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PERIOPERATIVE POCUS MODULE 5: TEE
ULTRASOUND WINDOWS



Objectives

» Describe the use of perioperative TEE (PTE) as an
advanced cardiac monitor

» |[dentify eleven windows used for hemodynamic
monitoring and cardiopulmonary instability

» List six advanced uses of advanced
oerioperative TEE

» |denftify additional ultrasound windows used with
advanced perioperative TEE



Ultrasound and Transesophageal Echo

» Probe passes sound waves through a
medium or tissue

o Transducer emits brief pulses of sound by
converting electrical energy into sound

o Returning sound waves are converted into
energy which generates an image

» Best image is generated when the beam
Is perpendicular to the structure

» Ultrasound beam is manipulated by
advancing, filting, anteflex/retroflex of
the TEE probe

» Omniplane is used to rotate the
ultrasound beam




Probe Position and
Imaging R | .05t e

Mid Esophageal
(ME)

» Probe is placed in the

. = 4 Transgastric
esophagus in one of four

positions and US beam m,(%;%%m
generated 2. Posterior
» Reflected signals are | |
collated to produce an <
image %

» A two-dimensional (2-D) or
3-D image is generated of
the structures

Anterior






TEE Probe and the ME Four Chamber




Information Available by Basic TEE

» Left and right ventricular
function

» Heart wall motion
» Heart chamber volume
» Vessel integrity

» Valve function and
iINnteqgrity

» Heart tumors
» Pericardial effusion
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Utility of Basic Perioperative TEE

» Entire perioperative pathway
o Preoperative for EF and murmur
o Infraoperative hemodynamic

monitoring :
o Postop for effusion and volume I o € \
status N \l‘\‘ ‘ \
» Subspecialties already utilizing h it ‘?
TEE \ !

o Liver transplant

o Vascular/neuroanesthesia
o Intensive care/ER

o Cardiac anesthesia

o Obstetrics



Absolute and Relative
Contraindications to TEE

Absolute Relative

» Perforated viscous >
» Esophageal stricture/tumor

>
» Esophageal >
perforation/laceration >

>

» Esophageal diverticulum

» Active upper Gl bleed
>
>
>

Radiation fo neck/mediastinum
Gl surgery/upper Gl bleed
Barrett's esophagus
Dysphagia/hiatal hernia

Neck immobility/cervical disc
disease

Symptomatic hiatal hernia
Esophageal varices
Coagulopathy

Hahn et al. Guidelines for performing a comprehensive transesophageal echocardiographic examination:
Recommendations from the American Society of Echocardiography and Society of Cardiovascular Anesthesiologists. J Am Soc Echocardiogr 2013; 26: 921-964



Probe/Equipment Considerations

Probe Insertion Infraoperative Complications
» Bite block used » Esophageal perforation (<0.01%)
» Generous lubrication » Gastrointestinal/pharyngeadl

hemorrhage (0.03-0.8%)
» Dental domage (0.03%)
» Oral/lip damage (most

» Jaw thrust may be utilized
» Insert to 30-35 cm

» Confraindications include common, 13% with cardiology)
esophageal and gastric . :
oathology » Airway compromise (0.03%)

» Distraction from patient
» Misinterpretation



Basic vs. Comprehensive TEE

Basic Perioperative TEE Comprehensive TEE

> Use of TEE as advanced . » Use of TEE as advanced hemodynamic
hemodynamic monitor using 11 views : : :
monitor using up to 28 views

» Diagnose general efiology of _ 3
cardiopulmonary instability » Diagnose specific pathology and

- Gross valve pathology sources of cardiopulmonary instability

o Biventricular function » Use of Doppler for assessment of

o Filling status degree of valve stenosis, regurgitation
o Simple congenital defects and area

o Obstructive pathology » Use of Doppler to assess surgical

> If complex pathology present referto  Intervention
advance e e » Use or knowledge of 3D imaging

Reeves et al-Basic perioperative fransesophageal echocardiography examination: A consensus statement of the American Society of Echocardiography and the Society of Cardiovascular

Anesthesiologists. J Am Soc Echocardiogr, 2013, 26:443-456
Hahn RT et al: Guidelines for performing a comprehensive transesophageal echocardiographic examination: Recommendations for the American Society of Echocardiography and the Society
of Cardiovascular Anesthesiologists. J Am Soc Echocardiogr 26:931-964, 2013
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Role of Omniplane in
Window Acquisition
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ME Ascending Aorta SAX
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ME Ascending Aorta LAX

L) =
O |
.
=
)
Sk
-
‘ k 91
{ s
AL
‘;—.5.«_1‘," ‘. o
.
|

} V,
“:'!id

athology
al Effusion
ary Embolus



U

Descending Aorta Short Axis

¢

o
A
\/

Y 1

&

| Severity)
pass wire Position



Descending Aorta Long Axis

L
el - ’sw




ize/function
eptal motion
| Defect

oNn

Transgastric SAX




Color Doppler and Color Flow
Mapping

» Doppler ultrasound provides
direction and velocity of flow

» Direction and velocity of blood \J
Is depicted as: | e\

o Red-towards the transducer
o Blue-away from the transducer ‘
> T’ 19 \,../

» Higher velocities assigned a
more intense degree of color
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Myocardial Ischemia and Wall Motion

