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Abstract

Introduction: We investigated the surgical techniques, safety, 
and prevention of complications of nephrectomy and removal 
of tumour thrombus for treating level III inferior vena cava (IVC) 
concomitant to renal cell carcinoma (RCC). We did this by precise 
controlling IVC and hepatic vessels without a vascular bypass. 
Methods: In this series, we included 5 patients with level III IVC 
tumour thrombus below the hepatic vein concomitant to RCC. 
After precisely controlling the IVC and hepatic vessels, we then 
removed the thrombus en bloc with the renal vein. Blood loss vol-
ume, IVC clamping time, hypotension time, resuscitation, cardio-
cerebrovascular complications, and postoperative organ dysfunc-
tion were observed. 
Results: Surgery was successfully performed without perioperative 
death. Blood loss volume was 900 to 1500 mL, operation time was 
165 to 250 minutes, vascular clamping time was 8 to 12 minutes, 
and intraoperative hypotension time was 9 to 12 minutes. Serious 
perioperative complications were not observed. Local recurrence 
was not observed during the 9 to 24 months of follow-up. One 
patient exhibited disease-free survival, 3 developed lung or liver 
metastasis, and 1 died 11 months after surgery. 
Conclusion: Precise control of IVC and hepatic pedicle vessels, 
without vascular bypass, is a safe and effective surgical treatment 
for level III tumor thrombus below the hepatic vein concomitant 
to RCC. The procedure was conducted without increased risks of 
intraoperative hypotensive shock, difficult resuscitation, pulmonary 
embolism, and multiple organ dysfunctions. 

Introduction

Inferior vena cava (IVC) tumour thrombus occurs in 4% to 
10% of patients with renal cell carcinoma (RCC).1-4 Surgically 
treating this condition was previously not recommended 

because of various surgical complications. However, com-
plete removal of the IVC tumour thrombus has become 
possible with surgical techniques, especially veno-venous 
bypass (VVBP), cardio-pulmonary bypass (CPBP), and deep 
hypothermic circulatory arrest (DHCA). With these, surgi-
cal complications and mortality have significantly declined. 
However, local and systemic progression rates in patients 
with levels III and IV tumour thrombus are high, and sur-
vival rates remain low. The 5-year overall survival across 
stages ranges from 30% to 60%.5-8 Cases with lymph node 
involvement or distant metastasis are associated with poor 
prognosis.9 Previous studies reported that radical nephrec-
tomy and removal of thrombus carries a mortality rate of 
5% to 12.5%, depending on concomitant diseases and char-
acteristics of the tumour thrombus.8,10-12 Moreover, a 5-year 
survival rate of about 38% was noted. However, the 5-year 
disease-free survival rate was only 8.9%, and overall prog-
nosis was poor.4,10 The removal of levels I and II tumour 
thrombus can be performed after establishing a bloodless 
surgical area by dissociating and occluding the IVC, lumbar 
vein, and contralateral renal vein. A wide range of vascular 
control, VVBP, CPBP or DHCA is required for levels III and 
IV tumour thrombus.13

There are differing opinions on how to approach a level 
III tumour thrombus. At our institution, we routinely collabo-
rate with hepatobiliary surgeons to ensure precise control-
ling of the suprahepatic IVC, hepatic pedicle, infrahepatic 
IVC and surrounding blood vessels; we then performed an 
infra-hepatic cavotomy and removed the thrombus en bloc 
without carrying out VVBP, CPBP or DHCA. This surgical 
approach is complex, and meticulous detachment and multi-
disciplinary collaboration are required. This paper represents 
our surgical technique in 5 consecutively treated patients 
affected by IVC tumour thrombus with RCC. 
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Methods 

We evaluated the medical records of 5 patients (3 males, 2 
females) with level III IVC tumour thrombus below the hepat-
ic vein concomitant to right RCC, who underwent surgery 
between November 2011 and January 2014 at out institu-
tion. The mean age was 59.2 ± 12.2 years (range: 38–76). 
The mean tumour diameter was 12.8 ± 3.4 cm (range: 6–17) 
and the mean size of the tumour thrombus in the proximal 
end IVC was 11.6 ± 1.9 cm (range: 9–15). Preoperative 
chest, abdomen, and pelvic computed tomography (CT) 
scan, upper abdominal 3-dimensional imaging, and IVC 
angiography were performed on all patients (Fig. 1). Distant 
metastases were not observed in patients before surgery.

