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Purpose of review

Perioperative transesophageal echocardiography (TEE) is most often employed during cardiac surgery. This
review will summarize some of the recent findings relevant to TEE utilization during thoracic surgical procedures.

Recent findings

Hemodynamic monitoring is a key component of goal-directed fluid therapy, which is also becoming more
common for management of thoracic surgical procedures. Although usually not required for the anesthetic
management of common thoracic surgeries, TEE is frequently used during lung transplantation and
pulmonary thromboendarterectomy. Few clinical studies support current practice patterns, and most
recommendations are based on expert opinion.

Summary

Currently, routine use of TEE in thoracic surgery is often limited to specific high-risk patients and/or
procedures. As in other perioperative settings, TEE may be utilized to elucidate the reasons for acute
hemodynamic instability without apparent cause. Contraindications to TEE apply and have to be taken into
consideration before performing a TEE on a thoracic surgical patient.
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Anästhesiologie, Göttingen, Germany, cDepartment of Anesthesiology,
Section on Critical Care Medicine, Wake Forest University, School of
Medicine, Winston-Salem, North Carolina, USA and dOutcomes
Research Consortium, Cleveland, OH, USA

Correspondence to Karsten Bartels, MD, PhD, Department of Anesthe-
siology, University of Colorado School of Medicine, 12401 E. 17th Ave.,
Leprino Office Building, 7th Floor, MS B-113, Aurora, CO 80045, USA.
Tel: +1 720 848 6709; fax: +1 720 848 7375;
e-mail: karsten.bartels@ucdenver.edu

Curr Opin Anesthesiol 2021, 34:7–12

DOI:10.1097/ACO.0000000000000947
INTRODUCTION

A brief history of thoracic anesthesia and
surgery

One of the first recorded thoracic surgeries was
performed by a surgeon named Rolandus in Parma,
Italy, in 1499. Rolandus resected a piece of lung
tissue from a man affected by a worm infestation
[1]. The specialty of thoracic surgery advanced with
the introduction of anesthesiology at a public dem-
onstration of ether anesthesia in 1846 at the Mas-
sachusetts General Hospital in Boston, MA, USA [2].
Further milestones include the first recorded laryn-
goscopy performed by the singing instructor Signor
Manuel Garcia from Spain in 1854, who used mir-
rors to visualize his vocal cords and upper airway [3].
Positive pressure ventilation was introduced in 1896
by Theodore Tuffier [4], and in 1928, Guedel and
Waters helped establish the universal use of endo-
tracheal tubes for positive pressure ventilation [5].
More than two decades later in Copenhagen, the
introduction of positive pressure ventilation for
patients with poliomyelitis helped decrease mortal-
ity rates from 87 to 26% [6]. Thoracic surgery and
t © 2020 Wolters Kluwe
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anesthesiology further evolved. The development of
the double-lumen endotracheal tube by Carlens
allowed for one-sided lung isolation and optimized
surgical conditions by having two separate lumens
and corresponding pilot balloons [7].
Epidemiology of thoracic surgery

At present, more than 40 000 general thoracic sur-
geries, 2500 lung transplants, and 1000 pulmonary
thromboendarterectomies (PTEs) are performed in
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KEY POINTS

� Thoracic surgery has higher morbidity and mortality
rates than most other surgical subspecialties, and
careful intraoperative fluid management is an important
component of reducing iatrogenic injury to
these patients.

� Intraoperative transesophageal echocardiogram in
thoracic surgery is most commonly utilized for lung
transplantation and pulmonary thromboendarterectomy.

� Use of transesophageal echocardiogram in more
common thoracic surgical procedures is not routine but
may be performed to elucidate the cause of acute
hemodynamic instability.

Thoracic anesthesia
the United States each year with a perioperative
mortality rate ranging from 2 to 6% [8–10]. Most
common amongst these are lobectomies, which are
associated with a lower operative mortality [9]. All-
cause postoperative complication rates for high-risk
thoracic surgery can approach 39% [11,12]. Thoracic
surgery has a relatively high morbidity and mortal-
ity rate compared with other surgical procedures.
For example, in a study of the National Surgical
Quality Improvement Program database that
included 105 951 patients who underwent eight
common types of operations, patients undergoing
lobectomy or pneumonectomy fared the worst:
depending on if patients incurred a perioperative
complication, median survival was 1.5 or 6.6 years
in this group, whereas in colectomy patients (the
second poorest faring cohort), median survival was
3.4 versus 13.7 years [13]. Hence, there is a high
interest in optimizing perioperative protocols for
patients undergoing thoracic surgical procedures.
Intravenous fluid management in enhanced
recovery after surgery

