–3.3; P < 0.01) were independently associated with
mortality, HF requiring hospitalization and cardiovascular death.
Conclusions The presence of moderate/severe TR is not uncommon in patients with stage B HF and stage C HFpEF. Impor-
tantly, moderate/severe TR was independently associated with mortality and HF requiring hospitalization.
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Introduction

The presence of trivial and mild tricuspid regurgitation (TR) is
often detected during transthoracic echocardiography assess-
ment and has long been thought to be clinically benign.1 Like-
wise, an incidental finding of moderate and severe TR can be
found in 7% in community setting and 12% in hospitalized pa-
tients with heart failure (HF).2–4 The clinical relevance of TR

has been further demonstrated in studies showing that signif-
icant TR is strongly associated with adverse outcome in vari-
ous populations.2–4 Consequently, an increasing number of
studies are focusing on evaluation of the natural progression
and outcome of TR.

In 2001, the ACC/AHA classified HF as stage A (those who
are at risk for developing HF but have no structural disorder
of the heart), B (patients with a structural disorder of the
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heart but who have never developed symptoms of HF), C
(patients with past or current symptoms of HF associated
with underlying structural heart disease), or D (refractory/
end‐stage HF) to help clinicians provide tailored treatment
and develop a surveillance strategy for individual patients.5

Recent studies have demonstrated that significant TR is asso-
ciated with all‐cause mortality and HF requiring hospitaliza-
tion in patients with stage B and C HF with reduced ejection
fraction (HFrEF).2 Nonetheless, the prevalence as well as the
prognostic implication of significant TR in patients at risk of
stage B HF and those with stage C HF with preserved ejection
fraction (HFpEF) is uncertain. The aim of the present study
was to investigate the prevalence and severity of TR in
asymptomatic stage B and symptomatic stage C HFpEF.
Further, the predictive value of moderate and severe TR for
mortality and HF requiring hospitalization was evaluated.

Methods

Study population

Consecutive patients who underwent detailed outpatient
echocardiography were recruited retrospectively from 2013

to 2017. Patients were included if they were (i) diagnosed
with stage B or C HF based on 2013 ACCF/AHA Guideline
for the Management of Heart Failure6; (ii) had left ventricular
(LV) ejection fraction (LVEF) ≥ 50% on echocardiography; and
(iii) had integrated clinical and echocardiographic characteri-
zation at baseline. Among the 4942 patients retrieved, 2928
were excluded for the following reasons: LVEF < 50%
(n = 1794), incomplete echocardiographic parameter
measurement (n = 106), no risk factors for HF (n = 95), and
presence of stage A HF (868) or stage D HF (n = 37). We fur-
ther excluded patients with congenital or infiltrative heart
disease (sarcoidosis or amyloidosis), previous valve surgery,
pacemaker or defibrillator implantation, end‐stage renal fail-
ure, severe liver dysfunction, or cancer (n = 28). The final
analysis comprised 2014 patients with stage B HF and stage
C HFpEF (Figure 1). This was a single‐centre study conducted
in Queen Mary Hospital, and 11 clinicians participated in
performing echocardiography.

Follow‐up

The primary endpoints were the composite of all‐cause
mortality and HF requiring hospitalization. The exact cause

Figure 1 Flow chart of the cohort. HF, heart failure; HFpEF, heart failure with preserved ejection fraction; LVEF, left ventricular ejection fraction.
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of mortality was retrieved and subsequently classified as
cardiovascular or non‐cardiovascular. Major adverse cardio-
vascular events (MACEs) were defined as all‐cause mortality
and HF requiring hospitalization. The study was approved by
the ethics committee of the West Cluster Hospital Authority,
and all patients had signed written consent. Clinical outcome
of the patients was retrieved by the electronic clinical medical
record system of the Hospital Authority of Hong Kong, China,
where detailed records of all hospitalization and cause of
mortality for each individual were available.

Echocardiography

All echocardiography was performed using a commercially avail-
able ultrasound system (Vingmed Vivid 7 or E9, General Electric
Vingmed Ultrasound, Milwaukee, WI, USA). A 3.5 MHz probe
was used to obtained images that were stored in cine‐loop for-
mat (three cardiac cycles). Two‐dimensional M‐mode echocardi-
ography was used to measure interventricular septum, LV
dimension, and posterior wall thickness at end‐diastole in the
parasternal long axis view according to the guideline.7 LV mass
was calculated according to the Devereux formula.8 LVEF, LV
end‐diastolic volume, and end‐systolic volume were derived
from the standard apical four‐chamber and two‐chamber views
using the modified biplane Simpson method. Diastolic dysfunc-
tion grade was classified according to recommendations of the
ASE/EACVI that were based on the measurement of E, A, E/A,
E/e` ratio, and TR peak velocity.9 The degree of TR was visually
assessed using an integrative, semiquantitative approach and
graded as none, mild, moderate, or severe. The TR jet was inter-
rogated using continuous‐wave (CW) Doppler in multiple views
including right ventricular (RV) inflow, parasternal short axis at
the aortic valve level, and apical four‐chamber view. Hepatic ve-
nous flow was sampled using pulsed‐wave Doppler to look for
systolic flow reversal in severe TR. Pulmonary artery systolic

pressure was estimated by right ventricular systolic pressure
(RVSP) that was calculated from peak TR velocity by
continuous‐wave Doppler using simplified Bernoulli equation
and combining this value with the estimated right atrial pressure:
RVSP = 4(V)2 + right atrial pressure. The severity of a left‐sided
valvular lesion including mitral regurgitation or mitral stenosis,
aortic regurgitation, or aortic stenosis was classified according
to the current recommendations.10

