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Diagnostic Value of Transesophageal Compared With Trausthoracic
Echocardiography in Infective Endocarditis

BRUCE K. SHIVELY, MD, FRANK T. GURULE. CARLOS A. ROLDAN, MD,
JAMES H. LEGGETT, MD, NELSON B. SCHILLER, MD, FACC™

Albugquerque, New Mexice and San Francisca, California

To compare the diagpastic vatue of phageal and transth
racic ech diography in infective endovarditis, paived trans
esphageal and trunsthorcric echocardiograms were obiained
prospectively for 66 eplsodys of suspeited endocarditis in 62
patients, Echocardiogeaphic results were compared with the pres
ence or absence of endocarditis determined hy pathulogic or

di hic data from the sub t clinical course.
All echourd!ogrms were interpreted by an ohserver told only
that the studies were from patients in whom the diagnosis of

ity level of “*almaost eertain," giving a sensitivity of 4% and 94%,
respectively (p < .01, For the remaining episodes, 49 of 50
transthoracic and all transesophageal studirs yielded normal
results, giving a specificity of 98% nnd 100%, mpemvelv.

“his study suggests that tr  is
highly sensitive and specific for the du;,nosls o* lnft-cuve en-
docarditis and significantly more sensitive than transthoracic
echocardiograghy, Although echocardiography cannot rule out

docarditis, the high diagn sensitivity of tranesophagen

cndocarditis was suspected.

The dis of end: itis was lly made in 16 of the
66 eplsodes of susp:eted endocarditis (14 by pathologic and 2 by
clinical criteria). In 7 of 16 horacic and 15 of 16 tz i
ageal ech iograms, ditis was dil d at a prokabil-

echecardiogruphy results in a low probability of the discice when
the stuy vivids negative results im a patiznt with an infermediate
likelihood of the discase.

(1 Am Coll Cardiol 1991:18:391-7)

Transthoracic echocardiography is useful in putients with
infective endocarditis to detect vegeiations and assess the
exateni and hemudynamic sequelac of valvular darage.
However, low diagnostic sensitivity bas limited the value of
echocardiography in patients in whom endocarditis 15 sus-
pected but not certain (1-3). Suboptimal patient imaging and
limited instrument resolution are major obstacles to the
application of transthoracic echocardiography for this pur-
pose. In contrast, transesophageal echocardiography yields
consistently high quality images of the mitral. aortic and
tricuspid vaives and may be supenior to transthoracic echo-
cardiography in the diagnosis of iniracardiac masses such as
vegetations from infective endocarditis (4-8).

To esti the d ic value of tr; ] ver-
sus transthoracic Doppler color flow echocardiography in
patients with suspecled miective endocarditis, we compared
echocardiographic results with the final diagnosss from
pathologic findings or ardiographic data from the
patient’s clinical course. Because the echocardivgraphic
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diagnosis of endocarditis may be influenced by prior clinical
information. the echocardiograms were read al another
institution by an experienced interpreter 1id only that the
paticnis were suspected of having endocarditis.

Possible false positive findings are of concern with the
introduction of an improved method of diagnestic imaging
such as transcsophageal echocardiography. To determine
the ability of the method of echocardiographic intetpretation
used in this swdy ro differentiate normal variant findings
from valvular sbnormaiities. 16 healthy volunteers were also
studicd oy transthoracic and transescphageal echocardiog-
raphy.

Methads

Study patiemts, From January 1988 1o October 1989, all
patients referred to the Albugueraue Veterans Affairs Med-
ical Center Echocardiography Laboratory were screened
and 62 consecutive patients meeting specific critena for the
suspicion of endocarditis were entered into this study. Thise
criteria were a documented orally measured body tempera-
ture of = 100°F and one or more of the following: a murmuy,
a valve prosthesis, a history of recent inlravenous drug
abuse or known intection by an organism frequemly associ-
ated wilh infective endocarditis. Patients meeung lhese
Zriteria underwent paired } ic and phage
Doppler color flow echocardiographic studies, usually on the
same day. according to the guidelines of the institutional
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Table 1. Chnical {haracteristics of f2 Study Patients
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Table 2. Findings in 16 Patients With Endocarditis

Mean age (yr) 53
Men [no.) 54
bever (7) 100
Murmur (57) L]
Left ventriculsr outtiow () 54
i 4

