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Comparison of Transthoracic and Transesophageal Echocardiography
in Evaluation of 47 Starr-Edwards Prosthetic Valves
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Objectives. Our obj were lo

ageal echocardiography the normal appearance of {he Starr-
Edwards prorlum treart vnlve and to compare ille ntlll!y of

aaa in

araphy with 3 confirmed at surgery. In 26 of the 30
patients with a mitrai Starr-Edwards vaive, the valve desnon-
nrmdlmvm:w-ud :hm;mlnme"uﬂysy!lolkor

te kak an

of valve abnormality.

Backgrourd. The Starr-Edwards prosthetic heart valve, the
first mechanical valve to be used, has demonstrated excellent
durability,

Methods. Fifty horace and hageal i

Transthoracic evaluation identified slgnificaat mitval nmﬂx-
lioninsixolthqplpammmmthdiqmmmpl-
ageas echocardlography. Serfal studies were performed to assess
mpom'nmmurnudrnrwﬂmmv—nm_neuﬂ

graphic studies on 37 patients with 47 Starr-Edwards prosthetic
valves were analyzed retrospectively. Six cases of surgically con.
firmed Infective endocarditis were stedied.

Results. anaﬂwnrahuubn-ﬂon. or both, was identi-
fied by by in all six cases of
infective endocardicic but was faund in anly one of these cases by
transthoracic echecardliography. Thrombus was detected by trans-
csophagesi echocardiography in 9 of 11 patients with transient
ischemic attacks or stroke and In 2 patients by transthoracic

patients. valves have been implanted for 12 years; <ix of
these had significant leakage without apparent cause, a finding not
nlu:rvcd more recently i-plutulvalm.

These viser d the aniqoe util-
ity ufmnsmphgd echocardiography hpnlmmsurr-
Edwards
ﬁmlnhl. and c'flhe clesr sqmlonly d‘lnml eche-

hy over hy in these sitn-

ations.
(J Am Coll Cardiol 1992;20:1503-11)

Starr-Edwards Silastic ball-cage prosthetic vaives have been
exlenswely used in clinical practice since 1960 (1). Two-
and Dopplcr echocardiography have proved
i of these h

Eonac s echosamd: Jontions are
limited by interference with ultrasound waves by the pros-
thetic poppet, struts and sewing ring. Structures posterior to
the mitral valve are obscured, making valvular regurgitation
m‘mun 1o detect and quantitate. In addition, because of this
, small or sized abnormalities such as

thrembi or vegetations are hidden from view, so that recog-
nition of any but the most obvious abnormality of the high
profile Starr-Edwards mitral vaive is problematic for even
the experienced echocardiographer. Regurgitation of the
Starr-Edwards aortic valve, with its more anterior location
in the heart, may be somewhat easler o dclecl trans-
thoracically than by the how-

usel\llunhe

ever, the reverberation and masking may hide small vegeta-
tions and thrombi with this valve as well and abscesses of the
posterior aortic root may be overshadowed by the prosthe-
SIS,
T h | di hy would appear to
these obstacles by allowing clear visualization of
posterior structures, such as the left airjum and aortic root,
without interference by the prosthesis; however, investiga-
tions of Starr-Edwards v-lves involving a large number of
paticnts who have u..dargcne transesophageal echocardiog-
raphy are lacking. The purpose of this study was to identify
transesophageal echocardiographic characteristics of nor-
mally functioning Starr-Edwards prostheses in the aortic and
mitral positions and to compare the utility of transesopha-
geal and transthoracic echocardiography in clinical practice
situations (endocarditis, embolic events and regurgitation)
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to patients with a prosthetic valve.

