
Intraoperative Transesophageal 
Echocardiography

Basic concepts 
&
Clinical Applications



Definition
- Before cardiac surgery  

- During cardiac surgery 

- After cardiac surgery 

- In intensive care unit

“When expertly 
used……….”

“Performing a complete 
examination” Cahalan MK, et al.  American Society of Echocardiography and Society of Cardiovascular Anesthesiologists task 

force guidelines for training in perioperative echocardiography.  Anesth Analg 2002;94:1384-8

Shanewise JS.  Performing a complete transesophageal echocardiographic examination.  Anesthesiol Clin North 
America 2001;19(4):727-67
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general 
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3-D TEE probe



2021 3D Echocardiography
to Guide Decision Making in all fields of 

Interventional Cardiology, Congenital Heart Disease.& Cardiac Surgery



ASE/SCA (2003)
Definition  / Task Force guidelines

(revised)

Category I indications

Category II indications
-Category IIa: 

-Category IIb: 

Category III indications

Usefulness/efficacy 
established or not 

by evidence/opinion

Thys DM, et al.  Practice Guidelines for Perioperative Transesophageal Echocardiography.  
A report by the ASA and the SCA Task Force on TOE.  Anesthesiology 1996;84:986-1006
Cheitlin MD, et al.  ACC/AHA guidelines for the clinical application of echocardiography.  
Circulation 1997;95:1686-1744
Cheitlin MD, et al. ACC/AHA/ASE 2003 guideline update for the clinical application of 
echocardiography.  J Am Soc Cardiol 2003;2(5):954-70

Based on

ASA/SCA (1996)
1st Task Force 
guidelines



The Revolution……..

September 14th - 18th, 2008
Charitè Convention Center, 
Berlin
Germany

We have no reason not to use ITOE as a routine!!
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2010 Update



2017

“With the increasing number of patients undergoing less 
invasive, percutaneous procedures, 
emerging-delete echocardiographers must be

knowledgeable in 3D image acquisitions,

familiar with the 3D anatomy of valves, 

able to communicate pathology effectively,

and perform quantitative analysis of the various structural heart 
diseases encountered”.



2017
EACTA



2020 New Guidelines for ITOE “The intraoperative echocardiographer should be an 
integral and active part of the heart team,"
explained chair of the ASE guideline writing 
group,ASE, associate professor of anesthesiology, 
Duke University Medical Center. "Utilizing a ‘catch-all’ 
protocol as a starting point for imaging in all 
procedures and all patients enables standardization of 
image acquisition, reduction in variability in quality of 
imaging and reporting, and ultimately, better patient 
care. Clear communication of the echocardiographic 
findings to the surgical team, as well as understanding 
the impact of new findings on the surgical plan, are 
paramount. Equally important is the need for an 
informed understanding of the technical steps of the 
surgical procedures being performed and the 
complications that may occur, in order to direct the 
post procedure evaluation toward aspects directly 
related to the surgical procedure and to provide 
pertinent echocardi“The intraoperative 
echocardiographer should be an integral and active 
part of the heart team," explained chair of the ASE 
guideline writing group, Alina Nicoara, M.D., FASE, 
associate professor of anesthesiology, Duke 
University Medical Center. "Utilizing a ‘catch-all’ 
protocol as a starting point for imaging in all 
procedures and all patients enables standardization of 
image acquisition, reduction in variability in quality of 
imaging and reporting, and ultimately, better patient 
care. Clear communication of the echocardiographic 
findings to the surgical team, as well as understanding 
the impact of new findings on the surgical plan, are 
paramount. Equally important is the need for an 
informed understanding of the technical steps of the 
surgical procedures being performed and the 
complications that may occur, in order to direct the 
post procedure evaluation toward aspects directly 
related to the surgical procedure and to provide 
pertinent echocardiographic information.”ographic
information.”

https://www.dukehealth.org/find-doctors-physicians/alina-nicoara-md


Is Intraoperative TOE 
for all cardiac 

surgical patients  ?

A fleeting trend or 
α standard of care?  
Anaesthetist 2002;51(2): 79-80

J Am Soc Echocardiogr 2020;33:692-734



will remain a vital component 
of the perioperative management of  cardiac surgical pts 
due to its usefulness 
both 
as a diagnostic tool and 
monitor of cardiac performance!

