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Background: The incidence and mortality rate of hepatocellular carcinoma (HCC) are increasing
globally. HCC with inferior vena cava tumor thrombus (HCCIVCTT) represents an advanced stage of
the disease. Research suggests that for patients with advanced HCCIVCTT, liver resection combined with
thrombectomy is a safe and feasible option that can provide moderate survival benefit. The aim of this
study was to evaluate the application value of multimodal transesophageal echocardiography (TEE) in the
perioperative period for patients with HCCIVCTT.

Methods: TEE was used for routine intraoperative examination in 17 patients to determine the location
and classification of tumor thrombi, guide the proper placement of the inferior vena cava occlusion band
during surgery, and evaluate whether the tumor thrombus was completely removed postoperatively.
Results: Among the 17 patients with HCCIVCT'T, tumor thrombi invaded the hepatic veins and extended
into the inferior vena cava, with 3 cases of extension into the right atrium. The tumor thrombi varied in
shape, size, and echogenicity, with high-velocity turbulent flow signals observed within the occluded vessels.
There were 10 cases of type I, 4 cases of type II, and 3 cases of type III. Under the guidance of intraoperative
TEE, preocclusion bands were successfully placed above the tumor thrombi in type I and II patients, with
real-time dynamic monitoring showing no rupture or dislodgement of the thrombi, and postoperatively, the
thrombi appeared to be completely removed.

Conclusions: TEE plays an important role in the perioperative management of HCCIVCTT. It can aid in
deterring the type of tumor thrombus, selecting the suitable surgical method, and postoperatively assessing

the completeness of tumor thrombus removal.
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Introduction

The incidence and mortality rates of hepatocellular
carcinoma (HCC) are increasing globally (1). HCC
could metastasize and grow along the direction of blood
flow, invading adjacent venous systems, with some tumor
thrombi even entering the right cardiac system (2). HCC
with inferior vena cava tumor thrombus (HCCIVCTT)
represents an advanced stage of the disease (3) and was
previously considered unsuitable for surgical treatment.
Without aggressive treatment, the median survival time
for patients with HCCIVCTT is only 2.7 to 4 months,
indicating a poor prognosis (4,5). There is currently no
global consensus regarding the diagnosis and treatment
standards for patients with HCC and vascular invasion.
A study has shown that for patients with advanced
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Key findings

* ‘Transesophageal echocardiography (TEE) in the perioperative
period of treating patients with hepatocellular carcinoma and
inferior vena cava tumor thrombus (HCCIVCTT) is safe and
feasible. TEE plays a crucial role in determining the type of
tumor thrombus, selecting the surgical method, and assessing the

completeness of tumor thrombus removal postoperatively.

What is known and what is new?

* For advanced HCCIVCTT, liver resection combined with
thrombectomy is a feasible option that can provide moderate
survival benefit. Rational surgical treatment can not only remove
the primary tumor but also eliminate the obstruction of hepatic
veins and the inferior vena cava (IVC) caused by the tumor
thrombus, preventing common complications such as pulmonary
embolism and right-sided heart failure.

e In this study, TEE has been innovatively used for real-time
dynamic observation of thrombus position during surgeries for
HCCIVCT'T. It can further clarify the diagnosis and classification
preoperatively, guide the accurate placement of the IVC occlusion
band intraoperatively, and immediately evaluate whether the
thrombus has been completely removed postoperatively. TEE
helps to assess surgical outcomes, promptly reduce and detect
surgical complications, monitor cardiac function in real time, and
provide timely and reliable information for evaluating the patient’s

condition.

What is the implication, and what should change now?

* Liver resection combined with thrombectomy can remove the
tumor and its associated thrombus, thereby improving the patient’s
prognosis and survival. We should actively pursue appropriate
surgical interventions for these patients and emphasize the crucial
role of TEE in the perioperative period. More in-depth, large-

sample studies on this subject are warranted.
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HCCIVCTT, liver resection combined with thrombectomy
is a safe and feasible option that can provide moderate
survival benefit (6).

