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Abstract: Transesophageal echocardiography (TEE) is widely used in cardiac surgery and interven-
tional cardiology and is often an indispensable tool, giving supportive anatomical understanding and
smooth guidance in both settings. Despite it being considered safe, fatal complications can commonly
occur after a TEE examination in cardiac surgery operating rooms and catheterization laboratories.
Currently, there is a lack of awareness of the scale of the problem, as there are only small amounts
of data available, mainly derived from the surgical literature. This review summarizes the main
predisposing factors for TEE-associated complications (classified as patient and procedure-related)
and the main preventive strategies. We aim to apply preventive strategies more broadly, especially to
patients at high risk of developing TEE-related serious adverse events.

Keywords: TEE; transcatheter; cardiac surgery; complications; injuries; tricuspid regurgitation;
mitral regurgitation

1. Introduction

Transesophageal echocardiography (TEE) was first used in the 1980s and has since
become a key instrument that is useful in clinical practice in supporting decision making [1].
Currently, both in outpatient and intensive care settings, as well as for procedural monitor-
ing, TEE provides considerable information [2-6]. Nowadays, intraoperative monitoring
during heart surgery is one of the main indications for TEE use. According to international
guidelines, TEE should be used in all “open heart” and thoracic aortic surgical procedures
and “should be considered” in coronary artery bypass graft surgeries [7]. In addition,
elements of peri-interventional imaging, such as percutaneous valve interventions, the
correction of intracardiac shunt using occluding devices, and periprosthetic leaks, are major
fields of interest in regard to TEE [2,8]. TEE is thought to have a favorable safety pro-
file, but a series of serious TEE-associated complications have been described. Prolonged
peri-interventional TEE, usually utilized during intervention monitoring, has been linked
to several complications, including upper gastrointestinal (UGI) bleeding, esophageal
perforations or esophagogastric erosions, dysphagia, and oropharyngeal lesions [9,10].
Visceral perforations or oral damages are only a couple of the issues that might arise from
inserting and manipulating the probe during a TEE. While the upper UGI tract is the site of
most of these injuries, other abdominal and respiratory damages have been occasionally
documented. Some injuries are more serious and could cause significant morbidities and
mortalities, but many minor TEE problems are often undetected [11,12]. Studies conducted
during cardiac surgery account for most of the data currently available regarding adverse
events related to TEE intraoperative use, with overall rates of TEE-related morbidity rang-
ing from 0.2 to 1.2% [10]. TEE-related injuries during transcatheter procedures are reported
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with a frequency of 3.3% to 6.1%, suggesting a higher risk of major harm associated with
TEE guidance during structural heart intervention than cardiac surgery [12]. Safety is a
critical concern given the extensive use of this technique during transcatheter and car-
diac surgical interventions. Considering expanding TEE use, we aim to provide useful
indications to prevent TEE complications. In addition, we aim to guide the preoperative
management of patients at risk of developing TEE-related injuries.

2. Definitions

Complications secondary to procedural monitoring with TEE can be classified as gas-
trointestinal (GI), cardiovascular, and respiratory [11-14]. A distinction has also emerged
between major (life-threatening) complications requiring transfusion or immediate surgi-
cal/endoscopic repair and minor (not life-threatening) complications [15].

2.1. Gastrointestinal Complications

Associated GI TEE complications include visceral perforations (1), mucosal damage
and bleeding (2), and persistent dysphagia (3) [11]. The most common TEE-associated GI
complications and their relative frequency in both surgical and interventional settings are
shown in Table 1.

Table 1. Frequency of the most common TEE-related complications in cardiac surgery and interven-
tional cardiology setting (adapted with permission from [10,15-20]).

TEE-Related Complications Cardiac Surgery Interventional Cardiology
Dysphagia/odynophagia 0.1-4% 22%
GI Perforations 0.01-0.4% 0.03-1.6%
Esophageal /gastric injuries 0.6% 1.4-28%
Bleeding 0.03-2.1% 0.5%

TEE: transesophageal echocardiography; GI: gastrointestinal.

Patients with pre-existing, unrecognized esophageal injuries are most at risk of suf-
fering these complications. Erosion-causing esophageal reflux, inflammation, tumors,
achalasia, diverticula, hiatal hernia, history of radiation therapy and arthritic changes in
the cervical spine appear to be the predisposing factors for this type of injury [21-23].

The esophagus can be perforated (1) in four different segments: the pharyngeal
(11.8%), cervical (20.6%), intrathoracic (54.3%), and abdominal (11.8%) sections [24,25]. The
esophageal wall has an inherent weakness brought on by fibers originating from the pha-
ryngeal constrictor and the cricopharyngeal muscles, making the hypopharynx and upper
esophagus the areas susceptible to perforation [26]. For the cervical esophageal portion
perforation, the most frequent cause is probe intubation. In fact, it is feasible for the probe
to repeatedly glide into a Killian—Jamieson or Zenker’s diverticulum during esophageal
intubation [27]. Depending on its size and depth, the probe will be introduced into the
diverticulum at a varied length until resistance is felt. The risk of morbidity increases after
vigorous insertion because it is easy to harm an esophageal diverticulum [21,22]. Regard-
ing damage in the thoracic esophageal and gastric portions, the most prevalent cause is
prolonged forced contact with the probe [11]. The TEE probe can occasionally generate pres-
sures of up to 60 mmHg, which can lead to compression and damage, although pressures
of less than 17 mmHg are potentially unsafe [28]. In addition, there are isolated reports of
splenic rupture after transgastric TEE in patients with splenomegaly due to traction of the
gastrosplenic ligament containing the short gastric vessel [29,30].

Bleeding (2) after a TEE in the operating room (OR) or in the cath lab is usually
superficial and originates from the hypopharynx or is the result of tooth injuries or tonsil
erosions, but it can also be more severe and dangerous. Risk factors for UGI bleeding
include gastroesophageal varices, the use of vasoactive drugs, a history of ulcerative
processes, and the lack of proton pump inhibitors (PPIs) at the hospital admission before
procedures. In addition, contact with the probe and viscera, and the resulting heating of the
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mucosa, leads to heat-related damage [31]. Moreover, it has been previously shown that
Mallory—Weiss tears in conjunction with antecedent TEE frequently result in catastrophic
hemorrhage [32-34]. Dysphagia (3) is also independently associated with perioperative
TEE morbidity [35]. The pharyngoesophageal tissue and the laryngeal nerve may be locally
compressed during the insertion technique, which could be one of the causes of dysphagia.
Female patients are more likely to suffer from laryngeal nerve palsy than male patients due
to the narrower laryngeal anatomy in females. In 90% of instances, dysphagia was linked to
pulmonary aspiration, which increased the need for tracheostomies and prolonged hospital
stays. Advanced age, the length of surgical intubation, and perioperative TEE examination
are risk factors for this complication [19,36,37].

2.2. Cardiovascular and Respiratory Complications

Cardiovascular complications secondary to TEE during procedures are due to vagal
reflexes or, conversely, sympathetic stimulation after probe insertion [11]. Although older
patients suffering from heart failure are more vulnerable in general, anesthesia may also
exacerbate hypotension in these individuals [38]. Arrhythmic complications such as ad-
vanced atrioventricular blocks, non-sustained ventricular arrhythmias, and paroxysmal
atrial fibrillation, may eventually occur [21].

Inserting, removing, or moving the probe can also affect the position of a correctly
positioned endotracheal tube. This is especially true for pediatric patients in whom ex-
tubation, displacement into a large bronchus, pilot cuff injury, and a 1-2% incidence of
severe airway obstruction have been identified [39].

However, rare cases of airway obstruction caused by similar mechanisms have been
reported in adults [40]. The compression by the esophageal probe may be indicated by
decreased oxygen saturation, elevated ventilation pressure, and altered end-tidal CO,
breathing patterns; therefore, these signs should be continuously monitored [41].

3. TEE Complications after Cardiac Surgery

TEE is a very useful diagnostic tool for monitoring heart operations. In the OR, TEE
can appraise real-time biventricular functions, the choice of valve repair or replacement,
the detection of possible complications, and the result of surgery. However, TEE itself
can occasionally result in esophageal, gastric, and oropharyngeal injuries. Local pressure
effects, vascular insufficiency, local tissue thermal injury, and poor mucosal blood supply
can contribute to the mechanism of TEE probe damage during cardiac surgery [16].

