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Clinical, echocardiographic, and operative findings
in active infective endocarditis
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From Regional Medical and Surgical Cardiology Centres, Royal Victoria Hospital, Grosvenor Road, Belfast,
N Ireland

SUMMARY Clinical and echocardiographic findings were compared with those found at operation in
18 consecutive patients with active endocarditis undergoing valve replacement for continuing left
ventricular failure. A close correlation was shown between vegetations detected by echocardiography
and those found at operation. In 10 of 11 patients with clinically suspected severe aortic regurgitation
and vegetations only on the aortic valve and in two of three patients with severe mitral regurgitation
echocardiography provided confirmation of the clinical diagnosis. In the three patients with clinically
suspected aortic and mitral regurgitation, however, cardiac catheterisation was necessary to confirm
the severity ofthe valvular regurgitation. In a further three patients cardiac catheterisation was carried
out as the severity of the single valve lesion was difficult to assess or there were associated problems,
that is chest pain with myocardial infarction and a sinus of Valsalva aneurysm. Four patients had
either an abscess, annular infection, a sinus, or a ventricular septal defect at the time of operation,
which were not detected by echocardiography. Nevertheless, because of their size it would be
doubtful if these would have been identified by cardiac catheterisation. Echocardiography allowed
repeated assessment of the patient so that the optimal time for operation could be determined without
the risks of left heart catheterisation. Fourteen ofthe 18 patients (78%) survived to leave hospital. The
follow-up extended to 44 months. During this time reinfection, prosthetic dehiscence, or paravalvular
leaks did not occur. Thus, in the majority of patients with left sided active infective endocarditis and
continuing left ventricular failure resulting from severe valvular disease the clinical findings together
with echocardiography provide a satisfactory preoperative assessment.

In patients who develop haemodynamic complications
of endocarditis, early surgical intervention is increas-
ingly used.1-3 Aortic or mitral valve endocarditis
complicated by moderate to severe heart failure has a
poor prognosis when treated by medical therapy
alone.4s It has been suggested that in these patients
with moderate to severe heart failure there is a 50 to
890/o mortality without operation.4 Valve replacement
in the presence of active infection can now be carried
out with an acceptable mortality, and in addition the
risk of recurrent infection or valve dysfunction is low.6
Confirmation ofthe haemodynamic status and valvular
lesions by cardiac catheterisation is theoretically desir-
able but should carry an increased risk of systemic
embolisation considering the natural history of the
disease. Echocardiography is a useful non-invasive
means of identifying valvular vegetations but both M-
mode and two dimensional echocardiography have a
limited sensitivity in the detection ofvegetations. It has
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been suggested that the smallest vegetations detected
by M-mode echocardiography are 2 mm in diameter.7 I

The larger vegetations which often result in valvular
destruction and regurgitation are recognised by
echocardiography and it is in these patients that
operation is frequently necessary.5 8 9 Though it is
desirable to eradicate the infection before correction of
the valve lesion, when uncontrolled heart failure
develops during the course of antibiotic treatment,
surgical correction of the valvular defect is urgent. In
this study we compared the clinical and echocardio-
graphic findings with those found at operation in
patients with active endocarditis undergoing valve
replacement because of continuing left ventricular
failure despite digitilis and diuretics.

Patients and methods

Eighteen consecutive patients with active infective
endocarditis were studied from 1978 to 1981. There
were 13 male and five female cases (13 to 65, mean 45
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years). Twelve had class 4 clinical degree of heart
failure (New York Heart Association classification)
and six were in class 3. On clinical assessment, 11
patients had aortic regurgitation, one had aortic
stenosis, three had mitral regurgitation, and three had
aortic and mitral regurgitation. All patients therefore
had left sided endocarditis and in all this was the first
episode of endocarditis. Active infective endocarditis
was diagnosed by varying manifestations, for example
fever, changing cardiac murmurs, splenomegaly,
haematuria, peripheral embolisation, and petechiae,
and by laboratory evidence, including a high erythro-
cyte sedimentation rate, anaemia, positive blood
cultures, and histopathology. In 12 patients the causa-
tive organism was isolated preoperatively and in six
patients no organisms were cultured (Table 1).
Seven of the 18 patients were known to have had

heart murmurs before the development of endocar-
ditis. One patient was a chronic alcoholic and in one

patient cardiac surgery was possibly a predisposing
factor. No patient suffered from neoplasia or drug
addiction. At the time of presentation six patients had
had systemic emboli, involving either the cerebral or

peripheral arteries, four had heart block (three with
first degree atrioventricular block and one with com-
plete heart block not resulting from digoxin), and two
patients had had several episodes of severe central
chest pain, one of whom had had an acute lateral
infarction.