With the development of surgical techniques and
improvements in perioperative management, the
significance of surgical treatment for HCCIVCTT
has gradually been recognized. For cases with surgical
indications, reasonable surgical treatment can not
only remove the primary tumor but also eliminate the
obstruction of hepatic veins and the inferior vena cava
(IVC) caused by the tumor thrombus, preventing common
complications such as pulmonary embolism and right-sided
heart failure (7) and thus prolonging median survival time
(8,9). Govalan et 4l. analyzed data from the National Cancer
Database in the United States and found that surgical
resection was superior to other treatment methods for
treating HCC patients with vascular invasion (10).

According to computed tomography (CT), magnetic
resonance imaging (MRI), and ultrasound examinations,
HCCIVCTT can be classified into three types (11,12), with
each requiring different approaches for thrombus removal.
In type I (subphrenic), the tumor thrombus is located
above the renal veins and below the diaphragm (Figure 1A).
It requires an abdominal incision for occluding the IVC
subdiaphragmatically and removal of the thrombus. In type
II (supradiaphragmatic), the tumor thrombus is located
above the diaphragm but has not entered the right atrium
(Figure 1B). It requires an abdominal incision through the
diaphragm and the separation of the supradiaphragmatic
IVC for thrombus removal. In type III (intracardiac), the
tumor thrombus has entered the right atrium (Figure 1C),
and completing thrombus removal requires opening of the
right atrium and IVC via sternotomy and cardiopulmonary
bypass.

The location of the thrombus determines the position
for IVC control, with types I and II allowing for precise
placement of a preocclusion band on the upper end of the
thrombus. Previously devised surgical methods were limited
by the lack of effective real-time monitoring methods,
which adversely affected the surgical outcomes (7). In this
study, we used transesophageal echocardiography (TEE)
guidance to improve the surgical procedure. This study is
the first to explore the real-time application of multimodal
TEE in HCCIVCTT, filling the gap in the existing
literature. This innovative approach has the potential
to transform the decision-making process of clinicians
in complex surgical Settings. We present this article in
accordance with the SUPER reporting checklist (available
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Figure 1 Classification of HCCIVCTT. (A) In type I (subphrenic), the tumor thrombus is located above the renal veins and below the

diaphragm. (B) In type II (supradiaphragmatic), the tumor thrombus is located above the diaphragm but has not entered the right atrium. (C)

In type I (intracardiac), the tumor thrombus has entered the right atrium. HCCIVCTT, hepatocellular carcinoma and inferior vena cava

tumor thrombus.

at https://jgo.amegroups.com/article/view/10.21037/jgo-
24-731/rc).

Methods
General information

In Fujian Provincial Hospital, to evaluate the application
value of multimodal TEE in the perioperative period
for patients with HCCIVCTT, intraoperative TEE has
been innovatively used for real-time dynamic observation
of thrombus position during surgeries. TEE can further
clarify the diagnosis and classification preoperatively,
guide the accurate placement of the IVC occlusion band
intraoperatively, and immediately evaluate whether the
thrombus has been completely removed postoperatively.
In this study, TEE was used to assess surgical outcomes,
reduce surgical complications and provide timely detection,
monitor cardiac function in real time, and facilitate timely
and reliable information for evaluating the patient’s
condition. The study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013). The study
was approved by Ethics Committee of Fujian Provincial
Hospital (No. k2017-10-002) and informed consent was
taken from all the patients.

From October 2012 to February 2024, 17 patients
with HCCIVCTT who underwent surgical treatment in
Fujian Provincial Hospital were selected. Fujian Provincial

© AME Publishing Company.

Hospital is a tertiary grade A hospital, and surgeries needed
to be performed in an operating room with a cleanliness
level of a class 10,000 clean operating room. The main
surgical team included hepatobiliary surgeons, cardiac
surgeons, and echocardiography physicians. The patient
inclusion criteria were the following: diagnosed with HCC
accompanied by IVCTT based on enhanced CT or MRI
and confirmed by surgical resection and pathological
results; intrahepatic lesions localized with no intrahepatic
or extrahepatic metastasis; liver function classified as Child-
Pugh A/B; and no severe dysfunction of critical organs such
as the heart, lungs, or kidneys. Meanwhile, the exclusion
criteria were as follows: incomplete case data; preoperative
evidence of multiple intrahepatic or extrahepatic metastases;
liver function classified as Child-Pugh C; severe cardiac,
pulmonary, or renal insufficiency; and severe coagulation
disorders.