In cardiac surgery, patient and procedure-related characteristics are recognized risk
factors in regard to TEE complications. Elderly and immunocompromised patients, as
well as subjects with previous cerebrovascular accidents and GI diseases, are among the
patient-related factors that raise the risk [12].

Nowadays, however, the most fragile and vulnerable patients, the elderly and those
with more comorbidities, are usually referred for transcatheter interventions [42]. This may
explain, at least in part, the lower rate of TEE-related complications in patients undergoing
cardiac surgery compared to transcatheter interventions. Thus, patient-related factors
account for a smaller proportion of the causes of TEE damage in the surgical population.

The Heart Team plays a crucial role in this setting, guiding treatment decisions by
integrating clinical, anatomical, and procedural characteristics beyond standard scores,
as supported by current data [42]. However, it is important to weigh the benefits and
drawbacks of surgery vs. interventional cardiology and emphasize the potential risks
associated with each strategy to provide more informed decisions on which procedure is
best for a given patient. Indeed, patients with more comorbidities and aged over 75 years
are generally referred for interventional procedures.

Surgery-related factors include the type of surgery other than coronary artery bypass
graft (CABG) surgery, length of intubation, time undergoing TEE, increased extracorporeal
circulation time, return to OR for revision, and higher Activated Clotting Time (ACT)
during operation [12]. Moreover, given the increased temperature attained and the greater
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dimensions (16.6 mm in width versus 14.9 mm) compared to a standard adult 2D TEE
probe, the incidence of TEE complications may be higher with a real-time three-dimensional
TEE (RT-3D TEE) probe [43]. The recent introduction of mini 3D probes could resolve this
issue in the future [44].

Therefore, intervention-related factors represent the main events causing GI damage
in the surgical population. A TEE evaluation of the postoperative findings is necessary
for certain surgeries, such as valve replacement or repair, which usually take longer than
CABGs. In these cases, damage may have been caused by significant anteflexion of the
probe tip for long periods and by the pressure that the probe applied to the mucosa to
achieve transgastric and deep transgastric projections [17].

In addition, the probe is usually left in place for the whole operation. It is frequently in
a stationary position for hours at a time, causing extended contact with esophageal mucosa
areas with consequent heating damage [24]. Further factors that may increase the mucosa
vulnerability to pressure necrosis and ischemia include anticoagulation during the surgical
phase, hypothermia, and reduced blood flow [11].

Kallmeyer et al. examined 7200 cardiac surgery patients who had intraoperative TEE
at a single center and reported a TEE-related morbidity of 0.2% [18]. The most frequent
complication was odynophagia requiring further investigation, with esophagogastroduo-
denoscopy (EGD) occurring in 0.1% of the patients. Of these individuals, five (0.07%) had
dysphagia. Two cases (0.03%) presented acute post-surgical hemorrhage, one of them due
to Mallory—Weiss syndrome and one case being due to esophageal perforation (0.01%) in
the thoracic tract requiring repair [18]. During TEE probe manipulation, 0.03% of patients
experienced an unintentional advancement of the endotracheal tube into the right mainstem
bronchus, resulting in respiratory adverse effects due to arterial desaturation [18].

Overall, 6 (1.2%) out of 516 participants who underwent TEE during cardiac surgery
in a study by Lennon et al. [16] had significant GI problems. Two patients (0.4%) had
stomach perforations, one patient (0.2%) had a gastric ulcer, and three patients (0.6%) had
esophageal or gastric tears needing laparotomies, endoscopic procedures, or transfusion
care. In the cardiac surgery group, the thoracic portion of the esophagus was the most
susceptible to perforation (73%) [24].

In a study by Hulyalkar et al. that included both retrospective and prospective data,
overt UGI bleeding occurred in 5 of 241 patients (2.1%) after cardiac surgery with TEE [20].
Furthermore, from the case studies of Kiran et al., up to 27.5% of candidates for cardiac
surgery had a difficult insertion of the probe that required additional maneuvers [43].
According to McSweeney et al., 1.2% of the patients in their cohort who had undergone
CABG experienced postoperative GI bleeding, and this condition was linked to the highest
risk of stroke, renal failure, and in-hospital mortality [45].

In a prospective observational piece of research involving 869 patients undergoing
heart surgery, Hogue et al. found that 4% of patients had dysphagia [19]. Among them,
34 (4%) underwent postoperative barium roentgenography, showing swallowing impair-
ment linked to TEE [19]. Furthermore, the significant correlation found between swallowing
difficulties and tracheostomy, postoperative pneumonia, and prolonged hospitalization in
the intensive care unit underlined the seriousness of this surgical complication [19].

Accordingly, the currently available information suggests that, in skilled hands, TEE
application in cardiac surgery is both highly effective and safe. However, most of the
available data are retrospective, and EGD is not routinely performed postoperatively, so
minor damage may not be detected. In addition, early detection and treatment of TEE
complications are crucial to achieving the best results and reducing mortality. It is important
to be aware that TEE-related damage may not only happen in the immediate postoperative
period (early presentation < 24 h) but also after a few days (late presentation > 24 h).

In the days following the procedure, an adequate history and detailed physical ex-
amination may be useful to detect clinically manifest events, while routine EGD is not
recommended. The use of chest radiographs after the procedure may improve the timely de-
tection of serious TEE-related complications. Hasami et al. reported a case of mid-thoracic
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esophageal perforation that was discovered by air-fluid configuration on a chest X-ray up
to four days after surgical aortic valve replacement plus CABG surgery in a completely
asymptomatic patient [46]. Akao et al. reported a case of a giant esophageal submucosal
hematoma diagnosed by a chest CT scan on the fourth postoperative day in an 81-year-old
man who underwent mitral valve surgery, probably as a result of manipulation with the
TEE probe [47].

Consequently, investigating the occurrence of symptoms and signs of GI damage in
patients undergoing TEE postoperatively is mandatory.

4. TEE Complications after Cardiac Transcatheter Procedures

In interventional cardiology, TEE is often used for preoperative cardiac data evalua-
tion, but procedure guidance and outcome assessment are also of crucial importance. In
particular, TEE is an irreplaceable tool in terms of obtaining an optimal result. TEE used
to guide catheter-based procedures involves constant manipulation of the probe during
the interventions, in contrast to the TEE sequence utilized in an OR (Figure 1). In addition,
patients undergoing percutaneous procedures tend to be sicker than patients undergoing
surgery and may therefore be more susceptible to complications associated with intraproce-
dural TEE [42]. As such, there is a higher incidence of TEE-related problems in this scenario
than in cardiac surgery populations [10].

Figure 1. Transoesophageal probe position (arrow) during transcatheter interventions. (A) The
fluoroscopy shows the transgastric probe position during T-TEER. (B) Deep esophageal view used
during tricuspid valve replacement. (C) Mid esophageal probe position during LAA occlusion.
(D) Mid esophageal probe position used during M-TEER. T-TEER: Tricuspid Transcatheter edge-to-
edge repair; LAA: left atrial appendage; M-TEER: Mitral Transcatheter edge-to-edge repair.

Also in this setting, predisposing factors complicating TEE can be distinguished as
patient-related or procedure-related.

In a study by Freitas-Ferraz et al., in enrolling 1251 patients undergoing cardiac inter-
ventional procedures with an intraoperative TEE, a low body mass index (BMI), a prior
history of GI bleeding, and the use of chronic corticosteroids and immunosuppressive
drugs were significantly associated with an increased risk of TEE-related complications [10].
The low weight may be a marker of frailty, which has been linked to an increased risk of
postoperative complications and in-hospital mortality [48]. Conversely, larger patients can
accommodate the relatively large probe more [49]. Evidence for this has been demonstrated
in the pediatric population [39,50]. In addition, patients with friable mucosal tissue from
the underlying disease or the use of long-term corticosteroids are at higher risk of develop-
ing TEE-related injuries [10,51]. Similarly, anticoagulants increase the risk of GI bleeding.
Natale F et al. recommended high vigilance for anticoagulated patients, with careful con-
sideration of the risk-benefit ratio of the intervention, especially in patients with an INR > 5,
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even in urgent situations where relative contraindications are often overlooked [52]. In-
juries to the gastrointestinal tract (erosions, ulcerations, or subclinical bleeding) also occur
frequently in patients treated with antiplatelet agents [53]. It can be challenging to manage
patients on antithrombotic medication who are having endoscopic procedures, and therapy
strategies frequently need to be customized [54].

