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Evaluation of three methods for quantifying valvular
regurgitation using gated equilibrium radionuclide
ventriculography

R. SciacrA, E, Voru*, U. TeEBBE, H. ScHICHA* AND K.-L. NEUHALS

Department of Cardiology and * Department of Nuclear Medicine, University of Gdttingen,
Girtingen, F.R.G.
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The non-invasive guuntification of mitral and aortic regurgitation using the left-to-right stroke count ratio
{SCR) calcduted with gated equilibrium radionuclide ventricufography ( RNV ), is affected by the overlap
of atrin und vemtricles and the consequent difficult definition of the ventricular regions of interest { ROT).
Various solutions of the problem have been proposed. In this study we evaluated the results obtained with a
techniyue hased on visual inspection of the RNV images (variable ROT method — VRI) and those of two
approaches which utilize functional images (stroke volume image method — SVI— and Fourier amplitude
rativ.  FAR,, by comparing them with the invasive guantification of valvular regurgitation according to

Sandler ct al.’" (stroke volume ratio - SVR). Forty patients (15 controls and 25 valvular panent?) werg

studied.

In the controf group the range o,f the SVR uas() 81+ 111 /mean+ 1SD=101+008}. The SCR was (483
F2B 1034005 with VR, 1 10-1-15 ( 130+ 014} with SVIand 1-11-1-58 {1135+ 0-17) with FAR. The
correlutivns between SVR and SCR were r=047 (P<0-05), v=0-62 (P<0-001) and 1=0-35 (P<(-0F)
respectively with VR, SV and FAR. The SCR of vahwular patienis fell in the range of controls'in 11{25 using
VRI 625 using SVIandin 4:25 using FAR. This overlap was present in 2{25 with the invasive quantification.
frrespective of the method used, a reliable assessment of the valvular regurgitation was not possible in two
patients with severely depressed left ventricular function. We conclude that the use of techniques based on

Junctional images clearly improves the effectiveness of the non-invasive quantification of valvular regurgitation

with the SCR even if this cannot be regurded as a substitute for invasive quantification and has a limited
refiabilicy in particular groups of patients.

Introduction Lo . . .
and above unity in patients with mitral andjor

The quantification of regurgitant volume cer-
tainly represents one of the most useful applications
ol radionuclide ventriculography (RNV) in the
assessment of paticnts affected by mitral or aortic
regurgitation™, This quantification can be obtained
by the compurison of left and right ventricular
stroke counts. Theorctically, the left-to-right stroke
count ratio (SCR) should be unity in patients with-
out valvular regurgitation or intracardiac shunts,
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aortic regurgitationt™, '
Unflortunately, the determination of the SCR iy
affected by technical problems, particularly by
the superimposition of atria and ventricles in the
left anterior oblique projection (LAO), usually
employed for the RNV. Because of this overlap. the
definition of the boundaries of the two ventricles.
especially of the right one, is made difficult™!9,

© Several modifications of the original method have

therefore been introduced. Among them, the use of
functional images (subtraction images, Fourier
phase and amplitude images} for the definition of
the ventricular regions of interest (ROT} is interest-
ing and promising™!? 13722

In this study, we cvaluated for the first time in the

© 1987 The Furopean Society of Cardiology
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same patient population. the results obtained by a
traditional ROI definition method and by two tech-
niques-based on functional images. The effective-
ness of the threc mcthods has becn assessed by
comparing the calculated SCRs with the invasive
quantification of valvular regurgitation performed
according to Sandler er alfV

Vethods
SUBJECT SELLECTION

Fifteen patients (mean age 52+ 8-5 years, range
42-63). who underwent diagnostic cardiac cath-
eterization for the evaluation of ischaemic heart dis-
case and had no cvidence of valvular regurgitation
or intracardiac shunts served as a control group. All
these patients were in normal sinus rhythm and
received either no treatment or were given oral
nitrates, without any change in drug regimen
between cardiac catheterization and RNV,

The second group consisted of twenty-mine con-
secutive patients (mean age 54-8 + 11-2 years, range
34-75), who were referred to our catheterization
laboratory for the evaluation of valvular disease. In
these patients, mitral or aortic valve regurgitation
was suspecled  on the busis of clinical data and
Doppiler  echocardiography. According to the
results of cardiac cathelerization, four patients who
had tricuspid regurgitation were excluded from
further evaluation. Of the remaining twenty-five
patients who had no evidence of intracardiac shunts
and;or tricuspid or pulmonary regurgitation, eight-
gen showed aortic insufficiency (twelve 1solated and
6 with associated mild stenosis ol the valve), five
presented with mitral regurgitation (four with
issociated mitral stenosis), and two showed both
aortic and mitral regurgitation.