Preoperative enhanced MRI scans were performed on
11 patients and enhanced CT scans on 14 patients. Multangle
comprehensive classification was conducted using coronal
(Figure 2A4,2B), transverse (Figure 2C), and sagittal (Figure 2D)
planes to preliminarily determine the position of the tumor

thrombus and the IVC obstruction (Figure I).

Instruments and methods

A Vivid 7 ultrasound machine (GE HealthCare, Chicago, IL,
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Figure 2 A 60-year-old male, patient with type I HCCIVCTT. Preoperative enhanced CT scan: (A,B) coronal views showed a large mass

lesion in the hepatogastric space, closely related to the left lobe of the liver, which was suggestive of exophytic primary hepatocellular

carcinoma with hemorrhage. Patchy tumor thrombus (arrow) was observed in the inferior vena cava, extending beyond the diaphragm

level but not entering the right atrium. (C) Axial view showed patchy tumor thrombus (arrow) in the inferior vena cava. (D) Sagittal view

showed patchy tumor thrombus (arrow) in the inferior vena cava, extending beyond the diaphragm level but not entering the right atrium.

HCCIVCTT, hepatocellular carcinoma and inferior vena cava tumor thrombus; CT, computed tomography.

USA) with a multiplane TEE probe (frequency: 4-7 MHz)
was used. After anesthesia, the TEE probe was inserted into
the midesophagus, and a series of baseline cross-sectional
scans were performed preoperatively to routinely evaluate
the cardiac structure, determine whether there was any
invasion of the heart chamber by the tumor thrombus,
and assess any hemodynamic impacts. Based on the two-
chamber heart view in the midesophagus, the probe was
further inserted to trace the hepatic veins converging into
the IVC, display the diaphragmatic arc echo, confirm the
position of the tumor thrombus, and assess and classify the
tumor thrombus.

Subsequently, the TEE probe was advanced to the

© AME Publishing Company.

patient’s esophagus near the stomach and rotated clockwise
toward the liver while the transducer angle was adjusted
from 0° to 180° to fully evaluate the liver structure and
display the diaphragmatic echo. Multiplane scanning
aimed to show the tumor thrombus in each branch of the
hepatic veins. The probe was bent forward and adjusted to
display the hepatic veins. Rotation of the probe clockwise
and adjustment of the transducer angle to 40° to 80° were
completed to obtain the right hepatic vein image. The probe
was gradually retracted to provide a long-axis view, showing
the right hepatic vein entering the IVC and exposing
the opening into the right atrium. Rotation of the probe
counterclockwise and adjustment of the transducer angle to
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Figure 3 In the same patient as in Figure 2 (60-year-old male), intraoperative TEE showed the status of the tumor thrombus in the inferior

vena cava and was used for immediate postoperative evaluation of the complete removal of the tumor thrombus from the inferior vena

cava and its tributaries. (A) Preoperative TEE showed an irregular, slightly hyperechoic tumor thrombus (arrow) in the inferior vena cava

that was attached to the vessel wall. (B) The blood flow appeared to accelerate suddenly as it passed through the narrow segment between

the thrombus and the vessel wall, displaying a colorful turbulent flow signal (arrow). (C) Hepatic venous flow stasis with a dilated internal

diameter (arrow). (D,E) A comprehensive postoperative multiangle scan showed no significant tumor thrombus echo in the inferior

vena cava and hepatic veins. (F) Postoperative TEE showed good blood flow filling in the inferior vena cava. TEE, transesophageal

echocardiography.

50° to 90° was completed to display the middle hepatic vein,
and further rotation of the probe counterclockwise and an
increase in the angle to 30° to 80° provided the left hepatic
vein image.

