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ABSTRACT

The use of transesophageal echocardiography (TEE) in critical care units provides a clear view of the heart and great vessels in patients with
poor acoustic windows with transthoracic echocardiography (TTE). Importantly, TEE provides good-quality imaging, especially for visualization
of posterior structures such as the left atrium (LA) and mitral valve. TEE is useful in the assessment of left/right ventricular (RV) function, valvular
lesions, and evaluation of mechanical cardiac support devices in real-time. This review provides a brief outline of the utility of TEE in intensive

care units (ICU).
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Echocardiography is an important diagnostic tool used in
cardiological settings. Over the last 4 decades, the use of
echocardiography has extended to operating rooms, critical care
units, emergency medicine, and acute care medicine. As a bedside
monitoring tool, echocardiography is ofimmense value in critically
ill patients.! 3 The utility of echocardiography in the intensive care
unit (ICU) is listed in Table 1 below.

Echocardiography can be performed in the ICU using either
the transthoracic or transesophageal route. Transthoracic
echocardiography (TTE) has significant limitations in ICU settings,
especially in situations listed in Table 2.

TRANSESOPHAGEAL ECHOCARDIOGRAPHY IN
INTENSIVE CARE UNITS

Transesophageal echocardiography (TEE) has revolutionized the
management of critically ill patients in the ICU. This diagnostic
tool provides high-quality images of the heart and its structures,
enabling healthcare professionals to make informed decisions. TEE
is particularly useful in the ICU for diagnosis and management of (1)
hemodynamic instability, (2) cardiac arrest, (3) septic shock, (4) cardiac
tamponade, (5) severe valvular disease, (6) endocarditis,and (7) aortic
dissection. The advantages of TEE in the ICU include real-time imaging,
enhanced image resolution, minimal invasiveness, bedside availability,
and its use for guidance in procedures. The clinical applications of TEE
include assessment of left ventricular (LV) function, valvular lesions,
diagnosing cardiac tamponade, fluid management, and monitoring
cardiogenic shock. The following views are particularly useful in the
ICU setting with the TEE approach (Table 3).

USEFULNESS OF TRANSESOPHAGEAL
ECHOCARDIOGRAPHY IN THE INTENSIVE CARE
UnNiT

Differential Diagnosis of Hypotension in the Critical
Care Unit

There is compelling evidence for the indication of TEE in the
evaluation of severe hemodynamic disturbances. The following
figure (Fig. 1) shows the differential diagnosis of hypotension using
TEE in the ICU setting.®
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Persistent Hypoxia: Diagnosis of Cause

Persistent hypoxia may be caused by a right-to-left intracardiac
shunt. This can be detected by injection of agitated saline into
the right side of circulation, for example, peripheral or a central
venous line, and the Valsalva maneuver is applied (Fig. 2D shows
intact interatrial septum). If the saline contrast is seen on the left
side of the heart immediately after the release of Valsalva, an
intracardiac right-to-left shunt may be diagnosed. However, if the
saline contrast appears on the left side after about 3 5 cardiac
cycles, an intrapulmonary shunt may be diagnosed. Such an
intrapulmonary shunt is due to pulmonary arterio-venous
malformation. Other causes for hypoxia that may be detected by
TEE are (1) pleural collection and lung collapse, (2) recirculation
during veno-venous extracorporeal membrane oxygenation
(VV-ECMO).

Evaluation of Left Ventricular Systolic Function

Left ventricular systolic performance can be assessed by using
TEE. A simulated picture of dilated LV in the mid-esophageal four-
chamber view is shown in Figure 2M and N. The parameters used
for estimation of LV systolic function are fractional shortening (FS),
fractional area change (FAC), ejection fraction (EF), and cardiac
output.” The transgastric mid-papillary short-axis view is the best
view for estimating LV systolic function.
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Table 1: Usefulness of echocardiography in the ICU

Table 2: Limitations of TTE in ICU*

Mechanical ventilation and intermittent positive pressure
ventilation (IPPV):
Especially PEEP > 15 cm H,0
Inaccessible/unobtainable windows
Surgical dressing and drains
Chest tubes
Sternotomy/thoracotomy/or upper abdominal incisions
Surgery-induced fluid collections or edema of chest wall
Inability to position patient optimally
Obesity
Severe chronic obstructive pulmonary diseases
Pneumothorax, pneumopericardium
Surgical/subcutaneous emphysema
Lack of patient cooperation for respiratory maneuvers
Patient in PP

PEEP, positive end expiratory pressure

Fractional shortening: FS is derived by using the formula: FS =
(LVIDd LVIDs)/LVIDd 100, where, LVIDs refers to internal diameter
insystole and LVIDd refers to internal diameter in diastole. FS is both
afterload and preload dependent.

