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T
he purpose of this article is to acquaint the
reader with the benefits of transesophageal
echocardiography (TEE) and compare its
use to the more commonly practiced tech-
nique of pulmonary artery catheter (PAC)

measurement in the critically ill and trauma popula-
tion. It is not intended to provide the technical
methodology of echocardiography. It will, however,
contribute to the reader’s understanding of the histor-
ical development and basic physical properties of
TEE. More importantly, it will review the literature
regarding the use of TEE compared with the PAC in
providing accurate and direct cardiac measurement.
Complications associated with its use and significant
benefits of TEE also will be described.

Historical information
Transesophageal echocardiography is a relatively new
method that is gaining popularity as a diagnostic tool
in the evaluation and management of hypovolemia in
critical care patients. The technology dates back to the
first m-mode (motion mode) echocardiograph in
1976.1 Its use was later described to continuously
monitor left ventricular function during cardiac sur-
gery.2 The first 2-dimensional, phased array trans-
ducer was mounted on the tip of a flexible gastro-
scope at the University of Hamburg, Hamburg,
Germany, in 1982.3 Finally, in the mid-1980s dou-
bling the number of the crystal elements in the probe
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(piezoelectical crystals) made the echocardiograph
images powerful enough for TEE to be incorporated
for intraoperative cardiovascular assessment.

Technology of transesophageal
echocardiography
A brief overview of the physical properties of the TEE
is appropriate to educate the reader on the basic work-
ings of this device. Piezoelectric crystals are the trans-
mitters and receivers of the sound waves used in
echocardiography. The actual ultrasound is produced
by the vibration of the quartz crystals when electrically
stimulated at a rate between 2.5 and 7.5 million cycles
per second (megahertz) and is undetectable by the
human ear. The “m-mode” refers to motion echocar-
diogram, which originally was 1-dimensional. The m-
mode is principally used now to view rapidly moving
structures such as valve leaflets and can produce up to
1,000 images per second. In this mode, the TEE can
only view a small portion of the heart at 1 time. 

Pulsed wave Doppler provides information about
blood flow velocity and volume by looking at a small
section of the heart through a 2-dimensional area
called the “sample volume.” Pulsed wave Doppler can
define blood flow velocities and their location within
the heart and great vessels. This is especially helpful
when assessing flow through valves and ventricular
outflow tracts and is an essential step in evaluating
intravascular volume.
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Continuous wave Doppler uses 2 separate crystals:
one to continuously emit ultrasound and the other to
continuously receive the impulses. It is essentially a
pulsed wave Doppler with an infinite pulse repetition
frequency. Continuous wave Doppler defines higher
blood flow velocities than pulsed wave, but continuous
wave Doppler cannot precisely define the location of
the velocities. It can provide useful information regard-
ing maximum flow velocity across stenotic valves.

Color Doppler flow imaging is a form of pulsed wave
Doppler. Color codes the flow toward (red) and away
(blue) from the transducer. Lighter and darker shades
of red and blue respectively denote relatively faster and
slower velocities. Color Doppler flow is helpful in
viewing turbulent flow observed in regurgitation and
stenosis. It is, however, considered semiquantitative.

Three-dimensional TEE is emerging as a clinically
significant tool to visualize the heart and its structures
and flows either directly or after reconstruction. The
process involves data acquisition and storage of the 2-
dimensional images with the appropriate synchroniza-
tion of the electrocardiograph and respiration followed
by the data processing of these images with the final ren-
dering of a 3-dimensional display. With rapid advances
in computer technology, 3-dimensional TEE imaging
will be processed quickly and provide meaningful struc-
tural and volumetric information to the practitioner. 

Monitoring in critical care
The monitoring of critical care patients in North
America has traditionally incorporated the use of the
PAC. Modifications to the PAC have lead to its
enhanced capabilities. Some of these enhancements
include continuous cardiac output, the ability to esti-
mate derived right ventricular volumes, and continu-
ous mixed venous oxygen saturation. 

