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- Before c4

- During cardia®

- After cardiac surgery

- In intensive care unit

e -

Cahalan MK, et al. American Society of Echocardiography™a pvascular Anesthesiologists tas
force guidelines for training in perioperative echocardiography. » 002;94:1384-8

Shanewise JS. Performing a complete transesophageal echocardiogray éxamination. Anesthesiol Clin Nortl
America 2001;19(4):727-67



Since 90’s Since 2002

7

Epicardial ITOE (2002)
approach
r)u‘
hel ca)
Wes
\ a . & .
disadvantages | Rigid Flexible Every o7 g0 |
probes | probes care of
M- 2-D & cardiac
mode Doppler surgical

pts




8 AUG 2002

A/3/F3

Philips Medical
Systems

Adult

PHILIPS DEMO

3D GAIN 41

3D COMP 48

15CM
19 HZ

— ASE POSITION PAPER
Wi

| hy: A Review of the
e Directions

W TN A J : . _—
i) A o F M0 Lél . Shernan, MD,

LIE] e
s, MD,
14 [ g, linass;
Mria; Change, Californin

(20:213-233.

0Rogd-7317 830



Roberto M. Lang, MD, Karima Addetia, MD, Akhil Narang, MD, Victor Mor=:




TICE GUDELINES

€ateqgory | .
Based on  Usefulness/efficacy

-Category lla: established or not

-Categoyry itbs by evidence/opinion

Il indications

Thys DM, et al. Practice Guide
A report by the ASA and the SCA Ta

Cheitlin MD, et al. ACC/AHA guidelines for
Circulation 1997;95:1686-1744

Cheitlin MD, et al. ACC/AHA/ASE 2003 guideline update
echocardiography. J Am Soc Cardiol 2003;2(5):954-70

Echocardiography.
1996;84:986-1006
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The Revolution........
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We have no reason not to use ITOE as¥ ftine!!



Anestheslology 2010 112:1-1
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Practice Guideline
Echocardiography

_lf |||lIHI IL t'] I 16 ” 'r'r hL Tl[l?f “Iﬁ'flrff d lLJ I 't']rL )| “L'Hll 1'|1||H1| U I

lLIl. '4. ) l'.JI|'LiI “Lr?fﬂrhf il ,11|I 1'1 |LJ.1|I1IJ rHJ "Hll Tr ?Lﬂ ,JH. |'|Jr_':|'lff.




“With the increasi
invasive, percutanea

Anupcatson nraoperative threg-Gmensional ransesophagel
gchocarcography

able to communicate pathology effectively,

ol Collea, 525 Fast O Steet, Bon 124 Now York N
and perform gquantitative analysis of the various structural heart
diseases encountered”.
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“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
iyersity Medical Center. "Utilizing a ‘catch-all’
sl as a starting point for imaging in all
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Echocardiography to Assist with Surgical

Decision-Making in the Operating Room:
ASurgery-Based Approach

ophageal Echo to Assist
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Society of Thoracic Surgeons
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https://www.dukehealth.org/find-doctors-physicians/alina-nicoara-md

Is Intraoperative TOE
for all cardiac
surgical patients ?

a stanON

Anaesthetist 2002;51(2): 79-5%
J Am Soc Echocardiogr 2020;33:692-734




omponent

4 oaggement of cardiac surgical pts

due to
both

as a diagnostic tO%
monitor of cardiac per)e

“When expertly used..........

“Performing a complete examination”

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

k force guidelines

Jeremy J Thaden, et al. Adult Intraoperative Echocardiography: A Comprehensive Review of Current Pre
Society of Echocardiography. Published by Elsevier Inc.

e. 2020 American



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

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
metimes changes the operative plan (new

ITOE objectiv

INTRA OP

- Assessment of the POST OP

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



Team’s commuhnication

Cardiologist

— .-..l il et . /
B Anaesthesist /

Surgeon

ons in cardiac

cardiac surgeon‘s

hased on team
ce and communication
forget the patient)

i
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yned roles - Team’s communication

Cardiac Surgeon

Cardiologist



Diathermy






Just pae cardioplegic

























"“nmediately post-op







Pre-protamine







» To confirm and refine the preoperative
diagnosis

detect new or unsuspected pathology

qesthetic and surgical plan

measureme
upon the type o



nre-bypass TOE findings
rgical plan

Global and™s
preoperative fins

Intracardiac thrombi
Tumors

Left superior vena cava
Aortic atheromatosis

severity, annulus

Schmidlin 01
(n=1,891)

ed TOE findings of major significance
ional TOE-based interventions

*ast-CPB

Interventions




. Refines the diagnosis
Y male pt with severe HTN for myxoma removal

ITOE: suspicion for
extracardiac tumor



Surgical findings:
Paragagglioma!!
o

.