Methods

Patient group. Thirty-seven patients with one or more
Starr-Edwards prostheses who had undergone transesopha-
geal echocardiography at The Ohio State University Hospi-
tals and Clinics between January 1990 and December 1991

07351097/92/85.00
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Table 1. Characteristics of Study Group
L34 AV ™
Aae TEE TEE TES Endocardits Taombes  Method

P (¥ Iedieations  Valw  Valve —— of
No. £ forSwdy Position  Age TIE CV Mg TIN Cv sy TIE Cv Sg TIE TEE TTE TEE Corfirmtion

| &F CHF MV 2 -+ - - - - -

2 BF  CSE My 3 -+ - - - + s

) 5F PAD My 4 - + WP - - - - [

4 XF IE My s 2k - HP - Veg, Ab - - [

5 NF BV MV 7 -+ - - - - -

6 6M CHF MV 7 - o+ - - - - -

7 WM CSE NV 1 - s - - - - - ¢

8 M K uy ] - - Vg Vg - - x

9 &F EV NV ] - s - - - -
W WF O3B MV ] -+ - - - - -
nooau BV MY i0 - 4 - - - - -

R &F CSE NV B - o+ - - - + + s

13 S EPV NV B M - IrTe - - - -

¥ SF  EV NV M 3P+ P - - - -
15 SWF CSE Ny " - + - - - + +
6 6F CHF NY 15 - + - - - - -
7 ¥F  CSE NV 1 - o+ - - - - + c
B P EFV NV 17 - + - - - - -
B am CSE NY 8 - + - - - - + 13
» oM CHF MY 18 24Ty - HTv - - - -
A WF K AV H - - - - - - -
2 RF  CE AWV 6 - - - - - s
3 M IE AoV ? - - BN - Veg, Ab - - cs
4 M CSE AoV ] 1+ - Mk - - - - c
% M CSE AoV ] - - - - - + c
% WM EPV AoV m - - - - - - -
n  2F EFV AV A - - M - - - -
B WP IE AV 23 - o+ MK - - - - Ve AbMY) - - [
» eF I MVAV 77 - o+ - - - = - Vg - - csP
N WM EWV MV, AV Il - o+ - - - - - - - -
n F BV MV, A0V 1111 - + - - - - - - - -
R WM MV,A0V 1217 2+Pr 4+ Py - - - - VaMw - - cs
B @M EV NV.AY WM - - N - - - - - - -
X SF EFV NV, AoV 155 - + - - - - - - - c
B 66F e NV, A0V 15,18 - + - I+ - N - - - -
% @F CE NNV 44 - & - - - - - - -
7 &F CSE MV.TV 44 3+Pv  + 34Dy - + - - - - W

Ab = ahscess; AoV = aortic valve; C = cardiac catheterization; CHF = congestive heart failure; CSE = cantinc source of embolus; CV = closlag volume;

EPV = evalnate prosthetic valve: F = female; IE = infective endocarditis; M = male; MV = mitral valve: P = postmonem
TEE =

dissection; Pt = patient; Py = perivalvular; S = surgery: Sig = sij

mdy:l’M.)=posiHemi:

TIE=

Ty = trangvalvular: TV = tricuspid valve; Veg = vegetation; 1+ to 4+ = grade of regurgitation; — = negalive findimgs; + = pesitive Eadings,

were studied in retrogpective fashion (Table 1). Subjects
ranged in age from 31 to 72 years (mean 53). Twenty patients
had only a mitral prosthesis, and seven had only an aortic
prosthesis. Eight patients had both mitral and aortic pros-
theses, and two patients had both tricuspid and mitral
prostheses. In all, 47 Stan-Edwards prosthetic valves were
evaluated. Because serial studies were performed in several
patients, the total number of studies was 50, The tests were
performed for the reasons listed in Table 2. Chart review was
undertaken to assess the clinical history and the availability
of cardiac catheterization and of surgical or autopsy findings
for with the echocardi hic results. Patients

studied for evalnation of the prosthesis had oo significant
historical or physical examination findings of congestive
heart failure, endocarditis or embolism but were studied
because of nonspecific symptoms such as fatigue, dyspnea,
chest pain or syncope.