Pulmonary artery catheter use has recently come
under scrutiny because of its safety. A recent study
found that patients who underwent right heart
catheterization for noncardiac surgery had a 3-fold
increase in the incidence of major postoperative car-
diac and noncardiac outcomes.4 These complications
included major cardiac events (myocardial infarction
and unstable angina), congestive heart failure, and
major noncardiac events (bacterial pneumonia, pul-
monary embolism, noncardiogenic pulmonary
edema, respiratory failure requiring intubation, renal
failure requiring dialysis, cerebrovascular accident,
and gastrointestinal bleeding). Previously, similar
safety concerns with PAC use also were reported by
the Anesthesia Patient Safety Foundation and others
regarding higher incidences of nosocomial infections
and other catheter associated complications.5-7

Because of the significant safety issues regarding
the use of pulmonary artery catheters, many anesthe-
siology and critical care practitioners began to exam-
ine the feasibility of substituting transesophageal
echocardiography for the pulmonary artery catheter.
This has led to a number of comparative studies
between the 2 modalities. Unfortunately, many of the
comparative data investigate TEE and PAC from dif-
ferent parameters. This is evident upon a review of the
literature regarding TEE and its ability to gain com-
parative data to the PAC.

One early study in 1994 used the technique of
automated border detection with TEE and compared
it to the thermodilution catheter (PAC).8 The contin-
uous online estimation of cardiac output with the
TEE using automated border detection of the left ven-
tricle was equal to the PAC use of thermodilution.
Early work with automated border detection was
found to be tedious but provided safe and accurate
determination of stroke volume.9

In work done by Kraut and colleagues,10 it was dis-
covered that right ventricular volume using a right
ejection fraction PAC overestimated left ventricular
preload when compared to the TEE estimations.
These investigators reported that the evaluation of
right ventricular end-diastolic volume by the right
ejection fraction PAC to estimate left ventricular pre-
load significantly overestimated the volume when
compared to actual left ventricular end diastolic vol-
ume as measured by TEE. Therefore, the PAC uses
right ventricular end-diastolic volume as an indirect
measure to assess left ventricular preload volume.
This technique for estimation of preload can cause
under-resuscitation and lead to a false sense of secu-
rity regarding the volume status of the hypovolemic
patient. Conversely, a study using 3-dimensional TEE
of the left ventricle reported that this technique corre-
lated well with thermal dilution assessment of stroke
volume and cardiac output.11 This study, however,
used the older thermodilution PAC and not the newer
right ejection fraction catheter.

The assessment of intravascular volume is an
important aspect of resuscitation, especially in hypov-
olemic shock due to trauma. Although not studied in
this population, additional literature has reenforced
the use of TEE as a means to effectively evaluate vol-
ume status in critically ill patients.

Swenson and colleagues12 demonstrated the effi-
cacy of TEE to assess intravascular volume during
fluid loading. This group evaluated an animal model
that compared TEE to the PAC. Pulmonary capillary
wedge pressure did not demonstrate a significant rela-
tionship to changes in cardiac output and left ventric-
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ular systolic work. There was, however, a significant
relationship between automated border detection
with TEE and ventricular preload. The ability to esti-
mate ventricular preload is important when attempt-
ing to define an endpoint to volume replacement.
Another important benefit of automated border detec-
tion with TEE is that this technique is not affected by
artifact introduced by positive pressure ventilation
that may be influenced by right heart pressure meas-
urements. It is well established that there is a nonlin-
ear relationship between pulmonary capillary wedge
pressure and intracardiac volumes. This is due to the
variability in ventricular compliance and alterations
produced by artifacts in intrathoracic and intraperi-
cardial pressures.13 Therefore, relying solely on the
PAC to establish confidence in volume replacement
may provide a false sense of security that the vascular
system is adequately filled. It should be emphasized
that as the heart fills, small changes in volume will
result in large changes in pressure. Finally, left heart
function is indirectly measured by the PAC regardless
of which measurement is used (pulmonary arterial
wedge pressure or right heart pressure) and may cause
under-resuscitation of the trauma patient.10,12-14

Several studies have strengthened the argument
regarding the utility of TEE in the assessment of car-
diac function.15-17 Although a large proportion of these
data are from perioperative cardiac surgical and critical
care patients, the conclusions can be generalized to
include hypovolemic trauma patients to some extent.

