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New observations from MR velocity-encoded
flow measurements concerning diastolic
function in constrictive pericarditis

Abstract Objective: To assess
diastolic function in patients with
constrictive pericarditis (CP) by using
velocity-encoded flow measurements
at the atrioventricular valves and to
evaluate whether conclusions regard-
ing increased ventricular pressure can
be drawn. Methods: Twenty-two
patients with CP and 20 healthy
subjects were examined on a 1.5-TMR
system. In addition to evaluation of
pericardial thickness, ventricular
volumes and septal movement,
velocity-encoded flow measurements
were performed at the level of the
atrioventricular valves for assessment
of diastolic function. Amplitudes of the
e- and a-waves weremeasured and e- to
a-wave ratios were calculated. The
correlation of transtricuspid e- to
a-wave ratios and right ventricular end-
diastolic pressures (RVEDP) was
calculated. Results: Right ventricular
volumes were significantly smaller in

patients with CP (p<0.001). Abnormal
septal movement was detected in all
patients except onewithCP and in none
of the healthy subjects. In patients with
CP mean transtricuspid e- to a-wave
ratios were significantly smaller
compared with healthy subjects.
Individual transtricuspid e- to a-wave
ratios were highly correlated with
RVEDP (r=0.6, p=0.01).
Conclusions: An elaborate MR
examination can identify patients with
CP. Velocity-encoded flow measure-
ments with calculation of transtricuspid
e- to a-wave ratios are a valuable tool
for detection of diastolic dysfunction in
patients with CP. The value of e- to
a-wave ratios may indicate elevated
RVEDP.
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Introduction

The characteristic morphological finding of constrictive
pericarditis (CP) is a thickened, fibrotic and/ or calcified
pericardium, which constricts the heart. This leads to
impairment of cardiac compliance resulting in right
ventricular or biventricular diastolic dysfunction [1].
Normal pericardial thickness is 2 mm or less; a thickness
greater than 4 mm suggests pericardial constriction and
thickness greater than 6 mm is highly specific for
constriction [1]. However, the presence of pericardial
thickening by itself does not indicate constriction [2].
Conversely, normal pericardial thickness does not neces-

sarily exclude a diagnosis of constrictive pericarditis [3].
Additional morphological findings associated with con-
striction include distorted contours of the ventricles,
tubular-shaped ventricles, hepatic venous congestion,
ascites, pleural effusions and occasionally pericardial
effusion. A dilatation of the atria, the coronary sinus,
the inferior vena cava and the hepatic veins are common
findings. Evaluation of diastolic function is important
for the functional assessment of CP.

Transthoracic and trans-oesophageal Doppler echo-
cardiography have been the non-invasive methods of
choice to assess diastolic function by flow measure-
ments across the atrioventricular (AV) valves [4–6].
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However, the restricted acoustic window and field of
view limit the usefulness of this technique and right
ventricular recordings are often not satisfactory [7]. In
addition, many patients are difficult to examine by this
approach because of the presence of calcifications
within the pericardium.

As cardiac MRI is not associated with these limitations
and techniques have been validated for assessment of
diastolic function, the aim of the present study was to
evaluate the feasibility and diagnostic value of velocity-
encoded flow measurements at the atrioventricular valves
for assessment of diastolic dysfunction in patients with CP.
Furthermore the potential to indicate increased ventricular
pressure should be evaluated [8–15].

