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It is well known that the loading conditions of one
ventricle affect the function of the other ventricle (1-4).
The influence of left ventricular pressure overload on
the diastolic performance of the right ventricle has
been studied in the past. Prolonged relaxation of the
right ventricle and redistribution of right ventricular
filling into late diastole have been described in condi-
tions associated with left ventricular pressure over-
load, such as systemic hypertension (5,6), aortic
stenosis (7) and hypertrophic cardiomyopathy (8). By
contrast, the influence of left ventricular volume over-
load on right ventricular diastolic function has not
been investigated. In the present study, the right ven-
tricular diastolic function was evaluated in patients
with mitral regurgitation, a condition characterized by
left ventricular volume overload.

Clinical material and methods

Patient population
The study population comprised 30 patients with

severe isolated non-rheumatic mitral regurgitation
who had a left ventricular ejection fraction (LVEF)
≥55%, left ventricular end-diastolic pressure (LVEDP)
≤15 mmHg, right ventricular systolic pressure ≤30
mmHg, and normal coronary arteries.

Initially, patients were selected according to the fol-
lowing criteria. Between January and December 2000,
56 patients with severe isolated mitral regurgitation,
diagnosed by transthoracic and/or transesophageal
echocardiography were referred to the present
authors’ unit for coronary arteriography and cardiac
catheterization. Ten patients with coexistent coronary
artery disease, five with a low LVEF (<55%), and six
with LVEDP >15 mmHg were excluded from the study.
Likewise, five patients with right ventricular systolic
pressure >30 mmHg, as evaluated by Doppler echocar-
diography and right ventricular catheterization pres-
sures recording, were also excluded in order to avoid
the influence of elevated right ventricular pressure on
right ventricular diastolic function. The remaining 30
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Background and aim of the study: The effect of left
ventricular (LV) pressure overload on right ventricu-
lar (RV) diastolic function has been extensively stud-
ied. In contrast, no data are available concerning the
influence of LV volume overload on RV diastolic
function. Accordingly, RV diastolic function was
studied in patients with mitral regurgitation (MR)
using Doppler echocardiography.
Methods: RV diastolic indices were calculated, using
pulsed Doppler echocardiography, in 30 patients
(mean age 56.87 ± 8.58 years) with severe MR, and in
30 healthy control subjects (mean age 56.67 ± 8.52
years).
Results: Compared with controls, MR patients had a
significantly lower RV E/A ratio (0.85 ± 0.12 versus
1.21 ± 0.16, p <0.001), a significantly prolonged RV

isovolumic relaxation time (70 ± 20 versus 30 ± 10 ms,
p <0.001), a significantly prolonged deceleration time
of the transtricuspid E wave (210 ± 20 versus 140 ± 10
ms, p <0.001), and a significantly greater right atrial
filling fraction (38.58 ± 4.59 versus 32.58 ± 3.14%, p
<0.001). There was no statistically significant correla-
tion between RV diastolic indices and LV mass index
and interventricular septum thickness.
Conclusion: RV diastolic function in patients with
MR is impaired, reflecting prolonged relaxation and
redistribution of RV filling into late diastole.
Ventricular interdependence constitutes the most
likely mechanism of this action.
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patients (mean age 56.87 ± 8.58 years; range: 36 to 69
years) comprised the final study cohort. None of the
patients had coexistent other valvular disease, arterial
hypertension, diabetes mellitus, pericardial or lung
disease, anemia or other systemic disease. None of the
patients enrolled in the study had an epicardial coro-
nary artery lesion occupying ≥50% of the lumen diam-
eter as confirmed by arteriography, and all were in
sinus rhythm. None had tricuspid regurgitation >1+/4+

as assessed by Doppler echocardiography. The right
atrial mean pressure (as assessed by catheterization)
was <5 mmHg in all participating patients. The
patients complained chiefly of exertional dyspnea and
were classified as NYHA class II (n = 10) or III (n = 20).
All patients enrolled in the study had systolic murmur
which was loudest at the apex, with radiation to the
left axilla; no parasternal lift was palpable in any of the
patients. All medications were withdrawn at least 72 h
before Doppler echocardiography was performed.
Cardiac catheterization was performed at 2 h after
echocardiography. The grade of mitral regurgitation
was estimated using color-Doppler according to
Helmcke (9) criteria; that is, the fraction of regurgitant
jet area towards the apex of left atrium and left atrial
area. Regurgitation was considered mild, moderate or
severe when this fraction was <20%, 20-40% or >40%,
respectively.

