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ABSTRACT

In recent years, perioperative transesophageal echocardiography has become well estab-lished and widely used in several heart surgical operations.
Heart transplantation, which is the treatment of choice for patients with end-stage heart failure, may benefit from transe-sophageal echocardiog-
raphy. It can be adopted for assessing donor organs in addition to the perioperative monitoring of heart transplant patients. In this review, the

perioperative use of transesophageal echocardiography is discussed in heart transplantation.
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Introduction

Heart transplantation is an important form of surgical treat-
ment for end-stage heart diseases that do not respond to
conventional treatments. Since the first heart transplant in
1967, the recipient’s life span has increased considerably
due to developments in many areas such as organ dona-
tion, surgical techniques, organ preservation, perioperative
care, immunological risk assessment, immunosuppressive
agents, and monitoring of organ functions." In addition,
with the expansion of donor criteria and an increase in data
transfer in some countries, the annual number of heart
transplantation cases has exceeded 5500 worldwide.”? Be-
cause these patients usually have additional diseases such
as chronic lung disease and pulmonary hypertension in ad-
dition to myocardial dysfunction, transesophageal echocar-
diography (TEE) can be used to evaluate the cardiac func-
tions of these patients in the perioperative period.®!

Surgical Technique

Two basic types of heart transplantation techniques are
used today. The standard technique (biatrial technique)
was described by Lower and Shumway™* in 1966, and the
bicaval technique was described by Dreyfus et al.®in 1991.
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In the standard technique, after median sternotomy and
systemic heparinization, the ascending aorta and vena
cava are cannulated. Once the donor heart is taken to the
operating room, cardiopulmonary bypass (CPB) is initiated.
After the aorta is cross-clamped, the heart of the recipient,
anterior parts of the right and left atrium, ascending aorta,
and pulmonary artery are removed, leaving as much tissue
as possible. In the meantime, the donor heart is kept in cold
saline, and the foramen ovale and heart valves are checked.
The right atrial wall is opened from the inferior vena cava
(IVQ) to the right atrial appendage, and the left atrial wall
is prepared by cutting. After the donor heart is placed in
the thoracic cavity, left atrial anastomosis is performed. The
right atrial, pulmonary artery, and aortic anastomoses are
then completed. Ligaments that were previously placed on
both vena cavae are opened, and after the air in the heart
is evacuated, decannulation is achieved by exiting the CPB.
The sternum is closed using the standard technique (Fig. 1).

In the bicaval technique, unlike the standard technique,
the incision is made under the superior vena cava (SVC) in
the upper part and under the IVC in the lower part. While
the right atrium is removed, a portion of the SVC and IVCiis
left to facilitate donor and recipient anastomoses. The left
atrium of the donor and recipient are anastomosed, as in
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Figure 1. Classic biatrial technique in heart transplantation.

Ao: Aorta; IVC: Inferior vena cava; PA: Pulmonary artery; RA: Right atrium; RV: Right ven-
tricle; SVC: Superior vena cava.

the standard technique. SVC and IVC anastomoses are then
performed (Fig. 2). The sternum is closed using the stan-
dard method. In this technique, the atrium geometry is not
distorted. In this way, complications such as arrhythmia,
tricuspid regurgitation (TR), stasis, and embolism are less
common. For these reasons, the bicaval technique is the
preferred method in use today.

Perioperative Tee

The American Society of Anesthesiologists and the Society
of Cardiovascular Anesthesiologists recommend the use of
TEE in heart transplantation operations (Table 1).1”

TEE Before CPB

TEE can be used to evaluate the donor heart.® In addition
to systolic and diastolic functions, large-vessel anomalies,
patent foramen ovale, valve function, and anatomy can
also be examined.®' Normal ejection fraction, the ab-
sence of left ventricular hypertrophy, and congenital and
valve lesions in the donor’s heart are indicators of better
outcomes after transplantation.l'’?

Because the heart will be removed, the indication for the
use of TEE before CPB in the recipient is limited. TEE can
be used to control the diagnosis leading to transplantation

Figure 2. Bicaval technique in heart transplantation.

