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Value of the regurgitant volume to end diastolic volume
ratio to predict the regression of lett ventricular
dimensions after valve replacement in aortic
insufficiency
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The aim of this study was to assess the value of regurgitant stroke volume (RSV) to end-diastolic volume (EDV)
ratio to predict the regression of left ventricular (LV) dimensions after uncomplicated valve replacement in 34
patients with severe pure aortic insufficiency. The RSV/EDV ratio was measured by contrast ventriculography
and thermodilution techniques. LV end-diastolic diameter ( EDD ) was measured pre- and postoperatively by M-
mode echocardiography (at a median interval of 3-3 years after valve replacement). LV/EDD decreased from
74 + 8 mm to 54 £ 1] mm (P < 0-001).

Eleven patients had a persistent postoperative LV enlargement (median EDD 65 mm, range 56—100 nim)
while, in 23 patients, EDD became normal (median 49 mm, range 40-55 mm). During follow-up, one patient
with LV enlargement died of congestive heart failure. Preoperative RSV/EDV ratio was significantly higher in
patients with normal postoperative EDD as compared to those with persistent LV enlargement (0-32 £ 0-06 vs.
0-24 + 0-07. P < 0-005). The best cutoff point of RSV/EDV to predict the normalization of LV dimensions
was 0-28. Postoperative EDD remained abnormal in eight out of 16 patients (50% ) with RSV/EDV ratio less
than 0-29 while it remained enlarged in only three out of 18 patients (17% ) with a preoperative RV/EDV ratio
greater than 0-28. The other usual preoperative catheterization and echocardiographic variables were equally or
less predictive than RSV/EDV ratio. In conclusion, despite the limitations due to the use of different techniques,
we confirmed that the RSV/EDV ratio is a potentially useful variable for the assessment of the proper timing of
valve replacement in patients with severe isolated aortic insufficiency.

Introduction accepted single parameter derived from invasive or
non-invasive methods to predict with adequate
accuracy the clinical course or the outcome of left
ventricular function after surgery.'”!

Recently, Levine and Gaasch provided some evi-
dence that the relative size of the regurgitant stroke
volume and left ventricular end-diastolic volume
(RSV/EDV ratio) is a major determinant of the

ventricular response to surgical correction of chronic
[7)

[t has been reported that pre-operative left ven-
tricular dysfunction in severe aortic insufficiency 1s
followed by a poor clinical outcome.''! However, left
ventricular dysfunction does not preclude a good
clinical course and a normalisation of left ventricular
dimensions in many patients.!*=~*

Patients with severe aortic insufficiency and
normal left ventricular function have an excellent
natural history®®! and, therefore, it 1s universally
agreed that there is no indication for surgery at this
stage in absence of symptoms. In contrast, the iming
of surgery is uncertain in asymptomatic or oligo-
symptomatic patients with initial left ventricular
dysfunction.'®’ Furthermore, at present there 1s no

aortic insufficiency.

Hence. we retrospectively analyzed the value of the
RSV/EDV ratio to predict the normalisation of left
ventricular dimensions in 34 patients with pure
chronic aortic insufficiency who underwent an
uncomplicated valve replacement. We also compared
the predictive accuracy of RSV/EDYV ratio to that of
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Patients and methods

From 1971 to 1984, all patients with pure
chronic aortic insufficiency who underwent cardiac
catheterization and subsequently valvular replace-
ment at the Thoraxcenter were considered for this
study. Thirty-four patients were included, who fulfil-
led the following criteria: (1) good quality pre-
and postoperative M-mode echocardiography:; (2)
good quality preoperative left ventricular cine-
ventriculogram (right anterior oblique projection).
immediately preceded by cardiac output measure-
ment by thermodilution technique: (3) only patients
with a difference of heart rate of 15 beats min—! or
less between thermodilution and ventriculography
were included in the study.

