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Hypertrophie mit diastolischer Herzinsuffizienz Grad III 

Anamnese:  74-jähriger Patient, sportlich, seit 2-3 Jahren Luftnot bei Belastung.  
  Grenzhypertonie 

 
EKG:   Vorhofflimmern Hf. 50/min, Zögerliche R-Progression V1-V3,  

  deszendierende ST Streckensenkung 
            mit präterminal negativen T Negativierungen lateral 
 
Koro Vorjahr:  o.p.B. 
 
Echo:   LV-Hypertrophie IVSD um 15mm 
 
Procedere:  Rhythmisierung und weitere Diagnostik falls nötig 
 

     nach Rhythmisierung weiter Luftnot, restriktives Flussmuster   

     ! Kardio-MRT bei inadäquater LV-Hypertrophie und Restriktion 
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„Indadäquate“ Hypertrophie 
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Amyloidosemuster nach KM Gabe  
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Fazit 

Echo und MRT sind komplementär 
und ergänzen sich perfekt 
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Diastolische Herzinsuffizienz 

Steifes Myokard è  
 
Eingeschränkte Relaxation des LV è  
 
enddiastolische Druck é 
 
Kommunikation mit dem linken Vorhof è  
 
Rückstau in die Lungengefäße è  
 
Luftnot 
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Diagnostik der diastolischen Herzinsuffizienz 
Herzinsuffizienzleitlinien 2012 

 Gewebedoppler-Echokriterien zur Diagnostik   

(this may be less of a concern with newer macrocyclic gadolin-
ium chelates).67,68

4.5 Single-photon emission computed
tomography and radionuclide
ventriculography
Single-photon emission computed tomography (SPECT) may be
useful in assessing ischaemia and viability if CAD is suspected,
and provides prognostic as well as diagnostic information
(Table 7).54 Gated SPECT can also yield information on ventricular
volumes and function, but exposes the patient to ionizing radiation.

4.6 Positron emission tomography
imaging
Positron emission tomography (PET) [alone or with computed
tomography (CT)] may be used to assess ischaemia and viability,
but the flow tracers (N-13 ammonia or O-15 water) require an
on-site cyclotron.58,60,69 Rubidium is an alternative tracer for is-
chaemia testing with PET, which can be produced locally at rela-
tively low cost (Table 7). Lack of availability, radiation exposure,
and cost are the main limitations.

4.7 Coronary angiography
Coronary angiography should be considered in patients with angina
pectoris or a history of cardiac arrest if the patient is otherwise
suitable for coronary revascularization. Angiography should also
be considered in patients with evidence of reversible myocardial
ischaemia on non-invasive testing, especially if the EF is reduced
(because coronary artery bypass surgery may be beneficial)
(Section 13). Non-invasive assessment of myocardial viability may

also be carried out before angiography as some observational
data show that coronary angiography may be of little, if any,
benefit and may confer considerable risk, in the absence of signifi-
cant viability. In cases where ischaemia information is lacking, frac-
tional flow reserve gives information about the haemodynamic
relevance of lesions.70

Coronary angiography may be required, urgently, in selected
patients with acute HF (AHF) (shock or acute pulmonary
oedema), particularly those with an associated acute coronary syn-
drome (see Section 12.7.1 and revascularization guidelines71). Cor-
onary angiography may also be indicated in patients with valve
disease when surgical correction is planned.

4.8 Cardiac computed tomography
The main use of CT in patients with HF is a non-invasive means to
visualize the coronary anatomy.59 The risk vs. benefit of this pro-
cedure should be considered as discussed above, under coronary
angiography (Section 4.7).