The control group comprised 30 healthy subjects
(mean age 56.67 ± 8.52 years; range: 35 to 60 years) who
had no history of hypertension, coronary artery or
other cardiovascular disease, diabetes or other sys-
temic disease. All had an entirely normal physical
examination, laboratory evaluation, electrocardio-
gram, chest radiography, and M-mode, two-dimen-
sional and Doppler echocardiographic findings. None
of the control subjects was receiving medication at the
time of the study.

The study protocol was approved by the relevant

Ethics Committee on April 6, 1999. Informed consent
was acquired from each individual included in the
study.

Echocardiography
Transthoracic M-mode, two-dimensional and spec-

tral Doppler (pulsed- and continuous-wave) echocar-
diographic images were generated in all participating
patients and control subjects, using commercially
available equipment. Standard M-mode measure-
ments were obtained from the left parasternal long-
axis view according to the recommendations of the
American Society of Echocardiography (10). The fol-
lowing parameters were calculated: interventricular
septum thickness; left ventricular posterior wall thick-
ness; left ventricular end-diastolic diameter, left ven-
tricular end-systolic diameter; left ventricular
end-diastolic volume; left ventricular end-systolic vol-
ume; left ventricular mass index; stroke volume; right
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Figure 1: Pulsed-wave Doppler interrogation of the
tricuspid valve, demonstrating an impaired transtricuspid

flow velocity pattern in a patient with mitral regurgitation.
Note the increased peak velocity of atrial contraction wave,
the reversal (<1) of the E/A-wave ratio, and the prolonged

deceleration time of early filling.

Figure 2: E/A-wave ratios (lower graph) and deceleration
time (DTE; upper graph) in mitral regurgitation (MR)

patients and normal subjects.



ventricular end-diastolic diameter; right ventricular
free wall thickness; left atrium size; left atrium area;
right atrium area; left ventricular fractional shortening;
and right ventricular fractional area change. The left
ventricular mass index was calculated according to the
Devereaux-Reicheck formula (11). Right ventricular
systolic function was assessed as the percentage
change in cavity area from end-diastole to end-systole
in a four-chamber view. Right ventricular fractional
area change was calculated by using the following for-
mula: (end-diastolic area - end-systolic area)/end-
diastolic area (12). Doppler signals with a
simultaneous electrocardiographic tracing were
recorded on paper at a speed of 50 mm/s using a
Video Graphic VP-850 printer (Sony Co., Japan). Right
ventricular diastolic indices were assessed from the left
parasternal short-axis view at the level of the aortic
valve by positioning a sized 2-4 mm sample volume at
the tips of the tricuspid leaflets during diastole. The
Doppler beam was aligned so as to be parallel to the
blood flow vector. The following right ventricular dias-
tolic indices were calculated: peak velocity of E wave,
representing early filling; peak velocity of A wave, rep-
resenting late filling; the ratio of peak early to peak late
velocity; the acceleration time of E wave; the decelera-
tion time of E wave; the velocity-time integral of E and
A waves; the time duration of E and A waves; the atri-
al filling fraction of right ventricle; and the isovolumic
relaxation time of right ventricle. The last variable was
calculated according to previously described methods
(7,13). Diastolic indices were measured for six consec-
utive beats and their values averaged in order to min-
imize the effect of respiration on diastolic filling.
Intra-observer variability was established by having
one observer measure right ventricular diastolic
indices on at least two occasions in 10 subjects selected
at random from the patient population under study (r
= 0.94). Inter-observer variability was determined by
having a second echocardiographer independently
measure the same Doppler indices in these subjects (r
= 0.89).
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Table I: Comparison of clinical data between mitral regurgitation (MR) patients and controls.