Left ventricular volumes were measured according
to the area-length method. The regression equation
used to estimate true volume f[rom the single-
plane left ventriculogram is: volumey,. = 0-928
volume measureda — 3°8 ml.'®1  End-diastolic
ume was measured at the peak of the R wave, and
was identified by a system of frame markers recorded
simultaneously with the electrocardiogram. End-
systolhic volume (ESV) was defined as the smallest
left ventricular volume. The following calculations
were also performed:

vOl-

(1) Regurgitant stroke volume index:

RSV1I'=" ASV] = TSVI,
(2) Regurgitant fraction (RF, %):
ASVI — TSVI
ASV] 100.

where ASVI is angiographic stroke volume index
and TSVI 1s thermodilution stroke volume index.

Pre- and postoperative left ventricular end diastolic
diameter (EDD). end systolic diameter (ESD). frac-
tional shortening (FS). cross sectional area (CSA)
and radius to thickness ratio (R/Th) were also
measured by M-mode echocardiography according to
classical criteria."*! Postoperative echocardiograms
were performed at a median interval of 3-3 years alter
surgery (range 0-2-10 years). Based on the results of
the latest available postoperative echocardiogram.
patients were divided into two groups: those with
normal postoperative EDD (EDD < SSmm)(n = 23)
(median EDD 49 mm. range 40-55) and those with a
postoperative EDD > 55 mm (median 65. range 56-
100, n = 11).

Statistical analysis was performed with a Student
(-test for paired or unpaired data. linear regression
analysis and chi or square test. when appropriate. To
compare the value of different tests to predict the

postoperative persistence of left ventricular enlarge-
ment, we also utilized the receiver-operator charac-
teristic  (ROC) curves. similarly to previous
studies.'* ! Results are expressed as median and

L 1

range, unless otherwise specihed.

Results

CLINICAL COURSE

Patients were followed-up during a median period
of 5 years (range 1-10-4 years). Two patients died.
one from congestive heart failure and one from a
non cardiac disease. The patient who died from
heart failure was preoperatively in functional class
[T1. had the largest echocardiographic left ventricular
dimensions (EDD 100 mm, ESD 85 mm. FS 15%.
CSA 42 c¢cm-, R/Th rauo 4-1), an anglographic
cjection fraction of 24% and a RSV/EDV ratio of
0-13. In this patient, despite an uncomplicated valve
replacement. symptoms and left ventricular dimen-
stons did not after surgery. The other
patients were seven in class II and 25 1n class 1.

decrease

ECHOCARDIOGRAPHIC RESULTS
Left ventricular dimensions decreased substantially
alter valve replacement as summarized in Table 1.

Table 1 Pre- and postoperative echocardiographic results
(median 3-3 vears, range 0-2-10 vears) after surgery in 34
parients

—

Pre-operative  Postoperative P value

LV EDD. (mm) 72 (58-100) 52 (40-100) 0-001
LV ESD: (mm) 52 (32-85) 35 (22-90) 0-001
LV ES. (%) 30 (14-45) 30 (10-49) NS
LV CSA, (cm-=) 28 (2147) 22 (14-34) 0-001
LV R/Th 3-5(2:-14:4) 24 (1-3-5-0) 0-001
PREDICTION ©OF -PERSISTENT POSTOPERALIVE LEFT