Prosthasis (%) 18
1V drug abuse (%) i}
Posntive blood cultures (% 1]
Mean loess duration before TEE (dayst i

= : TEE = hageal ectacardiograph

Human Resesrch Committee. Ali patients gave informed
consent for the transesophageal study, The patients were
followed up for a minimum of 8 weeks after the echoczrdio-
graphic studies, with the exceptioa of three patients lost 10
follow-up a1 810 14 days. Thirteen patients with endocarditis
underweni surgery and one patient died. Eight patients
underwent carly operation (2 1o 20 days after study) and five
responded initially to medical therapy but required operation
after 3 to 15 months.

Presence or absence of endocarditis. The diagnosis of
endocarditis was based on a previousiy published criterion
(9-11} that is independent of the results of cchocardiog-
raphy. This criterion was the presence of either 1) surgical or
altopsy canfirmation, or 2) a new or changing murmur with
¢ither a) positive bloed cultures, b) peripheral stigmaia of
endocarditis (for example, embolic phenomena), or ¢} sup-
portive fabosatory evidence (for example, positive rheuma-
toid factor). At the end af the study, all patients with
endocardiis met ¢ither condition 1 er condition 23, No
patient had positive bload cultures or peripheral stigmata or
laboratory data supgesting endocarditis in the absence of &
new or changed murmur, Patients were clagsified as not
having endocarditis if 1ke criterion was not met during the
follow-up perivd. Table | shows the clinical characteristics
of 1hc 62 study patients. Tables 2 and 3 summarize daa for
patients with and withom endocarditis.

Echocardiography, Because 4 patients were referrcd
1wice during the study period for 1he suspicion of endocardi-
tis, 66 pairs of echocardiograms were perfarmed in 62
patients. The mean interval between studies was 1.2 days
(range % to 7). Eighty-faur pereent of paired stwdies were
periormed within 24 h of each other. 15 of the 16 paired
studies in patients =vg.wally lound 10 have endocarditis
were done within 24 .

Transesophagral examinations were performed using
a 5-MHz gastroscope-mounted transducer interfaced with
the 77020A system (Hewlett-Packard). Before transesoph-
ageal study, all patignts fasted for =4 h and reccived
lidocaine #hroat spray and intravencus diazepam (2.5 1o
10 mg) and meperidine {25 10 75 mg). No complications were
encountered in examinations ranging from 15 10 45 min in
duration.

Examination of the cardiac valves was performed at

Dizgnostic critena
Surgicalautopsy canfirmation 14
New masmur and positive blood cullures 2z
Valves involved
Aortie oy $
Milm) only 7
Prouheds 3
Aori and tricoipid 1
Organism*
Sraphylococcus ourpuy
Streptosoecus viridans 3
Enteracoerus, Memophilus porainfinenice, 1 each
Lectobacills, Sirepioceccus euinns,
FPreumocuccus, group B Sirepiocorcas

- *(ne patisns wilh 2 negative culture had suzgical confimuation,

minima) possible depth settings (6 1o 12 cm) over multiple
scan planes eblained by alternately withdrawing and advanc-
ing the transesophageal probe. With the exception of the
pulmonary valve, cach valv¢ was examined by M-mode

.echocardlogu‘aphy at 100 cm's sweep spced and Doppler

<alar flow dingraphy in
healthy volunteers was performed with use of the same
protocol used for patients with suspected endocarditis.

Transthoracic examinations were performed as appropri-
ate for patients with possible endocarditis and included the
detailed examination of each cardiac valve by M-mode,
two-dimensional and Deppler color Jow mapping at miimal
depth settings. Both 2.£- and 5-MHz transducers were used
in most studies.

