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INTRODUCTION 
Transesophageal echocardiography (TEE) is a simple 

and safe procedure that can show most cardiac structures 
at high resolution. Its intraoperative use in cardiac surgery 

INTRODUCTION Studies have shown that intraoperative transesophageal echocardiography (IOTEE) provides 
important information that may alter patient management and outcome in various cardiac surgeries. 
This is the first study to report our local experience on the clinical utility of IOTEE and the first 
paper to include patients who underwent percutaneous cardiac procedures.

OBjeCTIve To determine the role of TEE in decision-making during cardiac procedures in our local setting.

MeTHODs This is a retrospective cohort study involving 465 patients who underwent surgical- or catheter-based 
cardiac procedures with IOTEE at the Philippine Heart Center from January 2013 to December 
2014. Differences in characteristics between patient groups pertaining to IOTEE findings were 
tested by Fisher’s exact test.

ResUlTs The most common indication for IOTEE in patients who underwent surgical-based procedures was 
assessment of valve lesion and its severity (83.11%), while guidance of catheter-based intracardiac 
procedure (100.00%) was the reason for catheter-based interventions. We identified 10.62% of new 
findings among patients with pre-operative TEE, commonly severe mitral regurgitation (20.33%); the 
occurrence was lower among patients with additional baseline TEE (p=0.400). Almost all of these new 
findings initiated alteration of procedures (10.40%). More than half (59.57%) of these procedures 
were extended and were mostly combination procedures like CABG + MV repair (17.86%). On the 
other hand, 15.60% of pertinent findings were detected in patients with post-operative TEE; 9.45% 
were related to the previously operated structure, while 6.15% pertained to other structures, and the 
most common finding was moderate tricuspid regurgitation. These findings initiated reoperation in 
2.86% and repeat reoperation in 1.10%, with MVR as the leading reoperation procedure (33.33%). 
There were 11.65% findings that remained unoperated, most frequently moderate TR. The incidences 
of new findings (20.00% vs 10.41%; p=0.288) and alterations (20.00% vs 10.18%; p=0.279) were 
higher in patients with pre-operative TEE alone than those with pre-operative + post-operative TEEs. 
Also, the incidences of pertinent findings (23.08% vs 15.38%; p=0.437) and reoperations (15.38% 
vs 3.62%; p=0.089) were higher in patients with post-operative TEE alone than in patients with 
pre-operative + post-operative TEE. 

CONClUsIONs The role of TEE during surgical-based and catheter-based cardiac interventions remains substantial. 
Hence, it should be used routinely in patients undergoing cardiac procedures. 

keywORDs transesophageal echocardiography, decision-making, surgical- based cardiac procedures, catheter-based 
cardiac procedures.
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was introduced in the 1980s and has become an established 
procedure.1,2 Routine TEE during cardiac surgery has been 
shown to reduce patient morbidity and improve patient 
outcome.3 It provides valuable information about valvular 
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and great vessel pathology, congenital lesions, and cardiac 
performance; this information influences management 
decisions during cardiac surgery.4-6 

Comprehensive pre-operative TEE examination allows 
the cardiac surgeon to validate the baseline echocardiographic 
findings and the indication for the surgery, as well as identify 
previously undiagnosed pathology, which can modify 
the surgery and prevent unnecessary intervention and its 
associated morbidity.4,7,8 In addition to its usefulness during 
the pre-cardiopulmonary bypass period, post-operative 
TEE also provides an immediate assessment of the surgical 
procedure done and detects relevant pathologies, which 
can expedite return to cardiopulmonary bypass when 
necessary. It has become the standard of care for confirming 
the success of valve repair and for assessing the success 
of valve replacement with respect to residual gradients 
and paravalvular regurgitation.9-11 Detection of surgical 
complications is likewise possible.