Statistical analysis

Continuous variables are expressed as mean ± standard devia-
tion and analysis of variance with Bonferroni post hoc testing
used for comparison of intergroup differences. Categorical vari-
ables are expressed as frequency or proportion and compared
using Mann–Whitney U test. Univariable logistic regression was
used to evaluate the association between cardiac risk factors
and the severity of TR that was divided into two groups (no/mild
vs. moderate/severe). Variables with P< 0.1were further tested
in multivariable logistic regression. Kaplan–Meier curve was used
to estimate the impact of TR on all‐cause mortality, hospitaliza-
tion, and both by dividing TR at baseline into quartiles and
log‐rank used to compare survival rates. Cox proportional haz-
ards regression models adjusted for age, gender, LVEF, atrial fi-
brillation (AF), and HF stage were conducted to estimate the
influence of TR on adverse events. All statistical analyses were
performed using SPSS 25.0 (Chicago, Illinois, USA). A two‐sided
P value<0.05 for all tests was considered statistically significant.

Results

The mean age of the cohort was 67 years, and 46% were men.
Their clinical demographics are shown in Table 1. Over half of

Table 1 Clinical characteristics of the entire cohort and by TR groups

Clinical characteristics Overall (N = 2014) No TR (N = 955) Mild TR (N = 837) Moderate TR (N = 168) Severe TR (N = 54) P value

Age, years 66.7 ± 14.1 64.0 ± 13.8 67.9 ± 14.3 73.0 ± 11.5 75.1 ± 12.1 <0.01
Male, n (%) 934 (46) 497 (52) 343 (41) 76 (45) 18 (33) <0.01
Hb, g/dL 12.6 ± 2.1 12.6 ± 2.1 12.7 ± 2.1 12.4 ± 2.3 12.4 ± 2.2 0.50
Cr, umol/L 91.5 ± 41.8 91.0 ± 42.3 91.6 ± 42.2 90.0 ± 35.3 102.6 ± 45.3 0.31
Clinical history

HT, n (%) 1142 (57) 575 (60) 454 (54) 86 (51) 27 (50) <0.01
DM, n (%) 665 (33) 370 (39) 243 (29) 38 (23) 14 (26) <0.01
HL, n (%) 851 (42) 426 (45) 364 (44) 46 (27) 15 (28) <0.01
AF, n (%) 446 (22) 119 (13) 197 (24) 90 (54) 40 (74) <0.01
IHD, n (%) 482 (24) 237 (25) 195 (23) 39 (23) 11 (20) 0.38

HF stage
HF stage B, n (%) 1341 (67) 690 (72) 537 (64) 98 (58) 16 (30) <0.01
HF stage C, n (%) 673 (33) 265 (28) 300 (36) 70 (42) 38 (70) <0.01

AF, atrial fibrillation; Cr, creatinine; DM, diabetes mellitus; Hb, haemoglobin; HF, heart failure; HL, hyperlipidaemia; HT, hypertension; IHD,
ischaemic heart disease; TR, tricuspid regurgitation.
Values are expressed as mean ± standard deviation or n (%).
Those with P value < 0.05 were in bold which means the variable is significant.

Tricuspid regurgitation in heart failure 4053

ESC Heart Failure 2020; 7: 4051–4060
DOI: 10.1002/ehf2.13014



the cohort had hypertension, one third had diabetes mellitus,
and 40% had hyperlipidaemia. Around 20% of the study popula-
tion had underlying AF and ischaemic heart disease.

Patients were stratified as having no TR (n = 955, 47%),
mild TR (n = 837, 42%), moderate TR (n = 168, 8%), or severe
TR (n = 54, 3%) (Figure 2). A higher degree of TR was associ-
ated with older age and female gender and was less common
in patients with diabetes mellitus and hyperlipidaemia but
more common in patients with AF (Table 1). The prevalence
of mild, moderate, and severe TR increased from stage B to
C. In particular, the prevalence of moderate TR (7% vs. 10%,

P < 0.01) and severe TR (1% vs. 6%, P < 0.01) increased from
HF stage B and C, respectively (Figure 2).

Detailed echocardiography parameters are shown in
Table 2. In the entire cohort, the mean LVEF was 62% and
33% of patients had diastolic dysfunction. Patients with a
higher degree of TR were more likely to have a greater LV
dimension, lower LVEF, higher RVSP, and higher prevalence
of significant mitral regurgitation and aortic regurgitation
(Table 2). Nonetheless, diastolic dysfunction was similar in
patients with different grades of TR. Univariate analysis
demonstrated that age, diabetes mellitus, hyperlipidaemia,

Figure 2 The prevalence of TR in (A) HF stage B, (B) HF stage C, and (C) entire cohort. HF, heart failure; TR, tricuspid regurgitation.
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AF, LV mass, LVEF, RVSP, and HF stage were associated with
severity of TR. Upon multivariable adjustment with univariate
significant variables, only older age, lower LV mass, higher
RVSP, and presence of AF remained significantly associated
with higher degree of TR (Table 3).

