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ABSTRACT  
Renal cell carcinoma (RCC) is the most common renal malignancy, Tumor extension to the inferior vena cava (IVC) is uncommon b
serious condition. We present our experience in King Abdulaziz University 
between November 2007 and October 2014. Patient's characteristics, tumor histology, grade, TNM stage, and level of thrombus w
studied. The surgical procedures, operating time, blood transfusion
and follow-up were also reported. Ten patients (5 males and 5 females) were reviewed, with mean age of 66.6 years [ranging between 47
years].The tumor was involving the left kidney 
mass (6 left-sided, and 3 right-sided), seven had hematuria, four had pain, one had anemia and one had ascites. Three patients had 
metastases at the time of presentation (liver n=1, lung n=1, and bone n=1). Subcostal approach was used in five patients, while a midline 
incision was utilized in the other five patients. The midline incision was extended through a median
suprahepatic IVC tumor extension. Enbloc removal of the affected kidney
patients with right atrial tumor thrombus extension required cardiopulmonary bypass and
nephrectomy and removal of the IVC thrombus is safe with acceptable morbidity and mortality.
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Renal cell carcinoma (RCC) is the m

malignancies and 3.8% of all malignancies. [1] The worldwide incidence of RCC ranges from 0.6 to 14.7 per 
100,000 population.[2] Most renal cell tumors are solitary, more common in men,
with a median age at death of 70 years.[3] Mortality due to renal cell carcinoma accounts for 2.3% of all cancer 
deaths in USA. Tumor stage is the most important
histological pattern, cell type and nuclear grade.[4] RCC are usually adenocarcinomas that arise primarily in the 
renal parenchyma. The majority (80%) of cases of renal cell carcinoma are clear cell adenocarcinomas.
types include papillary (15%), chromophobe (5%
risk factors of renal cell carcinoma include cigarette smoking, hypertension and excess body weight.[8,9] The 
majority of RCC patients are asymptomatic and renal masses are detected as inciden
patients present with flank pain, hematuria and a palpable mass. One
stage due to lack of early warning signs. 

Tumor extension to the Inferior vena cava (IVC) is uncommon, occur
Ultrasonography can be used to differentiate between solid
thrombus in 87% of time and help staging in 85% cases, but it has limitations in detecting tumor in the 
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Renal cell carcinoma (RCC) is the most common renal malignancy, Tumor extension to the inferior vena cava (IVC) is uncommon b
serious condition. We present our experience in King Abdulaziz University Hospital of surgical management of RCC extending to the IVC 
between November 2007 and October 2014. Patient's characteristics, tumor histology, grade, TNM stage, and level of thrombus w
studied. The surgical procedures, operating time, blood transfusion requirement, hospital stay duration, complications, adjuvant treatment 

Ten patients (5 males and 5 females) were reviewed, with mean age of 66.6 years [ranging between 47
years].The tumor was involving the left kidney in seven patients and right kidney in three patients. On presentation, nine patients had a flank 

sided), seven had hematuria, four had pain, one had anemia and one had ascites. Three patients had 
esentation (liver n=1, lung n=1, and bone n=1). Subcostal approach was used in five patients, while a midline 

incision was utilized in the other five patients. The midline incision was extended through a median sternotomy in two patients with 
IVC tumor extension. Enbloc removal of the affected kidney and tumor thrombus was accomplished in all our patients. Two 

patients with right atrial tumor thrombus extension required cardiopulmonary bypass and deep hypothermic total circulatory arrest. Total
nephrectomy and removal of the IVC thrombus is safe with acceptable morbidity and mortality.  

Renal cell carcinoma (RCC), inferior vena cava (IVC), hypothermic total circulatory arrest (HCA).

INTRODUCTION 

Renal cell carcinoma (RCC) is the most common renal malignancy accounting for
malignancies and 3.8% of all malignancies. [1] The worldwide incidence of RCC ranges from 0.6 to 14.7 per 
100,000 population.[2] Most renal cell tumors are solitary, more common in men, usually o
with a median age at death of 70 years.[3] Mortality due to renal cell carcinoma accounts for 2.3% of all cancer 
deaths in USA. Tumor stage is the most important factor predicting survival in RCC, in addition to tumor size, 

cell type and nuclear grade.[4] RCC are usually adenocarcinomas that arise primarily in the 
The majority (80%) of cases of renal cell carcinoma are clear cell adenocarcinomas.