Materials and methods

Study population

The study protocol was approved by our institutional review
board, andwritten informed consent was obtained. The study
group included 20 healthy volunteers (15 men, 5 women;
mean age 53 years±13 [SD], age range 38–72 years) and 22
patients (18men, 4women;mean age 52 years±12 [SD]; age
range 41–70 years) who presented with signs and symptoms
of constrictive pericarditis and were referred for magnetic
resonance examination between November 2002 and

October 2007. All patients had been evaluated previously
with electrocardiography, chest radiography and echocardi-
ography, though only a fraction of the echocardiographic
examinations allowed for comprehensive diagnostic assess-
ment because of impairment of examination conditions.
Eighteen patients had received an intracardiac catheter with
measurement of the right ventricular end-diastolic pressure
and, if present, registration of a characteristic dip-plateau
phenomenon. The diagnosis of CP was made if the patient
had objective evidence of impaired cardiac filling, i.e.
increased filling pressures or echo-Doppler ultrasound (US)
signs of increased ventricular coupling combined with
pericardial thickening of 2 mm or more. In addition, surgical
confirmation of constrictive pericarditis was obtained after
pericardectomy in all patients. The aetiology of constrictive
pericarditis was unknown in 6 patients, whereas 11 patients
had previous cardiac surgery, 3 had radiation therapy and 2
had a history of an inflammatory disease.

MR imaging

All MRI studies were performed on a 1.5-T unit (Magnetom
Avanto; Siemens Medical Solutions, Erlangen, Germany)
with a high-performance gradient system (maximum gradi-
ent amplitude 45 mT/m; maximum slew rate 200-µs rise
time), a 12-element-body phased-array coil system and
electrocardiographic triggering.

Fig. 1 A 42-year-old male
patient with symptoms of
right-sided heart failure.
T1-weighted TSE-MRI (voxel
size 2.5×1.5×5.0 mm3; TE
30 ms) axial views (a) and
short-axis views (b). The images
illustrate a thickened pericardi-
um predominantly at the level of
the right atrium but also, to a
lesser extent, at the right ventri-
cle (type IV, arrows)
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Morphology and systolic function

The MRI protocol included a T1-weighted fast spin-echo
sequence in the cardiac short-axis plane during breath-hold
(voxel size 2.5×1.5×5.0 mm3; TE 30 ms) and a HASTE
sequence in axial and coronal planes (voxel size 2.4×1.4×
8.0 mm3; TE 40 ms) for morphological analysis. Right and
left ventricular systolic function were assessed by using an
ECG-triggered breath-hold segmented steady-state free
precession (SSFP) cine sequence (TR/TE 2.8/1.4 ms; flip
angle 60°; slice thickness 8 mm; in-plane resolution 2.5×
1.9mm2; temporal resolution 48ms). SSFP cine frameswere

obtained in a short-axis orientation and additionally in long-
axis orientations (two-chamber and four-chamber planes,
respectively).

Diastolic function

Diastolic function was assessed by (i) evaluation of septal
motion during diastole on short-axis cine frames, whichwere
acquired as described above and by (ii) velocity-encoded
flow measurements at the level of the tricuspid and mitral
valves. Velocity-encoded phase contrast MR was performed

Fig. 2 A 62-year-old male patient presenting with dyspnoea.
Balanced-SSFP cine MRI (TR/TE 2.8/1.4 ms; flip angle 60°; slice
thickness 8 mm, in-plane resolution 2.5×1.9 mm2; temporal
resolution 48 ms) short-axis views (a) and four-chamber long-axis
views (b). In systole the interventricular septum has a concave shape

in relation to the left ventricle (a, curved black arrow), while during
diastole the septum flattens (a, curved white arrow). Abnormal
septal motion is also visible in the long chamber views (b, white
arrows), as are a right ventricular thickened pericardium (b,
arrowheads) and concomitant pleural effusions (*)
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with retrospective gating across the mitral and tricuspid
valves by using a two-dimensional flow-sensitive gradient-
echo sequence without breath-hold. The flow measurements
were performed in order to evaluate left and right ventricular
diastolic function. The imaging planes for the mitral valve
and tricuspid valve were planned from the end-systolic and
end-diastolic four-chamber views and the two-chamber
long-axis views. Both the mitral and tricuspid valve
angulations were planned midway between the end-systolic
and end-diastolic locations of the valves. The direction of
velocity encoding was perpendicular to the imaging plane.
Velocity sensitivity was set at 100–150 cm/s to avoid
aliasing. Other imaging parameters were as follows: TR/TE
40/3 ms; matrix 256×256; spatial resolution 1.6×1.6×5.0;
temporal resolution (reconstructed time frames) 20 ms; flip
angle 30°; mean acquisition time 3 min 32 s.