BP normal after surgery!
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Differential diagnosis of AS

LVOT obstruction

sub-valvular muscular stenosis
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Subaortic membrane







24\ findings — Impact on surgery!

t pre-bypass TOE findings
2 surgical plan

. ASD;

« Valvulart srent severity, annulus
sizing

Global and regiona nonding to
preoperative findings

Intracardiac thrombi
» Tumors

Left superior vena cava
« Aortic atheromatosis



Decision making in the OR

ks old male, IHD, poor LV CABG,
tive TOE to assess the LV
















Change of Surgical plane

AeyyerpnTtiké Awowoodayero Ynepnyokapdioypa a:

To bieyyepnuikd TOE avébelte pétpla emnpeacpévn cuotolikr] Astoupyia (LVEF 45%) pe RWMAS,
dlatetapévo Aplotepo kKOATTO pe autopato contrast, Opoppo oto Qtio Tou Apotepov KoAmou, yeyovog
TIOU UTIOXPEWOE OE TPOTIOTOINGON Tow ap)Kol oxeblacpol Kal otny mpayuatonoinon e enépfaonc
onwc¢ nepypapape. Kakrp cuotohwkr Asttoupyia tne Astiac Kokiag. Tpimruyxn Aoptikry BaApidba pe
kaAr didvoién kat Ama avendpkela. Hma avendapksia Mitpoebouc BakPidac.

To peteyyelpnukd TOE empPePaiwos v wavomownmik Asitoupyikétnta e Ap.Kowiac kol tnv
erutuyr anoAivwon tou Qtiou. Ou avendpkeiec Mitpostboiic kat ﬂr::pTLKﬁt: Palpidac mapspsvay fiec.

"\ U/ .,

EnépBaon: Anoxhunpor aoptri¢ pe aoptik AaPida kar enitevén acvotohiac pe Yuypr alpaTikn
kapbromhnyla

1. MpoOoTEAACN TOU OPLOTEPOU KOATIOU HE SLOPECOKOATILKA
Toun (Héow TOU WOELS0UG TPAMATOC), aAvayvwplon Tou
apLoTEPOU WTilou Kau adaipeon tou Opopfou

2. ATTOKAELOMOG apLOTEPOU WTiov Je TormoBETnon atriclip No 45

3. Itedpaviaia mtapakapn:

1) OM1: avaotopwan pe to dAePikd pooysvpa. MéysBoc ayyeiou nepinov 1,7mm
2) LAD: avaotdépwoaon pe v upoyn Aplotepr) Eow Maotikry Aptnpia. MéyeBog ayyeiov mepinou

1,4mm




CABG, LA thrombus suction, LAA IIGS










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













Pre-op unexpected findings










Unexpected events

e 80 years old female pt from peripheral hospital
MS,MR, critical LAD stenosis - recent deterioration
2-0p echo : smoke in LA

thrombus in left atrial appendage
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During cannulation for bypass
e sudden appearance of dislodged thrombus in LA
nassed through MV, LVOT and AV
2d in ascending aorta
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e Disappearance of thrombus from ascending aorta
Datient became unstable
pdiately on CPB

B 1P% 18P

GRIM 53 &
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Surgical procedure

Mitral valve replacement - Tissue Med 27 mm
iSDid valve repair - Cosgrove-Edwards 32 mm
Qous graft to LAD

27.8C
5. 10
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Post op findings

carotid scan
right common carotid artery-thrombus at bifurcation



aaPrecise measurements upon the

fype of the operation
p0. for the valve repairs)

Precise measurements
Decision upon the type of prostheses



R/ Repair / Replacement

Z23inden, avi



IMR

gitation Pitfalls

=) LV filling

:> Afterload [

Phenylephrine for restorati
haemodynamics?