Echocardiographic studles. All patients underwent trans-
thoracic and transesophageal echocardiography; the two
studies were performed within several days, (range 0 to 15)
and usually within hours of each other. The majority of
patients (n = 27) underwent both studies on the same
day. All horecic studies included v
M-mode, Doppler color flow imaging and pulsed and contin-
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Table 2. Indications for Study

bever ]
Fusitive fiadings on blood cultere, high clinical suspicion
Negalive findings on blood culture, high clinical suspicion
Negative findings or: blnod culiure, low clinical suspicion

TIAKCVA n
Praluate prosthesis. noazpuct;
Congestive heart failure
Chest pain
Other embolic event
Low prothrombin tire ino embolic event)
Rute out aortic dissection

o —

symplasi.

—_——— a0
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mnged xrom 2 to IE years {mean 10). Thirteen valves had no

ditis or significant regurgita.
tion. On h | echocardi hy, all of these
normal valves had a trivial or mild early systolic teangvalvu-
lar mitral regurgitation jet demonstrated by Doppler color
flow imaging. The jet traveled back centrally toward the
posterior wall of |h= left atrium (Fig. 1) In two of these
valves, an id ing jet was hol lic. Al six
patients with valve thrombi demmsmmd asimilar jet, as did
four of the five patients with vegetations. Three patients

CVA = cerebrovascular accident: TIA = transient ischemic atiack.

nous wave Doppler modalities. Transesophageal echocar-
diography was performed afier administration of topical
anesthesia of the hypopharynx with 10% cetacaine and
intravenous sedation with midazolam or meperidine, or
both. Antibiotic prophylaxis utilizing 3 g of amoxicillin
before the procedure was given in all cases unless the patient
was already receiving intravenous antibiotics. A S-MHz
transducer mounted on the tip of a flexible gastroscope
(Hewlett-Packard 77020, Sonos 500 and Sonos 1000) was
introduced and a complete study was performed. No com-
plications of the procedure occurred in any patient.
Echoesrdiographic analysis. Studies were interpreted at
the time they were performed by an experienced echocar-
diographer who was aware of the patients’ clinical data. An
P A e ek ly reviewed the

studies to verify the initial observations.
The severity of mitral regurgitation was graded by trans-
thoracic echocardiography according to the estimated regur-
gmn‘ljeturenunperccmoﬂeﬁamalarea(zs),andby
ding to the esti-
mated mumlam Jjet area (4). Aortic regurgitation was
quantitated in both methods by the ratio of regurgitant jet
width to left ventricular outflow diameter in the short-axis
view (5). Perivalvular jets were defined as eccentric and
originating just outside the sewing ring, Transvalvular jets
were defined as jets originating belween the sewing ring and
poppet. The of thrombi or
valve dehiscence was also noted. A vegetation was defined
as an echogenic mass attached to the valvular or perivalvular
surface with independent motion apparent in multiple views.
A perivalvular echolucent area was considered as an abscess
{6). Thrombi were defined as singular or multiple abnormal
masses, linear or globular, located on the valve surface with
independent motion. Differentiation berween vegetations
and thrombus was made on clinical grounds. Valve dehis-
cence was considered excessive motion of the valve appa-
ratus accompanied by perivalvular regurgitation.

Results
Mitral valves. The time from impl 10

without or thrombus had closing volume jets
along with a significant mitral regurgitant jet. In all, this
characteristic leak or ‘“closing volume™* was seen in 26 of the
30 patients, 13 of whom had otherwise nmnni prosﬂnsn in
no case was this jet d d by h di
raphy.

Mzderate lo severe (=2+) holosystalic mitral regurgita-
tion was detected in six patients by transthoracic echocar-
diography and in eight by transesophageal echocardiog-
raphy. Another pativnt had 1+ perivalvular regurgitation
observed on transesophageal study but not by surface ex-
amination. Significant (=2+) perivalvular mitral insuffi-
ciency was identified by the transthoracic study in four of
five patients with this finding on transesophageal examina-
tion. Four patients with periprosthetic leaks had associated
vegetations or abscess formation, or beth, and one patient
had valve dehiscence.

