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Aortic di ility d with g age. Patlents with
chromic aortic regurgitation eject a large stroke volume into the
proxima) norta. A decrease in distensibility of the anria may
impose a higher afterload on the left ventricte and may contribute
1o deteriorativn of leflt ventricular function over time. Accord-
ingly, aortic distensibility was measured in 33 patients aged 13 to

ular volumes and ejection fraction were measured by radionaclide
ventriculography.

Aartic distensibility decreased logarithmically with increasing
age (r = —0.62, p < 0.001) and also correlated inversely with
systolic wall stress, left ventricolar mass and end-diastofic volame.
TPatients who eventually underwent aortic valve replacement for

73 yeass who hud chrunic isolated aortic with

minimal or no symptoms.

Ascending nortic diameter was measured 4 cm above the aortic
valve by twa-dimensional echoc: hy and pulse pressure
was i by Y. Aortic
distensibility was calculated as (Change in aortic diameter be-

symp of left icular dysfumction had significantly lower
aortic distensibility than did those who did not yet require valve
replacement: 0.09 = 0.08 vs, 0.22 £ 6.19 x 1/100 (I/mm Hg)
(p < 0.05).

Thus, the redeced aostic distensibility that occurs with increas-
ing age may contribate to the gradual keft ventricular dilation and

tween systole and diastole/End-diastolic diameter)/Pulse pressore. dysfunction seen in patients with chromic aortic regurgitation.

Left vemtricular systolic wall slress and mass were derived from (7 Am Coll Cardiol 1992;19:733-8)
dard M-mode echocardiograpl Left ventric-

Patients with chronic aortic regurgitation experience a grad-  resuit in i p e to left icular cjection

ual deterioration in left ventricular performance over time
{1-4). The causes of this gradual decline are not weit defined.
The altered loading conditions imposed on the left ventricle
in aortic regurgitation are due to increased preload and
afterlnad—the latter contributing to increased end-systalic
wall stress (5,6). During ejection of the left ventricular stroke
volume, the proximal aorta distends and this aortic disten-
sion decreases lhe impedance tw outflow from the left

i¢le. In aortic itation, 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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with resultant increases in systofic wall stress of the lefl
ventricle. It has been noted (7) that patients with chronic
aortic regurgitation usually experience a deferioration of left
ventricular function in the 4th decade, at a time when aortic

i ibility is di ng (8-16). I 3 systolic wall
stress and cnd-diastolic volume have been associated with
an increased necd for valve replacement { 17] Therefore we
hypothesized that d aortic i bility 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 aonic valve replace-
ment.

Methods

Study patients (Table 1). Thirty-three patients with
chronic iselated aortic regurgitation were studied. All pa-
tients were in New York Heart Association functional class
1 or early class If on entering the study (I8). 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
Awrtic Regurgitation
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[rhl)cardmgmphv. All patients underwent standard two-

| and M-mode echocardiography with use of
Hewlett-Packard modgl Sonos 500, Measurements of the
aortic root diameter were made 4 em above the aortic valve.
The end-diastolic measurements were m~__: at the onset of
the R wave and end-systolic measlrements at the peak of the
T wave on the elecirocardiogram {ECG) with the light pen
quantification system. This sysiem has been electronically
<alibrated, The mean of three separate measurements of
cud-dlaslolsc and end-sys(uln: diameter was used in the
lation of awviic di ibility. Intraobserver and inter-
observer orrelalions were r ~ 0.91, SEE = .28 cmand r =
0.89, SEE = 0.26 ¢m, respectively, Left ventricular wall
thickness and chamber measurements were made in stan-
dard fashion (195 withaut knowledge of the paticat's age or
the results of radienuclide measurements of left ventricular
volume or function. Left ventricular mass and systolic wall
stress were calculated as previonsly deseribed (20,21).

