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Background
In dilated cardiomyopathy patients (DCM), 
the diastolic function correlates well with 
symp toms and is a marker of prognosis. The 
impaired diastolic function in these patients 
is connected to higher mortality and a higher 
hospitalisation rate [1].

Mean pulmonary capillary wedge pressure 
(PCWP) is an invasive parameter refl ecting 
the mean left atrial pressure and thus left ven-
tricle (LV) fi lling pressure. Elevated LV fi lling 
pressure represents the physiologic conse-
quence of diastolic dysfunction.

The diastolic fl ow across the mitral valve 
can be divided by its timing into early and late. 
The early transmitral diastolic fl ow (E) or, in 
other words, the rapid left ventricle (LV) fi l-
ling is attributed to active relaxation of LV, as 
the LV pressure drops below the left atrial 
pressure. The late mitral diastolic fl ow (A) is 
a result of atrial contraction and accounts for 
only 15% to 20% of LV fi lling in healthy sub-
jects. The time period in between these two 
fl ows in diastole is called the diastasis and is 
characterised by no pressure gradient thus 
no fl ow through the mitral valve in normal 
heart and lower heart rates.

However, in a small group of both healthy 
individuals and patients with heart patholo-
gies, a mid- diastolic transmitral fl ow (L wave) 
can be observed. In the literature the mid- dia-
stolic transmitral fl ow is also referred to as tri-
phasic mitral fl ow or L wave. A correlate of 
L wave –  a mid- diastolic mitral annular motion 
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Souhrn
Vztah vlny L transmitrálního průtoku a vlny L’ pohybu mitrálního anulu k tlaku v zaklínění v plicnici u pa-
cientů s dilatační kardiomyopatií. Úvod: Transmitrální průtok ve střední diastole (L vlna) a pohyb mitrálního 
anulu ve střední diastole (L’ vlna) jsou spojovány se zvýšenými plnícími tlaky levé komory u pacientů s hypertrofi í 
levé komory a u pacientů s fi brilací síní. Cílem studie bylo zhodnotit význam L a L’ vlny u pacientů s dilatační kar-
diomyopatií a také zjistit, jaký je vztah L a L’ vlny k hodnotám tlaku v zaklínění v plicnici. Metody: Do studie byli 
vybráni pacienti s dilatační kardiomyopatií, u kterých byla indikována pravostranná srdeční katetrizace. Echokar-
diografi cké vyšetření bylo provedeno současně se změřením tlaku v zaklínění v plicnici. Za L vlnu byla považo-
vána pozitivní vlna v diastole mezi vlnou časného (E) a pozdního (A) diastolického plnění. Podobně, za L’ vlnu 
byla považována negativní vlna mezi vlnou časného (E’) a pozdního (A’) pohybu mitrálního anulu v diastole. Vý-
sledky: Celkem bylo analyzováno 66 pacientů s dilatační kardiomyopatií a 14 zdravých dobrovolníků. L vlnu 
mělo 6 (9 %) pacientů s dilatační kardiomyopatií a žádný zdravý dobrovolník. Po vyloučení pacientů s vyšší sr-
deční frekvencí (≥ 80 tepů/ min), byl nalezen signifi kantní rozdíl v tlaku v zaklínění v plicnici mezi skupinami pa-
cientů u kterých byla pozorována L vlna a u kterých L vlna nalezena nebyla (n = 5, n = 43, p = 0,015). Vlna L’ 
byla patrná u 17 pacientů s dilatační kardiomyopatií a u šesti zdravých dobrovolníků. U pacientů s dilatační kar-
diomyopatií nebyl nalezen statisticky významný vztah tlaku v zaklínění v plicnici k přítomnosti L’ vlny. Závěr: U pa-
cientů s dilatační kardiomyopatií, kteří mají srdeční frevenci méně než 80, je přítomnost L vlny spojena se zvýše-
nými plnícími tlaky levé komory.
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is observed in both M- mode echocardio-
graphy and Tissue Doppler (L’ wave).

According to previously published studies 
in LV hypertrophy and atrial fi brillation [2] 
patients, the presence of L wave [3] and 
L’ wave [4] is connected to echocardiography 
parameters of elevated LV fi lling pressures.

In contrast to LV hypertrophy patients, 
DCM patients often have additional factors 
that could infl uence their diastolic function 
such as higher LV volumes, mitral regurgita-
tion and contractile asynchrony caused by left 
bundle branch block.