An inverse “L” incision on the middle of the abdomen 
was performed from below the xiphoid to the umbilicus and 
then perpendicularly to the right mid-axillary line (Fig. 2, 
part A). The abdominal cavity was then exposed, and the 
duodenum, colon, and pancreatic head were pushed to the 
left side using the Kocher maneuver. The kidney, tumour, 
and renal artery were dissociated. In addition, the lymph 
nodes between the IVC and the aorta were dissected after 
removing the tumour thrombus. This procedure was per-
formed to avoid stimulating the IVC when lymph nodes 
were difficult to isolate or when the tumour was too large. 
Next, the contralateral renal vein and the subhepatic IVC 

were isolated 5 cm below the renal vein (Fig. 2, part B). 
The thicker lumbar veins and the first hepatic portal were 
also dissociated. Meanwhile, the falciform, triangular, and 
hepatogastric ligaments were severed with the assistance 
of a hepatobiliary surgeon (Fig. 2, part C). The peritoneum 
under the diaphragmatic muscle and the fascia fibrous tis-
sue surrounding the IVC above the liver were fully iso-
lated to expose the diaphragmatic surface of the liver, the 
hepatic vein, and the supra-hepatic IVC (Fig. 2, part D). 
The tissues surrounding the IVC at the posterior border of 
the liver were isolated, and the IVC subsidiary veins were 
dissociated and ligated. The surgical tape was preserved for 
the first hepatic portal. The IVC below the renal vein, the 
contralateral renal vein, and the supra-hepatic IVC were 
clamped as close as possible to the diaphragm. The thicker 
lumbar vein was occluded using a small non-invasive ves-
sel clamp. Augmentation preloading was then performed, 
and the vasoactive drugs were prepared. The surgical tape 
was tightened to block blood flow into the liver and the 
IVC. An incision was done on the IVC wall from the site 
where the right renal vein joins the IVC to the proximal 
end. The whole tumour thrombus was rapidly removed, 
along with the right kidney (Fig. 2, part F). 

The vena cava were then inspected and rinsed with 
heparin solution. Continuous suture of the IVC incision 
was performed using a 5/0 vascular suture, and the air was 

Fig. 1. Computed tomography scan (A) and inferior vena cava (IVC) angiography (B) showing tumour thrombus in IVC below the hepatic vein.
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exhausted (Fig. 2, part E). The surgical tape was removed 
to let blood flow and blood pressure and organ perfusion 
normalized soon thereafter.

Results

Five patients underwent radical surgical treatment (Table 1). 
The incision on the IVC ranged from 8 to 10 cm long and 
the time of the IVC suture was 4 to 6 minutes. Moreover, 
the duration of intraoperative hypotension was 9 to 12 min-
utes, and the invasive arterial blood pressure was between 
65–75 mmHg/40–50 mmHg. The heart rate was between 
105 and 138. Infiltration of the IVC was not observed, and 
the tumour thrombus was intact without rupture. All patients 
were successfully resuscitated without intraoperative death. 

All patients exhibited transient elevation of transaminases 
from 60 to 186 U/L, which returned to normal levels after 
2 days. Moreover, the bilirubin levels were normal. The 
serum creatinine (Scr) levels of 4 patients increased from 

185 μmol/L to 265 μmol/L, and returned to normal within 
1 week and fifth patient remained constant at 180 μmol/L. 
Ischemic brain injury, myocardial infarction, or pulmonary 
embolism was not observed. Pathological examinations 
confirmed the presence of cancerous tissues in all of the 
thrombus, clear cell carcinoma in 4 cases, and papillary 
adenocarcinoma in 1 case. All 5 patients had fatty infiltration 
of the renal capsule, while 1 case showed renal hilar lymph 
node infiltration. Patients stayed in hospital for 14 to 21 
days postoperatively. During the follow-up period between 
9 and 24 months, 1 patient died 11 months postoperatively 
because of multiple metastases in both lungs. Three patients 
showed distant metastases (pulmonary, liver), and 1 patient 
remained disease free.