Ao: Aorta; IVC: Inferior vena cava; PA: Pulmonary artery; RA: Right atrium; RV: Right ven-
tricle; SVC: Superior vena cava.

and to identify complications associated with this diagno-
sis. Most indications for heart transplantation in adults are
in patients with a diagnosis of nonischemic dilated cardio-
myopathy and ischemic cardiomyopathy. Complications
such as pleural effusions are common in these patients
and should be drained during surgery. In addition, in pa-
tients with low ejection fraction, thrombus may form in
the ventricles, left atrial appendage, or on the pacemaker
and defibrillator leads due to slow blood flow. With surgical
manipulations, these thrombi may cause embolism.!'¥I TEE
can identify these thrombi in the recipient before CPB, and
precautions can be taken (Fig. 3).

Anastomotic sites such as the aorta, pulmonary artery,
and vena cava can be checked for the presence of ath-
erosclerosis and thrombus. The presence of mechanical
circulatory support devices and implantable rhythm de-
vices may complicate TEE examination.'¥ Approximately
50% of patients awaiting heart transplantation benefit
from the support of mechanical devices such as intra-aor-
tic balloons, left/right ventricular assist devices (LVAD/
RVAD), and extracorporeal membrane oxygenation in the
preoperative period (Table 2).I'"

Problems such as hypovolemia, cannula malposition, and
right ventricular dysfunction seen in LVAD patients can
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Table 1. Role of transesophageal echocardiography in cardiac transplantation

Before transplantation Donor:

Determination of left and right systolic and diastolic functions
Evaluation of mitral and tricuspid valves

Patent foramen ovale

Recipient:
Thrombus
Pleural effusion
Perioperative period

Monitoring following cardiac surgery

Removal of air from the heart cavities
Identification of stenotic anastomoses
Identification of patent foramen ovale

Early and late postoperative period

Determination of left and right systolic and diastolic functions

Evaluation of mitral and tricuspid valves
Evaluation of atrial anastomosis, throm-bus, and spontaneous echocardiographic contrast
Aneurysm and pseudoaneurysm in great vessel anastomoses

If hemodynamic instability

Determination of left and right ventricu-lar acute systolic and diastolic dysfunc-tion

Outflow obstruction in the left and right ventricles
Severe mitral or tricuspid regurgitation
Hypovolemia and vasodilation

Cardiac tamponade

Inferior vena cava stenosis

be quickly diagnosed and treated with TEE imaging be-
fore CPB. LVAD-related mitral regurgitation (MR) or aortic
regurgitation, which can be seen especially in LVAD pa-
tients, can be detected.'®

TEE during and After CPB (Intraoperative and Post-
operative Period)

During and after withdrawal from CPB, hemodynamic in-
stability may occur due to primary graft failure, hyperacute
rejection, ventricular dysfunction, hypovolemia, vasodila-
tion, tamponade, and right ventricular or left ventricular
outflow tract obstructions. TEE is useful for detecting these
causes." A detailed TEE examination should be conducted
to check for left and right ventricular systolic and diastolic
functions and all valve functions (Table 3).

Ventricular dysfunction and hyperacute/acute rejection

During the removal of the donor heart and its transplanta-
tion to the recipient, ventricular dysfunction may develop
as a result of prolongation of the ischemia period and insuf-
ficient myocardial protection. Primary graft failure caused
by left ventricular, right ventricular, or biventricular dys-
function occurs in 30% of patients. Although isolated left
ventricular dysfunction is rare, right ventricular dysfunction
is more common in isolated or biventricular dysfunction.
1718 Right ventricular function may also occur due to an
acute increase in pulmonary vascular resistance, external
compression during closure of the thorax, air embolism to
the right coronary artery, reperfusion injury, and mechani-

cal ventilation with high positive end expiratory pressure.
131 1t is responsible for 50% of cardiac complications and
19% of mortality in the early postoperative period (Fig. 4).1'”
Gonzalez Saldivar et al.?® also reported right ventricular fail-
ure due to stenosis of the pulmonary artery anastomosis.