Five cases of ically confirmed ende ditis were
found by transesophageal echocardiography. Two patients
with vegetations had valve dehiscence oot identified on
transthoracic echocardiography but clearly defined by the
transesophageal examination. Two paticnts with vegetations
did not have significant mitral regurgitation. The vegetations
or abscess formation, or both, in four of these patients was
visible only om transesophageal echocardiography: <n-
docarditis was not identified by transthoracic echocanJicg-
raphy. The sole vegetation identified by transthoracic echo-
cardiography was visualized on the ventricular aspect of the
prosthesis in a patient who had large vegetations on either
side of the mitral prosthesis.

Thrombus formation was detected in six patients with a

Starr-Edwards mitral valve by transesophageal echocardiog-
raphy, in two patients by both methods. One of these
patients was clinically normal but had not complied with
warfarin therapy. The other five patients had transient
ischemic attacks or cerebrovascular accidents. Thrombus
was verified intraoperatively in three of the six paticats (Fig.
2).

Aortic valves. Fifteen patients with a Starr-Edwards
prosthesis in the aortic position were studied. Duration from
the time of impiantation to examination ranged from 2 to 21
years (mean 10.3). Nine of lhcse panents had no valve
abnormalities on ortrans-
thorwc cchocardmgnphy M‘ld aomc reguzpitation was

| by

(age) of the 30 Starr-Edwards valves in the mitral position

hy in one of the
three patients in whom it was identified by transesophageal
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Figure 1. A, Color M-mode echocardiogram in iransesophageal four-
chamber view with the cursor through the Starr-Edwards mitrs! valve,
The zarly systolic (SYS) jet of closing volume is sllwnmhemvw B,
Two-dimensional Doppler color

thal were not detected by transthoracic echocardiography.
These findings were confirmed at operation and at autopsy.
In two patients undergoing the stady for cvaluation of a

showing typical closing volume mitral regu; (arrow) in the
central portion of the ieft atrfium (LA). lehobuuﬁmofmem
veatricle (LV) caused by the prosthetic (PROSTH) apparatus,

echocardicgraphy. In another patient, aortic regurgitation
was moderate on transesophagenl study but only mild on
transthoracic echocardiography (Fig. 3). One patient had
vegetations (Fig. 4) with an abscess identified by transesoph-
ageal echocardiopraphic findings of a periannular Jucency

Figure 2 (lef). Patient 12. Transesophageal echocardiogram, four-
chamber view, from a 63-year old woman with a left pontine
infarction and subsequent transient ischemic attacks. Thromb

cular accident, thrombi were identified by trans-
esophageal but not by surface echocardiography.
Tricuspld valves. Two patients in this study had a Starr-
Edwards valve in the tricuspid position. In one patient who
had a subtherapeutic prothrombin time, a small filamentous
thrombus was identified by transesophageal echocardiog-
raphy and not by transthoracic echocardiogrephy. The study
was performed to locate a source for splenic infarction.
Aortic and mitral valves, A subset of cight patients had
both aortic and mitral Starr-Edwards valves. Two of these
three patients with mitral valve endocarditis had a regime-

E‘Igun 3 (dﬂt) Mild aortic (Al) seen on h

(arrew), scen attached to the sewing ring, was verified intraopera-
tively. Ball = ball valve: RA = right atrium: TV = tricuspid valve;
other abbreviations as in Figure 1.

in two views. Left, Cross-sectional view
1hrouﬂ- a Starr-Edwards (S-E) aortic valve. The arrow shows a
small periprosthetic leak between the struts and the sewing ring.
Right, The probe position now is inferior, showing aortic regurgita-
tion in the left ventricular outflow tract (LVOT). Abbreviations as in

TR I AT 130N
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Figure 4. Patient 23. Basal short-axis
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left ventriculography performed 5 days later. The other three
patients did not undergo left venmwlogmphy because of the

of an zortic . the v waves were
>5¢ mm Hg in two, correlating with Doppler findings of
moderately severe or severe regurgitation.

