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SUMMARY To assess the accuracy of echocardiography in determining the cause of aortic regurgita-
tion M mode and cross sectional echocardiography were compared with angiography in 43 patients
with predominant aortic regurgitation. Each patient had all three investigations performed during
the same admission to hospital. In each instance, the cause of aortic regurgitation was confirmed at
surgery or necropsy. Seventeen patients had rheumatic aortic valve disease, 13 bacterial endocarditis
with a perforated or partially destroyed cusp, five a biscuspid aortic valve (four with a history of
endocarditis), and eight aortic regurgitation secondary to aortic root dilatation or aneurysm. Overall
sensitivity of echocardiography and aortography was 84% in determining the cause of aortic regurgi-
tation.
Thus, rheumatic valve disease and endocarditis appear to be the most common causes of severe

aortic regurgitation in this hospital based population. Furthermore, echocardiography is a sensitive
non-invasive technique for determining the cause of aortic regurgitation and allows differentiation of
valvular from root causes of aortic regurgitation.

Aortic regurgitation may be caused by valvular dis-
ease, aortic root disease, or a combination of both.
Early reports showed that rheumatic and syphilitic
involvement accounted for most patients with chronic
aortic regurgitation.' With the decline in the inci-
dence of these two diseases, aortic regurgitation has
become a condition with multiple causes,2 which
include infective endocarditis, dissecting aneurysms,
traumatic rupture, and prolapse of an aortic leaflet
secondary to myxomatous degeneration.3
The cause of aortic regurgitation is not always

apparent from clinical examination. In the past this
information could be obtained at cardiac catheterisa-
tion. With the advent of echocardiography differenti-
ation of the various causes is possible non-invasively.
The purpose of this study was to compare echocar-
diography with angiography in determining the
causes of aortic regurgitation.

Patients and methods

M mode and cross sectional echocardiograms in 43
consecutive patients undergoing aortic valve replace-
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ment for predominant aortic regurgitation were
reviewed. The patients' ages ranged from 25 to 62
years. Patients with pressure gradients >20 mm Hg
across the aortic valve as well as those with combined
stenosis and regurgitation were excluded from the
study.

ECHOCARDIOGRAPHY
M mode echocardiography was performed in the
supine and left lateral position using a Smith-Kline
Ekoline 20A ultrasonoscope with 2.5 MHz medium
(7.5 cm) internally focused transducer. Permanent
recordings were obtained with a Irex 101 continuous
recorder.

Cross sectional echocardiography was performed
using a Varian V-3000 phased array sector scanner.
Figs. 1-5 were photographed from single frame vid-
eotape images. Complete cross sectional echocardio-
grams included (a) the parasternal long axis view to
evaluate the aorta, the aortic valve, and the mitral
valve; (b) parasternal short axis views at the level of
the aortic and mitral valves; and (c) apical four
chamber and apical two chamber long axis view. The
echocardiograms were reviewed by three echocardi-
ographers without knowledge of the clinical, catheter-
isation, or surgical findings.
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Rheumatic mitral valve disease-The M mode and
cross sectional echocardiographic features of rheu-
matic mitral valve disease have been described in detail.4
In brief, the criteria for M mode echocardiography
are (a) a thickened mitral leaflet; (b) a varying E-F
slope; (c) parallel motion of both anterior and pos-
terior leaflets during diastole; and (d) an enlarged left
atrium. The cross sectional criteria are (a) thickened

mitral leaflets with an obtuse angular bend of the
anterior mitral leaflet in diastole and (b) a relatively
stationary posterior mitral leaflet in the parasternal
long axis view. In addition, aortic valve involvement
is suggested echocardiographically by thickened
leaflets with restricted motion in the setting of mitral
valve involvement4 (Fig. 1).