types include papillary (15%), chromophobe (5%), collecting duct (1%) and unclassified (4%).[5
risk factors of renal cell carcinoma include cigarette smoking, hypertension and excess body weight.[8,9] The 
majority of RCC patients are asymptomatic and renal masses are detected as incidental finding. Only 5
patients present with flank pain, hematuria and a palpable mass. One-third of RCC patients present at a

warning signs.  
Tumor extension to the Inferior vena cava (IVC) is uncommon, occur in 4

Ultrasonography can be used to differentiate between solid and cystic tumors. It can also detect venous 
thrombus in 87% of time and help staging in 85% cases, but it has limitations in detecting tumor in the 
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Renal cell carcinoma (RCC) is the most common renal malignancy, Tumor extension to the inferior vena cava (IVC) is uncommon but 
Hospital of surgical management of RCC extending to the IVC 

between November 2007 and October 2014. Patient's characteristics, tumor histology, grade, TNM stage, and level of thrombus were 
stay duration, complications, adjuvant treatment 

Ten patients (5 males and 5 females) were reviewed, with mean age of 66.6 years [ranging between 47-81 
presentation, nine patients had a flank 

sided), seven had hematuria, four had pain, one had anemia and one had ascites. Three patients had 
esentation (liver n=1, lung n=1, and bone n=1). Subcostal approach was used in five patients, while a midline 

sternotomy in two patients with 
and tumor thrombus was accomplished in all our patients. Two 

deep hypothermic total circulatory arrest. Total 

total circulatory arrest (HCA). 

ost common renal malignancy accounting for over 95% of renal 
malignancies and 3.8% of all malignancies. [1] The worldwide incidence of RCC ranges from 0.6 to 14.7 per 

usually older than 50 years, 
with a median age at death of 70 years.[3] Mortality due to renal cell carcinoma accounts for 2.3% of all cancer 

factor predicting survival in RCC, in addition to tumor size, 
cell type and nuclear grade.[4] RCC are usually adenocarcinomas that arise primarily in the 

The majority (80%) of cases of renal cell carcinoma are clear cell adenocarcinomas. Other 
), collecting duct (1%) and unclassified (4%).[5-7] Established 

risk factors of renal cell carcinoma include cigarette smoking, hypertension and excess body weight.[8,9] The 
tal finding. Only 5-10% of 

third of RCC patients present at a late 

in 4-8% of patients.[10] 
and cystic tumors. It can also detect venous 

thrombus in 87% of time and help staging in 85% cases, but it has limitations in detecting tumor in the 
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retroperitoneum.[11] CT scan is the investigation of choice and it can be combined with PET scan (PET-CT) in 
case of metastatic disease.[12,13] CT or MRI are currently the standard bearer in the diagnosis, staging and 
surveillance of renal cancers, and they are more useful in delineating the superior extent of tumor in IVC.[14] 

Radical nephrectomy is the standard treatment of renal cell carcinoma with removal of Gerota’s fascia and 
its contents including kidney, perirenal fat, and ipsilateral adrenal gland with or without ipsilateral lymph node. 
Cryoablation and radio-frequency via laparoscopic or percutaneous approach are other treatment options for 
tumors less than 4 cm.[15] In the last 2decades, laparoscopic radical nephrectomy was adopted for tumors less 
than 4 cm in size. As well, many centers are adopting the laparoscopic approach for tumors with a thrombus 
extending to the infra-hepatic IVC and the supra-hepatic IVC.[16] This is the report of our single-center 7-year 
surgical experience with RCC extending to IVC. 

 
MATERIALS AND METHODS 

 
This retrospective study reviewed our experience of ten patients who were surgically treated at King 

Abdulaziz University Hospital, Jeddah, Saudi Arabia, from November 2007 to October 2014.The studied 
criteria included patients data [age, gender], tumor related data [laterality of tumor, presenting symptoms (e.g. 
gross hematuria, abdominal pain, lower limb edema and/or weight loss), tumor histology, tumor grade, TNM 
stage, level of thrombus were also studied)]. Surgical procedures data (operating time, blood transfusion, 
hospital stay, complications (e.g. hemorrhage, postoperative hematuria, pericardial effusion, surgical site 
infection and paralytic ileus), adjuvant treatment was not recommended by our hospital oncology team. We also 
include the follow up data. Tumors were staged according to the TNM classification of International Union 
against Cancer. Extent of thrombus in the IVC was assessed using Mayo's classification of macroscopic venous 
invasion in RCC (table 1).Statistical analysis was done using SPSS software. 