Continuous scanning along the IVC’s long axis was
performed to display the range and total length of
the tumor thrombus and to evaluate its position and
classification. Transverse scanning was conducted to obtain

© AME Publishing Company.

the IVC’s short axis, displaying the extent of the tumor
thrombus occupying the lumen and the residual diameter
of the IVC (Figure 3A). Based on the 2D images, color and
spectral Doppler ultrasound was applied to further observe
the blood flow within and around the tumor thrombus
(Figure 3B) and the morphology of the occluded vein and
its branches (Figure 3C). For tumors entering the right
atrium, a series of heart chamber cross-sectional views were
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used to characterize the tumor thrombus’s shape, size, echo
characteristics, mobility, and relationship with adjacent
heart structures.

Intraoperative procedures

The surgical approach was selected according to the
classification of the tumor thrombus which was based on
its position. Real-time monitoring of the tumor thrombus
position accurately guided the placement of the IVC
occlusion band at the upper end of the thrombus, ensuring
surgical safety and reducing the occurrence of severe
complications such as pulmonary embolism.

Postoperative procedures

Multiplane scanning immediately assessed whether the
tumor thrombus in the IVC and its branches had been
completely removed (Figure 3D,3E). Color and spectral
Doppler ultrasound was used to further observe vascular
filling (Figure 3F). During the surgery, cardiac structure
and function were monitored to promptly detect any
complications, such as right heart dysfunction. For patients
with type III HCCIVCTT, the effects of extracorporeal
circulation surgery on cardiac function and hemodynamic
changes were also evaluated.

To ensure the quality of the surgery and consistency in
diagnosis and treatment, we implemented standardized
preoperative training, established a quality control team,
and organized multidisciplinary consultations.

Statistical analysis

SPSS 26 statistical software (IBM Corp., Armonk,
NY, USA) was used for analysis. Normally distributed
measurement data are expressed as the mean = SD.

Results
Preoperative TEE findings

The main symptom of the patient was dull pain in the
upper abdomen. Among them, there were 15 males and
2 females, aged 33 to 69 years, with an average age of
(49.76+11.80) years. All 17 cases showed primary HCC
lesions in the liver, with tumor sizes ranging from 5.0 to
16.0 cm for an average size of 10.85+3.80 cm. The tumor
locations were distributed as follows: a left liver location

© AME Publishing Company.
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in 5 cases and a right liver location in 12 cases. All cases
were solitary lesions with no intrahepatic metastasis. Tumor
thrombi were found invading the hepatic veins in all cases,
appearing as irregularly sized, heterogeneous echogenic
masses, which were solid, strip-like, or nodular and were
partially obstructing the venous lumen and extending into
the IVC. The tumor thrombi were long-shaped in 3 cases,
oval-shaped in 4 cases, and irregularly shaped in 10 cases.
The distribution of locations of the tumor thrombi entering
the IVC were as follows: the right hepatic vein in 10 cases,
the left hepatic vein in 2 cases, the middle hepatic vein in 1
case, both the right hepatic vein and the middle hepatic vein
in 2 cases, and both the left hepatic vein and the middle
hepatic vein in 2 cases.

The veins and their branches in the occluded segment
showed irregular widening, with some exhibiting spindle-
shaped dilation. Color Doppler ultrasound revealed bright
or multicolored mosaic turbulent flow signals between the
tumor thrombi and the lumen, indicating high-velocity flow
through the narrow segment. A significant stasis of blood
flow was observed in some segments of the IVC and hepatic
veins. In 3 cases, tumor thrombi were detected in the right
atrium. Continuous ultrasound scanning tracked the tumor
thrombi extending from the hepatic veins into the IVC
and further into the right atrium, which appeared as oval-
shaped or irregularly shaped slightly hyperechoic masses. In
2 cases, the tumor thrombi adhered to the side wall of the
right atrium.

Classification and surgical outcomes

The HCCIVCTT cases were classified as follows: 10 cases
of type I, 4 cases of type II, and 3 cases of type III. All
14 cases of type I and type Il HCCIVCT'T successfully had
preocclusion bands placed above the tumor thrombi under
TEE guidance. Postoperative TEE showed an unobstructed
blood flow in the IVC, with no filling defects. Follow-up
TEE with four-chamber views, left ventricular long-axis
views, and basal short-axis views revealed normal blood flow
in the main pulmonary artery and its branches, and normal
systolic and diastolic movements of the left and right hearts.