All valvular patients were in normal sinus rhythm
(frequency range 34-96 beats min !}, except for
two patients with mitral valve disecase with atrial
fibrillation. Between catheterization and RNV no
changes occurred in clinical status and cardiac
medication (digitalis and;or diuretics administered
in 8 cascs). :

CARDIAC CATHETERIZATION

In the fasting state, all patients (controls and
subjects with valvular regurgitation) underwent left
heart catheterization with left ventricular and
coronary angiography through the brachial® or
percutaneous transfemoral approaches®™. Right
heart catheterization was also performed via the

same route, Heart rate was simultaneously regis-

tered during the whole procedure.

Effective forward cardiac output was measured
in most of the patients by the thermodilution
method with several imjections of 10ml of cold
0-9% sodium chloride solution in the night atrium
and the thermistor placed within the pulmonary
artery™. Several measurements were perlormed
immediately before contrast angiography and the
average of the values was considered. In few
remaining patients effective forward cardiac output
was calculated by the Fick oxygen method. Before
contrasl angiography, blood samples were obtained
from the aorta and from the pulmonary artery and
haemoglobin concentration and oxygen saturation
were measured. Oxygen consumption was esti-
mated on the basis of the patient’s age. sex, body
surface arca and heart rate™). The right ventricu-
lar stroke volume was obtained by dividing the
forward cardiac outpul by the simultancously
registered heart frequency.

A lelt ventricular angiogram and, il indicated, an
aortic root angiogram were performed in biplane
30 right anterior and 60 left anlerior oblique pro-

jections. A well opacified. normally conducted

cycle, not preceded by an ectopic beat was analyzed.
In patients with atrial fibrillation more cycles were
evaluated in order to achieve a representative
assessment. Left ventricular volumes were calcu-
lated by the area-length method, with a magnifi-
cation correction by calibrated grid filming, and
using the regression equationi®™:

actual volume = 0-928 x calculated volume — 3-8

Valvular regurgitation was also graded by two
experienced obscrvers on the basis of the regurgi-
tant jet visualized during contrast angiography,
according to the qualitative grading score proposed
by Grossman et ¢/ ¥ In two patients with concomi-
tant aortic and mitral regurgitation the grading
score was obtained by adding the scores of aortic
and mitral assessment! ™",

Left ventricular cjection [raction was measured
as usual. The stroke volume ratio was calculated
according to the formula by Todd Makler et all'¥:

left ventricular stroke volume
right ventricular stroke volume’
This value was used for the comparison with the
stroke counl ratio, instead of the usual regurgitant

volume {left ventricular output —effective forward
cardiac output).
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RADIONUCLIDE VENTRICULOGRAPHY
The RNV was performed after in vitro labelling

of red blood cells with 20mCi (740 MBq) of

?9mTell, using an Anger camera (LEM, Siemens)
equipped with a low-encrgy all-purpose collimator,
The acquisition time was 10 minutes. Images were
acquired with a dedicated computer system (IMAC
7300. CGR, Koch and Sterzel), in frame mode with
a rate of 16 frames per cardiac cycle, using a 64 x 64
matrix and a -5 zoom, in the best septal LAQ view.
Studies were performed with and without a 15°
caudal tilt. Because no significant improvement was
achieved by the introduction of the caudal tilt, only
the data obtained with our routine approach, i.e.
straight LAO projection. were considered for the
analysis of the results.

Three methods of SCR calculation were
employed.

Variable region of interest method ( VRI)!

