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Abstract
Background: Hepatocellular carcinoma (HCC) with tumor thrombus (TT) extending into the right atrium (RA) is rare, and most cases are at an advanced stage
with a poor prognosis. We report a case of HCC with TT in the RA (RATT) with 15-year survival.

Case presentation: The patient was a 67-year-old man with a huge HCC with RATT. He developed edema of the lower extremities in November 2002. Then, a
liver tumor 6.5 cm in diameter in hepatic segments 7 and 8 was identi�ed by ultrasonography and computed tomography. Cavo-atrial thrombectomy was
performed successfully using cardiopulmonary bypass (CPB) with heparinization and cardiac arrest. After the thrombectomy, right hepatectomy was
performed using the hanging maneuver. The right hepatic vein was transected, and the stump was closed with a running suture. The total operation time was
10  h 48 min, and the total blood loss was 7267  mL. The patient recovered uneventfully except for right pleural effusion, and he experienced no side effects
related to CPB, such as immunosuppression or cerebral infarction. He was cancer-free for approximately 9 years after the surgery. A new lesion in the remnant
liver was detected by magnetic resonance imaging in March 2012. He underwent six rounds of transcatheter arterial chemoembolization, followed by
sequential administration of sorafenib and sunitinib. Radiation therapy was administered to the remnant liver twice and to the spine after he was diagnosed
with bone metastasis. Finally, the patient died 6 years after the recurrence.

Conclusions: Cavo-atrial thrombectomy under CPB prior to hepatectomy for HCC with RATT can be performed safely to prevent major complications related to
CPB. Our patient’s postoperative clinical course followed by multidisciplinary therapies led to an approximately 15-year survival. 

Background
Hepatocellular carcinoma (HCC) is the �fth most common malignancy worldwide [1]. Tumor thrombus (TT) formation in the hepatic or portal veins is
common in advanced-stage HCC [2]. TT extension into the inferior vena cava (IVC) and subsequently into the right atrium (RA) is rare but has a dismal
prognosis [3]. The mean postoperative survival period in previous reports from 1998 to 2002 ranged from 7 months to 8 months [4]. However, Wang et al. [5]
and Wakayama et al. [6] reported that the median overall survivals of patients who underwent curative resection for HCC with TT of the IVC or RA were 19.0
months and 30.8 months, respectively, since the surgical technique and perioperative management had improved. Although surgical and nonsurgical
treatments such as radiofrequency ablation (RFA), transcatheter arterial chemoembolization (TACE), radiotherapy, and systemic chemotherapy have been
reported in such cases, the optimal therapeutic management of HCC with IVC or RA thrombi has not been established [6-8]. It is generally assumed that liver
resection combined with IVC or RA thrombectomy is the only potentially curative option, but this is a challenging and dangerous procedure that involves a high
surgical risk [7]. Here, we report a case of HCC with TT extending into the RA with approximately 15-year survival.

Case Presentation
A 67-year-old man was referred to our hospital in January 2003 with a chief complaint of edema in the lower extremities since November 2002. He received a
blood transfusion when he underwent surgery for gastric ulcer at 39 years of age and was later diagnosed with hepatitis B virus infection. Laboratory tests
revealed a normal albumin level (4.6 g/dL), normal total bilirubin level (0.55 mg/dL), normal serum prothrombin time (101.8%), mildly elevated D-dimer (2.1
μg/mL), hepatitis B surface antigen positivity, and hepatitis C virus antibody negativity. The tumor markers α-fetoprotein and protein induced by vitamin K
absence-II were elevated to 135 ng/mL and 19000 mAU/mL, respectively. The Child-Pugh classi�cation was A, the indocyanine green retention rate at 15 min
was 14%, and the vanishing rate was 0.105. Contrast-enhanced computed tomography showed a low-density mass 6.5 cm in diameter in the right liver that
was enhanced with contrast medium and a TT extending from the main tumor through the IVC to the RA (Fig. 1a, b). Echocardiography clearly demonstrated a
TT in the RA (Fig. 1c). Based on these �ndings, a diagnosis of HCC in the right liver with TT growth into the RA was made.