The 3 type III patients underwent IVC and right atrial
tumor thrombus removal under extracorporeal circulation.
All 17 surgeries were successful, with total hepatic blood
flow occlusion times ranging from 5 to 35 minutes. There
were no intraoperative deaths, and intraoperative blood loss
ranged from 400 to 2,100 mL. Real-time TEE monitoring
showed no tumor thrombus fragmentation or detachment,
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Median follow-up of 17 months
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Figure 4 The postoperative survival time ranged from 3 to

45 months, with a median survival time of 17 months.

and there were no severe complications such as acute
pulmonary embolism or cardiac tamponade. Postoperative
pathology confirmed HCC in all cases.

After surgery, we will perform regular cardiac function
assessments, including monitoring right ventricular function
using TEE and assessing the patient’s recovery. Long-term
follow-up data were also collected to analyze long-term
survival and complication rates. All patients were closely
followed up, with the last follow-up date being February 5,
2024. Follow-up was conducted via telephone and outpatient
visits. The main contents of the follow-up included survival
time, tumor recurrence, metastasis, and treatment status. The
postoperative survival time ranged from 3 to 45 months, with
a median survival time of 17 months (Figure 4). At the time
of writing, 2 patients are tumor free, with survival times of
13 and 19 months, respectively. Postoperatively, 11 patients
experienced recurrence, with 3 cases of intrahepatic
recurrence, 5 cases of extrahepatic recurrence, and 3 cases
of both intrahepatic and extrahepatic recurrence. Among
the intrahepatic recurrences, 2 cases received transarterial
chemoembolization (TACE) treatment. Among the cases
with concurrent intrahepatic and extrahepatic recurrence,
3 cases received TACE treatment; among these, one case
with a solitary metastasis in the right upper lung was
resected, and another case with multiple lung metastases was
treated with apatinib.

Discussion

In the era of systemic therapy using molecular targeted
drugs and immunotherapy, combining effective surgical
procedures may be a viable means to improve the survival
rate of patients with advanced HCC (13,14).

© AME Publishing Company.
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Choice of Treatment: Studies have shown that
patients receiving combined therapies exhibit improved
survival outcomes, given the complexity associated with
HCCIVCTT, we prioritized surgical resection as the
primary therapeutic intervention. Surgical resection has been
established as an effective strategy to improve survival rates
in patients with localized HCC (15,16). In our cohort, we
did not administer sorafenib or thalidomide primarily due
to the specific indications for these treatments not aligning
with our patient population. Sorafenib is generally indicated
for advanced HCC in systemic therapy contexts (17). Our
subjects were undergoing surgical intervention specifically
for localized tumor thrombus in the liver and IVC, which we
believe makes timely surgical treatment more critical than
systemic therapies at this stage. This approach is supported
by literature indicating that early surgical intervention
significantly improves prognosis (18). In this study, for certain
cases of recurrence, we adopted a combined approach of
surgical resection and TACE for patients with HCCIVCTT.
This strategy aims to enhance treatment efficacy and improve
patient outcomes. As the follow-up period extends, we
may have more comprehensive treatment options, through
ongoing clinical research and data accumulation, we aim to
offer more personalized and effective treatment plans for
patients.

The greatest risk in the surgical treatment of HCCIVCTT
is the potential dislodgment of the tumor thrombus during
the operation, which can be fatal for the patient (19).
CT, MRI, and abdominal ultrasound are commonly used
imaging modalities for evaluating HCCIVCTT, and
each has its distinct advantages and disadvantages. For
example, enhanced CT can accurately detect HCCIVCTT,
but its effectiveness can vary due to factors such as the
concentration, dosage, and injection speed of the contrast
agent. Moreover, mixing of the contrast agent with blood
and turbulence at vascular junctions can also lead to false
positives. MRI can noninvasively determine the presence of
IVC thrombus, showing the location of the tumor thrombus
and whether the vessel wall is involved. Enhanced scans can
help distinguish between tumor thrombus and blood clot.
However, MRI is expensive and time-consuming, and the
image quality can be compromised by patient movement,
making it less suitable for critically ill patients.

