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Abstract

Purpose of Review This review article summarizes the advantages and potential uses of focused transesophageal echocar-
diography (TEE) in the perioperative period for trauma patients. We suggest a locally developed TEE protocol for trauma
and provide strategies to achieve widespread use of TEE in the anesthesia care of trauma patients.

Recent Findings In recent years, TEE has gained interest as an additional modality as point-of-care ultrasound (POCUS)
for the resuscitation of acutely ill patients in whom transthoracic echocardiography is not feasible or non-diagnostic. Never-
theless, its use among non-cardiac anesthesiologists is still limited compared to the more traditional POCUS applications.
Summary A goal-directed, focused TEE can be performed at the bedside in different locations and mechanically ventilated
patients. TEE provides relevant diagnostic information to guide the resuscitation of acutely injured patients, particularly to
identify life-threatening hidden thoracic injuries in the scenario of patients with multi-system trauma.
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Introduction

Since its introduction more than 40 years ago [1], transesoph-
ageal echocardiography (TEE) was initially adopted by car-
diovascular anesthesiologists for use during cardiovascular
surgery. More recently, training programs have expanded to
include non-cardiac anesthesiologists and TEE is employed
in a number of different clinical settings. Starting a decade
ago, point-of-care ultrasound (POCUS) has become even
more widespread in perioperative, critical care and other
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areas of acute care medicine. With respect to trauma, a recent
review from Kuo et al. highlights different POCUS applica-
tions relevant for the initial management of trauma patients
incorporating transthoracic echocardiography (TTE) as the
primary modality for focused cardiac ultrasound in POCUS
[2].

Nevertheless, it is not a secret that TEE offers many
advantages over TTE, particularly in critically ill patients
as well as the intraoperative setting [3]. First, the quality
of the TTE images can be limited by the positive pressure
mechanical ventilation, body habitus, and position with
limited access to the chest given the sterility of the surgi-
cal field. TEE overcomes most of these challenges, offering
improved visualization of cardiac anatomy, hemodynamic
assessment, diagnostic accuracy, and real-time assessment
during resuscitation. Second, it has a favorable safety profile
in critically ill patients [4]. Finally, the images are quick and
easy to acquire given the anatomical location. Competency
in TEE to perform a successful hemodynamics assessment
can be reached after approximately thirty-five examinations,
while a minimum of one hundred studies is recommended
for advanced TTE [5, 6]. Recently, the use of focused TEE
has been demonstrated to be feasible and have a significant
clinical impact in the management of patients with undiffer-
entiated shock, acute respiratory failure, and cardiac arrest in
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the emergency department and the intensive care unit (ICU)
[7e, 8, 9]. During the current COVID-19 pandemic, TEE has
also been employed in the management of prone patients in
the ICU when TTE views cannot be acquired [10].

This review article aims to summarize the role of TEE in
the management of acutely injured patients.

TEE in Hemorrhagic Shock

Hemorrhagic shock is common in trauma patients, and its
early recognition is fundamental for the outcomes of these
patients. TEE is an essential diagnostic tool to help differen-
tiate the etiology of shock. TEE accurately provides valuable
real-time information regarding volume status, left ventricle
(LV) and right ventricle (RV) function, causes of obstruc-
tive shock such as cardiac tamponade or massive pulmo-
nary embolism, evaluation of LV size and filling as well as
dynamic evaluation of the superior vena cava (SVC) and
inferior vena cava (IVC) to estimate volume status.

There is no general standard definition of hypovolemia in
TEE, but a qualitative assessment of the end-diastolic size
of the LV in the transgastric short-axis view is commonly
accepted in resuscitation TEE. An underfilled LV is iden-
tified qualitatively when the papillary muscles touch each
other (“kissing papillary muscles”). A retrospective review
study by Burns et al. [11] where TEE was performed to
optimize the resuscitation of acutely injured patients had
demonstrated that 79% of patients had abnormal TEE find-
ings resulting in the change of clinical management in 64%.
Of note, ten patients (40%) with signs of hypovolemia by
TEE had acceptable pulmonary artery occlusion pressure
(PAOP). The most common finding on these patients was
hypovolemia (52%) despite vigorous fluid therapy.

