
IACC Vat, 19. No. 4
March I5 . 1992 :753-g

Correlates of Aortic Distensibility in Chronic Aortic Regurgitation and
Relation to Progression to Surgery
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Aortic distensibility decreases with increasing age. Patients with
chronic aortic regurgitation eject a large stroke volume into the
proximal aorta. A decrease in distensibility of the anrla may
impose a higher aflerload on the left ventricle and may contribute
to deterioration of left ventricular function over time . Accord-
ingly, aortic distensibility was measured in 33 patients aged 13 to
73 years who had chronic isolated write regurgitation with
minimal or no symptoms .

Ascending aortic diameter was measured 4 em above the aortic
valve by two-dimensional echocardiography and pulse pressure
was measured simultaneously by sphygmomnnometey . Aortic
distensibility was calculated as (Change in aortic diameter be-
tween systole and diastole/End-diastolic diameter)/Pulse pressure .
Left ventricular systolic wall stress and mass were derived from
standard M-mode echocardiographic measurements . Left ventric-

Patients with chronic aortic regurgitation experience a grad-
ual deterioration in left ventricular performance over time
(1-4) . The causes of this gradual decline are not well defined .
The altered loading conditions imposed on the left ventricle
in aortic regurgitation are due to increased preload and
ofterlood-the latter contributing to increased end-systolic
wall stress (5,6). During ejection of the left ventricular stroke
volume, the proximal aorta distends and this aortic disten-
sion decreases the impedance to outflow from the left
ventricle. (n aortic regurgitation, a very large stroke volume
is ejected into the proximal aorta . One would suspect that

stiffening (a decrease in distensibility) of the aorta would
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ular volumes and ejection fraction were measured by redionuelde
ventricubgraphy .

Aortic distensibility decreased Iogarhlnnleally with increasing
age (r = -0 .62, p < 0.001) and also correlated inversely with
systolic wall stress, left vmtricvmr mass ; and ead4lasnuffic volumes
Patients %be eventually underwent aortic valve replacement far
symptoms of left vmricular dysfrmetiou had significantly lower
anrtic distensibility than did those who did net yet require valve
replacement: 0.09 t 0.08 vs. 0.22 t 0.19 X 1/100 (1/mm Hill

(P < 0.051.
Thus, the reduced aortic distersibiluty that oeeaes with increas-

ing age may contribute to the gradual left ventricular dilation and
dysfunction seen in patients with chronic auntie regurgitation .

(J Am Cob Cerdigi 1992 ;!9:733-8)

result in increased impedance to left ventricular ejection
with resultant increases in systolic wall stress of the left
ventricle . It has been noted (7) that patients with chronic
aortic regurgitation usually experience a deterioration of left
ventricular function in the 4th decade, at a time when aortic
distensibility is decreasing (8-16). Increased systolic wall

stress and end-diastolic volume have been associated with
an increased need for valve replacement (17). Therefore we
hypothesized that decreasing aortic distensibility with age
may contribute to the deterioration of the left ventricle as
manifested by increased systolic wall stress and preload (left

ventricular end-diastolic volume) .
Accordingly patients of various ages with aortic regurgi •

tation were studied to determine if aortic distensibility
correlated with left ventricular wall stress and volumes and
whether it predicted future need for aortic valve replace-
ment.

Methods
Study patients (Table 1) . Thirty-three patients with

chronic isolated aortic regurgitation were studied. All pa-
tients were in New York Heart Association functional class
I or early class II on entering the study (18). The patients
were predominantly male (29 of 33) and ranged in age from
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Table 1. Clinical Characteristics of 33 Patients With Chronic
Aortic Reguruilalian
Ate 4y,-
Gender
Dumllon of AR Ivrl
L4 Soft Imhmel
LV ESVItmll~l
LV Sv11,Um'I
LV EFMl
LV/RV drake won: Iwie
Systolic aall stmss tdyneslcmb
LV mass Ic'
As distensibility titan Figs s 10-2
Eanbgy of AR
nhxumaim
Cengeoiral
sip ecmmia,amurm5
sip eadocardoi,