M-mode echocardiography was carried out in all 18
patients using a Smith Kline instruments Ekoline 20 A
system with standard left parasternal views. Immedi-
ately after the M-mode echocardiogram, two dimen-
sional echocardiography was performed in 16 patients
with a Varian phased array ultrasonograph modelV-
3000. Long and short axis left parasternal views and
four chamber apical or subcostal views were obtained
in all 16 patients. An attempt was made to visualise all
four valves in each patient. Images were recorded on a

Sony video tape recorder for subsequent play back and
single frame analysis. Satisfactory echocardiograms
were obtained in all 18 patients. Valvular vegetations
were detected by M-mode echocardiography as shaggy
irregular echoes attached to a valve which had
unrestricted leaflet excursion (Fig. 1). On two dimen-
sional echocardiography rapidly vibrating echo dense
masses attached to valve leaflets were interpreted as

vegetations (Fig. 2, 3, 4, and 5). Chamber size and

timing of events could be assessed by M-mode

echocardiography whereas spatial relation and actual
size and morphology of structures were determined by
two dimensional echocardiography. Rupture or per-
foration of an aortic cusp or prolapsing vegetations
were suggested by left ventricular outflow tract echoes
recorded in diastole and rapidly vibrating diastolic
aortic cusp echoes on M-mode echocardiography (Fig.
6). The early closure of a mitral valve was indicated
when coaptation ofthe anterior and posterior leaflets of

Table 1 Clinical, echocardiographic, and surgicalfindings in 18 patients with active infective endocarditis

Case AgelSex Clinical Organism Echo Operative Operative Survived or
No. (y) findings findings findings procedure died

1 60/F AR E.coli AW,LVOT,EC AW,LVOT(PVC) AVR S
2 45/M AR Strep. viridans AW,LVOT,EC AW,LVOT(PVC) AVR S
3 27/M AR Staph coag+ AW,LVOT,EC AW,LVOT(PVC), sinus AVR, closure of D

to mitral valve sinus
4 39/M AR Staph coag+ AW,LVOT AW,LVOT(PVC), abscess AVR, abscess S

in aortic wall debrided
5 26/F MR Culture neg MW,FML MW,CR MVR S
6 60/M AR Strep. D AW,LVOT AW,LVOT(PVC) AVR S
7 54/M AR,MR Strep.viridans AW,LVOT AW,LVOT(PVC), healed AVR,MV repair S

MW,CR
8 37/M AR Staph coag+ No vegetations AW,MVV AVR S
9 63/M AR,MR Culture neg AW,LVOT AW AVR S
10 59/F AR Culture neg AW,LVOT,EC AW,LVOT(PVC) AVR S
11 44/F AR,MR Strep.C AW,MW,FML AW,MW,CR AVR,MVR S
12 55/M MR Strep.viridans MW,FML MVV,CR MVR S
13 54/F MR Staph coag- No vegetations MW MVR D
14 27/M AR Staph coag+ AW,LVOT AW,LVOT(PVC) AVR S
15 13/M AS Culture neg AW, sinus of AW,AMI, sinus of AVR,SVG to Cx D

Valsalva aneurysm Valsalva aneurysm
16 49/M AR Culture neg AW,LVOT,EC AW,LVOT(PVC),AV ring AVR D

infection
17 34/M AR Strep.viridans AW,LVOT,EC AW,LVOT(PVC),VSD AVR, closure of S

VSD
18 65/M AR Culture neg (psittacosisAW,LVOT AW,LVOT(PVC) AVR S

titre 1:5120)