Discussion 

RCC can spread to the renal vein and extend to the proximal 
end of the IVC to form IVC tumour thrombus, which can 

Fig. 2. Intraoperative findings of a 74-year-old female patient with level III tumour thrombus concomitant to right renal cell carcinoma. (A) Inverse “L” incision, (B) 
exposure of tumour and isolation of subhepatic inferior vena cava (IVC) and contralateral renal vein, (C) exposure and isolation of first hepatic pedicle, (D) isolation 
of diaphragmatic surface of liver and suprahepatic IVC, (E) suture of IVC incision after excision of tumour and tumour thrombus, (F) excised tumour thrombus form 
renal vein extended into proximal and distal end of IVC about 21 cm.
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extend into the heart atrium (level IV). Establishing vascular 
bypass, such as CPBP or VVBP, or a combination of vas-
cular bypass with piggy-back fashion liver transplantation 
is required in most cases.14 Thoraco-abdominal incision 
can satisfactorily expose renal masses and post- and supra-
hepatic IVC. Complete isolation of post- and supra-hepatic 
IVC controls bleeding and removes the tumour thrombus, 
thereby reducing risks of uncontrollable bleeding, residual 
tumour thrombus, and pulmonary embolism. Although tho-
raco-abdominal incision is widely accepted, this procedure 
cannot effectively reduce operative risks when post-hepatic 
IVC and surrounding subsidiary veins are not isolated.15

The key steps in this technique are to completely iso-
late the retro- and supra-hepatic IVC, and the first hepatic 
pedicle, and to clamp the IVC and hepatic pedicle to ensure 
a bloodless surgical field for thrombectomy and vascular 
suture. Furthermore, clamping time should be as short as 
possible to reduce ischemia-related complications. The dif-
ficulty occurs when the level III tumour thrombus exceeds 
the hepatic vein level and reaches below the diaphragm. 
This condition may rupture and shed the tumour throm-
bus. Therefore, this technique is inappropriate. Preloading 
and maintaining blood pressure are necessary during the 
procedure. To protect liver function, IVC and first hepatic 
pedicle clamping time should be controlled within 10 min-
utes. Intraoperative hypotension did not significantly affect 
the contralateral renal perfusion because of the clamping of 
the renal vein. The elevation of postoperative serum creati-
nine was associated with incomplete compensation of the 
solitary kidney. Cardio-cerebrovascular accidents, including 
hypotension, cerebral ischemic injury, cerebral infarction, 
myocardial infarction, and pulmonary embolism, are risks 
associated with this technique. These risks can be effectively 
prevented by augmenting the preload with vasoactive drugs, 
shortening the clamping time, and completely removing the 
tumour thrombus.

Applying VVBP, CPBP, or DHCA during the procedure 
can reduce bleeding and help completely remove the tumour 
thrombus without causing fracture and pulmonary embo-
lism.16,17 Successfully isolating the suprahepatic and pos-
thepatic IVC, which are anatomically delicate and contain 
highly vascularized tissues. A short suprahepatic IVC always 
contains several variable subsidiary veins. The isolation of 

IVC in these areas is a major difficulty in this technique. 
Therefore, experienced hepatobiliary surgeons are required 
to perform this procedure. If the IVC in these areas are not 
well-isolated and controlled to establish a bloodless surgical 
field, rupture and residue of tumor thrombus may occur. 
Subsidiary veins of IVC should be isolated and ligated care-
fully to effectively reduce bleeding, avoid uncontrollable 
bleeding, and ensure a bloodless surgical field. Ligating or 
occluding adrenal vein and lumbar vein is also an extremely 
important procedure. Long-term blockage of IVC because 
of tumour thrombus may cause sufficient reflux of collateral 
veins, which is one of the main causes of bleeding and 
unclear surgical field during thrombectomy. In one case of 
thrombectomy, obvious bleeding after the incision of IVC 
was caused by uncontrolled lumbar vein. Therefore, the 
lumbar vein should be isolated and occluded if necessary 
before incising the IVC.