The aim of this study was to describe the 
L and L’ waves in DCM patients and to fi nd 
out whether there is a relationship of L and 
L’ waves to invasively measured PCWP.

Methods
Seventy idiopathic DCM patients with symp-
tomatic heart failure, referred to our centre 
for right heart catheterization, were enrol-
led in the study. All these patients were as-
sessed as potential candidates for heart 
transplantation and thus underwent de-
tailed cardiology examination. The examina-
tion included electrocardiogram (ECG), phy-
sical examination, history, routine blood tests, 
chest radiograph and transthoracic echocar-
diography prior to and during the right heart 
catheterization.

Exclusion criteria were: bad acoustic 
window, any valvular disease besides se-
condary mitral regurgitation, heart rhythm 
other than sinus. Ischemic coronary disease 

was ruled out by coronary angiography in all 
included patients.

Enrolled patients underwent simulta-
neous echocardiography examination and 
right heart catheterization. Fifteen sex-  and 
age- matched apparently healthy volunteers, 
who had no risk of cardiovascular disease and 
who were on no medication, were included in 
the study to undergo echocardiography exa-
mination. The right heart catheterization in 
the healthy volunteers was not performed, as 
pulmonary capillary wedge pressure was ex-
pected to be normal in this group.

All patients gave their written consent and 
the study was approved by the local ethical 
committee and complied with the Helsinki 
Declaration.

Both the pre-catheter and catheter echo-
cardiography were performed using VIVID 7
(GE, Milwaukee, WI, USA) during shallow 
respiration.

Pre-catheter echocardiography
Routine echocardiography, including 
chamber quantification, was performed 
according to the guidelines [5]. Transmitral 
and aortic fl ows were recorded with pulsed 
wave Doppler to determine individual phases 
of the cardiac cycle. A pulsed wave Doppler 
recording through mitral valve was used to 
measure the peak early (E) and late (A) dia-
stolic fl ow velocity and deceleration time (DT) 
of E.

Mitral regurgitation was quantifi ed by com-
paring the regurgitant jet area to the size of 

the left atrium. The regurgitant jet compri-
sing less than 15% of the left atrium area was 
graded as 1, 15– 30% as grade 2, 36– 55% 
as grade 3 and above 55% as grade 4. 
Grades 1 and 2 were considered mild mitral 
regurgitation, grades 3 and 4 were rated as 
severe. Pulsed wave tissue Doppler of mitral 
annulus was recorded at septum and lateral, 
inferior and anterior walls. For tissue Doppler 
recordings, the preset for TDI on the machine 
was used with a sample volume of 5.9 mm 
(including narrow sector width and low gain) 
to assure optimal image quality and high 
frame rates. Peak systolic and early and late 
diastolic mitral annular velocities were mea-
sured at septum, lateral, inferior and anterior 
wall. If an L’ wave was present in more than 
one corner of the mitral annulus, the average 
value of all corners that presented an L’ wave 
was used for analysis. All values were ob-
tained as a mean of three consecutive heart 
cycles.

Right heart catheterization
A 7F catheter was inserted into the right ven-
tricle through the right jugular vein. The ca-
theter was positioned in the pulmonary artery 
where the mean pulmonary artery pressure 
was measured, then was located further to 
the pulmonary capillary wedge position. Here 
the balloon was infl ated and values of pulmo-
nary capillary wedge pressure and heart rate 
were obtained using a mechanoelectrical 
transducer (P23XL, Ohmeda medical de-
vices division, Oxnard, CA USA).

Subsequently the catheter balloon was 
defl ated in the wedge position without chan-
ging the catheter location and all the catheter 
echocardiography loops were recorded within 
15 minutes. Afterwards the catheter balloon 
was infl ated again to repeat the PCWP mea-
surement. Cardiac output was measured 
by the thermodilution method. The PCWP 
values used for the analysis were obtained as 
an average of both PCWP values measured 
before and after echocardiography.

During the examination patients were per-
manently in a supine position and did not 
change their position.

Echocardiography during 
catheterization
Pulsed wave Doppler and pulsed wave 
Tissue Doppler were recorded during the 
right heart catheterization as described 
above. All echocardiography data were ana-

Fig. 1. Mid-diastolic fl ow pattern in a dilated cardiomyopathy patient. The L wave (la-
belled with arrows) is the fi rst positive wave following the E wave.
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seline characteristics were summarised in 
tab. 1.