Current perioperative care protocols based on
enhanced recovery after surgery (ERAS) paradigms
aim to decrease morbidity after surgery. One of the
first ERAS pathways was implemented for colorectal
surgery in the 1990s by Kehlet and Mogensen [14].
In the meantime, decreases in postoperative com-
plications and reductions in hospital length of stay
across different surgical subspecialties including
thoracic surgery have been achieved [15–18].
Adherence to ERAS bundle protocols is recom-
mended; however, different bundle components
can independently decrease postoperative compli-
cations [19,20]. Perioperative fluid management is
one key component of ERAS pathways and an inde-
pendent risk factor for postoperative complications
 Copyright © 2020 Wolters Kluwer H
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[21,22]. Studies have shown that liberal fluid man-
agement strategies adversely impact patient out-
comes [23]. The European Society of Thoracic
Surgeons recommends an intraoperative crystalloid
maintenance rate of 2–3 ml/kg/h, which may
decrease the rate of postoperative complications
without increasing acute kidney injury frequency
[19]. To guide intraoperative fluid management and
decrease postoperative complications, different
monitors are commonly used in the operating room
[24–26].
Stroke volume variation and pulse pressure
variation

The PeriOperative Quality Initiative (POQI) consen-
sus statement on fundamental concepts in periop-
erative fluid management stresses that optimal
intravascular volume status can only be character-
ized through dynamic evaluation [27]. Newer algo-
rithms and monitors utilize stroke volume variation
(SVV) and pulse pressure variation (PPV) to guide
intraoperative and perioperative fluid management
in patients with a regular cardiac rhythm [28]. Yet,
advanced noninvasive hemodynamic monitors
have rarely been validated in the setting of one-
lung-ventilation [29,30]. A metaanalysis suggested
caution when applying these indices to guide fluid
management in the operating room and the inten-
sive care unit [31]. Although the value of dynamic
indices of fluid responsiveness seems apparent, spe-
cific cut-offs for their application in thoracic surgery
and especially during one-lung ventilation require
further validation.
Invasive monitoring

According to the American Society of Anesthesiol-
ogists (ASA), qualified personnel must be present in
the room during general anesthesia, regional anes-
thetic administration, and monitored anesthesia
care [32]. During all procedures, the patient’s oxy-
genation, ventilation, circulation, and temperature
must be continually monitored [33]. Depending on
the procedure, additional monitoring that is more
invasive may be required. Pneumonectomies, being
one of the most invasive and morbid thoracic sur-
geries, require an arterial line for continuous blood
pressure monitoring and arterial blood gas analysis
[34]. A central venous pressure monitor is not always
placed, as fluid responsiveness and volume status
cannot be reliably predicted based on only filling
pressures [35]. Monitors commonly recommended
for lung transplant surgery and PTE include an
arterial line placed preinduction, a central venous
catheter, a pulmonary artery catheter, and often a
ealth, Inc. All rights reserved.
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transesophageal echocardiography (TEE) probe
[36,37]. Monitor selection may vary according to
different institutional protocols, and to our knowl-
edge, no randomized controlled trial has been pub-
lished on what hemodynamic monitors should be
placed for specific thoracic surgeries. It is important
to realize that generalizations for invasive vascular
access or monitoring cannot be entirely made based
on the type of thoracic surgery and will always
depend on specific patient comorbidities. For exam-
ple, a patient with severe aortic stenosis presenting
for a video-assisted lobectomy may require a prein-
duction arterial line, whereas a patient without
cardiac disease may not.
TRANSESOPHAGEAL ECHOCARDIOGRAM