VENTRICULAR ENLARGEMENT FROM PREOPERATIVE
CLINICAL, CATHETERIZATION AND
LCHOCARDIOGRAPHIC DATA

Patients were divided 1in two groups according to
the latest echocardiographic results during follow-up:
23 patients had normal left ventricular EDD (median
49 mm, range 40-55) and 11 had a persistent left
ventricular enlargement (median EDD 65 mm., range
56-100). The interval between surgery and the latest
post-operative echocardiogram was not significantly
different in the two groups (median 22 years, range
0-2-8-8 in patient with normal EDD and 3-5 years.
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Table 2 Preoperative data in 34 patients with normal postoperative EDD (n = 235, group 1) or
persistent left ventricular enlargement (n = 11, group 2)
Group | Group 2 P value
Clinical data
Age. (years) 43 Ln73) 55 (35 68) 0-04
Males, | | (48%) 10 (90%) 0-02
NYHA functional class > 11 137 (57 %) 4  (36%) NS
Valve size (only for Bjork-Shiley pros.) 23 (21=-27) 27  (25-29) NS
Echocardiographic data
LV EDD. (mm) 72 (58-90) 11 (65-100) NS
LV ESD, (mm) 50  (32-68) 55 (48-8)) 0-05
ENVSES: (%) 31 (14-45) 26 (15-38) NS
LV CSA, (cm*) 2005 . (21=47) 28  (2541) NS
LV R/Th 3-5 (2.4-4.2) 36 (2.1-44) NS
Cardiac catheterization data
LV end diastolic pressure, (mmHg) 20  (6-50) 21  (10-38) NS
Cardiac index, (I min='/m?-) 3-1 (2:2-4)5) 3-1 (2:3-5-3) NS
EDVI. (ml m—?) 235 (128-509) 261 (113-360) NS
ESVI, (ml m—2) 129  (57-340) 159  (47-258) NS
EF. (%) 50 (32 66) 42  (24-60) 0.0]
Mass index, (g cm™ ) 470  (117-470) 467  (119-467) NS
RSVI, (ml m—>) 89 (35-217) 55 (32-123) 0.06
Reg. fraction, (%) 67 (45-78) 57 (41-82) 0.06
RSV/EDV 0-32 (0-24-0-46) 0-25 (0-13-0-37) 0.005
range 0-2-10 in the other group). During follow-up, - BOI— O
19 patients with normal postoperative EDD were 1n ‘ |
functional class I and 4 in class II, while patients 2504
. : A C 3
with left ventricular enlargement were 6 in class 1. 3 2 5 o 5
. . - - . . - D
in class Il and 2 died. The duration of clinical follow- a
1 . ae ar . = v O 10 3 D D
up in the two groups was comparable (respectively 0
4-2 years, range 1:6-10-4 and 6 years, range 1-10
years). Preoperative data in patients with normal and Q=

abnormal postoperative LV/EDD are summarized 1n
Table 2. From these data, it appears that the RSV,
EDV ratio and ejection fraction were the variables
which showed the greatest difference between the two
groups, being lower in patients with persistent post-
operative left ventricular enlargement. In Fig. | 1s
represented the frequency distribution of the RSV/
EDV ratio in patients with normal and abnormal
postoperative left ventricular dimensions. In Figs. 2
and 3 are represented the ROC curves indicating the
sensitivity and specificity of some echocardiographic
and cardiac catheterization derived variables. The
results show that the RSV/EDYV has the highest pre-
dictive accuracy during almost the whole range ol
measurements compared with echocardiographic anc
ventriculographic variables. In Table 3 1s summarizec

O 0-20 0-24 0-28 0-32 0-36 0-40 > 0-40
Regurgitant stroke volume /end diastolic volume

Frequency distribution of RSV/EDV rato.
23; B. abnormal post-

Figure |
normal postoperative EDD., n =
operative EDD. n = 11.

the predictive accuracy of preoperative echocardio-
graphic and cardiac catheterization results. The pre-
dictive accuracy is expressed as percentage and 95%
confidence limits of specificity. sensitivity, predictive
value positive and negative. The large 95% confi-
dence limits are due to the small number of patients
included in the study. The cut-off points of each var-
lable was selected from visual inspection of the ROC
curves and defined as the points with the highest
sensitivity and specificity.
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Table 3

Predictive accuracy, in percentage with 95°% confidence limits of some preoperative

echocardiographic and cardiac catheterization data for the persistence of left ventricular

enlargement after valve replacement.

o

sensitivity specificity PV pos PV neg
Echocardiography
EDD = 75 mm 73 (39-94) 61 (39-80) 47 (23-72) |18 (4-43)
ESD > 55 mm 64 (31-89) 61 (39-80) 43 (20-70) 22 (6-48)
FS < 30% 82 (48-98) 61 (39-80) 50 (26-74) 13 (2-38)
Cardiac catheterization
EDVI =275 mlm™* 64 (31-89) 52 (31-73) 39 (17-64) 25 (7-52)
ESVI = 150"ml'm~—* 55 (23-8)9) 70 (47-87) 46 (19-75) 24 (847)
EF < 45% 73 (39-94) 78 (56-93) 62 (32-86) |4 (3-36)
RSV/EDV < (0-28 73 (39-94) 65 (43-84) 50 (25-75) 17 (4-41)
RSV/EDV < 0-25* 71 (29-96) 89 (65-99) 71 (29-96) 22 (6-48)