Operative technique

Surgery was performed in February 2003 using cardiopulmonary bypass (CPB) with total hepatic vascular exclusion (THVE). First, a reversed L-shaped
incision was made in the upper abdomen, and neither intrahepatic metastasis nor peritoneal dissemination was ascertained. Next, a median sternotomy was
performed, and the pericardium and diaphragm were divided at the level of the IVC hiatus in the diaphragm. The superior vena cava (SVC) and ascending
aorta were exposed and taped. Catheters were inserted into the SVC, IVC via the right femoral vein, ascending aorta, and superior mesenteric vein after
intravenous administration of heparin sodium (300 units/kg). Extracorporeal cardiopulmonary bypass was established, with the arterial in�ow through a
cannula placed in the ascending aorta and drainage from the SVC and IVC. THVE was induced by snaring the SVC, the IVC just below the liver, and the hilar
tributaries (Pringle’s maneuver). Cardiac arrest was obtained by the infusion of crystalloid cardiac solution after cross-clamping the ascending aorta. Body
temperature was controlled at 33.0°C by core cooling of the CPB. A longitudinal incision was created in the center of the suprahepatic IVC from the RA. Under
direct vision, thrombectomy from the RA to the IVC was successfully performed, and the TT was disconnected from the main tumor (Fig. 2a). Since there was
no invasion into the wall of the RA or IVC, the right hepatic vein (RHV) was closed internally without combined resection of the adjacent organ, and the incision
over the RA and IVC was closed longitudinally with a running suture. After completing the thrombectomy and de-clamping of the aorta, CPB was stopped, and
3.9 mg/kg protamine sulfate was administered to neutralize heparin. Then, the right hepatic artery and right portal vein were exposed and ligated, the right
liver was mobilized, and right hepatectomy was performed using the hanging maneuver. The RHV was transected, and the stump of the RHV was closed with
a running suture (Fig. 2b). Several pieces of tissue adhesive (Tachocomb [Torii Pharmaceutical, Tokyo, Japan]) were attached to the resected liver surface for
hemostasis. The CPB time was 82 min. Because additional time was needed to disconnect the TT from the primary tumor because of severe adhesion. The
total operation time was 10 h and 48 min, and the total blood loss was 7267 mL. Most bleeding (approximately 4400 mL) occurred during hepatectomy due to
heparinization.

Pathology
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The liver main tumor was 7.0 × 6.5 × 6.0 cm in size. Microscopic �ndings of the resected specimen indicated poorly differentiated HCC, multinodular type and
chronic hepatitis, (eg, fc+, fc-inf+, sf+, s0, n0, vp0, vv3, va0, b0, im0, p0, sm-, CH) [9]. The �nal surgical outcome was pR0 resection of HCC with TT in the RA
(Fig. 3a, b, c, d).

Postoperative clinical course

The patient recovered uneventfully except for right pleural effusion, which required drainage. He experienced no side effects related to CPB, such as bleeding,
cerebral infarction, or cancer cell dissemination. He was discharged 33 days after surgery and was cancer-free for approximately 9 years after the surgery. In
March 2012, magnetic resonance imaging revealed a new lesion in the remnant liver (Fig. 4a, b). As the patient and his family did not desire liver re-resection,
TACE was repeated six times until March 2016 (Fig. 4c). Although the patient had a cancer-bearing condition, his daily life was without restrictions. TACE
became gradually ineffective, and sorafenib and sunitinib were sequentially administered. In addition, radiotherapy was delivered to the remnant liver in the
autumn of 2016 and the summer of 2017. The patient also received radiotherapy to the spine in late summer 2017 because of bone metastasis. Finally, he
died of recurrent HCC with bone metastases in January 2018, approximately 15 years after the initial surgery.

Discussion And Conclusions
HCC with TT in the RA (RATT) should be treated as an oncologic emergency because of the risk of sudden cardiac death and pulmonary embolism. However,
there is no consensus on the therapeutic options for HCC with IVC or RA thrombi [6-8]. The practice guidelines of the American Association for the Study of
Liver Diseases [10] and the Barcelona Clinic Liver Cancer guidelines [11] recommend sorafenib for advanced HCC, including HCC exhibiting major vascular
invasion [12]. However, the prognosis remains unsatisfactory because the survival time is only 8.1 months if major vascular invasion is present [13]. Therefore,
the only potentially curative option for HCC with TT in the IVC or RA is liver resection with thrombectomy. 

