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Introduction

Urothelial carcinoma (UC) of the renal pelvis accounts 
for 5% of all UC (1). Renal vein and inferior vena cava 
(IVC) tumor thrombus (TT) usually develop in renal cell 

carcinoma (RCC), and the incidence of venous TT varies 
from 4% to 10% in RCC (2). However, the incidence 
of venous TT is extremely low in renal pelvic UC. It 
is reported that the incidence of IVC TT was 48 times 
higher in RCC than that in renal pelvis UC (3). Literatures 
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reporting renal pelvis UC with venous TT were limited 
and there were only several case reports (4-24). There 
were eight patients with renal pelvis UC and venous TT 
undergoing surgery in our center. In this study, we reported 
our experience in the management of eight patients with 
renal pelvis UC and venous TT, and reviewed the pertinent 
literatures (25-29). We present the following article in 
accordance with the AME Case Series reporting checklist 
(available at https://dx.doi.org/10.21037/tau-21-253).

Methods

Patients

From March 2016 to January 2019, 247 patients were 
pathologically diagnosed with upper tract UC and 
underwent surgery at our institution. And there were only 
eight patients pathologically confirmed renal pelvis UC 
with venous TT during the study period at our institution. 
All the renal pelvis UC patients with venous TT underwent 
radical nephroureterectomy and thrombectomy. The 
study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). The present study was 
approved by the Institutional Ethics Committee of our 
hospital (No. S2019229) and individual consent for this 
retrospective analysis was waived.

Clinical characteristics including age, gender, laterality, 
body mass index (BMI), symptoms, preoperative diagnosis, 
preoperative and postoperative serum creatinine (SCr), 
tumor node metastasis (TNM) stage, operative approach, 
pathological outcomes, adjuvant therapy, and prognosis 
data were collected and reviewed. Preoperative enhanced 
computed tomography (CT) (Figure 1) or magnetic 
resonance imaging (MRI) (Figure 2) were performed in 
all patients. The venous TT was classified according to 
Mayo Clinic classification (30). Perioperative complications 
were graded according to Clavien-Dindo system (31). All 
surgeries were performed for curative purpose. The surgical 
steps of radical nephrectomy and thrombectomy in our 
center were described in the previous publication (32),  
but we performed radical nephroureterectomy and 
thrombectomy when preoperative diagnosis was UC. For 
level-0 TT, renal vein was clamped before the entrance 
to IVC. For IVC TT, when TT did not invade the IVC 
wall, thrombectomy was performed and the incision of the 
IVC wall was sutured continuously (Figure 3). When TT 
invaded the IVC wall, the invaded IVC wall was resected. If 
the remaining IVC wall was more than half of the original 

diameter, the reconstruction was performed to prevent 
IVC stenosis. If it was less than half, there was no need for 
reconstruction. When TT circumferentially invaded the 
IVC wall, complete transection of the IVC was needed. 
There was no need of renal vein reconstruction for the left 
kidney because of abundant collateralization, but renal vein 
reconstruction is necessary for the right kidney in order 
to achieve sufficient blood reflux. Patients were advised 
to receive chemotherapy or immunotherapy after surgery 
according to their physical conditions and pathological 
outcomes. Patients were followed up every 3 months 
postoperatively. The median follow-up time of the patients 
was 11.5 months.

Statistical analysis

All analyses were performed with SPSS® Statistics, version 
24.0 (IBM Corporation, Somers, NY, USA).