Prescence or scverity of aortic regurgitation on transesoph-
ageal Doppler color flow imaging precicted the degree of
severity found on aertic root angiography in all seven
patients evaluated with both meibods.

in five patieats surgically confirmed endocanditis wes
evaluated by both catheterization and echocardiography. In
all. abscesses or vegetations were evident by transesopha-
geal echocardiography. Angiograyhy identified an abscess in
the one patient with aortic vajve eadocarditis. In the remain-
ing four patients, with mitral valve endocarditis, abrormal

mckmg or penannular leakage on catheterization suggested
the d

gram from a 72-year old man with Streptococcus bavis endocarditis.
Vegemwn (arrow) is located at the posterior aspect of the sewing
ring. The palicnt also had un abscess that is not vistalized on this
frame. AO = aortic valve; ather abbreviations as in Figures | and 2.

gitant mitral valve but a aormal aortic valve, findines that
were -enfirmed at catheterization (Table 3). Three patients
had nortaal surface and transesophageal findings. A seventh
patient bad mitral regurgitation orly {confirmed at catheter-
ization). The eighth patient had moderate aortic insuffi-
ciency.

Hemodynamic data. Left and right heart candiac cathe-
terization data were available in 11 patienis with 15 Starr-
Edwands valves (Table 3). Eight mitral valves were evalu-
ated, Five of these studies included left ventricular
catheterization for assessment of mitral valve insufficiency.
Four of the five studies showed excellent correlation wn.h
transesophageal results; the remaining study d

Two pauems with thrombi identified on mnsesophageal

had no ab lities on cath

Four patients underwent surgery without catheterization.
Ome. Patient 8, 2 n-ymrold black man, had prosthetic valve
endocarditis: the remaining three patients had mlll'l.l pros-
thetic valve thrombi by phageal ech graphy.
confirmed at operatior.

Serial transesophageal studies. Serial transesophageal
echocardiographic studies were performed on eight patients.
In Patient 15, who had bad a recent nght middle cerebral
artery infarction, the study d hetic mitral
valve thrombus initially that, after treatment with heparin
and coumadin. was diminished in size at 1 month and no
longer visible at 4 months. In Patient 12, under evaluation for
a transient ischemic attack, serial studies showed no change
in thrombus. Conversely, Patiems 2 and 19, aged 38 and
41 years, .tspecuvely, underwent valve replacement after
scnal st.uhes d for d logic events

no leak on transesophageat study but mild insufficiency at

in size of thrombi despite medical

l.hgrapy.

Tablke 3. C of Ty Echocardiography (TEE) and Cardiac Catheterization (Cath)
Milral Yalve Aortic Valve
Pt No. Davs* TEE Cath TEE Cath
3 i 4+ MR, Dehise 41 MR, Detasc
4 Same day 1+ MR TR MR
7 s Normal 1+ MR
" 1 Normal Normal . e
n 2 v 1+ AR. Veg, Ab 1+ AR, Ab, Dehisc
% 8 1+ AR 1+ AR
2 ] e s Thrombus Nermal
8t Same day 34 MR, Veg. Ab, Dehisc IDehisc, » = 30 Notmal Normal
ut 3 Veg r =60 Norga Nermal
32 1 3+ MR, Veg. Ab, Dehisc Dehisc, v = 52 Norma! Normal
34 Same day Normal Normal Normal Normal
'Number i di +Patients who dis Teft Ab = abscess;
AR = aortic regurgitation; Dehisc = dehis MR = milral TR = tricuspid itation; Veg = v = vwave cn pulmonary cspillary

wedge tracing: 14 (0 4+ = degree of regurgitation; - - + = not applicable.
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Patient 23, a 72-year old man with abnormal findings on
blocd culture, underwent two studies; the first demonstrated
a periannular echolucency close to the aortic prosthesis
suggestive of an abscess; the second study 1 week later, with
the patient receiving appropriate antibiotic therapy, showed
enlargement of this area with a new periannular leak more
representative of an abscess. These findings were subse-
quently confirmed at operation. Serial studics in Patient 8,
with fever and normal findings on blood culture, initially
showed two small masses suggesting an abnormality on
either side of the prosthetic valve; | week later the masses
were smaller and a new one had appeared on a valve
strut. These masses were apparent on both surface and
transesophageal studies (Fig. 5). Three weeks later the
masses were gone. The patient underwent a 6-week course
of empiric antibiotic treatment because of his clinical pre-
sentation and uncertainty as to whether the findings were

ion or thrombus. At disct 4 weeks later, a
surface study did not identify any vegetations. Transthoracic
and transesophageal studies were obtained after readmission
because of hypotension and positive blood cultures for
Kilebsiella pneumoniae. Multiple new masses on ihe atrial
and venlncular sides of the alve were found. The fifth

