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Objective - To evaluate el astic properties of conduit
arteriesin asymptomatic patients who have severe chro-
nic aortic regurgitation.

Methods - Twelve healthy volunteers aged 30+ 1
years (control group) and 14 asymptomatic patientswith
severe aortic regurgitation aged 29+ 2 years and | eft ven-
tricular gjection fraction of 0.61+ 0.02 (radioi sotope ven-
triculography) wer e studied. High-resol ution ultrasono-
graphy was performed to measur e the systolic and diasto-
lic diameters of the common carotid artery. Smultaneous
measurement of blood pressur e enabled the cal cul ation of
arterial compliance and distensibility.

Results - No differences wer e observed between pa-
tients with aortic regurgitation and the control group
concerning age, sex, body surface, and mean blood pres-
sure. Pulse pressurewas significantly higher intheaortic
regurgitation group compared with that in the control
group (78+ 3versus48+ 1mmHg, P<0.01). Arterial compli-
ance and distensibility weresignificantly greater intheaor-
tic regurgitation group compared with that in the control
group (11.0+ 0.8 versus8.1+ 0.7 10 N'* n, P=0.01 e and
39.3+ 2.6 versus31.1+ 2.0 10° Nt n?, P=0.02, respectively).

Conclusion - Patientswith chronic aortic regurgita-
tion haveincreased arterial distensibility. Greater vascular
compliance, to lessen theimpact of systolic volume g ected
into conduit arteries, represents a compensatory me-
chanismin left ventricular and arterial system coupling.
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Theelastic properties of great arteries determinethe
pul satile component of afterload and influence the perfor-
mance of theleft ventricle -, especially when ventricular
dysfunction is present 5©.

Theimportance of the great arteriesin absorbing the
impact of the oscillations caused by the alternating func-
tion of theheart must be particularly highlightedin patients
withaorticregurgitation, inwhichavery largestrokevolu-
meisejectedintothe proximal aortaat each systole.

Dilation occurs during the devel opment of chronic
aorticregurgitation, and, later, left ventricul ar dysfunction
occursassoci ated with symptomsand theworsening of the
prognosis’. Severa factorsareinvolvedinthemaintenance
of left ventricular functionin chronic aortic regurgitation,
andtheroleof afterloadislittleknowninthisprocess.

The objective of the present study isto evaluate the
elastic propertiesof great arteriesin asymptomati c patients
with severe chronic aortic regurgitation and preserved | eft
ventricular function.

Methods

Fourteen patientswith severeisol ated aortic regurgi-
tation were studied, the mean age was 29+2 years, and 11
weremen and 3werewomen. Patientsdid not haveclinical
symptoms of congestive cardiac regurgitation (functional
classl, NYHA). The cause of valvular dysfunction was
rheumatic fever in al cases. The mean gjection fraction of
theleft ventricle, assessed through radioi sotope ventricu-
lography, was 0.61+0.02. Echodoppl ercardiography was
performedin patientsprior tothestudy. All patientshad si-
nus rhythm on echocardiography at the time the examina-
tionwasperformed, and they werenot taking medication be-
foreor after itsperformance.

Thecontrol groupincluded 12 healthy volunteerswho
had no history of previous cardiovascular or systemic di-
sease. Themean agewas 30+1years, 11 weremen, and one
wasawoman.

Informed consent was obtained from all participants
prior to the beginning of the study, according to the Ethics
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Committee of the Hospital das Clinicas of the School of
Medicineof theUniversity of S&o Paulo.

Patientsand healthy volunteerslyinginthesupinepo-
sition werestudied after they had restedinaquiet and dim-
med environment for 15 minutes. Ultrasound equipment
(Ultramark-8, Advanced Technology LaboratoriesInc.,
Bothell, USA), with ahigh-resolution transducer (7.5MHz),
wasused to obtaintwo-dimensi onal imagesof thecommon
carotid artery, inalongitudinal section of itscephalicportion
1cm below the bifurcation. Thetransducer was positioned
at 90° tothevessels, sothat adventitial, medial andintimal
layerswereclearly discernible. Theinner echogeniclineis
generated by theintimal surface®. Paralld tothislineweob-
served ahypoechoic space, themedial surface, and another
echogenicline: theimagesof theadventitiacarotid arteries
wereobtained by the same observer and were coupled with
thesimultaneous echocardiogram and videotaped for | ater
measurement of arterial diameter.