MR imaging analysis

Analysis of morphology

The images were analysed in consensus by two experienced
readers (A.H. and K.B., with 12 and 5 years of experience in
cardiacMRI, respectively). The imageswere presented to the
readers for analysis in a random order. For morphological
evaluation of the pericardium spin-echo and HASTE images
were employed (Fig. 1) to assess the maximum pericardial
thickness and the distribution pattern of the pericardial
thickening, similar to that suggested by Rienmüller [16]:

Type I CP global pattern
Type II CP focal pattern along one or both atria
Type III CP left-sided pattern
Type IV CP right-sided pattern
Type V CP effusive-constrictive pattern

One additional category was added for patients presenting
with signs and symptoms of CP and a pericardial thickness
of 2–4 mm, as CP can be present without obvious
pericardial thickening, as reported by Talreja et al. [17].

Analysis of cardiac function

Systolic function For assessment of right and left ventricular
systolic function the MR images were transferred to a
Leonardo workstation (Siemens Medical Solutions, Erlan-
gen, Germany). Short-axis cine MR imaging data were
analysed by using an MR post-processing software system
(ARGUS, Siemens Medical Solutions, Erlangen, Germany).
Left and right ventricular endocardial and epicardial contours
were drawn semi-automatically on end-diastolic and end-
systolic images. Left and right ventricular end-diastolic and
end-systolic volumes were measured and stroke volumes
(SV) and ejection fractions (EF) were calculated as described
previously [18].

Diastolic function For evaluation of diastolic function
septal motion and velocity-encoded flow measurements
were assessed (Figs. 2, 3).

Septal motion Septal motion was evaluated as described by
Giorgi et al. on a short-axis cine function view 1 cm beneath
the atrioventricular valves by two readers during systole and
diastole on a visual basis and described as normal, i.e.

Fig. 3 a Flow curves of velocity-encoded flow measurements at the
mitral and tricuspid valves. Transtricuspid and transmitral flow
curves of a 55-year-old male patient are shown with about same
heights of the e-wave and the a-wave at both atrioventricular valves
resulting in an e- to a-wave ratio of about 1. b Flow curve of a 42-
year-old female patient. In contrast to Fig. 3a the amplitudes of the
e-waves are higher compared with the a-waves. The e- to a-wave
ratio at both the mitral valve and the tricuspid valve are between 1
and 2
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concave to the left ventricle, as septal flattening or as septal
inversion, i.e. convex to the left ventricle [19].

Velocity-encoded flow measurements Flow velocity-
encoded MR imaging data were analysed by two readers
(A.H. and K.B.) in consensus by using the same analytical
software package as mentioned above (ARGUS, Siemens
Medical Solutions, Erlangen, Germany). Within the mitral
and tricuspid valve areas of maximum flow velocity were
assigned on a visual basis on every slice (Fig. 4) and a region
of interest (ROI) of 1 cm2 was centrally positioned in this
area. Flow curves were obtained by automatic measure-
ment of peak flow velocity within these areas. MR
imaging-derived recording of diastolic ventricular inflow
has, similar to echo-Doppler images, a characteristic
biphasic appearance (Fig. 3). Two distinct peaks represent
early and late diastolic ventricular filling.

Diastolic function parameters derived from the inflow
curves were as follows: peak flow velocity during early
diastolic filling, represented by the amplitude of the e-wave,
peak flow velocity during late diastolic filling by atrial
contraction, represented by the amplitude of the a-wave.