Variable Control group MR group p-value

Age (years) 56.67 ± 8.52 56.87 ± 8.58 NS
SBP (mmHg) 130.17 ± 5.94 130.67 ± 7.16 NS
DBP (mmHg) 75.83 ± 4.17 76.33 ± 3.92 NS
HR (beats/min) 70.67 ± 3.58 72.27 ± 7.99 NS
Height (cm) 170 ± 8 170 ± 7 NS
Body weight (kg) 73.17 ± 9.23 72.97 ± 9.08 NS

Values are mean ± SD.
DBP: Diastolic blood pressure; HR: Heart rate; NS: Not significant; SBP: Systolic blood pressure.

Figure 3: Right atrial filling fraction (RAFF; lower graph)
and right ventricular isovolumic relaxation time (RV-

IVRT; upper graph) in mitral regurgitation (MR) patients
and normal subjects.



Cardiac catheterization
LVEDP and LVEF were calculated according to con-

ventional methodology. Right heart catheterization
and coronary arteriography were performed in all
patients.

Statistical analysis
Data were expressed as mean ± SD. Student’s t-test

was used to assess the significant differences of mean
values between patients and controls. Pearson’s corre-
lation coefficient was used to assess statistically signif-
icant correlations between right ventricular diastolic
indices and interventricular septum thickness, as well
as between right ventricular diastolic indices and left
ventricular mass index. A p-value <0.05 was consid-
ered statistically significant.
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Table II: Comparison of echocardiographic data between mitral regurgitation (MR) patients and controls.

Variable Control group MR group p-value

LVMI (g/m2) 98.57 ± 13.67 180.43 32.12 <0.001*

LVEDD (mm) 50.97 ± 3.15 62.83 ± 4.60 <0.001*

LVEDV (ml) 67.33 ± 11.27 139.91 ± 34.21 <0.001*

LVESD (mm) 31.62 ± 2.34 40.12 ± 3.80 <0.001*

LVESV (ml) 14.82 ± 3.25 37.94 ± 12.14 <0.001*

SV (ml) 52.51 ± 8.19 100.90 ± 25.48 <0.001*

IVST (mm) 8.97 ± 0.83 10.35 ± 0.44 <0.001*

LVPWT (mm) 8.40 ± 0.74 10.03 ± 0.51 <0.001*

LVFS (%) 35.11 ± 4.02 36.17 ± 3.61 0.054
RVEDD (mm) 19.29 ± 1.51 20.25 ± 2.18 0.053
RVFWT (mm) 3.80 ± 0.15 3.74 ± 0.11 0.250
RVFAC (%) 49.4 ± 6.5 47.2 ± 5.2 0.74
LAS (mm) 35.41 ± 0.15 40.25 ± 0.21 <0.001*

LAA (cm2) 13.08 ± 0.65 18.43 ± 1.31 <0.001*

RAA (cm2) 14.27 ± 0.38 14.25 ± 0.43 0.909

Values are mean ± SD.
*Statistically significant difference.
IVST: Interventricular septum thickness; LAA: Left atrium area; LAS: Left atrium size; LVEDD: Left ventricular end-diastolic
diameter; LVEDV: Left ventricular end-diastolic volume; LVESD: Left ventricular end-systolic diameter; LVESV: Left
ventricular end-systolic volume; LVFS: Left ventricular fractional shortening; LVMI: Left ventricular mass index; LVPWT: Left
ventricular posterior wall thickness; RAA: Right atrium area; RVEDD: Right ventricular end-diastolic diameter; RVFAC: Right
ventricular fractional area change; RVFWT: Right ventricular free wall thickness; SV: Stroke volume.

Table III: Comparison of right ventricular diastolic indices between mitral regurgitation (MR) patients and controls.