Right heart catheterization
The DCM patients included in the study had 
a wide range of PCWP, from 4 to 50 mmHg, 
with the mean value 20.2 ± 1.3 mmHg. Car-
diac output, mean pulmonary artery pre-
ssure, and mean aortic pressure were 
3.9 ± 0.1 L/ min, 29.1 ± 1.7 mmHg, and 
88.5 ± 1.5 mmHg, respectively.

71% of the patients had LV ejection fraction 
(LV EF) below 30%. Twenty- six percent of pa-
tients had moderately impaired LV EF and 
only 3% of patients had mildly abnormal LV 
EF. Half of the patients had either left bundle 
branch block or left anterior hemiblock on 
ECG.

A certain degree of mitral regurgitation 
was present in all patients. To be precise, 
grade 1 in 30%, grade 2 in 33%, grade 3 in 
24%, and grade 4 in 12% of the patients. Ba-

lysed offline with the observer blinded to 
PCWP results.

L wave was considered a clear positive 
wave after the E wave and before the A wave 
(fi g. 1), found in all three consecutive heart 
cycles. In order to avoid artifacts in our da-
taset, we set a cut-off value of 0.2 m/ s. The 
waves with lower speeds than the cut-off 
value were considered artifacts and were not 
included in the analysis.

The L’ wave was regarded as a clear nega-
tive wave after the E’ wave and before the A’ 
wave, (fi g. 2) repeating in all three consecu-
tive heart cycles with a cut-off value for ampli-
tude of the wave set of 0.02 m/ s.

Measured values were: time of L wave and 
L’ wave onset, peak velocity and duration of 
L and L’ waves. Time intervals were measured 
in reference to the beginning of the QRS com-
plex on ECG. For further calculations, the time 
intervals were corrected for heart rate and ex-
pressed as a percentage of RR interval.

Statistical analysis
Results are expressed as mean ± standard 
error of the mean for continuous variables 
and number (percentage) for categorical va-
riables. Variables did not present normal dis-
tribution, therefore non-parametric tests were 
used.

For the comparison of two independent 
continuous variables the Mann-Whitney 
U test was used; to compare the dif fe-
rences in categorical variables the �2 test 
was applied. When a number smaller than 
fi ve occurred in a cell of a contingency table, 
the Yates correction for �2 test was applied. If 
zero appeared in a cell of a contingency table, 
the Fisher exact test was used. Spearman’s 
correlation coeffi cient expressed the corre-
lations. The analyses were performed using 
Statistica, Statsoft Inc.

Results
Out of 70 patients who underwent simulta-
neous right heart catheterization and echo-
cardiography and out of 15 healthy volun-
teers, four patients and one volunteer had 
to be excluded from the analysis because of 
poor image quality. 

Thus a fi nal cohort included 66 patients 
and 14 healthy volunteers. There was no sig-
nifi cant difference in age or sex distribution 
between the groups (tab. 1).

The majority of DCM patients presented 
with severely impaired LV systolic function as 

Fig. 2. Mid-diastolic mitral annular motion in a dilated cardiomyopathy patient. 
The L’ wave (labeled with an arrow) is the fi rst negative wave following the E’ wave.

Healthy volunteers
(n = 14)

Dilated cardiomyopathy 
patients (n = 66)

p-value

age (years) 44.3 ± 3.3 48.7 ± 1.4 0.22

sex (men) 11(79%) 49 (74%) 0.73

LV EF (%) 62.9 ± 1.1 25.4 ± 1.0 0.000

HR (min–1) 60.9 ± 1.8 73.4 ± 1.7 0.0005

E (cm/s) 84.8 ± 3.2 76.8 ± 3.1 0.15

A (cm/s) 54.7 ± 4.5 52.0 ± 2.7 0.36

DT (ms) 147.2 ± 5.3 138.5 ± 6.2 0.25

E’ (cm/s) 10.8 ± 0.6 5.0 ± 0.2 0.000

E/E’ 6.4 ± 0.4 11.5 ± 0.62 0.000

hypertension 0 21 (32%)

diabetes 0 9 (14%)

betablocker 0 65 (98%)

ACEI 0 66 (100%)

LV EF – left ventricle ejection fraction, HR – heart rate, E – peak velocity of early diastolic transmi-
tral fl ow, A – peak velocity of late diastolic transmitral fl ow, DT – deceleration time of E, E’ – peak 
velocity of early diastolic mitral annular motion in lateral corner of mitral annulus

Tab. 1. Baseline characteristics of patients and healthy volunteers. Data are pre-
sented as mean ± standard error of the mean or number (percentage).
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tients with L wave present (n = 5) comparing 
with a group where L wave was not observed 
(n = 43, p = 0.015), yet there was a very 
small number of patients in the L wave group. 
For a detailed comparison of the two groups, 
see tab. 2.