' was perfc d 10 days after at-
tempted medical managemcnl Rocking motion of the pros-
thesis as well as new abscess formation in the basal septum
near the left ventricular outflow tract were

JACC Vol. 20, Nu. 7
December 1992:1503-11

Figure 5. Left, Transthoracic (TTE) apical four-chamber
view demonsirating a vegelation (arrow) on the left ven-
tricular side of the mitral prosthesis. Right, The trans-
esophageal (TEE} four-chamber view shows a vegetation
L (arrow) at the sewing ring of the valve apparatus protrud-
ing in to the left atrium, See text for details. RV = right
ventrick; other abbreviations as in Figures 1 and 2.

perative study showed
less mitral regurgitation and no vegetations. Five months
later she had congestive heart faiture and fluoroscopy re-
vealed that the new Starr-Edwards mitral valve was rocking
severely. Transesophageal echocardiography demonstrated
severe mitral repurgitation with periannular leaking and an
abscess cavily extending toward the left atrial appendage
with fistula formation (Fig. 7). Surgery was believed to be
too dangerous in light of her multiple operations, end
the patient died suddenly several months later. Patient 4,
with a Starr-Edwards mitral valve and Bjork-Shiley
aortic valve, underwent seml studies to evaluate lactic
idosis and h ion. She was
found 10 have a mitral valve vepetation, severe mitral
regurgitation and a probable aortic valve abscess. Catheter-
ization showed a rocking mitral valve. She underwent
mitral and aortic valve replacements and died shortly
thereafter. Transesophageal studies performed 5 months
apart in Patient 35, with low grade fever and clevated fungal
serologic levels, did not d signs of infecti

was d, and the patient has

done well.

Valve age >12 years. Seventeen of the Starr-Edwards
valves inspected had been implanted for >12 years. Ten
valves appenred w be mncuomng normally with no signifi-

Three days later the abscess and vegetations were confirmed
at operation.

At age 31, Patient 28, with Starr-Edwards mitral and
aortic valves and a porcine tricuspid vaive, underwent serial
studies when she presented with fever and abnormal blood
culture findings. Multiple mitral valve vegetations were
visible with periznaular leakage (Fig. 6). After 3 weeks of
antibiotic therapy, the vegetations were gone but the peri-
valvular leaks persisted. At operation, the vegetations and

cant . in six patients without concur-
rent endocarditis ane aortic and five mitral valves had 22+

itation by ] l echocardiography. These
six patients did not undergo cardiac catheterization or fur-
ther procedures for confirmatory evidence. It is unknown
whether any of these older valves were of the cloth-covered
variety. The oldest Starr-Edwards valve had trivial regurgi-
tation after 21 years in the aortic position. No prosthetic
valve implanted for <12 years had =2+ mitral regurgitation
unless concurrent endocarditis was present.
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Figure 6. Patient 28. Transesophnzeal echocardio-
gram, four-chamber long-axis view, from a 31-year old
woman with Staphylocaccus aurens endocarditis be-
fore her fourth open heart operation, during which
another Starr-Edwards mitral valve was placed. Left,
axTow peints to & small vegetation. Kight, When Dop-
pler color flow imaging is added, a perivalvular leak is
seen (MR). Abbreviations as in Figure 1.

Discussion

Starr-Edwards prostheses have been in use for the long-
est period of time and more long-term data are available an
these valves than on any other metallic valve (7.8). The
carliest valve was made with a stainless steel outflow and
cages & and contained a silicon rubber poppet. A high rate of

bolism and d of the silicon poppet
caused by ball variance in the aontic prosthesis resulted in
conversion to a metallic hollow poppet and a cloth-covered
cage. Because of problems with cloth breakdown leading to
hemolysis and tissue ingrowth, the latest design with hare
metal struts was introduced in 1966 (9,10).

