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Background. The utility of intraoperative transesopha-
eal echocardiography (TEE) for different types of car-
iac surgical procedures has not been thoroughly inves-

igated despite its increasing popularity. Therefore, we
etrospectively evaluated the impact of before and after
ardiopulmonary bypass (CPB) TEE on surgical decisions
n 12,566 consecutive patients undergoing cardiac surgery
t a single institution.
Methods. We analyzed all patients undergoing cardiac

urgical procedures who had an intraoperative TEE ex-
mination between 1990 and 2005 at the Brigham and
omen’s Hospital. Results of the TEE examinations were

ntered into a database. Previously undiagnosed TEE
ndings from the pre- and post-CPB examinations that
irectly impacted surgical decisions were evaluated.
Results. Before and after CPB TEE examinations in-
uenced surgical decision making in 7.0% and 2.2%,
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espectively, of all evaluated patients (n � 12,566). In
atients undergoing only coronary artery bypass graft
urgery (CABG [n � 3,835]), surgical decisions were
nfluenced by 5.4% of the pre-CPB and 1.5% of the
ost-CPB TEE examinations, and in 6.3% and 3.3%,
espectively, of those patients undergoing isolated valve
rocedures (n � 3,840). In combined CABG and valve
rocedures (n � 2,944), surgical decisions were influ-
nced by 12.3% of the pre-CPB and 2.2% of the post-CPB
EE examinations.
Conclusions. Intraoperative TEE influences cardiac

urgical decisions in more than 9% of all patients in the
resented study population, with the greatest observed

mpact in patients undergoing combined CABG and
alve procedures.

(Ann Thorac Surg 2008;85:845–53)

© 2008 by The Society of Thoracic Surgeons
ince the introduction of intraoperative echocardiogra-
phy into clinical practice in the 1980s, its popularity has

teadily increased. Today, more than 90% of training pro-
rams in the United States use intraoperative transesoph-
geal echocardiography (TEE) as a diagnostic and monitor-
ng tool [1]. The American Society of Anesthesiologists, the
merican Society of Echocardiography, and the Society of
ardiovascular Anesthesiologists have issued guidelines

or the intraoperative use of TEE [2–4]. Previous studies
ave suggested that in cardiac surgical patients, TEE pro-
ides essential before and after cardiopulmonary bypass
CPB) information regarding cardiac performance [5], valve
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unction [6, 7], great vessel pathology [8], and congenital
nomalies that has been shown to have a favorable impact
n perioperative clinical outcomes [9–12].
Despite the increasing popularity of intraoperative TEE,

ts impact on perioperative decision making as well as on
linical outcomes has been questioned [9]. Ideally, intraop-
rative TEE should prevent unnecessary surgical proce-
ures and associated morbidity. In addition, TEE can iden-

ify previously undiagnosed pathology and residual defects
fter surgical intervention to enable an immediate correc-
ion if necessary. Several clinical studies that have investi-
ated the impact of TEE on surgical decision making have
een limited by only enrolling a relatively small number of
atients, focusing only on a particular surgical procedure,
r reporting only post-CPB findings [9–19]. Therefore, we
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onducted a study to assess the influence of intraoperative
EE on surgical decision making, in 12,566 patients from a
ingle institution who underwent different types of cardiac
nd thoracic aortic surgical procedures.

atients and Methods

atient Population
he study population consisted of a consecutive series of all
ardiac surgical patients from the Brigham and Women’s
ospital in Boston, Massachusetts, in whom intraoperative
EE was performed between 1990 and 2005. The decision to
erform TEE was determined together by the attending
ardiac anesthesiologist and the cardiac surgeon for each
ase. Specific criteria for the examination included known
r suspected ventricular dysfunction, valve dysfunction,
reat vessel pathology, and congenital anomalies. This
etrospective study was approved by the Institutional Re-
iew Board, and need for individual patient was waived.