No signifi cant correlations were found be-
tween the PCWP and L wave characteristics 
such as amplitude, duration or time of onset, 
even when the time intervals were corrected 
for the heart rate.

L’ wave analysis
The L’ wave was present in 26% of DCM pa-
tients and 43% of the healthy volunteers. 
There were no significant dif ferences be-
tween the groups of patients with and wit-
hout L’ wave. For a detailed comparison be-
tween the groups, see tab. 3. In four (6%) 
patients the L and L’ waves were found simul-
taneously. For characteristics of L’ wave in 
healthy volunteers and patients with dilated 
cardiomyopathy, see tab. 4. Neither ampli-
tude nor time of peak or duration of L’ wave 
correlated with PCWP. Neither L nor L’ wave 
was associated with mitral regurgitation or 
left bundle branch block.

Discussion
To our knowledge, this is the fi rst study to 
involve DCM patients in the assessment of 
L and L’ waves. Additionally, this is the fi rst 
study to compare L and L’ waves to invasi-
vely measured LV fi lling pressures in DCM 
patients.

The mid- diastolic flow across the mitral 
valve has fi rst been described in 1986 as 
an extension of pulmonary vein fl ow through 
the left atrium to the left ventricle after early 
fi lling [6]. At present a pulmonary venous 
fl ow together with prolonged relaxation have 
been proposed as possible mechanisms of 
L wave [3]. The markedly prolonged LV re-
laxation continuing into mid- diastole creates 
a pressure gradient, resulting in an additional 
ventricular filling during the mid- diastole. 
The elevated LA pressure can persist during 
mid- diastole due to pulmonary vein infl ow into 
a non-compliant LA. The L wave is preload de-
pendent as the Valsalva maneuver decreases 
and leg elevation increases the amplitude of 
L wave, and the amplitude of L wave corre-
lates with the levels of Brain natriuretic pep-
tide as shown in patients with atrial fi brillation.

The L’ wave in healthy volunteers may be 
driven by strain energy of myocardial recoil 

L wave analysis
The L wave was observed in six (9%) of DCM 
patients and was not present in any of the 
healthy volunteers. After excluding 18 pa-
tients with higher heart rates, there was a sig-
nifi cantly increased PCWP in a group of pa-

Patients with a heart rate higher or equal to 
80 were excluded from L and L’ waves analyses. 
Firstly patients were divided into two groups 
by a presence or absence of L wave. For the 
second part of data analysis, patients were di-
vided into two groups by the presence of L’ wave.

Group I (L+) 
n = 5

Group II (L–) 
n = 43

p-level

PCWP (mmHg) 29.0 ± 4.1 18.0 ± 1.6 0.015

HR (min–1) 71.2 ± 2.6 66.2 ± 1.3 0.18

E/E‘ 11.5 ± 1.7 11.7 ± 0.8 0.95

E (cm/s) 81.2 ± 4.2 75.9 ± 4.0 0.51

A (cm/s) 35.6 ± 3.3 56.2 ± 3.4 0.05

DT (ms) 92.4 ± 4.1 148.8 ± 7.0 0.002

LV EF (%) 20.0 ± 2.6 28.3 ± 1.2 0.002

mitral regurgitation (1 + 2) 2 (40%) 32 (74%) 0.75

mitral regurgitation (3 + 4) 3 (60%) 11 (25%) 0.75

left bundle branch block or left 
anterior hemiblock

2 (40%) 22 (51%) 0.89

age 46.6 ± 7.9 51.2 ± 1.3 0.82

hypertension 3 (60%) 14 (33%) 0.73

diabetes 1 (20%) 5 (12%) 0.82

betablocker 5 (100%) 43 (100%) 1.0

PCWP – pulmonary capillary wedge pressure, HR – heart rate, other abbreviations 
as in tab. 1

Tab. 2. Dilated cardiomyopathy patients with lower heart rates (<80): comparison 
between groups with mid-diastolic fl ow present (L+) and absent (L–). Data are pre-
sented as mean ± standard error of the mean or number (percentage).