AR, aortic regurgitation; MR, mitral regurgitation; AS, aortic stenosis; AW, aortic valvular vegetations; LVOT, left ventricular outflow tract
echoes; EC, early closure ofthe mitral valve;MW, mitral valve vegetations; FML, flail mitral leaflet; LVOT(PVC), left ventricular outflow tract
(prolapsing vegetation and/or cusp); CR, chordal rupture; AMI, acute myocardial infarction; VSD, ventricular septal defect; AVR, aortic valve
replacement; MVR, mitral valve replacement; SVG, saphenous vein graft; Cx, circumflex.
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Fig. 3

Fig. 1 M-mode echocardiogram of case 1I showing
vegetations (arrow) on the aortic valve in diastole. The echoes
(arrow) in the left atrium represent vegetations on the mitral
valve prolapsing into the left atrium during systole. AO, aorta;
LA, left atrium.

Fig. 2 Two dimensional echocardiogram of case 2 in the
left parasternal long axis view showing a globular vegetation
on the non-coronary cusp of the aortic valve (open arrow).
The right coronary cusp with a vegetation attached is seen
prolapsing into the left ventricular ouflow tract (tongue-like
structure). LV, left ventricle; AO, aorta; AML, anterior
mitral leaflet; LA, left atrium.

Fig. 3 Two dimensional echocardiogram of case 15 in the
left parasternal long axis view with a globular vegetation
on the aortic valve (open arrow). Anterior to the aortic valve is
an echo-free cavity (closed arrow) which was found at
surgery to be a sinus of Valsalva aneurysm. LV, left ventricle;
AO, aorta; AML, anterior mitral leaflet; LA, left atrium.

M C.

Fig. I
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Fig. 4 Two dimensional echocardiogram of case 12 in the Fig. 5 Two dimensional echocardiogram of case 11 in the
apical four chamber view with vegetations attached to the left parasternal long axis view with a globular vegetation on
anterior mitral leaflet (open arrow). LV, left ventricle; LA, the mitral valve prolapsing into the left atrium (open
left atrium; RV, right ventricle; RA, right atrium; AML, arrow). The vegetation on the aortic valve is not well
anterior mitral leaflet. visualised in this view. LV, left ventricle; AO, aorta;

AML, anterior mitral leaflet; LA) left atrium.

the mitral valve occurred before the onset of the QRS
segment in the absence of prolongation of the PR
interval (Fig. 6). This indicated significant aortic
regurgitation with a rise in the left ventricular end-
diastolic pressure. Mitral valve chordal rupture was
present when there was coarse irregular fluttering of
either mitral valve leaflet with paradoxical motion of
the posterior leaflet and abnormal left atrial echoes
(Fig. 7). The average time from the last echo to
operation was 15 days (12 patients within seven days).

All patients before operation were receiving appro-
priate antibiotics. The average time from the onset of
symptoms to the start of antibiotic treatment was seven
weeks and the mean duration of antibiotic treatment at
the time of operation was 36 days. One patient had
received antibiotics for only 48 hours at the time of
operation; these were given in an attempt to sterilise
the circulation before essential valve replacement. At
the time of operation blood cultures in all patients
except one were negative, but two patients had persis-
tent pyrexia.
The presence of vegetations alone on echocardi-

ography was not an indication per se for operation.0"II

Surgical intervention was indicated when patients with
severe aortic stenosis or with new or worsening
regurgitant murmurs developed left ventricular failure
as diagnosed clinically and by chest
x-ray film which did not respond satisfactorily to
diuretics and inotropic therapy. Only six patients
underwent cardiac catheterisation before operation. In
cases 6 and 13 (mitral Starr-Edwards prosthesis) it was
carried out as it was difficult clinically to determine the
severity of the lesion. In cases 7, 9, and 11 cardiac
catheterisation was carried out because of clinically
suspected double valve lesions. In all three patients
mitral and aortic regurgitation were haemo-
dynamically significant. In case 15 it was carried out
because of severe aortic stenosis, continuing chest pain
in the presence of a lateral myocardial infarction, and
an echocardiogram suggesting a sinus of Valsalva
aneurysm. At the time of catheterisation this patient
was found to have severe aortic stenosis with a sinus of
Valsalva aneurysm which stretched the mouth of the
left coronary artery and constricted the lumen.
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Fig. 6 M-mode echocardiogram of case 2 showing a scan from the aortic root to the left ventricle. There is
a vegetation attached to the aortic valve which prolapses into the left ventricular outfow tract (arrows). The
mitral valve closure is premature which indicates a raised left ventricular end-diastolic pressure secondary to
aortic regurgitation. AML, anterior mitral leaflet; PML, posterior mitral leaflet; LVOT, left ventricular
outflow tract; AO, aorta; LA, left atrium.