Results

The clinicopathological parameters, surgical variables and 
oncological outcomes of the eight patients were shown 
in Table 1. There were five males and three females. The 
mean age of the patients was 66.6 years (ranging from 52 
to 84 years). Their main symptoms are flank pain (n=4) 
and gross hematuria (n=4). The preoperative diagnosis 
of 7 patients was renal pelvis UC and 1 patient was 
RCC. The mean tumor size was 6.7 cm. Mayo Clinic 
classification demonstrated that there were 4 level-0 (1 left 
side and 3 right side), 2 level-I (right side), and 2 level-
II (right side) venous TT. Half the patients underwent 
retroperitoneal laparoscopic radical nephroureterectomy 
with thrombectomy, and the other half underwent open 
procedures. Two of the patients underwent IVC transection, 
because of the circumferential invasion of the IVC wall. 
Besides, all the patients underwent lymph node dissection 
(LND). The perioperative mortality rate was 0%. The 
mean operative time was 298.9 [197–494] minutes. The 
mean estimated blood loss was 493.8 [100–1,700] mL, and 
three patients received blood transfusion. There was no 
significantly difference between the preoperative mean SCr 
(98 μmol/L) and the postoperative mean SCr (99.5 μmol/L)  
(P>0.05). One patient developed renal insufficiency and 
hyperkalemia, one cerebral infarction, and one chest distress 
after surgery. They gradually recovered after conservative 
therapy. The other patients had no procedure-related 
complications. The drainage tube was removed 3–13 days 
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after surgery, the mean time of removing drainage tube 
was 6.5 days. Postoperative pathology revealed renal pelvic 
high-grade UC (Figure 4). Six patients had lymph node 
metastasis. 

Four patients underwent chemotherapy and one 
chemotherapy combined with immunotherapy after surgery. 
Two patients did not receive adjuvant therapy. Patient 2 
received chemotherapy with gemcitabine and cis-platinum 
in another hospital. Patient 3 received chemotherapy with 
gemcitabine (1.6 g) and nedaplatin (60 mg), and received 

radiotherapy for recurrence. Patient 4 had chemotherapy 
and immunotherapy in other hospital, but there was 
no detail recorded. Patient 5 had chemotherapy with 
gemcitabine and cis-platinum in another hospital. Patient 
6 had chemotherapy with gemcitabine and cis-platinum 
in another hospital. Patient 7 was considered as RCC in 
another hospital and received targeted therapy before 
surgery. Then, she underwent surgery in our center, 
and pathological result showed UC. She did not receive 
adjuvant therapy after surgery.

All the patients were followed up. The mean follow-up 
time was 11.1 months, five patients died of UC after surgery. 
The survival time was 7, 9, 11, 11, 14 months, respectively. 
The disease-specific survival rate is 62.5%. Three patients 
were alive, and two of them developed recurrence and lung 
metastasis. One patient had no metastasis or recurrence.

Discussion

Compared to RCC, renal pelvis UC with venous TT was 
extremely rare. We reviewed pertinent literatures, and 
found that there were only 49 patients reported and most 
literatures were case reports (Table 2). Our study reported 
8 cases of renal pelvis UC with venous TT and it was the 
largest sample size report with detailed information at 
present. 

In our study, the main symptoms of renal pelvic UC with 
venous TT were flank pain and gross hematuria, which 
were not specific. The diagnosis mainly relied on enhanced 
CT or MRI. CT, MRI, or angiography could effectively 
detect venous TT and evaluate the extent of venous TT. 
However, it is sometimes difficult to distinguish renal pelvis 
UC from RCC when the tumor is concomitant with TT. 
Because the imaging manifestations are not so specific. 
Thus, making correct preoperative diagnosis is not easy. 
In our study, Patient 1 was misdiagnosed as RCC before 
surgery. The CT and MRI of Patient 1 are Figure 5. It 
showed that an irregular low-density mass was in the right 
renal, and the reniform shape of the kidney was distorted. 
Given the rare incidence of renal pelvis UC with venous 
TT, the first patient in our center was considered as RCC.

A previous study demonstrated that CT was useful 
in distinguishing renal pelvis UC from RCC. The main 
identification points are as follows: (I) the tumor is in 
the center of the collecting system; (II) the pelvicalyceal 
system may present a focal filling defect; (III) no obvious 
changes appears in the reniform shape of the kidney; (IV) 
the tumor lacks necrotic or cystic change; (V) the tumor 

Figure 1 CT image showing the right renal pelvis urothelial 
carcinoma and venous tumor thrombus.

Figure 2 MRI image showing the right renal pelvis urothelial 
carcinoma and venous tumor thrombus.
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Figure 3 The intraoperative photographs of dealing with inferior vena cava tumor thrombus. (A) The inferior vena cava was clamped using 
a Satinsky clamp; (B) the inferior vena cava was incised, and the tumor thrombus was exposed; (C) the incision on the inferior vena cava then 
was sutured continuously.