The present study comprises the largest series to date of
transesophageal echocardiographic studies on pm.ents with
Starr-Edward hetic valves. The of trans-
ewphageal echonrdlography over transthoracic echacar-
diography in this prosthesis is quite clear. Our observations

Figure 7. Patient 28 (same patient as in Fig. 6). Five

months after mitral valve replacement, a new fistula

formation is seen. The arraws point to a large mass in the

ieftatrium (LA), which is probably a vegetation. SEMV =

g_urr-B;lurds mitral valve; other abbreviations as in
gure 1.
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indicate that three clinical situations involving Starr-
Edwards valves warrant strong consideration for perfor-
mance of transesophageal echocardi hy in the p

of a negative high quality transthoracic echocardiogram:
1) suspected endocurditis, 2) embolic event, and 3) sus-
pected valve dysfunction.

Endocarditis. The d rate of endocarditis related
to native valves is higher for transesophageal than for
transthoracic echocardiography (11,12). The present study
confirms and extend: previous observations demonstrating
th\. supenomy of :ransesopbagenl versus mnhom.'lc

phy in suspected thetic valve
tis. Khandheria et al. (13) studied 50 patients with prosthetic
valves in the mitral position, including four Starr-Edwards
valves affected with surgically confirmed bacterial ea-
docarditis. Abscess or vegetation formation was visible on
all four valves by transesophageal sindy and none by trans-
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thoracic examination. Result. of the present mvesugatum
are similar in paticnts with mitral prostheti valve d:
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patients with severe dysfunction of a mechanical mitral

tis with mnsesophasem } i } i

far supennr sensmv:ty for abscess or vegetation than thal of
hy. In addition,

al echocardiography was superior to catheterization i in dem-

onstrating specific lesions (abscess, vegetation) due to en-

docarditis. Thus, transesophageal echocardiography would

appear 10 be the technique of choice for diagnosing and

The sample size of seven patients with an aortic prosthe-
sis alone is too small to make definitive statements compar-
ing transthoraciz and transesophageal studies. However,
there was a good correlation of transesophageal findings with
aortic root angiography (Table 3) in seven patients, two with
an aortic valve prosthesis alone, and four with mitral and
aortic Starr-| Edwmls vnlves

The di )

dcﬁnng the exient of valvular and perivalvular i
in Starr-Ed heti vnlvc ditis.
Thrombus. The present i also demonstrates
the usefulness of transesophageal echocardiography in pa-
tients with Starr-Edwards prostheses who have had embnlic
events. Thrombus was identified in 8 of the 11 patients who
had transient ischemic attacks or cerebrovascular events.
Surgical confirmation was available in three cases. Only two
of the nine patients with positive findings on transesophageal
studies had an abnormality on surface study suggestive of
thrombus. Before transesophageal echocardiography was
available, small, nonobstructive thrombi responsible for
cerebral ischemic events could not be detected. With this
technique, these thrombi can be readily detected and treat-
ment modified accordingly. Serial studies have allowed
determination of the responsc to modified therapy.
Physiologic regurgitation. From the present observa-
tions, a ‘‘normal” pattem of Starr-Edwards regurgilation
can be defined, Previous transesophageal echocardiographic
studies (14) included only small numbers of Starr-Edwasds
valves with differing characteristics. Doppler evidence of
mild regurgitation has been a freq finding in norma}
aortic and mitral valve replacement with other metallic
valves (15). A previ } | study that i
five Starr-Edwards mitral valves d d a color flow jet
congisting of two confluent jets 2 cm long that were observed
only in early systole (16). In 14 patients with a Starr-
Edwards mitral valve, Khandheria et al. {13) found 7 with
minimal regurgitation due to valve closure. In the pmem
study, the closing volume jet was observed by

of
severity of valve regurgitation of Starr-Edwards valves
correlate with those of angiography in most cases. The
transesophageal study also outlines abscess and vegetation
formation when, as in our patients, angiography generally
identifies only the resuits of the inflammatory response—
namely, valve dehiscence and regurgitation. The transcsoph-
ageal study was especially invaluable in three of the patients
who had prosthetic aortic and mitral valves by making
transseptal or left ventricular puncture unneressary.

