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Abstract
Up to 3% of all hepatocellular carcinomas (HCCs) present with a tumor thrombus (TT) in the inferior
vena cava (IVC) and right atrium (RA). Extensive growth of HCC into the IVC and the RA is associated
with a particularly poor prognosis. This clinical condition is related to a high risk of sudden death
due to pulmonary embolism or acute heart failure. Therefore, a technically challenging treatment
undergoing hepatectomy and cavo-atrial thrombectomy is necessary. We report a 61-year-old
man presenting with right subcostal pain, progressive weakness, and periodic shortness of breath
for 3months. Hewas diagnosedwith advancedHCCwith a TT extending from the right hepatic vein
into the IVC and RA. A multidisciplinary meeting with cardiovascular and hepatobiliary surgeons,
oncologists, cardiologists, anesthesiologists, and radiologists was held to determine the best
treatment approach. Initially, the patient underwent right hemihepatectomy. As follows, the
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cardiovascular stage using cardiopulmonary bypass was successfully performed, removing the TT
from the RA and ICV. In the early postoperative period, the patient remained stable and was
discharged on the 8th postoperative day. A morphological examination revealed grade 2/3 HCC, a
clear cell variant with microvascular and macrovascular invasion. Immunohistochemical staining
was positive for HEP-1, CD10, whereas negative for S100. The morphological and immunohis-
tochemical results corresponded to HCC. The treatment of such patients requires the cooperation
of various specialties. Although the approach of the surgery is extremely complex including specific
technical support, as well as high perioperative risks, the result offers favorable clinical outcomes.

© 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

Hepatocellular carcinoma (HCC) is the most frequent primary liver tumor, ranking fourth
among the leading causes of cancer-related mortality worldwide [1]. The most common type
of tumor thrombus (TT) in HCC is in the portal veins (20–65%) [2]. However, TT may also
invade hepatic veins, ranging from 1.4 to 4.9%, and also spread to the inferior vena cava (IVC)
and the right atrium (RA) (0.67–3%), which is a critical condition [3, 4]. There is no definitive
treatment and surgery in this case is extremely challenging. Still, hemihepatectomywith cavo-
atrial thrombectomy could be considered to exclude the risk of a sudden death. We report a
case of advanced HCC with a TT invading into IVC and RA undergoing surgical treatment with
hemihepatectomy prior to cavo-atrial thrombectomy. The CARE Checklist has been completed
by the authors for this case report, attached as online supplementarymaterial [5] (available at
www.karger.com/doi/10.1159/000529831).

Case Report/Case Presentation

A 61-year-old man presented with right subcostal pain, progressive weakness, and
periodic shortness of breath for 3 months. His past medical history included acute hepatitis A
in 1970s and treated hepatitis C in 2014 with no records of current liver cirrhosis. He was
diagnosed by contrast-enhanced computed tomography scan with advanced HCC with the TT
extending from the IVC to the RA. The right lobe of the liver had extensive malignant for-
mations. The largest formation (14 × 13 × 14 cm) was located in segments 5 to 7. Its volume
was calculated to be 1,000 cubic centimeters (cc). Another node (6 × 4.5 × 9 cm) was situated
at the level of hepatic venous confluence with an intraluminal mass extending from the right
hepatic vein through the IVC to the RA (Fig. 1). The total size of the liver computed to-
mography imaging dimensions was 28 × 14 × 21 cm. An initial echocardiogram confirmed that
TT (2.63 cm) within the RA entering from the IVC had no signs of reaching the tricuspid valve
or being that of the pedunculated type (Fig. 2). The atriums and ventricles on both sides were
normal in size with a preserved right and left ventricular systolic function. Another important
stage prior to surgery included a remnant liver volume calculation to exclude postoperative
hepatic insufficiency (Fig. 3; Table 1). The liver functional volume was estimated to be 4,143.6
cc, from which lateral and medial left lobes were 1,355.0 cc (32.7%), whereas medial and
lateral right lobes, 2,788.6 cc (67.3%). Therefore, estimated resection volume was 2,788.6 cc,
including tumor (1,000 cc), and the estimated remaining liver volume was 1,355.0 cc. Initial
laboratory tests revealed serum alpha-fetoprotein 5.37 ng/mL (normal range 0.0–6.0 ng/mL),
whereas Child-Pugh class B and albumin-bilirubin (ALBI) grade 2 were calculated (Table 2).
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The patient underwent surgical treatment, which lasted 9 h in total. The right hemi-
hepatectomy along with resection of the TT from RA and IVC was executed.