B CA

exhibits homogeneous enhancement; and (VI) the tumor 
grows toward the ureteropelvic junction (33). Besides, 
Tseng et al. proposed that the infiltrating growth pattern 
and maintaining the reniform shape of kidney are more 
likely to indicate UC (23). Some researchers suggested that 
retrograde pyelography, urine cytology, and biopsy should 
be performed along with CT, and these tests were helpful 
for the differential diagnosis of renal pelvis tumor (34). It 
was crucial to make a proper preoperative diagnosis on the 
type of tumor, which determines the choice of the operative 
methods.

Open radical nephroureterectomy with thrombectomy 
was the safe and feasible treatment for renal pelvis UC with 
venous TT (4,21). With the development of laparoscopic 
and robot-assisted laparoscopic technique, these minimally 
invasive methods were also applied to such cases (28). The 
exact role of surgery in the management of renal pelvis 
UC patients with venous TT is not defined, because of 
the limited available literature. In our opinion, for non-
metastatic renal pelvis UC patients with venous TT, 
surgery could reduce tumor loading, and might be helpful 
to improve the survival. We successfully performed 
retroperitoneal laparoscopic radical nephroureterectomy 
with thrombectomy in 4 patients and open procedures in the 
other four patients. Three patients developed complications 
after surgery. One patient developed renal insufficiency 
and hyperkalemia, one cerebral infarction, and one chest 
distress after surgery. In renal insufficiency case, the TT 
circumferentially invaded the IVC wall, and the complete 
transection of the involved IVC was performed. As the 

involved IVC was above renal vein level, the anastomosis of 
left renal vein and IVC was performed. We speculated that 
solitary kidney ischemia reperfusion injury and incomplete 
compensation of collateral circulation might cause the renal 
insufficiency. The renal function of the patient gradually 
recovered after conservative treatment. The complication 
rate was 37.5% in our study. Because the number of 
renal pelvis UC and venous TT reported is limited, the 
complications reported was also limited. Concepcion RS et 
al reported a UC patient with TT complicated by restrictive 
pulmonary insufficiency, resultant renal vein thrombosis and 
renal failure. And this patient died 31 days after surgery (13).  
Cerwinka et al. reported two patients complicated by 
pulmonary embolism (22). There was no complication rate 
of renal pelvis UC and venous TT reported. However, 
previous studies showed that radical nephrectomy with 
thrombectomy was related to major perioperative morbidity 
(range, 50–78%) and mortality (range, 2.7–8.3%) (35-37). 
Compared with this, we believe that our complication rate 
is acceptable.

Patients with renal pelvis UC and venous TT have a 
poor prognosis. Previous reports showed that 8 patients 
with renal pelvis UC and venous TT died within 6 months 
after surgery (20). In our study, five patients died of UC 
within 14 months after surgery, which is in agreement 
with the previous findings. Besides, the eight patients in 
our center had late stage (T3–4) and high-grade, which 
also might be related to the poor prognosis. As for TT, 
it has an influence on the prognosis of RCC. For renal 
pelvis UC, it is difficult to analysis the influence of TT on 
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Table 1 Patients’ clinicopathologic and operative characteristics