Pulmonary hypertension, defined as pulmonary vascular re-
sistance (PVR) greater than 480 dynes s/cm?®, is considered a
contraindication for heart transplantation. Patients with nor-
mal preoperative PVR have a significantly lower risk of post-
operative right ventricular failure. Right ventricular failure
may develop due to pulmonary hypertension of the recipient
whose severity has not been previously recognized. It has
been reported that pulmonary artery pressure may approach
normal values after heart transplantation in patients with
moderate pulmonary hypertension (mean pulmonary artery
pressure < 50 mm Hg). In parallel, in 80% of patients, PVR re-
turns to normal within 1 year. Right and left ventricular filling
pressures were found to decrease to the upper normal limit
within 2 weeks after surgery and remain unchanged for more
than 1 year. Although abnormal diastolic flattening of the in-
terventricular septum is found in all patients, this rate decreas-
es to 75% in the first month and to 42% in the first year.?"

Although rare in the intraoperative stage, hyperacute
rejection is also possible. It may present with acute left
ventricular systolic or diastolic dysfunction.?? Therefore,
ventricular dysfunctions should be checked both visually
and parametrically, especially in cases of unexplained he-
modynamic instability.
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Thrombus

Thrombus

Figure 3. Thrombus in the right ventricle before heart transplantation. Thrombus under the anterior leaflet of the tricuspid valve in a 52-year-
old female patient. (a, b) Midesophageal right ventricular view (114°). (¢, d) Modified four-chamber view.

RA: Right atrium; RV: Right ventricle; LA: Left atrium; LV: Left ventricle.

Myocardial mass usually increases in the early postopera-
tive period due to perioperative ischemia and edema. The
continued increase in ventricular mass may indicate acute
rejection. Acute rejection is usually seen in the first year af-
ter transplantation and is the most common cause of death
during this period. The use of cyclosporine is associated
with less myocardial edema in the case of rejection. There-
fore, the evaluation of ventricular systolic function and
myocardial mass has become less sensitive for detecting
early rejection. In addition, the use of the myocardial perfor-
mance index in recognizing acute rejection is controversial
because impairment in systolic and diastolic functions may
also result from other causes, such as ischemia and sepsis.
Doppler measurements to evaluate diastolic function can
be used to detect acute rejection. However, because the
transplanted heart may be moving in a large pericardial

space, tissue Doppler imaging measurements should be
interpreted with caution. Although the European Society
of Cardiovascular Imaging does not find it appropriate to
use a single parameter for graft rejection, if impairment in
systolic and diastolic functions can be detected in several
measurements, the probability of rejection is considered
high.'” Dilation, tricuspid annular planes systolic range
of motion < 15 mm, and right ventricular ejection fraction
<45% may indicate acute graft rejection.’*!

In moderate to severe rejection, there is at least a 15% de-
crease in mitral deceleration or isovolemic relaxation time.
Because wide variations in Doppler measurements can be
observed in patients, isolated measurements may not be
predictively sensitive. Comparing each patient’s baseline
measurement with subsequent measurements is more
sensitive in tracking graft rejection. Although the Doppler
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Table 2. Points to consider in transesophageal echocardiography imaging in the recipient before heart transplantation

Aim of Imaging

Type of Imaging

Modality

Ascending aorta and main pulmonary
artery imaging

Mass/thrombus in anastomosis areas

IVC and SVC imaging
Mass/thrombus/stenosis in anastomotic areas

Intracardiac thrombus evaluation
LAA

LV apex

Extracardiac structures

Pleural effusion

ME: ascending aorta short axis/long axis
UE: aortic arch short axis

TG: basal RV, RV inflow/outflow
Epicardial
I: Bicaval (for SVC, the probe is pulled slowly;

for IVC, the probe is advanced slowly), short
axis to the ascending aorta

ME: 4/5 chambers, mitral commissural,
2 chambers, short axis

ME: 4/5 chambers (turn the probe left for
left pleural space, right for right pleural space)

2D, bi/multiplane imaging
3D

2D, bi/multiplane imaging
Color flow Doppler

2D, bi/multiplane imaging

3D

Spectral doppler (LAA velocities)
2D

Ascites

TG: Ascites

2D: Two-dimensional; 3D: Three-dimensional; ME: Midesophageal; UE: Upper esophageal; TG: Transgastric; RV: Right ventricle; IVC: Inferior vena cava; SVC: Superior vena cava;
LAA: Left atrial appendage; LV: Left ventricle.