In addition to evaluation of left ventricular function
and competency of cardiac valves, echocardiography
permits a detailed assessment of right ventricular
function. Intraoperative TEE evaluation of the right
ventricle may be difficult because of the distance from
the esophagus to the right ventricle. For example, in a
study of 100 cardiac surgical patients using transtho-
racic echocardiogram M-mode tricuspid annular
plane systolic excursion (TAPSE) as a control, TEE
M-mode TAPSE results were found to be inaccurate
and the authors recommended they should not be
used clinically to evaluate right ventricular systolic
function [38]. However, the authors found a statistical
correlation between transthoracic echocardiogram
TAPSE and TEE speckle-tracking TAPSE values [38],
suggesting that speckle-tracking could be favorable in
this context. Yet, a systematic review concluded that
TEE helped detect pulmonary hypertension in
patients using pulmonary artery acceleration time
compared with the gold standard, pulmonary artery
catheter measurement [39]. Although right ventricu-
lar evaluation with TEE is limited, in part, because of
the anterior location of the right ventricle in the
thorax, technological advancements and newermeth-
ods of calculating right ventricular function have
addressed some of these limitations [40].
Intraoperative transesophageal
echocardiography during hemodynamic
instability

There is a multitude of reasons for hemodynamic
instability during high-risk thoracic surgical proce-
dures, for example, during mediastinal mass resec-
tion [41]. ASA guidelines recommend the use of TEE
based on the patient’s condition, procedural risk,
and individual circumstances that may cause hemo-
dynamic, pulmonary, or neurologic impairment; or
when unexplained life-threatening circulatory
 Copyright © 2020 Wolters Kluwe
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instability persists despite corrective therapy [42].
Recommendations from the American Society of
Echocardiography and Society of Cardiovascular
Anesthesiologists suggest eleven views to evaluate
the basic anatomy and hemodynamic changes dur-
ing perioperative resuscitation [43]. Perioperative
TEE for hemodynamically unstable patients has
been shown to assist with a diagnosis in 86% of
patients. In 81% of patients, TEE directed further
management, and in 54% of patients, it guided
specific surgical interventions [44]. In a prospective
randomized control trial of 80 patients with multi-
ple comorbidities undergoing a radical cystectomy
for cancer treatment, TEE-guided fluid management
decreased the need for central line placement [45

&&

].
Although these publications did not focus on tho-
racic surgery per se, in the hands of a trained pro-
vider, TEE can provide critical information to guide
complex resuscitation scenarios.
Contraindications for transesophageal
echocardiography

TEE is not a risk-free procedure, and anesthesiolo-
gists must be aware of contraindications when con-
templating its use. Absolute contraindications to
TEE include perforated viscous, active upper gastro-
intestinal bleeding, esophageal disease such as stric-
ture, trauma, tumor, scleroderma, Mallory-Weiss
tear, or diverticulum, and recent upper gastrointes-
tinal or esophageal surgery. Cervical joint disease,
prior radiation to the chest, symptomatic gastroin-
testinal syndromes, coagulopathy, and thrombocy-
topenia, amongst others are considered relative
contraindications [46]. Although TEE is a relatively
safe procedure, incautious usage can cause patient
harm and even death.
Lung transplant: right ventricular dysfunction

Pulmonary artery systolic pressure, mean pulmo-
nary artery pressure, and central venous pressure
are all components of the Lung Allocation Score
[47,48]. Lung-transplant candidates are at high risk
of perioperative death because of comorbid condi-
tions secondary to their lung disease, especially from
right ventricular dysfunction. Most patients require
specific resuscitative therapy at different phases of
the perioperative period, and right ventricular dys-
function is a common complication.
Lung transplant: intraoperative
transesophageal echocardiography

Although intraoperative TEE during lung transplan-
tation can help guide the anesthesiologist and the
r Health, Inc. All rights reserved.
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Thoracic anesthesia
surgical team in real time, TEE during lung trans-
plant is currently not always performed, and it is
only a class IIb (evidence or opinion is less well
established for its usefulness or effectiveness) indi-
cation [49

&

]. Yet, ventricular function may be
adversely affected during induction, at the start of
one-lung ventilation, during surgical movement of
the heart, after clamping of the pulmonary artery,
and also following reperfusion of the allograft [50

&&

].
During induction and one-lung ventilation initia-
tion, increases in pulmonary artery pressures and a
decrease in systemic pressures can trigger acute right
ventricular failure [51]. TEE evaluation of the right
ventricle during clamping of the pulmonary artery
can help decide whether the procedure can continue
without cardiopulmonary bypass (CPB) and help in
the assessment of the right ventricle’s response to
inotropes, changes in preload, and effects of pulmo-
nary vasodilators [50

&&

,52]. Further, pulmonary
artery cross-clamping can cause a right-to-left shunt
e.g., through an atrial septal defect, or patent fora-
men ovale, leading to worsening hypoxemia. TEE
can quickly determine the origin of right-to-left
shunt physiology [52,53