According to the American Society of Echocardiography 
and the Society of Cardiovascular Anesthesiologists (ASE/
SCA) guidelines for performing intraoperative TEE (IOTEE) 
examination, IOTEE’s use is strongly recommended for 
guiding surgical decision-making during valve surgery.1,12 
Moreover, it is also useful during CABG to assess the clinical 
significance of dynamic valvular dysfunction, diagnose 
the cause of ischemia and acute hemodynamic instability, 
and assist in the conduct of circulatory management and 
surgery.8,13,14 A prospective study done by Tasoglu et al 
showed that routine use of IOTEE in patients undergoing 
cardiac surgery revealed new cardiac pathology in 27.2% of 
patients. New information that altered surgical management 
was seen in 14.8% of patients, of whom 50.72% had MV 
involvement and 17.39% with involvement of the tricuspid 
valve.2 

Whereas the utility of IOTEE has become increasingly 
more evident as an invaluable diagnostic tool and monitor of 
cardiac performance for the management of cardiac surgical 
patients, its role in catheter-based procedures is still evolving. 
Foremost, echocardiography plays an essential role in 
identifying patients suitable for catheter-based intervention.15 
TEE is indispensable in the cardiac catheterization laboratory 
for acquiring detailed anatomic and hemodynamic data before 
and during interventions. It provides real-time evaluation 
of catheter placement across valves and vessels, as well as 
immediate assessment of interventional procedures. It is 

likewise crucial in monitoring for the presence of catheter-
induced complications such as cardiac tamponade.13 

The aim of this study is to determine the importance 
of TEE in modifying decisions during surgical-based and 
catheter-based cardiac procedures in our institution. This is 
the first local study to report TEE’s role in intraprocedural 
decision-making.

 
MeTHODOlOgy

This retrospective cohort study included all patients aged 
≥19 years who underwent surgical-based or catheter-based 
cardiac procedures with IOTEE (i.e., pre-operative TEE only, 
pre-operative TEE plus post-operative TEE, or post-operative 
TEE only), and who underwent baseline transthoracic 
echocardiography (TTE) within three months prior to 
scheduled procedure, at the Philippine Heart Center (PHC) 
from January 2013 to December 2014. Observation period 
started at the time of cardiac evaluation prior to procedure 
and ended upon the patient’s transfer to the surgical intensive 
care unit for post-operative care. Patients without official 
intraoperative echocardiographic study reports and patients 
whose charts were not retrieved by the Medical Records staff 
were excluded. 

The charts of all included patients were reviewed, and 
the results of baseline TTE and TEE, as well as the pre-
operative and post-operative TEEs, were carefully analyzed. 
Intraoperative records from thoraco-cardiovascular surgeons, 
interventional cardiologists and anaesthesiologists were also 
reviewed. Figure 1 shows the flow diagram for the inclusion 
of subjects in this study. 

The decision to perform IOTEE was made primarily by 
the cardiac surgeon and the cardiac anaesthesiologist for each 
case, in collaboration with the attending physician. Baseline 
studies (TTE ± TEE) were reviewed prior to the day of the 
procedure. 

After induction of general anaesthesia, a multiplane TEE 
probe was inserted by echocardiographers or anaesthesiologists. 
Comprehensive echocardiographic studies, using a standard 
ultrasound machine (PHILIPS), were performed by clinical 
research fellows or level III echocardiographers before 
percutaneous catheter insertion, before sternotomy, before 
cardiopulmonary bypass (CPB), after weaning from CPB, 
and during the course of the procedure. IOTEE studies 
were executed according to ASE/SCA guidelines on basic 
perioperative TEE examination.1,12,16 All images were recorded 
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on digital versatile disc (DVD) for offline review and analysis, 
and every IOTEE study was reviewed and read by a clinical 
research fellow and a level III echocardiographer. 

Data were described as mean and standard deviation (SD) 
for continuous variables; frequency and percent distribution 
for categorical variables. Differences in characteristics between 
patient groups pertaining to IOTEE findings were tested 
by Fisher’s exact test. P<0.05 was considered statistically 
significant. 