Agetyn LENE
Gender M. IF
Duretion of AR (v [ L]
LY EDVI imlim? 157272
LV ESVLimbm’) %6333
LV SVIdmlim?) 10) = 43
LY EF (%! 23
LVIRV siroke coun: 1utiv LRES
Sysiolic walt stress tvnesiom? EEE
LV mass @ A0 2 151
Ao distensibility (1/mm Hgy x107% 017 = 0.6
Etivlogy of AR

Rheumatic 5

Congenital 17

s/p cammissuratomny 4

ofp ertocandine: 1

Traumatic H

Unknown 5

Av = zonic: AR = aonic regurpitation: EDVI — end-diastolx vofume

ndex: ESVI nd-systolic volume index: EF = ejection fraction: F ~
Femalz; LY = |ef: ventricolar; M = male. RV = right ventricular: s'p = stuts
post: SYI = stroke valume index,

13 to 73 years. The estimated duration of aortic regurgitation
ranged from < 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
pant of the previously reported study. The L palients taking
hydralazine at the time of the echocardiogram did not differ
from Lk other 22 patients with respect to age, lefi ventrie-
ular end-diastolic volume index, ejection Fraction, syslolic
wall stress, left ventricular mass, systolic or diastolic bluod
pressure or aorzic distensibility. All 33 patients were in sinus
rhythm, had a characteristic diastolic murmmur of aoriic
repurgitation on physical examination, had preserved left
ventricular ejection fraction and were not considered a
surgical candidate al the time of siudy.

All patients wnderwent 1) two-dimensional and M-mode
echocardiography for measurement of aortic root size and
left ventricular dimensions and wall thickness, and 2) radio-
nuchde angiographic measurements for lel ventricular end-
disstolic and cnd-systolic volumes, ejection fraction and
regurgitant index (left veawicular/right vemivicular siroke
count ratio). No other cardiac disease was known to be
present: specifically, no patient had hemodynamically signif-
icant aortic stenosis, coronary artery disease or peripheral
vascular disease.

Sixteen healthy normal volunteers without hypenension
or other medical diseases also underwent simultaneous
two-di ional 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.

Radionuclide left v aphy. All patients with aor-
tic regurgitalion underwent radionuclide ventriculographic
assessment of lefl ventricular end-diastelic and end-systolic
valumes and gjection fraction as previously described (6,22).
The whole body radiation dose was 0.32 rem. Left ventric-
vlar end-diastolic and end-systolic volumes have been
shown (6) 1o correlate well with angiographic measurements
of lefi ventricular velume in our laboratory. The left ventric-
ulariright veatricular stroke count ratio was measured as
previeusly described (23}, without knowledge of the echo-
cardiographic of aortic di ibility.

Aortic ility. Aortic ibility was
in the study patients and the normal camwrol group as
[{End-systolic di minus End-diastelic aortic diame-
ter¥End-diastolic diameter|/Polse pressure (24-26). Pulse
pressure was measured by sphygmomanometry as systolic
minus diastolic blood pressure, Diastolic pressure was taken
al the fourth Korotkev sound (27).

Statistical analysis. Correlations among age, aortic dis-
1ensibility. lefi ventricular ejection fraction, volumes and
systolic wall stress were made by regression analysis. Dif-
ferences hetween groups were determined by an unpaired
¢ test. Variahles predicting aortic valve replacememt or
changes in end-dhastolic 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
< 0,03 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 ventricular/tight ventricular stroke count
ratin {an estimate of the severity of aottic regurgitation) was
markedly elevated as were systolic wall stress and left
wventricular mass,

Aortic distensibility. There was a significant inverse cor-
relation between aortic distensibility and age in both the
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Figure 1. Relation between aortic distensibility and oge in 16 normal
subjects.

normal control group (r = ~0.63, p < 0.009; Fig. 1y and the
group with aorlic regurgitation (r - -0.62. p < 0.00): Fig.
2. Aortic di: thality & d logarithmically with ad-
vancing age (Flg. I) Afl.er 40 yeurs of .age dIS[EnSIhlllly of
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Table 2. Charzctesistivs of Paticnts With and Withowt Subsequen:

Valve Replacement

No AVR AVR

In=2) =1l pVane
Age (yry 8= 17 3=z a1
Duration of AR 1yrt B3 MIEN) (2K
LV EDVItml'mr) 136 = 42 [ <005
LV ESVI (mim®) aEW EER) <0.85
LV SVLmym’ FeB 1S Eed <0DS
LV EF (%) 64272 MBrg 0.5
LV/RV stroke caunt ratio 3914 46215 831
Systolic wall stress fdyaesten™ 92 e 688
LV sy (p) 4863 = 152 534 x 142 0.15
Ao distensibifity (fmm Hgix (072 012019 0092008 <008