According to this method, two separate ROls
were constructed for each ventricle on the respective
end-diastolic and end-systolic frames, which were
separately identified at the peak and at the nadir
respectively of each ventricular time-activity curve.
The boundaries of the left ‘ventricular ROl were
defined by a semi-automatic programme. The oper-
ator performed manual corrections, if necessary,
with the help of endless loop movie format images.
The definition of the right ventricular ROl was
completely manual based on the endless loop movie
format images'. These usually allow a good recog-
nition of the boundaries between right atrium and
ventricle. Background correction was performed
using a fixed left paracardiac ROI, generated
automatically by the programme. The SCR was
calculated according to the formula;

left ventricular end-diastolic —end-systolic counis

right ventricular end-diastolic — end-systolic counts

Stroke volume image method ( SV

Stroke volume images of both ventricles were
obtained by subtracting end-systolic from end-
diastolic images. selected separately according to
the respective time—activity curve. ROIs were con-
structed manually on these images. The SCR was
caleulated directly from the stroke volume images
by dividing lefl by right ventricular counts.

Fourier amplitude images ( FAR )11
Usinga first harmonic Fourier analysis program,
amplitude and phase images together with phase

histograms werc generaled. A ventricular ampli-
tude image was constructed from thesc by display-
ing the amplitudes of all pixels having a phasc
difference less than 90 from the centre of the ven-
tricular peak in the phase histogram. On this image,
the two ventricles are clearly delincated as the only
two areas having a significant amplitude. Left and
night ventricular ROIs were defined manually on
the ventriculur amplitude image, additionally con-
sidering the configuration of the ventricles in the
blood pool scan in cases with low amplitude values.
The ventricular amplitude ratio was then calculated
by dividing left by right veniricular amplitudes in
the ventricular amplitude image. The ventricular
amplitude ratio is called FAR in the following
sections.

The RNV was performed within three days of

cardiac catheterization. All studies were analysed

independently by two experienced observers with-
oul any knowledge of the catheterization results.

Tuble [ Catheterization findings in putienls with valvuiur
regurgiiarion i

Patient  Diagnosis  Gradingscore’ SVR  LVEF

AR ¥y 323 0-64

1
2 AR 00| 209 076
3 AR T 196 070
4 AR 1 23 048
5 AR 1 188 053
6 AR 1 I3 04
7 AR 1 54 090
8 AR 1 358 (-54
9 MR v 217 089
10 MR+ AR T+1 142 030
1 AR om 163 062
12 MR v 173 03]
13 AR v 340 063
14 MR )i 158 0T
15 MR 1 105~ 065
16 AR 11 231 072
17 MR IV 286 033
18 AR 1l 171 067
19 AR m 199 053
20 AR 11 214 060
21 AR 1 119 047
22 MR+AR I+1 284 030
23 AR fl 120 0-60
24 AR 1l 138 048
25 AR 1l 176 060

AR = Aortic regurgitation; MR = Mitral regurgitation
LVEF = Left ventricular ¢jection fraction,
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Figure 1 Values of the stroke volume ratio (SVR) and of the stroke count ratio
{SCRY culeulated with three different methods (variable region of interest —-
VRI -, stroke volume image—SVI-—and Fourier amplitude ratio—
FAR —) in normal subjects (open circles) and in patients aflecied by aortic -
regurgitation (black dots). by mitral regurgitation (black squares) or by both
{bluck stars). Arrowheads identify patients with lelt ventricular cjection fraction

<035,

STATISTICAL ANALYSIS

Duata are presented as the range of the observed
values and as their mean 4+ standard deviation after
performing the Kolmogorov Smirnov normality
test, ‘

The Pearson’s cocfficient of correlation test and
the Spearman’s nonparametric technique were used
for a comparison of the values calculated by the
various methods.

Results

CARDIAC CATHETERIZATION

The SVR in the control group was 1-01 +0-08,
(range 0-81 1-11). Individual data of the patients
affected by valvular regurgitation are summarized
in Table I.

The correlation coefficient between SVR and the
cincangiographic grading score was #=0-45
{P < (05).

Only 2 paticnts out of 25 (8%) affected by valvu-
lar regurgitation had a S¥R which fell in the range
of controls (Fig. 1).

RNV
In the control group the SCR values calculated
by VRI, 8V1 and FAR respectively were:
10340135, (Range 0-83 1-28); 130+ 0-14, (range
10— 151 [:35+0-17, (range 111 1-58).
The SCR calculated in the patients affected by

valvular regurgitation using the three different -

methods are listed in Table 2.