Bicuspid aortic valve-The criteria for M mode rec-
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Fig. 1 (a)M mode echocardiogram in a patient with rheumatic
aortic and mitral valve disease showing thickening of the aortic
valve (AV) and restricted motion. The anteior mitral leaflet
(AML) and posterior mitral leaflet (PML) show paraUlel anterior
motion in diastole and both leaflets are thickened, the EF slope is
reduced and the left atrium (LA) is enlarged. (b) Parasternal
long axis cross sectional echocardiogram in a patient with
predominant aortic regurgitation secondary to rheumatic heart
disease. Cross sectional features include aortic valve thickening
associated with thickened mitral leaflets with an obtuse angular
bend of the anterior mitral leaflet in diastole. IVS,
interventricular septum; LV, left ventricle.
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ognition of bicuspid aortic valve are an eccentricity
index > 1.5,5 6 increased leaflet thickness,7 and multi-
ple diastolic cusp echoes.6 8-10 The cross sectional
echocardiographic findings of a bicuspid valve are two
cusps seen on short axis view (with or without a
raphe)9 and doming of the valves in systole in the
parasternal long axis view'0 (Fig. 2)
Aneurysms-These were defined by both echocar-

diographic procedures as a localised dilatation of the
aortic wall. "I Aortic dimension on M mode echo was
recorded in end diastole from the leading edge of the
anterior wall to the leading edge of the posterior wall
at the level of the aortic leaflets."I Cross sectional
measurement of the ascending aorta was made at the
level of the midpoint of the sinuses of Valsalva in the

parasternal long axis view. Aortic root dilatation was
defined as -44 mm."I

Aortic valve vegetation-The M mode echocardio-
graphic features are (a) a rapidly oscillating density
attached to one of the aortic leaflets causing a shaggy
"thick" appearance of the aortic leaflets during systole
and diastole'2 and (b) normal systolic motion or sep-
aration of the aortic valve leaflets (usually more than
2*5 cm). The cross sectional echocardiographic
finding is a rapidly oscillating mass attached to one of
the aortic valve leaflets."3 14 Features of a flail aortic
valve cusp are (a) diastolic fluttering of the aortic valve
cusp and (b) diastolic prolapse of part of the aortic
valve leaflet into the left ventricle.15-'8 A flail cusp
may coexist with a vegetation or may occur by itself as

t_ It_ I., AMW a; Em -.- - ..."Am
Fig. 2 Cross sectional echocardiogram in the parasternal long axis plane (a and b) and parasternal short axis plane (c and d) in a
patient with a bicuspid aortic valve and aortic regurgitation. Systolic doming is apparent in (a) with normal diastolic closure in (b). In
the short axis view in systole the "circle within the circle" appearance is present in (c) whereas in diastok (d) the anterior (A) and
posterior (P) cusps are separated by a horizontal commissure. LA, kft atrium; Ao, aorta; LV, kft ventricle; RVOT, right ventricuar
outflow tract; RA, right atrium; DTA, descending thoracic aorta.
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indicated by normal leaflet thickness. The distinction
between a vegetation prolapsing into the outflow tract
and a flail aortic valve leaflet may not always be made
by cross sectional echocardiography.

CARDIAC CATHETERISATION AND ANGIOGRAPHY
All patients underwent complete left and right heart
catheterisation percutaneously through the femoral
artery and vein or through a cutdown to the right
brachial artery and vein. Pressures were recorded
with fluid filled manometers on an Electronics for
Medicine photographic recorder. Left ventriculogra-
phy was performed in the right anterior oblique and
the left anterior oblique projections. Aortography was
performed in the left anterior oblique projection or
using biplane cineangiography in the right anterior
oblique and left anterior oblique projections. The
degree of aortic regurgitation was graded according to
the method of Hunt (1+ to 5+).19 Twenty three
patients had grade 5+ aortic regurgitation (radio opa-
que material completely opacified in the left ventricle
in three or less beats with the aorta being denser than
the ventricle) and 20 grade 4+ (opacification of the
left ventricular cavity from the regurgitant flow with
more than three beats). The angiograms were
reviewed by two angiographers without knowledge of
the clinical, echocardiographic, and surgical findings.