Fractional area change: FAC is determined by using the formula:
FAC% = (end diastolicarea end systolic area)/end diastolic area
100. The transgastric mid-papillary view is used to calculate the FAC.

Ejection fraction is derived by using the formula: EF = (EDV
ESV)/EDV 100, where, EDV refers to end-diastolic volume and ESV
refers to end-systolic volume (Fig. 2B).

Left ventricular (LV) movement and deformation may be
assessed using mathematical parameters, providing a more
detailed picture of LV function beyond just ejection fraction (EF): this
allows detection of subtle abnormalities and regional dysfunction
within the heart muscle (Fig. 2H).

Evaluation of right ventricular (RV) systolic function: RV function
by TEE is done by visual inspection of the RV free wall movement,
longitudinal and septal movement. Quantitative estimation of RV
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function is done by FAC (Fig. 2A), tricuspid annular plane systolic
excursion (TAPSE), and RV s velocity (by tissue Doppler imaging).

Evaluation of diastolic function: LV diastolic function can be
assessed by the E/A ratio of transmitral flow (Fig. 2C), s in tissue
Doppler imaging, the E/e ratio, LA volume index, and S/D ratio of
pulmonary venous flow. RV diastolic function is assessed by the
trans-tricuspid E/A ratio and S/D ratio in the hepatic vein.

Estimation of cardiac output: Flow of blood through the fixed
orifice can be derived from the product of the cross-sectional area
(CSA) and the velocity of flow through the orifice. The velocity-time
integral (VTI) isan important parameter to calculate cardiac output
and is derived from the integration of the instantaneous blood flow
rate divided by the entire flow period through a given orifice. Stroke
volume (SV) is a product of CSA of the left ventricular outflow tract
(LVOT) and VTI (Fig. 3), while cardiac output is defined as a product
of SV and heart rate.

Diagnosis of Infective Endocarditis

The diagnosis and management of patients with infective
endocarditis (IE) is aided by transesophageal echocardiography.
The important echocardiographic features of infective endocarditis
are: (1) oscillating intracardiac mass or vegetation, (2) annular
abscess, (3) prosthetic valve dehiscence and/or, (4) acute valvular
regurgitation.

Detection of Myocardial Ischemia

The regional wall motion abnormality (RWMA) may be detected
by using two-dimensional (2D) echocardiography in the ICU.
The 17-segment model of the left ventricle (LV) is shown below

(Fig. 4).

Diagnosis of Aortic Pathology

Transesophageal echocardiography is helpful in the classification
and diagnosis of aortic pathology such as thoracic aneurysms,
aortic dissection, and atherosclerotic lesions (Fig. 2E). A thoracic



aorticaneurysm is defined as a local dilatation associated with an
increase in the diameter of the aorta by at least 50%, involving all
three layers of the vessel wall. Thisis in contrast to a false aneurysm
or pseudoaneurysm: a false aneurysm is a localized dilatation of
the aorta where all three layers of the aortic vessel wall are not
involved. When the aorta is <50% dilated, itistermed ectasis. An
isolated dilatation of the ascending aorta, aortic root, and aortic
annulusistermed annuloaortic ectasia. The diagnostic accuracy
of TEE in detection of ascending aortic dissection is comparable
to helical computed tomography (CT) and magnetic resonance
imaging (MRI). TEE is helpful in the identification of the origin and
location of the thoracic aortic dissection flap (Figs 2F and G). TEE
aids in determining associated abnormalities in aortic dissection
such as involvement of coronary ostia, myocardial ischemia,
degree of aortic insufficiency, and pericardial effusion.®

Table 3: Important TEE views for ICU

Diagnosis of Pericardial Tamponade

Pericardial effusion causing pericardial tamponade is a life-
threatening emergency and is due to the quick accumulation
of pericardial fluid in the closed pericardial cavity; this results
in acute hemodynamic instability and cardiovascular collapse.
Echocardiographic findings due to pericardial effusion and
tamponade are highlighted in the table below (Table 4).

