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Role of Intraoperative Transesophageal Echocardiography in
the Management of Renal Cell Carcinoma with Cavoatrial
Extension
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A b s t r ac t
In all, 4–10% of tumor thrombus in renal cell carcinoma (RCC) extends into the inferior vena cava (IVC). When the thrombus extends into the
right atrium (RA), it becomes surgically challenging; and depending on its extension and adherence to the underlying structure, it may need
cardiopulmonary bypass (CPB). The utility of transesophageal echocardiography (TEE) is reviewed for the management of RCC with cavoatrial
extension. Intraoperative TEE is an essential modality in cases of RCC with level IV tumor thrombus, and in cases that require CPB with or without
deep hypothermic circulatory arrest (DHCA). Intraoperative TEE provides us real-time information about thrombus staging in addition to the
properties of the thrombus, such as adherence and fragility. Intraoperative TEE can also be used to assess cardiac function, fluid status, real-time
monitoring of thrombus including embolization while manipulation and to ensure no residual thrombus. We therefore recommend the use
of intraoperative TEE in RCC with level IV tumor thrombus. In the future, more research is needed to demonstrate the impact of intraoperative
TEE on morbidity, mortality, and complication rate of the procedures.
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I n t r o d u c t i o n
The most common malignant tumor of the kidney is renal cell
carcinoma (RCC), and it has biological propensity to invade venous
channel, which can extend into the inferior vena cava (IVC).1 The
incidence of RCC with IVC extension is 4–10%,2–4 while the incidence
of extension of RCC in to the right atrium (RA) is almost 1%. A small
percentage of these thrombi can further extend into the right
ventricle through the tricuspid valve.5,6
The RCC has been classified by Neves and Zincke based on
their cephalic extension.7 In level I RCC, tumors extend less than 2
cm above the renal vein. In level II RCC, tumors extend more than
2 cm above the renal vein while remaining infrahepatic. In level III
RCC, tumors extend into the retrohepatic IVC. However, in level IV
RCC, tumors extend into the RA.
The RCC with level IV extension presents a challenge to surgeon
and anesthesiologist during intraoperative period as the tumor
thrombus extends into the RA with various degrees of infiltration
and adherence into the underlying structures. Total circulatory
arrest should be considered, because under these circumstances
it allows us with direct visualization of the vena caval lumen
in bloodless surgical field and allows us to safely remove the
thrombus.8,9 It also decreases the risk of embolization into the
pulmonary circulation. The incidence of pulmonary embolism is
3.5% and is associated with 75% mortality.10 In RCC with level IV
thrombi, the wall of the IVC is usually infiltrated by tumor, complete
clearance is only possible with instituting bloodless field, and is
difficult to achieve complete removal of tumor thrombus with
traction and blunt dissection.

Preoperative Imaging
Preoperative evaluation of RCC with atrial extension is essential for
optimal surgical planning. So far the best available imaging modality
for RCC with cavoatrial extension is the magnetic resonance imaging
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(MRI), which has been considered as a gold standard imaging
modality.11 However, its cost and limited accessibility may limit
MRI use in clinical practice.12 Some studies have demonstrated that
computed tomography (CT) has comparable accuracy in diagnosing
tumor and its extension.13 If possible, MRI or CT should be
performed within 14 days of the surgical intervention and advised
not to do 30 days before the operation14 due to the risk of further
tumor extension between imaging and the surgical intervention.
Intraoperative transesophageal echocardiography (TEE) is another
key imaging modality that can provide us additional real-time
information during perioperative period. It efficiently evaluates
and precisely defines the cephalic extension of tumor thrombus.
The TEE is an important imaging modality in perioperative period
which tells us about the nature of tumor thrombus, and it includes
tumor consistency, fragility, adherence, and mobility, which are
very crucial in formulating the surgical approach (Fig. 1).15–17 Current
guidelines given by the American College of Radiology in 2016 are
not recommending the use of echocardiography in RCC with caval

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (https://creativecommons.
org/licenses/by-nc/4.0/), which permits unrestricted use, distribution, and non-commercial reproduction in any medium, provided you give appropriate credit to
the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Role of Intraoperative TEE in the Management of RCC with Cavoatrial Extension

Figs 1A and B: A 57-year-old male with a right renal mass consistent with renal cell carcinoma extending into right atrium. (A) Intraoperative
transesophageal echocardiography (TEE) showed a large, mobile tumor thrombus extending from the inferior vena cava (IVC) into the right
atrium; (B) Intraoperative TEE showing residual tumor thrombus in right atrium following thrombus retraction from IVC. SVC, superior vena cava

extension. However, it is performed at the discretion of a surgeon or
anesthesiologist. It has been reported that preoperative TEE has no
added diagnostic advantage over MRI.17 However, there are some
case reports where TEE detected cavoatrial extension of RCC which
was primarily missed on MRI.18

Intraoperative Imaging
Intraoperative TEE monitoring has been very frequently used in
liver transplant surgeries19 and also been described in noncardiac
surgeries such as orthopedic and neurosurgery patients, where
there is an increased risk of fat and air embolism.20–22 However,
intraoperative TEE is primarily used as a monitoring tool or as a
rescue procedure in RCC with cavoatrial extension.23 Comprehensive
baseline examination should be performed to look for biventricular
function, valvular assessment, any shunt lesion across the septum,
regional wall motion abnormalities, and characteristics of the
main pulmonary artery, right pulmonary artery, and proximal left
pulmonary artery as described by the guidelines in the American
Society of Echocardiography. To appreciate subtle changes in
intraoperative period due to embolic phenomenon may be
challenging to echocardiographer if a comprehensive baseline
examination is not performed.
Central line placement in patients with RCC with cavoatrial
extension may be life-threatening due to inadvertent disruption
of the thrombus by guidewire of central line leading to pulmonary
artery embolization. Therefore, TEE-guided central line insertion
helps in preventing the thrombus disruption.24 Due to biological
propensity to invade venous channel, even preoperative imaging
(MRI/CT/TEE) may not be able to tell about the exact extent and the
location of the tumor at the time of surgery. Hence, intraoperative
TEE provides an up-to-date assessment of tumor thrombus
extension and its location.25,26 A multidisciplinary team approach
is required to conduct CPB with or without deep hypothermic
circulatory arrest (DHCA), depending on the extent and the
adhesion of the tumor.25
Till date, there are no guidelines which recommend absolute
indications for CPB in RCC; depending on the thrombus extension,
adhesion to underlying structure, and on surgeon’s discretion, CPB