DIAGNOSTIC CRITERIA
Catheterisation and angiographic criteria for rheuma-
tic aortic regurgitation include the presence of aortic
regurgitation with a normal aortic root together with
haemodynamic evidence of an end diastolic gradient
across the mitral valve. A bicuspid aortic valve was
present if only two cusps were identified on aortogra-
phy. Aortic aneurysms were identified as localised
dilatation or a diffuse enlargement of the aortic root
on aortogram. The diagnosis of endocarditis by
angiography was suggested if aortic valve vegetations,
aortic root abscess, or sinus of Valsalva aneurysms
were identified. Aortic valve vegetations were defined
by angiography when localised radiolucencies were
seen to move freely with the motion of the aortic valve
leaflets or when localised filling defects were seen in
the aortic sinus of Valsalva in the absence of
calcification. These were frequently recognised dur-
ing left ventriculography when simultaneous
opacification of the left ventricle and aorta were seen.

SURGERY
Surgical and pathological confirmation were available
in all patients. Aortic regurgitation was considered
rheumatic in origin if fused commissures with
calcified thickened and fibrosed valves with rolled up
edges were present in association with mitral valve
involvement-namely, cuspal, chordal, or commis-

sural fusion. The mitral valve was inspected at the
time of surgery by the surgeon. After the aortic root
was opened and the aortic valve excised the left ven-
tricular inflow tract to the left ventricular apex was
inspected with the use of a head lamp. Rheumatic
mitral valve involvement could be determined by
direct visualisation of the deformed and thickened
mitral leaflet. Aortic regurgitation was considered to
be secondary to a biscuspid valve if two commissures
were identified with or without a raphe present in one
of the cusps.20 This cause was considered secondary
to endocarditis if the aortic cusps were covered with
multiple polypoid appearing vegetations or if the
leaflet was perforated or torn in the presence of a
clinical picture consistent with endocarditis. Healed
endocarditis was considered to be present if there was
thickening of the valve with adhesions, especially in
patients with a past history or clinical syndrome com-
patible with endocarditis. Aortic regurgitation secon-
dary to aortic root disease was present if pronounced
generalised dilatation of the aorta was noted or if an
aneurysm was present. Aneurysms are defined as a
localised dilatation of the aortic wall and may be
fusiform or saccular in configuration. Anuloaortic
ectasia was defined as dilatation limited to the sinuses
of Valsalva or pear shaped ectatic enlargement of the
aortic root and ascending aorta.2' The two techni-
ques, angiography and echocardiography, were com-
pared in their ability to determine the cause of aortic
regurgitation using surgical findings or necropsy
findings as the standard of reference.

Results

The Table shows the causes of aortic regurgitation, as
determined by anatomical inspection at surgery,
echocardiography, and angiography.

CAUSES
Rheumatic heart disease-Seventeen patients had pre-
dominant aortic regurgitation secondary to rheumatic
disease. Both M mode and cross sectional echocar-
diographic findings were consistent with rheumatic
heart disease in all 17 patients. In each patient angi-
ography showed 4+ to 5+ aortic regurgitation, and
end diastolic pressure gradients were recorded across
the mitral valve.

Bicuspid aortic valve-Five patients had bicuspid
aortic valves at surgery. Four had clinical presenta-
tions compatible with endocarditis. Echocardio-
graphic findings were diagnostic of bicuspid valve in
three patients by cross sectional echocardiography
(Fig. 2). Echocardiography detected vegetations in
three of four patients with endocarditis and a bicuspid
valve. Three patients were considered to have bicus-
pid aortic valve by angiography. Fig. 3 shows the
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Table Causes ofaortic regurgiiation detmned at surgery and by echocardiography and angiography

Causes No (%) ofpatens correcty idae

SurgWy Echocardiography Angiograply
Rheumatic valve disease 17 17 (100) 17 (100)
Aortic root dilatation 8 8 (100) 8 (100)
Endocarditis (excluding bicuspid valves) 13 8 (62) 8 (62)
Bicuspid valve 5* 3 (60) 3 (60)
Total 43 36(84) 36 (84)

*Four with clinical presentation consistent with endocarditis.

