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Abstract
BACKGROUND 
Hepatocellular carcinoma (HCC) accompanied by a tumor thrombus is very 
common. However, the treatment strategy is controversial and varies by the 
location of the thrombus.

CASE SUMMARY 
We report herein a case of HCC with a tumor thrombus in the suprahepatic 
inferior vena cava (IVC), which was successfully treated by hepatectomy 
combined with thrombectomy following sorafenib chemotherapy. A 47-year-old 
woman with chronic hepatitis was diagnosed with HCC. Computed tomography 
and magnetic resonance imaging showed that the tumor lesion was located in the 
right half of the liver, and a tumor thrombus was detected in the suprahepatic IVC 
near the right atrium. After multi-departmental discussion and patient informed 
consent, right major hepatectomy and total removal of the tumor thrombus were 
successfully performed under cardiopulmonary bypass. There were no serious 
complications after surgery. Following sorafenib treatment, no recurrence has 
been detected so far (11 mo later).

CONCLUSION 
Surgical treatment followed by adjuvant sorafenib therapy might be an acceptable 
choice for HCC patients with tumor thrombosis in the IVC.

Key Words: Hepatocellular carcinoma; Tumor thrombosis; Inferior vena cava; 
Hepatectomy; Thrombectomy; Sorafenib; Cardiopulmonary bypass; Case report
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Core Tip: Hepatocellular carcinoma (HCC) is the most common type of liver cancer 
with a high mortality rate worldwide. For HCC patients with tumor thrombosis in the 
inferior vena cava (IVC), in addition to tumor progression, acute pulmonary embolism 
induced by tumor thrombosis is also a vital factor decreasing patient survival. Once a 
pulmonary embolism occurs, there is no effective therapy, and the patients usually die. 
Therefore, in Asia-Pacific regions such as China, Japan and South Korea, surgical 
treatment is recommended in highly selected patients, which might provide better 
survival outcomes than other treatments. Here, we report a case of a resectable HCC 
patient with tumor thrombosis in the IVC who was treated successfully by liver 
resection, tumor thrombosis removal and systemic treatment.

Citation: Zhang ZY, Zhang EL, Zhang BX, Zhang W. Surgery for hepatocellular carcinoma 
with tumor thrombosis in inferior vena cava: A case report. World J Clin Cases 2021; 9(36): 
11495-11503
URL: https://www.wjgnet.com/2307-8960/full/v9/i36/11495.htm
DOI: https://dx.doi.org/10.12998/wjcc.v9.i36.11495

INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common type of liver cancer with a high 
mortality rate worldwide. The percentage of HCC patients with vascular invasion at 
the time of initial diagnosis is 10%-40%[1-3]. The median survival time (MST) has been 
reported to be only 3-10.1 mo without any treatment[4]. According to the American 
Association for the Study of Liver Disease (AASLD)/Barcelona Clinic for Liver Cancer 
(BCLC) staging system and treatment guidelines, HCC associated with vascular 
invasion or bile duct invasion is regarded as an advanced stage of disease[1]. The only 
suggested treatment for such patients is systemic treatment, such as with sorafenib or 
lenvatinib.

However, the efficacy of these treatments is not satisfactory. Especially for HCC 
patients with tumor thrombosis in the inferior vena cava (IVC), in addition to tumor 
progression, acute pulmonary embolism induced by tumor thrombosis is also a vital 
factor decreasing patient survival. Once a pulmonary embolism occurs, there is no 
effective therapy, and most patients die. Therefore, in Asia-Pacific regions such as 
China, Japan and South Korea, surgical treatment is recommended in highly selected 
patients, which might provide better survival outcomes than other treatments[5,6].

Here, we report a case of a resectable HCC patient with tumor thrombosis in the 
IVC who was treated successfully by liver resection, tumor thrombosis removal and 
sorafenib treatment.

CASE PRESENTATION
Chief complaints
A 47-year-old woman with hepatitis B virus-associated chronic hepatitis without 
obvious complaining was diagnosed with HCC at the clinic.

History of present illness
This patient did not have any obvious complaint. She came to our clinic and ask for 
regular examination.

History of past illness
This patient had hepatitis B infection for a long time.

Personal and family history
No special personal and family history.

Physical examination
Physical examination showed no positive results.