The study was conducted in compliance with the 
ethical principles set forth in the Declaration of Helsinki. 
Prior to study initiation, there was a review and approval 
of the study protocol and subsequent amendments by the 
Philippine Heart Center Institutional Ethics Review Board 
(PHC IERB).

Informed consent was waived due to the difficulty of 
obtaining individual authorization since the last contact with 
research subjects; the risk to the patient’s privacy was minimal, 
and no sensitive information was obtained. The investigators 
ensured that the patients’ anonymity was maintained.

ResUlTs
A total of 465 patients were included in this study: 450 

underwent surgical-based procedures while 15 had catheter-

based procedures. During the observation period, 907 
IOTEEs were performed. Baseline assessment using TTE or 
TTE+TEE was done prior to any procedure. There were 452 
pre-operative TEEs and 455 post-operative TEEs done in the 
study and the majority of patients had both pre-operative and 
post-operative TEEs (95.05%) (Figure 2). 

The patients who underwent surgical-based procedures 
were mostly males (56.44%), mean age of 48.36 years. 
Common diagnoses include rheumatic heart disease 
(28.44%), valvular heart disease (18.89%) and coronary 
artery disease (16.67%). In 83.11% of cases, the indication 
for IOTEE came from the assessment of the valve lesion 
and its severity. On the other hand, patients who underwent 
catheter-based procedure had a mean age of 44.27 years, 
and majority were females (66.67%). They were diagnosed 
with congenital heart disease (73.33%) or valvular heart 
disease (26.67%), and the reason for IOTEE was guidance of 
catheter-based intracardiac procedures in all cases (100.00%) 
(Table 1).

Among patients with baseline TTE alone, 43 (9.51%) 
had unsuspected findings. Severe mitral regurgitation (MR) 
was the most common (20.33%), followed by mild MR 
(11.63%), mild tricuspid regurgitation (TR) (11.63%) 
and severe TR (11.63%). With the addition of TEE to 
baseline TTE, new findings were seen in five (1.11%) 
patients. However, the difference between the two groups is 
insignificant (p=0.400) (Table 2). 

The presence of unsuspected findings intraoperatively 
was often the reason for alteration of planned procedure. 
A total of 153 (33.85%) procedures were altered: 47 
(30.72%) procedures were initiated by pre-operative TEE 
findings while 106 (69.28%) were altered after the baseline 
echocardiographic findings were confirmed by pre-operative 
TEE. Many of these remaining procedures were CABG + MV 
repair, mitral valve replacement (MVR), MVR + tricuspid 
valve (TV) repair, and MVR + aortic valve replacement 
(AVR). These were not included in the analysis since it 
was assumed that the alterations were not initiated by new 
findings (Table 3). 

Most of the altered procedures initiated by pre-operative 
TEE findings were extended (59.57%) and changed 
(21.28%). The commonly extended procedures were CABG 
+ MV repair (17.86%), MV repair + TV repair (14.29%), 
and MVR + TV repair (10.71%). Seven (14.89%) of the 
procedures were reduced while two (4.26%) were cancelled 
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Figure 1. Flow Diagram.

IOTEE=intraoperative transesophageal echocardiography.
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due to inadequate atrial septal defect (ASD) rims and absence 
of ASD seen intraoperatively (Table 3). 

Table 4 presents the pertinent findings detected by 
post-operative TEE, which were seen in 15.60% of cases. 
More than half (60.56%) of these findings were attributed 
to the previously operated structure, commonly moderate 
TR (34.88%) and severe MR (23.26%). However, a 
significant number of pertinent findings (39.44%) other 
than the operated structure was also detected, and 35.71% 
had moderate TR . 

Despite the number of pertinent findings detected 
by post-operative TEE, only 25.35% of the patients 
underwent reoperation. Re-operation procedures were done 
in 18 (3.96%) patients. Four of them underwent repeat 
reoperations, and one patient was reoperated on thrice for 
MVR + AVR. MVR was the leading reoperation procedure 
(33.33%) and was due to failed MV repair (Table 5).