echnique of TEE Examination
ll TEE probes (Siemens, Mountain View, California; or
hilips Medical Systems, Andover, Massachusetts) were

nserted after induction of general anesthesia. Complete
nd comprehensive intraoperative TEE examinations were
erformed by cardiac anesthesiologists, all of whom had
xtensive training and experience in perioperative echocar-
iography. Results of the examinations were discussed with

he attending cardiac surgeon. Data from the intraoperative
EE examinations were recorded on videotape, and stored
n a digital database for offline review and analysis.

tudy Design
atient demographic and echocardiographic data were ob-

ained from the departmental digital database, which in-
luded information pertaining to the impact of intraopera-

ig 1. Overview of surgical procedures performed in 12,566 cardiac s
graphy examination. *Other types of procedures (n � 1,947). (ASD
ABG � coronary artery bypass grafting; MV � mitral valve replace
AD � ventricular assist device placement; VSD � ventricular septa
ive echocardiography on perioperative surgical decision n
aking. For intial data collection, a prospectively designed
linical data form was utilized. Intraoperative TEE findings
hat were not known preoperatively, despite a comprehen-
ive preoperative workup, were considered new pre-CPB
ndings. Only new findings that resulted in an alteration in
urgical management were included in this study. Alter-

l patients who underwent intraoperative transesophageal echocardi-
ial septal defect repair; AV � aortic valve replacement or repair;
or repair; TMLR � transmyocardial laser revascularization;

ct repair.)

ig 2. Percent transesophageal echocardiography (TEE) performed
er year. Overview of TEE (open bars) performed per year in 12,566
ardiac surgical patients who underwent intraoperative TEE exami-
urgica
� atr
ment
ation. (Black bars � surgeries.)
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tions in surgical management were defined as the addition
f an unplanned surgical procedure or the omission of a
lanned procedure.
A new post-CPB finding was defined as an intraoper-

tive TEE diagnosis of unexpected residual pathology.
nly those new post-CPB findings that led to a return to
PB for the correction of this finding were documented

n this study. Any diagnosis obtained by TEE that led
nly to an alteration in hemodynamic or anaesthetic
anagement was not considered in the analysis of the

ig 3. Changes in 3,835 patients undergoing isolated coronary artery
ypass graft surgery. Impact of before (pre-) and after (post-) cardio-
ulmonary bypass (CPB) intraoperative transesophageal echocardi-
graphy (TEE) on surgical decision making in 3,835 patients under-
oing isolated coronary artery bypass graft surgery. (An �
neurysm; ASD � atrial septal defect; AV � aortic valve; MV �
itral valve; Rx � resection; Thr � Thrombus; TVP � tricuspid

alve repair; VAD � ventricular assist device; VSD � ventricular
eptal defect.)
resent study. V
esults

atients and Total Impact
total of 22,840 patients underwent cardiac or thoracic

ortic surgery at the Brigham and Women’s Hospital
uring the study period between 1990 and 2005. The TEE

ig 4. Changes in 1,610 patients undergoing aortic valve replace-
ent (AVR). Impact of before (pre-) and after (post-) cardiopulmo-
ary bypass (CPB) intraoperative transesophageal echocardiography
n surgical decision making in 1,610 patients undergoing aortic
alve surgery. (An � aneurysm; Ao � descending thoracic aorta;
SD � atrial septal defect; AVP � aortic valve repair; CABG �

oronary artery bypass grafting surgery; MV � mitral valve;
VR � mitral valve replacement; Rx � resection; Thr � thrombus;

V � tricuspid valve repair; Ventr DysFx � ventricular dysfunction;

SD � ventricular septal defect.)
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as performed in 12,566 (53%) of these patients (7,749
ale, 4,817 female patients). From the total population of

ardiac surgical patients, intraoperative TEE was per-
ormed in 3,835 of 10,300 (37%) CABG-only patients; 3,833
f 5,056 (76%) valve-only surgery patients; 2,951 of 3,934
75%) combined CABG–valve surgery patients; and 1,947

ig 5. Changes in 1,823 patients undergoing mitral valve replace-
ent (MVR) or repair (MVP). Impact of before (pre-) and after

post-) cardiopulmonary bypass (CPB) intraoperative transesopha-
eal echocardiography on surgical decision making in 1,823 patients
ndergoing MVR or MVP. (An � aneurysm; ASD � atrial septal
efect; AV � aortic valve; CABG � coronary artery bypass graft
urgery; Desc Ao � descending thoracic aorta; LV � left ventricle;