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
https://www.wjgnet.com/2307-8960/full/v9/i36/11495.htm
https://dx.doi.org/10.12998/wjcc.v9.i36.11495
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Laboratory examinations
The patient’s alpha fetoprotein (AFP) was 105.5 ng/mL. The protein induced by 
vitamin K absence/agonist-II (PIVKA-II) was 77505 mAU/mL. The indocyanine green 
retention rate at 15 min (ICGR15) was 5.4%. The Child-Pugh Score was A with 5 
points.

Imaging examinations
Computed tomography (CT) and magnetic resonance imaging (MRI) scans showed a 
solitary tumor 14 cm × 12 cm in diameter located in the right half of the liver 
(Figure 1A and C). In addition, tumor thrombosis was detected in the IVC flattened to 
the right atrium, nearly 2 cm in diameter (Figure 1B and D-F). The upper side of the 
tumor thrombosis extended beyond the diaphragm but did not extend into the right 
atrium. Distant metastasis and intrahepatic metastasis was not observed.

Further diagnostic work-up
After three-dimensional reconstruction using CT scanning (Figure 2), the left remnant 
liver volume (RLV) was determined to be 781.16 mL. The standard liver volume (SLV), 
which was calculated in accordance with the patient’s body surface area, was 1034 mL 
according to Urata’s formula[7]. Thus, her RLV was over SLV × 50%. According to 
Western guidelines, such as the AASLD/BCLC, hepatectomy is not recommended in 
cases with vascular invasion[8]. However, according to the 2019 Chinese clinical 
guidelines for the management of HCC, resection might be a possible choice because 
the tumor and thrombosis were resectable and her RLV was sufficient[5].

FINAL DIAGNOSIS
Based on the AFP and PIVKA-II tests and CT/MRI scanning results, the patient was 
diagnosed with HCC and tumor thrombosis in the IVC.

TREATMENT
After multidisciplinary discussion, two treatment schemes were proposed. One of the 
treatment options was to completely remove the tumor and thrombus together 
followed by sorafenib or lenvatinib molecular targeted therapy. The other was transar-
terial chemoembolization (TACE) combined with radiotherapy and molecular targeted 
therapy. We discussed in detail the advantages and disadvantages of the two 
treatments with the patient. In the end, this patient and her family members selected 
the first treatment strategy.

Accordingly, a right hemihepatectomy and total removal of the tumor thrombus 
from the IVC were performed. Surgery was performed through a subcostal incision 
with xiphoid extension and median sternotomy. There was no ascites or metastasis 
observed. Because the thrombus was flattened to the right atrium, total hepatic 
vascular exclusion (THVE) and cardiopulmonary bypass (CPB) were performed before 
the removal of the tumor and tumor thrombus. Normothermic CPB was chosen to 
minimize the ischemic damage to the heart caused by intraoperative hypotension. CPB 
was established with cannulation of the femoral artery, suprahepatic vena cava and 
infrahepatic vena cava for drainage and the administration of heparin (25000 units).

Then, THVE was performed. First, the right hepatic pedicle was transected to stop 
the inflow to the right liver. Next, the right atrium, infrahepatic vena cava, and 
hepatoduodenal ligament were clamped. The time for clamping of the hepato-
duodenal ligament should never exceed 15 min; if it does, the clamping should be 
stopped for 5 min. The suprahepatic vena cava was incised, and the tumor thrombus 
and the right liver were removed in succession (Figure 3A and B). The IVC wall was 
then sutured closed in a simple continuous pattern. The THVE time was 40 min and 
the CPB time was 73 min. The total surgical time was 382 min. The intraoperative 
blood loss was 10000 mL.

OUTCOME AND FOLLOW-UP
The postoperative recovery was uneventful. The patient was discharged on posto-
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Figure 1 Preoperative imaging studies. A: Liver-enhanced computed tomography (CT) showing the diameter of the tumor lesion in the liver; B: The tumor 
thrombus was detected in the supra-hepatic inferior vena cava (red arrow); C: Magnetic resonance imaging (MRI) showing the diameter of the tumor lesion in the 
liver; D: The tumor thrombus was detected in the supra-hepatic inferior vena cava (red arrow); E and F: The sagittal plane was reconstructed by CT (E) and MRI (F) 
and shows the position of the tumor thrombus (red arrow).

perative day 14. The pathological results confirmed that the lesions in the liver and the 
thrombus in the IVC were poorly differentiated HCC (Figure 3C and D). Microin-
vasion of the vessels into the peritumoral tissues was detected. No satellite lesions or 
tumor cells near the surgical margin were detected. Before discharge from our 
hospital, this patient began taking sorafenib (400 mg per day).