5. Other investigations

5.1 Cardiac catheterization and
endomyocardial biopsy
In patients with suspected constrictive or restrictive cardiomyop-
athy, cardiac catheterization used in combination with other non-
invasive imaging techniques may help to establish the correct diag-
nosis (see Table 7). In patients with suspected myocarditis and infil-
trative diseases (e.g. amyloidosis, see Table 7), endomyocardial
biopsy may be needed to confirm the diagnosis. The use of this
procedure is described in detail in other guidelines.72

Table 9 Common echocardiographic measures of left ventricular diastolic dysfunction in patients with heart failure

Measurement Abnormality Clinical implications

e Decreased (<8 cm/s septal, <10 cm/s lateral, 
or <9 cm/s average)

Delayed LV relaxation

E/e  ratioa High (>15) High LV filling pressure

Low (<8) Normal LV filling pressure

Intermediate (8–15) Grey zone (additional parameters necessary)

Mitral inflow E/A ratiob ‘Restrictive’ (>2) High LV filling pressure 

Volume overload

‘Impaired relaxation’ (<1) Delayed LV relaxation

Normal LV filling pressure

Normal (1–2) Inconclusive (may be ‘pseudonormal’) 

Mitral inflow during Valsalva manoeuvre Change of the ‘pseudonormal’ to the ‘impaired 
relaxation’ pattern (with a decrease in E/A 
ratio ≥0.5)

High LV filling pressure (unmasked through Valsalva)

(A pulm–A mitral) duration >30 ms High LV filling pressure

A pulm–A mitral ¼ time difference between pulmonary vein flow A-wave duration and mitral flow A-wave duration; E/A ¼ ratio of early to late diastolic mitral inflow waves; e’ ¼
early diastolic velocity of mitral annulus; E/e’ ¼ ratio of the mitral inflow E wave to the tissue Doppler e’ wave; HF ¼ heart failure; LV ¼ left ventricular.
aDifferent cut-off points exist in different consensus documents;8,63 for the cut-off points mentioned in this table both septal and average e’ may be used.
bHighly variable and unsuitable for diagnosis on its own; largely depending on loading conditions; age-corrected normal values exist.63

ESC Guidelines Page 17 of 61
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Was verbirgt sich hinter den Buchstabenkürzeln?  

E: = early = früher Einstrom  A: wie Atrium: später atrial bedingter Einstrom 

Normal: 

disease have shown that LA volume index ! 34 mL/m2 is an
independent predictor of death, heart failure, atrial fibrillation, and
ischemic stroke.12 However, one must recognize that dilated left atria
may be seen in patients with bradycardia and 4-chamber enlarge-
ment, anemia and other high-output states, atrial flutter or fibrillation,
and significant mitral valve disease, in the absence of diastolic dys-
function. Likewise, it is often present in elite athletes in the absence of
cardiovascular disease (Figure 2). Therefore, it is important to con-
sider LA volume measurements in conjunction with a patient’s
clinical status, other chambers’ volumes, and Doppler parameters of
LV relaxation.

C. LA Function
The atriummodulates ventricular filling through its reservoir, conduit,
and pump functions.13 During ventricular systole and isovolumic
relaxation, when the atrioventricular (AV) valves are closed, atrial
chambers work as distensible reservoirs accommodating blood flow
from the venous circulation (reservoir volume is defined as LA
passive emptying volume minus the amount of blood flow reversal in
the pulmonary veins with atrial contraction). The atrium is also a
pumping chamber, which contributes to maintaining adequate LV
end-diastolic volume by actively emptying at end-diastole (LA stroke
volume is defined as LA volume at the onset of the electrocardio-
graphic P wave minus LA minimum volume). Finally, the atrium
behaves as a conduit that starts with AV valve opening and terminates
before atrial contraction and can be defined as LV stroke volume
minus the sum of LA passive and active emptying volumes. The
reservoir, conduit, and stroke volumes of the left atrium can be
computed and expressed as percentages of LV stroke volume.13

Impaired LV relaxation is associated with a lower early diastolic
AV gradient and a reduction in LA conduit volume, while the
reservoir-pump complex is enhanced to maintain optimal LV end-
diastolic volume and normal stroke volume. With a more advanced
degree of diastolic dysfunction and reduced LA contractility, the LA
contribution to LV filling decreases.

Aside from LA stroke volume, LA systolic function can be assessed
using a combination of 2D and Doppler measurements14,15 as the
LA ejection force (preload dependent, calculated as 0.5 ! 1.06 !
mitral annular area ! [peak A velocity]2) and kinetic energy (0.5 !
1.06 ! LA stroke volume ! [A velocity]2). In addition, recent reports

have assessed LA strain and strain rate and their clinical associations
in patients with atrial fibrillation.16,17 Additional studies are needed
to better define these clinical applications.