A right subcostal laparotomy was performed. A minimal amount of serous ascites was
present, but there were no signs of macroscopic peritoneal dissemination. Visually, the right
lobe of the liver parenchyma was extensively enlarged and palpably dense. The most chal-
lenging part at the end of right hemihepatectomy involved separation of the closely attached
tumor tissue to IVC. During this stage, the IVC was opened and the TT mass was obtained. The
right hemihepatectomywas successfully done using the intermittent Pringle maneuver 7 times,
each time for 10 min, following a 5-min break. The total Pringle maneuver time exceeded 1 h.

As follows, a median sternotomy was added to the right subcostal laparotomy. Car-
diopulmonary bypass was established by cannulating ascending aorta and superior vena cava
(SVC). Snares around SVC and IVCwere passed. Aortic cross-clampwas applied and antegrade
crystalloid cardioplegia was administered. Snare around SVC was tightened and right
atriotomy was performed, exposing access to tumor masses that were removed from RA.
Intermittently tightening the snare around, reachable masses from IVC were removed. After
this stage, the snare around IVC was tightened to prevent possible further embolization in

a b

Fig. 1. a Arterial-phase CT scan in coronal plane of the thoracic and abdominal cavity showing extensive
HCC in the right lobe of the liver with a TT invading the IVC (white arrows). b Venous-phase CT scan in
coronal plane of thoracic cavity showing TT in RA (white arrow).

Fig. 2. Preoperative echocardiogram revealed the 2.63 cm
mass or thrombus occupying the RA without tricuspid in-
volvement nor being of the pedunculated type (white arrow).
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next stage, and RA was deaired and closed. An aortic cross-clamp was released after 21 min.
This was followed by opening of the IVC and removal of the remaining tumor masses. The IVC
was closed and snare around IVC was released. Cardiopulmonary bypass was discontinued
and canules were removed. Total cardiopulmonary bypass time was 62 min.

Fig. 3. Remnant liver volume: arterial-phase CT scan in axial
plane of abdominal cavity showing computed functional
volume of liver segments.

Table 1. Functional liver volume
calculation

Liver

Liver Volume % out of
total

Functional liver 4,143.6 cc 100.0

Total liver 4,143.6 cc 100.0

Segments

Segments Functional volume % out of
functional

Lateral left lobe 1,021.6 cc
1,355.0 cc

24.7
32.7

Medial left lobe 333.4 cc 8.0

Medial right lobe 1,625.0 cc
2,788.6 cc

39.2
67.3

Lateral right lobe 1,163.6 cc 28.1

Table 2. Initial laboratory test results

WBC 6.55×109/L Total bilirubin 88.9 μmol/L ↑

RBC 5.47×1012/L Direct bilirubin 76.6 μmol/L ↑

Hemoglobin 165 g/L Lipase 40.9 U/L

Hematocrit 49.6% Alpha-amylase 57 U/L

Platelet count 169×109/L Creatinine 60 μmol/L ↓

Prothrombin activity 68% Total protein 62.1 g/L ↓

INR 1.19 Albumin 32.1 g/L ↓

aPTT 44.4 s ↑ Sodium 134 mmol/L

ALT 45 U/L ↑ Potassium 3.95 mmol/L

AST 118 U/L ↑ CRP 44.4 mg/L ↑

ALP 266 U/L ↑ Procalcitonin 0.146 ng/mL ↑

BUN 5.43 mmol/L AFP 5.37 ng/mL
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The resected liver was 22 × 14 × 10 × 14 cm with multiple yellowish-pale nodules in
diameter 0.5–13 cm. The largest of them was 13 × 11 × 14 cm (Fig. 4).

Microscopic examination of the resected tumor revealed multifocal grade 2/3 HCC, clear
cell variant with the microvascular and macrovascular invasion (Fig. 4). Two lymph nodes (0.6
and 1.1 cm) sent for pathohistological examination showed reactive sinus histiocytosis with no
elements of tumor. Immunohistochemical staining was positive for HEP-1 and CD10: immu-
nohistochemical markers of HCC. It was negative for S100: immunohistochemical markers of
liver cirrhosis. Ki-67 proliferation fraction showed rates from 5% to 25% inmalignant HCC cells
(Fig. 5). Based on these findings, we confirmed the diagnosis of the HCC with the microvascular
and macrovascular invasion and a TT extending from the IVC to the RA.

In the early postoperative course, the patient remained stable and was discharged on the
8th postoperative day. After the surgery, the patient remained under supervision of the
oncologist, the hepatobiliary surgeon, and the radiologist. After 7 months of follow-up, the
patient is still alive and in good condition.