Analysis of echocardi Echocardi from fia-
tients and healthy volunteers were mndomlled copied in
their entirety on separate sets of transthoracic and trans-

Table 3. Findings in 46 Patients Withour Endocarditis
(50 febrile episodes)

No.
Poritiva R ) 22 (%)
£t phylacoccus auseus 65
Ste shylacaceus epidermidis 4
Enrocugens ?
Pol ‘micmbial 2
A wahemolytic Sireptococcus 2
Pseudumonas §
Streptucercas coauelivius 1
Peptosirepiococous 1
Streptocce s GREINGIS 1
Clnstridium pefringsns 1
Diphikeroids 1
Moncardiac source of fever 42 (B4}
Antibiolic therapy 210 days® 7 (14%6)
Staphylocoecus aureas 4
Polymicrobial 2
Streprococcus cnginosas 1
This thesapy may be eHfective agamst itis. Treal-

ment decisions were at the primary physician's discretion.
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Tale 4. Valve Leaflet Visualization in 66
Echocardiographic Swdies

Echocardiograms With “'Ave;age’ or
“*B=tter Than Average™ Image

Transgsophagea) Transthuracic
"7 ()
Tricuspid valve 2] 82
Mitral valve Joo* 8
Aortic valve 96t o8

*p << 0.06, *p « 0.01 compared with (rensthoracic echucardiography

esophugeal tapes and sent (o an experienced echocardi-
ographer at an institviion in another city. The interpreter
was to!d only that all subjects met the inclusion criteria for
suspected infective endacarditis. The interpreter did not
know which transthoracic and tr. hageal studies were
paired.

Interpretation fullowed o format for the svoring of rele-
vanr cardiac siructures in several categories. The adeyuacy
of valve visualization was scored on a scale from § to 3(1 -
well seen (average or better), 2 = seen less well than average
and 3 = not imaged). Cardiac structures were classified 25
normal or abnormal. with the abnormality specified. and
each study was assigned an overall rating of the probability
of endocarditis, The rating categories for probability of
endocarditis were | = very low. 2 = possible. 3 = probabie
and 4 = almost certain. A rating of very low probability of
endocarditis was assigned to normal studies. A rating of
possible endocarditis was assigned to studies showing ab-
nomalities representing a possible site of infecticn. such as
degenerative changes. ir.l valve prolapse or a valve
prosthesis. A probable 1.ting was assigned 1o studies with
strongly suggestive findings, such as a flail leaflet or nonc -
cific localized leaflet or chordal thickening suggesting vege-
fation. A rating of aimost certain ¢ndocarditis was given in
the presence of a mass typical for a vegetation or evidence of
leaflet perforation or annular abscess. Characteristics of a
vegelation are soft tissue reflectance, ircgular geometry,
free mobility and attachment to leaflets, chordae or chamber
walls.

Statistics, The statistical significance of differences in
sensitivity, specificity, predictive value and the frequencics
of findings by the two echocardivgraphic methods were
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tested for significance with use of a iwa-tailed Fisher's exact
test,

Results
Leaflet visualization, To compare valve imaging by the
two cchocardi hi thods, the treqi ics of valves

scored as imaged with average or better quality are shown in
Table 4. The data suggest that the transesophageal method
provides imaging of both mitral and aortic Jeafiets superior to
that of transthoracic echecardiography. Conversely, no dif-
ference was shown for tricuspid valve imaging by the two
methods.

Valvular abnormalities. Table § shows the high fre-
quency of murphologic valve abnormalities demonstrated by
tr: hageal and tr hocardiography in pa-
tients with suspected endocarditis. In two patients, aortic
valve imaging by transthuracic echocardiography did not
permit discrimination of a bioprosthesis from severe aortic
valve sclerosis by an independent interpreter (all prostheses
were correctly identified by transesophageal echocardiog-
raphy). [n patients without endccarditis, the interpreter
noted thickening of the anterior mitral valve leaflet (believed
to be abnormal) significantly more often by transthoracic
than by transesophageal echocardiography.

Valve regurgitation. Table 6 shows the frequency and
degree of valve regurgilation detected by the two echocar-
diographic methods. Although transesoph | echocardiog-
raphy demonstrated valve regurgitation more often, this
Jifference was limited to lesions of trivial or mild severity.