Eight patients with both aortic and mitral Stam-Edwards
valves constituted a small subset. Interference of visualiza-
tion of the aortic valve by the reverberations of the mitral
valve may occur with transesophageal echocardiography.
Our sample size is too small to provide definitive answers;
however, a good correlation was found between transesoph-
ageal echocardiography and catheterization data in the four
patients in whom it was obtained.

The present study also illustrates the longevity of these
valves. The oldest valve, implanted ir: the aortic position for
21 years, shows normal function and mild regurgitation, The
durability of Sterr-Edwards valves has been discussed in
several review articles (7,8). McGoon and coworkers (7)
found only three instances of primary valve malfunction in
336 patients with a mean valve duration of 15 years from the
time of implantation to the time of study. In the Mayo Clinic
study (13), one of four Starr-Edwards mitral valves im-
planted for :>12 years manifested dehiscence and severe
regurgitation, In our study, 38% of the valves implanted >12
yenrs prev:ously demonstmed significant regurgitation with-

geal echocardiography in 26 (87%) of 30 patiems with a
mitral Starr-Edwards prosthesis. This regurgitation is an
early systolic transvalvular leak with central flow of trivial or
mild severity, not seen on transthoracic evaluation. All of
the remaining patients had pathologic regurgitation. Such
Jjets were not noted on the aortic prostheses, a finding that is
probably related more to limitations of transesophageal
echocardiography in visualizing the left ventricular outflow
tract than to design differcnces between aortic and mitral
valver.

Pathalogic regurgitation. In comparison with transesoph-
ageal echocardiography, Iransthoracic echocardiography ei-
ther underestimated the severity or missed completely five
of eight cases of significant (==2+) mitral regurgitation (Table
2). This result confirms previous observations (13-15) that
results of transthoracic echocardiography can be normal in

ditis. The vaives in the present study
shuuld not huve a tendency to develop bull vamnce The
more sensitive method of
may enable rlinicians to provide early detection of future
valve problems.

Limitations of present study. There have been no trans-
esophageal studies quantifying prosthetic valve mitral or
aortic regurgitation and only limited transesophageal studies
quantifying native valve mitral or aortic regurgitation, Ex-
trapolating these data to determine the extent of prosthetic
valve regurgitation in the present study may therefore prove
misleading,

Use of a single-plane transducer mav have limited the
quantification of aortic regurgitant flow and prevented iden-
tification of a **closing volume™* of the Starr-Edwards valve
in this position. Also, in quantifying mitral regurgitation, one
recent study (4) showed that the best correlation with
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angiography was obtained when the gnealer of the lwo jet
areas found with a biplane d V5.
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We thank Rnbvn Dogier. RN and Nancy Palnik. RN for assistance in the

transverse) was used.

was performed
first in all cases, there is a bias against this method inherent
in the study design. The small sample size and small num-
bers of patients with findings confirmed anatomically makes
determining sensitivity and specificity with accuracy impos-
sible.

The presert investigation includes catheterization data.
Comparing these (3sts it problematic because the studies
were not performed simultaneously or even on the same day
in many instances. Clearly, variations in loading conditions
could alter findinas, especially in quantifying the severity of
valve regurgitauon. Grayburn et al. (17) found that day to
day within-subject variation of maximal color jet area of
mitral regurgitation on surface echocardiography was not
significant when patients were receiving stable doses of
divretic agents and were not receiving antibypertensive
agents or vasodilators. Also several of the catheterizations
did not involve a left ventricular angiogram, and estimation
of mitral regurgitation was based un v wave data. Because
most of the two types of echocardiographic studies were
performed consecutively within minutzs of each other, these
uncontrolled variables should be less important. Another
limitation is the lack of confirmation of findings in patients
with regurgitation not due to endocarditis. However, several
studies (2,3,18) have shown an excellent correlation b

. and Teresa Mrkvicka Henderson for expent
assistance in preparation of the manuscripi.
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