Discussion/Conclusion

HCC with TT extension through the hepatic veins and IVC into the RA is reported in up to
3% of all cases [3, 4]. Besides, studies have reported even a higher rate (4.1%) upon autopsy
for patients without previously known diagnosis of HCC and TT reaching RA [6, 7].

a

b

c d

Fig. 4. Operative specimens. a, b Gross view of the tumor. c, d Tumor growth into large veins in gross
examination.
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This condition is considered to be an advanced stage of the disease with themortality rate
up to 25% due to sudden death caused by various complications [8]. Examples would include
pulmonary embolism, occlusion of the tricuspid valve, lung metastasis, pulmonary infarction,
secondary Budd-Chiari syndrome, ball-valve thrombus syndrome, and heart failure [8]. Al-
though there is no definitive treatment for the condition, surgery in patients with a sufficient
hepatic reservoir is still indicated due to the risk of sudden death from the complications
mentioned before.

Current literature describes two possible orders for the procedure, either beginning with
the hemihepatectomy before the cavo-atrial TT resection or starting with the cavo-atrial TT
resection before the hemihepatectomy. The general consensus is to start with the hemi-
hepatectomy due to the high risk of bleeding after the administration of heparin required for
the cavo-atrial TT resection. However, in cases where the TT in the RA reaches the tricuspid
valve and is of the pedunculated type, it is advised to start with the cavo-atrial TT resection
due to the increased risk of the ball-valve effect or a pulmonary embolism leading to sudden
cardiac arrest during surgery [9]. In our case, the echocardiogram did not show TT reaching
the tricuspid valve nor being of the pedunculated type; therefore, we decided to begin with
right hemihepatectomy. As follows, cardiovascular stage using cardiopulmonary bypass was
successfully performed, removing the TT from the RA and IVC. Although very few studies
yield surgical outcomes, Matsukuma et al. [10] reported postoperative complications in-
cluding pulmonary artery embolism, ascites, pleural effusion, arrhythmia, bile leak, and
surgical-site infection.

Overall, hemihepatectomy with cavo-atrial thrombectomy is challenging; however,
recent surgical innovations and the advanced surgeons’ skill set have improved the safety
of this procedure. A study performed byWakayama and colleagues [11] yielded 6 patients
undergoing liver resection combined with removal of IVC and RA thrombi with no

a b

c d

Fig. 5. Pathological findings of HCC, clear cell (CC) variant. a Hematoxylin and eosin (HE) stain, original
magnification (OM), ×40. b HCC, CC variant, HE stain, OM, ×100. Immunohistochemical findings of HCC.
c HCC proliferation activity with Ki67, immunoperoxidase, OM, ×100. d HCC, CC variant, immuno-
peroxidase (HepPar1), OM, ×100.
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postoperative mortality. Also, Matsukuma and co-authors [10] reported 13 patients after
liver resection and cavo-atrial thrombectomy. No in-hospital deaths were reported.
However, the prognosis for patients after the surgery is still considered to be poor. In
literature, median overall survival (OS) time varies from 11.2 to 36.4 months with median
disease-free survival time of 9 months [6, 7, 12, 13]. To further improve OS after surgery,
more studies assessing the effect of different treatment modalities are necessary. Kasai
et al. [14] reported an effective response to hepatic arterial injection chemotherapy prior
to surgery for patients with advanced IVC TT when compared with no hepatic arterial
injection chemotherapy (median survival time: unreached vs. 8.3 months, p = 0.007).
Therefore, it could be an encouraging option for patients with HCC TT invading RA.
Nevertheless, when surgery is not feasible, other therapeutic approaches are also
available (e.g., radiotherapy, transarterial chemoembolization, symptomatic treatment)
with reported median survival time being only 4.5–10 months [15–17]. Therefore, these
data are indicating surgery might result in better survival when comparing to other
nonsurgical treatments.

The patient in our case remained under supervision of an oncologist, a hepatobiliary
surgeon, and a radiologist. He was assigned to sorafenib, which is a standard of systemic
treatment for patients with advanced HCC and well-preserved liver function (Child-Pugh A
class). It has proved to increase survival rate up to 1 year in patients with advanced HCC [18].
However, recently it was reported that atezolizumab and bevacizumab combination therapy
demonstrated a significant OS benefit compared with sorafenib alone with a hazard ratio for
death of 0.66 (95% confidence interval: 0.52–0.85; p (¼) = 0.0009) in data reported by Finn and
colleagues [19]. Unfortunately, in our case, the patient did not accept sorafenib due to the side
effects it caused. Despite that, he did not show any clinical signs or symptoms of recurrence
during follow-up 7 months after the surgery.

In conclusion, we have reported a case with HCC TT invading the RA. Although the
approach of the surgery is extremely complex and requires the cooperation of various
specialties, the result offers good clinical outcomes. Therefore, other colleagues may benefit
from our experience when treating similar patients in the future.
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