Diagnosis of infective endocarditis. The sensitivity and
specificity of hageal and echocar-
diography for the diagnosis of infective endocarditis are
shuwn in Table 7 for two Cifterent definitions of a positive
echocardiogram. When an almo certain probability of endo-
carditis is considered positive (upper panel). only 7 {44%) of
16 transthoracic studies were posilive compared with 15
(94%) of 16 transesophageal studies (p < 0.01). When a
lesser degree of certainty is used to define a posinve
echocardiogram (lower punet of Table 7). transesophageal
echocardiography still shows a higher sensitivily than the
transthoracic study. Specificity was high and very simitar for
the two methods,

acic

Table 8. Fchocardiographic Valve Morphelogy in 66 Evhocardiographic Studies
Thickening Fralapse Prosthesis Mass
TEE TTE TEE TTE TEE TTE TFE TIE
Tricospid vidve 2 3 4 [ — — 1 1
Mitral valve ™ I 11 [l s s ] 3
Aortic valve Ml n 0 2 9+ 7 7 2

*p < 0.05 compared with transthoracic echncardwyupny #Two aortic blapms(h:ws viere not dxs(mgmshed
L T

from sclerosss by h

ic gch
echocardiography
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Tatle 6. Valve Regurgitation in 65 Fchacardiographic Studies

Morse Than
Trivial Mitd Mild Total Tota)
TEE TTE TEE TIE TEE 1TE TEE TIE TEE TIE
Tricusnid valve 6 i A Ik} B " n ] B “
Mitrat valve 16° 2 Ll )13 n u a2t n o4 41
Aortic valve 7 2 & A 9 1 n 7 n K1
*p < 0.001. *p < 0.05 compared with h i hy. Abbi as in Table 5.

Causes of false positive and false negative echorardio-
grams. Table 8 lists he probable causes of misdiagnosis for
the one false positive and nine false negative transthoracic
echocardiograms and one false megative transesophageal
cehocurdivgram; five of the false negative transthoracic
studies occurred in the setung of accompanying valvular
discase (Fig. | and 2) and four with an app iy normal

improvement in sensitivity aver transthoracic echocardiog-
raphy for this diagnosis. For a diagnostic test in patients with
suspected endecarditis, sensilivity is an important test char-
acteristic because of the setious consequences of missing the
disease and delaying therapy. In this stdy (with a 24%
plevalence of enducardlu:.). the high sensmvuy of trans-

valve {Fig. 3. Of 13 episodes af suspected endocardlis in
patients with a prosthesis, all 3 episodes diagnosed as
cndocarditis were fatsely negative by transthoracic echocar-
diography, but were positive by transesophageal study.

Echocardiography in healthy volunteers, The transtho-
racic echocardiograms of 14 of 1he 16 healthy volunteers (26
to 41 years of age) were classified as normal. Two were
interpreted as showing possible endocarditis on the basis of
redundant, hypermobile mitral chordae tendineae in one and
a thickened aortic valve in the other. The transesophageal
echocardiograms were also interpreted as normal except in
two other subjects. These two studies were inlerpreied as
showing possible endocarditis, one because of redundant
mitral chordac and the other because of a thin, * hair-like*™
structure prolapsing below the aortic valve accompanied by
slight aortic regurgitation. Similar and thin 2- w 4-mm
strands were noted in two (20%) of ather healthy volunteers
and in six patients {(10%) with suspected endocarditis.

Discussion
Major tindings. There are two major findings in this
study. Transescphageal echocardiography 1} shows a high
sensitivity for the diagrosis of endocardilis in patients sus-
pected of having the disease, and 2) offers a significamt

Table 7. Ci of Ti end Ti h
Echocard:ography: Sensitivity and Specificity
Sensilivity Specificity

I Raling 4 (aimnst cenarn) 1=

considered dizgnostic

Transesophageal MO (156 10065 (5050)

Trunsthoracic a4% (7118) 94% (49500
If Rating 3 or 4 (probablz or almost

certan) is considered diagnostic

Transtsophageal % (15/160 985 (49/50)

Transtharagic 697 (11016 9% (46150}

*p < 0.M compared with transthoracic echocardiography.

results in o Y8% negative
predictive value (the probablhry of no endocarditis if the
patient has a negative test} compared with an 84% value for
transthoracic echocardiography (p < 0.05). In addition, with
the method of echocardiographic inferpretation used in this
study, false positive findings are unusual by enher method.