Low corrclation coefficients between cineangio-
graphic grading score and the SCR were found:
they were respectively r=0-34 (P <0-05) with VRI,
r=047 (P<0-01) with SVI and r=0-34 (P <0-01)
with FAR. ‘

The correlation cocfficients found by comparing
the SVR and the SCR and by taking into account
the whole group of patients affected by valvular
rcgurgitation were r=047 (P<0-05) r=062
(£ <0-000) and r=0-55 (P <0-01) respectively with
VRI, SVI and FAR. An improvement in the corre-
lation coefficients between SYR and SCR could be
found by considering the data of the patients with
aortic regurgitation only: r=0-62 (P<0-01) with
YRE r=081 (P<0001) with SVI and r=0-77
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(P<0:001)ywith FAR. The exclusion from the com-
parison of two patients with severely depressed lelt
ventricular function (left ventrienlar ejection frac-
tion < 0-35) also allowed an increase in the corre-
lation coefficients between SVR and SCR. The
values obtained were r=0-65 (P<0-001); r=081
(P<0-001) and r=072 (P< 0-001), respectively,
with VRI, SVIand FAR {Figs 2,3 and 4).

Using the VRI, 11 (44%) of the 25 valvular
patients had a SCR within the range of the control
group values. This overlap between controls and
valvular patients was also observed in 6 cases 24%)
using the SVI and in 4 subjects (16%) using the
FAR (Fig. 1).

The correlation coefﬁcienfs of the SCR calcu-

lated by two different observers, were r=0-96, r=
0-99 and r=0-99 (all P<0-001) with VRI, SVI and
FAR, respectively.

Discussion
The selection of the appropriate timing of valvu-
lar replacement in patients affected by mitral or

Tuble 2 Stroke count ratio in patients with valvuiar regurgi-
fation

Patient VRI SV1 FAR
! 1-73 345 315
2 1-26 241 225
3 1-53 2-18 219
4 142 1-55 [-75
5 [-52 3-05 331
6 331 348 395
? 1-01 t-50 1-79
8 1-9] 4-85 4-43 -
9 1-45 379 483

10 1-27 2:29 2:27
11 0-95 1-67 1:78
12 1-21 2-08 2-03
13 2:24 519 4-65
14 I-36 i-59 2-31
15 1-02 1-40 1:4]
16 152 2-20 240
17 (+83 1-35 1-59
18 0-91 1-91 2:27
19 [-15 2:03 1-86
20 2:51 2:91 2:46
2] 1:60 2-12 2:46
22 0-83 1-45 I-51
23 : 1-5¢ 2:19 2-60
24 1-37 334 332
25 0-93 1-43 133

YRI=variable region of interest method; SV1=stroke
volume image method: FAR = Fourier amplitude ratio.

SCR all valvular patients n=25 » AR
¥=0347x+ 0758 = MR
VRI | r=047 + AR&MR

excluded LVEF <0.35{3} n=23
y=0.483x% + 0.675

54 T=0.65 " woeversres
AR only n=18
y=0476x + 0614
r=062 e

4_

3

T i T

SVR
Figure 2 Comparison of SYR and SCR VR in the whole
valvualar patients group. in paticnts with aortic regurgitation
nnly and afler exclusion of patients with left ventricular
gjection fraction (LVEF) <35,

-

aortic regurgitation is a difficult problem for the
cardiologist. In these patients, symptoms begin fre-
quently in a late phase of the valvular disease his-
tory. At that moment, considerable impairment of
the left ventricular function can be already present
and the prognosis after valve replacement signifi-
cantly worsens. The haemodynamic parameters of
asymptomatic or mildly symptomatic patients
need, therefore, to be checked frequently!832-3,
The refercnce method for this measurement and
for the assessment of valvular patients would be the
performance of right and left cardiac catheteriz-
ation. The grade of valvular regurgitation is usually
evaluated according to the regurgitant jet which is
visualized during left ventricular or aortic root
angiography. This qualitative assessment is fre-
quently the only one performed and it has also been
employed for the evaluation of the effectiveness of
SCR by several authors®*!31519363] pouever, as
shown by our results, and as demonstrated by
others in much larger patient populations®®*, this
is an inaccurate system for assessing valvular
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SCR all valvuiar patients n= 25 « AR
) y=0.865x +0.763 = MR

SVI | r=062 « ARBMR

oxchuded LVEF <0.35(s} n=23
54 ¥=1131 x+0.365 ¢

r=081 e o . /f
AR only n=18 f
¥= 1(3.;15! +0.423 ‘f

O . L] T T T
0 1 2 3 4
o SVR
Figure 3 Comparison ol SVR and SCR S¥1 in the whole
valvular paticnts group, in patients with aortic regurgitation
only and after exclusion of patients with left ventricular
ejection fruction (LVEE) < 0-35.