The most significant procedure-related issue is the amount of time spent undergoing
TEE. It also emerged that the time undergoing TEE was an independent predictor of serious
adverse events, with an odds ratio of 1.13 for every ten-minute increase [55].

In addition, the handling of probes and the resulting risk of complications varies
depending on the procedure type. Low-risk cohorts—like patients undergoing tran-
scatheter aortic valve replacement (TAVR)—have a risk of up to 0.9% in regard to associated
TEE complications. Emphasizing that low-risk procedures are not zero-risk is crucial.
Ismail et al. [56] reported a rare case of esophageal perforation in patients undergoing
TAVR under TEE guidance [56]. This risk is between 0.03% and 0.09% [17,55] but has a
significant mortality rate of about 16% [57]. For high-risk cohorts, like those undergoing
atrioventricular valve repair or replacement, left atrial appendage occlusion (LAAO), and
paravalvular leak closure (PVLc), the risk reaches 6.1% [5,10]. In detail, 0.5% esophageal
perforations, 1.4% esophageal tears, 0.9% wall hematomas, and 0.5% bleeding requiring
transfusion are reported [10]. Time undergoing TEE and continuous adjustment maneuvers
result in an increased risk of damage. Thus, in contrast to TAVR, active guidance and image
optimization are necessary during every step of the high-risk group procedures. Actually,
fluoroscopic guidance is usually sufficient for valve deployment in TAVR patients, and a
complementary TTE may be useful to rule out any serious complications [8]. In a study
by Freitas-Ferraz et al., EGD performed after the procedure and before extubation showed
new TEE damage in 86% of patients after interventional procedures. In particular, 40%
of these were complex lesions, such as 28% of esophageal hematomas, 2% of soft palate
hematomas, 24% of esophagus lacerations, and 2% of stomach lacerations, whereas 22%
had persistent odynophagia or dysphagia [55]. Moreover, in a cohort of 12,043 adults
undergoing TEE-guided structural interventional procedures, 3.6% experienced major
TEE complications [58]. Furthermore, among patients undergoing TAVR, transcatheter
edge-to-edge mitral valve repair (M-TEER), percutaneous LAAO, or a mitral/aortic PVLc,
those after M-TEER are the most prone to complications [10]. This result confirms the
critical role of the TEE guidance in the intricate process of edge-to-edge mitral valve repair.

As for patients undergoing tricuspid valve edge-to-edge repair (T-TEER), the compli-
cation rate is up to 3.1% [15]. Specifically, 1.6% esophageal perforations and 1.6% gastric
injuries were described in the study by Hellhammer et al. in which 64 patients were retro-
spectively enrolled [15]. A recent publication by our group reports the absence of clinically
manifest major or minor TEE-related complications in a small group of 53 patients who
underwent T-TEER who were prospectively evaluated [59]. However, data on TEE compli-
cations after transcatheter tricuspid valve intervention are lacking, and the results could be
underestimated. Because of its anterior location, the tricuspid valve is challenging to see
in regard to TEE. It is necessary to precisely visualize the leaflets during the procedure by
switching between transgastric and mid/deep esophageal views. This requires prolonged
anteflexion of the probe, which may result in damage [60]. Furthermore, mainly in repair
and replacement procedures, extensive use of 3D images with live multiview is often
requested by interventional cardiologists. The use of 3D should make the procedures faster
for a better recognition of anatomical relationships with the devices used and thus decrease
the time undergoing TEE. On the other hand, 3D probes are more likely to sustain thermal
damage since they reach higher temperatures and have a larger size when compared to the
2D probes. All this could translate into an increased risk of procedural complications.

Further investigations are required to determine the severity of the issue in the group
of patients who underwent a tricuspid valve replacement or repair. Therefore, as with the
data available for subjects undergoing cardiac surgery, and as with the transcatheter setting,
the studies are often retrospective and without post-procedure invasive endoscopy. The
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more recent procedures—like those on the tricuspid valve, for which there are insufficient
data—are another constraint in this specific scenario.

Thus, patients with clinical symptoms are those with relevant complications that
we are able to detect. Minor injuries may go undetected. Accordingly, the problem
of TEE-related complications may be more extensive than expected, especially in the
transcatheter group.

5. Prevention

Although TEE-related complications are not as common, in some settings (such as
cardiac surgery and interventional cardiology) they might still cause issues such as major
bleeding and organ perforation. In particular, TEE-related problems can lengthen average
hospital stays and increase mortality to 28.5% [24]. For these reasons, it is important to
prevent associated TEE complications, especially in these scenarios [59]. Since predispos-
ing factors can be distinguished into being patient-associated and procedure-associated,
preventive strategies can also follow this distinction.

Regarding patient-related strategies, it is important to estimate the individual risk of
TEE complications. Investigations into dysphagia, GI diseases, known diverticula, previous
endoscopies, bariatric surgery, and/or chest radiotherapy should be considered. It is also
important to consider medications taken by the patient that could be associated with a high
risk of injury, such as corticosteroids, immunosuppressants, antiplatelets, or anticoagulants.
An assessment of neck mobility, stability, and arthritic changes, an analysis of the airways,
and an evaluation of teeth mobility are all required components of the examination [11]. A
preventive strategy is to schedule a gastroenterology consultation and possible endoscopy
before the procedure in patients who may already have gastroesophageal lesions [12].
Therefore, in patients with known esophageal or gastric injuries, dysphagia and/or a
history of severe upper digestive tract bleeding and/or major upper digestive tract surgery,
a more thorough specialist gastroenterologic evaluation and possibly an EGD should be
performed prior to cardiac surgery or transcatheter surgery requiring extensive use of
TEE. In this setting, endoscopy is a useful tool for assessing the presence of absolute
contraindications to performing TEE.

In patients with a history of bariatric surgery, TEE is perceived as a relative or absolute
contraindication [61]. A retrospective study of Kelava M. et al. showed a 91% rate of TEE
performed in a cohort of 282 patients with previous bariatric surgery. In the majority of
patients, examinations were limited to the upper or midesophageal views and no TEE-
related complications were observed [61].

In an effort to reduce Gl issues, it is critical to evaluate the potential benefits of a TEE
examination against the specific dangers when contemplating the procedure for a patient
with a relative contraindication.

If the risk of complications is high and TEE guidance for the surgery is not essential
(such as for CABG), TEE could be avoided or the TEE examination limited to a preoperative
study, e.g., when excluding a significant valve lesion in a patient in whom CABG is planned.
In addition, an intraoperative epicardial ultrasound can be used successfully in selected
patients [61]

However, TEE guiding is often not avoidable, such as during valve repair or replace-
ment interventions [24]. This is frequently not feasible in the transcatheter context, so
alternative approaches must be considered. Specifically, the mini 3D TEE probe can be used
in these circumstances [44]. Patients suffering from esophageal stricture can also benefit
from this option. For optimal intraprocedural imaging, intracardiac echocardiography
(ICE) may also be a useful tool (Figure 2). Due to its ability to produce high-resolution
near-field imaging, ICE can overcome TEE limits, such as acoustic shadowing, and avoid
GI or respiratory complications. However, the high expense of this technology severely
restricts the application of ICE in routine clinical practice [62-64].
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Figure 2. ICE application during T-TEER. (A) illustrates the live multiplanar reconstruction process
used to align the TriClip (Abbott Vascular, Santa Clara, CA, USA) device on the tricuspid valve,
for grasping the anterior and septal leaflets. In (B), the fluoroscopic position of the intracardiac
probe can be observed (red arrow). The proximity of the probe to the device allows us to overcome
shadows by obtaining high-quality images. T-TEER: Tricuspid Transcatheter edge-to-edge repair;
ICE: intracardiac echocardiography.

When alternatives are unavailable, fusion imaging (Figure 3) and transthoracic echocar-
diography may be used as an alternative to traditional TEE [65,66].