Diagnosis of Pulmonary Embolism

Computed tomography pulmonary angiogram (CTPA) is the gold
standard in the diagnosis of pulmonary embolism.!° The initial
evaluation using echocardiography provides supportive evidence
for acute pulmonary embolism. McConnel and colleagues
have shown a distinct regional pattern of RV dysfunction with
akinesis of the mid-free wall but preserved contractility of the

Transgastric midpapillary short axis (SAX) view®

Required structures:
LV cavity
LV walls (at least 50% of the
circumference with visible
endocardium)
Papillary muscles (approximately equal
in size and distinct from ventricular
wall)

Image settings:
Angle: ~0

Probe adjustments:
Anteflexed

LV enlargement
LV hypertrophy

Midesophageal four chamber view®

Required structures: Primary diagnostic uses:

Primary diagnostic uses:
Hemodynamic instability

LV preload, volume status of the patient
LV systolic dysfunction
LV regional wall motion (mid-segments)

LA Chamber enlargement/dysfunction

LV LV regional wall motion (inferoseptal and
Right atrium anterolateral walls)

Right ventricle (RV) Mitral valve disease

Mitral valve TV disease

Tricuspid valve (TV)
Image settings:

Angle:~0 10
Probe adjustments:

Neutral-retroflexed

Detection of intracardiac air/mass including
thrombus and atrial septal defect
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Table 3: Contd....

Midesophageal left ventricular long axis (LAX) view®
Required structures: Primary diagnostic uses:

LA Mitral valve pathology
Mitral valve LV outflow tract pathology
Lv LV ventricular wall motio

LV outflow tract
Aortic valve (AV) and proximal
ascending (ASC) aorta
Image settings:
Angle: ~110 130
Probe adjustments:
Neutral

inferolateral walls)

Midesophageal ascending aortic SAX view®

Required structures:
Aorta in cross-section in the
transverse plane
PA  main and proximal right
Image settings:
Angle: ~10 30
Probe adjustments:
Withdraw probe slowly by 1 2cm
from the AV SAX view

Primary diagnostic uses:
Aortic atherosclerosis

PA pathology (emboli, di

n (anteroseptal and

Systolic anterior motion of anterior mitral leaflet

Aortic dissection/aneurysm

latation, etc.)

RV apex in patients with acute pulmonary thromboembolism.
The echocardiographic features are shown in the figure of acute
pulmonary embolism (Fig. 2| and J).

Transesophageal Echocardiography for Extracorporeal
Membrane Oxygenation

Transesophageal echocardiography is essential for patients
who require ECMO as it plays an important role in the initiation,
management, evaluation, and weaning from ECMO.! ** TEE can
help venous cannulation in ECMO by ensuring that the guidewire
isintheright position and then ensuring correct positioning of the
drainage and return venous cannula® (Fig. 2K). Color flow across
the return can be checked so that the venous cannula is aligned
inthe rightdirection. The return cannulaand Avalon return ports
should face the tricuspid valve (TV) in VV-ECMO.® TEE can also help
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prevent recirculation by confirming adequate distance between
the tips of venous cannulae in VV-ECMO. TEE aids in femoral
cannula placement by visualizing the guidewire in the descending
thoracic aorta. Before placement of the aortic cannula, TEE can
rule out major atheroma/calcific plaques, and after placement of
the aortic cannula, TEE can rule out iatrogenic aortic dissection of
the descending thoracic aorta by the arterial cannula. TEE plays
a critical role during the maintenance phase of ECMO. TEE helps
to check LV function/RV function and recovery, volume status,
LV and left atrium (LA) distension, spontaneous echo contrast
(SEC), clot formation in LA/LV (Fig. 2L), and pericardial/pleural
effusion, ifany. Aortic valve opening and its duration are important
requirements to adjust the flow rate, inotropes, and venting on
ECMO.%° Additionally, cannula displacement is readily diagnosable
by TEE. Last but not least, placement of LV unloading in VA-ECMO



Fig. 1: Differential diagnosis of hypotension in critical care unit (eclosed); 2ch, two chamber; 4ch, four chamber; AO, aorta; E, esophageal; EDA,
end diastolic area; ESA, end systolic area; FAC, fractional area change; LA, left atrium; ME, mid esophageal; PA, pulmonary artery; RA, right atrium;
RV, right ventricle; TG LAX, transgastric long axis; TG SAX, transgastric short axis; LV, left ventricle

and LV venting [intra-aortic balloon pump (IABP), LA vent, LV vent,
Impella5, Tandem heart] are all TEE guided. Weaning of VAECMO
is done by TEE-based criteria after reducing ECMO flow to about
1L/minute. The echocardiographic criteriaare: LVOT VTI>10 cm, LV
S velocity >6 cm/second, LVEF >25%, TAPSE >12 mm, increase in LV
strain> 20%, nointracavitary thrombosis/pericardial tamponade,
and no discernible distension of LA or LV.*®