Variable Control group MR group p-value

PVE (cm/s) 54 ± 5 48 ± 5 <0.001*

PVA (cm/s) 45 ± 6 57 ± 8 <0.001*

E/A ratio 1.21 ± 0.16 0.85 ± 0.12 <0.001*

ATE (ms) 80 ± 10 80 ± 10 0.625
DTE (ms) 140 ± 10 210 ± 20 <0.001*

ETE (ms) 220 ± 10 300 ± 30 <0.001*

ETA (ms) 130 ± 10 160 ± 10 <0.001*

VTiE (cm) 5.90 ± 0.56 7.05 ± 0.85 <0.001*

VTiA (cm) 2.86 ± 0.45 4.45 ± 0.78 <0.001*

RAFF (%) 32.58 ± 3.14 38.58 ± 4.59 <0.001*

IVRT (ms) 30 ± 10 70 ± 20 <0.001

Values are mean ± SD.
*Statistically significant difference.
ATE: Acceleration time of E wave; DTE: Deceleration time of E wave; E/A ratio: PVE to PVA ratio; ETA: Ejection time of A
wave; ETE: Ejection time of E wave; IVRT: Isovolumic relaxation time; PVA: Peak velocity of transtricuspid A wave; PVE: Peak
velocity of transtricuspid E wave; RAFF: Right atrial filling fraction; VTiA: Velocity time integral of A wave; VTiE: Velocity time
integral of E wave.



Results

Clinical, ECG and echocardiographic data
There were no statistically significant differences

between patients and controls with regard to age,
height, body weight, heart rate, systolic and diastolic
blood pressure (Table I). The left ventricular end-dias-
tolic diameter, left ventricular end-systolic diameter,
left ventricular end-diastolic volume, left ventricular
end-systolic volume, stroke volume, interventricular
septum thickness, left ventricular posterior wall thick-
ness, left atrium size, left atrium area and left ventric-
ular mass index were all statistically significantly
greater in patients compared with controls. There was
no statistically significant difference between the two
groups with regard to left ventricular fractional short-
ening, right ventricular end-diastolic diameter, right
ventricular free wall thickness right ventricular frac-
tional area change, and right atrium area (Table II).
Five patients had a normal ECG, ten had repolariza-
tion changes, and 15 had left anterior hemiblock with
left axis deviation. The right ventricular systolic pres-
sure, as assessed by Doppler using the tricuspid regur-
gitation jet, was <30 mmHg in all patients enrolled in
the investigation.

Right ventricular diastolic indices
Compared with controls, patients with mitral regur-

gitation had a lower peak velocity of E wave, a greater
peak velocity of A wave, a lower E/A ratio, greater
right atrial filling fraction, and greater isovolumic
relaxation time of the right ventricle. All these differ-
ences were statistically significant. The deceleration
time of E wave, ejection time of E wave, ejection time
of A wave, velocity-time integral of E wave and veloc-
ity-time integral of A wave were also statistically sig-
nificantly greater in patients compared with controls.
There was no statistically significant difference
between the two groups with regard to the accelera-
tion time of E wave (Table III). Correlations between
right ventricular diastolic indices, left ventricular mass
index and interventricular septum thickness proved

not to be statistically significant (Table IV). With regard
to the four basic right ventricular diastolic indices, 18
patients (60%) had an impaired E/A ratio, 30 (100%)
had impaired deceleration time of the E wave, 14 (47%)
had impaired right atrial filling fraction, and 27 (90%)
had impaired isovolumic relaxation time (diastolic
indices were considered abnormal when their values
were more than the mean value (± 2SD) of diastolic
indices in the control group) (Table V).

Discussion

Doppler echocardiography has been established as a
standard method to evaluate right ventricular diastolic
function in both healthy controls (14,15) and diseased
patients (3,5-8,16).

The present study was the first to investigate right
ventricular diastolic function in patients with mitral
regurgitation, a condition which is characterized by
left ventricular volume overload. The main findings
were a prolongation of right ventricular relaxation and
a redistribution of diastolic filling into late diastole -
conditions which have also been described in condi-
tions characterized by left ventricular pressure over-
load, such as systemic hypertension (5,6), aortic
stenosis (7) and hypertrophic cardiomyopathy (8). A
very high proportion of the present patients had an
abnormal relaxation time (90%) or impaired right ven-
tricular filling (such as the 100% impaired deceleration
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Table IV: Correlation between right ventricular diastolic indices and inter-ventricular septum (IVST) thickness and left ven-
tricular mass index (LVMI).