In an in-depth review of the literature, there were
no articles that advocated the use of TEE for intraop-
erative volume assessment in the trauma population.
Although the indications are obvious for its incorpo-
ration as an effective method of measurement, no evi-
dence of its use could be found. 

The review of the literature did provide some addi-
tional benefits to the use of TEE during the perioper-
ative care of the trauma patient. One author reported
that the TEE Doppler was valuable in providing reli-
able noninvasive monitoring of a pediatric burn
patient.18 The TEE also was effective in another study
that examined the hemodynamic effects of rapid small
volume infusions of 250 to 500 mL in critically ill
patients.19 It was discovered that the common treat-
ment of rapidly infusing small amounts of saline did
not significantly increase hemodynamics or the left
ventricular area based on PAC and TEE measurements
respectively. There was, however, a small but signifi-
cant increase in pulmonary artery occlusive pressure
reinforcing the concept of occlusive right-sided pres-
sures not being indicative of left heart fullness. 

In addition to the benefits of TEE to assess real-

time intravascular and intracardiac filling, a review of
the literature also provided additional advantages that
need mentioning for completeness of this article.

In an early report, it was shown that TEE was effec-
tive in assessing the quality of chest compressions dur-
ing cardiopulmonary resuscitation.20 The authors
reported that TEE provided valuable information
regarding the effectiveness of ventricular compression
and valvular movement during the chest compressions.

Other authors reported the use of TEE as an excel-
lent method of examining the heart and major vascu-
lar structures for potential injury after blunt trauma.
Transesophageal echocardiography was equal to com-
puted tomography scanning in the diagnosis of aortic
injury and associated cardiac trauma.21 This same
author found TEE was accurate in diagnosing aortic
dissection and traumatic disruption.22 Others also
reported the superiority of TEE in the evaluation of
aortic trauma.13,23 The added benefit of both rapid
ongoing assessments of cardiovascular dynamics and
cardiac injury enhances the need for TEE in trauma. 

In addition to the benefits mentioned above, TEE
also might provide enhanced monitoring of the elderly
trauma patient. The elderly population is involved in a
significant amount of trauma. The majority of injuries
are from falls and motor vehicle accidents, which
result in blunt trauma.24 Incorporating TEE during the
perioperative assessment has many benefits. In addi-
tion to evaluating cardiac filling, TEE also can provide
information regarding any preoperative cardiac wall
motion and structural abnormalities. Left ventricular
hypertrophy can be detected as well as hypokinetic
areas of the myocardium.25,26

Another potential benefit to TEE in the manage-
ment of the elderly trauma patient is the well-known
fact that careful volume resuscitation is a formidable
challenge. Transesophageal echocardiography allows
for the real-time ongoing assessment of volume
replacement and provides simultaneous information
regarding cardiac filling and myocardial wall motion.
The ability to evaluate vascular structures for injury
such as the aorta is also possible. Thus, with the inser-
tion of the TEE, a rapid evaluation of an injury that
can have potential negative consequences to resusci-
tation is identified. 

The use of TEE should be considered as a potentially
more informative and lower risk alternative when a PAC
is planned principally for intraoperative monitoring.27

Transesophageal echocardiography also should  be con-
sidered in monitoring for air embolism during neuro-
surgical procedures. It is considered one of the more
sensitive monitors for detecting intravascular air.28,29

An example of how TEE is instrumental in identify-
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ing intracardiac emboli and thrombi is shown in the
Figure. During a liver transplant procedure, the TEE
identified a large thrombus that migrated into the right
atrium after the cross clamps were removed and reper-
fusion of the liver began. The thrombus was noted to
move freely between the right atrium and ventricle
through the tricuspid valve until it was observed to flow
into the pulmonary circulation via the right ventricular
outflow tract. The patient was closely monitored and
observed for any changes in her vital signs. Fortunately,
no adverse signs or symptoms were manifested, and the
patient went on to an uneventful postoperative course.