Survival

During a median follow‐up of 3.8 (2.9–4.7) years, 346 patients
died (112 cardiovascular and 234 non‐cardiovascular causes)
and 234 developed HF requiring hospitalization. Kaplan–Meier
curves for MACE, all‐cause mortality, cardiovascular mortality,
non‐cardiovascular mortality, and HF requiring hospitalization
are shown in Figure 3. Patients with moderate/severe TR were
more likely to experience individual adverse outcome com-
pared with those with mild TR and no TR.

Cox regression for adverse outcome is shown in Table 4.
When compared with those with no TR, moderate/severe
TR was independently associated with MACE, all‐cause
mortality, and HF requiring hospitalization. Interestingly,
moderate and severe TR was associated with cardiovascular
mortality, while no such association was noted for
non‐cardiovascular mortality.

Discussion

This study evaluating patients with stage B and C HFpEF dem-
onstrated that the presence of TR is associated with old age,
AF, and higher HF stage. Importantly, moderate/severe TR
was significantly associated with mortality and HF requiring
hospitalization independent to LVEF, AF, and other clinical
risk factors.

Table 2 Echocardiographic characteristics of the entire cohort and by TR groups

Echocardiographic characteristicsOverall (N = 2014)No TR (N = 955)Mild TR (N = 837)Moderate TR (N = 168)Severe TR (N = 54)P value

LVDd, cm 4.5 ± 0.6 4.5 ± 0.6 4.5 ± 0.6 4.5 ± 0.7 4.6 ± 0.8 0.50
LVDs, cm 2.9 ± 0.5 2.9 ± 0.5 3.0 ± 0.5 3.0 ± 0.5 3.1 ± 0.6 <0.01
LVEDV, mL 94.5 ± 30.0 93.6 ± 28.6 94.5 ± 29.1 97.2 ± 34.6 100.8 ± 44.2 0.26
LVM, g/m2 194.4 ± 59.3 199.6 ± 59.4 192.7 ± 56.2 178.9 ± 62.1 187.9 ± 87.9 <0.01
LVEF 62.2 ± 5.5 62.7 ± 5.6 62.0 ± 5.3 61.4 ± 5.0 58.6 ± 5.3 <0.01
RVSP, mmHg 34.5 ± 9.5 32.6 ± 9.6 35.3 ± 9.2 38.4 ± 8.8 39.3 ± 8.9 <0.01
DD, n (%) 671 (33) 305 (32) 317 (38) 41 (24) 8 (15) 0.33
MR ≥ 2, n (%) 197 (10) 66 (7) 103 (12) 21 (13) 7 (13) <0.01
MS ≥ 2, n (%) 50 (2) 17 (2) 28 (3) 3 (2) 2 (4) 0.11
AR ≥ 2, n (%) 109 (5) 40 (4) 53 (6) 13 (8) 3 (6) 0.02
AS ≥ 2, n (%) 106 (5) 54 (6) 41 (5) 8 (5) 3 (6) 0.62

AR, aortic regurgitation; AS, aortic stenosis; DD, diastolic dysfunction; LVDd, left ventricular dimension diastole; LVDs, left ventricular di-
mension systole; LVEDV, left ventricular end‐diastolic volume; LVEF, left ventricular ejection fraction; LVM, left ventricular mass; MR, mitral
regurgitation; MS, mitral stenosis; RVSP, right ventricular systolic pressure; TR, tricuspid regurgitation.
Those with P value < 0.05 were in bold which means the variable is significant.

Table 3 Univariate and multivariate logistic regression models for the association with the severity of tricuspid regurgitation

Univariate analysis Multivariate analysis

OR CI P OR CI P

Age 1.05 1.03–1.06 <0.01 1.05 1.03–1.07 <0.01
Male 0.83 0.63–1.10 0.20
HT 0.77 0.58–1.02 0.07 0.82 0.48–1.40 0.47
DM 0.59 0.43–0.82 <0.01 0.65 0.37–1.16 0.14
HL 0.48 0.36–0.66 <0.01 0.55 0.33–0.93 0.02
AF 6.57 4.90–8.80 <0.01 4.71 3.89–7.67 <0.01
LVEDV 1.00 1.00–1.01 0.07 1.02 1.00–1.03 0.02
LV mass 1.00 0.99–1.00 <0.01 0.99 0.99–1.00 0.01
LVEF 0.94 0.92–0.97 <0.01 0.96 0.92–1.00 0.07
RVSP 1.05 1.03–1.06 <0.01 1.04 1.02–1.06 <0.01
MR ≥ 2 1.41 0.92–2.17 0.11
AR ≥ 2 1.49 0.86–2.58 0.16
HF stage 2.06 1.55–2.73 <0.01 1.24 0.76–2.05 0.39

AF, atrial fibrillation; AR, aortic regurgitation; CI, confidence interval; DM, diabetes mellitus; HF, heart failure; HL, hyperlipidaemia; HT, hy-
pertension; LV, left ventricular; LVEDV, left ventricular end‐diastolic volume; LVEF, left ventricular ejection fraction; MR, mitral regurgita-
tion; OR, odds ratio; RVSP, right ventricular systolic pressure.
Those with P value < 0.05 were in bold which means the variable is significant.
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Prevalence

The presence of TR is usually secondary to left‐sided heart
disease and is a common finding on routine echocardiogra-
phy, in any degree, in as high as 65% to 85% of cases.1 In a

community screening study, isolated significant TR, defined
as that without significant comorbidities, structural
left‐sided valve disease, pulmonary hypertension, or overt
cardiac disease, was found in 8.1% of residents.3 The fre-
quency of TR as well as valvular pathology was evaluated in