“When expertly used……….”
“Performing a complete examination”

Cahalan MK, et al.  American Society of Echocardiography and Society of Cardiovascular Anesthesiologists task force guidelines 
for training in perioperative echocardiography.  Anesth Analg 2002;94:1384-8
Jeremy J Thaden, et al. Adult Intraoperative Echocardiography: A Comprehensive Review of Current Practice. 2020 American 
Society of Echocardiography. Published by Elsevier Inc.

ITOE

https://pubmed.ncbi.nlm.nih.gov/?term=Thaden+JJ&cauthor_id=32284201


ITOE objectives

• Since all pts are accepted for cardiac surgery 
• on  the basis of TTE and/or TEE…
• what is the role of ITOE?

•
• Diagnostic function                                    PRE_OP

• Refines the diagnosis
• Sometimes changes the operative plan (new 

findings)
• Precise measurements upon the type of the 

operation
(esp. for the valve repairs)

• Guides surgical manipulations
• Monitoring function

• Assessment of the result                         POST OP

INTRA OP

Y. Katsnelson, J. Roman, et al. Current state of intraoperative echocardiography. Echocardiography 2003; Vol. 20, No 8.



Defined roles

Team’s communication



Defined roles
Cardiac Surgeon

Cardiologist

- Team’s communication



Diathermy






Just pre cardioplegic 
arrest












De-airing












Immediately post-op






Pre-protamine






Pre-Op  
Diagnostic 
Function 

 To confirm and refine the preoperative 
diagnosis

 To detect new or unsuspected pathology

 To adjust the anesthetic and surgical plan 
accordingly

 To provide the surgeon precise 
measurements 
upon the type of the operation





1. Refines the diagnosis
Young female pt with severe HTN  for myxoma removal

ITOE: suspicion for 
extracardiac tumor



Surgical findings:
Paragagglioma!!

BP normal after surgery!



Differential diagnosis of AS

LVOT obstruction
sub-valvular muscular stenosis

sub-aortic membrane



Sub-Aortic 
membrane



Subaortic membrane 





2. New findings – impact on surgery!



Decision making in the OR
70 yrs old male, IHD, poor LV CABG, 
intraoperative TOE to assess the LV















Change of Surgical plane



CABG, LA thrombus suction, LAA ligation!









45 yrs old lady, rheumatic MV disease for MVR, 
intraoperative TOE to assess MV












Pre-op unexpected findings









Unexpected events
 80 years old female pt from peripheral hospital
 MS,MR, critical LAD stenosis - recent deterioration
 pre-op echo : smoke in LA
 Large thrombus in left atrial appendage



During cannulation for bypass
 sudden appearance of dislodged thrombus in LA
 passed through MV, LVOT and AV
 located in ascending aorta



 Disappearance of thrombus from ascending aorta
 Patient became unstable
 Immediately on CPB 



Surgical procedure
 Mitral valve replacement - Tissue Med 27 mm
 Tricuspid valve repair - Cosgrove-Edwards 32 mm
 Single venous graft to LAD

carotid scan
right common carotid artery-thrombus at bifurcation

Post op findings



3. Precise measurements upon the 
type of the operation

(esp. for the valve repairs)

Precise measurements
Decision upon the type of prostheses



MV Repair / Replacement



IMR



Specific measurements are needed                   
upon the type of the operation

Predictors of SAM and LVOT obstruction

 Small AML/PML ratio (<1.0)
 Small coapt-sept distance (<2.6cm)
 Large posterior leaflet height (>1.5cm)
 Greater coapt-annulus distance
 Aortic-mitral angle

Lee KS, Stewart WJ, Lever HM, et al. Circulation 1993;88:II-24-II-29
Maslow AD, Regan MM, Haering JM, et al. J Am Coll Cardiol 1999; 34: 2096-104



Pre-op IOE evaluation  of MV
 Function of MV

 Position of leaflets
 Malcoaptation
 Malapposition

 Motion of  leaflets
 Normal 
 Excessive
 Restricted 

 Size of annulus

 Chordal elongation

 Chordal rupture



Mitral Regurgitation
Carpentier classification

Carpentier A.  J Thorac Cardiovasc Surg 1983;86:323-37

Type I Type II Type IIIa,  IIIb

Enriquez-Sarano M, et al.  Circulation 2003;108:253-256.  Mitral regurgitation:  
What causes the leakage is fundamental to the outcome of valve repair.