D. Pulmonary Artery Systolic and Diastolic Pressures
Symptomatic patients with diastolic dysfunction usually have in-
creased pulmonary artery (PA) pressures. Therefore, in the absence of
pulmonary disease, increased PA pressures may be used to infer the
presence of elevated LV filling pressures. Indeed, a significant corre-
lation was noted between PA systolic pressure and noninvasively
derived LV filling pressures.18 The peak velocity of the tricuspid
regurgitation (TR) jet by continuous-wave (CW) Doppler together
with systolic right atrial (RA) pressure (Figure 3) are used to derive PA
systolic pressure.19 In patients with severe TR and low systolic right
ventricular–RA pressure gradients, the accuracy of the PA systolic

E

A

LA volume in apical 4-chamber view Mitral inflow at tips by PW Doppler

Figure 2 (Left) End-systolic (maximum) LA volume from an elite athlete with a volume index of 33 mL/m2. (Right) Normal mitral inflow
pattern acquired by PW Doppler from the same subject. Mitral E velocity was 100 cm/s, and A velocity was 38 cm/s. This athlete
had trivial MR, which was captured by PW Doppler. Notice the presence of a larger LA volume despite normal function.

Figure 3 Calculation of PA systolic pressure using the TR jet. In
this patient, the peak velocity was 3.6 m/s, and RA pressure
was estimated at 20 mm Hg.

110 Nagueh et al Journal of the American Society of Echocardiography
February 2009
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Flussprofile über der Mitralklappe  

while a short IVRT, short mitral DT, and increased E/A velocity ratio
characterize advanced diastolic dysfunction, increased LA pressure,
and worse functional class. A restrictive filling pattern is associated
with a poor prognosis, especially if it persists after preload reduction.
Likewise, a pseudonormal or restrictive filling pattern associated with
acute myocardial infarction indicates an increased risk for heart
failure, unfavorable LV remodeling, and increased cardiovascular
mortality, irrespective of EF.

In patients with coronary artery disease48 or hypertrophic cardio-
myopathy,49,50 in whom LV EFs are !50%, mitral variables correlate
poorly with hemodynamics. This may be related to the marked
variation in the extent of delayed LV relaxation seen in these patients,
which may produce variable transmitral pressure gradients for similar
LA pressures. A restrictive filling pattern and LA enlargement in a
patient with a normal EF are associated with a poor prognosis similar
to that of a restrictive pattern in dilated cardiomyopathy. This is most
commonly seen in restrictive cardiomyopathies, especially amyloid-
osis,51,52 and in heart transplant recipients.53

F. Limitations
LV filling patterns have a U-shaped relation with LV diastolic
function, with similar values seen in healthy normal subjects and
patients with cardiac disease. Although this distinction is not an
issue when reduced LV systolic function is present, the problem of
recognizing PNF and diastolic heart failure in patients with normal
EFs was the main impetus for developing the multiple ancillary
measures to assess diastolic function discussed in subsequent
sections. Other factors that make mitral variables more difficult to
interpret are sinus tachycardia,54 conduction system disease, and
arrhythmias.

Sinus tachycardia and first-degree AV block can result in partial or
complete fusion of the mitral E and A waves. If mitral flow velocity at
the start of atrial contraction is !20 cm/s, mitral A-wave velocity may
be increased, which reduces the E/A ratio. With partial E-wave and
A-wave fusion, mitral DT may not be measurable, although IVRT
should be unaffected. With atrial flutter, LV filling is heavily influ-
enced by the rapid atrial contractions, so that no E velocity, E/A ratio,
or DT is available for measurement. If 3:1 or 4:1 AV block is present,
multiple atrial filling waves are seen, with diastolic mitral regurgitation
(MR) interspersed between nonconducted atrial beats.55 In these
cases, PA pressures calculated from Doppler TR and PR velocities
may be the best indicators of increased LV filling pressures when lung
disease is absent.