AVR = aartic valve replacement: other abbraviations as in Tabla I,

replacement within 7 years for symptoms of left ventricular
dysfunction, and 2) the 22 patients who did not. The mean
total duration of follow-up was 61 + [{ months. I the It
patients who underwent valve replacement. the decision o
recommend the procedure was made by the individual
physicizns carmg for the patiemts. All 1§ patients had clear

the p ria appeared to remain
conslanl in both pauems aM control subjecis. There were
also significant but modest inversc logarithmic correlations
between aortic distensibility and sysiolic wall scress (¢ =
—0.58, p < 0.0001), left ventricular mass {r = —0.6d, p <
0.0001) and left ventricular end-diastolic and cnd-systalic
volumes (r = —0.47, p < 0.007 and r = —0.41, p < 0.016.
respectively). There was no significant correlation between
aortic distensibility and cjection fraction, stroke volume
index or left ventricular/right ventricular stroks coumt ratio.
There were nine patieats with a systolic blood pressure
between 140 and 168 mm Hg initially and six patients with
systelic pressure >>140 mm Hg at follow-up.

Aortic valve veplacement (Table 2). The patients with
aortic regurgitation were then classified into two subgrougs:
1) the 11 patients who subsequently underwent aortic valve

Figure 2. Relation bebween aortic distensibility and age in 33
patients with aortic regurgitation,
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ﬂn« of symptoms referable to left ventricular
dysfuncticn ar sub ial d inleft iar ejec-
tion fraction. or both, prompiing vaive replacement. None
had endocarditis at the time of clinical deterigration. There
was ao significant differance at baseline between the groups
with and without valve replacement in age, duration of aortic
segurgitation. lefl venwricular gjection fraction. lefl ventric-
vlar/right vemtricular sivoke count ratio or lft ventricolar
mass (Table 2). Howevcr the group undergeing aonic valve
reph had a ifi y lower acrtic distensibility
and a larger left ventricufar end-dms!ohc volume, end-
systalic volume and stroke volume. This group also tended
10 have a higher left ventricular systolic wall siress {p = 0.08
INS]. Systolic blood pressure was higher in the patients
with than in the patients without valve replacement {136 = &
and 123 = 16 mm Hg. vespectively, p < 0.05) and diastolic
blood pressure tended Lo be tower in the valve replacement
proup (35 = 22 vs. 62 + |1 mm Hg, respectively, p = 0.22).
Thus. pulse pressure was larger in the group with than in the
group without valve replacement {80 + (8 vs. 63 =
18 mm Hg. respectively, p < 0.02).

Predictors of need for aortic valve replacement. Stepwise
logistic regression analysis revealed that left vemricular
end-diastolic volume index and systolic blood pressure were
the 1wo varizbles 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 vatiabfes that
independently predicted it and, together, accounted for 51%
of the variability in this index. In addition, sertic distensi-
bility and diastolic blaad pressure were the only two varia-
bles that independently predicted systolic blood pressure.
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Discussion

Aortic distensibllity changes in aortic regurgitation. This
study demonstrated a significant inverse relation between
distensibility of the proxima! ascending aorta and age in this
proup of ncarly asymptomatic paticms with chronic aortic
regurgitation. Aortic distensibility also correlatcd inversely
with left ventricular end-diastolic and end-systolic volumes
as well as systolic wall stress and left ventricular mass.
These observations suggest that decrenses in aortic disten-
sibility that usually occur with increasing age (8-16) may
adversely effect left ventricular sysiolic wall stress and
ventricular volume. A similar change in aortic distensibility
with increasing age was observed in the normal healthy
volunteers, [n addition, the 11 patients with aortic regurgi-
tatien undergoing aortic valve replacement for left ventricu-
lar dysfunction had lewer acrtic distensibility than did the
other patients with aortic repurgitation. This finding also
suggests that decreased aortic distensibility contributes to
the increased aflerload imposed on the left ventricle during
systole. The decreased aortie distensibilily results in 2 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 occurzing, thus increasing afterfoad (28). This increasc
in afterfoad may contribute to the increasing end-diastolic
volume and systolic wall stress that have been shown (17} 1o
be indicators of high risk for eventual valve replacement.
The square of the ¢orrelation coefficients () would suggest
that the changes in aortic distensibility might be responsible
for 22% ard 34%, respectively, of the changes observed in
end-diastolic volumg index and sysiolic wall stress.