Transesophageal Echocardiography in the Mechanical
Circulatory Devices (LVAD)

The use of TEE in mechanical assist devices is necessary in the
following situations: (1) after left ventricular assist device (LVAD)
implantation, diagnosis, and management of RV dysfunction
(Fig. 2J), decision-making regarding the requirement of right
ventricular assist device (RVAD).*® (2) TEE is an integral part of LVAD
troubleshooting, namely LV suction events, hypovolemia, inflow
and outflow thrombosis, and pericardial tamponade.® (3) TEE is
useful to assess aortic valve opening and duration of opening, and
accordingly, the speed of LVAD can be adjusted ! (4) Opening of
PFO with right-to-left shunt can cause hypoxia in ICU and can be
detected by TEE'® (5) The precise positioning of other temporary
mechanical devices, such as Impella and Tandem Heart device, can
be assessed with the use of TEE; (6) Percutaneous RVAD with Protek
Duo cannula is performed under TEE guidance in ITU.

Continuous Monitoring by Transesophageal
Echocardiography in Intensive Care

Hemodynamic TEE (hTEE) is enabled through a miniature,
disposable probe (5 7 MHz), one-third the thickness of a
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conventional TEE probe, similar to a nasogastric tube, that
can be placed in the esophagus for up to 72 hours to directly
observe cardiac filling and function over time.'” With the
growing population of older and sicker patients with multiple
comorbidities, continuous hemodynamic management with hTEE
is beneficial to guide therapy. Three views are recommended:
(1) ME four-chamber view to evaluate size and function of
ventricles, and regurgitation jets with color Doppler; (2) TG SAX
view to assess ventricular function, detect RWMA and volume
status, vasodilated state, and detect pericardial effusion, if any;
and (3) ME ascending aortic view to see SVC to assess volume
responsiveness'’ and evaluate thrombus in the pulmonary
artery (PA) and branches. The use of hTEE is particularly helpful
in patients with coagulopathy, LVAD implantation, polytrauma,
and ECMO.Y

Transesophageal Echocardiography for Procedural
Guidance

The TEE aids in the performance of certain procedures in the ICU,
namely: (1) for vascular cannulation in the setting of ECMO,*® (2)
during pulmonary artery catheter (PAC) placement where PAC
cannot be placed successfully by pressure waveform transduction
alone® (3) for transvenous pacemaker insertion in emergency
complete heart block situations,*® (4) TEE is useful in placing an
intra-aortic balloon pump (IABP) and ruling out aortic regurgitation,
aortic dissection, and significant atheromatous disease before
its placement.?’ and monitoring the tip position below the left
subclavian artery, (5) TEE-guided catheter interventions like
septal defect closures. Although fluoroscopy is a must in such
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Figs 21 to N: (A) Mid-esophageal four-chamber view; (B) LVEF by modified Simpsons method; (C) Grade llI diastolic dysfunction, mitral E/A ratio
of 3; (D) ME bi-caval view showing saline contrast in right atrium with intact interatrial septum; (E) Grade V large atheroma in descending thoracic
aorta; (F) ME long axis of aortic valve showing intimal flap in the aortic lumen; (G) Short axis of descending thoracic aorta showing aortic dissection;
(H) Parametric image of LV function from 3D TEE; (I) ME four-chamber view showing RV dilation in pulmonary embolism; (J) RV dilatation with
dysfunction after LVAD implant; (K) Venous cannula of VV-ECMO in IVC; (L) Clot in LV cavity as a complication of VA-ECMO; (M and N) Simulation
picture of mid-esophageal four-chamber view showing LV dilation (reproduced with permission courtesy, CAE)

procedures along with the TEE,2 (6) TEE helps exclude the 1ransesophageal Echocardiography for Detection of
presence of left atrial appendage (LAA) thrombi, which can guide ~ Paravalvular Leak

treatment decisions related to anticoagulation and arrhythmia  Transesophageal echocardiography assessment of qualitative
management by cardioversion and radiofrequency ablation, > and  and quantitative measures in paravalvular leak (PVL) requires
(7) pericardiocentesis, etc. an integrative process utilizing 2D, three-dimensional (3D), and
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Doppler echocardiographic modalities. TEE is ideal for mechanistic
evaluation of prosthetic valve regurgitation and is superior to TTE
for imaging of mitral prosthetic valve regurgitation. Paravalvular
leaks are best diagnosed by TEE, particularly 3D TEE with color
flow. 3D TEE also gives a precise idea about the degree of PVL,
such as mild, moderate, or severe, by measurement of effective
regurgitant orifice area (EROA), regurgitant volume, etc., along with