MR due to myxomatous degeneration or
rheumatic mitral disease less iInfluenced

Bach DS, et al. Am J Cardiol 1995, 76: 508-12: Konstadt SN et al J Cardiothorac Vasc Al
1994 B: 19-23 ¢




Specific measurements are needed
upon the type of the operation

of SAM and LVOT obstruction

o0 Small AML/PML ratio™
o Small coapt-sept distance

0 Large posterior leaflet height (>1I%
o Greater coapt-annulus distance
o Aortic-mitral angle

Lee KS, Stewart WJ, Lever HM, et al. Circulation 1993;88:11-24-11-29
Maslow AD, Regan MM, Haering JM, et al. J Am Coll Cardiol 1999; 34: 2096-104



kc-0p IOE evaluation of MV

e Positis
o VI
e Malapp$¥
o Motion of leaflets
e Normal
e EXxcessive
e Restricted
e Size of annulus

e Chordal elongation

e Chordal rupture




Mitral Regurgitation
Carpentier classification

Type |l Type llla, lllb

incmsed Mobility Diminished Mobility

‘\—-.a‘%y

Annular dilatation Chordal elongation

Leaflet perforation Chordal rupture Choe

Papillary muscle malposition Dilated leaflet Chordai™

Papillary muscle dyskinesia  Papillary muscle elongation, Subvalvular®
malposition, rupture Leaflet retractio®

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

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

Intertrigonal
distance

Systole — saddle-shaped
Diastole — circular



AV Repalr / Replacement

<«—— 1cmabove STJ (STJ,)

<«— STjunction (STJ,)

<— Sinus of Valsalva (SINUS)

-a—— Base attachment (BASE)

l

4



unctional classification for AR

El Khoury, Rubay, Noirhomme, d’'Udekem, et al
rsity Hospital of Louvain, Brussels, Belgium

usp motion (central jet)

of Valsalva dilatation

ortic dissection
e Typeld

e T[ypell cusp prolapse (ecc

excessive cusp tissue, com
malpositioning, poor coaptation a

?endocarditis

e Type lll_ restricted cusp motion (central jet)
?quadricuspid valve , ?unicuspid valve
?bicuspid valve, ?calcification




®» [ntraoperative monitoring
» TEE vs PAC or LVEDD vs PCWP/CVP

) uide to positioning of cannulae /

/e >al manipulations

A [haggqu ous drainage

» D 1IN/OK C34 la (contrast echo)

» Minimization S ¥

» Assistance in weaning




Monitoring Function

PAC or LVEDD vs PCWP/CVP
ardiographic and PAC findings In
amically unstable pts

PAC

Hypovolemia Vigorous

Reduced LV Vigorous ! ‘
compliance .
O

Low SVR Vigorous

Systolic Vigorous 1 1 N
dysfunction

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




Q\W VVascular Resistance

q‘ Urieirsly ol Wakdisglan- QR

| End systole

i
i

Both hypovolaemia and low systemic vascular '8
associated with a reduced end systolic area. In this'§
systolic area is reduced but the end diastolic area is nOM
suggesting low systemic vascular resistance.

ESdR T1F 071449
Gainn  &dE 4wl

Q¢ % i Erigrid
.ER 11608

e ¥5bpm




Hypovolemia

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



Gyiides surgical manipulations

MOBILE
ATHEROMA

VENOUS GRAFT _-'I ;‘ | Eathryn E. Slas, MDD, B
FROM LIMA A ¥ | | Madhav Swaminathan, hAD

3 | | EASET
TO RCA | | Scott T. Resves, MD, FASEL
| » | Jack S. Shanewise, MDD, FASES

| § Drawvid Rubenson, My, FASE|)|
N N Peber K. Smith, RO

Joseph P. Mathew, MO, FASE®
| Stanton K. Shernan, MO, FASEs

Council for Intmoperative
Echocardiography of the

1 American S of
i ) Echocardiozraphy, Atlanta, 54;
LIMA TO LAD w Durham, M Chatleseon, S0 MY,

\ 2 . MY LA Jolla, ©A: and Boston,
s PAA]