Hereafter ratios of peak velocity of the e-waves and peak
velocity of the a-waves (e- to a-wave ratios) were calculated
for the tricuspid and mitral valves. The results of patients
with CP were compared with those of healthy volunteers.
Additionally, the subgroup of patients with only minor
pericardial thickening was compared with patients with
pericardial thickening of more than 4 mm. Furthermore, the
correlation coefficient of transtricuspid e- to a-wave ratios
with right ventricular end-diastolic pressure measurements
was assessed and intra-individual correlation coefficients
of the mitral and tricuspid e- to a-wave ratios were
calculated (Fig. 5).

Statistical analysis

All quantitative results are expressed as means ± standard
deviations (SD). Unpaired sample t tests were used to
identify significant differences in systolic functional
parameters, in peak velocity of the e-wave, and the a-wave
and e- to a-wave ratios between patients having CP and
healthy subjects. Pearson’s correlation coefficient of trans-

Fig. 4 Phase contrast images
of flow measurements at the
tricuspid (T) and mitral valves
(M) in a 62-year-old male
patient at different time points
during the cardiac cycle.
a Diastolic inflow though the
atrioventricular valves. The
bright areas indicate high flow
velocities through the valves.
b Image at the end of diastole
with almost no flow. c High
flow through the pulmonary (P)
and aortic valves (A)

Fig. 5 Correlation diagrams of the e- to a-wave ratios at the mitral and tricuspid valves in healthy subjects (a) (r=0.79, p<0.01) and in
patients with CP (b)
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tricuspid versus transmitral e- to a-wave ratios and
transtricuspid e- to a-wave ratios versus right ventricular
end-diastolic pressures was calculated. Receiver operator
characteristics (ROC) curves for identification of constrictive
pericarditis were generated for pericardial thickness, right
ventricular end-diastolic volumes, septal flattening, e- to
a-wave ratios at the tricuspid valve and for the right
ventricular end-diastolic pressures. For determination of
the best cut-off points to differentiate healthy subjects from
those with CP, the Youden index was used [20, 21].
According to that result, sensitivities and specificities were
calculated. As intracardiac catheter examinations were not
performed in healthy subjects, normal right ventricular end-
diastolic pressures (less than 8 mmHg) were assumed for
calculation of sensitivity and specificity.P values below 0.05
were considered to indicate significant differences.

Results

Pericardial morphology

Magnetic resonance imaging revealed abnormal pericardial
thickening of 4 mm or more—either focally or globally—
in 17 of the 22 patients with CP and in none of the healthy
subjects. A globally thickened pericardium (type I) was
seen in 7 patients; in 2 patients the pericardial thickening
was limited to the atria (type II) and 8 patients had a

pericardial thickening confined to the right ventricle. A
thickened pericardium, limited to the left ventricle (type III)
or an effusive constrictive pattern (type V) was not found
among our patients. Five cases of CP were classified as type
VI, i.e. a pericardial thickening of more than 2 mm but less
than 4 mm was present. The mean maximum pericardial
thickness of all patients with CP was 6.5 mm±1.5 (SD).

Systolic function

The assessment of systolic function revealed impairment of
right ventricular and left ventricular function in patients
with CP (Table 1). The mean right and left ventricular end-
diastolic volumes, the stroke volumes and the mean right
and left ventricular ejection fractions were significantly
smaller in patients with CP compared with those of healthy
subjects.