Figure 3 Kaplan–Meier curve for the impact of TR grades on (A) all‐cause mortality, (B) HF hospitalization, (C) all‐cause mortality and HF hospitaliza-
tion, (D) cardiovascular death (CV‐death), and (E) non‐cardiovascular death (non‐CV death). In all subgroups, increasing TR grade is significantly asso-
ciated with long‐term outcomes. HF, heart failure; TR, tricuspid regurgitation.
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a study of 5223 adults who underwent echocardiography at
three Veterans Affairs medical centres: moderate/severe TR
was present in 15.7%.11 As expected, patients with HF symp-
toms are more likely to have significant TR compared with
those who are asymptomatic. This was evidenced in a study
of 576 patients with congestive HF in whom
moderate/severe TR was present in 19% (56% of patients
with LVEF < 35%).12 In another larger cohort that evaluated
13 026 patients with HFrEF, TR was detected in up to 88%,
with 23% having moderate/severe TR.2 Building on this, our
results demonstrate that in asymptomatic patients at risk of
HF (stage B) and those with stage C HFpEF, the prevalence
of moderate/severe TR was 11.0%. In patients with chronic
HF, the presence of TR correlated with LVEF and may explain
the lower prevalence of significant TR in our study compared
with studies that involved patients with HFrEF.12 Interest-
ingly, the association of TR with LV systolic function persists
even in patients with preserved LVEF, as evidenced by the
present study. This finding highlights the strong influence of
LV systolic function on severity of TR, even before the devel-
opment of overt systolic dysfunction. Future studies are war-
ranted to evaluate the relation of subclinical systolic
dysfunction, as measured by sensitive markers such as myo-
cardial strain, with severity of TR. A prior study has further
demonstrated that diastolic dysfunction plays a key role in
the development of HF symptoms in patients with hyperten-
sive heart disease and normal ejection fraction.13

Another finding of the present study demonstrated that
patients with stage C HFpEF had a higher incidence of
moderate/severe TR than stage B HF (16% vs. 8%), which
can be partly explained by the clustering of risk factors such
as renal dysfunction, aging, and AF. Significant TR can occur
in up to 34% of patients with acute symptomatic HF,14 and
the degree of TR has further been correlated with specific
symptoms such as dyspnoea, ankle oedema, and jugular vein
dilatation in patients with HFrEF.2 Consequently, clinicians
should consider the presence of significant TR once patients
have developed HF symptoms since the prevalence of
moderate/severe TR increases.

Age is another key factor that determines the prevalence
of TR. In a study that evaluated an elderly population aged
>65 years with no known history of valvular heart disease,
moderate/severe TR was present in 2.7% and was more prev-
alent than left‐sided valve lesion.15 In the Framingham Heart
Study, the prevalence of moderate and severe TR was up to
1.5% and 5.6% in men and women aged >70 years,
respectively.16 Similarly, our previous study17 and
others2,3,18,19 have consistently demonstrated that age is in-
dependently associated with severity of TR. The estimated
prevalence of moderate/severe TR is 1.6 million in the USA
and is perceived to steadily increase as a result of our rapidly
aging global population.20 In addition to age, AF has been
shown to be closely associated with TR.19 In particular, TR
can occur in up to 25% of patients with >10 year history of

Table 4 TR impact on adverse outcomes

TR grade

Unadjusted model Adjusted for age, sex, EF, AF, RVSP, and HF stage

HR (95% CI) P value HR (95% CI) P value

All‐cause mortality and HF hospitalization
No TR Reference Reference
Mild TR 1.5 (1.2–1.8) <0.01 1.2 (0.9–1.5) 0.21
Moderate TR 2.4 (1.8–3.2) <0.01 1.5 (1.1–2.2) 0.03
Severe TR 5.7 (3.9–8.2) <0.01 2.1 (1.3–3.3) <0.01

All‐cause mortality
No TR Reference Reference
Mild TR 1.6 (1.3–2.1) <0.01 1.3 (1.0–1.8) 0.08
Moderate TR 2.4 (1.7–3.4) <0.01 1.6 (1.0–2.5) 0.05
Severe TR 4.3 (2.7–7.0) <0.01 1.8 (1.0–3.2) 0.01

HF hospitalization
No TR Reference Reference
Mild TR 1.5 (1.1–2.0) <0.01 1.1 (0.8–1.6) 0.60
Moderate TR 2.9 (2.0–4.4) <0.01 1.7 (1.0–2.8) 0.04
Severe TR 8.9 (5.7–13.9) <0.01 3.2 (1.8–5.6) <0.01

CV death
No TR Reference Reference
Mild TR 2.8 (1.8–4.5) <0.01 1.8 (1.0–3.3) 0.06
Moderate TR 4.9 (2.7–8.9) <0.01 1.8 (0.8–4.1) 0.05
Severe TR 11.8 (5.8–24.0) <0.01 3.0 (1.2–7.4) 0.02

Non‐CV death
No TR Reference Reference
Mild TR 1.3 (1.0–1.8) 0.04 1.2 (0.8–1.7) 0.37
Moderate TR 1.8 (1.2–2.8) 0.01 1.6 (0.9–2.7) 0.12
Severe TR 2.4 (1.2–4.8) 0.01 1.2 (0.5–2.8) 0.74