Bias in p studies. i of Y range
from 18% lo 90% in prior studies (§-3, 12-21) of echocar
diography in the diagnasis of endocarditis, reflecting the
impaortance of factors affecting the diagnostic performance of
echocardiography in patients with the disease. Variable
clinical information available at the time of echecardio-
graphic interpretation and varietion In the type of disease in
the study group {specirum bias) probably account for this
wide range (12). o most series (5,15-19), the question of
interpreter bias is dealt with ambiguously or not at all. By
not using specific inclusion critenia ur by using retrospective
data, most studies (16-22) of echocardiography in en-
docarditis have been subject to spectrum bias, In general,
prospective studies {1,2) have given estimates of the sensi-
tivity for transthoracic echocardiography similar to that of
1he present study if a rating of almosl certain is considered
positive for endocarditis {449%). Sensitivity in the present
study is higher (67%8) and more in line with other recent data

Table 8. Causes of False Positive and False
Negative Echoacardiogiams

No. of Pts Apparent Cause
Falsz negative
TIE 2 Myxomatous disease
3 Valve prosihesis
4 Vegetation small, valve ctherwise
normal
TEE H Ruplured chord tno vegetalion seen)
Falsc positive
TTE 1 Sclerasis limited to leafiet tips

(theumatic}

A rating of almost certain was required for the echocardiogram to be
considered posilive. P15 = patienis: other abbrevialions as in Teble 5
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Figure 1, Infected mitral bicprosthesis. This systolic transesopk-
ageal view shows a mass (V) attached to the bioprosthetic sewing
ring and profapsing into the left atrium (LA). The image plane is
positinied heiween the hioprosthetic struts, which are 5ot shown.
The uistance between diagonal dots along the side of tne lefl atrium
is 1 cm. Transthoracic examination of the presthesis failed to
demonstrate this mass, primarily because of acoustic shadowing
from the struts and sewing ring. AQ = auftic valve, LV = left
ventricle: S = interventricular septum.

(16-19,22) if studies classified as indicating probable en-
docarditis arg ncluded as positive fer endocarditis.

An early series by Eebel et al. (5) included direct com-
parison of transesephageal and transthoracic imaging. Their
results were generally similar to those of th2 present study,
but the clinical applicability of thesr data is uncertain be-
cause of ambiguity regarding how ¢ndocarditis was diag.
nosed, the selected group of patients with the disease and the
calculation of sensitivity and specificiy from twe different
patient groups.

Bias in the present study. In the presemt study, many
suurces of bias were eliminated or comrollad. [nterpreter
bias was controiled by establishing a uniform bias regarding
the probabitity of erdocarditis for the echocardiograms. The
interpreter’s expectatiuns approximated those that apply
when echocardiograms are done in clinical practice as an
independent test for endocarditic. The interpreter did not
have access o other clinical informarion about the putients.

The effects of spectrum bias in the present study were
pactially controlled by the prospective inclusion of consec-
utive patients meeting specific eriteria for the suspicion of
infective enducarditis, It seems prudent t lmit Iransesoph-
ageal echocardiography to patients with a significant climcat
suspicion of endocarditis. Because similar constraints on the
use of this pracedure should hold true in clinical practice.
our results should be broadly relevant.
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Figure 2. Small mitral vegetation. The teanscsophageal image plane
is tangential to the mitra) znulus, showing a truncated view of the
left ventricle (LY). A small mass (V} is tethered irom (he fip of the
anterior mitral leaflet (AML) and prelapses into the left atrium {LA).
1 real time. this mass showed rotatory motion independent of the
leaffet. A 1-cm distance is indicated diagonally to thz lefl.

Nevertheless, patients were entered into the present
study only after referral (not uswally from the emergency
room) and 40% were patients from other hospitals. The
clinical specirum of disease is this likely to be repre-
sentative of a referral hospital. Our study group may be
weighted in favor of patieats with more advanced disease
because 14 of 16 patients eventually underwent surgery.
However. surgery was performed late only after initial
success of medical therapy i five patients. In addition. the
diagnosis of endocarditis was not established before echo-
cardiography in 2 of the 16 patients,

This study muy have been biased by the inclusion of
seven patienis classified as pat having endocarditis who
received treatment usually effective for the disease, possibly
preventing the developmzm of evidence of endocarditis
(Table 3). Howeves, if these patients are excluded from
analysis, the results of this study, including the significance
levels for differences b n Ir; phageal and ho-
racic echocardiographv, aic cssentially unchanged.