&

]. Lastly, following comple-
tion of the pulmonary venous anastomosis, it
should be evaluated for any obstruction or stenosis:
A peak systolic flow velocity more than 1 m/s is
suspicious for obstruction [54–56].
PULMONARY
THROMBOENDARTERECTOMY

Chronic thromboembolic pulmonary
hypertension

Chronic thromboembolic pulmonary hypertension
(CTEPH) is a WHO Group 4 categorized cause of
pulmonary hypertension. Diagnostic criteria for
CTEPH include pulmonary hypertension without
left heart failure and radiologic evidence of pulmo-
nary artery embolism after three months of
 Copyright © 2020 Wolters Kluwer H

Table 1. Intraoperative use of transesophageal echocardiograph

Indication
ACC/AHA/ASE
Guideline classification

Evaluation of acute, persistent, and life-
threatening hemodynamic disturbances

Class I

Pulmonary embolectomy
Surgical procedures in patients at increased

risk of hemodynamic disturbances

Class IIaa

Evaluation of (. . .) anastomotic sites during
lung transplantation

Class IIb

Different indications for TEE and the American College of Cardiology/American He
guideline classifications [66].
aAlthough pulmonary thromboendarterectomy is not explicitly listed in the guidelines
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therapeutic anticoagulation [57]. Following the ini-
tiation of anticoagulation therapy, patients may be
evaluated for surgical intervention [58]. PTE is a
possible curative management option for proximal
thromboembolic disease, if the surgical risk is
acceptable [59]. The procedure requires a median
sternotomy, CPB, gradual cooling, and deep hypo-
thermic circulatory arrest (DHCA) [60]. Studies have
shown that DHCA may not impair cognitive func-
tion with judicious anesthetic and CPB manage-
ment [59,61]. The right ventricle must
continually be evaluated during each critical step
of the procedure; TEE is uniquely suited to provide
this monitoring.
Intraoperative transesophageal
echocardiography for pulmonary
thromboendarterectomy

There are multiple applications for TEE during PTE
that help guide anesthetic and surgical manage-
ment. Usually, TEE is initiated after induction and
before pulmonary artery catheter placement. A ran-
domized controlled trial demonstrated that pulmo-
nary artery catheters are placed in the correct
position, 100% of the time, with TEE assistance
[62]. A complete TEE evaluation is performed in
all patients undergoing PTE with emphasis on left
ventricular and right ventricular function [37].
Although pulmonary vascular resistance (PVR)
should improve after completion of the endarterec-
tomy, in a study of 35 patients, PVR decrease did not
correlate with right ventricular ejection fraction
recovery [63]. Differentiated right ventricular assess-
ments using echocardiography, including 3D eval-
uation of right ventricular ejection fraction and
angle-of-incident independent assessments, such
using speckle tracking and strain, highlight the
potential value of TEE during PTE [40,64,65]. Yet,
prospective studies evaluating the benefits of TEE
during PTE are still lacking.
ealth, Inc. All rights reserved.
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ACC/AHA/ASE Guideline classification definitions

Conditions for which there is evidence and/or general agreement
that a given procedure or treatment is useful and effective

Weight of evidence/opinion is in favor of usefulness/efficacy

Usefulness/efficacy is less well established by evidence/opinion

art Association/American Society of Echocardiography (ACC/AHA/ASE)

, it is appropriate to be included in this category.
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CONCLUSION AND FUTURE STUDIES

ThevalueofperioperativeTEEandnoninvasivehemo-
dynamic monitoring has been well described for a
diverse group of surgical procedures, but there is lim-
ited data in the context of thoracic surgery. TEE may
help guide resuscitative therapy but is most often used
for thoracic surgeries requiring CPB, lung transplanta-
tion, or when specific concerns for impaired cardiac
function exists (Table 1). Current guidelines are
mostly based on expert opinion, and few studies have
evaluated possible benefits of using TEE in common
thoracic surgeries. Noninvasive hemodynamic moni-
toring tools likeSVVandPPVarewell-establishedtools
in guiding fluid management in patients undergoing
noncardiac surgery. Their usefulness in thoracic sur-
gery during one-lung ventilation and relative risks and
benefits compared with more invasive monitoring
such as TEE still needs to be established.
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