Diastolic function

Septal motion

Analysis of septal movement during diastole revealed a
septal flattening in 20 patients with CP. Septal inversion
was seen in 1 patient. One patient and all healthy
volunteers had a normal septal configuration during

Table 1 Systolic functional parameters in patients with CP and in healthy volunteers

CP (n=22) Healthy subjects (n=20) P value

LV EDV (ml) 119±27 152±26 0.0002
LV SV (ml) 51±15 87±12 <0.0001
LV EF % 42±8 58±6 <0.0001
RV EDV (ml) 120±21 155±20 <0.0001
RV SV (ml) 51±12 89±12 <0.0001
RV EF % 43±8 57±5 <0.0001

Left ventricular and right ventricular end-diastolic volume, stroke volume and ejection fractions show a significant difference between the
two groups
CP constrictive pericarditis, EDV end-diastolic volume, SV stroke volume, EF ejection fraction, LV left ventricular, RV right ventricular

Table 2 Results of velocity-encoded flow measurements at the mitral and the tricuspid valve

CP (n=22) Healthy subjects (n=20) P valuea

MV e-wave vmax (cm/s) 49±13 49±8 NS
MV a-wave vmax (cm/s) 36±11 32±8 NS
MV e- to a-wave ratio 1.4±0.5 1.5±0.4 NS
TV e-wave vmax (cm/s) 33±11 35±10 NS
TV a-wave vmax (cm/s) 29±10 21±5 0.0035
TV e- to a-wave ratio 1.2±0.5 1.7±0.4 <0.0001

Mean values are shown. Maximum a-wave velocity at the tricuspid valve is significantly higher in CP and e- to a-wave ratio at the tricuspid
valve is significantly smaller in CP, compared with healthy volunteers
CP constrictive pericarditis, MV mitral valve, TV tricuspid valve, NS not significant
aP value was determined by Student’s t test to demonstrate significant differences in the mean values
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diastole. During systole septal motion was normal in all
patients with CP, and in all healthy subjects.

Diastolic flow

The results of velocity-encoded flow measurements at the
mitral and tricuspid valves in patients versus control
subjects are summarised in Table 2. Measurements at the
tricuspid valves showed a significantly lower e- to a-wave
ratio in patients with CP in comparison to healthy subjects
(p<0.001). The assessment of the maximum velocity of the
a-waves at the tricuspid valve revealed a significantly
higher a-wave amplitude in CP compared with controls
(p=0.0035). The calculation of mean values of the
transtricuspid e-wave did not display any significant
difference in patients with CP in comparison to healthy
subjects. Measurements at the mitral valve did not reveal any
significant differences between the mean values of the
amplitudes of the e-waves, the a-waves or the e- to a-wave
ratios in patients with CP compared with controls.

The comparison of the patients with intermediate
pericardial thickening (2–4 mm) and those with a pericardial
thickness of 4 mm or more revealed no significant
differences in diastolic dysfunction (Table 3).

The evaluation of correlation between the right ventricular
e- to a-wave ratios and right ventricular end-diastolic pressure
measurements of the intracardiac catheter examinations
resulted in a correlation coefficient of r=0.6 (p=0.01; Fig. 6).

The assessment of intra-individual correlation of e- to
a-wave ratios of the measurements across the mitral and
the tricuspid valves revealed a good correlation in the
healthy subjects (r=0.86; p<0.0001). The e- to a-wave
ratios of mitral and tricuspid valves showed no signif-
icant correlation in patients with CP (r=−0.04; p=0.86)

Sensitivities and specificities

The values for the sensitivity and specificity for detection
of CP by using the parameters of pericardial thickness,

right ventricular end-diastolic volumes, septal flattening,
e- to a-wave ratios at the tricuspid valve and the right
ventricular end-diastolic pressures are shown in Table 4.
Calculation of ROC curves resulted in ROC values between
0.833 and 0.976 (Table 4) with septal flattening being
superior to e- to a-wave ratios and RVEDP (p=0.040 and p=
0.035). The combined approach of the variables derived
from MR (pericardial thickness, RVEDV, septal flattening
and e- to a-wave ratios) resulted in a sensitivity of 0.83 and a
specificity of 0.90.