Mitral valve annulus –
Intertrigonal distance

Posterior 
trigone

Anterior trigone

Intertrigonal 
distance

Systole – saddle-shaped
Diastole – circular 



AV Repair / Replacement



Functional classification for AR
El Khoury, Rubay, Noirhomme, d’Udekem, et al

University Hospital of Louvain, Brussels, Belgium

 Type I normal cusp motion (central jet)
 Type I a STJ dilatation
 Type I b STJ + sinuses of Valsalva dilatation

?aneurysm, ?Marfan 
 Type I c annular dilatation

poor coaptation and apposition, ?aortic dissection
 Type I d leaflet defect / perforation

?endocarditis

 Type II cusp prolapse (eccentric jet)
excessive cusp tissue, commissural disruption + 
malpositioning, poor coaptation and apposition
?endocarditis

 Type III restricted cusp motion (central jet)
?quadricuspid valve , ?unicuspid valve

?bicuspid valve, ?calcification



Intra-Op  
TOE

 Intraoperative monitoring
 TEE  vs  PAC    or    LVEDD  vs  PCWP/CVP

 Guide to positioning of  cannulae /     
surgical manipulations

 Inadequate venous drainage

 Distribution of cardioplegia  (contrast echo)

 Minimization of  the risk of air embolization

 Assistance in weaning from CPB



Monitoring Function
TEE  vs  PAC    or    LVEDD  vs  PCWP/CVP

Typical echocardiographic and PAC findings in 
haemodynamically unstable pts

TOE PAC

Contractility EDA ESA FAC CI PAWP

Hypovolemia Vigorous ↓ ↓ ↔ ↓ ↓

Reduced LV 
compliance

Vigorous ↓ ↓ ↔ ↓ ↑

Low SVR Vigorous ↔ ↓ ↑ ↑ ↔

Systolic 
dysfunction

Vigorous ↑ ↑ ↓ ↓ ↑

CI=cardiac index, EDA=end diastolic area, ESA=end systolic area, FAC=fractional area change, PAWP=pulmonary 
artery wedge pressure, SVR=systemic vascular resistance



Low Vascular Resistance

Both hypovolaemia and low systemic vascular resistance are 
associated with a reduced end systolic area. In this patient the end 
systolic area is reduced but the end diastolic area is normal, 
suggesting low systemic vascular resistance.



Hypovolemia

Both hypovolaemia and low systemic vascular resistance are associated 
with a reduced end systolic area. In this patient, end systolic and end 
diastolic areas are both reduced, which is consistent with hypovolaemia



Guides surgical manipulations

 EAUS in a case of
aortic atheroma



CXR – tip of IABP low

Difficult to advance

Should it be advanced any
further?

Choudhary SK, et al. Aortic atherosclerosis and perioperative stroke in patients undergoing coronary 
artery bypass:role of intraoperative transesophageal echocardiography. Int J Cardiol 1997;67:31-8 

Insertion of IABP









Surgeon complaints 
of having difficulty empty the RA



Persistent left SVC –
Left anterior cardinal vein fails to obliterate in fetus
0.3% in healthy population
8% draining into LA – “unroofing of coronary sinus”

 Dilated CS
 LSVC









Deairing



Air in the heart
 J Thorac Cardiovasc Surg 2009;138:157-162

© 2009 The American Association for Thoracic Surgery

 A new de-airing technique that reduces systemic
microemboli during open surgery: A prospective controlled
study

 Faleh Al-Rashidi, MDa, Sten Blomquist, MD, PhDb, Peter
Höglund, MD, PhDc, Carl Meurling, MD, PhDd, Anders Roijer, 
MD, PhDd, Bansi Koul, MD, PhDa,* 

 a Department of Cardiothoracic Surgery, University Hospital Lund, 
Sweden
b Department of Cardiothoracic Anesthesiology, University
Hospital Lund, Sweden
c Department of Clinical Research and Competence Center, 
University Hospital Lund, Sweden
d Department of Cardiology, University Hospital Lund, Sweden

Deairing

http://jtcs.ctsnetjournals.org/misc/terms.shtml





60 yrs old lady for MV repair












Easy separation from CPB 
5 minutes post CPB - IABP
Unstable – REASON?

Tingleff J, et al. Intraoperative echocardiographic study of air 
embolism during cardiac operations.  Ann Thorac Surg 1995;673-7












Post-Op  
ITOE

Direct assessment of  the surgical result

New findings

Post op monitoring

Guide to post op management





65 yrs old female with rheumatic MS for MVR
Carpentier-Edwards stented bioprosthesis, LAA ligation
End of procedure after coming off CPB – routine TOE

Intra-operative TOE not strongly indicated(Class  II  indication-ACC/AHA/ASE guidelines)












LUPV obstruction!
Back on CPB, release LUPV, ligate LAA!