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 C&@nary
artery bypass:role of intraoperative transesophageal echocardiography. Int J Cardiol 1997;67:31-8
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+ Dist 217 cm

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”









Deairing

£
GREEEHNLANE TOE

PAT T: 37.8L
TEE T: "}B_EI



e JThorac 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

Dealring

e Faleh Al-Rashidi, MDa, Sten Blomquist, MD, PhDb, Peter
Ho6glund, MD, PhDc, Carl Meurling, MD, PhDd, Anders Roijer,
MD, PhDd, Bansi Koul, MD, PhDa,*

e a Deé)artment of Cardiothoracic Surgery, University Hospital Lund,
Sweden

b Department of Cardiothoracic Anesthesiology, University
Hospital Lund, Sweden

¢ Department of Clinical Research and Competence Center,
University Hospital Lund, Sweden

d Department of Cardiology, University Hospital Lund, Sweden


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?

Q

Tingleff J, et al. Intraoperative eC¥ hgraphic study of air
embolism during cardiac operations. nn Thorac Surg 1995;673-7













»Direct assessment of the surgical result

»Guide to poste



quent post-bypass TOE findings
the surgical plan

— New or wor
Valvular surgery
Failed repair, residuals
— Prosthetic dysfunction
— Paravalvular leak, fistula, rupture
- LV outflow obstruction, SAM
— Severe impairment in RV/LV function




oa.Vvrs old female with rheumatic MS for MVR

Carpentier-Edwards stented bioprosthesis, LAA ligation
a Of procedure after coming off CPB — routine TOE

o

Intra-operative TOE not strongly indicated(Class Il indication-ACC/AHA/ASE U®delines)












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

)

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












60 yr old female, severe AR for AVR

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













21mm stented bioprosthetic valve
Separation from CPB

| .

o

Skidmore KL, London MJ. Myocardial ischemia. Monitoring to diagnose ischemia:
how do | 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!
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What about the gradient?
Pressure recovery? L g
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Schroeder RA, Mark JB. Is the valve OK or Not? Immediate evaluation
of a replaced aortic valve. Anesth Analg 2005;101:1288-91

Car TEE CWC GRIM S@ COMP 85

!

|

|

|

PAT T: 37.8C

TEE T: 3e.ec  4-4MHZN T J

uTI

<wHax PG = 8.2

ey

mmHi

48

38

MRS de k]

128

Tof 1

= 488 cm/sec
66 nnHglll

= 49 cm
wiilean PG = 1|3meHg

4. 4MHZ

120

pd ]

320

420

1 N~ T+

- SBB

Tof 1



TIS:B. %9 o 4. 4HMHZ
Car TEE CWC GRIM 5B Anax U = 318 cm/sec )
S [ R TN M= T ax PG~ 10 kol Less inotropes

MN 334 g AP #* Hean U = 234 cm/sec
. CmFs ey

" JJTI BB 0 cm Sg ; ean PG - o4 nni Better filli

' MA¥ 90, 9 nmAg e etter niling
: MM  84. Y4 mmHg | < 3 :3@’ s

| 3 -

Decreasing gradient!
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Continuity equation
LVOT/AV velocity ratio
0.35-0.5

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






ve repair
\

Arterial blood pressure?

LVOT obstr

Pararing leak?
Functional mitral stenos
Right ventricular function?

Grimm RA, et al. Cardiol Clin 1998; 16: 477-89; Ammar T, el al. J Cardiothrac
1896, 10; 397-405;
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Post-op failure
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Repair not alwayg_
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a success story! g 4,



MV Repair

(S go wrong....




Too tight ?