Figure 3. The EchoNavigator® (Philips Medical System, Andover, MA, USA) live image guid-
ance. The smart fusion technology simplifies visualization by fusing real-time X-rays and live echo.
EchoNavigator may give interventionalists a supportive anatomical understanding and smooth guid-
ance during structural heart disease interventions to reduce the time undergoing TEE. The different
colors distinguish various cardiac structures, with the triangles indicating the position of the mitral
valve. The right atrium is shown in yellow, the aorta in magenta, the left ventricle in pink, and the left
atrium in purple as indicated in the cartoon in the top right. TEE: transesophageal echocardiography.

It is also crucial to assess the patient’s drug treatment ahead of interventions and
optimize therapy in order to prevent GI damage. Taking PPIs on hospital admission can
decrease the overall risk of GI complications. Accordingly, initiation of PPI therapy at
the time of hospitalization of patients scheduled for cardiac surgery or transcatheter in-
tervention could be recommended to prevent TEE-related complications [59]. In selected
patients, intraprocedural infusion of PPIs could also be considered. Furthermore, appropri-
ate management of anticoagulation therapy is cardinal. It is recommended that patients
discontinue anticoagulants before surgeries based on the surgery-related bleeding risk and
the patient’s condition [67]. High watchfulness for anticoagulated patients, especially those
with an INR value > 5, is strongly recommended [52].
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Regarding procedure-related strategies, it is imperative that the imaging operator
first examines the condition of the probe and checks for any wounds that may cause
thermal damage and overheating. To guarantee probe flexibility and avoid esophageal
tears caused by rigid tubes, the control system needs to be unlocked constantly [68]. After
placement of the mouthguard, the probe should be gently introduced into the esophagus.
Adequate probe lubrication can limit friction damage. If resistance is encountered, it is
important to avoid forceful manipulation. In this case, the jaw-thrust technique may be
helpful. Placement under laryngoscopic guidance also can help reduce hypopharynx and
cervical esophagus damage [11,59]. Furthermore, a thorough assessment of vital signs and
oxygen saturation can suggest the possibility of endotracheal tube displacement during
esophageal intubation. Avoiding unnecessary manipulation after positioning the TEE probe
can help to limit adverse effects. Moreover, anatomical markers of the probe position under
fluoroscopy can help identify the correct placement and prevent over-probe manipulation
when getting an acceptable alignment between the probe and the cardiac structures is
difficult (Figure 1).

Additionally, to prevent overheating and thermal harm to the esophageal mucosa, it
is mandatory to freeze the probe when not in use [12]. An additional strategy could be
dynamic TEE guidance of the procedure, avoiding prolonged flexion maneuvers at the
same mucosal site as often as possible and alternating different projections. Complications
are more likely when the probe position is blocked in an attempt to obtain higher-quality
pictures. Therefore, to enable proper directing, this method should only be applied in cir-
cumstances of high acoustic impedance; otherwise, this routine attitude should be avoided.
Furthermore, excessive manipulation can be minimized by adjusting the parameters based
on the lowest output intensity required to ensure satisfactory image quality [55]. It is im-
perative to employ techniques to enhance the quality of the image, such as adjustments to
the 2D depth, sector size, focus and gain, and zoom, which allow the operator to maximize
image quality while reducing emission intensity. By applying the ALARA (As Low As
Reasonably Achievable) principle, it is possible to obtain useful diagnostic information
with minimal risk to the patient, using the lowest level of ultrasound exposure that is
reasonably achievable [69].

A further concern with TEE-related complications is the risk of infection due to the
pathogen transmission among sequential patients. This indicates a need for dedicated
protocols for the patient and the healthcare team’s protection. The use of probe covers could
at least partially reduce the infection risk [70]. However, their use could be impractical
during interventional procedures, limiting the echocardiographic windows. In addition,
undetected small cracks have been correlated with poor sterilization and increased risk of
infections, such as nosocomial pneumonia [71].

Time spent undergoing TEE is a major risk factor in regard to problems [10]. Thus,
the interventional cardiologist/surgeon and the imager’s skills are crucial. Adequate
preoperative planning can allow the interventional strategy to be chosen in advance,
reducing the time of procedures. In addition, 3D analysis should be limited to key steps
to reduce the probe overheating. Further 3D assessments, when possible, should be
deferred to post-processing. Early detection of any complications may also limit the
consequences. Therefore, careful monitoring of hemoglobin values and a follow-up chest
X-ray should be performed [10,72-74]. On the contrary, considering that most patients
have self-limiting symptoms or are asymptomatic, as well as that most problems can be
managed conservatively, a routine endoscopic post-procedural investigation would not be
cost-effective and should not be advised for every patient [55].

6. Conclusions

Even if TEE guidance is required in therapeutic settings, it is appropriate to be aware of
the potential consequences. Unfortunately, there is a dearth of information about the actual
incidence of events, particularly for more recent interventions. It is critical to understand
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potential TEE-related consequences and put preventive measures in place to lower deaths
and morbidities (summarized in Table 2).

Table 2. Recommendations for the prevention of major TEE complications.

TEE-Related Complications

Risk Factors Contraindications Preventive Strategies

Dysphagia/odynophagia

Gentle intubation;

Time spent undergoing TEE ) avoid overheating of

Careless intubation

the probe.
Preventive EGD in
GI Perforations Previous perforations Knowr} untljeated hlgh-rlsk patlent.s.
Ulcers gastric lesions Consider alternative
interventional imaging.
Previous Bariatric Surgery Avoid probe lock and freeze
Esophageal/ gastric injuries Previous Radiotherapy Tight esophageal stricture when not in use.
Known diverticula Apply the ALARA principle.
Antiplatelets . . Careful evaluation of
. . Active bleeding . .
Bleeding Anticoagulants unclear venesis anticoagulant and antiplatelet
Thrombocytopenia & therapy before the procedure.
Frailty Use protective covers in
Infection Immunosuppression - selected patients.
Probe cracks Watchful probe examination
TEE: transesophageal echocardiography; GI: gastrointestinal; EGD: esophagogastroduodenoscopy; ALARA: As
Low As Reasonably Achievable.
7. Future Directions
TEE-guided treatments provide many advantages; however, significant hazards need
to be considered, especially as it is to be expected that the use of TEE will increase in
the coming decades. The inclusion of anatomical information, mini-TEE probes, ICE,
and fusion approaches could improve some of the disadvantages of conventional TEE.
Enhanced adoption of alternative techniques and appropriate risk assessment should help
reduce the frequency of TEE-related complications.
Author Contributions: Conceptualization, VM.D.L., G.A. and V.C,; resources, V.C., G.A. and S.B,;
writing—original draft preparation, VM.D.L., V.C. and S.B.; writing—review and editing, T.FR.,
T.AM.G. and S.B.; visualization, R.S.v.B., P.L., EG. and G.P.U.; supervision: R.S.v.B., PL., EG. and
G.P.U. All authors have read and agreed to the published version of the manuscript.
Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.
Acknowledgments: We would like to express our sincere gratitude to Michael Messina for his
invaluable assistance in proofreading and correcting the English language of this manuscript.
Conflicts of Interest: The authors declare no conflicts of interest.
References

1. Flachskampf, FA.; Badano, L.; Daniel, W.G.; Feneck, R.O.; Fox, K.E,; Fraser, A.G.; Pasquet, A.; Pepi, M.; deIsla, L.P.; Zamorano, J.L.;
et al. Recommendations for transoesophageal echocardiography: Update 2010. Eur. |. Echocardiogr. 2010, 11, 557-576, Erratum in
Eur. J. Echocardiogr. 2011, 12, 255. [CrossRef] [PubMed]

2. Agricola, E.; Meucci, F.; Ancona, F;; Sanz, A.P.; Zamorano, ].L. Echocardiographic guidance in transcatheter structural cardiac
interventions. Eurolntervention 2022, 17, 1205-1226. [CrossRef]


https://doi.org/10.1093/ejechocard/jeq057
https://www.ncbi.nlm.nih.gov/pubmed/20688767
https://doi.org/10.4244/EIJ-D-21-00582