Unknown

40 ` 15
ttr . 4F
16 z 14

56 5 33
let ± 73
f4 a9

74x25
440 x 151

(1.1 1 - 0 .16

Ao - aortic ; AR = aortic regergitaden : EDVI - eod-0iasiolls cotume
index : FSVI = end-systolic volume index : Elm = ejedun fraction : F =
female ; LV = left ventricular; M = male'. RV = right veietrice lar : s'p = SfuIu s
pmt ; SVI = rtroke volume index,

l3 to 73 years . The estimated duration of aortic regurgitation
ranged from <1 year to 49 years . A subset of 20 of these
patients formed part of a previously reported study of
hydralazine therapy (6) and the other 13 patients were
followed up but not randomized to treatment with hydrala-
zine or placebo . Patients were included in this present study
when two-dimensional echocardiograms became available as
part of the previously reported study . The I t patients taking
hydralazine at the time of the echocardiogram did not differ
from the other 22 patients with respect to age, left ventric-
ular end-diastolic volume index, ejection fraction, systolic
wall stress, Left ventricular mass, systolic or diastolic blood
pressure or aortic distensibility. All 33 patients were in sinus
rhythm, had a characteristic diastolic murmur of aortic
regurgitation on physical examination, had preserved Left
ventricular ejection fraction and were not considered a
surgical candidate at the time or study .

All patients underwent II two-dimensional and M-mode
echocardiography for measurement of aortic root size and
left ventricular dimensions and wall thickness, and 2) radio-
nucheic anglographic measurements for left ventrcular end-
diastolic and end-systolic volumes . ejection fraction and
regurgitant index (left ventricularlrighe ventricular stroke
count ratio). No other cardiac disease was known to he
present :. specifically, no patient had hemodynamically signif-
icant aortic stenosis, coronary artery disease or peripheral
vascular disease.

Sixteen heahhy nurrnaf volunteers without hypertension
or other medical diseases also underwent simultaneous
two-dimensional echocardiography of the aortic root and
blood pressure measurement . All patients signed consent
forms that were approved by the Institutional Review Board
at Oregon Health Sciences University on March 1, 1982 .
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Echocardiography. All patients underwent standard two-
dimensional and hi-made echocardiogmphy with use of
Hewlett-Packard model Sonses 500. Measurements of the
aortic root diameter were made 4 cm above the aortic valve .
The end-diastolic measurements were n a, the onset of
the R wave and end-systolic Measurements at the peak of the
T wave on the electrocardiogram (ECG) with the light pen
quantification system. This system has been electronically
calibrated . The mean of three separate measurements of
end-diastolic and end-systolic diameter was used in the
eniculotion of aoiiie distensibility . lntraobserver and inter-
observer correlation were r - 091, SEE - 0.28 cm and r -
0.89, SEE = 0.26 cm . respectively . left ventricular wall
thickness and chamber measurements were made in stan .
dard fashion (19) without knowledge of the patient's age or
the results of radionuclide measurements of left ventricular
volume or function . Left ventricular mass and systolic wall
stress were calculated as previously described (20,21) .

Radionuclide left ventrieulography . All patients with aor-
tic regurgitation underwent radionuclide ventriculographic
assessment of left ventricular end-diastolic and end-systolic
volumes and ejection fraction as previously described (6,22).
The whole body radiation dose was 0.32 rem. Left ventric-
ular end-diastolic and end-systolic volumes have been
shown (6) to correlate well with angiographic measurements
of left ventricular volume in our laboratory . The left ventric-
ulariright ventricular stroke count ratio was measured as
previously described (231, without knowledge of the echa-
cardiographic measurements of aortic distensibility .