Level III and IV tumour thrombectomy requires full expo-
sure of posthepatic IVC. The IVC wall should also be excised 
when vessel wall infiltration is suspected. However, in our 
cases, local recurrence of tumour did not significantly cor-
relate with IVC wall infiltration. Postoperatively, the overall 
survival and disease-free survival were not affected by the 
local tumour recurrence. Tumour location is important in 
determining postoperative local recurrence. This may be 
associated with the left kidney artery, superior mesenteric 
artery, and surrounding tissues that cannot be completely 
resected.10,18

The IVC lumen was rapidly flushed with heparin solution 
and the suction was cleaned thoroughly after the tumour 
thrombus was removed. This process can prevent the devel-
opment of residual thrombus fragments. The renal hilar 
lymph and para-aortic lymph nodes were then isolated and 
excised. The right kidney artery was also completely excised 
from the aortic root. 

Local recurrence was not observed during the postopera-
tive follow-up in our 5 patients. We believe that the tumour 
thrombus can be completely removed without increasing 
the risk of rupture and residue when the suprahepatic IVC 
is fully controlled. Preoperative CT, magnetic resonance 
imaging, or trans-esophageal ultrasonography cannot fully 
reveal wall infiltration.19 Therefore, a careful intraoperative 
inspection of the IVC for the possibility of tumour invasion 

Table 1. Operation outcome

Patient
OT  

(min)
Time of IVC and HD clamping 

(min)
Time of hypotension 

(min)
EBL  
(mL)

Time of Rs 
(min)

Major complications

1 250 10 11 1100 125 No

2 165 7 10 900 168 No

3 220 8 9 1500 180 No

4 180 8 12 950 130 No

5 195 10 11 1250 135 No
OT: operation time; IVC: inferior vena cava; HD: hepatic pedicle; EBL: estimate blood loss; Rs: resuscitation.
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is highly required and any infiltrated IVC could be removed 
simultaneously. IVC wall resection or substitution by arti-
ficial blood vessels is required in patients that exhibit IVC 
infiltration. Vascular bypass can also be established at any 
time intraoperatively when necessary.

Preoperative applications of renal artery embolization 
and IVC filter are valuable. Renal artery embolization is 
mainly used to confirm tumour blood supply, control preop-
erative tumor bleeding, reduce intraoperative bleeding, and 
preferentially treat renal vein intraoperation. It is safe and 
effective;20 however it has side effects, such as severe pain, 
fever, and edema of tissues around the tumour and renal 
artery. Renal artery ligation and dissection can be performed 
after excising the renal vein and tumour thrombus. Only 
one case of renal artery embolization was performed pre-
operatively to control serious bleeding and correct anemia.

Pulmonary embolism is a serious complications. 
Preoperative placement of vena cava filters at the proximal 
end of the tumour thrombus can effectively prevent it.21

IVC filters are not routinely used in most thoraco-abdominal 
or abdomimal incisions with or without CPBP, VVBP, or 
DCHA.14,17,22-24 Measures, such as avoiding violent isolation 
of IVC, ensuring clear bloodless surgical field, removing 
the tumor thrombus entirely, rinsing the IVC lumen with 
heparin solution, are importance in preventing a pulmo-
nary embolism. Insertion of IVC filters also cause trauma to 
patients and should be removed after surgery or anticoagu-
lation therapy.21 Furthermore, IVC filters are costly and are 
therefore not recommended for routine use.

Conclusions

Precise isolation and control of the hepatic pedicle and 
suprahepatic IVC is a safe and effective technique to treat 
patients with level III IVC tumour thrombus below the hepat-
ic vein concomitant to RCC. This strategy excises the renal 
tumour and tumour thrombus en bloc and avoids the VVBP, 
CPBP or DHCA, without increasing intraoperative blood 
loss and complications. The cost is also comparatively low. 
However, they are not recommended for tumour thrombus 
that exceeds the hepatic vein level. Our study has its limita-
tions, including the small number of patients. The strategy 
we used should be further investigated in clinical research 
using a large sample size and an extended follow-up period.
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