V � mitral valve; RA � right atrium; Rx � resection; Thr �
hrombus; TVP � tricuspid valve repair.)
f 3,550 (76%) cardiac surgical patients undergoing mis- r
ellaneous cardiac or thoracic aortic procedures (Fig 1).
he percentage of TEE performed per year is demon-
trated in Figure 2. New intraoperative TEE pre-CPB
iagnoses that altered the surgical plan occurred in 880
atients (7.0%) in the entire study population. Similarly,
ew findings diagnosed post-CPB that led to reinstitution
f CPB for surgical correction was found in 273 patients
2.2%). In 6 patients (4 patients with CABG, 1 patient with

itral valve replacement, and 1 patient with aortic valve
eplacement), TEE led to a change pre-CPB and post-

ig 6. Changes in 407 patients undergoing aortic valve replacement
AVR) plus mitral valve replacement (MVR) or repair (MVP). Im-
act of before (pre-) and after (post-) cardiopulmonary bypass (CPB)
ntraoperative transesophageal echocardiography on surgical deci-
ion making in 407 patients undergoing combined AVR and MVR or

VP. (An � aneurysm; ASD � atrial septal defect; AV � aortic
alve; CABG � coronary artery bypass graft surgery; MV � mitral
alve; Rx � resection; Thr � thrombus; TVP � tricuspid valve

epair.)
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PB. However, given the large number of patients in-
luded in the study population, the overall impact of TEE
as not influenced by these 6 patients.

atients Undergoing Isolated CABG
efore–cardiopulmonary bypass TEE examinations influ-
nced surgical decision making in 207 of 3,835 patients
5.4%) undergoing CABG-only surgery, including 130 pa-
ients (3.3%), in whom a mitral valve (MV) or aortic valve

ig 7. Changes in 1,360 patients undergoing coronary artery bypass
raft surgery (CABG) plus aortic valve (AV) surgery. Impact of be-
ore (pre-) and after (post-) cardiopulmonary bypass (CPB) intraop-
rative transesophageal echocardiography on surgical decision mak-
ng in 1,360 patients undergoing combined CABG and AV surgery.
An � aneurysm; Ao: descending thoracic aorta; ASD � atrial sep-
al defect; AVP � aortic valve repair; AVR � aortic valve replace-
ent; MV � mitral valve; Rx � resection; Thr � thrombus; TVP �

ricuspid valve repair.)
AV) procedure was added (Fig 3). After–cardiopulmonary t
ypass CPB TEE examinations influenced surgical decision
aking in 58 patients (1.5%).
The detection of new isolated regional wall motion

bnormalities during post-CPB TEE influenced the sur-
eon to return to CPB to revise a corresponding coronary
rtery bypass graft in 31 patients of all CABG patients
0.8%). Further changes in the surgical decision making

ig 8. Changes in 1,325 patients undergoing coronary artery bypass
raft surgery (CABG) plus mitral valve (MV) surgery. Impact of be-
ore (pre-) and after (post-) cardiopulmonary bypass (CPB) intraop-
rative transesophageal echocardiography on surgical decision mak-
ng in 1,325 patients undergoing combined CABG and MV surgery.
An � aneurysm; Ao � descending thoracic aorta; Asc Ao � as-
ending thoracic aorta; ASD � atrial septal defect; AV � aortic
alve; LA � left atrium; Rx � resection; Thr � thrombus; TVP �

ricuspid valve repair.)
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n patients undergoing isolated CABG that were based
n post-CPB TEE findings are shown in Figure 2.