Conventional transabdominal color Doppler ultrasound
can promptly detect floating thrombi and dynamically
observe them, providing some useful information for the
diagnosis of HCCIVCTT (20,21). It can also assess the

risk of the thrombus and, when combined with contrast-
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enhanced ultrasound, can differentiate between the tumor
thrombus and blood clot. However, due to the pulsation
of the heart, it can often be difficult to accurately measure
the blood flow spectrum around the tumor thrombus
with transabdominal color Doppler ultrasound. Contrast-
enhanced ultrasound can improve visualization of blood
flow within the thrombus, but its accuracy heavily depends
on the doctor’s experience and is less effective in obese
patients. Additionally, these imaging methods cannot be
used intraoperatively and cannot monitor the position of
the tumor thrombus in real time.

TEE, with its advantages of real-time imaging and
noninvasiveness, has already been applied in the evaluation
of liver structures and the diagnosis and treatment of
diseases (22-24). It also holds considerable potential for
use in the perioperative period of HCCIVCT'T treatment.
Comprehensive preoperative TEE examination after
anesthesia induction is crucial, as TEE can further probe
from behind the heart via the esophagus, verifying the results
of preoperative routine transthoracic echocardiography to
avoid omissions and correct any preoperative misdiagnoses.
TEE was used in the perioperative period for all patients in
this study, demonstrating significant advantages.

With the probe the placed in the esophagus, TEE
can examine the tumor thrombus closely from behind
the heart without affecting the sterile surgical field.
Intraoperative TEE can clearly display the echogenicity
and morphology of the tumor thrombus; comprehensively
analyze the relationship between the tumor thrombus
and the IVC wall, atrial, ventricular walls, and valves, and
assess the activity of the tumor thrombus between the IVC
and the right atrium.

Color Doppler and spectral Doppler can provide
information on the direction and velocity of blood flow
between the tumor thrombus and the IVC wall, determining
if the tumor thrombus is causing obstruction and accurately
assessing the degree of obstruction. Intraoperative
TEE precisely locates the lesion, clarifies HCCIVCTT
classification, and guides surgical operations under real-
time monitoring throughout the procedure, significantly
reducing the risk of tumor thrombus dislodgment and
guiding the placement of preocclusion bands (25).

We combined TEE with traditional imaging methods
(such as CT and MRI) to provide a comprehensive
assessment perspective. This allows for the correction and
refinement of preoperative diagnoses, timely detection of
disease progression, and assists clinicians in formulating
more personalized treatment plans. In this study, one case
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of tumor thrombus invading the IVC wall was detected,
where the wall continuity was interrupted, and the tumor
thrombus boundaries with surrounding tissues were unclear;
in this case, TEE provided important reference value
for the choice of surgical method, based on the detailed
images from TEE, we found that the extent of invasion
was relatively minor, requiring only partial resection of
the IVC wall and the tumor thrombus, along with careful
IVC reconstruction to restore vascular continuity. Another
type III HCCIVCTT, as diagnosed by preoperative MRI,
was found to be 1 cm away from the IVC valve during
intraoperative ultrasound, and its detection led to timely
adjustment of the surgical method and the ability to
avoid extracorporeal circulation. Additionally, one patient
diagnosed as type | HCCIVCTT by preoperative CT was
identified as type II during intraoperative TEE, which in
contrast to the CT scan, indicated progression of the disease
and expansion of the tumor thrombus. Intraoperative
ultrasound promptly corrected the diagnosis and facilitated
adjustment of the surgical method, preventing tumor
thrombus dislodgment due to inappropriate surgical
method choice.

Postoperative TEE can further confirm if the tumor
thrombus has been completely removed (26-28) and is
safe, cost-effective, and repeatable (29). The use of TEE
throughout the surgery is significant for monitoring the
tumor thrombus, allowing for real-time observation of any
dislodgment and ensuring the preocclusion band is placed
above the tumor thrombus in patients with type I and II
HCCIVCTT. Intraoperative TEE’s real-time monitoring
of cardiac structure and hemodynamics can quickly assess
any volume deficiencies, cardiac dysfunction, or pulmonary
embolism, aiding in anesthesia management, especially
when the surgeon extracts the tumor thrombus from the
IVC. Our study highlights the importance of postoperative
monitoring, and early detection of potential problems can
help improve patient outcomes, especially in HCC patients
with tumor thrombosis. Our findings not only provide
new ideas for the management of HCC patients, but also
provide direction for future research, highlighting the
potential value of integrating different imaging techniques
in the clinic.