AF, atrial fibrillation; CI, confidence interval; CV, cardiovascular death; EF, ejection fraction; HF, heart failure; HR, hazard ratio; RVSP, right
ventricular systolic pressure; TR, tricuspid regurgitation.
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AF.21 The mechanism is likely to be multifactorial and include
factors such as bilateral atrial enlargement,22 tricuspid annu-
lus dilatation,23 tricuspid valve deformation, and right heart
remodelling.24 Our finding concurs with a previous study in
patients with LVEF > 50% that demonstrated a similarly high
prevalence of AF (74%) in patients with isolated TR,25 while
only approximately half the patients with HFrEF had concom-
itant AF (48%).2 The discrepancy can be partly explained by
patients with HFrEF being more often accompanied by an en-
larged right ventricular chamber, which results in tricuspid
annulus dilatation. The dilated right heart may directly cause
TR that exceeds the role of AF in the progress of TR in HFrEF.
In contrast, HFpEF is less accompanied by right heart dilata-
tion compared with HFrEF, and thus, the role of AF contribut-
ing to the development of TR may become more significant.
Future studies would nonetheless be required to evaluate
the different impacts of AF contributing to the development
of TR between patients with HFpEF and HFrEF. Whether ag-
gressive rhythm control in patients with AF such as by cathe-
ter ablation may reduce the progression of TR would also
require future elucidation.26

Prognosis

The tricuspid valve has often been considered a forgotten
valve, in part due to its secondary nature in left‐sided heart
disease and a protracted latent asymptomatic period. Studies
have consistently documented that TR is not a benign entity
and the presence of moderate/severe TR is associated with
adverse outcome. In a large retrospective analysis that in-
cluded a population with heterogeneous characteristics,
moderate/severe TR was associated with all‐cause
mortality.11 In another observational study that included
576 patients with systolic HF, moderate/severe TR was asso-
ciated with all‐cause mortality in mild to moderate congestive
HF but not in those with advanced disease.12 In patients with
acute HF, moderate/severe TR was associated with HF hospi-
talization or mortality, particularly in those with concomitant
pulmonary hypertension.14 Recently, a large cohort that in-
volved stage B and C HFrEF patients further confirmed that
higher TR severity is associated with all‐cause mortality, inde-
pendent of pulmonary hypertension and other clinical risk
factors.2 A prior study has further demonstrated that TR dur-
ing exercise was significantly associated with mortality and HF
hospitalization in patients with history of HFpEF and war-
ranted future evaluation in patients with HFpEF.27 Extending
these findings, our present study demonstrated that
moderate/severe TR is independently associated with mortal-
ity and HF hospitalization in asymptomatic patients at risk of
HF (stage B) and stage C HFpEF. In particular, patients with
moderate TR had a 1.5‐fold increased risk of mortality and
HF requiring hospitalization that increased to 2.1‐fold in
those with severe TR. One of the merits of the present study

is the detailed follow‐up where the exact cause of mortality
was acknowledged unlike other studies.2–4 Our results high-
light that moderate/severe TR is associated with cardiovascu-
lar mortality but is neutral for non‐cardiovascular mortality.
Also confirming that the mechanism of TR‐related mortality
is driven by cardiovascular complications, the present study
further recommends that clinicians should focus on preven-
tion of cardiovascular outcome when significant TR is de-
tected in those at risk of HF or with HFpEF. Due to the
small population of patients with significant TR among those
at risk of HF, future studies with a larger study population
should be performed to evaluate the prognostic role of
moderate/severe TR in this group of patients.

Clinical implications

Our current findings demonstrate that in asymptomatic pa-
tients at risk of HF (stage B) and those with stage C HFpEF pa-
tients, TR is common and is associated with adverse outcome.
This observation emphasizes that preemptive detection of TR
evaluated by Doppler echocardiography is warranted. Fur-
ther, HFpEF and AF are inextricably linked and increasingly
encountered due to our aging population. Intriguingly, it has
been shown that the development of AF may impose a
greater adverse outcome in patients with HFpEF than in
those with HFrEF.28 This notion is further confirmed by a re-
cent substudy of the TOPCAT trial that demonstrated that
in patients with HFpEF, concomitant AF was associated with
a more than twofold increased risk of cardiovascular events
compared with non‐AF patients.29 Nonetheless, the underly-
ing reason why AF resulted in a worse outcome in patients
with HFpEF is uncertain. It has been firmly established that
AF contributes to the development of TR, and our present
study further confirms that significant TR contributes to ad-
verse outcome in patients at risk of HF and those with HFpEF.
The current finding may explain why AF causes a higher prev-
alence of significant TR that contributes to an elevated risk
for adverse events in patients with HFpEF. In the same con-
text, although there is no definitive treatment to improve
survival in patients with HFpEF, preventing the development
of TR may be a potential therapeutic option to reduce ad-
verse outcome. Studies such as those that use a novel trans-
catheter tricuspid valve procedure30 to reduce significant TR
should be performed to investigate the potential survival
benefit in patients with HFpEF and significant TR.