atients Undergoing Valve Surgery
efore–cardiopulmonary bypass TEE examinations in-
uenced surgical decision making in 242 of the 3,835
atients (6.3%) undergoing valve procedures. The most
ommon alterations in the surgical procedure included
he addition or omission of a MV procedure (1.3%), and
he addition or omission of an atrial septal defect repair

ig 9. Changes in 259 patients undergoing coronary artery bypass
raft surgery (CABG) plus mitral valve (MV) plus aortic valve (AV)
urgery. Impact of before (pre-) and after (post-) cardiopulmonary
ypass (CPB) intraoperative transesophageal echocardiography on
urgical decision making in 259 patients undergoing combined
ABG and AV and MV surgery. (Ao � descending thoracic aorta;
SD � atrial septal defect; TMLR � transmyocardial laser revascu-

arization; TVP � tricuspid valve repair.)
n 47 patients (1.2%). g
During isolated AV procedures, surgical decisions
ere influenced by 4.4% of the pre-CPB and 2.2% of the
ost-CPB TEE examinations (Fig 4). The most common
lterations in the surgical procedure influenced by pre-
PB TEE diagnoses included the addition of an MV
rocedure. The post-CPB TEE most commonly influ-
nced the decision to revise the AV procedure. Intraop-
rative TEE had a generally greater impact on patients
ndergoing isolated MV surgery compared with patients
ndergoing AV procedures. During isolated MV proce-
ures, surgical decisions were influenced by 6.6% of the
re-CPB and 4.1% of the post-CPB TEE examinations. For
xample, an addition/omission of a tricuspid valve pro-
edure (1.8%) or atrial septal defect repair (1.6%) oc-
urred more frequently among patients undergoing iso-
ated MV procedures than AV procedures (Fig 5). In
ddition, the post-CPB TEE had its greatest impact on
nfluencing the decision to revise a MV repair or replace-

ent in 2.9% of patients undergoing isolated MV sur-
ery. The decision to repair an atrial septal defect or
atent foramen ovale was considered to be guided by

ntraoperative TEE only when these diagnoses were
ade before left or right atriotomy. Even greater percent-

ges of changes in surgical management associated with
ntraoperative TEE diagnoses were observed in the 407
atients undergoing combined AV and MV surgery,

ncluding 9.1% of the patients in whom one of the two
alve procedures was omitted (Fig 6). In addition, post-
PB TEE examinations most commonly provided infor-
ation that led to the decision to revise the initial MV

rocedure or aortic valve replacement in 3% of the
atients.

atients With CABG and Valve Surgery
mong the 2,944 patients scheduled for combined CABG
nd valve procedures, the surgical plan was altered by a
ew pre-CPB TEE diagnosis in 363 patients (12.3%). The
ost frequent alteration was a change in the planned

alve surgery in 286 patients (9.7%).
In patients undergoing CABG with AV surgery, the

mission of the AV procedure or the addition of a MV
rocedure was the most frequent change in surgical
anagement, in 2.5% and 1.4% of the patients, respec-

ively. Post-CPB graft revision was the most common
hange to the planned surgical procedure that was
uided by TEE (Fig 7). The pre- and post-CPB changes in
atients undergoing CABG and MV procedures are
hown in Figure 8. In this subpopulation, the most
requent pre-CPB alteration was the omission of the
lanned MV procedure in 12.2% of the patients. After
PB, a revision of the MV (2.0%) was the most common

urgical management changes influenced by TEE.
The greatest influence of pre-CPB intraoperative TEE

n planned valve surgery was observed in patients
cheduled for CABG with both an AV and MV procedure
Fig 9). A revision of the MV procedure was again the

ost frequent post-CPB change in the surgical manage-
ent of this group, as in the other combined procedure
roups.
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atients Undergoing Other Miscellaneous Procedures
he patients allocated to the miscellaneous procedures
roup underwent a wide variety of surgical procedures,

ncluding repair or replacement of the tricuspid valve or
ulmonic valve (PV), aortic surgery, heart transplanta-

ion, transmyocardial laser revascularization, isolated
trial septal defect/ventricular septal defect repairs, ven-
ricular assist device procedures, removal of an intracar-
iac mass, thrombus, and pericardiocentesis (Fig 1).
New pre-CPB TEE diagnoses that altered the surgical

lan occurred in 3.5% of the patients. Most commonly, a
alve procedure was added, in 22 patients (1.1%). The
ost common decision post-CPB was to revise the per-

ormed procedure in 0.5% of the patients (data not
hown).