Discussion

Constrictive pericarditis predominantly presents with signs
and symptoms of diastolic right heart failure. The aim of
this study was therefore in particular to evaluate right
ventricular diastolic function in patients with constrictive
pericarditis by using velocity-encoded flow measurements
at the level of the atrioventricular valves. The major

Fig. 6 Correlation diagram of e- to a-wave ratios at the tricuspid
valves and intracardiac right ventricular end-diastolic pressures (r=
0.6; p=0.01)

Table 3 Results of velocity-encoded flow measurements at the mitral and the tricuspid valves in patients suffering from CP with minor
pericardial thickening in comparison to patients with a maximum pericardial thickening of more than 4 mm

Pericardial thickness 2–4 mm (n=5) Pericardial thickness >4 mm (n=17) P value

MV e-wave vmax (cm/s) 54±6 49±15 NS
MV a-wave vmax (cm/s) 41±11 36±11 NS
MV e- to a-wave ratio 1.3±0.5 1.4±0.4 NS
TV e-wave vmax (cm/s) 32±7 33±12 NS
TV a-wave vmax (cm/s) 29±6 30±12 NS
TV e- to a-wave ratio 1.4±0.4 1.2±0.6 NS

There is no significant difference in the measurements of maximum e-wave velocity, maximum a-wave velocity and e- to a-wave ratios
between the two groups
CP constrictive pericarditis, MV mitral valve, TV tricuspid valve, NS not significant
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important findings were: (a) The e- to a-wave ratios
measured at the tricuspid valves correlated with intracardiac
right ventricular catheter measurements in patients with CP.
(b) While left and right ventricular e- to a-wave ratios
showed a good correlation in healthy subjects, none was
present in CP. (c) Abnormal septal movement was seen in all
patients but one.

Constrictive pericarditis may present as localised
effusive (effusion present), occult (volume depleted), or
transient constriction [22]. The hallmark for identification
of CP is the thickened and sometimes calcified pericardium.
However, CP may also be present without obvious or only
minor pericardial thickening (Table 3) [23]. Other typical
signs, e.g. small end-diastolic ventricular volumes, may give
a hint as to the diagnosis and severity of diastolic
dysfunction (Table 1). However, especially when both
systolic dysfunction and diastolic dysfunction are present, it
is important to assess the severity of diastolic dysfunction in
order to select the adequate treatment.

Although velocity-encoded flow measurements for the
evaluation of diastolic function are routinely performed by
Doppler echocardiography, patients with CP in particular
may be difficult to examine because of pericardial
calcifications. Therefore, MRI andMR-flow measurements
are attractive alternatives for the assessment of diastolic
function in this disease entity [24].

In healthy subjects diastole consists of 4 phases:
isovolumetric dilatation, early rapid filling, diastasis and
atrial contraction resulting in a typical biphasic flow profile
with two peaks: early diastolic peak from early rapid filling
(E) and late filling peak from atrial contraction (A). In
normal conditions the early-filling e-wave velocity is
higher than the a-wave velocity, and the e- to a-wave ratio
is about 1.5 (Fig. 3b) [25].

In diastolic dysfunction various flow patterns may occur.
In early diastolic dysfunction an e- to a-wave ratio of less
than or about 1 indicates impaired myocardial relaxation
without a significant increase in left atrial pressure. As
diastolic function deteriorates, increasing LV filling pressure
results in an increase in peak e- and a-wave velocity, caused
by an increase in left atrial pressure [26–28]. This
“pseudonormalisation” is a transitional phase between
abnormal relaxation and restrictive physiology and signifies
increased filling pressure combined with decreased compli-

ance. In this phase the flow pattern across the AV valves
resembles the normal flow pattern with an e- to a-wave ratio
of about 1.5. As can be derived from our data (Table 2,
Fig. 6) early diastolic dysfunction and pseudonormalisa-
tion were present in most of our patients. In further
progression of the disease ventricular diastolic filling
occurs primarily during early diastole, because the
ventricular pressure at end-diastole is so high that atrial
contraction contributes less to left ventricular filling
than normal. This so-called restrictive pattern indicates a
poor prognosis and may be associated with significantly
higher mortality [29].