Limitations

Patients were retrospectively identified from our echocardi-
ography database, but all clinical data were prospectively
measured at clinical diagnosis. Nonetheless, electronic
formats were not available for all echocardiography
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examinations, meaning that operator variability for severity
of TR could not be assessed. Although reporting of TR sever-
ity was based on the same criteria, echocardiography exami-
nations were performed by different operators and potential
interobserver and intraobserver variability could exist. Fur-
ther, the grading of TR was semiquantitative. Assessment
using a quantitative method such as regurgitant volume and
effective regurgitant orifice may provide a more consistent
evaluation.31 TR is highly load dependent and it is difficult to
accurately differentiate patients who are volume overloaded
from those with persistent TR. Future prospective studies with
comprehensive assessment of mechanism and quantitative eval-
uation of TR severity are warranted. Prior studies have indicated
that pulmonary artery pressure and right ventricular function
could influence TR in patients with HFpEF and increased the risk
of cardiovascular events.32–34 However, the present study did
not systematically evaluate patients’ right ventricular function
systemically and would require validation by future prospective
studies. Echocardiographic parameters such as left atrial volume
index, global longitudinal strain, atrial strain, and serum
NT‐proBNP were not evaluated in the present study and war-
ranted evaluation by future prospective study. In the present
study, prospective echocardiography to assess longitudinal
changes of LV remodelling or function was not systemically per-
formed, which requires elucidation by future studies.

Conclusions

The presence of significant TR is common in patients with
stage B HF and stage C HFpEF. Comorbidities such as

hypertension, diabetes mellitus, and atrial arrhythmia may
drive the development for patients at risk of HF (stage A or
B) to HFpEF. Clinicians should provide treatment to patients
at risk of HF according to the guidelines in order to prevent
the progression of symptomatic HF. The prognostic implica-
tion of TR suggests that the presence of TR may play an inte-
gral part and represent a potential therapeutic target for
patients at risk of HF and those with HFpEF.

Acknowledgements

We thank the medical and nursing staff of the Division of
Cardiology, The University of HongKong‐Shenzhen hospital
and Queen May Hospital.

Conflict of interest

None declared.

Funding

The study was funded by the Shenzhen Key Medical Discipline
Construction Fund and the Sanming Project of Cardiology, the
university of Hong Kong Shenzhen hospital, Sanming grant
from the Ministry of Health, Shenzhen, China.

References

1. Antunes MJ, Rodríguez‐Palomares J,
Prendergast B, de Bonis M, Rosenhek
R, al‐Attar N, Barili F, Casselman F,
Folliguet T, Iung B, Lancellotti P,
Muneretto C, Obadia JF, Pierard L,
Suwalski P, Zamorano P. on behalf of
the ESCWorking Groups of Cardiovascu-
lar Surgery and Valvular Heart
DiseaseManagement of tricuspid valve
regurgitation: position statement of the
European Society of Cardiology Working
Groups of Cardiovascular Surgery and
Valvular Heart Disease. Eur J
Cardiothorac Surg 2017; 52: 1022–1030.

2. Benfari G, Antoine C, Miller WL, Thapa
P, Topilsky Y, Rossi A, Michelena HI,
Pislaru S, Enriquez‐Sarano M. Excess
mortality associated with functional
tricuspid regurgitation complicating heart
failure with reduced ejection fraction.
Circulation 2019; 140: 196–206.

3. Topilsky Y, Maltais S, Medina Inojosa J,
OguzD,MichelenaH,Maalouf J,Mahoney
DW, Enriquez‐Sarano M. Burden of tricus-
pid regurgitation in patients diagnosed in

the community setting. JACC Cardiovasc
Imaging 2019; 12: 433–442.

4. Chorin E, Rozenbaum Z, Topilsky Y,
Konigstein M, Ziv‐Baran T, Richert E,
Keren G, Banai S. Tricuspid regurgitation
and long‐term clinical outcomes. Eur Heart
J Cardiovasc Imaging 2020; 21: 157–165.

5. Hunt SA, Baker DW, Chin MH,
Cinquegrani MP, Feldman AM, Francis
GS, Ganiats TG, Goldstein S, Gregoratos
G, Jessup ML, Noble RJ, Packer M, Silver
MA, Stevenson LW, Gibbons RJ, Antman
EM, Alpert JS, Faxon DP, Fuster V,
Gregoratos G, Jacobs AK, Hiratzka LF, Rus-
sell RO, Smith SC Jr, American College of
Cardiology/American Heart Association
Task Force on Practice Guidelines (Com-
mittee to Revise the 1995 Guidelines for
the Evaluation and Management of Heart
Failure)., International Society for Heart
and Lung Transplantation., Heart Failure
Society of America. ACC/AHA Guidelines
for the Evaluation and Management of
Chronic Heart Failure in the Adult: Execu-
tive Summary A Report of the American

College of Cardiology/American Heart As-
sociationTask Force on Practice Guidelines
(Committee to Revise the 1995 Guidelines
for the Evaluation and Management of
Heart Failure). Developed in Collaboration
With the International Society for Heart
and Lung Transplantation; Endorsed by
theHeart Failure Society of America.Circu-
lation 2001; 104: 2996–3007.

6. Yancy CW, Jessup M, Bozkurt B, Butler
J, Casey de Jr, Drazner MH, Fonarow
GC, Geraci SA, Horwich T, Januzzi JL,
Johnson MR, Kasper EK, Levy WC,
Masoudi FA, McBride P, McMurray J,
Mitchell JE, Peterson PN, Riegel B, Sam
F, Stevenson LW, Tang WH, Tsai EJ,
Wilkoff BL, American College of Cardiol-
ogy Foundation. American Heart Associ-
ation Task Force on Practice Guidelines.
2013 ACCF/AHA guideline for the man-
agement of heart failure: a report of
the American College of Cardiology
Foundation/American Heart Association
Task Force on Practice Guidelines. J Am
Coll Cardiol 2013; 62: e147–e239.