 Table 6 lists the pertinent findings which remained 
unoperated. Majority of these were moderate TR, whether 
as a related structure (53.57%) or not (40.00%). The most 
common reason for not reoperating was agreement between 

the surgeon and attending physician or echocardiographer that 
the finding was acceptable or tolerable and did not warrant 
reoperation. Other reasons were prolonged bypass time and 
ischemic time, as well as increased risk of complications due 
to patients’ age and morbidity.

Fisher’s exact test was used to determine whether 
significant difference existed between patients with pre-
operative TEE or post-operative TEE and pre-operative 
TEE + post-operative TEE (Table 7). Among patients with 
pre-operative TEE only, two patients (20.0%) had new 
findings; both eventually underwent alteration of the planned 
procedure. On the other hand, new findings were seen in 46 
(10.41%) patients with pre-operative + post-operative TEE, 
and almost all of them (97.83%) had altered procedure. 
Although the P values were insignificant, there was about 
10% decrease in the occurrence of new findings (P=0.288) 
and alterations (P=0.279) in patients with both pre-operative 
and post-operative TEE. 

In the group with pre-operative and post-operative 
TEEs, 68 (15.38%) had pertinent findings, 16 (3.62%) 
of whom underwent reoperation. These values increased 
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Figure 2. Summary of Included Patients.
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among patients with post-operative TEE only: three patients 
(23.08%) had pertinent findings and reoperation was done in 
two (15.38%) patients, although with insignificant P values 

(p=0.437 and p=0.089, respectively).
There were no complications reported due to placement 

of TEE probe or related to its manipulation. 
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Table 1. Baseline Characteristics. 

Variable
Surgical-based

n=450
Catheter-based

n=15

Age 48.36±15.07 44.27±22.67

Gender
Male
Female

254 (56.44)
196 (43.56)

5 (33.33)
10 (66.67)

Diagnosis
CAD
RHD
VHD*
CHD
AR/AAA
CAD+AR/AAA
CAD+VHD*
CAD+RHD
CHD+RHD
IE
Prosthetic valve dysfunction
Myxoma
Other diagnoses

75 (16.67)
128 (28.44)
85 (18.89)
41 (9.11)
35 (7.78)
6 (1.33)
32 (7.11)
5 (1.11)
2 (0.44)
16 (3.56)
8 (1.78)
12 (2.67)
5 (1.11)

-
-

4 (26.67)
11 (73.33)

-
-
-
-
-
-
-
-
-

Indications for IOTEE
Determination of global LVSF
Assessment of VL and severity
Assessment of CHD
Determine extent of the mass
Guidance of catheter-based intracardiac procedures
Other indications

21 (4.67)
374 (83.11)
36 (8.00)
12 (2.67)

-
7 (1.56)

-
-
-
-

15 (100.00)
-

AR/AAA=aortic root/ascending aortic aneurysm; CAD=coronary artery disease; CHD=congenital heart disease; IE=infective endocarditis; IOTEE=intraoperative 
transesophageal echocardiography; LV=left ventricular systolic function; RHD=rheumatic heart disease; VHD=valvular heart disease; VL=valve lesion.
*Non-rheumatic valve lesions (e.g., mitral valve prolapse, calcific aortic stenosis, etc.)

Table 2. New Findings Detected by pre-operative TEE 

Findings
Baseline TTE

n (%)
Baseline TTE+TEE

n (%)

Mild tricuspid regurgitation
Moderate tricuspid regurgitation
Severe tricuspid regurgitation
Tricuspid stenosis
Mild mitral regurgitation
Moderate mitral regurgitation
Severe mitral regurgitation
Mitral stenosis
Mild aortic regurgitation
Severe aortic regurgitation
Aortic stenosis
Absence of shunt/defect
Inadequate atrial septal defect rims
No prosthetic valve dysfunction
Aortic root/ascending aortic aneurysm
Other findings