Li et al. [14] classi�ed TT based on the anatomic location relative to the heart. Type I inferior hepatic TT involves the IVC below the diaphragm, type II involves
the IVC above the diaphragm but outside the RA, and type III is TT above the diaphragm that reaches the RA. TT in the IVC or RA poses an increased risk of
sudden cardiac arrest, liver failure, and pulmonary embolism. This TT classi�cation is useful for selecting the operative procedure, especially for patients
requiring CPB [14]. Considering the well-known potential intraoperative adverse effects of CPB, such as coagulation abnormalities with heparin, and
postoperative complications, such as immunosuppression and cerebral infarction, its use should be considered carefully [4]. Several reports have described
metastasis from a primary tumor after heart surgery using CPB. Hasegawa et al. [15] describe two mechanisms through which CPB might contribute to
dissemination of tumor cells. First, tumor cells that contaminate the reservoir blood may spread through the arterial cannula. Second, disruption of
homeostasis by CPB might liberate tumor cells that were spread preoperatively but whose migration or growth were suppressed by the immune system. As
CPB is a complex technique with major systemic effects, surgical treatment with simple THVE should be performed if possible [4]. We previously reported that
THVE was useful for hepatectomy in patients with tumor invasion into the hepatic vein and IVC or TT in the IVC [16]. Veno-venous bypass maintains cardiac
venous return in cases where the tumor is localized to the IVC and suprahepatic IVC clamping is su�cient for safe removal of the tumor. In addition,
Sakamoto et al. [4] mentioned that the RATT may be pulled downward into the IVC by mobilizing the liver caudally if the thrombus has only just entered the
RA. By contrast, Ariizumi et al. [17] strongly advocated that cavo-atrial thrombectomy prior to hepatectomy for HCC with RATT should be performed under
CPB, because they experienced a pulmonary embolism due to RATT in a man with HCC who underwent hepatectomy prior to thrombectomy without CPB. CPB
was crucial in providing the ability to incise the atrial and IVC walls to easily visualize and precisely extirpate the intravascular and intra-atrial parts of the
tumor. However, in this case, the tumor was adherent to the wall of the IVC and atrium. Therefore, “pulling” the intra-atrial tumor en-bloc with the resected liver
lobe without a su�cient viewpoint might have resulted in inappropriate resection and possible tearing and embolism of the tumor. In addition, to prevent
potential intraoperative dissemination by intraoperative handling, Shirabe et al. [18] cited the bene�t of thrombectomy before hepatic transection. Therefore,
we decided to perform CPB for this patient to remove the RATT prior to the liver resection to prevent both pulmonary embolism and dissemination of
malignant cells. THVE without CPB might scatter tumor cells during extirpation of the tumor or lead to incomplete removal of the TT if invasion to the wall is
present [19]. Further, Wakayama et al. [6] experienced two cases of intra-IVC recurrence due to incomplete resection of TT on the IVC wall, so the IVC wall
should be resected if invasion to the wall is suspected. Moreover, cardiocirculatory arrest seems to be superior to THVE in obtaining a better and exhaustive
cleaning from the TT [20]. There are several surgical reports of HCC with RATT simultaneously resected under CPB. Our search of the English and Japanese
literature revealed 28 cases of resection of HCC with RATT, in addition to the present case (Table 1) [3, 6, 17, 19-37]. We have found that the mean age is 59.62
± 10.49 years, which is younger than that of ordinary HCC patients, and only �ve patients are in seventies. There have been only two previous reports of cases
in which thrombectomy under CPB was performed prior to hepatectomy. Liver recurrence and lung metastasis occurred in the 10 patients and in the 9 patients,
respectively. Eleven patients including the present case are already deceased due to recurrence of HCC. Prior to our case, the longest one was 56-month
survival reported by Yogita et al. [19]

Hepatectomy with extracorporeal circulation is normally employed only under speci�c conditions [26–28] because of the technical aspects associated with
the procedure. Further, after hepatic resection performed during CPB, uncontrollable bleeding may occur as a result of coagulation abnormalities caused by
cirrhosis and the use of heparin. In addition, a variety of complications, including disseminated intravascular coagulation and adult respiratory distress
syndrome, may occur after CPB in patients with cirrhosis [29]. Therefore, CPB has not been widely performed for hepatectomy. Even if aggressive surgery for
HCC with RATT is performed, the prognosis is not necessarily good. The present case describes the longest survival of a patient with HCC with RATT who
underwent simultaneous resection of the liver and TT under CPB. The long survival in this case suggests that the heart-�rst approach could be better than the
liver-�rst approach from an oncological point of view. In addition, the heart-�rst approach prevents not only sudden cardiac arrest and pulmonary embolism
but also uncontrollable bleeding due to in�ow obstruction by the ball valve effect. However, Ariizumi et al. [17] reported that a large amount of blood loss could
occur during liver surgery due to heparinization. We also experienced a large volume of blood loss, probably due to heparin administration.
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Almost all HCC patients with TT formation in the vasculature experience recurrence after resection with curative intent [6]. The �rst recurrence most frequently
occurs in the remnant liver, followed by multiple metastases in other organs, including the lungs [6]. As long as the recurrence is con�ned to the liver, several
effective options are available, including repeated hepatectomy, RFA, and TACE [36]. Here, we adopted TACE because of the patient’s preference.