Tricuspid regurgitation in heart failure 4059

ESC Heart Failure 2020; 7: 4051–4060
DOI: 10.1002/ehf2.13014



7. Lang RM, Badano LP, Mor‐Avi V, Afilalo
J, Armstrong A, Ernande L, Flachskampf
FA, Foster E, Goldstein SA, Kuznetsova
T, Lancellotti P, Muraru D, Picard MH,
Rietzschel ER, Rudski L, Spencer KT,
Tsang W, Voigt JU. Recommendations
for cardiac chamber quantification by
echocardiography in adults: an update
from the American Society of Echocardi-
ography and the European Association
of Cardiovascular Imaging. Eur Heart J
Cardiovasc Imaging 2015; 16: 233–270.

8. Devereux RB, Reichek N. Echocardio-
graphic determination of left ventricular
mass in man. Anatomic validation of the
method. Circulation 1977; 55: 613–618.

9. Nagueh SF, SmisethOA,AppletonCP, Byrd
BF III, Dokainish H, Edvardsen T,
Flachskampf FA, Gillebert TC, Klein AL,
Lancellotti P, Marino P, Oh JK, Alexandru
Popescu B, Waggoner AD, Houston, Texas;
Oslo, Norway; Phoenix, Arizona; Nash-
ville, Tennessee; Hamilton, Ontario,
Canada; Uppsala, Sweden; Ghent and
Liège, Belgium; Cleveland, Ohio; Novara,
Italy; Rochester, Minnesota; Bucharest,
Romania; and St. Louis, Missouri. Recom-
mendations for the evaluation of left
ventricular diastolic function by echocardi-
ography: an update from the American
Society of Echocardiography and the Euro-
pean Association of Cardiovascular Imag-
ing. Eur Heart J Cardiovasc Imaging 2016;
17: 1321–1360.

10. Zoghbi WA, Adams D, Bonow RO,
Enriquez‐Sarano M, Foster E, Grayburn
PA, Hahn RT, Han Y, Hung J, Lang RM,
Little SH, Shah DJ, Shernan S,
Thavendiranathan P, Thomas JD,
Weissman NJ. Recommendations for non-
invasive evaluation of native valvular re-
gurgitation: a report from the American
Society of Echocardiography developed in
collaboration with the Society for Cardio-
vascular Magnetic Resonance. J Am Soc
Echocardiogr 2017; 30: 303–371.

11. Nath J, Foster E, Heidenreich PA. Impact
of tricuspid regurgitation on long‐term
survival. J Am Coll Cardiol 2004; 43:
405–409.

12. Neuhold S, Huelsmann M, Pernicka E,
Graf A, Bonderman D, Adlbrecht C,
Binder T, Maurer G, Pacher R,
Mascherbauer J. Impact of tricuspid re-
gurgitation on survival in patients with
chronic heart failure: unexpected find-
ings of a long‐term observational study.
Eur Heart J 2013; 34: 844–852.

13. Lam CS, Roger VL, Rodeheffer RJ, Borlaug
BA, Ommen SR, Redfield MM, Bursi F,
Kass DA. Cardiac structure and
ventricular‐vascular function in persons
with heart failure and preserved ejection
fraction from Olmsted County, Minnesota.
Circulation 2007; 115: 1982–1990.

14. Mutlak D, Lessick J, Khalil S, Yalonetsky
S, Agmon Y, Aronson D. Tricuspid regur-
gitation in acute heart failure: is there
any incremental risk? Eur Heart J
Cardiovasc Imaging 2018; 19: 993–1001.

15. d’Arcy JL, Coffey S, Loudon MA, Kennedy
A, Pearson‐Stuttard J, Birks J, Frangou E,
Farmer AJ, Mant D, Wilson J, Myerson
SG, Prendergast BD. Large‐scale commu-
nity echocardiographic screening reveals
a major burden of undiagnosed valvular
heart disease in older people: the
OxVALVE Population Cohort Study. Eur
Heart J 2016; 37: 3515–3522.

16. Singh JP, Evans JC, Levy D, Larson MG,
Freed LA, Fuller DL, Lehman B, Benjamin
EJ. Prevalence and clinical determinants
of mitral, tricuspid, and aortic regurgita-
tion (the Framingham Heart Study). Am J
Cardiol 1999; 83: 897–902.

17. Yiu KH, Chen Y, Liu JH, Lin Q, Liu M, Wu
M, Wang R, Zhen Z, Zou Y, Lam YM, Ng
MY. Burden and contributing factors as-
sociated with tricuspid regurgitation. a
hospital‐based study Hosp Pract (1995)
2017; 55: 504–512.

18. Itzhaki Ben Zadok O, Sagie A, Vaturi M,
Shapira Y, Schwartzenberg S, Kuznitz I,
Shochat T, Bental T, Yedidya I, Aravot D,
Kornowski R, Sharony R. Long‐term
outcomes after mitral valve replacement
and tricuspid annuloplasty in rheumatic
patients. Ann Thorac Surg 2019; 107:
539–545.

19. Zhao SX, Soltanzad N, Swaminathan A,
Ogden WD, Schiller NB. Frequency and
associated clinical features of functional
tricuspid regurgitation in patients with
chronic atrial fibrillation. Am J Cardiol
2017; 119: 1371–1377.