5 (11.63)
2 (4.65)
5 (11.63)
1 (2.33)
5 (11.63)
4 (9.30)
9 (20.33)
1 (2.33)
1 (2.33)
3 (6.98)
1 (2.33)
1 (2.33)

-
1 (2.33)
3 (6.98)
1 (2.33)

1 (20.00)
-

1 (20.00)
-
-
-
-
-
-
-
-
-

1 (20.00)
1 (20.00)

-
1 (20.00)

Total 43 5

P value=0.400 
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DIsCUssION
IOTEE has become increasingly valuable as more 

cardiologists, surgeons and anaesthesiologists continue to 
appreciate its vast potential as a diagnostic and monitoring 
tool inside the operating room. The ability to obtain real-time 
information with TEE during various cardiac procedures 
has made significant improvements in patient management. 

Several studies in the United States and Europe have 
documented the impact of IOTEE during cardiac surgery, 
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Table 3. Altered Procedures Initiated by pre-operative TEE Findings.

Procedures
Changed

n (%)
Extended

n (%)
Reduced

n (%)
Cancelled

n (%)

CABG
CABG + MV repair
CABG + TV repair
CABG + MV repair + TV repair
CABG + MVR
CABG + AV repair + MV repair 
CABG + AR/AAR
MV repair
MV repair + TV repair
MVR
MVR + TV repair
AVR + MV repair
AVR + MV repair + TV repair
AVR + MV repair + AAR
MVR + AVR 
MVR + AVR + TV repair
TVR + MV repair
MVR + AVR + CABG
Bentall’s procedure/AR - AAR + AVR
Bentall’s procedure + MV repair + TV repair
Bentall’s + CABG +/- other valve surgery
ASD closure + TV repair
ASD closure + MV repair
Others
No procedure done 

-
-
-
-
-

1 (10.00)
-
-

1 (10.00)
1 (10.00)
2 (20.00)
2 (20.00)
1 (10.00)

-
-

1 (10.00)
-
-
-
-
-

1 (10.00)
-
-
-

-
5 (17.86)
2 (7.14)
1 (3.57)
1 (3.57)

-
-
-

4 (14.29)
-

3 (10.71)
-
-

1 (3.57)
-

2 (7.14)
1 (3.57)
1 (3.57)
2 (7.14)
1 (3.57)
2 (7.14)

-
1 (3.57)
1 (3.57)

-

2 (28.57)
-
-
-
-
-

1 (14.29)
1 (14.29)

-
2 (28.57)

-
1 (14.29)

-
-
-
-
-
-
-
-
-
-
-
-
-

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

2 (100.00)

Total 10 28 7 2

AR=aortic root; AAR=ascending aortic replacement; ASD=atrial septal defect; AV=aortic valve; AVR=aortic valve replacement; CABG=coronary artery bypass 
grafting; MV=mitral valve; MVR=mitral valve replacement; TEE=transesophageal echocardiogram; TV=tricuspid valve; TVR=tricuspid valve replacement. 

Table 4. Pertinent Findings Detected by post-operative TEE.

Findings
Related 

Structure
n (%)

Other 
Structure

n (%)

Moderate tricuspid regurgitation
Severe tricuspid regurgitation 
Moderate mitral regurgitation
Severe mitral regurgitation 
Moderate aortic regurgitation
Severe aortic regurgitation 
Presence of residual shunt
Prosthetic valve dysfunction
Others

15 (34.88)
4 (9.30)
6 (13.95)
10 (23.26)
1 (2.33)
1 (2.33)
3 (6.98)
2 (4.65)
1 (2.33)

10 (35.71)
2 (7.14)
5 (17.86)
1 (3.57)
6 (21.43)
2 (7.14)

-
-

2 (7.14)

Total 43 28

TEE=transesophageal echocardiogram.

Table 5. Re-Operation Procedures Initiated by post-operative 
TEE Findings.