Although thrombectomy alone has been performed in similar cases to avoid sudden death, the outcomes of those cases were poor [24]. Surgical resection is
generally contraindicated for patients with unresectable metastates because incomplete resection is a decisive factor for poor prognosis. R1/2 resection has a
negative impact on the prognosis, and R0 resection should be attempted [38]. Kasai et al. [39] altered their criteria for resection and performed preoperative
hepatic arterial injection chemotherapy (HAIC) instead of up-front resection for patients with advanced HCC. Notably, preoperative HAIC seems to be
associated with a reduced risk of recurrence [39]. Therefore, it could be a promising option for patients with HCC with RATT.

 Intense follow-up should be performed during the patient’s life, and multidisciplinary therapies are essential to achieve long-term survival of HCC patients. Our
vigorous repeated treatments, including TACE, systemic chemotherapy, and radiotherapy, might have contributed to our patient’s long survival. HCC with RATT
is a very rare but critical entity, and aggressive surgical resection using CPB is the only method for obtaining curative treatment and long survival.

In conclusion, we report a case of HCC with RATT treated by aggressive surgery following multidisciplinary therapies after recurrence. Cavo-atrial
thrombectomy prior to hepatectomy under CPB provides a safe, controlled approach for resection. Furthermore, CPB is conclusive for providing the ability to
visualize the RATT, thereby ensuring satisfactory oncologic margins. This is the only reported case of HCC with RATT with a long survival time of
approximately 15 years after surgery.

Abbreviations
CPB: cardiopulmonary bypass; HAIC: hepatic arterial injection chemotherapy; HCC: hepatocellular carcinoma; IVC: inferior vena cava; RA: right atrium; RFA:
radiofrequency ablation; RHV: right hepatic vein; RHV: right hepatic vein; SVC: superior vena cava; TACE: transarterial chemoembolization; THVE: total hepatic
vascular exclusion; TT: tumor thrombus
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 Author Year Age/Sex Size of
HCC
(cm)

Liver or
Heart
Surgery
First

Cardiac
Arrest

Treatment
Technique

Additional Treatment Blood
Loss

Operation
Time

Com

1 Onitsuka
[21]

1990 59/Male 15 Liver
First

No Arrest Left HR No N.D. N.D. No

2 Tuzuki [22] 1991 57/Male 5 Liver
First

No Arrest S4
segmentectomy

Chemotherapy 6720 13 h 52
min

DIC

3 Fujisaki
[232]

1991 38/Female 8.5 Liver
First

Arrest Left HR No 9400 14 h 54
min

No

4 Yokoi [24] 2000 54/Male 7 Liver
First

N.D. Left HR TACE 14000 8 h 55
min

Bleed

5 Wu [25] 2000 42/Male 1.5 Liver
First

Arrest Partial
Resection

TACE 7000 11 h 12
min

No

6 Yogita [19] 2000 61/Male 3 Liver
First

No Arrest Left HR No 2910 11 h 20
min

No

7 Miyazawa
[26]

2004 55/Male 7 Liver
First

N.D. Right HR No 4500 6 h 30
min

No

8 Sugimoto
[27]

2004 55/Male 14 Heart
First

No Arrest Left HR TACE 3735 8 h 20
min

No

9 Tani [28] 2006 68/Male 10 Liver
First

N.D. Right HR TACE 2750 7 h 29
min

No

10 Ohwada
[29]

2008 77/Female 10 Liver
First

Arrest Left HR No 1078 11 h No

11 Sasaki [30] 2008 60/ Male N.D. Liver
First

Arrest Left HR N.D. N.D. N.D. N.D.