Fig. 3 Cross sectional echocardiogram showing (a) parasternal long axis view and (b)
apical two chamber view in a patient with a bicuspid aortic valve and endocarditis. The
aortic valve prolapses into the left venricular outflow tract duing diastole and is thickened
(large arrow). In the two chamber apical view a small vegetation is attached to the anterior
cusp and protrdes into the kft ventricular outflow tract (large arrow). LA, kft atrium; LV,
kft ventricle; Ao, aorta; MV, mitral valve.
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echocardiogram of a patient with bicuspid aortic valve
and endocarditis.

Aortic root dilatation-Eight patients with severe
aortic regurgitation had aneurysmal aortic root dilata-
tion at surgery. Of these, six had typical anuloaortic
ectasia (Fig. 4). Cross sectional echocardiography
detected aortic root dilatation in all eight cases and
M mode detected the abnormality in five. In all
patients, angiography reliably detected aortic root
aneurysmal dilatation.

Endocarditis (excluding bicuspid valve)-Thirteen

patients had aortic regurgitation secondary to
endocarditis without bicuspid valves. One patient also
had hypertrophic obstructive cardiomyopathy. Eight
patients had a history of recent intravenous drug
abuse. Patients with vegetations on other valves were
not included in the study. Eight patients had cross
sectional echocardiographic findings consistent with
vegetations or prolapsed aortic valves; the remaining
five patients had thickened valves without vegeta-
tions. These findings were confirmed at surgery. In all
eight patients M mode echocardiography showed a
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Fig. 4 (a) Cross sectional and (b) M mode echocardiograms in a patient with anuloaortic ectasia and (c) reconstructed view of the
entire thoracic aorta obtainedfrom multiple transducer positions and imagingplanes in the same patient with anuloaortic ectasia. The
ascending aorta (obtainedfrom the parastemnal right position), and the aortic arch (obtainedfrom the suprasternal position), are grossly
enlarged and ectatic. The descending thoracic aorta (obtainedfrom the suprastemal position and offaxis parasternal apical view) and
the abdominal aorta (from the subcostal position) are ofnormal calibre. Ao, aorta; LA, left atrium; MV, mitral valve; LV, left
ventricle; RVOT, right ventricular outflow tract; Asc Ao, ascending aorta; DA, descending aorta; TAo, thoracic aorta; Ab Ao,
abdominal aorta.
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Fig. 5 (a) M mode echocardiogram ofthe aortic valve (AV) shows thickened shaggy density (arrowhead), and density appearing in
the left ventricular outflow tract (arrowhead) at the kvel ofthe mitral valve (b) in a patient with endocarditis. Fluttering ofthe anterior
mitral leaflet (AML) is also seen. (c) Cross sectional long axis parasternal view during diastole and during systole (d) ofa patient with
endocarditis: arrmowhead denotes a structure prolapsing into the left ventricular outflow tract. At surgery a flail aortic leaflet with a
vegetation was found. LA, left atrium; Ao, aorta; IVS, interventricular septum.

mass prolapsing in the left ventricular outflow tract
consistent with a vegetation or a flail aortic leaflet
(Fig. 5). In addition, a shaggy echo attached to the
aortic valve was seen. We were unable to differentiate
a flail leaflet from a vegetation in the left ventricular
outflow tract by either cross sectional or M mode
echocardiography. Two patients had small sinus of
Valsalva aneurysms at surgery which were not
detected preoperatively by either echocardiographic
procedure. One patient was wrongly diagnosed as
having a bicuspid aortic valve by cross sectional
echocardiography. At angiography, the diagnosis of
vegetation was suggested in four patients. Three
patients had findings consistent with complications of
endocarditis: two with sinus of Valsalva aneurysms
and one with prolapse of an aortic leaflet.