Procedures

No. of Times Re-Operated
n (%)

1x 2x 3x

CABG + MVR
CABG + AVR
CABG + MVR + TV repair
CABG + AVR + MV repair
MVR
MVR + TV repair
MVR + AVR
MVR + AVR + AR/AAR
MVR + AVR + CABG
ASD closure + MVR + TV repair
Others

-
-

1 (5.56)
2 (11.11)
6 (33.33)
1 (5.56)

-
1 (5.56)
1 (5.56)

-
1 (5.56)

2 (11.11)
1 (5.56)

-
-
-
-
-
-
-

1 (5.56)
-

-
-
-
-
-
-

1 (5.56)
-
-
-
-

Total 13 4 1

AAR=ascending aortic replacement; AR=aortic root; ASD=atrial septal 
defect; AV=aortic valve; AVR=aortic valve replacement; CABG=coronary 
artery bypass grafting; MV=mitral valve; MVR=mitral valve replacement; 
TEE=transesophageal echocardiogram; TV=tricuspid valve; TVR=tricuspid 
valve replacement. 
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whereas little data exist in our region. Many of these studies 
were also single-center but were mostly conducted in patients 
scheduled for valve surgery and CABG. Although there were 
varied results, overall, the studies were in agreement that 
IOTEE examination should be a standard procedure for all 
patients undergoing cardiac surgery. To our knowledge, this 
is the first study to report our local experience on the clinical 
utility of IOTEE and the first paper to include patients who 
underwent percutaneous cardiac procedures. 

Like many studies, most of our patients requiring IOTEE 
underwent valve surgery; but unlike in other countries, 
rheumatic heart disease (28.44%) is more frequent in 
the Philippines. Hence, the most common indication for 
IOTEE in our study population who underwent surgical-
based procedure was assessment of valve lesion and its 
severity (83.11%). On the other hand, many patients who 
had catheter-based procedures had congenital heart disease 
(73.33%), mostly necessitating ASD device closure, while 
those with valvular heart disease (26.67%) underwent 
transcatheter aortic valve implantation (TAVI). 

In our study, we identified 10.62% of new findings 

among patients with pre-operative TEE; this is lower in 
patients with additional baseline TEE (n=5)than in those with 
baseline TTE alone (n=43). This is understandable because 
the proximity of the esophagus to the heart and great vessels 
makes it an excellent ultrasonic window, so TEE provides 
additional and more accurate information than TTE.12 
Almost all these new findings (47/48) initiated alteration of 
procedures in 10.40% of cases. These numbers were much 
lower, but the involvement of MR was also common across 
most studies. Buck et al found 33.0% of surgically relevant 
unsuspected findings on pre-surgical IOTEE with MR in 
37.7% of patients, and this led to alteration of surgery in 
27.6%.17 In the study of Minhaj et al, 31.0% of new TEE 
findings were detected intraoperatively, half involved the MV 
while a quarter involved the tricuspid valve. The new TEE 
information altered surgical management in 25% of cases.18 

However, there were also studies that reported almost 
the same incidence. Kihara et al observed abnormal findings 
in 11.4%, and these findings influenced surgical decision-
making in 5.8% of all evaluated patients.7 Qaddoura et al 
likewise found new findings (pre-bypass and post-bypass) in 
13% of patients with CABG as primary procedure, and the 
surgical plan was altered in 5.5%19 This wide range of new 
findings may be due to the different study designs and set of 
patients evaluated.2 In another study, by Eltzschig et al, TEE 
examinations influenced surgical decision-making in 7.0% 
and 2.2% (n=12,566) before and after CPB, respectively. 
The greatest observed impact was seen in patients undergoing 
combined CABG and valve procedures (12.3% of pre-CPB 
and 2.2% of post-CPB).4 In this study, similar to previous 
reports, most of the procedures that were altered were 
combination procedures, especially CABG + MV repair 
(17.86%). 
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Table 6. Pertinent findings which remained unoperated.