Annie distensibility . Aortic distensihility was calculated
in the study patients and the normal control group as
[(End-systolic diameter minus End-diastolic aortic diame-
lerWEnd-diastolic diameter]/Pulse pressure (24-26) . Pulse
pressure was measured by sphygmamanometry as systolic
minus diastolic blood pressure, Diastolic pressure was taken
at the fourth Korotkov sound (27) .

Stmistteal analysis. Correlation among age, aortic dis-
tensibility, left ventricular ejection fraction, volumes and
systolic wall stress were made by regression analysis . Dif-
ferencee between groups were determined by an unpaired
t test . Variables predicting aortic valve replacement or
changes in end-diastolic volume index and systolic blood
pressure were assessed by stepwise logistic regression anal-
ysis . All data are expressed as mean values °_ SD. A p value
< 0 .05 was considered significant .

Results
The left ventricular end-diastolic volume index was large

but the left ventricular ejection fraction was preserved
(Table 1) . The left ventricularlright ventricular stroke count
ratio Ian estimate of the severity of aortic regurgitation) was
markedly elevated as were systolic wall stress and left
ventricular mass.

Aortic distensihitity . There was a significant inverse cor-
relation between aortic distensibility, and age in both the



Figure 1, Relation between aortic distensihilily and up, in l6narmd
subjects.

normal control group (r = -0 .65, p < 0 .009 : Fig . I /and the
group with aortic regurgitation (r - -0.62 . p < 0 .001 : Fig .
2). Aortic distensibility decreased logarithmically with ad-
vancing age (Fig. I) . After 40 years of age, distensibility of
the proximal ascending aorta appeared to remain relatively
constant in both patients and control subjects . There were
also significant but modest inverse logarithmic correlations
between aortic distensibility and systolic wall stress it =
-0.58, p < 0.0001), left ventricular mass Ir = -0,64. p <
0.0001) and left ventricular end-diastolic and end-systolic
volumes (r = -0 .47, p < 0 .007 and r = -0.41 . p < 0.016.
respectively), There was no significant correlation between
aortic distensibility and ejection fraction. stroke volume
index or left ventricular/right ventricular stroke count ratio.
There were nine patients with a systolic blood pressure
between 140 and 168 mm Hg initially and six patients with
systolic pressure 5140 Iran Hg at follow-up .

Aortic valve replacement (Table 2). The patients with
aortic regurgitation were then classified into two suhgroupi:
1) the I1 patients who subsequently underwent aortic valve

Figure 2. Relation between aortic disteosibllily and age In 33
patients with aortic regurgitation .

°

	

ACE

AVR = -x valve replocowsor. other abbreviations as in Table I .

rptacement within 7 years for symptoms of left ventricular
dysfunction, and 2) the 22 patients who did not. The mean
total duration of fallow-up was 61 ± I I months, in the 11
patients who underwent valve replacement . the decision to
recommend the procedure was made by the individual
physicians caring for the patients . All 11 patients had clear
documentation of symptoms referable to left ventricular
dysfunction or substantial decreases in left ventricular eject
Lion fraction, or both, prompting valve replacement . None
had endocarditis at the time of clinical deterioration, There
was no significant diffe exe at baseline between the groups
with and without valve replacement in age, duration of aortic
regurgitation, left ventricular ejection fraction, left ventric-
ular/right ventricular stroke count ratio or left ventricular
mass (Table 2). However, the group undergoing aortic valve
replacement had a significantly lower aortic distensibility
and a larger left ventricular end-diastolic volume, end-
systolic volume and stroke volume. This group also tended
to have a higher left ventricular sy italic wall stress (p = 0.08
INSI)_ Systolic blood pressure was higher in the patients
with than in the patients without valve replacement (136 ± 9
and 123 = 16 mm Hg, respectively, p < 0.05) and diastolic
blood pressure leaded to be tower in the valve replacement
group (55 x 22 vs . 62 ± 1. 1 mm Ilg, respectively, p = 0.22).
Thus . pulse pressure was larger in the group with than in the
group without valve replacement (80 ± 18 vs . 63 t
18 mm Hg. respectively, p : 0.02) .