One month later, this patient underwent digital subtraction angiography (DSA) to 
check her liver. No recurrence was found. Every two months, she returned to our 
clinic to recheck her tumor biomarkers (AFP, PIVKA-II) and to undergo radiology 
tomography (ultrasonography, MRI or CT) (Figure 4). So far, she has survived for 11 
mo after the surgery, and no recurrence has been detected.
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Figure 2 The three-dimensional reconstruction of this patient was performed by using computed tomography scanning images. The tumor 
and thrombus are shown in yellow and pink, while the hepatic vein and portal vein are shown in deep and light blue, respectively.

Figure 3 Operative findings. A and B: The tumor lesion and tumor thrombus; C and D: Pathological confirmation of the tumor lesion and tumor thrombus.

DISCUSSION
The percentage of HCC cases with vascular invasion at the initial time of diagnosis is 
high. However, the incidence of HCC with a tumor thrombus in the IVC is relatively 
lower, from 1% to 4%[9-12]. The treatment strategy for HCC patients associated with 
vascular invasion remains controversial. According to the existing guidelines, such as 
AASLD/BCLC, tumor thrombosis in the vessels is a contraindication for liver 
resection. Conservative treatment or molecular targeted therapy is recommended. 
However, according to some treatment guidelines[5,13], liver resection might be an 
acceptable choice for selected patients. Furthermore, most of the research has focused 
on the treatment of portal vein tumor thrombosis (PVTT). Once the tumor thrombus 
has extended to the main portal vein or superior mesenteric vein, hepatectomy would 
no longer be suggested[4,13].

Recently, a study from Japan showed that liver resection for selected patients with 
tumor thrombus in hepatic vein could provide a longer median overall survival time 
(2.87 years vs 1.10 years) compared with nonresection therapies, including TACE, 
radiotherapy, sorafenib, or conservative treatment[14]. As an curative treatment option 
or bridging therapy, transaterial radioemblization (TARE) has been used in HCC 
patients with BCLC stage A to C patients[15]. And good outcomes without significant 
adverse events have also been reported when compared conservative TACE. In BCLC 
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Figure 4 The computed tomography scan at 6 mo after the surgery.

stage C patients, TARE showed median overall survivals ranging from 6-10 mo which 
might be very similar to patients who received sorafenib treatment[16]. Due to the lack 
of significant macroembolic effect causing liver decompensation, PVTT is no longer 
contraindication for TARE treatment[17]. As we have discussed before, the prognosis 
for HCC with tumor thrombus in vessel varied based on the extension and location in 
the vessel[18]. The prognosis of HCC patients with tumor thrombus in portal vein 
system was different with patients with tumor thrombus in hepatic vein system. 
Actually, the prognosis of patients with main PVTT (OS ranging from 4-7 mo) was 
worse when compared with patients with segmentary or lobar PVTT (OS ranging from 
7-13 mo)[4]. So the prognosis for HCC patients followed TARE treatment in BCLC C 
stage should be evaluated based on the location and extension status. However, to 
date, well designed clinical trial focused on the comparison of the prognosis in HCC 
patients with tumor thrombus in hepatic vein system after different treatment 
including TACE, TARE, surgery or conservative treament was rare. So which 
treatment should be selected according to the extent of tumor thrombus in the hepatic 
vein system is still uncertain.

In China, local ablation therapies, such as RFA, TACE, surgical therapy, or systemic 
therapy, are all recommended for HCC patients with vascular invasion. Compared 
with tumor thrombosis in the portal vein, tumor thrombosis in the IVC or right atrium 
is accompanied by a high risk of sudden death because of pulmonary embolism or 
heart failure[19,20]. Surgical resection combined with postoperative molecular 
targeted therapy might benefit resectable patients with tumor thrombi in the IVC. 
Therefore, according to our experience, resection of the tumor and tumor thrombosis 
might be an acceptable choice, although the risk of intraoperative and postoperative 
complications is high.