SENSITIVITY
The overall sensitivity of echocardiography in determ-

ining the cause of aortic regurgitation was 84% as
was that of angiography (Table). Thus it appears that
both echocardiography and angiography are equally
sensitive in determining the cause of aortic regurgita-
tion.

AORTIC REGURGITATION (M MODE)
High frequency flutter of the anterior mitral leaflet or
interventricular septum, or both, was seen in 38 of 43
patients by M mode echocardiography. Four of the
five patients without anterior mitral leaflet flutter had
rheumatic mitral valve disease.

Discussion

The present study shows that echocardiography is a
useful technique in determining the cause of severe
aortic regurgitation. Although endocarditis can be
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reliably suspected on clinical grounds, endocardi-
ography is useful in confirming the vegetation or
diagnosing a flail leaflet. In addition, the identification
of a bicuspid valve by echocardiography is helpful in
evaluating patients with aortic regurgitation, espe-
cially when is is not suspected clinically.

In our series of 43 patients with predominant aortic
regurgitation, rheumatic involvement accounted for
400/o of patients, endocarditis for 30% (40% including
healed endocarditis on bicuspid valves), and aortic
root disease in 190/o of patients. A recent report from
the United Kingdom has shown a higher incidence of
aortic root disorders (31%) and a lower incidence of
rheumatic valve disease (23%) and infective endocar-
ditis (21%).22 In that series, however, endocarditis
was equally distributed among bicuspid and tricuspid
valves, whereas most aortic valves affected by
endocarditis in our series were not bicuspid. This
could be accounted for by the high incidence of
intravenous drug abusers in our urban city hospital
environment. In addition, the low incidence of
rheumatic aortic involvement in subjects in the
United Kingdom compared with our population
group probably reflects differences in geographical
and socioeconomic conditions.
The ability of echocardiography correctly to deter-

mine the cause of aortic regurgitation was similar to
that of angiography. A study by Leech and cowor-
kers23 has shown that M mode echocardiography can

be helpful in determining the cause of aortic regurgi-
tation in 900/o of patients undergoing valve replace-
ment when correlated with surgical and histological
findings. Furthermore, M mode echocardiography is
useful in assessing left ventricular dimensions and
volume overload patterns secondary to aortic regurgi-
tation. It is also a sensitive technique in detecting
aortic regurgitation because of its ability to detect
high frequency diastolic fluttering of the left side of
the interventricular septum or mitral leaflet, or both.
Fine fluttering may not, however, be seen in all
patients with aortic regurgitation. Aortography or

Doppler echocardiography, or both, are more sensi-
tive in detecting aortic regurgitation.24 Cross sectional
echocardiography provides spatial orientation and
visualisation of intracardiac structures in more than
one plane and complements M mode echocardiogra-
phy.
With regard to rheumatic aortic regurgitation, both

M mode and cross sectional echocardiography were
100% sensitive in diagnosing rheumatic heart disease.
In all instances, associated rheumatic mitral valve
involvement was present. Echocardiography appears
to be the method of choice for detecting rheumatic
valvular involvement of the heart.4 We found no dif-
ference between M mode and cross sectional echocar-
diography in detecting endocarditis. The M mode

features of valvular vegetations have been previously
described and consist of a non-uniform echo produc-
ing mass attached to a valve leaflet with unrestricted
and often chaotic valve motion.'2 M-mode echocar-
diography can reliably detect vegetations in patients
with aortic endocarditis in up to 86% of patients, even
in the presence of pre-existing valvular lesions, and
may allow the identification of subsets of patients with
high risk who may need early surgery.25 Cross sec-
tional echocardiographic findings of vegetation
include rapidly oscillating masses attached to or
replacing normal valve tissue.13 As in the present
study, both techniques were equally sensitive in
detecting vegetations,'4 although cross sectional
echocardiography is more sensitive than M mode
echocardiography in detecting complications of
endocarditis such as sinus of Valsalva aneurysms.14 In
two of our patients with sinus of Valsalva aneurysms,
however, both M mode and cross sectional echocar-
diography did not detect the lesions.
M mode echocardiographic features of aortic valvu-