Predictors of raced for aortic valve replacement Stepwise
logistic regression analysis revealed that left ventricular
end-diastolic volume index and systolic blood pressure were
the two variables that predicted the need for valve replace-
ment: no other variable provided additional independent
information . However, two variables predicted end-diastolic
volume index: aortic distensibility and diastolic blood pres-
sure. These two variables correlated inversely with end-
diastolic volume index, were the only two variables that
independently predicted it and, together, accounted for 51%
of the variability in this index. In addition, aortic disteltsi-
bility and diastolic bland pressure were the only two varia-
bles that independently predicted systolic blood pressure.

JACC Vol . 19.
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Discussion

Aortic distensibWly changes in aortic regurgitation . This
study demonstrated a significant inverse relation between
distensibility of the proximal ascending aorta and age in this
group of nearly asymptomatie patients with chronic aortic
regurgitation . Aortic distensibility also correlated inversely
with left ventricular end-diastolic and end-systolic volumes
as well as systolic Wall stress and left ventricular mass-
These observations suggest that decreases in aortic disten-
sibility that usually occur with increasing age (8-161 may
adversely effect left ventricular systolic wall stress and
ventricular volume. A similar change in aortic distensibility
with increasing age was observed in the normal healthy
volunteers . In addition, the I I patients with aortic regurgi-
tation undergoing aortic valve replacement for left ventricu-
lar dysfunction had lower aortic distensibility than did the
other patients with aortic regurgitation . This finding aim
suggests that decreased aortic distensibility contributes to
the increased afterload imposed on the left ventricle during
systole . The decreased aortic distensibility results in a more
rapid pulse wave velocity so that the reflected wave may
arrive back at the aortic root at a time when systolic ejection
is still occurring, thus increasing afterload (28) . This increase
in aftedoad may contribute to the increasing end-diastolic
volume and systolic wall stress that have been shown (17) to
be indicators of high risk for eventual valve replacement .
The square of the correlation coefficients (r) would suggest
that the changes in aortic distensibility might be responsible
for 22% and 34%, respectively, of the changes observed in
end-diastolic volume index and systolic wall sires% .

End-diastolic volume index and syatefir Mood prosstsre
sere found to be tadependenr predictors of the subsequent
need for valve replacement. Because progressive enlarge-
ment of the fell ventricle is oat or the mgior clinical criteria
on which clinicians base decisiuas to recommend valve
replacement, the predictive value of and-diastolic volume
index for valve replacement might be expected . Aortic
distensibility and diastolic blood pressure provided indepen-
dent information predicting both end-diastolic volume index
and systolic blood pressure . Thcs, lower aortic dislensbility
predicted higher end-diastolic volume and higher systolic
blood pressure in this group of patients with nearly asymp-
tomatic aortic regurgitation. This finding that aortic disten-
sibility has independent predictive value for and-diastolic
volume index and systolic blood pressure supports the
hypothesis that decreasing aortic dislensbility (increased
stiffness) contributes to hemodynamic deterioration in these
patients.

Systolic blood pressure was higher and diasrolic blood
pressure tended to be loner in the group suit valve replace-
menl. Consequently pulse pressure was also greater in this
group . The higher systolic blood pressure may be due in part
to a stiffer aorta, that is, decreased aortic distensibility 128),
in this group.