Post-MV repair stenosis
R \ith attempted repair of rheumatic disease

7 mean PG 5.34 [HE
.| My VE trace 5. 34
My peak vel |1El.
: My Y2 YTI  43.]
. My Y2 mean |08,

MY DOFP =345

H

H -

PAT T: ¥
TEE Tz 36

FOCUS: 12. 7CM  ~

g: B
= 7P

TOO tlght ’) ‘ :mll\!TEE'-.-'HL Hg‘l

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



st MV Replacement complication










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

Return to Bypass
Replacement with mechanical valve






MVR dysfunction
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Paravalvular leaks
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20st op monitoring



Echo in ICU

aiC Istability

Guide to post ON



uide to post op management

PHILIPS LLESHI FROSINA

e PHILIPS LLESHI FROSINA 30/11/2011 16:06:05 TIS0.7 MI1.2
FR 38Hz PRE-OP S7-20mniiTEEnew
13cm FR 39Hz L&
Z?I%% u_._u 180 12em
C 47
P Off
HPen
G
®A R
28 66 :

PHILIPS LLESHI FROSINA

PRE-OP
FR 21Hz

12em JPEG

o 0 e

*ok bom
5% T75% -
47




MI:B.8
TeZlR
BE MRE B1
1l:26: 12

PROC HE/R/E/F3
GLEMFIELD HOSP
ECHO °ZEBEDEE’
EK TOE

Why hypotensive?

Treatment options?

L. .o
GRIN 45
COMP_&5
SZBPH 4

1BCM
£4HzZ*

T
PR
e Fa




HI:B.9 PRT T: 3mBC
Te2lR TEE T: Z C
B3 MRE Bl
11:39:42

PROC E/B/E/F3
GLEMFIELD HDOSP
ECHO “ZEBEDEE~
FK TOE

I
[
[

GRIM 45
COMP 65
S1EPM

SCH

78HZ PAT T:

TEE T:

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

CXR —tip of IABP low
Difficult to advance

Should it be advanced any
further?

37.8C
37.8C

B

54 1809



54 yr old female urgent CABG

, hypertension, angina, & asthma
ourse uneventful

Persistently low saturati
Day 7 — SpO, 85%

No response to CPAP / physio
Readmitted to CICU, patient asymptoma
CXR - minor basal atelectasis

TTE difficult window/unremarkable

CT PA— No evidence of PE
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Sternum now infected, required surgical debie
TOE performed intraoperative

Undetected secundum ASD!

Augoustides JG, et al. Analysis of the interatrial septum by transesophageal echocardi®

in adult cardiac surgical patient: anatomic variants and correlation with patent foramen ovar®
J Cardiothorac Vasc Anesth 2005;19(2):146-9



Undetected secundum ASD

PEEP + 10 on IPPV
R to L shunt

No PEEP on IPPV
Minimal L to R shunt










60 yrs old male with severe AR, asc aorta 36 mm

] bioprosthetic valve

Rostop TOE — insignificant

=ft radial arterial line

aric on CICU, hemodynamically stable
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Stented bioprosthetic AVR — TOE in CICU
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Female patient 75 years old
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. Epicardial coronary imaging -
Substernal echocardiography -

Other applics schocardiography (ICE) .

of perioperativ
echocardiography




Complications

Incidence (%)

Swallow
Oesophageal ax
No associated pé&h(ﬂoh
Upper ¢ a%hrnnteuhncﬂlmaenworn S

Suphqua|peﬁu(ﬁnn1

Dentﬂinﬂﬂy

Endotracheal tube malposition

Total



Contraindications

Relative

Atlantoaxial joint diseass

Oesophageal diverticula

Oesophageal scleroderma

Recent upper gastrointestinal surgery

Oesophageal varices



Critical role of TEE In:

ction surgery

(OPCAB, RY, etc)

shPaediatric cardi

shCongenital heart diseas




Use of TEE In LVAD

Weaning from bypass

De-airing
Inflow graft position
Right ventricular function?

Postbypass evaluation
Right ventricular function?
Inflow/Outflow obstruction?

Tamponade?

or LVAS (WORLDHEART) Training Manual,




plracy of intaoperative interpretation

Training

ASE/SCA Recommendations and Guidelines
for Continuous Quality Improvement in
Perioperative Echocardiography

Accreditations
procedure

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



Reporting
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To conclude....

“Perfor

perioperative Echocardiogray
leads to improved outcome

In patients requiring cardiac surgery



ITOE does not replace™®

ITOE supports the decision m#&
in cardiac surgery

ITOE increases the efficiency of the L._
operation

by guiding surgical manipulations

ITOE allows intraoperative
monitoring

ITOE offers direct assessment of the
surgical result

ITOE needs people well trained and
experienced!
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