End-diastolic volume index and systolic blood pressure
were found to be independent predictors of the subseqens
need for valve replacement, Because progressive enlarge-
ment of the left venlricie is one of the major clintcal criteria
on which clinicians base decisions to recommend valve
replacement. the predictive valuz of end-diastolic volume
index for valve replacement might be expected. Aortic
distensibility and diastelic blood pressure provided indepen-
dent information predicting both end-diastolic volume index
and systolic blood pressure, Thiss, lower aortic disiensibility
predicted higher end-diastolic volume and higher systolic
blood pressure in this group of patients with neariy asymp-
tomatic aertic regurgitation. This finding that aortic disten-
sibility has independent predictive valne for end-diastolic
volume index and systolic blood pressure supporis the
hypothesis that decreasing zontic distensibility (increased
stiffiess) contributes to hemodynumic deterioration in these
palients.

Systelic blood pressuve was higher and diastolic blood
pressure fended to be lower in the group with valve replace-
men{. Consequently pulse pressure was also grealer in this
group. The higher systotic blood pressure may be due in part
10 a stiffer aorta, that is, decreased aortic distensibility (28),
in this group.

JACC Vol. 19, No. 4
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Possible mechanisms of changes in aorilc distensibility.
Previous investigators (8-16) have shown that aortlc d:sten—
sibility varics with age. Fr ion of the ci
layers of elastic tissue and its replacement wilh collagen
fibers has been observed with increasing age (29). With
increasing apge the ascending aorta tends to dilate (30) and
hecome thicker (%). The dilution would result in higher
circumferential wall stress and the thickening of the aortic
wall would tend to normalize the wall siress (9). Also the
large swroke volume that occurs in patients with aortic
regurgitation may coniribule to eacessive stress on the
ascending aortic wall, This could compromise the vasa
vasoram blond supply and damage the mediat layer of the
artery as deseribed in hypertension (31,32). The increased
“'stiffness”’ of the aortic wall in this study may be dus to 1)
adecrease in the elastin/collagen 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
marc atherosclerotic with cateification. There is more elastin
than eollugen 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 stwdy. The accuracy of measurements of
aortic diameter with ultrasound is limited principally by the
quality of the image. 1 bserver and i ver vari-
ability with respect to these echecardiographic aortic mea-
shrements was sofficient to allow measurement of changes in
aortic diameter between diastole and systole. Similar kinds
of errars Tor these aortic dimension measurements also
oceur with invasive techniques (9,12-14). Newer imaging
techniques such as nuclcar magnetic resonance imaging or
intravascular echocardi hy with improved spatial reso-
lution may improve the accuracy of aortic dimension mea-
surements (35). Inaddition, the distensibility of the proximal
uscending aort measured at one location in one dimension
may nol be representative of multiple measurements that
characterize the total aomc distensibility. The measurement
of pulse p by sphy y was used as an
approximation of central aortic pulse pressure Perlpheml
amplification of systolic p and p | red in
diastolic pressure may have resulted in an overestimation of
pulse pressore. However, peripkeral amplification of pulse
pressure decreases with age (8) even though the aortic wail
gets stiffer with age (36), This paradox may be due w©
increasingly uniform slifness in the arterial tree as a whole.
As the level of aortic stiffaess increases toward the stiffness
level of the peripheral arteries, pressure wave reflections
may he decrensed. These wave reflections are the cause of
the peripheral amplification (36,37). End-diastolic pressure
was obtained at the fourth Korotkov sound because this
sound has been found to correlale with end-diastolic pres-
sure in patients with zortic regurgitation 27).

The measurements of lefi ventricular volumes by radio-
nuclide angiograpity are subject to errars due to différences
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 (28) was suffi-
cient for the purpeses of this study. ladesd. the vorn
between end-diastolic volume and aortic distensi
highly significant even though hoth measurements may be
subject to various errors in measurement.

The timing of aortic valve replacement could have af-
fected some of the results of this study. The individual
physicians caring for the patients recommended surgery on
the basis of symptoms referable lo left vemncular dysfunc-
tion or sut ial d in left v ¢ejection
{raction, or both. However, the timing of valve replacement
is, at present, contioversial (17,39-42). The group with
aortic valve replacement tended to be older than the group
not undergoing valve replacement, but this differcnce 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 arourd the age of 40
years. The duration of aostic distensibility also tended to be
longer in the patients undergoing valve replacement.

Tusi This study d ates a d in aor-
tic distensibility with increasing age in patients with aertic
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 Paul Mulder, PhD is gratefully acknowledged
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