 
Surgical technique: 

The following are the techniques that were applied to our patients,  
∗ Radical nephrectomy with complete removal of the tumor and the IVC tumor thrombus was performed 

in all patients.  
∗ Preoperative ipsilateral renal artery embolization (24 hours before surgery) was performed in two 

patients.  
∗ One patient with retro hepatic tumor extension required the insertion of a retrievable IVC filter. 
∗ Regarding the approach, 
o  A midline or subcostal incision in patients with infrahepatic IVC extension (according to the 

preference of the urologist).  
o A midline incision with a median sternotomy was used in patients with cephalad suprahepatic IVC 

tumor extension.  
∗ The colon and colonic flexure mobilization on the affected side, and exposing the IVC by dissected by 

mobilization of the right colon and hepatic flexure.  
∗ Ligation and division of the ipsilateral renal artery before manipulating the renal tumor. 
∗ Placing umbilical surgical tapes around the contralateral renal vein, infrarenal IVC and IVC above the 

tumor extension. 
∗ Heparinization, using 
o Intravenous heparin (5000 U) to patients with infrahepatic IVC extension before IVC clamping.  
o Full heparinization was given to patients with suprahepatic IVC extension before aortic and venous 

cannulation and cardiopulmonary bypass.  
∗ Clamps were applied to the opposite (contralateral) renal vein, infrarenal IVC, and infrahepatic IVC in 

patients with infra hepatic IVC extension.  
∗ Tumor thrombus was removal and separation of the ipsilateral renal vein-IVC junction by extending 

the IVC incision, carefully removing the intravenous tumor thrombus from inside the IVC, and irrigation of the 
IVC with heparinized saline.  

∗ Applying partial occluding clamp to exclude the IVC incision site, followed by removal of the clamps 
from the IVC and opposite renal vein.  

∗ Repair of The IVC incision using a monofilament non-absorbable 5-0 continuous suture, then removal 
of the IVC partial occlusion clamp.  

∗ Cardiopulmonary bypass and deep hypothermic total circulatory arrest (HCA) in 2 patients with 
suprahepatic tumor thrombus extending to the right atrium (RA), Cardiopulmonary bypass was established by 
ascending aorta cannulation, femoral vein long venous cannulation and superior vena cava cannulation. Deep 
HCA at 18°C was established for 12 and 18 minutes, respectively, Incision of the IVC and RA done and the 
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affected kidney together with IVC thrombus was removed en bloc (Figures 1-3), followed by repair of RA and 
IVC. 

 
Results: 

Between November 2007 and October 2014, ten patients (5 males and 5 females) presented to KAUH with 
RCC extending to the IVC, the mean patient age was64.6 years (males 62.4; females 68.8 yr). The tumor was 
left-sided in seven patients, and right-sided in three patients. On presentation, nine patients had flank mass -90% 
(6in the left side, and 3in the right side), eight patients had hematuria -80%, four had pain at the flank of the 
affected side 40%, one had anemia 10% and one had ascites 10% (Table2). Three patients had metastases at 
time of presentation (liver, lungs, and bones, respectively) 30%, one patient had contralateral suprarenal mass. 

Subcostal approach was used in three patients, while midline incision was utilized in the other seven 
patients (Table 2). The midline incision was extended through median sternotomy in two patients with 
suprahepatic IVC tumor extension to the right atrium. Cardiopulmonary bypass and deep HCA were established 
at 18°C (for12 and 18 minutes) in those two patients. Retrievable IVC umbrella was used in one patient with 
suprahepatic extension. Embolization of the renal artery of the affected kidney was performed the day before 
surgery in two patients, one with 20-cmtumor and the other with suprahepatic IVC extension. 

 
Table 1: Patient characteristics, age, gender, presenting symptoms, tumor level and histopathology 

Pt. 
No 

Gender 
 

Age RCC 
side 
 

Presentation Tumor 
size (cm) 
 

IVC thrombus 
level 

Histopathology 
 

1 F 62 Rt Renal mass, pain, 
hematuria 

10 IV Clear RCC, pT3a, Fuhrman 
grade III 

2 F 81 Lt Renal mass, pain, 
hematuria 

11 III Clear RCC, 
Fuhrman grade III c 

3 F 72 Lt Renal mass, ascites 
(Budd Chiari syndrome) 

8.9 IV Clear RCC, 
Fuhrman grade II 

4 M 47 Lt Renal mass, 
hematuria 

12.8 III Clear RCC, 
Fuhrman grade IV/IV 

5 M 70 Lt Renal mass, pain, 
hematuria 

12 III RCC, chromophobe 
Eosinophilic variant 

6 F 67 Rt Renal mass, 
hematuria 

14 II Clear RCC, pT3a 
Fuhrman grade III, 

7 M 51 Lt Renal mass, pain 11 III Renal RCC, NOS 
Fuhrman grade IV/IV 

8 M 65 Lt Hematuria, anemia 20 II Clear RCC, 
pT3a, Fuhrman grade II 

9 F  62 Lt Renal mass, 
hematuria, jaundice 

14 III Clear RCC, 
pt3a, Fuhrman grade III/IV 

10 M 79 Rt Right renal mass, 
hematuria, left adrenal mass. 

18.5 III Clear RCC,pT3a, Fuhrman 
gradeIII, left adrenal metastasis. 

 