lar prolapse have been described26 27 and include (a)
abnormal diastolic echoes protruding into the left ven-
tricular outflow tract and disappearing in systole, (b)
location of abnormal echoes anterior to the anterior
mitral leaflet and in close relation to the interventricu-
lar septum, (c) the abnormal left ventricular echoes
can be traced into the aorta in continuity with the
aortic valve, (d) well defined systolic oscillation of the
aortic leaflets, and (e) multiple cusp echoes centrally
positioned within the aortic root during diastole. In
addition, the presence of diastolic fluttering of the
aortic cusps suggests a fenestrated aortic leaflet.-17
Although ruptured aortic leaflets occur uncommonly
with myxomatous degeneration, aortic root dissec-
tion, or trauma,'6 the most frequent entity associated
with a flail aortic leaflet is endocarditis. Nevertheless,
even though the true incidence of myxomatous
degeneration of the aortic valve is presently unknown,
it does exist pathologically.28 Severe aortic regurgita-
tion has been reported in patients with myxomatous
degeneration even though clinically it was unsus-
pected.26

Krivokapicw and coworkersl6 reported that the dis-
tinction between a flail leaflet and a vegetation may be
made by noting the location of the hinge point of the
motion of the abnormal echoes into the left ventricu-
lar outflow tract on cross sectional echocardiography.
In flail leaflets the hinge point was located at the aortic
wall, whereas with vegetation the hinge point was at
the edge of the aortic leaflets. We have not found this
a useful sign and cannot differentiate flail aortic leaflet
with or without vegetations from vegetations alone.
Das et al. '7 have suggested that ruptured aortic leaflet
is most likely when these findings occur in the absence
of other data to support a diagnosis of recent or
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remote endocarditis. The differentiation is more than
academic since vegetations alone have been shown to
disappear with effective medical treatment, whereas
patients with a flail aortic leaflet invariably require
surgery. 18
With improved image intensification systems in

recent years and improved quality of cineangiograms,
it is possible to identify localised radiolucencies that
move freely with the aortic valve leaflets during sys-
tole and diastole. When noted in association with a
history of infective endocarditis (and in the absence of
calcification) these lucencies are diagnostic of vegeta-
tions. The lucencies can also be identified in the area
of the aortic sinuses of Valsalva. The angiogram is
superior to both M mode and cross sectional echo-
cardiography in detecting complications of endo-
carditis-namely, paravalvular leaks, mycotic aneur-
ysms, ring abscesses, or fistulous tracts. 29 In addition,
cardiac catheterisation is helpful when more than one
valve is infected. Although cross sectional echocar-
diography is an excellent method for detecting vegeta-
tions and is useful in the follow up of patients treated
for infective endocarditis, angiography should be per-
formed in all patients in whom surgery and replace-
ment of the aortic valve is contemplated. In addition,
by identifying the coronary anatomy and origin of the
coronary arteries unforeseen complications at the time
of aortic valve replacement may be avoided.
The present series confirms previous reports of the

superiority of cross sectional echocardiography over
M mode in identifying bicuspid aortic valve.30 The
potential clinical value of cross sectional echocardi-
ography in diagnosing a bicuspid valve is, however,
limited by the technical inability adequately to image
the aortic valve leaflets in many patients.3' Valve
cusps may not always be visualised from the paraster-
nal short axis view and an anteriorly tilted apical four
chamber view has been recommended.3' Dense
calcification may interfere with the determination of
the number of cusps. In our series one of five patients
with a bicuspid valve did not have a history of
endocarditis. Although primary aortic regurgitation
without infective endocarditis has been said to be
uncommon,20 it may occur more frequently than is
recognised.32 33 In one series from the United King-
dom, 15% of cases of severe aortic regurgitation were
due to bicuspid valves without bacterial endocar-
ditis.22 Leech and coworkers34 have shown that an
isolated ejection sound, coinciding with final halting
of the aortic valve cusp, is an accurate diagnostic sign
of a bicuspid valve. Therefore, cross sectional
echocardiography and angiography are not necessary
for identifying bicuspid valves especially if combined
M mode echophonocardiographic findings are diag-
nostic.