Findings
Related 

Structure
n (%)

Other 
Structure

n (%)

Moderate tricuspid regurgitation
Severe tricuspid regurgitation
Moderate mitral regurgitation
Severe mitral regurgitation
Moderate aortic regurgitation
Severe aortic regurgitation 
Residual shunt
Prosthetic valve dysfunction

15 (53.57)
3 (10.71)
5 (17.86)
1 (3.57)

-
-

3 (10.71)
1 (3.57)

10 (40.00)
2 (8.00)
5 (20.00)
1 (4.00)
6 (24.00)
1 (4.00)

-
-

Total 28 25

Table 7. Statistical Analysis of Significance of Differences Between Patient Groups Using Fisher’s Exact Test.

Outcome Preop TEE
Pre-op TEE + 
Post-op TEE P value

Pre-op TEE + 
Post-op TEE Post-op TEE P value

n (%) 10/465
(2.15%)

442/465
(95.05%)

442/465
(95.05%)

13/465
(2.80%)

New/Pertinent findings*: Yes 2/10 (20.00%) 46/442 (10.41%) 0.288 68/442
(15.38%)

3/13 (23.08%) 0.437

Alterations**/
Reoperations**: Yes

2/10
(20.00%)

45/442
(10.18%)

0.279 16/442
(3.62%)

2/13
(15.38%)

0.089

Alterations**/
Reoperations**: No

0/10
(0.00%)

1/442
(0.23%)

0.279 52/442
(11.76%)

1/13
(7.69%)

0.089

*Detected by pre-operative TEE.  
**Procedures initiated by pre-operative TEE findings.
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We found 106 (23.23%) patients who had altered 
procedures in the absence of new findings. This could 
either mean that the baseline study was not reviewed well 
prior to procedural planning or that the surgeon and/or 
attending physician were not fully convinced of the severity 
of the additional valve lesions seen on baseline study. On 
the contrary, this finding clearly indicates that baseline 
echocardiographic TTE ± TEE are reliable and reproducible 
studies for pre-operative planning. Furthermore, this could 
mean that some IOTEEs might not have been indicated in 
the first place. 

Again, the strategy to alter procedure once existing 
significant lesion is confirmed intraoperatively may not be 
effective in all cases, because we know that the best time 
to assess regurgitation is prior to intervention. Intracardiac 
hemodynamics in an anesthetized and ventilated open chest 
patient are substantially different from the hemodynamics 
in an awake or mildly sedated patient.9 General anaesthesia 
also affects loading conditions, and the severity of functional 
regurgitation is typically underestimated by at least one 
grade.13 

Buck et al cited the potential reasons for the wide 
range of alterations of surgery initiated by IOTEE; these 
include different definitions of relevant findings, different 
selection criteria for patient groups, the willingness or 
ability of surgeons to change the surgical procedure, and 
different qualifications of anesthesiologists and cardiologists 
performing echocardiography.17

Furthermore, we noted 15.60% of pertinent findings 
among patients with post-operative TEE. Nine percent were 
related to the previously operated structure while 6.15% 
pertain to other structures, and the most common finding 
was moderate TR. These findings initiated reoperation in 
2.86% and repeat reoperation in 1.10%, with MVR as the 
leading reoperation procedure (33.33%). In effect, 11.65% 
of findings remained unoperated, and as expected, moderate 
TR was also the most frequent. 

Unlike in our study, Buck et al found relevant pathologies 
seen by post-surgical IOTEE as remnant valvular dysfunction 
of the operated valve in 7.8% and related to other structures in 
12.3%. But relevant pathologies finally remained unoperated 
in 21.2% of patients, with only postsurgical IOTEE versus 
only 10.7% (p<0.05) of patients with both pre-surgical 
and post-surgical IOTEE. Most of these pathologies were 
mitral regurgitation.17 Tasoglu et al also found that decisions 

regarding the MV were most common (42.9%).2

In addition, we found that new findings were higher 
in patients who had pre-operative TEE alone (20.0%) than 
those with both pre-operative and post-operative TEEs 
(10.41%), but the difference was non-significant (p=0.288). 
With additional baseline TEE, the number of new findings 
detected was even lower (1.11% vs. 9.51%). Therefore, one 
explanation for the detection of new abnormal findings was 
the waiving of baseline TEE, especially if baseline TTE was 
inadequate. 