Another similar retrospective study by Griffe et al.
included trauma patients who underwent a rescue TEE for
shock assessment where the most common finding was
decreased preload (62%) [12]. In 49% of the patients, there
were management changes based on the TEE findings with
the most common being a fluid challenge and the second
being initiation of inotropic support.

The use of TEE as a hemodynamic monitoring modal-
ity (hTEE) has been described in critical care patients who
could benefit from continuous TEE monitoring. It offers
the advantage of having a smaller probe and more com-
pact monitors than the conventional TEE, which can be left
indwelling for 72 h [13e]. The hTEE exam includes three
views: the SVC view to assess size and collapsibility, the
mid-esophageal four chamber view to assess identification
of right and left ventricular size as well as systolic func-
tion, and the transgastric short-axis view to assess LV end-
diastolic area (LVEDA) and LV contractility. Veillard-Baron
et al. [14] found a direct therapeutic impact of hTEE on

critical care patient management in 66% of the cases. Cur-
rently, there are no studies regarding the use of hTEE in non-
ICU patients although it could be a more portable alternative
in the perioperative setting. The simplicity of this scanning
protocol makes it easy and fast to perform.

TEE in Blunt and Open Chest Trauma

Injury to the heart and great vessels due to blunt chest
trauma can be challenging to identify in the critically injured
patient that require immediate surgical intervention. Con-
trast-enhanced computed tomography (CT) and magnetic
resonance imaging (MRI) are the traditionally preferred
diagnostic modalities for these types of injuries; however,
unstable clinical conditions can be a challenge for transpor-
tation and positioning required for these studies. The use
of POCUS-focused TTE offers the advantage bedside per-
formance, but imaging of aortic injuries can be technically
challenging. TEE’s role in diagnosing blunt traumatic aortic
injuries (BTAI) has been described for the last two decades,
initially by Smith et al., who found a sensitivity of 100%
and specificity of 98% for traumatic aortic rupture [15]. A
meta-analysis by Shiga et al. found comparable diagnostic
accuracy of TEE compared with the cross-sectional imaging
modalities with a sensitivity of 98—100% and specificity of
95-98% for the diagnosis of BTAI [16].

Osman et al. [17¢] described a case series of five patients
where they performed focused TEE in the emergency depart-
ment trauma room for the evaluation of BTAI in hemody-
namically unstable patients. They observed that bedside
point-of-care TEE provided relevant clinical information in
patients that were not clinically stable to have other diag-
nostic modalities.

In addition to the diagnosis of BTAI, TEE in blunt trauma
is relevant for the diagnosis of other cardiac injuries, such
as cardiac rupture [18], papillary muscle avulsion [19],
aortic valve rupture [20, 21], and cardiac contusions [22].
Similarly, Artnfield et al. presented a case where bedside
TEE was performed by an emergency physician in a trauma
patient with evidence of shock of unclear etiology where
the TEE demonstrated a significant BTAI with a significant
hematoma causing cardiac tamponade physiology [23].

For patients with open chest trauma, there are also case
reports highlighting the role of TEE in the diagnosis of intra-
cardiac shunts [24, 25] and identification of fragmented pro-
jectiles and their trajectory [26, 27]. Mollod et al. reported
a retrospective observational study on sixteen patients with
chest trauma, ten with penetrating trauma and six with blunt
trauma, where there were a myriad of heart and aortic inju-
ries including proximal aortic rupture, intracardiac nail,
aortic transection, flail on the mitral leaflet due to papillary
muscle rupture, minor intimal tears to the descending aorta
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and RV infarction secondary to coronary artery lacerations
[28]. Importantly, one of the well-known limitations of TEE
is that the distal portion of the ascending aorta is techni-
cally challenging to visualize due to the presence of air in
the trachea located between the ultrasound probe and these
structures. In these cases, a CT would provide better diag-
nostic information.