Shapira Y, et al.  Impact of transesophageal echocardiography during valve replacement.  
Ann Thorac Surg 2004;78:579-84












60 yr old female, severe AR for AVR

Ionescu AA, et al. Prospective study of routine perioperative transesophageal echocardiography for elective 
valve replacement: clinical impact and cost-saving implications. J Am Soc Echocardiogr 2001;14:659-67












21mm stented bioprosthetic valve
Separation from CPB

Skidmore KL, London MJ.  Myocardial ischemia.  Monitoring to diagnose ischemia: 
how do I monitor therapy?  Anesthesiol Clin North America 2001;19(4):651-72












Vein graft to RCA!

Schroeder RA, Mark JB.  Is the valve OK or Not?  Immediate evaluation 
of a replaced aortic valve.  Anesth Analg 2005;101:1288-91









Vein graft to RCA!

What about the gradient?
Pressure recovery?

Schroeder RA, Mark JB.  Is the valve OK or Not?  Immediate evaluation 
of a replaced aortic valve.  Anesth Analg 2005;101:1288-91



Less inotropes
Better filling
Decreasing gradient!

Morocutti G, et al.  Intraoperative transesophageal echo-Doppler evaluation of stentless aortic 
xenografts.  Incidence and significance of moderate gradients.  Cardiovasc Surg 2002;10(4):328-32
Schroeder RA, Mark JB.  Is the valve OK or Not?  Immediate evaluation of a replaced aortic valve.  
Anesth Analg 2005;101:1288-91

Continuity equation
LVOT/AV velocity ratio

0.35-0.5








Successful MV Repair



Repair not always
a success story!

Post-op failure



MV Repair

If things go wrong….

• inadequate repair

• too tight

• SAM



Too tight ?
Post-MV repair stenosis

Usually associated with attempted repair of rheumatic disease

Ibrahim MF, David TE.  Ann Thorac Surg 2002;73(1):34-6c

Too tight ?



Post MV Replacement complication









A valve stitch, trapped in a strut, obstructed 
the closure of the leaflets of the valve

Return to Bypass
Replacement with mechanical valve






MVR dysfunction

MVR dysfunction





Paravalvular leaks





Perioperative 
Echo 
in the CICU

Post op monitoring

Guide to post op management



Echo in ICU

Hemodynamic istability
De-saturation
IABP 
Post op monitoring
Guide to post op management



Guide to post op management



poor LV following surgery

high dose inotropes

hypotensive on CICU 

increase in inotropes

Why hypotensive?

Treatment options?

Volume

Decrease inotropes

IABP!



CXR – tip of IABP low

Difficult to advance

Should it be advanced any
further?

Choudhary SK, et al. Aortic atherosclerosis and perioperative stroke in patients undergoing coronary 
artery bypass:role of intraoperative transesophageal echocardiography. Int J Cardiol 1997;67:31-8



54 yr old female urgent CABG
Obese – BMI 35
History of heavy smoking, hypertension, angina, & asthma
Post / intra operative cardiac course uneventful
Mild degree of post operative desaturation (90%) 
CXR - minor basal atelectasis

Persistently low saturations 
Day 7 – SpO2 85%
No response to CPAP / physio 
Readmitted to CICU, patient asymptomatic!
CXR - minor basal atelectasis
TTE difficult window/unremarkable
CT PA – No evidence of PE 



Sternum now infected, required surgical debridement
TOE performed intraoperative

Undetected secundum ASD!
Augoustides JG, et al. Analysis of the interatrial septum by transesophageal echocardiography 
in adult cardiac surgical patient: anatomic variants and correlation with patent foramen ovale.  
J Cardiothorac Vasc Anesth 2005;19(2):146-9



No PEEP on IPPV
Minimal L to R shunt

PEEP + 10 on IPPV
R to L shunt

Undetected secundum ASD









60 yrs old male with severe AR, asc aorta 36 mm
Stented bioprosthetic valve
Immediate postop TOE – insignificant
Concerns about left radial arterial line
2hrs post surgery – anuric on CICU, hemodynamically stable



Back to operating theatre
Dissection repair unsuccessful

Stented bioprosthetic AVR – TOE in CICU

Bruch C, et al.  Am J Cardiol 2003;91:510-3



 Severe AS
 AVR  _ stentless biological No 23 

(Freedom Solo, SORIN®)

Female patient 75 years old



45ο  ME view

125ο  ME view



DSI=0.4



6 months post-op TTE





Other applications
of perioperative 

echocardiography

Epicardial coronary imaging

Substernal echocardiography

Intracardiac echocardiography (ICE)