In the recent guideline by the ASE and SCA, TEE 
is recommended when there is a high likelihood of non-
diagnostic TTE due to patient characteristics or inadequate 
visualization of relevant structures. It is also recommended 
for the evaluation of valvular structure and function, to 
assess suitability for—and assist in the planning of—an 
intervention.12 Other potential reasons were level of 
skills in echocardiography, time restraints for thorough 
echocardiographic examinations and conclusive reporting, 
and interpretation of the importance of echocardiographic 
findings for intervention.17 

 Likewise, patients with post-operative TEE only 
(23.08%) were found with a higher number of pertinent 
findings than those with pre-operative and post-operative 
TEE (15.38%). The difference was also nonsignificant 
(p=0.437), but a difference of about 8.0% may be alarming 
for patients who have high-risk clinical status, where the 
time element is critical. These figures can be explained by the 
ability of pre-operative TEE to identify abnormal findings 
that remain undetected by surgical inspection during the 
procedure. More pertinent findings were reoperated on 
among patients with post-operative TEE only than in those 
with both pre- and post-operative TEE (15.38% vs 3.62%). 
Perhaps, it really makes a difference on decision-making 
when the operating team’s awareness of relevant pathology 
comes before or after the initially planned procedure, because 
the possibility to change or extend the procedure or even to 
reoperate is also highly dependent on the clinical status of 
the patient. Furthermore, the experience of the operating 
team and their understanding of the clinical implication of 
these findings play a paramount role in this decision-making.

IOTEE is relatively safe and has been associated with 
mortality in <1 per 10,000 patients and morbidity of 2 
to 5 per 1,000 patients.16 In our study, no complications 
were reported secondary to TEE use. A cost-benefit analysis 
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related to alterations in cardiac surgery from routine IOTEE 
also revealed savings of $230 per patient. Assuming that 
unnecessary present or future operations may be avoided by 
altering the surgical plan on the basis of TEE findings, the 
above data suggest that routine IOTEE in cardiac surgery is 
beneficial and cost-effective.20

Study Limitations
This study included only 15 patients who underwent 

catheter-based procedures and limited to ASD/PFO device 
closure and TAVI. This number may not be representative 
of existing percutaneous cardiac procedures. With the recent 
introduction of devices for VSD closure, mitral repair, 
and closure of prosthetic paravalvular leaks, the utility of 
IOTEE in these procedures is likewise substantial and must 
be explored. To date, there are no other existing data on the 
impact of IOTEE in decision-making during catheter-based 
procedure. Hence, we recommend a large prospective study 
for this population. 

Several echocardiographers and surgeons performed their 
own procedures in this study, so the assessment, interpretation 
and approach to the abnormal findings may vary, and the 
reported data may be heterogeneous. Moreover, our study did 
not evaluate the post-operative outcome in those patients with 
uncorrected pertinent findings, but it would be interesting to 
consider this parameter in future studies. The reason for not 
reoperating should also be documented in the report or chart.

 
CONClUsION 

IOTEE provides a wealth of information that influences 
decision-making during surgical-based and catheter-based 
cardiac procedures. The detection of new findings by pre-
operative TEE significantly alters the planned procedure, but 
the incidence may be lowered by performing adequate and 
comprehensive baseline TTE study prior to intervention, with 
the addition of baseline TEE when necessary. On the other 
hand, the detection of pertinent findings by post-operative 
TEE can initiate reoperation, but the incidence may be 
reduced by doing pre-operative TEE as well. IOTEE is a 
simple, safe and effective tool in patient management.
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