J. Clin. Med. 2024, 13, 4291 11 0f 14

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Hahn, R.T.; Abraham, T.; Adams, M.S.; Bruce, C.J.; Glas, K.E.; Lang, R M.; Reeves, S.T.; Shanewise, ].S.; Siu, S.C.; Stewart, W,;
et al. Guidelines for performing a comprehensive transesophageal echocardiographic examination: Recommendations from the
American Society of Echocardiography and the Society of Cardiovascular Anesthesiologists. J. Am. Soc. Echocardiogr. 2013, 26,
921-964. [CrossRef]

Schemberg, M.; Ender, J.; Bence, J.; van der Maaten, J.; Kunstd, G.; Mukherjee, C.; Meineri, M. Intraoperative and Intraprocedural
Use of 3-Dimensional Transesophageal Echocardiography: An International European Association of Cardiothoracic Anesthesia
and Intensive Care Survey of Cardiac Surgical Centers. J. Cardiothorac. Vasc. Anesthesia 2024, 38, 1467-1476. [CrossRef]
Flachskampf, F.A.; Wouters, PF,; Edvardsen, T.; Evangelista, A.; Habib, G.; Hoffman, P.; Hoffmann, R.; Lancellotti, P.; Pepi, M.;
for the European Association of Cardiovascular Imaging Document Reviewers: Erwan Donal; et al. Recommendations for
transoesophageal echocardiography: EACVI update 2014. Eur. Heart ].-Cardiovasc. Imaging 2014, 15, 353-365. [CrossRef]
Ciampi, Q.; Antonini-Canterin, F,; Barbieri, A.; Barchitta, A.; Benedetto, F; Cresti, A.; Miceli, S.; Monte, I; Petrella, L.; Trocino, G.;
et al. Reshaping of Italian Echocardiographic Laboratories Activities during the Second Wave of COVID-19 Pandemic and
Expectations for the Post-Pandemic Era. J. Clin. Med. 2021, 10, 3466. [CrossRef]

American Society of Anesthesiologists and Society of Cardiovascular Anesthesiologists Task Force on Transesophageal Echocardio-
graphy. Practice guidelines for perioperative transesophageal echocardiography. Anesthesiology 2010, 112, 1084-1096. [CrossRef]
Agricola, E.; Ancona, E; Bartel, T.; Brochet, E.; Dweck, M.; Faletra, E; Lancellotti, P.; Mahmoud-Elsayed, H.; Marsan, N.A;
Maurovich-Hovart, P; et al. Multimodality imaging for patient selection, procedural guidance, and follow-up of transcatheter
interventions for structural heart disease: A consensus document of the EACVI Task Force on Interventional Cardiovascular
Imaging: Part 1: Access routes, transcatheter aortic valve implantation, and transcatheter mitral valve interventions. Eur. Heart
J.-Cardiovasc. Imaging 2023, 24, e209-e268. [CrossRef] [PubMed]

Kuecken, T.; Bannehr, M.; Lalou, E.; Lenz, J.; Zanker, M.; Edlinger, C.; Haase-Fielitz, A.; Neuss, M.; Butter, C. Oesophageal and
gastric injuries caused by transoesophageal probe manipulation in patients undergoing transcatheter edge-to-edge repair for
tricuspid regurgitation. Eurolntervention 2023, 19, 103-104. [CrossRef] [PubMed] [PubMed Central]

Freitas-Ferraz, A.B.; Rodés-Cabau, J.; Vega, L.J.; Beaudoin, J.; O’Connor, K.; Turgeon, P.Y.; Paradis, J.-M.; Ferreira-Neto, A.;
Asmarats, L.; Champagne, J.; et al. Transesophageal echocardiography complications associated with interventional cardiology
procedures. Am. Heart ]. 2019, 221, 19-28. [CrossRef] [PubMed]

Coté, G.; Denault, A. Transesophageal echocardiography-related complications. Can. J. Anaesth. 2008, 55, 622-647. [CrossRef]
Patel, K.M.; Desai, R.G.; Trivedi, K.; Neuburger, PJ.; Krishnan, S.; Potestio, C.P. Complications of Transesophageal Echocardiogra-
phy: A Review of Injuries, Risk Factors, and Management. |. Cardiothorac. Vasc. Anesthesia 2022, 36, 3292-3302. [CrossRef]

Fujii, H.; Suehiro, S.; Shibata, T.; Aoyama, T.; Ikuta, T. Mallory-weiss tear complicating intraoperative transesophageal echocardio-
graphy. Circ. J. 2003, 67, 357-358. [CrossRef]

Augoustides, J.G.; Hosalkar, H.H.; Milas, B.L.; Acker, M.; Savino, ].S. Upper gastrointestinal injuries related to perioperative
transesophageal echocardiography: Index case, literature review, classification proposal, and call for a registry. J. Cardiothorac.
Vasc. Anesthesia 2006, 20, 379-384. [CrossRef]

Hellhammer, K.; Schueler, R.; Eiimann, M.; Schumacher, B.; Wolf, A.; Bruder, O.; Schmitz, T.; Lambers, M. Safety of trans-
esophageal echocardiography during transcatheter edge-to-edge tricuspid valve repair: A single-center experience. Front.
Cardiovasc. Med. 2022, 9, 856028. [CrossRef] [PubMed] [PubMed Central]

Lennon, M.].; Gibbs, N.M.; Weightman, W.M.; Leber, ].; Ee, H.C.; Yusoff, L.F. Transesophageal echocardiography-related
gastrointestinal complications in cardiac surgical patients. J. Cardiothorac. Vasc. Anesthesia 2005, 19, 141-145. [CrossRef]
Hilberath, ].N.; Oakes, D.A.; Shernan, S.K.; Bulwer, B.E.; D’ambra, M.N.; Eltzschig, H.K. Safety of Transesophageal Echocardiog-
raphy. J. Am. Soc. Echocardiogr. 2010, 23, 1115-1127; quiz 1220-1221. [CrossRef]

Kallmeyer, L].; Collard, C.D.; Fox, J.A.; Body, S.C.; Shernan, S.K. The safety of intraoperative transesophageal echocardiography:
A case series of 7200 cardiac surgical patients. Obstet. Anesthesia Dig. 2001, 92, 1126-1130. [CrossRef]

Hogue, C.W.; Lappas, G.D.; Creswell, L.L.; Ferguson, T.; Sample, M.; Pugh, D.; Balfe, D.; Cox, J.L.; Lappas, D.G. Swallowing
dysfunction after cardiac operations: Associated adverse outcomes and risk factors including intraoperative transesophageal
echocardiography. J. Thorac. Cardiovasc. Surg. 1995, 110, 517-522. [CrossRef] [PubMed]

Hulyalkar, A.R.; Ayd, ].D. Low risk of gastroesophageal injury associated with transesophageal echocardiography during cardiac
surgery. J. Cardiothorac. Vasc. Anesthesia 1993, 7, 175-177. [CrossRef] [PubMed]

Daniel, W.G.; Erbel, R.; Kasper, W.; Visser, C.A.; Engberding, R.; Sutherland, G.R.; Grube, E.; Hanrath, P.; Maisch, B.; Dennig, K.
Safety of transesophageal echocardiography. A multicenter survey of 10,419 examinations. Circulation 1991, 83, 817-821.
[CrossRef] [PubMed]

Vignon, P.; Guéret, P.; Chabernaud, ].M.; Lacroix, P.; Maudieére, A.; Cassat, C.; Doumeix, ].J.; Abrieu, O.; Sénéchal, C.; Bensaid, J.
Echecs et complications de 1’échocardiographie transoesophagienne. A propos de 1500 examens consécutifs [Failure and
complications of transesophageal echocardiography. Apropos of 1500 consecutive cases]. Arch. Mal. Coeur. Vaiss. 1993, 86,
849-855. [PubMed]