AA. 30h3 ITt

Fig. 7 M-mode echocardiogram of case 12 with a vegetation attached to the posterior mitral leaflet
(arrow) which is flail. AML, anterior mitral leaflet; PML, posterior mitral leaflet; IVS, interventricular
septum.
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Results

Echocardiography detected valvular vegetations be-
fore operation solely on the aortic valve in 13 patients,
on the mitral valve only in two patients, and one patient
had both aortic and mitral valve vegetations (Table 1).
Two patients (cases 8 and 13) had no vegetations on
echocardiography. Case 13 had a mitral Starr-
Edward's prosthesis. Intially case 15 with aortic
stenosis had no vegetations on the aortic valve as seen
by echo (Fig. 8). He then developed severe chest pain
and left ventricular failure. A second study nine days
later showed aortic valvular vegetations and a sinus of
Valsalva aneurysm (Fig. 3 and 8). Though cases 13 and
16 did not have two dimensional studies performed, no
patient had a negative M-mode echocardiogram with
valvular vegetations seen on two dimensional study.
Twelve of the 13 patients with aortic valve vegetations
alone had evidence of valve destruction as indicated by
left ventricular outflow tract echoes and in six of these
there was early mitral valve closure. Cases 5, 11, and 12
with vegetations by echocardiography on the mitral
valve had flail mitral leaflets, but case 11 with double
mitral and aortic lesions had vigorous aortic root
motion suggesting severe mitral regurgitation.
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Operation confirmed aortic vegetations in all 13
patients with vegetations only on the aortic valve
detected by echocardiography. All underwent aortic
valve replacement and- one patient (case 7) also had a
mitral valve repair. Two patients with mitral valve
vegetations alone by echocardiography had these con-
firmed at operation and both underwent mitral valve
replacement and the one patient with aortic and mitral
vegetations confirmed at operation had aortic and
mitral valve replacements. Two patients without
vegetations recorded by echocardiography had these at
operation. In one patient (case 8) the aortic valve was
grossly disrupted at the time of operation with a
vegetation found on the undersurface and there was
also a small vegetation on an otherwise competent
mitral valve. Case 13 had vegetations on a mitral Starr-
Edwards prosthesis. In addition, case 7 had a
vegetation on the mitral valve not seen by echocardio-
gram before operation.

Four patients had unexpected findings at operation
and none had undergone cardiac catheterisation. One
(case 3) had a sinus extending from the base ofan aortic
cusp to the mitral valve ring, one (case 4) had an
abscess underneath the non-coronary cusp ofthe aortic
valve, another (case 16) had infection within the aortic
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valve ring, and a further patient (case 17) had an
aneurysm of the membranous septum with a small
ventricular septal defect.

Table 2 relates the valvular lesions to the echo-
cardiographic findings and to those found at operation.
While a close correlation is shown between the
echocardiographic and surgical findings it confirms
that at operation four valves had vegetations not seen
by echocardiography. In addition, in four patients
presenting with aortic regurgitation alone a sinus,
annular erosion, abscess, and a ventricular septal
defect not detected by echocardiography were found at
operation.
Of the 15 aortic valves replaced, 11 were bicuspid

and four were tricuspid. Because of severe damage to
the four tricuspid valves it was impossible to ascertain
the most likely cause of the underlying disease. Of the
four mitral valves replaced, one was rheumatic, one
was floppy, one was a Starr-Edwards prosthesis, and
one had been normal before endocarditis. Of the three
mitral valves found to be abnormal at the time of
operation, and which were not replaced, one had
chordal rupture associated with a healed vegetation
and valvuloplasty was carried out, one patient had a
dilated mitral valve ring, and a further patient had a
vegetation attached to the mitral valve. Histology of all
valves removed confirmed active infection. Of the 19
valves removed, 12 were replaced by a Carpentier-
Edwards prosthesis, four by a Bjork-Shiley, and three
by a St. Jude's.