20. Stuge O, Liddicoat J. Emerging opportu-
nities for cardiac surgeons within struc-
tural heart disease. J Thorac Cardiovasc
Surg 2006; 132: 1258–1261.

21. Abe Y, Akamatsu K, Ito K, Matsumura Y,
Shimeno K, Naruko T, Takahashi Y,
Shibata T, Yoshiyama M. Prevalence
and prognostic significance of functional
mitral and tricuspid regurgitation de-
spite preserved left ventricular ejection
fraction in atrial fibrillation patients.
Circ J 2018; 82: 1451–1458.

22. Najib MQ, Vinales KL, Vittala SS, Challa
S, Lee HR, Chaliki HP. Predictors for the
development of severe tricuspid regurgi-
tation with anatomically normal valve in
patients with atrial fibrillation. Echocar-
diography 2012; 29: 140–146.

23. Kim HK, Kim YJ, Park JS, Kim KH, Kim
KB, Ahn H, Sohn DW, Oh BH, Park YB,
Choi YS. Determinants of the severity
of functional tricuspid regurgitation.
Am J Cardiol 2006; 98: 236–242.

24. Utsunomiya H, Itabashi Y, Mihara H,
Berdejo J, Kobayashi S, Siegel RJ, Shiota
T. Functional tricuspid regurgitation
caused by chronic atrial fibrillation: a
real‐time 3‐dimensional transesopha-
geal echocardiography study. Circ
Cardiovasc Imaging 2017; 10: e004897.

25. Fender EA, Petrescu I, Ionescu F, Zack
CJ, Pislaru SV, Nkomo VT, Cochuyt JJ,
Hodge DO, Nishimura RA. Prognostic
importance and predictors of survival
in isolated tricuspid regurgitation: a

growing problem. Mayo Clin Proc 2019;
94: 2032–2039.

26. Black‐Maier E, Ren X, Steinberg BA, Green
CL, Barnett AS, Rosa NS, al‐Khatib SM, At-
water BD, Daubert JP, Frazier‐Mills C,
Grant AO, Hegland DD, Jackson KP, Jack-
son LR, Koontz JI, Lewis RK, Sun AY,
Thomas KL, BahnsonTD, Piccini JP. Cathe-
ter ablation of atrial fibrillation in patients
with heart failure and preserved ejection
fraction.Heart Rhythm 2018; 15: 651–657.

27. Donal E, Lund LH, Oger E, Reynaud A,
Schnell F, Persson H, Drouet E, Linde C,
Daubert C. Value of exercise echocardi-
ography in heart failure with preserved
ejection fraction: a substudy from the
KaRen study. Eur Heart J Cardiovasc Im-
aging 2016; 17: 106–113.

28. Linssen GC, Rienstra M, Jaarsma T, Voors
AA, van Gelder IC, Hillege HL, van
Veldhuisen DJ. Clinical and prognostic
effects of atrial fibrillation in heart failure
patients with reduced and preserved left
ventricular ejection fraction. Eur J Heart
Fail 2011; 13: 1111–1120.

29. Cikes M, Claggett B, Shah AM, Desai AS,
Lewis EF, Shah SJ, Anand IS, O’Meara E,
Rouleau JL, Sweitzer NK, Fang JC,
Saksena S, Pitt B, Pfeffer MA, Solomon
SD. Atrial fibrillation in heart failure with
preserved ejection fraction: the TOPCAT
trial. JACC Heart Fail 2018; 6: 689–697.

30. Asmarats L, Puri R, Latib A, Navia JL,
Rodés‐Cabau J. Transcatheter tricuspid
valve interventions: landscape, chal-
lenges, and future directions. J Am Coll
Cardiol 2018; 71: 2935–2956.

31. Tribouilloy CM, Enriquez‐Sarano M,
Capps MA, Bailey KR, Tajik AJ. Contrast-
ing effect of similar effective regurgitant
orifice area in mitral and tricuspid regur-
gitation: a quantitative Doppler echocar-
diographic study. J Am Soc Echocardiogr;
15: 958–965.

32. Gorter TM, Hoendermis ES, van
Veldhuisen DJ, Voors AA, Lam CSP,
Geelhoed B, Willems TP, van Melle JP.
Right ventricular dysfunction in heart
failure with preserved ejection fraction:
a systematic review and meta‐analysis.
Eur J Heart Fail 2016; 18: 1472–1487.

33. Aschauer S, Kammerlander AA, Zotter‐
Tufaro C, Ristl R, Pfaffenberger S,
Bachmann A, Duca F, Marzluf BA,
Bonderman D, Mascherbauer J. The
right heart in heart failure with pre-
served ejection fraction: insights from
cardiac magnetic resonance imaging
and invasive haemodynamics. Eur J
Heart Fail 2016; 18: 71–80.

34. Medvedofsky D, Aronson D, Gomberg‐
Maitland M, Thomeas V, Rich S, Spencer
K, Mor‐Avi V, Addetia K, Lang RM,
Shiran A. Tricuspid regurgitation pro-
gression and regression in pulmonary
arterial hypertension: implications for
right ventricular and tricuspid valve ap-
paratus geometry and patients outcome.
Eur Heart J Cardiovasc Imaging 2017;
18: 86–94.

4060 Q.‐w. Ren et al.

ESC Heart Failure 2020; 7: 4051–4060
DOI: 10.1002/ehf2.13014



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