Key Points

1. PW Doppler is performed in the apical 4-chamber view to obtain mitral
inflow velocities to assess LV filling.

2. A 1-mm to 3-mm sample volume is then placed between the mitral leaflet
tips during diastole to record a crisp velocity profile.

3. Primary measurements include peak E and A velocities, E/A ratio, DT, and
IVRT.

4. Mitral inflow patterns include normal, impaired LV relaxation, PNF, and
restrictive LV filling.

5. In patients with dilated cardiomyopathies, filling patterns correlate better
with filling pressures, functional class, and prognosis than LV EF.

6. In patients with coronary artery disease and those with hypertrophic
cardiomyopathy in whom the LV EFs are !50%, mitral velocities correlate
poorly with hemodynamics.

Table 1 Normal values for Doppler-derived diastolic measurements

Measurement

Age group (y)

16-20 21-40 41-60 >60

IVRT (ms) 50 " 9 (32-68) 67 " 8 (51-83) 74 " 7 (60-88) 87 " 7 (73-101)
E/A ratio 1.88 " 0.45 (0.98-2.78) 1.53 " 0.40 (0.73-2.33) 1.28 " 0.25 (0.78-1.78) 0.96 " 0.18 (0.6-1.32)
DT (ms) 142 " 19 (104-180) 166 " 14 (138-194) 181 " 19 (143-219) 200 " 29 (142-258)
A duration (ms) 113 " 17 (79-147) 127 " 13 (101-153) 133 " 13 (107-159) 138 " 19 (100-176)
PV S/D ratio 0.82 " 0.18 (0.46-1.18) 0.98 " 0.32 (0.34-1.62) 1.21 " 0.2 (0.81-1.61) 1.39 " 0.47 (0.45-2.33)
PV Ar (cm/s) 16 " 10 (1-36) 21 " 8 (5-37) 23 " 3 (17-29) 25 " 9 (11-39)
PV Ar duration (ms) 66 " 39 (1-144) 96 " 33 (30-162) 112 " 15 (82-142) 113 " 30 (53-173)
Septal e= (cm/s) 14.9 " 2.4 (10.1-19.7) 15.5 " 2.7 (10.1-20.9) 12.2 " 2.3 (7.6-16.8) 10.4 " 2.1 (6.2-14.6)
Septal e=/a= ratio 2.4* 1.6 " 0.5 (0.6-2.6) 1.1 " 0.3 (0.5-1.7) 0.85 " 0.2 (0.45-1.25)
Lateral e= (cm/s) 20.6 " 3.8 (13-28.2) 19.8 " 2.9 (14-25.6) 16.1 " 2.3 (11.5-20.7) 12.9 " 3.5 (5.9-19.9)
Lateral e=/a= ratio 3.1* 1.9 " 0.6 (0.7-3.1) 1.5 " 0.5 (0.5-2.5) 0.9 " 0.4 (0.1-1.7)

Data are expressed as mean " SD (95% confidence interval). Note that for e= velocity in subjects aged 16 to 20 years, values overlap with those
for subjects aged 21 to 40 years. This is because e= increases progressively with age in children and adolescents. Therefore, the e= velocity is higher
in a normal 20-year-old than in a normal 16-year-old, which results in a somewhat lower average e= value when subjects aged 16 to 20 years are
considered.
*Standard deviations are not included because these data were computed, not directly provided in the original articles from which they were derived.

Figure 5 Schematic diagram of the changes in mitral inflow in
response to the transmitral pressure gradient.

112 Nagueh et al Journal of the American Society of Echocardiography
February 2009
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Gewebedoppler 

able accuracy for the prediction of increased filling pressures and
adverse clinical outcome.68,158 Other Doppler measurements that
can be applied include the peak acceleration rate of mitral E velocity
(!1,900 cm/s2), IVRT ("65 ms), DT of pulmonary venous159

diastolic velocity ("220ms), the E/Vp ratio (!1.4), and the E/e= ratio
(!11). In one study,104 septal e= ! 8 cm/s had reasonable accuracy
in identifying patients with # ! 50 ms. Likewise, an E/e= ratio ! 11
predicted LVEDP ! 15 mm Hg. The variability of mitral inflow
velocity with the RR cycle length should be examined, because
patients with increased filling pressures have less beat-to-beat varia-
tion.68 Thus, Doppler echocardiography is useful in the estimation of
filling pressures in patients with atrial fibrillation. Measurements from
10 cardiac cycles are most accurate, though velocities and time
intervals averaged from 3 nonconsecutive beats with cycle lengths
within 10% to 20% of the average heart rate andmeasurements from
1 cardiac cycle with an RR interval corresponding to a heart rate of 70
to 80 beats/min are still useful.68