Tam, J.W.; Burwash, 1.G.; Ascah, K.J.; Baird, M.G.; Chan, K.L. Feasibility and complications of single-plane and biplane versus
multiplane transesophageal imaging: A review of 2947 consecutive studies. Can. J. Cardiol. 1997, 13, 81-84. [PubMed]
Sainathan, S.; Andaz, S. A systematic review of transesophageal echocardiography-induced esophageal perforation. Echocardiog-
raphy 2013, 30, 977-983. [CrossRef] [PubMed]


https://doi.org/10.1016/j.echo.2013.07.009
https://doi.org/10.1053/j.jvca.2024.02.042
https://doi.org/10.1093/ehjci/jeu015
https://doi.org/10.3390/jcm10163466
https://doi.org/10.1097/ALN.0b013e3181c51e90
https://doi.org/10.1093/ehjci/jead096
https://www.ncbi.nlm.nih.gov/pubmed/37283275
https://doi.org/10.4244/EIJ-D-22-01070
https://www.ncbi.nlm.nih.gov/pubmed/36992652
https://www.ncbi.nlm.nih.gov/pmc/PMC10173754
https://doi.org/10.1016/j.ahj.2019.11.018
https://www.ncbi.nlm.nih.gov/pubmed/31896037
https://doi.org/10.1007/BF03021437
https://doi.org/10.1053/j.jvca.2022.02.015
https://doi.org/10.1253/circj.67.357
https://doi.org/10.1053/j.jvca.2005.10.011
https://doi.org/10.3389/fcvm.2022.856028
https://www.ncbi.nlm.nih.gov/pubmed/36304534
https://www.ncbi.nlm.nih.gov/pmc/PMC9592690
https://doi.org/10.1053/j.jvca.2005.01.020
https://doi.org/10.1016/j.echo.2010.08.013
https://doi.org/10.1097/00000539-200105000-00009
https://doi.org/10.1016/S0022-5223(95)70249-0
https://www.ncbi.nlm.nih.gov/pubmed/7637370
https://doi.org/10.1016/1053-0770(93)90212-4
https://www.ncbi.nlm.nih.gov/pubmed/8477022
https://doi.org/10.1161/01.CIR.83.3.817
https://www.ncbi.nlm.nih.gov/pubmed/1999032
https://www.ncbi.nlm.nih.gov/pubmed/8274056
https://www.ncbi.nlm.nih.gov/pubmed/9039070
https://doi.org/10.1111/echo.12290
https://www.ncbi.nlm.nih.gov/pubmed/23834425

J. Clin. Med. 2024, 13, 4291 12 of 14

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Fernandez, FE; Richter, A.; Freudenberg, S.; Wendl, K.; Manegold, B.C. Treatment of endoscopic esophageal perforation.
Surg. Endosc. 1999, 13, 962-966. [CrossRef] [PubMed]

Saphir, J.; Cooper, J.A.; Kerbavez, R.J.; Larson, S.E; Schiller, N.B. Upper airway obstruction after transesophageal echocardiography.
J. Am. Soc. Echocardiogr. Off. Publ. Am. Soc. Echocardiogr. 1997, 10, 977-978. [CrossRef] [PubMed]

Rubesin, S.E.; Levine, M.S. Killian-Jamieson diverticula: Radiographic findings in 16 patients. Am. J. Roentgenol. 2001, 177, 85-89.
[CrossRef] [PubMed]

Urbanowicz, J.H.; Kernoff, R.S.; Oppenheim, G.; Parnagian, E.; Billingham, M.E.; Popp, R.L. Transesophageal echocardiography
and its potential for esophageal damage. Anesthesiology 1990, 72, 40-43. [CrossRef] [PubMed]

Pattullo, G.G. A complication of transoesophageal echocardiography in a patient with splenomegaly. Anaesth. Intensive Care 2003,
31, 594-595.

Olenchock, S.A.; Lukaszczyk, ].].; Reed, J.; Theman, T.E. Splenic injury after intraoperative transesophageal echocardiography.
Ann. Thorac. Surg. 2001, 72, 2141-2143. [CrossRef]

Norton, I.D.; Pokorny, C.S.; Baird, D.K.; Selby, W.S. Upper gastrointestinal haemorrhage following coronary artery bypass grafting.
Aust. N. Z. ]. Med. 1995, 25, 297-301. [CrossRef]

Okamoto, T.; Yamamoto, K.; Takasu, A.; Suzuki, Y.; Ikeya, T.; Okuyama, S.; Takagi, K.; Fujita, N.; Misumi, H.; Fukuda, K. Findings
and outcomes of emergent endoscopies after cardiovascular surgery. JGH Open 2022, 6, 179-184. [CrossRef] [PubMed] [PubMed
Central]

Lee, ].Y.; Jeong, D.M.; Lee, S.H.; Lee, S.M. Transesophageal echocardiography (TEE)-induced Mallory-Weiss laceration in a patient
who underwent aortic and mitral valve replacement—A case report. Korean J. Anesthesiol. 2010, 59, 5103-5106. [CrossRef]

Tang, M.-M.; Fang, D.-E; Liu, B. Upper gastrointestinal bleeding from a Mallory-Weiss tear associated with transesophageal
echocardiography during successful cardiopulmonary resuscitation: A case report. World J. Clin. Cases 2022, 10, 2954-2960.
[CrossRef] [PubMed]

Rousou, J.A.; Tighe, D.A.; Garb, J.L.; Krasner, H.; Engelman, R.M.; E Flack, J.; Deaton, D.W. Risk of dysphagia after transesophageal
echocardiography during cardiac operations. Ann. Thorac. Surg. 2000, 69, 486—489. [CrossRef] [PubMed]

Sakai, T.; Terao, Y.; Miyata, S.; Hasuo, H.; Haseba, S.; Yano, K. Postoperative recurrent laryngeal nerve palsy following a
transesophageal echocardiography. Jpn. J. Anesthesiol. 1999, 48, 656—657.

Kawabhito, S.; Kitahata, H.; Kimura, H.; Tanaka, K.; Oshita, S. Recurrent laryngeal nerve palsy after cardiovascular surgery:
Relationship to the placement of a transesophageal echocardiographic probe. |. Cardiothorac. Vasc. Anesthesia 1999, 13, 528-531.
[CrossRef]

Stoddard, M.F,; Longaker, R.A. The safety of transesophageal echocardiography in the elderly. Am. Heart ]. 1993, 125, 1358-1362.
[CrossRef]

Stevenson, J. Incidence of complications in pediatric transesophageal echocardiography: Experience in 1650 cases. |. Am. Soc.
Echocardiogr. 1999, 12, 527-532. [CrossRef]

Nakao, S.-I.; Eguchi, T.; Ikeda, S.; Nagata, A.; Nishizawa, N.; Shingu, K. Airway obstruction by a transesophageal echocardiogra-
phy probe in an adult patient with a dissecting aneurysm of the ascending aorta and arch. J. Cardiothorac. Vasc. Anesth. 2000, 14,
186-187. [CrossRef]

Andropoulos, D.B.; Ayres, N.A.; Stayer, S.A.; Bent, S.T.; Campos, C.J.; Fraser, C.D. The effect of transesophageal echocardiography
on ventilation in small infants undergoing cardiac surgery. Obstet. Anesthesia Dig. 2000, 90, 47-49. [CrossRef]

Beyersdorf, F; Vahanian, A.; Milojevic, M.; Praz, F,; Baldus, S.; Bauersachs, J.; Capodanno, D.; Conradi, L.; De Bonis, M;
De Paulis, R.; et al. 2021 ESC/EACTS Guidelines for the management of valvular heart disease. Eur. J. Cardio-Thoracic Surg. 2021,
60, 727-800, Erratum in Eur. |. Cardiothorac. Surg. 2022, 62. [CrossRef] [PubMed]

Gadhinglajkar, S.; Kiran, M.; Sreedhar, R.; Sukesan, S.; Pillai, V.; Panicker, V. Factors predicting difficulty in insertion of real-time-
three-dimensional transesophageal echocardiography probe in adult patients undergoing cardiac surgery. Ann. Card. Anaesth.
2023, 26, 12-16. [CrossRef] [PubMed]

Sanchis, L.; Regueiro, A.; Cepas-Guillén, P.; Sitges, M.; Freixa, X. First experience of left atrial appendage occlusion using a
3D mini transoesophageal echocardiographic probe with conscious sedation. Eurolntervention 2023, 18, 1460-1461. [CrossRef]
[PubMed]

McSweeney, M.E.; Garwood, S.; Levin, J.; Marino, M.R.; Wang, S.X.; Kardatzke, D.; Mangano, D.T.; Wolman, R.L. Adverse
gastrointestinal complications after cardiopulmonary bypass: Can outcome be predicted from preoperative risk factors? Obstet.
Anesthesia Dig. 2004, 98, 1610-1617. [CrossRef] [PubMed]