regurgitation. Better results can be achieved by
comparing the total left ventricular and the effec-
tive forward stroke volumes, as. proposed by
Sandler er af!'. Even this approach presents con-
siderable limitations because the pitfalls of both the
‘angiographic estimate of ventricular volumes and
of the effective forward output measurement may
aflect the results. In spite of these problems, it still
remains the only possible reference method!®, par-
ticularly for the evaluation of the accuracy of SCR.
Naturally, invasive procedures must be reserved for
preoperative evaluation and are not suitable for
repeated examinations. On the contrary, RNV isa
safe, repeatable, non-invasive method for the evalu-
ation of cardiac function. Therefore, the possibility
of a quantification of the regurgitant volume by
means ol the SCR would make the RNV an almost
ideal approach flor the asscssment of patients affec-
ted by valvular regurgitation. Furthermore, both
interventional studies (exercise stress testing, phar-
macological stimulation) or serial evaluations of
therapeutic effects become possible!™ 4! 4,

As already mentioned. however, the accuracy of
the SCR measurement is affected by the overlap of
atria and ventricles in the LAO projection. To over-
come this difficulty first pass studies have been
employed, or to calculate directly the stroke counts
of both ventricles®®” or to measure with an indicator
dilution method the eflective forward stroke vol-
ume, which is then compared with the total left
ventricular stroke volume obtained from the equi-
librium RNVES® The first of the (wo technigues
requires a very good separation of right and left
ventricular phases and is therefore dependent on an
optimal bolus injection and could be influenced by
prolonged pulmonary (ransit imes. not infrequent
in valvilar patients. The second approach is affec-
ted by the inaccuracy of using blood volume values
derived from tables and a geometric method for the
measurement of ventricular volumes. On the other
hand, the measurement of effective blood volume
and the use of the superior count-based technique
for the left ventricular volume assessment’®” would

FAR all valvular patients n=25 +« AR
y=0717 x+1128 » MR
r=0.55 « AR&MR
excluded LVEF «0.35(vIn=23

5. y=0.958x+0.801
r=072 cririren . y
AR only n=18 o

y=0.891x+0.8M e

0 r T S
0 1 2 3 4
, SVR
Figure 4 Comparisan of SVR and FAR in the whole valvu-
lar putients group, in patients with sortic regurgitation only
and after exclusion of paticnts with left veniricular ¢jection
fraction (LVEF) <0-35,
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make the procedure too complicated for clinical
practice. I'urthermore, first pass RNV performed
with 2™ T(-labelled red blood cclls, is not suited for
interventional studies,

Equilibrium RNV remains, therefore, the sim-
plest approach for the quantification of valvular
regurgitation and several modifications of the orig-
inal method have been proposed to overcome its
limitations. Considerable improvements of the
results are reported by obtaining higher count rates,
which can be achieved through the use of in-vitro
labelling of the red blood cells™™ and;or through the
prolongation of the acquisition time ¥,

In an attempt to obtain a better separation of
atria and ventricles by modifying the straight LAO
view, a caudal tlt of the gumma camera head has
been introduced ™! 13152 441 The influcnce of this
approach has not been systematically evaluated
untif recently, but our results in a preliminary study
do not confirm significant improvement™*. On the
contrary, the use of a 30 slant hole collimator

seems 1o allow significantly better results™¥, bur.

this has not been unanimously confirmed!"”,

The most imporlant proposed improvements,
however, regard the ROI definition method. In the
original procedure, a single end-diastolic region was
defined flor cach ventricle and the end-systolic
counts in this region were caleulated using the time
activity curve of the single ventricle, since the nadir
of the two curves is frequently not simultaneous'™.
To overcome this problem and to achieve a better
exclusion of the atrial contribution to the ventricu-
lar counts, which mainly affects the right ventricular
stroke counts. the use of two ROIs (end-diastolic
and end-systolic) for each ventricle was proposed!™.
The method was reported to improve the accuracy
of the results, even if the definition of background
ROT was necessary/®,