Strengths

In our study, we emphasized the application of multimodal
TEE in the resection of HCCIVCTT. Specifically, the
main contributions of our study are reflected in the
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following aspects:

Innovative use of TEE

The study highlights the innovative application of
multimodal TEE during surgeries for HCCIVCTT. TEE’
real-time monitoring provides dynamic guidance, enabling
precise surgical decisions, which is a significant contribution
to the field.

Real-time intraoperative monitoring

TEE helps in accurately determining tumor thrombus
location, guiding placement of occlusion bands, and
evaluating tumor removal success during and after surgery,
reducing risks of complications such as pulmonary
embolism. By using the multimodal software, we were
able to assess the contractile function and volume changes
of the right ventricle in real time during the surgery,
providing critical immediate feedback to the surgeons that
helps in better adjusting surgical strategies. This dynamic
monitoring capability has not been thoroughly explored in
previous studies.

Method of comprehensive assessment

We combined TEE with traditional imaging methods (such
as CT and MRI) to provide a comprehensive assessment
perspective. Our study indicates that this integrative
approach can enhance the accuracy of preoperative,
intraoperative, and postoperative evaluations for patients
with HCC, assisting clinicians in formulating more
personalized treatment plans.

Impact on clinical decision-making

We found that the application of multimodal TEE not
only helps improve postoperative outcomes but also
reduces the occurrence of surgical complications. This
finding, when integrated with current clinical practice,
may offer new insights into the treatment of HCC with
tumor thrombus.

Filling gaps in the literature
Although the use of TEE in HCC treatment has been
previously studied, our prospective data collection and
analysis further clarify its value in specific surgical scenarios.
This provides a foundation for future research and clinical
practice and offers new reference points for clinicians
dealing with similar cases.

Comprehensive Multidisciplinary Approach: The study
included collaboration between hepatobiliary surgeons,
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cardiac surgeons, and echocardiography physicians, ensuring
well-rounded and accurate assessment and treatment.

Limitations

Small sample size

Due to the strict control of surgical indications for
patients, the study included a limited number of cases.
This restricts the generalizability of the findings.
Nevertheless, larger sample studies are needed to better
validate these results and confirm the effectiveness of
TEE in similar cases. To improve the statistical power of
the study, we plan to increase the sample size in future
studies with the goal of including at least 50 patients.
This will help improve the reliability of the results and
make our findings more universally applicable. We
will apply more rigorous statistical methods, including
multivariate regression analysis and survival analysis, to
comprehensively evaluate the effects of different treatment
regimens.

Operator dependency

Compared with CT and MRI, TEE has the advantages of
non-invasive, real-time and functional evaluation of cardiac
structure. However, the operational dependencies and
visualization limitations of TEE also need to be considered.
Therefore, future research should explore the possibility of
using these techniques in combination to achieve a more
comprehensive diagnosis. We have ensured that proper
training and standardization are implemented to achieve
consistent results. This is essential for maintaining high-
quality research and clinical practice. Such measures
help reduce variability and improve the reliability and
effectiveness of the data. As the research progresses, we will
continue to reinforce these aspects to ensure the credibility
of our findings.

Conclusions

We believe that the application of TEE in the perioperative
period of HCCIVCTT is safe and feasible. TEE can
play a crucial role in determining the type of tumor
thrombus, selecting the surgical method, and assessing the
completeness of tumor thrombus removal postoperatively.
Future studies should look at expanding sample sizes and
multi-center collaborations to validate our findings. In
addition, the applicability of TEE in different clinical
Settings should also be considered. Economic evaluation
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of TEE in conjunction with other imaging methods will
be an important next step to ensure that the diagnosis
and treatment protocols adopted are economically viable
and effective.
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