omment

he utility of intraoperative TEE has become increasingly
ore evident as anesthesiologists, cardiologists, and sur-

eons continue to appreciate its potential application as
n invaluable diagnostic tool and monitor of cardiac
erformance for the management of cardiac surgical
atients [9–12]. Despite several favorable reports, the
outine use of intraoperative TEE during cardiac surgery
emains controversial, especially for lower risk patients
cheduled only for CABG procedures [14]. Previous in-
estigations have focused on CABG patients with ques-
ionable valvular pathology, and have included a low
ercentage of all patients undergoing CABG in their

nstitution [17]. Therefore, we examined the utility of TEE
n 12,566 selected patients undergoing different types of
ardiac and thoracic aortic procedures, and demon-
trated that the pre- and post-CPB TEE examinations
nfluenced surgical decision making in 7.0% and 2.2%,
espectively, of all evaluated patients.

A comprehensive pre-CPB TEE examination allows the
ardiac surgeon and anesthesiologist to validate the pre-
perative indication for surgery, and therefore to avoid
n unnecessary intervention with its associated morbid-
ty. In addition, newly identified pathologic findings can
rovide the opportunity to change the planned proce-
ure, and possibly improve patient outcome or avoid an
dditional surgical procedure in the future. In our patient
opulation, the most frequent pre-CPB finding that in-
uenced surgical decision making was either undetected
alve dysfunction or a change in the preoperatively
iagnosed valve pathology. For example, a MV proce-
ure was omitted in 12.2% patients scheduled for CABG
nd MV surgery.
Although the use of intraoperative TEE to diagnose
V pathology has never been specifically mandated as a

standard of care,” guidelines and recommendations
ublished by the American Society of Echocardiography,
merican Society of Anesthesiologists, and Society of
ardiovascular Anesthesiologists strongly support its use

o guide surgical decision making by providing insight
nto the mechanism of mitral disease before repair [19, 20].

uch guidelines and recommendations have been devel- t
ped based on numerous studies that have speculated on
he purported reduction in perioperative morbidity asso-
iated with the use of TEE in cardiac surgical patients
ndergoing MV procedures [15, 20]. Similarly, TEE can
e useful for the assessment of the tricuspid valve or AV

or replacement or repair. For example, AV surgery was
ltered in 103 of the patients undergoing CABG, MV, or
V procedures (1.0%) in this study. Nonetheless, the
ecision to perform a valve procedure should not only be
ictated by the presence or absence of valve dysfunction
iagnosed by intraoperative TEE on surgical decision
aking among a selected group of patients undergoing a

ull spectrum of cardiac surgical procedures, but should
lso consider the patient’s comorbidity, the additional
echnical difficulty and morbidity in performing com-
ined procedures, and the influence of hemodynamic
hanges associated with general anesthesia that may
ffect the echocardiographic grading of valve stenosis
nd regurgitation.
In addition to its utility as a valuable diagnostic tool in

he pre-CPB period, intraoperative TEE also provides
mportant post-CPB information [10]. The post-CPB TEE
xamination can provide a direct and immediate assess-
ent of the surgical procedure, and therefore can expe-

ite the decision to return to CPB when necessary. In our
tudy, CPB had to be reinstituted in 4.1% of the patients
ndergoing MV surgery. Among patients undergoing
ombined CABG, AV, and MV procedures, this percent-
ge was 1.3 %. Aortic valve repairs and replacements
equired revision in 0.7% of the total 1,610 patients
cheduled only for an AV procedure. Alternatively, in the
ombined CABG, MV, AV procedures, there were no
ortic valve replacement revisions necessary. In addition
o its valuable role in valve surgery, TEE is also used as a
ontinuous monitor of cardiac performance by permit-
ing a direct assessment of ventricular volume and both
egional and global function [21]. Moreover, TEE is very
ensitive in detecting post-CPB myocardial ischemia and
ew regional wall motion abnormalities associated with
ossible graft kinking or occlusion [22]. In our study, a
evision of previously placed grafts was required in 53
ases, 0.8% of the patients who underwent CABG, which is
onsistent with the results of Mishra and colleagues [15].