Table 3. Points to consider in TEE imaging after heart transplantation

Aim of Imaging

Differential Diagnosis

Type of Imaging

Modality

Left ventricle
Dimension

Systolic function: Regional
(wall motion anomalies)
and global (FAC, SV, EF)

Diastolic function (TMF,
mitral annulus velocities)

Right ventricle
Size (IVC and movement)

Systolic function
(free wall, FAC, TAPSE)

RVOT SV
Detailed evaluation of the valves

Ascending aorta and main
pulmonary artery anastomoses

IVC and SVC anastomoses

Left and right atria

« Primary graft dysfunction
« Hyperacute rejection

« Insufficient myocardial protection
2 chambers, deep 5 chambers

« Air in the coronary arteries
+ Severe pulmonary hypertension
« Insufficient myocardial protection

+ Primary valve anomalies

« Secondary causes such as annular
dilatation due to heart failure

« Stenosis/thrombus (significant

narrowing, increase in the flow rate)

« Dissection (intimal flap)

Stenosis/thrombus (significant
narrowing, increase in the flow rate)

« Stenosis (increase in flow rate) in
left atrial anastomosis

« Thrombus
- PFO, ASD

ME: 4/5 chambers, 2 chambers,
short axis
TG: basal short axis, mid short axis,

ME: 4-chamber RV inflow/outflow
TG: basal RV, RV inflow,
RV inflow/outflow

ME and TG

ME: ascending aorta short
axis/long axis

UE: aortic arch short axis

TG: basal RV, RV inflow/outflow
Epicardial

ME: bicaval (for SVC, the probe is
pulled slowly; for IVC, the probe is

advanced slowly), short axis to the
ascending aorta

M=4 chambers, 2 chambers,
short axis

+ 2D, bi/multiplane imaging

3D

Spectral Doppler
Tissue Doppler

2D, bi/multiplane imaging
Color flow Doppler
Spectral Doppler

2D

Color flow Doppler
3D

Spectral Doppler

2D, bi/multiplane imaging
Color flow Doppler

Spectral Doppler

2D, bi/multiplane imaging
Color flow Doppler

2D
Color flow Doppler

TEE: Transesophageal echocardiography; 2D: Two-dimensional; 3D: Three-dimensional; ME: Midesophageal; TG: Transgastric; FAC: Fractional area change; SV: Stroke volume; EF:
Ejection fraction; TMF: Transmitral flow; RV: Right ventricle; IVC: Inferior vena cava; FAC: Fractional area of change; TAPSE: Tricuspid annular planes systolic range of motion; RVOT:
Right ventricular outflow tract; UE: Upper esophageal; SVC: Superior vena cava; PFO: Patent foramen ovale; ASD: Atrial septal defect.
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Figure 4. Right ventricular failure after heart transplantation. (a, b) Midesophageal four-chamber view with a dilated hypokinetic right ventri-
cle. (¢, d) Transgastric view: D-shaped right ventricle due to flattened ventricular septum.

RV: Right ventricle; LV: Left ventricle; RA: Right atrium; LA: Left atrium; TV: Tricuspid valve.

measurement of diastolic function has not been able to re-
place endomyocardial biopsy, it can be performed in addi-
tion to this examination.”*

Although there is no rejection in the early postoperative
period after heart transplantation, diastolic function may
change. In addition, although the initial interrupted flow
Doppler evaluation of mitral flow shows restrictive fea-
tures, it turns into a nonrestrictive pattern after 6 weeks,
and postoperative diastolic function parameters improve
and left heart filling pressures decrease.””! Persistent severe
diastolic dysfunction with restrictive filling 6 months after
transplantation has been associated with shorter survival
times, which is independent of graft rejection.!