Apart from case 15 who died during the operation
from left ventricular dysfunction and acute myocardial
infarction, all patients were haemodynamically stable
immediately after operation. There were three deaths
later during their hospital stay. Case 3 died on the ninth
day postoperatively from multiple abscesses, case 13
died on the first day from asystole, and case 16 died on
the fifteenth day from hepatic and renal failure. This
patient had been a chronic alcoholic. During the period
in hospital there was no evidence of continuing infec-
tion, and prosthetic dehiscence, paravalvular leaks,

and heart block did not occur in the remaining
patients. The average course of antibiotics postopera-
tively was three to six weeks. Follow-up ranged from
three to 44 months (mean 22 months). During this
time, there was no evidence of reinfection of any of the
replaced valves, nor was there any regurgitation.

Discussion

Although antibiotics have substantially changed the
course of the disease in many patients, infective
endocarditis still carries a significant mortality mainly
because of valvular destruction which results in myo-
cardial failure.'2 At present, the leading cause of death
from infective endocarditis is congestive heart failure
developing from acute aortic regurgitation. Since valve
replacement was first described in this condition in
1965"3 it is increasingly performed even in the presence
of active infection. Often these patients have deterio-
rated acutely and clinical assessment of the exact
valvular lesion can be difficult because of low cardiac
output and hypotension.

Although echocardiography is a valuable non-
invasive means for the diagnosis ofvalvular vegetations
in patients with endocarditis it has been reported that
vegetations are detected in 34% to 78% of cases,
depending on the size of the vegetations.6 '4 Large
valvular vegetations detected by echocardiography are

usually associated with a high incidence ofheart failure
or emboli, which are the most frequent indications for
operation. Though in patients with large vegetations it
has been considered that operation is inevitable as

these patients have a high morbidity and mortality,
successful medical treatment has been reported in
some.'5 Vegetations causing valvular destruction are,
however, of large size, are diagnosed easily by
echocardiography, and in many are associated with
haemodynamic complications unresponsive to medical
treatment. In this study a close correlation has been
shown between valvular vegetations detected by

Table 2 Echocardiographic and surgicalfindings related to the valvular lesions in 18 patients with active infective endocarditis

Clinical Echocardiography Surgical

No.of AVV LVOT EC MW FML Sinus of AVV Vegetation MW Chordal Sinus or VSD Sinus of
patients Valsalva and/or cusp rupture of abscess in Valsalva

aneurysm prolapsing mitral valve aortic wall aneurysm
into LVOT

AR 11 10 10 6 0 0 0 11 10 1 0 3 1 0
AS 1 1 0 0 0 0 1 1 0 0 0 0 0 1
MR 3 0 0 0 2 2 0 0 0 3 2 0 0 0
AR,MR 3 3 2 0 1 1 0 3 1 2 2 0 0 0

AR, aortic regurgitation; AS, aortic stenosis; MR, mitral regurgitation; AVV, aortic valvular vegetations; LVOT, left ventricular outflow tract
echoes; EC, early closure of the mitral valve; MVV, mitral valve vegetations; FML, flail mnitral leaflet; VSD, ventricular septal defect.
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echocardiography and those found at operation. As
M-mode and two dimensional echocardiography com-
plement each other, it is not surprising that both M-
mode and two dimensional echocardiography were
equally sensitive in the detection of vegetations in this
particular subset of patients. Two patients without
vegetations detected by echocardiography were subse-
quently found to have vegetations at operation. Case 13
was studied by M-mode echocardiography only and
the vegetations on the mitral Starr-Edwards valve were
not identified. The prosthetic valve is usually so echo
producing in itself that it is difficult to identify any
additional echoes from possible vegetations. Others
have found two dimensional echocardiography more
accurate in such cases.'6 Echocardiography is also
useful in assessing left ventricular function and pro-
vides valuable information in those with hypotension
and low cardiac output. Premature closure of the
mitral valve in acute aortic regurgitation is usually an