Systemic blood pressure was obtained by upper arm
sphygmomanometry, s multaneoudy withtheacquisition of
an ultrasound image of the carotid artery obtained with an
automated oscillometric method (Dinamap, Critikon Inc.,
Tampa, Florida). Mean blood pressure was cal culated by
adding diastolic pressure and athird of the pul se pressure.

Based onélectrocardiography records, imageswerese-
lected at time poi ntsthat corresponded to systolic expansion
of thecarotid artery (within 60msof thee ectrocardiography
T wave), and with diastolic relaxation (concurrent with the
onset of thed ectrocardiography Rwave). Theseimageswere
recorded in acomputer equipped with video-frame grabber
(Willow PublishersVGA, Willow Peripherds, Inc., Bronx, NY,
USA) forlater determination of carotid artery diameter, using
acomputer program devel oped for thispurpose. The posteri-
or wall boundary (far wall) corresponding to theinterface
between the lumen and intimaand anterior wall boundary
(near wall) corresponding to theinterface of the adventitia
and media (fig. 1) weretraced. Once the boundarieswere
traced, anautomated algorithmwasused todetermineartery
diameter. An average of 3to 5 measuresin differentimages
was used to determine the final diameter of the artery in
systoleand diastole. Theinterobserver variability pertaining
tomeasurementsof carotid artery diameter was1.5+1.0%and
theintraobserver variability was1.0+0.8%°.

Artery distensibility and compliance measures of the
artery elastic propertiesthat relateartery diameter variability
toacorrespondingvariability of smultaneousblood pressure
weredetermined, according to thefollowing equation*°:

Digtensibility = 2PSPIDd_ s e
SBP-DBP
Arterial Compliance= (Ds-Dd) miDd (N'1. M%)
2 (SBP-DBP)

Where: Ds-the carotid artery diameter in systole (mm);
Dd-carctidartery diameter indiastole(mm); SBP-systolicblood
pressure(mmHg); DBP-diastolicblood pressure(mmHg).

Dataare presented asmean + standard error. Compari-
son of averages between the groups (control and aortic re-
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Fig. 1—Two-dimensional image of common carotid artery longitudinal cut. PW-
proximal wall; DW - distal wall; A- adventitiouslayer; M - middlelayer; |- inner
layer; D - arteriad diameter.

gurgitation) wasperformed using thet test for independent
samples. Analysisof equality proportionsbetween thetwo
groupswasmadeusing Fisher’sexact test. Statistical signi-
ficancewasaccepted as5% (p<0.05).

Results

Echocardiographic assessment showed that patients
with aorticregurgitation had | eft ventriclediastolic diame-
tersof 71+2mm, and left ventricle systolic diameters of
34+1%. Record through Doppler method defined aorticre-
gurgitationassignificantinall patients.

Patientsintheaortic regurgitation groupwerenodiffe-
rent from the control group regarding age (29+2 vs. 30+1
years, P=0.67), sex (11 menand 3womenvs. 11 menand 1
woman, P=0.60), weight (72+4vs. 74+2K g, P=0.61), height
(168+3vs. 175+2cm, P=0.06) and body surface(1.82+0.06 vs.
1.90+0.02n?, P=0.23).

Mean blood pressure was the same in both groups;
however, systolic pressurewassignificantly higher and di-
astolicwassignificantly lower in patientswith aorticregur-
gitation. Pulse pressurewassignificantly higher in patients
with aorticregurgitation (tab. 1).

Assessment of carotid artery diameter showedthat nodif-
ference existed in diastolic diameter between thetwo groups.
However, at thetimeof systolicexpansion, carotidartery diame-
terwassgnificantly grester inpatientsintheaorticregurgitation
group. Thedifference between systolic and diastolic diameter
was significantly greater in the aortic regurgitation group
comparedwiththat inthecontrol group (tab. 1).