Intraoperative stress 
echocardiography

Contrast echocardiography

3-D echocardiography



Complications
Complications                            Incidence (%)



Contraindications

Absolute                                         Relative



Critical role of TEE in: 

LV reconstruction surgery
(LVEF,ESVI)

Minimally invasive surgery 
(OPCAB, PORT ACCESS SURGERY, etc)

Paediatric cardiac surgery

Congenital heart disease surgery



Use of TEE in LVAD



Accuracy of intaoperative interpretation

Training

Accreditations
procedure

Cahalan MK, et al.  American Society of Echocardiography and Society of 
Cardiovascular Anesthesiologists task force guidelines for training in 
perioperative echocardiography.  Anesth Analg 2002;94:1384-8



2017
EACTA

Reporting

Duke Perioperative 
Echocardiography Protocol
(updated : July 23, 2010)



To conclude….

“When expertly used……….”

“Performing a complete examination”

perioperative Echocardiography 

leads to improved outcome 

in patients requiring cardiac surgery



Take home messages

• ITOE does not replace the TOE !

• ITOE supports the decision making 
in cardiac surgery

• ITOE increases the efficiency of the 
operation

by guiding surgical manipulations 

• ITOE allows intraoperative 
monitoring

• ITOE offers direct assessment of the 
surgical result

• ITOE needs people well  trained and 
experienced!


	Intraoperative Transesophageal Echocardiography
	Definition
	Slide Number 3
	3-D TEE probe
	2021
	  ASE/SCA (2003)� Definition  / Task Force guidelines 	(revised)
	The Revolution……..�
	2010 Update
	2017
	2017�EACTA
	2020 New Guidelines for ITOE
	Is Intraoperative TOE �		       for all  cardiac surgical patients  ?
	Slide Number 13
	ITOE objectives
	Defined roles 
	Defined roles
	Diathermy
	Just pre cardioplegic arrest
	De-airing
	Immediately post-op
	Pre-protamine
	Pre-Op  Diagnostic Function 
	Slide Number 23
			1. Refines the diagnosis �Young female pt with severe HTN  for myxoma removal
	Surgical findings:�Paragagglioma!!
	Differential diagnosis of AS 
	Slide Number 27
	Subaortic membrane 
	Slide Number 29
	2. New findings – impact on surgery!�
	Slide Number 31
	Change of Surgical plane
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Unexpected events
	Slide Number 37
	Slide Number 38
	Surgical procedure
	3. Precise measurements upon the type of the operation�(esp. for the valve repairs)�
	MV Repair / Replacement
					IMR
	�Specific measurements are needed                   	�upon the type of the operation�
	Pre-op IOE evaluation  of MV
	Slide Number 45
	Mitral valve annulus –�Intertrigonal distance
	AV Repair / Replacement
	Functional classification for AR� El Khoury, Rubay, Noirhomme, d’Udekem, et al�University Hospital of Louvain, Brussels, Belgium
	Intra-Op  TOE
	Monitoring Function � TEE  vs  PAC    or    LVEDD  vs  PCWP/CVP �Typical echocardiographic and PAC findings in haemodynamically unstable pts
	Low Vascular Resistance
	Hypovolemia
	Guides surgical manipulations
	Insertion of IABP
	Slide Number 55
	Slide Number 56
	Deairing
	Air in the heart
	60 yrs old lady for MV repair
	Slide Number 60
	Post-Op  ITOE
	Slide Number 62
	Slide Number 63
	Slide Number 64
	Slide Number 65
	Slide Number 66
	Slide Number 67
	Slide Number 68
	Slide Number 69
	Slide Number 70
	Successful MV Repair
	Slide Number 72
	MV Repair ��If things go wrong….
	Too tight ?
	Post MV Replacement complication
	Slide Number 76
	Slide Number 77
	Slide Number 78
	Paravalvular leaks
	Slide Number 80
	Perioperative Echo �in the CICU
	Echo in ICU
	Guide to post op management
	Slide Number 84
	Slide Number 85
	54 yr old female urgent CABG
	Slide Number 87
	Slide Number 88
	Slide Number 89
	Slide Number 90
	Slide Number 91
	Slide Number 92
	Slide Number 93
	6 months post-op TTE
	Slide Number 95
	Other applications� of perioperative echocardiography
	Complications
	Contraindications
	Critical role of TEE in: 
	Use of TEE in LVAD
	Accuracy of intaoperative interpretation
	2017�EACTA
	To conclude….
	Take home messages