indication for early surgical replacement of the
valve.I 1' Early closure of the mitral valve implies a

severely volume overloaded left ventricle, and it is
thought that when severe aortic regurgitation is of
relatively short onset, this results in mitral pre-

closure.'8 19 Unfortunately, some patients with acute
severe aortic regurgitation do not have this echo-
cardiographic finding.

Echocardiography provided support for the correct
anatomical diagnosis in 10 of 1 1 patients with clinically
suspected severe aortic regurgitation and vegetations
only on the aortic valve and in two of three patients
with severe mitral regurgitation alone. In the three
patients with clinically suspected aortic and mitral
regurgitation, however, only one patient had double
valvular involvement by echocardiography and yet all
three had significant mitral and aortic regurgitation by
angiography. Here M-mode and two dimensional
echocardiography detected the sinus of Valsalva an-
eurysm. Nevertheless, abscesses, annular erosions,
sinuses, and small ventricular septal defects are dif-
ficult to detect by echocardiography. Ofthe four in this
study, none was detected before operation. It would be
doubtful ifthese would have been picked up by cardiac
catheterisation. It has been reported that two dimen-
sional echocardiography is more sensitive than M-
mode echocardiography in detecting complications of
endocarditis.i0 21 It has been stated that aortic root
infection should be suspected in the presence of
atrioventricular block.22 Of the four patients in this
study with atrioventricular block, one had infection of
the aortic valve ring, one had a ventricular septal
defect, but in the remaining two there was no evidence
of aortic root infection. Of the two patients with chest
pain, one had a sinus of Valsalva aneurysm stretching
the mouth of the left coronary artery and the other had
a ventricular septal defect with intermittent atrio-

Pringle, Webb, Khan, O'Kane, Cleland, Adgey

ventricular block.
Wilson et al.23 have found that replacement of

cardiac valves may be carried out successfully in
patients with active infective endocarditis even when
blood cultures are positive in the immediate pre-
operative period. The haemodynamic status, however,
is the most important factor in determining the timing
of valve replacement. While the activity of the infec-
tion or the duration of antimicrobial treatment before
operation may be of little or no importance in the
decision to insert a prosthesis, ideally attempts should
be made to eradicate the infection before operation.
Antibiotics should be administered until at least the
circulation is sterilised but heart failure should not be
irreversible. In our patients we feel that the timing was
critical in determining long-term survival and echocar-
diography allowed repeated investigation to determine
the optimal time haemodynamically without the risks
of left heart catheterisation.'2

Although Welton et al.24 have reported cathe-
terisation in 35 patients during the active phase of
endocarditis without embolic or haemodynamic deter-
ioration, cardiac catheterisation must carry an
increased risk during this phase as valvular vegetations
are friable and systemic embolisation is part of the
natural history of the disease. Frequently severe
haemodynamic decompensation may increase the risk
of complications during cardiac catheterisation. In
these 18 patients one third had had systemic emboli at
the time of presentation and others have reported a
higher incidence.8 Our study indicates that cardiac
catheterisation is unnecessary in many ofthese patients
during the acute phase. It should be considered when
the echocardiographic studies are not technically ade-
quate, when double valvular lesions, coronary artery
lesions and fistulae are suspected, and in the presence
of prosthetic valve endocarditis. These criteria should
identify those patients where the benefits obtained
from cardiac catheterisation outweigh the increased
risk of the procedure in infective endocarditis.

In patients with left ventricular failure caused by
severe valvular disease the clinical findings along with
echocardiography provide a satisfactory means of
preoperative evaluation. Though our series of 18
patients is small and includes only patients with left
sided endocarditis, our study indicates that echo-
cardiography can provide valuable preoperative data
when included with the total clinical assessment of the
patient. This applies particularly to those cases where
clinical and echocardiographic assessment suggest
single valve involvement.
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