Strict criteria were used in this study for the diagnosis of
eudacarditis. Tt is possible that sume paiients were misclas-
siied as not having the disease. If so, the results of this study
would still sirongly support the diagnostic superiority of
wransesophageal echocardiography, but its sensitivity would
be lower. [t seems appropriate to caution against efforts to
completcly exclude endocarditis by this means. This point is
reinforced by our finding of ane false negative transesoph-
ageal echocardiogram in this study,

1, 4

Finally. the per

of trans-
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Figure 3. Infected wortic valve, Top panel. Transthoracic paraster-
nal bung-axis view in 2 patient with suspected infuctive endocarditis
shows unly nodular thickening of the aortic leaflet np {AV), No mass
distincl fram the vabve itsell was seen. This echi hic study
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Figure 4. Milral valve in a normal volunteer. The transesophageal
image plane is tangential to the mitral anulus, 50 that the posierior
leaflet appeurs very short. A thin strand (arrow) prolapses into the
left atrinm (LA) from the tip of the anterior mitral leaflet (AML). A
1-em distance is indicated diagonally to the eight of the left atrum,
AV = avric valve,

Potential false positive findings. Qur experience with this
technigue suggests that false positive findings could eccur,
even though the eapent mlerprel.er in Ihls study did nat
diag any tr l | as falsely
positive. The tiny mohile strands below the aortic valve
might be ken for smail i bt probably rep-
resent prominent Lambl’s excrescences.

Other potential false positive findings we observed in-
clude strands extending from prasibelic sewing rings, hyper-
mobile and redundant mitral chordac tendincae, localized
chordal thickening and false chordae in the left ventricular
outfiow tract. We also observed brightly reftectant, transient
echioes on the left atrial side of the mitral valve during early
systole in 3 (5%} of the 62 patients with suspected endocardi-
tis and 3 (17%%) of the 15 healthy voluntezrs (Fig. 4;.

Clinical implications. In ihis prospective study, trans-

h

echox

wiy rated as showing possible endecerditis, Bottom panel, Trans-
esophagea! image in the same patient. The vaive demonstrates key
features not evident vo transthoravic study. {Y The [eallets appear
normal near the anulus {making degenerative change unlikelv):
2 the leaflat thickening (V) has soft lissue reflectance; and 3; a small
portion of the mass prolapses into the feft ventricular (LV) qutftow
tract. Diastolic Auttering of this thin extension of the mass was
readily demonstrated. The distance hetween diagonal dots at the
upper right of the image is | em. This study was rated as shawing
almost cerain endocarditis. RV = right ventricle; other abbrevia-
ticns as in Figure 1,

esophageal echocardiography m the present study may re-
fiect in part the expertise of the experienced operators and
interpreter. Replication of 1hese resulls may recuire the
accumulation of experience in this method of echocerdiog-
raphy.

P | cchogardiography showed high sensitivity for the
dingnosis uf endocarditis and appenred to represent a signif-
icant advance over iransthoracic echocardiograthy. This
superior diagnosiic sensitivity applied 10 paticnts with min-
imal underlying valve diseasc as well as to palienls with
preexisting abnormalitics such as a prosthesis. A high level
of diagnostic specificity can be achieved by both ¢chocar-
diographic methods.
To decide whether transesophageal echucardiography
will be useful to rule out endocarditis, the clinician should
ider the degree of saspi uf the diseasc. If suspicion
is high, a negative transesophageal echocardiogram will not
gbviate the need for therapy. Conversely, il suspicion s
intermediate or low, a negative study may allow time for
obtaindog acklitional bivod cultures and other clinical data.
The management of many paticnts in our study was
affected by transesoehageat echocardiographic findings clas-
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sified as positive for endocarditis when irsnstharacic study
was inconclusive. Of the nine patients with endocarditis
classified as having almost certain endocarditis by trans-
esophageal echocardiography. five were classificd enly as
having poisible endocarditis by transthoracie study (with the
oilzer four classified as having prohable endocurditis). Fur-
thermore, i1 four of thesc five with a rating of possible
disease, transesophapeal findings led o eatly operation in
two patients. Transesophageal echocardiography thus also
appears 10 be useful when the clinical suspicion of en-
docardilis 25 intermediate or high but results of a 1ransiho-
racic study are uncertain.

We 1hapk (ke privaie cardiologists for referring thtir fatents, We dre alse
grateful o Betly Skipper for statisrcal wnabysis wnd Deanma Adams for
MANUSETipt preparstion.
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