The bicaval technique ensures the preservation of normal
left atrial shape and dimensions, allowing ventricular filling

dynamics to continue closer to normal physiology.”* Ven-
tricular filling is more affected by the mechanical activity of
the residual atrial tissue in the recipient than by the donor
heart atrium. In addition, parasystolic contraction of this tis-
sue also alters pulmonary venous flow. Contraction of the
receptive atrial tissue in late systole results in an increase in
the diastolic component (D wave), and if it occurs in early
systole, the systolic component (S wave) decreases.””

The right ventricle begins to remodel in the postoperative
period, adapting to the patient’s pulmonary pressure. The
initially enlarged and then dilated right ventricle returns
to its perioperative dimensions 1 year after surgery. As the
PVR decreases to normal levels, the right ventricular wall
thickness does not increase significantly. In the first year,
the right ventricle remains slightly enlarged, possibly due
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Atrial
anastomosis

Figure 5. Atrial anastomosis after heart transplanta-
tion. (a-c) Midesophageal four-chamber view of the
edematous left atrial anastomosis with increased flow
in the left upper pulmonary vein region.

Ao: Aorta; RA: Right atrium; RV: Right ventricle; LA: Left atrium; LV: Left
ventricle; LUPV: Left upper pulmonary vein.

to chronic volume overload. The thickness of the wall and
mass of the left ventricle typically increase with volume and
ejection fractions within normal limits. The transplanted
heart contracts by turning anteromedially during systole."!

Although fluoroscopy is used more frequently when per-
forming endomyocardial biopsy for the follow-up of graft
rejection, echocardiography is also a good alternative, es-
pecially in children and pregnant women, who avoid ra-
diation exposure. In addition, because echocardiography
provides better visualization of the soft tissue, injury to the
tricuspid valve and papillary muscles is less common, and
complications such as tamponade are noticed earlier.'

Evaluation of atrial functions, great vessels, and anas-
tomoses

TEE can be used to evaluate anastomoses and great vessels

immediately after transplantation. Left atrial anastomosis
appears as a prominent protrusion on the posterior wall of

the left atrium (Fig. 5). A thrombus may occur in the biatrial
technique, especially in the left atrial appendage, due to
the enlargement of the atrium.?®-3" A stenotic left atrial
anastomosis can be diagnosed by imaging the left atrium in
the midesophageal view. This may lead to flow obstruction
(acquired core triatriatum); as a result, pulmonary venous
hypertension and right ventricular failure may develop.??
The presence of the atrial suture line, the portion of the re-
cipient atrium that has limited contribution to contractility;
increased atrial size; and asynchrony between the donor
and recipient atria can also cause stasis and thrombosis.
In this case, spontaneous atrial echo contrast (55%) is seen
on TEE. Left atrial thrombus, which is often overlooked in
transthoracic echocardiography, is detected in 38% of TEEs.
Episodes of arterial thromboembolism are detected in 22%
of patients with spontaneous echocardiographic contrast
and left atrial thrombus.B¥ The use of a modified bicaval
surgical technique may reduce this incidence.4
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Thrombus

Figure 6. Thrombusin the SVC. (a, b) Midesoph-
ageal bicaval views show an SVC thrombus with
reduced flow on color Doppler (c) after heart
transplantation.

IVC: Inferior vena cava; LA: Left atrium; RA: Right atrium; SVC:
Superior vena cava.

TEE is superior to transthoracic echocardiography in
demonstrating atrial septal thickening, swelling in the re-
cipient and donor atria, and shunt at the atrial level.>* TEE
can also be used to determine patent foramen ovale after
heart transplantation.®

Stenosis and/or thrombus may develop at anastomotic
sites in great vessels (Fig. 6). In these regions, narrowing
should not be observed in two-dimensional echocardiog-
raphy, laminar flow should be observed in color Doppler,
and no systolic gradient should be detected in continu-
ous waves. Doppler flow rates should be measured within
normal limits, unless there is incompatibility between do-
nor and recipient aorta and pulmonary arteries.'” Normal
pulmonary artery Doppler velocity is <1 m/s, and normal
ascending aortic Doppler velocity is <1.4 m/s.2® Right ven-
tricular dysfunction may occur as a result of diameter mis-
match, narrowing of the sutures, torsion, or bending of the
anastomosed pulmonary arteries.?