L’+ (n = 12) L’– (n = 36) p-level

PCWP (mmHg) 22.2 ± 3.1 18.1 ± 1.8 0.17

HR (min–1) 66.9 ± 2.0 66.7 ± 1.4 0.97

E/E’ 12.6 ± 1.5 11.4 ± 0.8 0.38

E (cm/s) 86.3 ± 6.5 73.0 ± 4.2 0.09

A (cm/s) 48.0 ± 4.5 56,1 ± 4,0 0.39

DT (ms) 120.6 ± 12.9 149.6 ± 7.6 0.07

LV EF (%) 25.6 ± 2.0 27.7 ± 1.4 0.50

mitral regurgitation (1 + 2) 5 (42%) 27 (75%) 0.63

mitral regurgitation (3 + 4) 7 (58%) 9 (25%) 0.32

left bundle branch block or left 
anterior hemiblock

7 (58%) 17 (47%) 0.71

age 52.1 ± 2.7 50.3 ± 1.7 0.53

hypertension 5 (41%) 12 (33%) 0.72

diabetes 2 (17%) 4 (11%) 0.96

betablocker 12(100%) 36 (100%) 1.0

Tab. 3. Dilated cardiomyopathy patients with heart rates lower than 80 beats per 
minute (n = 48): comparison between groups with mid-diastolic mitral annular 
motion present (L‘+) and absent (L‘-).
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higher than or equal to 80, we found a signi-
fi cant increase of PCWP in the group of pa-
tients with mid- diastolic fl ow.

The major limitation of our study is the 
small number of patients with L wave present. 
An additional limitation is that the Valsalva 
maneuver was not performed.

Conclusion
The L wave in dilated cardiomyopathy pa-
tients is associated with higher PCWP 
values when comparing with patients with out 
L wave, after excluding patients with higher 
heart rates. The L’ wave was not a predictor 
of higher PCWP in our group. The L’ wave 
was observed in both DCM patients and 
healthy volunteers and there was no charac-
teristic of the L’ wave, such as the duration, 
amplitude or timing, which would distinguish 
the two. 
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stored from the previous systole [7]. The 
pathological L’ may rise as the mitral infl ow 
hits the stiff ventricle and bounces back in the 
setting of delayed and prolonged relaxation. 

Dilated cardiomyopathy leads to increased 
fi lling pressures and later to dilatation of mitral 
annulus and functional mitral regurgitation. 
Severe mitral regurgitation causes left atrium 
volume overload and leads to further eleva-
tion of LV fi lling pressures. 

Asynchronous contraction in patients with 
left bundle branch block leads to asynchrony 
in relaxation. This may result in post-systolic 
contraction in some segments, while other 
segments are already relaxed, causing impair-
ment of global LV relaxation and thus contri-
buting to increased LV fi lling pressures. In our 
study, however, no relationship of mitral re-
gurgitation or left bundle branch block to pre-
sence of L or L’ wave was observed.

In DCM patients the presence of L wave 
may indicate higher LV fi lling pressures. But 
the clinical applicability of L wave is limited 
to patients with lower heart rates. In higher 
heart rates, the L can merge with the E or 
A wave and thus become undetectable. After 
we excluded the patients with heart rates 

Healthy 
volunteers 

n = 6

DCM patients
n = 17

p-value

amplitude of L’ (m/s) 0.03 ± 0.01 0.03 ± 0.002 0.15

time of peak L’ (ms) 710.9 ± 26.8 639.2 ± 25.0 0.09

time of peak L’ corrected for 
heart rate (% of RR interval)

70.4 ± 2.9 75.0 ± 2.3 0.35

L’ duration (ms) 91.3 ± 6.8 96.0 ± 9.7 0.70

L’ duration corrected for heart 
rate (% of RR interval)

9 ± 0.8 11.3 ± 1 0.16

Tab. 4. Characteristics of mid-diastolic mitral annular motion in healthy volunteers 
and in DCM patients with all heart rates. Values presented as mean ± standard 
error of the mean.
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