Index IVST LVMI
__________________________________ __________________________________

r p-value r p-value

E/A -0.068 NS -0.186 NS
DTE -0.057 NS -0.005 NS
RAFF 0.015 NS 0.174 NS
IVRT -0.051 NS -0.095 NS

NS: Not significant. Other abbreviations as in Tables II and III.

Table V: Total number of patients with impaired right ven-
tricular diastolic indices.

Index No. of %
patients

E/A 18 60
DTE 30 100
RAFF 14 47
IVRT 27 90

Abbreviations as in Table III.



time of early filling, the 60% reversal of early to late
filling ratio, and the ~50% dominated late ventricular
filling). Another interesting point was the finding that
the right ventricular diastolic indices were independ-
ent of either left ventricular mass or interventricular
septum thickness. Additionally, the right ventricular
pressures, diameter and free wall thickness ranged
within normal limits in all patients.

These findings indicate that augmented left ventric-
ular volume and a rightward interventricular septum
shift constitute possible mechanisms of right ventricu-
lar diastolic impairment, a phenomenon which is well
known as ventricular interdependence. Conversely,
right-sided pressure or volume overload affects left
ventricular systolic or diastolic function, as has been
observed in chronic obstructive pulmonary disease
(16), primary pulmonary hypertension (1) and atrial
septal defect (17). In one study, Louie et al. (2) found
that systolic overload of the right ventricle was associ-
ated with prolongation of left ventricular isovolumic
relaxation and redistribution of left ventricular filling
from early to late diastole, whereas diastolic overload
of the right ventricle redistributed left ventricular fill-
ing from late to early diastole without influencing the
left ventricular isovolumic relaxation period. In con-
clusion, left ventricular volume overload conditions
affect right ventricular relaxation and filling, although
right ventricular structure is still normal.

Study limitations
Doppler-derived data related to right ventricular

diastolic function are limited in number, and conse-
quently further studies in this area are essential.
Diastole is a complex phenomenon, and diastolic fill-
ing patterns - as currently assessed by Doppler
echocardiography - do not necessarily reflect all dias-
tolic right ventricular properties. In additional, a num-
ber of uncontrollable factors also influence right
ventricular filling, such as the tone of the autonomic
nervous system and the constant alterations of pre-
load. Although in the present study, six consecutive
beats were measured in order to minimize the effect of
preload on transtricuspid flow during respiration,
right ventricular diastolic indices are still to some
extent influenced by (inescapable) variations in the res-
piratory cycle. The evaluated stroke volume was the
total, rather than the effective stroke volume. Left ven-
tricular diastolic parameters, although measured, were
not taken into account because left ventricular volume
overload affects the mitral valve Doppler signal. A par-
adox finding of the present study was the low percent-
age of grade III mitral regurgitation patients who
presented with elevated pulmonary artery pressures.
Helmcke criteria, although acceptable, are not the
‘gold standard’ by which to assess the severity of

mitral regurgitation. Moreover, during diastole there is
a substantial increase in tricuspid annulus perimeter
(18).

Clinical implications
An important finding of the present study was that

patients with mitral regurgitation, whilst having no
clinical signs of right ventricular dysfunction, had evi-
dence of right ventricular diastolic dysfunction.
Although the clinical significance of this finding is
unclear at present, it is possible that patients with
mitral regurgitation have a subclinical impairment of
right ventricular diastolic function at a stage of the
condition when clinical right ventricular dysfunction
is not evident. Hence, long-term follow up is necessary
to estimate changes in diastolic indices as the disease
progresses, when signs of right ventricular dysfunc-
tion become evident. It is possible that, eventually,
right ventricular diastolic indices will prove to be
prognostically important. Consequently, further inves-
tigations may need to be carried out in this area.