B. Sinus Tachycardia
Conventional mitral and pulmonary venous flow velocity variables
are poor indicators of LV filling pressures in sinus tachycardia ("100
beats/min) in patients with normal EFs. However, a ratio of Doppler
peak E-wave velocity to lateral mitral annular e= velocity (E/e=) " 10
predicts a mean pulmonary wedge pressure " 12 mm Hg with
sensitivity of 78% and specificity of 95%. Importantly, this relation
remained strong irrespective of mitral inflow pattern and LV EF, as
well as in the presence of a single velocity due to complete merging
of both mitral and annular E and A.102,105

C. Restrictive Cardiomyopathy
Regardless of whether idiopathic or infiltrative in nature, mitral,
pulmonary venous, and tissue Doppler variables are all good indica-
tors of the marked elevation in filling pressures in patients with
restrictive cardiomyopathy. A short (!140 ms) mitral DT51,52,160

and increases in either PW Doppler mitral E/A ratio ("2.5) or E/e=

ratio ("15) indicate markedly elevated filling pressures. A short LV
IVRT of !50 ms also indicates high LA pressure due to an early
opening of the mitral valve.160

D. Hypertrophic Cardiomyopathy
In contrast to restrictive cardiomyopathies, the mitral variables of E/A
ratio and DT have weak to no correlations with LV filling pressures in
patients with hypertrophic cardiomyopathy.49,50 The marked vari-
ability in phenotype, muscle mass, amount of myocardial fiber disar-
ray, and obstructive versus nonobstructive physiology results in many
different combinations of altered relaxation and compliance and
resultant numerous variations of mitral inflow patterns. In one study,
the E/e= ratio (!10, using lateral e=) correlated reasonably well with
LV pre-A pressure,50 whereas in another report, a wide spread was
seen in the noninvasive prediction of mean LA pressure.161 Similar to
other groups, Ar # A duration (!30 ms) in this population may be
used to predict LVEDP.50 A comprehensive approach is recom-
mended when predicting LV filling pressures in patients with hyper-
trophic cardiomyopathy, with consideration of all echocardiographic
data, including PA pressures and LA volume (particularly in the
absence of significant MR).

E. Pulmonary Hypertension
In patients with pulmonary hypertension, echocardiography plays an
essential role in the estimation of PA pressures, the assessment of
right ventricular size and function, and the identification of the
underlying etiology, whether cardiac or not. If the etiology is related
to pulmonary parenchymal or vascular disease, LV filling pressures
are usually normal or low, and an impaired relaxation mitral filling
pattern is usually observed162 due to reduced LV filling rather than
diastolic dysfunction per se. Typically, these patients have normal
lateral annular e= velocities (Figure 13) and lateral E/e= ratios ! 8.163

Conversely, patients with pulmonary hypertension secondary to
diastolic dysfunction have increased E/e= ratios, because the mitral E
velocity is increased because of increased LA pressure, and lateral e=

TR by CW Doppler Mitral Inflow

E A

a’e’a’e’

TD at septal annulus TD at lateral annulus

Figure 13 (Top left) Recording of TR jet by CW Doppler (peak velocity marked by yellow arrow) from a patient with primary
pulmonary hypertension. The right ventricular–RA systolic pressure gradient is 60 mmHg. (Top right) Mitral inflow at the level of the
leaflet tips with mitral E velocity of 50 cm/s. (Bottom left) Recording of septal tissue Doppler velocities with e= of 5.5 cm/s. (Bottom
right) Lateral tissue Doppler signals with a normal e= velocity of 11.5 cm/s.