» ECG continues to be more
sensitive

» TEE confirms or *“rules In”
iIschemia through wall moftion
assessment

» 1/ segments required for full
assessment

» Wall motion assessed by %) Wi [ kcroron
thickening and inward (“2 [(Juao [ tap or cx
=

movement [Jox B rcaortap

Four Chamber Two Chamber LAX




Pharmacologic Interventions Based

on TEE Findings

» Pump
o Left Ventricular Function
o Right Ventricular Function

» Tank

o Ventricular Filling

o Mitral Valve Disease
» Pipes

o Blood pressure/ejection
velocity

o Treatment of obstruction
(Lyfics, pericardiocentesis)

Cardiac

c =HR x SV
= BP/PVR

Heart
Rate Cardiac
Factors

Arterial
Resistance | PVR

4 Contractility

Vessels

? Preload Coupling

Factors
# Afterload




Deep Transgastric Long Axis

eak prosthetic aortic valve
ectral doppler
spectral doppler
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TG 2 Chamber View
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TG RV Inflow View

RV Function
Tricuspid Subvalvular apparatus pathology
Tricuspid Valve Pathology
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Modified ME 4 Chamber
(CS) View
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UE Aortic Arch SAX
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ME Modified Bicaval (CS) View
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Deep IVC View
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Perioperative Use of Advanced TEE

» Advanced use as monitor

» Additional views for

diagnostic and inferventionadl
uses

o Valve area

o Advanced valve function
assessment

o Guide device deployment

o Advanced Doppler and
qguantitative assessment

» Assessment of cardiac
surgical intervention

AT ‘1‘1\_ ’I'I-I)E ———"'/M/\,—a——{*—*—/‘\:j\; _—’J\M/———”b\—/\\./\«-’—/_w
+ Dist 0.454 cmy¢ 72bpm



Additional Imaging Used in Advanced TEE

» Diagnostic and interventional TEE View TTE View

uses of TEE require advanced

. Midesophageal . Sy N \ \ Apical four
S|<|” SeT four rhl'.unlwr ¥ \ ! : \c'h:unlwr
N . N\ — — —
» Additional views offer ~ s
surgeon and interventionalist™ “eni 5 X 4 \P i i
2-D and 3-D imaging v/ N
> FU” periopercﬂve use Of Ir;m\;:;lsl.ric rot— L S0 I".lr'.utcn.ml
) ) short axis \/ w s short axis
echocardiography is no
longer limited fo TEE buft | 00 4 , 5-‘;‘ —_—
includes limited transthoracic . ™ <. ‘,‘ | N

echo (TTE) o —



Focused Assessed Transthoracic Exam
(FATE)

Normal FATE vuews

0/\ 2 /Q\‘

» Four ultrasound/TTE positions
» Basic anatomical and functional

assessment complementing other o
assessments |
o , /\ D
> Biventricular function \
- Valvular function <\/) e e

o \/Olume S-I-O-I-US Pos 3: Parasternal lang axis Pos 3: Parasternal LV short axis
o Pericardial/pleural effusion
o Exclusion of pulmonary pathology

Spencer et al. Focused cardiac ultrasound: Recommendations from the American Society of
Echocardiography. J Am Soc Echocardiogr 2013:26:567-581




Perioperative Use of the FATE Exam

» Monitoring and treatment of the
unstable patient involves .

o Estimation of preload
o Estimation of contractility

o Estimation of heart chamber and wall
dimensions

» An abbreviated two dimensional
cardiac ultrasound offers these
assessments

» The FATE protocol offers useful
information in 97% of ICU patients

Holm et al. Perioperative use of Focus Assessed Transthoracic Echocardiography (FATE). Anesth Analg 2012, 115: 1029-1032






Subcostal Four Chamber
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iInd down (good LV/RV function)?



Subcostal Inferior Vena Cava

IVC Dlameter | %collapse

<2cm > 50% 0-5
>2cm > 50% 5-10

>2cm minimal 15-20

Measure the IVC
Assess IVC collapsibility
Compare to LV size, obliteration of chamber during systole

> > . . . .
2cm none 20 Responsiveness o volume administration






Parasternal Short Axis

Is LV contracting normally, euvolemic without regional
WMA?

Is RV smaller than LV (60%) and D-shaped?

Is there any pericardial fluid/tamponade?




Parasternal Long Axis

amponade physiologye
onfracting normallye 4
nd moving normally2 - ==
ontracting normallye

2t approximate the septum (normal EF)2

; is there a dissection flap?



Summary

» Basic perioperative TEE offers full
assessment of the efiology of
cardiopulmonary instability using
only 11 windows

» Advanced TEE incorporates up to
28 windows and 3-D to offer more
precise diagnostic information

» Use of basic TTE extends the use
of echocardiography throughout
the entire perioperative period