This study is the largest published investigation that
as examined the influence of intraoperative TEE on
urgical decision making in a diverse population of
ardiac surgical patients. Nonetheless, because intraop-
rative TEE examinations were not performed in all
atients, there was most likely a bias toward examining
igher risk patients in whom a favorable impact of TEE
as more likely to occur. Specific reasons why intraop-

rative TEE was not performed in the remaining 10,274
ardiac surgical patients were not available from the
atabase. However, historically in our institution, intra-
perative TEE has not been performed in patients under-
oing only CABG who also had a preoperative ejection
raction of 40% or greater. In addition, a previously
ublished study on the safety of a consecutive series of
,200 patients from this group, reported that intraopera-

ive TEE was not performed in 0.5% of these patients in
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hom it was contraindicated, and 0.18% of this popula-
ion in whom esophageal insertion of the probe was
nsuccessful [23]. Alternatively, our use of relatively
onservative definitions for determining when the influ-
nce of intraoperative TEE on surgical decision making
as significant may have actually contributed to lower

ncidences and an underestimation of impact in our
tudy compared with some others reported in the litera-
ure [10]. Finally it is difficult to assess the true effective-
ess and benefit of TEE on perioperative clinical out-
omes, as this should ideally be accomplished in a
rospective, randomized trial. Considering its expanding
opularity and the accepted indications for intraopera-

ive TEE, the practical and ethical limitations of conduct-
ng such a definitive study may be prohibitive.

In conclusion, the present study highlights the utility of
ntraoperative TEE for a large variety of cardiac surgical
rocedures. We have demonstrated that intraoperative
EE has the potential to significantly influence clinical
ecision making for more than 9% of cardiac surgical
atients in our study population. However, as the the risk
rofile of cardiac surgical patients continues to shift

oward higher risk populations predisposed to increased
erioperative morbidity and mortality, the value of this

mportant diagnostic tool and monitor of cardiac perfor-
ance may increase substantially.

eferences

1. Poterack KA. Who uses transesophageal echocardiography
in the operating room? Anesth Analg 1995;80:454–8.

2. Practice guidelines for perioperative transesophageal echo-
cardiography. A report by the American Society of Anesthe-
siologists and the Society of Cardiovascular Anesthesiolo-
gists task force on transesophageal echocardiography.
Anesthesiology 1996;84:986–1006.

3. Cahalan MK, Abel M, Goldman M, et al. American Society of
Echocardiography and Society of Cardiovascular Anesthesi-
ologists task force guidelines for training in perioperative
echocardiography. Anesth Analg 2002;94:1384–8.

4. Fisher EA, Stahl JA, Budd JH, Goldman ME. Transesopha-
geal echocardiography: procedures and clinical application.
J Am Coll Cardiol 1991;18:1333–48.

5. Eltzschig HK, Mihaljevic T, Byrne JG, et al. Echocardio-
graphic evidence of right ventricular remodeling after trans-
plantation. Ann Thorac Surg 2002;74:584–6.

6. Eltzschig HK, Lekowski RW Jr, Shernan SK, et al. Intraop-
erative transesophageal echocardiography to assess septic
coronary embolism. Anesthesiology 2002;97:1627–9.

7. Eltzschig HK, Shernan SK, Rosenberger P. Ischemic mitral
regurgitation during temporary coronary-artery ligation.

N Engl J Med 2004;350:2424–5.

his study mirrors that of our institution and likely

r
p
o
9
u
t
f
c

2008 by The Society of Thoracic Surgeons
ublished by Elsevier Inc
8. Eltzschig HK, Rosenberger P, Lekowski RW Jr, et al. Role of
transesophageal echocardiography in patients with sus-
pected aortic dissection. J Am Soc Echocardiogr 2005;18:1221.