Journal of the American Society of Echocardiography Nagueh et al 123
Volume 22 Number 2

Die Bewegung des Mitralannulus ist ein Maß für die Relaxationsfähigkeit 
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C. Hemodynamic Determinants
The hemodynamic determinants of e= velocity include LV relaxation
(Figure 8), preload, systolic function, and LV minimal pressure. A
significant association between e= and LV relaxation was observed in
animal93,94 and human95-97 studies. For preload, LV filling pressures
have a minimal effect on e= in the presence of impaired LV relax-
ation.87,93,94 On the other hand, with normal or enhanced LV
relaxation, preload increases e=.93,94,98,99 Therefore, in patients with
cardiac disease, e= velocity can be used to correct for the effect of LV
relaxation on mitral E velocity, and the E/e= ratio can be applied for
the prediction of LV filling pressures (Figure 9). The main hemody-
namic determinants of a= include LA systolic function and LVEDP,
such that an increase in LA contractility leads to increased a= velocity,
whereas an increase in LVEDP leads to a decrease in a=.93

In the presence of impaired LV relaxation and irrespective of LA
pressure, the e= velocity is reduced and delayed, such that it occurs at

the LA-LV pressure crossover point.94,100 On the other hand, mitral
E velocity occurs earlier with PNF or restrictive LV filling. Accord-
ingly, the time interval between the onset of E and e= is prolonged
with diastolic dysfunction. Animal94,100 and human100 studies have
shown that (TE-e=) is strongly dependent on the time constant of LV
relaxation and LV minimal pressure.100

D. Normal Values
Normal values (Table 1) of DTI-derived velocities are influenced by
age, similar to other indices of LV diastolic function. With age, e=
velocity decreases, whereas a= velocity and the E/e= ratio increase.101

E. Clinical Application
Mitral annular velocities can be used to draw inferences about LV
relaxation and along with mitral peak E velocity (E/e= ratio) can be
used to predict LV filling pressures.86,90,97,102-106 To arrive at reliable

Sm
14cm/s

8cm/s

Normal 
35 years old

Hypertension with LVH
58 years old

e’
a’ e’ a’

Figure 8 Tissue Doppler (TD) recording from the lateral mitral annulus from a normal subject aged 35 years (left) (e= ! 14 cm/s) and
a 58-year-old patient with hypertension, LV hypertrophy, and impaired LV relaxation (right) (e= ! 8 cm/s).

Mitral Inflow and Annulus TD

Septal E/e’ = 80/4 = 20 Lateral E/e’ = 80/5 = 16

e’
e’

E
A

e’e’

Figure 9 Mitral inflow (top), septal (bottom left), and lateral (bottom right) tissue Doppler signals from a 60-year-old patient with heart
failure and normal EF. The E/e= ratio was markedly increased, using e= from either side of the annulus.

116 Nagueh et al Journal of the American Society of Echocardiography
February 2009

E/e‘ > 15 hoher LV-Füllungsdruck  
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Einteilung der Diastolischen Dysfunktion 

JASE 2009 
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Normalbefund 
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Fallbeispiel Relaxationsstörung 

Patientin mit Hypertonus:  Diastolische Dysfunktion Grad I   
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E/A <0,8  e‘/a‘ <1  e‘ = 6  E/e‘ = 10  S>D 
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Fallbeispiel Pseudonormalisierung 

Patient mit Hypertonus und LV-Hypertrophie:  
Diastolische Dysfunktion Grad II 
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Fallbeispiel Pseudonormalisierung 

Patientin mit Hypertonus, Luftnot: Diastolische Dysfunktion Grad III 
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Diagnostik diastolische Herzinsuffizienz 
Konsensus EHJ 2007 

the LV systolic function data. According to the criteria of the
National Heart, Lung, and Blood Institute’s Framingham
Heart Study, a definite or probable diagnosis of HFNEF
requires the information on LV systolic function to be
obtained within 72 h following the heart failure episode.93

This requirement may be obsolete because Doppler echocar-
diographic examinations of patients with hypertensive
pulmonary oedema performed sequentially at the time of
hospital admission and following stabilization revealed iden-
tical LVEF and LV end-diastolic volume without evidence of
improvement of LV systolic function in the days following
hospital admission.102