TEE in Severe Burn Injury

Critically ill burned patients are a particular subset of acute
trauma patients that pose unique clinical challenges in resus-
citation and fluid management due to translocations in vol-
ume distribution and fluid shifts resulting in severe shock
during the acute phase [29]. Several resuscitation strategies
based on mathematical models that consider a patient’s
weight and burn size have been suggested to determine the
amount of fluid required for adequate volume resuscitation
although there is still debate on its standardization [30].
Additionally, severe burn patients may present with myo-
cardial dysfunction (both systolic and diastolic) [31, 32] and
have a higher risk of infections, sepsis, and infective endo-
carditis. Patients with severe burns have additional limita-
tions with TTE beyond those previously described. They can
have an extensive area of burns, large dressings, and wound
grafts that can make TTE technically challenging.

For these reasons, severe burn injury patients are ideal
candidates for TEE assessment, both as a diagnostic tool to
assess the bi-ventricular function, contractility, and valves
and monitoring tool for hemodynamic assessments. It can
help with the dynamic assessment to guide volume resuscita-
tion and fluid management in the ICU offering the additional
advantage of direct evaluation of cardiac valve competency.

There is limited literature on the role of TEE in criti-
cally ill burned patients. In a retrospective study, Etherington
et al. presented seventeen patients in a burn center using
conventional TEE to assess hypotension and bacteremia
[33]. The main findings included hypovolemia, mitral valve
vegetations, pulmonary hypertension, pericardial effusion,
fluid overload, and RV dysfunction where two patients had
changes in their management based on TEE findings.

Of interest, Held et al. performed a retrospective study
in a burn intensive care unit using hTEE for monitoring of
resuscitation and evaluation of patient’s clinical status [30].
Eleven patients were evaluated with hTEE with cardiac
dysfunction identified in seven patients (right ventricular
dysfunction in three patients, left ventricular dysfunction in
three patients, and biventricular dysfunction in one patient).
Three of these patients were found to have hypovolemia
despite fluid resuscitation and one was found with fluid over-
load. The bedside interpretation was made by the critical
care physician and reviewed by a cardiac anesthesiologist
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with good agreement in the results suggesting hTEE can
be competently performed at the bedside by trained critical
care providers and used as an adjunct during resuscitation
of the burn patient.

Finally, it is essential to outweigh the risk vs benefit of
TEE probe placement on patients with thermal burns of the
mouth and pharynx, potentially leading to bleeding or per-
foration in edematous tissue [29].

TEE in Cardiac Arrest

POCUS can guide the diagnosis of reversible causes of car-
diac arrest like pulmonary embolism and pericardial tam-
ponade [34]. TTE views are limited during cardiac arrest
due to the presence of defibrillation pads and continuous
compressions that make imaging acquisition challenging.
On the contrary, TEE can overcome these limitations. TEE
has been reported to be associated with shorter compres-
sion pauses during cardiopulmonary resuscitation (CPR) in
comparison to TTE for POCUS ultrasonography [35]. TEE
provides continuous imaging during resuscitation and gives
feedback related to the quality of CPR. During CPR, the
mid-esophageal long axis view is recommended to provide
real-time feedback of chest compression quality, determine
the area of maximal compression, and avoid obstruction of
the left ventricle outflow tract that can lead to ineffective
compressions [36].

TEE Protocol in Trauma Patients

Up to this date, there are very few focused TEE protocols
described specifically for trauma patients [13e, 37]. Tera-
nhas described a focused TEE protocol for resuscitation
in the emergency department and critical care; it includes
four basic TEE views (mid-esophageal four-chamber, mid-
esophageal long axis, bi-caval and trans-gastric short axis)
that are quick and easy to obtain and interpret during resus-
citation [7¢]. We suggest using a similar resuscitation TEE
approach adapted to fit the specific needs of the unstable
trauma patient, including the basic four views with addi-
tional views of the ascending and descending aorta and basic
Doppler applications (Fig. 1).