While diastolic dysfunction is easily identified in
abnormal relaxation (e- to a-wave ratios less than 1) and
in restriction, difficulties remain in the transitional phase
of pseudonormalisation. To differentiate this condition
from the normal flow pattern, various echocardiographic
parameters were proposed such as measurement of pulmo-
nary venous flow or assessment of diastolic function during a
Valsalva manoeuvre [30–32]. Although these measurements
could be performed during an MR examination, neither was
obtained in the current study and they have to be evaluated in
future work.

However, a comprehensive MR examination with
evaluation of pericardial thickness, right end-diastolic
volumes and the evaluation of septal motion during
diastole can contribute information to identify patients
with CP with a high sensitivity and specificity. As shown in
Table 4 and as previously published by Giorgi et al. [19],
abnormal septal motion allows one to discriminate CP
patients from healthy subjects and patients with restrictive
cardiomyopathy with a high diagnostic accuracy. The
predominantly right-sided intracardiac pressure elevation
in CP, which contributes to this phenomenon, is typically
measured in intracardiac catheter examination. The
calculation of the correlation coefficients of right ventricular
pressures and e- to a-wave ratios in our patients with CP
resulted in a value of r=0.6 (p=0.01; Fig. 6). Similar
observations have been made for the left ventricle in
echocardiography in several disease entities, but to our
knowledge no data exist for right ventricular measurements
so far [33, 34].

Further diagnostic information may be obtained by a
correlation of the intra-individual tricuspid and mitral e- to

Table 4 ROC values, cut-off values, sensitivities and specificities of pericardial thickness, septal flattening, e- to a-wave ratios and right
ventricular end-diastolic pressure

ROC Cut-off Sensitivity Specificity

Pericardial thickness≥2mm 0.964 2 mm 0.91 1.0
RVEDV≤133 ml 0.907 133 ml 0.77 0.90
Septal flattening/inversion 0.976 Presence 0.956 1.0
Tricuspid e- to a-wave ratio≤1.3 0.840 1.3 0.77 0.95
RVEDP>8 mmHg 0.833 8 mm 0.81 1.0

ROC receiver operator characteristics, RVEDV right ventricular end-diastolic volume, RVEDP right ventricular end-diastolic pressure
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a-wave ratios. In healthy populations, close correlations have
been found between individual right and left ventricular
diastolic parameters [35, 36]. Constrictive pericarditis
predominantly involves right ventricular diastolic function
to a variable extent, independent from an involvement of the
left ventricular diastolic function—which may, however,
appear in the course of the disease. Therefore this close
correlation is lost in CP (Fig. 5).

Limitations

In the current study only cases of surgically proven CP
were evaluated and compared with healthy subjects. The
differentiation between CP and restrictive cardiomyopathy,
the top differential diagnosis, in patients who present with
diastolic dysfunction, was not the subject of this research
and has to be evaluated in a future work.

None of our healthy subjects had received catheter
examinations. Therefore calculations were based on values
obtained from the literature.

The velocity-encoded flow measurements were acquired
with a two-dimensional technique. Our results therefore
might have been influenced by the longitudinal motion of the
plane of the valves during the cardiac cycle. Navigator-gated
valve-tracking techniques could be one possibility to tackle
this problem; however, this techniquewas not available to us.

Conclusion

Magnetic resonance velocity-encoded flowmeasurements at
the level of theAVvalves are feasible and provide a valuable,
non-invasive method for the assessment of diastolic dys-
function in patients suffering from CP. In combination with
assessment of morphology and cine function, flow measure-
ments help to differentiate between systolic and diastolic
dysfunction in patients presenting with heart failure.
Calculated tricuspid e- to a-wave ratios correlate with right
ventricular end-diastolic pressure measurements and may
indicate increased ventricular pressure and conclusions on
the severity of diastolic dysfunction may be drawn.
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