has been used for RCC with level II to level IV thrombi surgeries. 27
Level IV thrombi usually require CPB for resection; however, in
some cases CPB has been avoided by relying on TEE. 24,28 The
DHCA is very rarely required in RCC unless tumor thrombus
invades the venous channel or it reaches the right ventricle.29 The
DHCA provides the advantages such as a bloodless surgical field,
reduces the risk of tumor fragmentation, and minimizes the chance
of cellular spreading and consequent pulmonary embolization.
But the usage of DHCA is associated with complications such as
increased neurologic risk, coagulopathy, extended bypass time,
and postoperative bleeding. 30 Perioperative coagulopathy can be
sometimes life-threatening in these patients. 31
The TEE is a dynamic monitoring tool in perioperative period
which also helps in avoiding untoward complications by real-time
monitoring of thrombus during surgical manipulation. Sharma et
al. reported a case of cephalad migration of the tumor thrombus
to the junction of RA and IVC, causing hemodynamic instability
and collapse. The tumor thrombus was detected on TEE, and the
obstruction was relieved by giving traction on the right kidney,
leading to normalization of hemodynamics.32
Maintaining vital organ perfusion is often challenging as these
surgeries are associated with large volume shifts. Intraoperative TEE
plays an important role in monitoring the volume status, cardiac
performance, and in real-time monitoring to prevent intraoperative
complications. The incidence of intraoperative embolism is 3.5%.10
However, 75% mortality occurs if it is associated with intraoperative
pulmonary embolus (PE). Therefore, immediate diagnosis and
treatment are very important.10 The TEE is the most sensitive and
specific imaging modality for detecting intracardiac air, which may
occur while thrombus excision or after reversing CPB.27
The TEE is useful at the end of surgery to confirm complete
resection of the tumor. A TEE can be also used during nephrectomy
to identify tumor embolism in the heart, in cases of severe
hypotension. This has significant prognostic implications, as
outcomes are largely dependent on the complete surgical removal
of the tumor.
The main limitation of TEE is it is difficult to visualize the
infrahepatic IVC due to anatomical divergence of the IVC and
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esophagus.33 In addition to it, peripheral branch pulmonary arteries
and the left proximal pulmonary artery are poorly visualized. 27
Hence, it cannot visualize emboli if they spread to branch
pulmonary arteries, therefore, continuous monitoring throughout
the procedure to monitor the tumor thrombus as well as assess right
ventricular function and strain is warranted.34

D i s c u s s i o n
Intraoperative TEE is a minimally invasive low-risk procedure
that can have a major impact when used in the perioperative
management of patients with tumors extending into the RA. Due
to the rapid progression of tumor thrombi, accurate assessment
of cranial extension is crucial for optimal surgical planning.
Intraoperative TEE is also useful for assessing the nature of the
thrombus whether it is fragile, adherent to underlying structure,
or prone to migration. Additionally, TEE is essential for continuous
surveillance, hemodynamic monitoring, and to avoid intra-atrial
thrombus shearing during central line insertion and guidance of
resection.24 Real-time TEE visualization of the RA and IVC can help
in localizing the tumor and guiding the placement of clamps on the
vena cava. In one report, intraoperative TEE found residual tumor
fragments in the RA after retrieval of thrombus from IVC and RA. 35
A real-time monitoring with TEE helps in the rapid identification
of massive pulmonary embolisms and the presence of thrombi
in the pulmonary artery and provide information about right
heart function. With intraoperative TEE, left ventricle volumes and
potential malfunctions can be also assessed.32
The role of intraoperative TEE varies depending on the level
of tumor thrombus extension. Depending on the availability of
intraoperative TEE and the expertization in TEE examination,
some centers advocate the use of intraoperative TEE in all
cases undergoing RCC resection with levels II and III tumor
thrombi. However, some centers use routinely intraoperative
TEE in known IVC involvement irrespective of the level. 36 It is also
recommended that perioperative echocardiographers, commonly
anesthesiologists, undergo specific TEE training in order to correctly
guide clinical decision-making.23 A retrospective review showed a
decrease in early surgical complications from 13% to 8%, which were
attributed to more judicious use of CPB, probably by employing
intraoperative TEE.6
Till now, no study has demonstrated superior outcomes with
TEE use in treating RCC with level IV extension. This is a possible area
of further research, which would help to validate future guidelines.
Another potential area of future study is whether there is a decrease
in postoperative complications like pulmonary embolism when
intraoperative TEE is used. With the ability to ensure removal of all
tumor thrombus fragments, theoretically one would expect fewer
cases of postoperative embolism or cancer recurrence.

C o n c lu s i o n
The TEE is an indispensable monitoring tool in the surgical
management of RCC with cavoatrial extension due to its relative
ease of use and noninvasive nature. Further studies are required
to completely characterize the impact of using TEE in cases of RCC
surgery on patients’ outcome.
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