The correction of the ventricular counts by sub-
tracting the counts of atrial ROI, which should
represent  the  atrial contribution due to  the
wnatomic supcrimposition, has been proposed by
others!’>*** However, the definition of the atrial
ROl introduces additional sources of error. as the
relatively high inter- and intracbserver variability
demonstratest™, and the complicated procedure is
probably not justified by the imited improvement
reported-*, ,

The most interesting techpical improvement of
the RO definition technique was represented by the
ntroduction ol functional images as an aid in the
SCR calculation. In our study we have evaluated
lor the first timie in the same patient population, the

~behaviour of both the stroke volume images

method and of the Fourier amplitude ratio and that
of a traditionul SCR calculation approach, in our
case the VRI method. OQur results show a clear
superiority of the iwo nmiethods based on [unctional
images over the traditional approach: This is
demonstrated by significantly higher correlation
cocllicicnts in the comparison with the reference
meethod, i.c. the SVR, and by u better separation
between the ranges of values obtained in normal
subjects and in those with valvular regurgitation,
On the other hand, practically no differences
between the two methods could be found in our
experience. because the slight supenionty of the
corrclation coefficients obtained using the SV1 is
compensated for by the higher number of valvular
patients whose SCR falls in the range of the control
group. We lound surprisingly low correlation coet-
heients using the traditional approach, even i simi-
lar values are reported by others!'¥i. However, the
method was correctly performed, as the mean and
the reduced variability of the control group demon-
strate”, and therelore, the poor results observed
should be attributed to the intrinsic limitations of a
technique based mainly on visual inspection of the
RNV images, '

Liven il quite good results were obtained with the
SVI and the FAR in the whole valvular patents
group as well, significant improvements of the cor-
relation coeflicients could be achieved by consider-
ing only the patients affected by aortic regurgifation
or by excluding from the comparison the two
patients with severcly depressed left ventricular
function, [t must be mentioned that an improve-
ment can also be observed in this regard with the
VRI.

The bad results obtained with the SCR in patients

~with depressed left ventricular function have been

EARN P

observed by others! . Several factors could
play a role in determining this behaviour, as sub-
clinical pulmonary or tricuspid insufliciency,
heart chambers dilalation with more marked atrio-
ventricular overlap and increasing attenuation
effects. Since the catheterization resylts in our two
paticnts with depressed left ventricular function
excluded right-sided valvular regurgitation, it is our
opinion that gcometric factors and atrioventricular
overlap arc the main reasons of the poor reliability
of the SCR in these patients. We belicve that the
behaviour ol the SCR in patients with depressed left
ventricular function stresses the importance of
evaluating the results of the SCR only in unison
with the other RNV findings.
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The more significant left atrial and right ventricu-
lar enlargement usually present in mitral regurgi-
tation could cxplain the higher correlation between
SVR and SCR obtained when only patients affected
by aortic insufficiency werc considered. Similar
results are reported by otherst**". However, we are
not able to draw any certain conclusions about the
superior rcliability of SCR in aortic as compared to
mitral regurgitation, because only four patients
with mitral incompetence and well-maintained left
ventricular function were present in our study
group. -

Another considerable limitation of the quanti-
fication of valvular regurgitaiion by means of
the SCR which has been reported is the difficult
identification of mild degrees of valvular insuffi-
ciencyl®®-10.1920414289] Yo ghgerved this behaviour
mainly with the VRI. The clinical relevance of this
lithitation *per s¢’ is probably low, since the diag-
nosis of mild valvular regurgitation is most often
casily obtained by heart auscultation or even more
ctiiciently by Doppler-echocardiography™.

On the other hand, the behaviour of the SCR in
patients with mild valvular regurgitation should be
keptinmind both in follow-up and in interventional
studies, becausc it could mean that slight changes of
the regurgitant volume are difficult to assess.

_ Inconclusion. our study clearly deronstrates the
superior results of the SCR calculation methods
based on functional images over the traditional
techniques based on visual inspection of the RNV
images only, whereas in our experience no signifi-
cant diffcrences betwecen SVI and FAR could be
found. Even the use of functional images leaves the
main problem which affects the SCR, i.e. the atrio-
ventricular overlap partially unsolved, but they sig-
nificantly improve the SCR accuracy, and make
possible an effective utilization of this parameter in
clinical practice. Keeping in mind its limitations
and the [act that it cannot be regarded as a substi-
tute for invasive quantitication in pre-operative
evaluation, the SCR is a valuable aid in the assess-
ment ol patients affected by valvular regurgitation.
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