Hasami, N.A.; Li, WW.L.; Smith, T.; Verhagen, A.ET.M.; Ko, K.; Heijmen, R.H. Asymptomatic esophageal perforation discovered
after elective cardiac surgery: The importance of clinical awareness. . Cardiothorac. Surg. 2024, 19, 44. [CrossRef] [PubMed]
Akao, K; Ishida, Y.; Nakazawa, K.; Okada, T.; Fujiyoshi, T.; Kawachi, A.; Uchino, H. Esophageal Submucosal Giant Hematoma
Detected After Mitral Repair Using Transesophageal Echocardiography. Cureus 2022, 14, €27292. [CrossRef] [PubMed] [PubMed
Central]

Lee, D.H.; Buth, K.J.; Martin, B.-].; Yip, A.M.; Hirsch, G.M. Frail patients are at increased risk for mortality and prolonged
institutional care after cardiac surgery. Circulation 2010, 121, 973-978. [CrossRef]

Purza, R.; Ghosh, S.; Walker, C.; Hiebert, B.; Koley, L.; Mackenzie, G.S.; Grocott, H.P. Transesophageal Echocardiography
Complications in Adult Cardiac Surgery: A Retrospective Cohort Study. Ann. Thorac. Surg. 2017, 103, 795-802. [CrossRef]


https://doi.org/10.1007/s004649901147
https://www.ncbi.nlm.nih.gov/pubmed/10526027
https://doi.org/10.1016/S0894-7317(97)80015-6
https://www.ncbi.nlm.nih.gov/pubmed/9440076
https://doi.org/10.2214/ajr.177.1.1770085
https://www.ncbi.nlm.nih.gov/pubmed/11418403
https://doi.org/10.1097/00000542-199001000-00008
https://www.ncbi.nlm.nih.gov/pubmed/2297132
https://doi.org/10.1016/S0003-4975(01)02692-3
https://doi.org/10.1111/j.1445-5994.1995.tb01893.x
https://doi.org/10.1002/jgh3.12717
https://www.ncbi.nlm.nih.gov/pubmed/35355672
https://www.ncbi.nlm.nih.gov/pmc/PMC8938761
https://www.ncbi.nlm.nih.gov/pmc/PMC8938761
https://doi.org/10.4097/kjae.2010.59.S.S103
https://doi.org/10.12998/wjcc.v10.i9.2954
https://www.ncbi.nlm.nih.gov/pubmed/35434104
https://doi.org/10.1016/S0003-4975(99)01086-3
https://www.ncbi.nlm.nih.gov/pubmed/10735685
https://doi.org/10.1016/S1053-0770(99)90002-2
https://doi.org/10.1016/0002-8703(93)91007-2
https://doi.org/10.1016/S0894-7317(99)70090-8
https://doi.org/10.1016/S1053-0770(00)90016-8
https://doi.org/10.1097/00000539-200001000-00011
https://doi.org/10.1093/ejcts/ezab389
https://www.ncbi.nlm.nih.gov/pubmed/34453161
https://doi.org/10.4103/aca.aca_287_20
https://www.ncbi.nlm.nih.gov/pubmed/36722582
https://doi.org/10.4244/EIJ-D-22-00921
https://www.ncbi.nlm.nih.gov/pubmed/36705913
https://doi.org/10.1213/01.ANE.0000113556.40345.2E
https://www.ncbi.nlm.nih.gov/pubmed/15155313
https://doi.org/10.1186/s13019-024-02551-y
https://www.ncbi.nlm.nih.gov/pubmed/38310294
https://doi.org/10.7759/cureus.27292
https://www.ncbi.nlm.nih.gov/pubmed/36039225
https://www.ncbi.nlm.nih.gov/pmc/PMC9403247
https://www.ncbi.nlm.nih.gov/pmc/PMC9403247
https://doi.org/10.1161/CIRCULATIONAHA.108.841437
https://doi.org/10.1016/j.athoracsur.2016.06.073

J. Clin. Med. 2024, 13, 4291 13 of 14

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Kohr, L.M.; Dargan, M.; Hague, A.; Nelson, S.P.; Duffy, E.; Backer, C.L.; Mavroudis, C. The incidence of dysphagia in pediatric
patients after open heart procedures with transesophageal echocardiography. Ann. Thorac. Surg. 2003, 76, 1450-1456. [CrossRef]
[PubMed]

de Agustin, J.A.; Osinalde, E.P.; Olmos, C.; Casado, PM.; Marcos-Alberca, P.; Luaces, M.; de Diego, ].].G.; Nombela-Franco, L.;
Jimenez-Quevedo, P; Tirado-Conte, G.; et al. Current Usefulness of Transesophageal Echocardiography in Patients Undergoing
Transcatheter Aortic Valve Replacement. . Clin. Med. 2023, 12, 7748. [CrossRef] [PubMed] [PubMed Central]

Natale, F.; Loffredo, F,; Salerno, G.; Molinari, R.; Pezzullo, E.; Golino, P.; Cimmino, G. Safety of Transesophageal Echocardiogram
in Anticoagulated Patients. J. Cardiovasc. Echogr. 2023, 33, 59-60. [CrossRef] [PubMed]

Li, Y,; Wang, X.; Bao, D.; Liao, Z.; Li, J.; Han, X.; Wang, H.; Xu, K,; Li, Z,; Stone, G.W.; et al. Optimal antiplatelet therapy for
prevention of gastrointestinal injury evaluated by ANKON magnetically controlled capsule endoscopy: Rationale and design of
the OPT-PEACE trial. Am. Heart J. 2020, 228, 8-16. [CrossRef] [PubMed] [PubMed Central]

Tang, R.S.Y.; Chan, EK.L. Prevention of gastrointestinal events in patients on antithrombotic therapy in the peri-endoscopy period:
Review of new evidence and recommendations from recent guidelines. Dig. Endosc. 2015, 27, 562-571. [CrossRef] [PubMed]
Freitas-Ferraz, A.B.; Bernier, M.; Vaillancourt, R.; Ugalde, P.A.; Nicodeme, F,; Paradis, J.-M.; Champagne, J.; O’hara, G,;
Junquera, L.; del Val, D.; et al. Safety of Transesophageal Echocardiography to Guide Structural Cardiac Interventions. J. Am.
Coll. Cardiol. 2020, 75, 3164-3173. [CrossRef] [PubMed]

Ismail, U.; Motwani, M.; Fraser, D.G.; Hasan, R.; Shah, A.H. Chest Pain Post-Transcatheter Aortic Valve Implantation. JACC Case
Rep. 2022, 4, 473-475. [CrossRef] [PubMed]

Axtell, AL; A Gaissert, H.; Morse, C.R.; Premkumar, A.; Schumacher, L.; Muniappan, A.; Ott, H,; Allan, ].S.; Lanuti, M;
Mathisen, D.J.; et al. Management and outcomes of esophageal perforation. Dis. Esophagus 2022, 35, doab039. [CrossRef]
Hasnie, A.A.; Parcha, V.; Hawi, R.; Trump, M.; Shetty, N.S.; Ahmed, M.I;; Booker, O.].; Arora, P.; Arora, G. Complications
Associated With Transesophageal Echocardiography in Transcatheter Structural Cardiac Interventions. J. Am. Soc. Echocardiogt.
2023, 36, 381-390. [CrossRef] [PubMed] [PubMed Central]

Cammalleri, V.; De Luca, V.M.; Antonelli, G.; Piscione, M.G.; Gaudio, D.; Carpenito, M.; Mega, S.; di Pumpo, A.L.; Carassiti, M.;
Grigioni, F.; et al. The safety of transesophageal echocardiography to guide transcatheter tricuspid valve edge-to-edge repair.
Echocardiography 2024, 41, €15861. [CrossRef]

Khalique, O.K.; Hahn, R.T. Role of Echocardiography in Transcatheter Valvular Heart Disease Interventions. Curr. Cardiol. Rep.
2017, 19, 128. [CrossRef]