12 Florman [3] 2009 55/Male 18 Liver
First

Arrest Left HR No N.D. 6 h No

13 Leo [31] 2010 45/Male N.D. Liver
First

Heart
Fibrillated

Left HR No N.D. N.D. Pleur
Effus

14 Inoue [32] 2011 67/Male 5 Liver
First

No Arrest Left HR No 4180 N.D. No

15 Li [33] 2012 64/Male 5.3 Liver
First

Arrest Posterior
Sectionectomy

No N.D. 6 h 45
min

No

16 Li [33] 2012 44/Male 10.7 Liver
First

No Arrest Right HR TACE,
Immunochemotherapy,

Local ablation

1200 6 h Pleur
Effus

17 Wakayama
[6]

2013 68/Male  Liver
First

N.D. Right HR No    

18 Wakayama
[6]

2013 70/Male  Liver
First

N.D. Right HR Chemotherapy    

19 Wakayama
[6]

2013 66/Male Average
± SD

Liver
First

N.D. Right HR Chemotherapy Average
± SD

Average
± SD

 

20 Wakayama
[6]

2013 51/Male 11.8 ±
4.3

Liver
First

N.D. Left HR Chemotherapy 6540 ±
5404

10 h 8
min

± 169
min

 Af 1,

 ARF 

21 Wakayama
[6]

2013 59/Male  Liver
First

N.D. Left HR No    

22 Wakayama
[6]

2013 65/Male  Liver
First

N.D. Sectionectomy Chemotherapy    

23 Ohta [34] 2016 60/Male N.D. Liver
First

No Arrest Diaphragmatic
Tumorectomy

Sorafenib 5881 12 h 19
min

No

24 Pesi [20] 2016 51/Male 6.5 Liver
First

Arrest Left HR N.D.    

25 Pesi [20] 2016 73/Male 4.5 Liver
First

Arrest Left HR N.D.  Average
± SD

 Average
± SD

Pleur
Effus
Ascit

26 Pesi [20] 2016 76/Female 14 Liver Arrest Right HR N.D. 926.6 ± 5 h 36  
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First 325.9 min ± 66
min

27 Tsang [36] 2017 47/Male 19.6 Liver
First

No Arrest Right HR Chemotherapy 30000 N.D. No

28 Ariizumi
[17]

2019 75/Female 21 Heart
First

Heart
Fibrillation

Right HR N.D. 8200 9 h No

29 Present
Case

 67/Male 6 Heart
First

Arrest Right HR TACE, Chemotharapy
Radiotherapy

7267 10 h 48
min

Pleur
Effus

 

Ad: adrenal gland, Af: atrial �brillation, ARF: acute renal failure, DIC: disseminated intravascular coagulation, HCC: hepatocellular carcinoma, HR: hepatic
resection, LN: lymph node, N.D.: not described, SD: standard deviation, TACE: transcatheter arterial chemoembolizati

Figures

Figure 1

Preoperative imaging studies. a Enhanced CT showing a tumor (black arrow), 6.5 cm in diameter, in the right lobe of the liver and tumor thrombus (white
arrow) in the IVC. b Enhanced CT showing a tumor thrombus (white arrow) in the right atrium. c Echocardiography revealed a tumor thrombus (white arrow) in
the right atrium. CT: computed tomography; IVC: inferior vena cava

Figure 2
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Intraoperative photograph. a A tumor thrombus in the RA and IVC was removed under cardiopulmonary bypass with cardiac arrest. The RA and IVC were
incised longitudinally, and the tumor thrombus (white arrow) was excised under direct vision. b Right lobectomy of the liver was performed, and the incision
over the RA and IVC was closed longitudinally with a running suture. RA: right atrium; IVC: inferior vena cava

Figure 3

Pathology. a The resected specimen. The main liver tumor (7.0 × 6.5 × 6.0 cm) was an encapsulated hepatocellular carcinoma at segments 7 and 8. There
was a tumor thrombus (white arrow) in the right hepatic vein. b Excised tumor thrombus in the right atrium and IVC. c Photomicrograph of the main tumor.
The tumor was diagnosed as an Edmondson grade III carcinoma. The cells were arranged in solid sheets and had relatively uniform nuclei and eosinophilic
cytoplasm. The tumor was composed of an aggregation of anaplastic cells with an irregular, large nucleus. (Hematoxylin-eosin stain, original magni�cation
200×) d The tumor thrombus showed organizational change and contained live tumor cells that were consistent with the primary tumor (inset). (Hematoxylin-
eosin stain, original magni�cation 10× [inset 200×]) IVC: inferior vena cava

Figure 4

Recurrent tumor in the remnant liver. MRI showing the tumor at segment 2 of the liver, which had low signal intensity on T1-weighted imaging (a) and high
signal intensity on diffusion-weighted imaging (b). (c) The tumor was hypervascular and was treated by transcatheter arterial chemoembolization. MRI:
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magnetic resonance imaging