JACC Vol . 19, No. 4
Wnch 15,1992 :7 1 3-8

Possible mechanisms of changes in aortic distenslbility .
Previous investigators (8-16) have shown that aortic disten-
sibility varies with age . Fragmentation of the circumferential
layers of elastic tissue and its replacement with collagen
fibers has been observed with increasing age 129) . With
increasing age the ascending aorta tends to dilate (30) and
become thicker (9) . The dilation would result in higher
circumferential wall stress and the thickening of the aortic
wall would tend to normalize the wall stress (9). Also the
large stroke volume that occurs in patients with aortic
regurgitation may contribute W excessive stress on the
ascending aortic wall. This could ocmproruise the vasa
vasorum bland supply and damage the medial layer of the
artery as described in hypertension (31,32). The increased
"stiffness" of the aortic wall in this study may be duo to 1)
a decrease in the eiastinlcollagen ratio, 2) the increase in the
wall thickness of the aorta with increasing age (9), or 3)
dilation of the aorta (30). Also, the aorta may be becoming
more atherosclerotic with calcification . There is more clastin
than collagen in the thoracic aorta (33). Aging alters the
histologic structure of the arterial wall (29,34) and thus may
modify the dynamic response of the artery to changes in
arterial pressure that occur during the cardiac cycle .

Limitations of study. The accuracy of measurements of
aortic diameter with ultrasound is limited principally by the
quality of the image. Interobserver and intraubserver vari-
ability with respect to these echocardiagraphic aortic mea-
surements was sufficient to allow measurement of changes in
aortic diameter between diastole and systole . Similar kinds
of errors for these aortic dimension measurements also
occur with invasive techniques (9,12-14) . Newer imaging
techniques such as nuclear magnetic resonance imaging or
intravaseular echocardiography with improved spatial reso-
lution may improve the accuracy of aortic dimension mea-
surements (35). In addition, the distensibility of the proximal
ascending aorta measured al one location in one dimension
may nut be representative of multiple measurements that
characterize the total aortic distensibility. The measurement
of pulse pressure by sphygrnomanometry was used as an
approximation of central aortic pulse pressure . Peripheral
amplification of systolic pressure and peripheral reduction in
diastolic pressure may have resulted in an overestimation of
pulse pressure . However, peripheral amplification of pulse
pressure decreases with age (8) even though the aortic wall
gets stiffer with age 136) . This paradox may be due to
increasingly uniform stiffness in the arterial tree as a whole .
As the level of aortic stiffness increases toward the stiffness
level of the peripheral arteries, pressure wave reflections
may he decreased. These wave reflections are the cause of
the peripheral amplification (36,37) . End-diastolic pressure
was obtained at the fourth Korolkov sound because this
sound has been found to correlate with end-diastolic pres-
sure in patients with aortic regurgitation (27) .

The measurerneutu of left ventricular volumes by radio .
mrclide arrgiograplty are subject to errors due to differences
in attenuation of the 140 keV photons between patients and
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in computer edge detection . However, the reproducibility of

the measurements of left ventricular volume 1381 was suffi-

cient for the purposes of this study . ludreti. the correlations
between end-diastolic volume and aortic distensibility are

highly significant even though both measurements may be

subject to various errors in measurement.

The liming of aortic valve replacement could have af-

fected some of the results of this study . The individual

physicians caring for the patients recommended surgery an

the basis of symptoms referable to left ventricular dysfunc-

tion or substantial decreases in left ventricular ejection

fraction, or both . However, the timing of valve replacement

is, at present, controversial (17,39-42) . The group with

aortic valve replacement tended to be older than the group

not undergoing valve replacement, but this difference did not

achieve statistical significance, possibly because of the rel-

atively small number of patients. The hypothesis of this

study would suggest that, in fact, the patients requiring valve

replacement should have been older because aortic disten-
sibility decreases with age, especially around the age of 40

years . The duration of aortic distensibility also tended to be

longer in the patients undergoing valve replacement .

Conclusions. This study demonstrates a decrease in aor-

tic distensibility with increasing age in patients with aortic
regurgitation that is similar to that seen in normal patients . In

patients with aortic regurgitation, decreased aortic distensi-

bility appears to be a factor related to increases in left

ventricular size, function and systolic wall stress . These

variables in turn appear to be important predictors in the

gradual deterioration that occurs in patients with chronic
aortic regurgitation . Our observation that patients who re-

quired valve replacement had lower aortic distensibility

supports this possibility .

The statistical assistance of Port Molder, PhD is grdef Lily acknowledged .
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