Kelava, M.; Koprivanac, M.; Alfirevic, A.; Geube, M.; Hargrave, J. Safety of Transesophageal Echocardiography for Cardiac
Surgery in Patients with Histories of Bariatric Surgery. J. Am. Soc. Echocardiogr. 2020, 33, 130-132. [CrossRef] [PubMed]

Singh, G.D.; Aman, E.; Pham, T.; Rogers, ].H.; Atsina, K.; Smith, T.W. vVICE-Guided T-TEER in a Patient without TEE Windows.
JACC Cardiovasc. Interv. 2022, 15, e245-e247. [CrossRef] [PubMed]

Chadderdon, S.M.; Eleid, M.E,; Thaden, ].J.; Makkar, R.; Nakamura, M.; Babaliaros, V.; Greenbaum, A.; Gleason, P.; Kodali, S.;
Hahn, R.T; et al. Three-Dimensional Intracardiac Echocardiography for Tricuspid Transcatheter Edge-to-Edge Repair. Struct.
Heart 2022, 6, 100071. [CrossRef] [PubMed] [PubMed Central]

Fam, N.P; Samargandy, S.; Gandhi, S.; Eckstein, J. Intracardiac echocardiography for guidance of transcatheter tricuspid
edge-to-edge repair. Eurolntervention 2018, 14, e1004—1005. [CrossRef] [PubMed]

Afzal, S.; Bonner, F,; Zeus, T.; Kelm, M.; Westenfeld, R.; Horn, P. Real-time fusion imaging for guiding transcatheter tricuspid
valve repair. Int. |. Cardiovasc. Imaging 2022, 38, 2261-2262. [CrossRef] [PubMed] [PubMed Central]

Pascual, I; Pozzoli, A.; Taramasso, M.; Maisano, F; Ho, E.C. Fusion imaging for transcatheter mitral and tricuspid interventions.
Ann. Transl. Med. 2020, 8, 965. [CrossRef] [PubMed]

Halvorsen, S.; Mehilli, J.; Cassese, S.; Hall, T.S.; Abdelhamid, M.; Barbato, E.; De Hert, S.; de Laval, I.; Geisler, T.; Hinterbuchner, L.;
et al. 2022 ESC Guidelines on cardiovascular assessment and management of patients undergoing non-cardiac surgery. Eur. Heart
J. 2022, 43, 3826-3924, Erratum in: Eur. Heart . 2023, 44, 4421. [CrossRef] [PubMed]

Kronzon, I.; Cziner, D.G.; Katz, E.S.; Gargiulo, A.; Tunick, PA.; Freedberg, R.S.; Daniel, W.G. Buckling of the tip of the
transesophageal echocardiography probe: A potentially dangerous technical malfunction. J. Am. Soc. Echocardiogr. 1992, 5,
176-177. [CrossRef] [PubMed]

How to Interpret the Ultrasound Output Display Standard for Diagnostic Ultrasound Devices: Version 3. J. Ultrasound Med. 2019,
38, 3101-3105. [CrossRef] [PubMed]

Vesteinsdottir, E.; Helgason, K.O.; Sverrisson, K.O.; Gudlaugsson, O.; Karason, S. Infections and outcomes after cardiac surgery—
The impact of outbreaks traced to transesophageal echocardiography probes. Acta Anaesthesiol. Scand. 2019, 63, 871-878.
[CrossRef]

Becker, ].B.; Parreira, F.C.; Fischer, C.H.; Moisés, V.A. Risk of Infection Associated with Transesophageal Echocardiography and
Prevention Measures: Literature Review. Arq. Bras. DE Cardiol.-Imagem Cardiovasc. 2019, 32, 103-108. [CrossRef]

Cammalleri, V.; Muscoli, S.; Versaci, F.; Romeo, F. Periprocedural anemia management in severe aortic stenosis patients undergoing
transcatheter aortic valve implantation. J. Cardiol. 2020, 75, 117-123. [CrossRef] [PubMed]


https://doi.org/10.1016/S0003-4975(03)00956-1
https://www.ncbi.nlm.nih.gov/pubmed/14602266
https://doi.org/10.3390/jcm12247748
https://www.ncbi.nlm.nih.gov/pubmed/38137816
https://www.ncbi.nlm.nih.gov/pmc/PMC10743683
https://doi.org/10.4103/jcecho.jcecho_72_22
https://www.ncbi.nlm.nih.gov/pubmed/37426722
https://doi.org/10.1016/j.ahj.2020.06.004
https://www.ncbi.nlm.nih.gov/pubmed/32745734
https://www.ncbi.nlm.nih.gov/pmc/PMC7294257
https://doi.org/10.1111/den.12478
https://www.ncbi.nlm.nih.gov/pubmed/25819537
https://doi.org/10.1016/j.jacc.2020.04.069
https://www.ncbi.nlm.nih.gov/pubmed/32586591
https://doi.org/10.1016/j.jaccas.2022.01.023
https://www.ncbi.nlm.nih.gov/pubmed/35493793
https://doi.org/10.1093/dote/doab039
https://doi.org/10.1016/j.echo.2022.12.023
https://www.ncbi.nlm.nih.gov/pubmed/36610496
https://www.ncbi.nlm.nih.gov/pmc/PMC10079559
https://doi.org/10.1111/echo.15861
https://doi.org/10.1007/s11886-017-0942-y
https://doi.org/10.1016/j.echo.2019.07.020
https://www.ncbi.nlm.nih.gov/pubmed/31607429
https://doi.org/10.1016/j.jcin.2022.08.056
https://www.ncbi.nlm.nih.gov/pubmed/36543458
https://doi.org/10.1016/j.shj.2022.100071
https://www.ncbi.nlm.nih.gov/pubmed/37288338
https://www.ncbi.nlm.nih.gov/pmc/PMC10242583
https://doi.org/10.4244/EIJ-D-18-00672
https://www.ncbi.nlm.nih.gov/pubmed/30132761
https://doi.org/10.1007/s10554-022-02667-z
https://www.ncbi.nlm.nih.gov/pubmed/37726467
https://www.ncbi.nlm.nih.gov/pmc/PMC10509129
https://doi.org/10.21037/atm.2020.02.169
https://www.ncbi.nlm.nih.gov/pubmed/32953765
https://doi.org/10.1093/eurheartj/ehac270
https://www.ncbi.nlm.nih.gov/pubmed/36017553
https://doi.org/10.1016/S0894-7317(14)80550-6
https://www.ncbi.nlm.nih.gov/pubmed/1571174
https://doi.org/10.1002/jum.15159
https://www.ncbi.nlm.nih.gov/pubmed/31736131
https://doi.org/10.1111/aas.13360
https://doi.org/10.5935/2318-8219.20190022
https://doi.org/10.1016/j.jjcc.2019.08.016
https://www.ncbi.nlm.nih.gov/pubmed/31537438

J. Clin. Med. 2024, 13, 4291 14 of 14

73. Haurand, ].M,; Kavsur, R.; Ochs, L.; Tanaka, T.; Iliadis, C.; Sugiura, A.; Kelm, M.; Nickenig, G.; Baldus, S.; Westenfeld, R.; et al.
Deep sedation vs. general anesthesia for transcatheter tricuspid valve repair. Front. Cardiovasc. Med. 2022, 9, 976822. [CrossRef]
[PubMed] [PubMed Central]

74.  Adamo, M.; Russo, G.; Pagnesi, M.; Pancaldi, E.; Alessandrini, H.; Andreas, M.; Badano, L.P,; Braun, D.; Connelly, K.A.; Denti, P;
et al. Prediction of Mortality and Heart Failure Hospitalization After Transcatheter Tricuspid Valve Interventions. JACC Cardiovasc.
Interv. 2024, 17, 859-870. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3389/fcvm.2022.976822
https://www.ncbi.nlm.nih.gov/pubmed/36119730
https://www.ncbi.nlm.nih.gov/pmc/PMC9471949
https://doi.org/10.1016/j.jcin.2024.02.013
https://www.ncbi.nlm.nih.gov/pubmed/3859968

	Introduction 
	Definitions 
	Gastrointestinal Complications 
	Cardiovascular and Respiratory Complications 

	TEE Complications after Cardiac Surgery 
	TEE Complications after Cardiac Transcatheter Procedures 
	Prevention 
	Conclusions 
	Future Directions 
	References