 
Table 2: Surgical approach, intra-operative findings, blood transfusion, complications and follow up 

Pt. 
No 

Surgical 
approach (incision) 

Tumor local extension Intra-operative 
Blood transfusion 

Complications 
 

Outcome 
 

1 Midline, median 
sternotomy; 
12 min of deep 
Hypothermic arrest 

RCC extends beyond 
Gerota’s fascia, excision of 
involved small regional and 
periaortic lymph nodes 

2 units - 7 years survival, 
with lung metastasis 
after 12 months 
follow-up 

2 Midline Small regional lymph 
nodes 

2 units - Lost to follow-up 
after 16 months 

3 Midline , median 
sternotomy, 18 min of 
deep hypothermic 
arrest 

Tumor extending into the hepatic 
veins with massive ascites (Budd 
Chiari syndrome) 

4 units 
(10 units in ICU) 

DIC Died day 4 of liver 
failure and DIC 
 

4 Subcostal Perinephric fat extension, 
excision of 8 regional lymph 
nodes 

1 units - Lost to follow-up 
after 23 months 

5 Subcostal Perinephric fat extension 0 units - 4 years follow-up 
6 Medline Perinephric fat extension 2 units - 4 years follow-up 
7 Medline Perinephric fat extension 0 units - 4 years follow-up 
8 Subcostal No perinephric fat extension 0 units - 3 years follow-up 
9 Midline Tumor extending to suprahepatic 

IVC, required the insertion of 
retrievable IVC umbrella before 
surgery 

10 units - 3 years follow-up 
 

10 Midline Tumor extending to the 
intrahepatic IVC, left 
adrenal tumor 

1units - 2 years follow-up 
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Fig. 1: A: CT scan of abdomen, demonstrating right kidney tumor extending to the retro-hepatic inferior vena 

cava. B: Operative specimen, right kidney tumor with its inferior vena cava tumor extension (the area 
marked by arrows represents the intra atrial segment of the tumor). C and D: Operative picture of tumor 
filling the IVC right atrial junction 

 
Fig. 2: A: CT scan of the abdomen, demonstrating left kidney tumor extending to the inferior vena cava and 

right atrium. B: The operative specimen.  
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Fig. 3:  Left renal tumor extending through the left renal vein into the inferior vena cava. 

    A: Before resection. B: After resection. 
 

Discussion: 
The classic symptoms triad of hematuria, pain, and a flank mass occurred in <20% of patients with RCC 

while hematuria is present in 30-60%, flank pain and or palpable mass in 15-50%.[A15] The nonspecific 
abdominal symptoms of RCC results in delayed diagnosis and incidental discovery of up to 65% of renal 
tumors. [A 17]Non specific symptoms of malignancy (e.g. weight loss, fever, anemia or malaise) are rare. CT is 
the method of choice for evaluating renal masses. The most distinctive characteristic of RCC on CT is a solid 
enhancing (>10 Hounsfield units) lesion after the administration of contrast media. Hypervascularity with 
prominent blood vessels can also be seen. Inferior vena cava, renal vein invasion or thrombus is seen in <10% 
of the cases, but may support the diagnosis when RCC is suspected In renal cell carcinoma, the intravenous 
extension of the tumor through the renal vein to the inferior vena cava is usually not a vascular invasion per say, 
but in some cases the intravenous tumor may involves the venous wall structure. Complication may be 
associated with hepatic dysfunction, coagulopathy and nutritional disorders. We report our single-center 
tertiary-hospital experience in ten patients who presented with renal cell carcinoma and tumor thrombus 
extending into the inferior vena cava. Our retrospective study was limited by the small sample size and losses to 
follow-up. Several reports indicate that radical nephrectomy with removal of the intravenous thrombus can be 
achieved with a favorable outcome, acceptable operative mortality of (2.7% to 13%) and improved 5-year 
survival even in the presence of distant metastasis. 
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