9. Bryan AJ, Barzilai B, Kouchoukos NT. Transesophageal
echocardiography and adult cardiac operations. Ann Thorac
Surg 1995;59:773–9.

0. Kato M, Nakashima Y, Levine J, Goldiner PL, Oka Y. Does
transesophageal echocardiography improve postoperative
outcome in patients undergoing coronary artery bypass
surgery? J Cardiothorac Vasc Anesth 1993;7:285–9.

1. Muhiudeen Russell IA, Miller-Hance WC, Silverman NH.
Intraoperative transesophageal echocardiography for pedi-
atric patients with congenital heart disease. Anesth Analg
1998;87:1058–76.

2. Bergquist BD, Bellows WH, Leung JM. Transesophageal echo-
cardiography in myocardial revascularization: II. Influence on
intraoperative decision making. Anesth Analg 1996;82:1139–45.

3. Savage RM, Lytle BW, Aronson S, et al. Intraoperative
echocardiography is indicated in high-risk coronary artery
bypass grafting. Ann Thorac Surg 1997;64:368–74.

4. Sutton DC, Kluger R. Intraoperative transoesophageal echo-
cardiography: impact on adult cardiac surgery. Anaesth
Intens Care 1998;26:287–93.

5. Mishra M, Chauhan R, Sharma KK, et al. Real-time intraop-
erative transesophageal echocardiography— how useful?
Experience of 5,016 cases. J Cardiothorac Vasc Anesth 1998;
12:625–32.

6. Michel-Cherqui M, Ceddaha A, Liu N, et al. Assessment of
systematic use of intraoperative transesophageal echocardi-
ography during cardiac surgery in adults: a prospective
study of 203 patients. J Cardiothorac Vasc Anesth 2000;14:
45–50.

7. Click RL, Abel MD, Schaff HV. Intraoperative transesopha-
geal echocardiography: 5-year prospective review of impact
on surgical management. Mayo Clin Proc 2000;75:241–7.

8. Schmidlin D, Schuepbach R, Bernard E, et al. Indications and
impact of postoperative transesophageal echocardiography in
cardiac surgical patients. Crit Care Med 2001;29:2143–8.

9. Deutsch HJ, Curtius JM, Leischik R, et al. Diagnostic value
of transesophageal echocardiography in cardiac surgery.
Thorac Cardiovasc Surg 1991;39:199 –204.

0. Savage RM, Cosgrove DM. Systematic transesophageal
echocardiographic examination in mitral valve repair: the
evolution of a discipline into the twenty-first century. Anesth
Analg 1999;88:1197–9.

1. Simon P, Mohl W, Neumann F, et al. Effects of coronary
artery bypass grafting on global and regional myocardial
function. An intraoperative echocardiographic assessment.
J Thorac Cardiovasc Surg 1992;104:40–5.

2. Clements FM, Harpole DH, Quill T, Jones RH, McCann RL.
Estimation of left ventricular volume and ejection fraction by
two-dimensional transoesophageal echocardiography: com-
parison of short axis imaging and simultaneous radionuclide
angiography. Br J Anaesth 1990;64:331–6.

3. Kallmeyer IJ, Collard CD, Fox JA, Body SC, Shernan SK. The
safety of intraoperative transesophageal echocardiography:
a case series of 7200 cardiac surgical patients. Anesth Analg

2001;92:1126–30.
NVITED COMMENTARY
ltzschig and colleagues [1] are to be commended for
roviding the cardiac surgery community with compel-

ing evidence for the benefits of intraoperative TEE. The
xperience summarized in this report of 12,566 patients
alidates what most of us have experienced since TEE
as introduced to the cardiac surgical suite. The increase

n TEE utilization (35% to 84%) over the 15-year span in
eflects the perception that intraoperative TEE improves
atient outcome. This perception was reinforced by the
bservation that the surgical plan was changed in over
% of all patients in this series and in over 14% in those
ndergoing CABG/valve procedures. In fairness, one has

o bear in mind that this was a selected (likely to benefit
rom TEE) group of patients that reflected only 53% of the

ardiac surgical population at the Brigham during the
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