Artery complianceand distensibility weresignificantly
gresater in patientswith chronic aorticregurgitation compared
withthat inthevolunteersof thecontrol group (tab. 1).

Discussion

Maintaining the systolic function of theleft ventricle
enabl espatientswith severe aortic regurgitationtoremain
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Table | - Hemodynamic char acteristics and elastic properties of
thearteriesin the control group and in the aortic regurgitation
group (ARO)

Control group ~ Aro group P
(n=12) (n=14)

Blood pressure (mmHg)

Systolic 11642 132+4 <0.01
Diastolic 68+2 54+2 <0.01
Mean 84+2 80+2 0.24
Pulse pressure 48+1 78+3 <0.01
Carotid artery diameter (mm)

Systolic (Ds) 6.28+0.17 7.20+0.19 <0.01
Diastolic (Dd) 5.71+0.15 5.98+0.16 0.23
Ds-Dd 0.57+0.05 1.22+0.10 <0.01
Arterial 8.1+0.7 11.0+0.8 0.01
compliance (10°N-*m)

Arterial 31.1+2.0 39.3+2.6 0.02

distensibility (10N m?)

asymptomatic or with few symptomsduring alongtimepe-
riod. Identifying the factorsinvolved in the worsening of
the symptomsand of prognosisisimportant so that the na-
tural course of the disease can bealtered .

Our findings show that elastic properties of the great
arteries, expressed by artery distensibility and compliance,
must play animportant roleinleft ventricul ar-arterial system
couplingin patientswith aortic regurgitation. In our popul a-
tion of asymptomatic patients with preserved ventricular
function, wefound an increasein the capacity of the great
arteries to absorb the oscillations caused by the great sys-
tolic volumegjected each systole, duetothegreater carotid
artery compliance and distensibility compared withthatin
the healthy volunteer group.

The participation of the elastic propertiesof the great
arteries, asafactor that contributes to the maintenance of
left ventricular functioninaortic regurgitation, isthe object
of interesting.

Thestudy of elasticartery properties, inan experimen-
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tal model of aorticregurgitation, reportsthat increased dis-
tensibility in the aortaresultsin adecreaseinits characte-
risticimpedanceafter devel opment of val var regurgitation'2.
Thus, greater distensibility of the artery is considered an
adaptation mechanismto theacuteincreaseof total systolic
volume.

The adaptation of the arterial system in patientswith
chronicaorticregurgitationwasanayzed by Devlinetal. %3,
who observed adecreasein arterial elastancein patients
with impaired left ventricular contractility and preserved
g ectionfraction. However, thosewithimpaired contractility
and reduced | eft ventricular g ectionfractionhad anincrea-
seinarterial elastance, with consequent increaseinleft ven-
tricular afterload and deteriorationinef | eft ventricul ar per-
formance, thus concluding that mal adaptation of thearterial
systemisamechanismthat contributesto progressivedys-
function of theleft ventriclein chronicaortic regurgitation.
We should emphasize that, unlike the noninvasive ap-
proachthat weused, analysisof total arterial elastanceisan
invasive approach that does not enable separation of the
elastic propertiesof thegreat arteriesand arteriol es.

Studying ageasafactor involved in progressivedila-
tion and left ventricular dysfunction, Wilson et al. * sug-
geststhat the decrease in aortic distensibility, associated
with increasing age, contributes to maladaptation of left
ventricular function observed during evolution of chronic
aorticregurgitation.

Our study shows that young asymptomatic patients,
with aortic regurgitation, have avascular reserve, that is,
they possessgreater arterial distensibility when compared
withthe healthy group, which diminishestheimpact of the
increased systolic volume.

We need further investigation into the influence of
duration of thedisease, devel opment of symptoms, and | eft
ventricular dysfunction over theelastic propertiesof thear-
teriesin chronic aortic regurgitation. It ispossiblethat this
analysis presents more data that will help in choosing a
treatment for this disease.
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