References
1. Louie E, Lin S, Reynertson S, Brundage B, Levitsky

S, Rich S. Pressure and volume loading of the right
ventricle have opposite effects on left ventricular
ejection fraction. Circulation 1995;92:819-824

2. Louie EK, Rich S, Levitsky S, Brundage BH.
Doppler echocardiographic demonstration of the
differential effects of right ventricular pressure and
volume overload on left ventricular geometry and
filling. J Am Coll Cardiol 1992;19:84-90

3. Yu CM, Sanderson JE, Chan S, Yeung L, Hung YT,
Woo KS. Right ventricular diastolic dysfunction in
heart failure. Circulation 1996;93:1509-1514

4. Atherton JJ, Moore TD, Lele SS, et al. Diastolic ven-
tricular interaction in chronic heart failure. Lancet
1997;349:1720-1724

5. Chakko S, De Morchena E, Kessler KM, Materson
BJ, Myerburg KJ. Right ventricular diastolic func-
tion in systemic hypertension. Am J Cardiol
1990;65:1117-1120

6. Habib GB, Zoghbi WA. Doppler assessment of right
ventricular filling dynamics in systemic hyperten-
sion: Comparison with left ventricular filling. Am
Heart J 1992;124:1313-1320

7. Efthimiadis GK, Parharidis GE, Gemitzis KD, et al.
Doppler echocardiographic evaluation of right ven-
tricular diastolic function in isolated valvular aortic
stenosis. J Heart Valve Dis 1999;8:261-269

8. Efthimiadis GK, Parharidis GE, Karvounis HI,
Gemitzis KD, Styliadis IK, Louridas GE. Doppler
echocardiographic evaluation of right ventricular
diastolic function in hypertrophic cardiomyopathy.
Eur J Echocardiogr 2002;3:143-148

Right ventricular diastole in mitral regurgitation
G. K. Efthimiadis et al.

51J Heart Valve Dis
Vol. 13. No. 1
January 2004



52 Right ventricular diastole in mitral regurgitation
G. K. Efthimiadis et al.

J Heart Valve Dis
Vol. 13. No. 1
January 2004

9. Helmcke F, Nanda NC, Hsiung MC, et al. Color
Doppler assessment of mitral regurgitation with
orthogonal planes. Circulation 1987;75:175-183

10. Sahn D, De Maria A, Kisslo J, Weyman A. The
Committee on M-mode Standardizations of the
American Society of Echocardiography.
Recommendations regarding quantitation in M-
mode echocardiography: Results of a survey of
echocardiographic measurements. Circulation
1975;58:1072-1083

11. Devereaux RB, Reicheck N. Echocardiographic
determination of left ventricular mass in man.
Anatomic validation of the method. Circulation
1977;55:613-618

12. Kaul S, Tei S, Hopkins JM, Shah PM. Assessment of
right ventricular function using two-dimensional
echocardiography. Am Heart J 1984;107:526-531

13. Gemitzis K, Parharidis G, Karvounis H, Nouskas I,
Efthimiadis G, Louridas G. Right ventricular isovo-
lumic relaxation time in patients with hypertrophic
cardiomyopathy. J Am Coll Cardiol 1998;31:276C
(abstract)

14. Pye M, Pringle S, Cobbe S. Reference values and

reproducibility of Doppler echocardiography in the
assessment of the tricuspid valve and right ventric-
ular diastolic function in normal subjects. Am J
Cardiol 1991;67:269-273

15. Berman G, Reichek N, Brownson D, Douglas P.
Effects of sample volume location, imaging view,
heart rate and age on tricuspid velocimetry in nor-
mal subjects. Am J Cardiol 1990;65:1026-1030

16. Mizushige K, Morita H, Senda S, Matsuo H.
Influence of right ventricular pressure overload on
left and right ventricular filling in cor pulmonale
assessed with Doppler echocardiography. Jpn Circ J
1989;53:1287-1296

17. Tanaka H, Tei C, Nakao S, et al. Diastolic bulging of
the interventricular septum toward the left ventri-
cle. An echocardiographic manifestation of nega-
tive interventricular pressure gradient between left
and right ventricles during diastole. Circulation
1980;62:558-563

18. Tei C, Pilgrim JP, Shah PM, Ormiston JA, Wong
MW. The tricuspid valve annulus: Study of size
motion in normal subjects and in patients with tri-
cuspid regurgitation. Circulation 1982;66:665-671