Fig. 3: Use of Doppler echocardiography in calculation of SV; the VTI
of the Doppler velocity curve can be conceptualized as the length of
a cylinder of blood (stroke distance) ejected through a CSA on one
heartbeat. SV is calculated as the product of CSA and VTI; SV (cm®)
=CSA(cm? VTI(cm); SV = stroke volume; CSA = cross sectional area;
VTl = velocity time integral

their location (O clock) to guide management and closure of PVL
by interventional techniques.

Transesophageal Echocardiography in
Cardiopulmonary Resuscitation

Transesophageal echocardiography can provide reliable, high-
quality cardiac images regardless of any patient-related or external

Table 4: Criteria for diagnosis of pericardial effusion/tamponade®

Clinical 2D echo Doppler (spontaneous breathing)
a) Elevated a) Swinging heart  Respiratory variation in mitral
JVP b) RA collapse late  and tricuspid inflow
b) Pulsus diastole Inspiration:
paradoxus c) RV collapse early a) Increased tricuspid E-wave
c) diastole velocity
Hypotension d) Dilated IVC b) Decreased mitral E-wave
d) Low without inspiratory velocity
cardiac collapse Expiration:
output e) LA collapse in a) Decreased tricuspid E-wave
e) Electrical late diastole and velocity
alternans early systole b) Increased mitral E-wave
velocity
Hepatic flow:

a) Expiration severely
decreased diastolic forward
flow or flow reversal

b) Atrial component flow
reversal

E-wave, early diastolic wave; IVC, Inferior vena cava; JVP, jugular venous
pressure; LA, left atrium; RA, right atrium; RV, right ventricular

Fig. 4: The 17-segment model of LV for regional LV assessment as seen in transesophageal echocardiography; the basal and mid-levels are divided
into six segments, the apex into four segments and the apex itself contributes to one segment
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factors. Continuous TEE images during cardiac arrest allow feedback
on the quality of cardiopulmonary resuscitation (CPR). Like TTE, TEE
allows the identification of reversible pathology of cardiac arrest
and can provide prognostic information. Return of spontaneous
circulation (ROSC) can be detected early with TEE. Future research
should include larger and multicenter studies evaluating the
diagnostic value, impact on survival, and neurological outcomes
of TEE-guided CPR.?2

Transesophageal Echocardiography in Prone Position

Transesophageal echocardiography may be performed in the
prone position (PP) for diagnosis and assessment in critically ill
patients who are subjected to PP as part of therapy.?® However, the
insertion of the TEE probe is a distinct challenge in a patient who
is in PP; the recommendation is to introduce the TEE probe with
the patient s side slightly elevated, as the head-chest alignment is
maintained. With successful TEE probe insertion with the patient
in PP, good quality images can be obtained in 92.6% of cases.? In
a published report on the use of TEE in PP in patients with acute
respiratory failure, 33 out of 34 patients had a successful TEE,
leading to a change in management in 70% based on the TEE
findings.?®

Transesophageal Lung Ultrasound

Transesophageal lung ultrasound (TELUS) has been developed as
a complementary technique to TEE that is used to identify causes
of hypoxia and/or cardiogenic shock.?® As compared to TEE, TELUS
is effective in visualizing posterior dependent portions of the lung
and is useful when TTE windows are difficult, for example, due to
dressing, obesity, subcutaneous emphysema, etc., of the chest wall.

CONCLUSION

Transesophageal echocardiography has become an indispensable
tool in the ICU, providing critical information for healthcare
professionals to optimize patient care. Its versatility, accuracy, and
bedside availability make it an essential component of modern
intensive care. In the future, we may look forward to the integration
of TEE with other imaging modalities, the development of smaller,
more versatile probes that may be used for continuous monitoring,
advanced image processing techniques, increased focus on point-
of-care ultrasound with TEE, and the use of artificial intelligence.
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