Aortic root dilatation is an important cause of aortic

regurgitation. DeMaria and coworkers"I have shown
that cross sectional echocardiography is more accurate
than M mode echocardiography in detecting and
locating aneurysms of the ascending aorta. Using
cross sectional echocardiography we were able to
identify all patients with aortic regurgitation secon-
dary to aortic root dilatation and determine the degree
of aortic root ectasia. M mode echocardiography is
valuable in detecting aortic root dilatation sufficient to
produce regurgitation without cusp abnormality;
however, the entire proximal aorta is not always vis-
ualised. Echocardiography and angiography do not
show correlations between the size of the aneurysm
and degree of aortic regurgitation in patients with
anuloaortic ectasia.21 Although we did not include in
our study patients with acute aortic dissection and
secondary aortic regurgitation, the cross sectional
technique is superior to that of the M mode in iden-
tifying this problem.35

Rare causes of aortic regurgitation may be detected
by echocardiography. A myxoma may present clini-
cally as rheumatic heart disease or endocarditis and
produce aortic regurgitation from distention of the
aortic root caused by downward movement of the
myxoma.36 Aortic regurgitation may be present in
what appears to be the clinical setting of endocarditis
(constitutional symptoms including fever and myal-
gias); nevertheless, the cause may subsequently prove
to be aortic root dilatation as a manifestation of
rheumatic collagen vascular disorders such as giant
cell arteritis.37
The severity of aortic regurgitation can be deter-

mined by non-invasive techniques.38 39 The echocar-
diographic measurement of left ventricular dimension
is useful in assessing the severity of aortic regurgita-
tion. With increasing severity of aortic regurgitation,
there was progressive enlargement of left ventricular
dimensions.38 In addition, echocardiographically
determined stroke volume increased with the severity
of aortic regurgitation. Henry and coworkers40 found
a higher risk of perioperative complications and post-
operative deaths from congestive heart failure in
patients with aortic regurgitation and a left ventricular
end systolic dimension >55 mm or left ventricular
fractional shortening of less than 25%. They have
advocated following patients with aortic regurgitation
with serial M mode echocardiograms. In the absence
of symptoms, surgery has been recommended when
the left ventricular end systolic dimension has
increased beyond 55 mm or left ventricular fractional
shortening of less than 25% has occurred.41 Recent
data, however, reported by Fioretti et al.42 do not
support the recommendations of Henry and cowor-
kers. In their series of patients with aortic regurgita-
tion a preoperative end systolic dimension >55 mm
did not preclude successful aortic valve replacement.
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Comparison of echocardiography and angiography in determining the cause of severe aortic regurgitation
In addition, long term survival was not affected,
symptomatic relief occurred, and normalisation of left
ventricular dimensions were recorded by M mode
echocardiography.

In conclusion, while M mode echocardiography
may provide useful information with regard to the
severity of aortic regurgitation, both M mode and
cross sectional echocardiography can reliably deter-
mine the cause of aortic regurgitation. It appears that
echocardiography is as sensitive as angiography in
this respect. Angiography appears, however, to be
superior to echocardiography in detecting small sinus
of Valsalva aneurysms and aortic root abscesses, both
of which can occur after bacterial endocarditis. In our
institution rheumatic involvement accounted for 400/o
of patients with aortic regurgitation, endocarditis for
300/o (400/o including healed endocarditis on bicuspid
valve), and aortc root disease for 19%.
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