One of the problems associated with the surgical treatment of HCC patients with 
tumor thrombi in the IVC or right atrium is the high operative risk. In our case, 
procedures including THVE, CPB, and hypothermic cardiocirculatory arrest were used 
to minimize surgical stress. CPB and hypothermic cardiocirculation could preserve the 
intraoperative circulation and minimize the damage caused by ischemia-reperfusion
[11]. In our case, no functional damage to the heart or liver was detected during the 
recovery term after the operation.

THVE is one of the most commonly used techniques in hepatectomy and can 
minimize bleeding during surgery[21]. However, in our case, the volume of blood lost 
during the surgery was very high. The coagulation dysfunction caused by CPB might 
be one of the potential reasons. Moreover, cirrhosis might be another possible reason. 
Nearly 80% of HCC patients in China have cirrhosis[22]. The cirrhotic state could 
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damage coagulation function and change the anatomical structure in the liver. Then, it 
could eventually increase the difficulty of surgery and bleeding and decrease the 
functional reserve[23].

ICGR15 is one technique used before surgery to evaluate hepatic functional reserve. 
It can partially evaluate the cirrhosis state. Major resection should not be performed if 
the ICGR15 exceeds 20%[13]. In this case, the ICGR15 was 5.4%, which meets the 
standard for major hepatectomy. However, coagulation dysfunction still emerged, 
especially after the administration of heparin. The volume of diffused blood oozing 
from the surgical surface exceeded our expectations.

The other problem associated with the surgical treatment of HCC patients with 
tumor thrombi in the IVC is the high rate of recurrence. According to some 
retrospective studies, patients with tumor thrombi in only the hepatic vein had a better 
prognosis than those with tumor thrombi in the IVC. The MST after surgery in patients 
with only hepatic vein tumor thrombus was 3.95-5.27 years. The median time to 
recurrence (TTR) was 0.4-1.06 years[24,25]. Once the tumor thrombus extends into the 
IVC, the MST and TTR could be shortened to only 1.39-1.6 years and 0.25 years, 
respectively[25]. In some reports, no patients with tumor thrombi invading the IVC 
survived for more than 2 years after surgery[24]. The major factor shortening their 
survival time is early distant organ metastasis, especially lung metastasis accompanied 
by or without metastasis to other organs. Therefore, based on our experience, the 
control of intrahepatic recurrence and distant metastasis should be prioritized. In this 
case, one month after the surgery, the patient returned to our center and underwent 
DSA, and no recurrence sites were detected in the liver or lungs. Her serum tumor 
markers were found to be reduced to within the normal range. To control recurrences, 
sorafenib treatment was recommended for this patient.

Sorafenib is an oral multikinase inhibitor that blocks the activity of protein kinases 
associated with angiogenesis and metastasis. Sorafenib has become a standard 
treatment for HCC patients with vascular invasion[5,26]. According to the results of 
the STORM study (http://clinicaltrials.gov/ct2/show/NCT00692770), sorafenib as an 
adjuvant treatment after resection or ablation showed no benefits for survival or 
recurrence[27]. However, that study did not include patients with vascular invasion or 
distant metastasis. According to the SHARP trial, the median survival in the subgroup 
with MVI disease was 8.1 mo with sorafenib and 4.9 mo with placebo[26]. Several 
recent retrospective studies from China demonstrated that sorafenib could reduce 
recurrence and prolong the survival rate in patients with a high risk of recurrence after 
surgery[28,29]. Therefore, sorafenib might be useful in decreasing the risk of 
recurrence in patients with tumor thrombi after surgery. In this case, we 
recommended sorafenib treatment after recovery from surgery. At the time of writing, 
no sign of recurrence had been detected in this patient.

CONCLUSION
In conclusion, we report a case of advanced HCC that was treated with hepatectomy 
and thrombectomy. During the surgery, CPB, THVE and hypothermic cardiocircu-
lation were used. After the surgery, sorafenib was administered as an adjuvant 
treatment. This treatment strategy was selected after discussion by a multidisciplinary 
department. After the surgery, this patient showed good outcomes. Therefore, 
hepatectomy and thrombectomy with adjuvant sorafenib treatment might be an 
acceptable choice for selected HCC patients with tumor thrombosis in the IVC.
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