PV pos, predictive value of a positive test (number ol patients with a positive test correctly
predicted/all patients with a positive test x 100); PV neg, 100 — (number of patients with

a negative test/all patients with a negative test x 100).
*Data from Levine and Gaasch.!”)
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Figure 2 Receiver operator characteristics (ROC) curves
indicating specificity (percent of patients with normal post-
operative left ventricular dimensions after surgery correctly
predicted) versus sensitivity (percent of patients with
abnormal postoperative left ventricular dimensions after
surgery correctly predicted) of preoperative echocardio-
graphic variables and RSV/EDV ratio. The highest sen-
sitivity and specificity during the whole range of measure-

ment 1s provided by RSV/EDYV ratio and its best cut-off

point (that 1s the point with the highest sensitivity and
specificity) corresponded to a ratio of 0-28.
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Figure 3 ROC curves ol preoperative catheterization
derived data to predict postoperative left ventricular

dimensions. The predictive accuracy of RSV/EDYV ratio was
higher than that ol ESVI and EDVI and was superior to
EF during almost the whole range of measurements.
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Figure 4 Regurgitant volume versus left ventricular end
diastolic volume in (a) 23 patients with normal postoper-
ative left ventricular (r = 090, SEE = 19,
n = 23) and in (b) 11 patients with persistent postoperative
left ventricular enlargement (» = 0-:67. SEE = 23, n = 11).

dimension

Discussion

In the present study we confirmed that the regur-
gitant stroke volume to end diastolic volume ratio 1s
an important determinant of the regression of lelt
ventricular dimensions after uncomplicated valve
replacement for aortic insuftficiency.

Our data were very similar to those originally
reported by Levine and Gaasch'’! since they found
that the ‘best” cut-off point to predict a normahization
of left ventricular dimensions after surgery was d
RSV/EDV ratio of 0-24. compared with 0-28 n our
study. In our study. the left ventricular end-diastolic
volume and regurgitant stroke volume were positively
correlated in patients with normal as well as 1n
patients with abnormal postoperative left ventricular
dimensions (Fig. 4). The correlation was better 1n
patients with good surgical response. and the regres-
sion line was steeper in these patients. This indicates
that preoperatively, patients with good surgical re-
sults had smaller left ventricular dimensions with
similar amount of regurgitation, when compared (o
patients with persistent left ventricular enlargement
after valve replacement.

Based on preoperative RSV/EDV ratio, a “high
risk’ and a ‘low risk’ groups could be identified.
Postoperative EDD remained abnormal after surgery
in 8 out of 16 patients (50%) with a RSV/EDYV ratio
<028, while EDD persisted enlarged in only 3 out of
18 patients (17%) with a preoperative RSV/EDV
greater than 0-28 (Fig. 1, Table 3).

Our data further suggest that the predictive value
of the RSV/EDYV ratio 1s slightly better or compar-
able to that of most usual echocardiographic and
cardiac catheterization parameters (Figs. 2. 3 and
Table 3). The small number of patients included n
this study. however, does not allow to conclude that
the RSV/EDV ratio provides information indepen-
dent from other parameters.

We acknowledge the mitation of the study due to
the selection of patients and to the use ol multiple
techniques for the measurement of the regurgitation
and left ventricular volumes. and lor the assessment
of follow-up results. However. the confirmation of
previous data by Levine and Gaasch!"! suggest that
this is a valid research direction and that the RSV
EDV ratio deserves a place in the evaluation of
patients with aortic insufficiency. The measurements
will be of more clinical relevance if non invasive
methods will provide accurate and reproducible
results as recently suggested.'!

We thank Mrs T. van der Kolk for her secretarial work,
J. Tijssen for the statistical advice and F. H. Woll for
making the drawings.
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