Studies have reported superior and inferior cava stenosis,
especially in the bicaval technique. SVC stenosis to cerebral
edema or SVC syndrome; IVC stenosis may cause postop-
erative liver and kidney failure.?”38 If atrial enlargement is
present, the pulmonary veins can be difficult to visualize.

Aortic dissection is a rare but catastrophic complication
in the posttransplant period. Although it is usually seen in
the recipient aorta, Lopez et al.?? reported that dissection
might also occur in the donor aorta, and early diagnosis
with TEE allows for early intervention.

Valve regurgitation

TR is common after heart transplantation due to preload
mismatch and right ventricular dilatation. In addition, it is
the most common valve pathology after surgery. Depend-
ing on the diagnostic criteria and timing, the incidence of
TR may be as high as 84%.“-** TR can occur due to geo-
metric annular deformation (which is more common in the
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biatrial technique) and annular dilatation in the presence
of right ventricular dysfunction in the period immediately
after transplantation.*?#¥ |t is generally well tolerated.!

Although TR is generally associated with the biatrial tech-
nique and graft vasculopathy, it may also be caused by
pulmonary hypertension, right ventricular dilatation, and
endomyocardial biopsies, causing endocarditis or chordal
damage.” Significant development of TR may cause right
heart failure, and valve repair or tricuspid replacement sur-
gery may be required.*" Bishawi et al.*®! showed that after
weaning from CPB, 21% of patients had moderate or severe
TR, and in 91% of these patients, this regurgitation regressed
to a complete disappearance or to a mild level. Only 1% of
patients required surgical tricuspid valve repair. Postopera-
tive severe TR is a cause of mortality, with a rate of 62.5%.%!

The incidence of mild or moderate MR ranges from 55% to
87%, without serious clinical findings®2'# It usually occurs
without a structural abnormality in the mitral valve or left
ventricular dysfunction because of increased posterior mitral
valve tension resulting from biatrial enlargement, incomplete
closure of the valve, and annuloventricular incompatibility. In
addition, the presence of donor and recipient atria and sinus
nodes contributes to MR formation by causing asynchrony
and irregular atrial contraction.?" Finally, MR may develop as
a result of left ventricular outflow obstruction.

Pulmonary regurgitation (42%) and aortic regurgitation
(23%) can also be seen after heart transplantation.”%

Pericardial effusion

Pericardial effusion occurs at a rate of 85% after heart trans-
plantation.”*”! Besides the absence of lymphatic drainage,
this can be caused by the difference in size between the
pericardial cavity and the donor heart. It usually does not
progress to a serious level as tamponade. A slow accumu-
lating effusion may cause minimal hemodynamic deterio-
ration, whereas loculated fluid in a critical area may cause
acute cardiac tamponade. Therefore, a weak correlation is
observed between effusion size and clinical symptoms.2¥
Most effusions disappear completely or almost completely
1 month after surgery.”

Coronary arteries

After heart transplantation, coronary fistulas, which can
occur iatrogenically in 5% to 15% of patients, can be de-
tected by TEE. Congenital coronary artery fistula is rarer.
Its higher incidence in transplant patients has been at-
tributed to right ventricular endomyocardial biopsies and
is usually seen in the right coronary artery. Most of these
fistulas open directly into the right ventricle and are de-
tected during routine coronary angiography without sig-
nificant hemodynamic findings."®

In summary, TEE may contribute to the evaluation of heart
transplant patients. In addition to its use in perioperative
monitoring of these patients, TEE can be adopted for as-
sessing donor organs. The timely assessment of cardiac
anatomy and physiology during the initial perioperative
period and the detection of allograft rejection in the post-
operative period are possible with TEE.
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