Complication associated with TEE
Most of the complications with TEE have essentially
occurred in the outpatient population and were asso-
ciated with stress that the awake or minimally sedated

patient experienced while swallowing the probe.30 An
early report described 2 patients who sustained uni-
lateral vocal cord paralysis with TEE monitoring dur-
ing “sitting” craniotomies.28 It was thought that the
paralysis was caused by the patient being positioned
in a nearly full neck flexion that resulted in injury to
the recurrent laryngeal nerve when the endotracheal
tube, larynx, and the shaft of the gastroscope were
compressed by the chin and vertebral column. Tran-
sient hoarseness also has been reported.31

More recently, a review of the complications in a
single-center retrospective series of 7,200 adult
patients who underwent cardiac surgery that included
TEE for intraoperative cardiac monitoring were eval-
uated (Table).32 This large population study reveals a
minimal risk associated with the use of TEE. 

In an attempt to lessen the risk of damage or injury

Figure. A long axis 4-chamber view of a transesophageal echocardiogram (TEE) showing a thrombus migration after
unclamping of hepatic vessels during liver transplantation

Note how the thrombus freely passes through the tricuspid valve in a to-and-fro motion between the right atrium and ventricle. TEE shows the heart at the end

of systole and beginning of diastole. 

LA indicates left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle.
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to delicate anatomical structures during the place-
ment of the TEE, it has been recommended that the
nasogastric tube, if in place, should be removed. In
addition, temporary deflation of the endotracheal
tube cuff, a forward mandibular movement, and the
use of direct laryngoscopy for TEE insertion also have
been advocated.33 In a study of 36 consecutive intu-
bated patients undergoing TEE, 5 (13%) required
removal of the nasogastric tube, 3 (8%) required
deflation of the endotracheal tube cuff, and 1 (3%)
required direct laryngoscopic assistance.34

Conclusion
The monitoring of the critically ill and trauma popula-
tion is an important concept in the care of these
patients. In the trauma setting, rapid real-time cardio-
vascular measurement is essential for optimal manage-
ment. Oftentimes the rapid tempo of the resuscitation
makes invasive techniques impractical and sometimes
impossible because of the surgical prepping and oper-
ative site. In addition, placing pulmonary artery and
central venous pressure catheters may pose an
enhanced risk to the patient because of inadvertent
carotid puncture, pneumothorax, and hemopneu-
mothorax. The author recalls a personal case where
during a subclavian approach to PAC placement, the
subclavian artery was inadvertently punctured causing
significant bleeding and resulted in cardiac tampon-
ade. A midline sternotomy was required to repair the
rent in the artery, and the scheduled craniotomy had to
be cancelled. Quick identification of the problem and
an available heart team saved the patient’s life.

Besides the risks previously described, other issues
need discussion. No study to date has examined the
cost of invasive monitoring, namely PAC compared
with TEE. It is important to consider the use of TEE as
a quick, reliable, and inexpensive tool for the evalua-
tion of a hypovolemic patient. The TEE can provide the
practitioner with information as to whether the hypov-
olemia is from volume deficit, embolus, or thrombus
formation; injury to the heart valves or great vessels; or
ineffective myocardial contractility. PAC may be appro-
priate for longer-term volume assessment and cardiac
evaluation in the extubated and nonsedated patient.

Another significant advantage is that TEE is rela-
tively noninvasive compared to PAC. The current
thrust is to provide quality care and control escalating
costs. TEE may be instrumental in the trend to
enhance monitoring of critically ill patients in a non-
invasive manner without adding to patient costs
because of equipment and morbidity.

Finally, TEE is destined to become a standard mon-
itoring device for trauma and critical care patients. It

is understandable that TEE is expensive and currently
bulky in its design; however, nurse anesthetists who
have the technology in their institutions need to step
forward and become familiar with the technique that
is certain to be the future in noninvasive real-time
monitoring. 
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