Evidence of abnormal left ventricular relaxation,
filling, diastolic distensibility, and diastolic stiffness

Do we need evidence of left ventricular dysfunction
during relaxation or diastole?
The need to obtain positive evidence of abnormal LV relax-
ation, filling, diastolic distensibility, and diastolic stiffness,
as proposed in the original guidelines of the European
Study Group,1 has been challenged.60 Recognizing the

difficulties in the assessment of diastolic LV dysfunction,
the hypothesis that measurement of diastolic LV dysfunction
was not required to make the diagnosis of HFNEF was
tested.60 Ninety-two per cent of patients with a history of
heart failure, an LVEF . 50%, and evidence of LV concentric
remodelling had an elevated LV end-diastolic pressure and
all of them had at least one haemodynamic or Doppler echo-
cardiographic index of abnormal LV relaxation, filling, or
diastolic stiffness. In this group of patients, acquisition of
data on diastolic LV dysfunction therefore provided no
additional diagnostic information and was therefore only
of confirmatory significance. As this study looked at patients
with a well-established history of heart failure, these results
cannot be extrapolated to patients presenting solely with
symptoms of breathlessness without a history or physical
signs suggestive of congestive heart failure. Nevertheless,
this study among others,19,58–61 clearly demonstrates that
evidence of concentric LV remodelling has important impli-
cations for the diagnosis of HFNEF and is a potential surro-
gate for direct evidence of diastolic LV dysfunction.94 The
present consensus document (Figure 2) therefore considers
an LV wall mass index .122 g/m2 (C) or an LV wall mass

Figure 2 Diagnostic flowchart on ‘How to diagnose HFNEF’ in a patient suspected of HFNEF. LVEDVI, left ventricular end-diastolic volume index; mPCW, mean
pulmonary capillary wedge pressure; LVEDP, left ventricular end-diastolic pressure; t, time constant of left ventricular relaxation; b, constant of left ventricular
chamber stiffness; TD, tissue Doppler; E, early mitral valve flow velocity; E0, early TD lengthening velocity; NT-proBNP, N-terminal-pro brain natriuretic peptide;
BNP, brain natriuretic peptide; E/A, ratio of early (E) to late (A) mitral valve flow velocity; DT, deceleration time; LVMI, left ventricular mass index; LAVI, left
atrial volume index; Ard, duration of reverse pulmonary vein atrial systole flow; Ad, duration of mitral valve atrial wave flow.

W.J. Paulus et al.2542
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cannot be extrapolated to patients presenting solely with
symptoms of breathlessness without a history or physical
signs suggestive of congestive heart failure. Nevertheless,
this study among others,19,58–61 clearly demonstrates that
evidence of concentric LV remodelling has important impli-
cations for the diagnosis of HFNEF and is a potential surro-
gate for direct evidence of diastolic LV dysfunction.94 The
present consensus document (Figure 2) therefore considers
an LV wall mass index .122 g/m2 (C) or an LV wall mass

Figure 2 Diagnostic flowchart on ‘How to diagnose HFNEF’ in a patient suspected of HFNEF. LVEDVI, left ventricular end-diastolic volume index; mPCW, mean
pulmonary capillary wedge pressure; LVEDP, left ventricular end-diastolic pressure; t, time constant of left ventricular relaxation; b, constant of left ventricular
chamber stiffness; TD, tissue Doppler; E, early mitral valve flow velocity; E0, early TD lengthening velocity; NT-proBNP, N-terminal-pro brain natriuretic peptide;
BNP, brain natriuretic peptide; E/A, ratio of early (E) to late (A) mitral valve flow velocity; DT, deceleration time; LVMI, left ventricular mass index; LAVI, left
atrial volume index; Ard, duration of reverse pulmonary vein atrial systole flow; Ad, duration of mitral valve atrial wave flow.

W.J. Paulus et al.2542
 by guest on June 26, 2011
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Conclusio für den Alltag 
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Herzinsuffizienz ist eine klinische Diagnose 
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