Special Considerations of TEE in Trauma
Patients

TEE is contraindicated in patients with diagnosed or sus-
pected esophageal injury and should be used with precau-
tions in patients with unstable cervical spine injury [38];
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Fig.1 Suggested trauma resuscitation TEE protocol
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these types of injuries must be ruled out before placing a
TEE probe.

It also should be performed with caution (relative con-
traindication) on patients with severe coagulopathy, history
of esophageal disease, recent upper gastrointestinal surgery,
severe coagulopathy, and suspected bowel injury or those
patients in whom the cervical spine has not been cleared [38]

Conclusions—Is There a Future for the Use
of TEE in Trauma Among Non-cardiac
Anesthesiologists?

There is no doubt TEE can be a valuable tool for the perio-
perative management of the acutely injured patient to prop-
erly clarify and address the cause of hypotension, guide
resuscitation management, and diagnose hidden chest inju-
ries that could explain hemodynamic instability. It offers
the additional advantage that it can be done at the bedside;
even during surgery, it provides better imaging, especially in
mechanically ventilated patients and will be performed and
interpreted by the clinician themself (usually the anesthesi-
ologist in the OR or intensivist in the ICU) who will guide
resuscitation. It is also essential to recognize and rule out
the contraindications and relative contraindications to TEE
imaging before performing it. Nevertheless, it is important
to point out that TEE, as any ultrasound imaging application
in point of care, is operator-dependent and requires formal
training and experience to ensure appropriate imaging and
diagnosis.

There are indeed some obstacles to overcome if we ever
want to see widespread use of TEE in anesthesia practice
for the evaluation and management of trauma patients.
First, basic TEE training needs to be introduced to non-
cardiac anesthesiologists who work in trauma and high
complexity centers. This can be accomplished with con-
tinuing learning courses, but defined certification objec-
tives must be in-place to maintain hands-on practice and
learning curves, especially considering TEE will not be
performed regularly by all providers. Also, the teaching
of basic TEE concepts during residency training and its
use for non-cardiac surgery and the implementation of
hands-on training into the POCUS educational program
will allow an early introduction of TEE among residents
and future anesthesiologists. A study in critical care has
shown that TEE is feasible, safe, and effectively performed
by fellows and residents within their training with supervi-
sion [39]. Trenton et al. reported their 5-year experience
on a level I trauma center with TEE performed by critical
care and emergency physicians [40]. A structured training
and credentialing program was defined with three levels
of TEE training (Resuscitative TEE, Basic Critical TEE,
and Advanced Critical Care TEE). The number of trained
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physicians increased over the years with a parallel increase
in the number of TEE exams performed. They report a
change in management based on TEE in 89% of the cases
with a complication rate of only 2%. This experience sup-
ports the importance of structured training among physi-
cians and the positive impact in clinical management that
can be achieved among critical patients. There is no reason
why this cannot be extrapolated to trauma anesthesia care.

The use of simulation in TEE training has been reported
among emergency residents in simulated cardiac arrest
cases with a high degree of accuracy [41]. Additionally, a
4-h simulator-based course on focused TEE among emer-
gency physicians has proven to be a practical and safe
learning method, leading to a success rate of 99.3% in
image acquisition during focused TEE in actual patients
[42]. Those are promising results and encourage the use of
TEE simulation at the introductory course level.

Moreover, with the continuing development of bio-
medical devices in conjunction with the emerging interest
of TEE in different medical fields like anesthesia, criti-
cal care, and emergency medicine, it might be possible
to have novel and affordable designs of portable TEE
ultrasound machines without losing image quality. One
example of innovation in this field is the introduction of
the hTEE mentioned above, with a more portable device
that allows continuous monitoring for up to 72 h in critical
care patients [13e].

These types of initiatives could be the start point to expand
the role of focused TEE among anesthesiologists. TEE can
evolve from being an application primarily used by cardiac anes-
thesia into a modality as available and popular as other POCUS
applications in the trauma patient—helping and guiding in the
diagnosis and management of this unique subset of patients.
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