Variables
Patient number

1 2 3 4 5 6 7 8

Gender Male Male Male Female Male Female Female Male

Age (yrs) 84 61 57 67 72 52 79 61

BMI (kg/m2) 22.5 19.7 26.1 23.5 22.5 24 17.9 17.9

Symptoms Hematuria Flank pain Hematuria; 
Flank pain

No Hematuria Flank pain Hematuria Flank pain

Tumor laterality Right Right Right Right Right Left Right Right

Tumor size (cm) 7.5 5.7 5 6 7 4 10 8

Mayo classification II 0 I 0 I 0 II 0

Preoperative diagnosis RCC UC UC UC UC UC UC UC

Cytology – – Negative – Positive – – Positive 

ASA II II II II III II II II

Surgery approach

Retroperitoneal laparoscopic 
surgery

– – Yes – Yes Yes Yes –

Transperitoneal open surgery Yes Yes – Yes – – – Yes

IVC wall invasion Yes No Yes Yes No No No No

IVC transection Yes No No Yes No No No No

Operative time (min) 284 285 286 381 494 219 197 245

Evaluated blood loss (mL) 1,700 200 100 400 800 200 200 350

Red blood cell transfusion (mL) 1,600 0 0 0 400 0 400 0

Tumor stage (pathology) T4N1M0 T3N2M0 T3N0M0 T3N1M0 T3N1M0 T3N1M0 T3N0M0 T3N2M0

Pathology HG UC,  
with VI 

HG UC,  
with no VI

HG UC,  
with VI

HG UC,  
with VI

HG UC,  
with no VI

HG UC,  
with VI

HG UC,  
with no VI

HG UC,  
with VI 

Complications grade IVa 0 0 0 I 0 0 IVa

Preoperative SCr (μmol/L) 91 121 115 90 79 73 105 110

Postoperative SCr (μmol/L) 96 127 107 95 90 75 100 106

Postoperative drainage (days) 13 3 3 7 7 5 9 5

Postoperative hospital stay 
(days)

28 6 6 7 9 5 9 6

Adjuvant therapy No C C C+I C C T No

Follow-up time (months) 7 11 14 11 9 13 12 12

Recurrence (months) Yes [6] Yes [6] Yes [8] Yes [7] Yes [7] No Yes [4] No

Metastasis (months) No Yes [6] No No No No Yes [4] Yes [8]

Death Yes Yes Yes Yes Yes No  No No

BMI, body mass index; RCC, renal cell carcinoma; UC, urothelial carcinoma; ASA, American Society of Anesthesiology; IVC, inferior vena 
cava; HG, high grade; VI, vascular invasion; SCr, serum creatinine; C, chemotherapy; I, immunotherapy; T, target therapy.
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Table 2 Previous reported cases of renal pelvic UC with venous TT

Source 
Case  

number (n)
Gender  
(F/M) (n)

Age (years)
Side  
(L/R)

Clinical 
stage

Pathological 
findings (n)

Methods of  
surgery (n)

Adjuvant 
therapy

Prognosis 
(months)

Renert et al. (5), 
1972

3 M [3] 24, 68, 54 1/2 NA UC, G2 [2];  
UC, G3 [1]

RN + T [1]; exploratory 
laparotomy, RUN + T [1]

NA NA

Tarry et al. (6), 
1982

1 F 63 R NA UC, G3 RUN + T + L NA DFS [20]

Hartman et al. 
(7), 1983

8 2/6 63 (mean), 
37–76

R [2] NA UC, G3 NA NA NA

Jitsukawa et al. 
(8), 1985

1 M 71 L T3 UC, G3 RUN + T + L R NA

Geiger et al. (9), 
1986

1 F 73 R NA UC, G3 RN + T + L NA DFS [12]

Chang et al. (10), 
1987

1 F 58 R NA UC, G3 RUN + T NA Died [5]

Goldfarb et al. 
(11), 1990

1 M 81 R NA UC, G2 RN + T + L C DFS [18]

Novick et al. (12), 
1990

1 NA NA NA NA UC, G2 RN + T NA DFS [28]

Concepcion  
et al. (13), 1991

1 F 65 L NA UC, G3, 
sarcomatoid 
differentiation

RN + T + L NA Died [1]

Leo et al. (14), 
1992

3 2/1 78, 56, 60 R [3] NA UC, G3 [3] RUN + T + L [1]; RUN 
+ T [1]; exploration + 

biopsy [1]

NA DFS [9]; died 
[2]; died [0] 

Vleeming et al. 
(15), 1994

1 M 76 R NA UC, G3 RN + T + L NA Died [6]

Williams et al. 
(16), 1996

1 M 75 R NA High-grade UC RN + T NA Died [10]

Oba et al. (17), 
1997

1 M 62 R T3N2M0 UC, G3 with 
SCC

RNU + T + L C Died [5]

Table 2 (continued)

Figure 4 The macroscopic image and photomicrographs of the resected specimen. (A) The macroscopic image of specimen; (B) the 
pathological specimen shows urothelial carcinoma in the renal tumor (H&E; original magnification, ×100); (C) the pathological specimen 
shows urothelial carcinoma in tumor thrombus (H&E; original magnification, ×50).

B CA
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Table 2 (continued)

Source 
Case  

number (n)
Gender  
(F/M) (n)

Age (years)
Side  
(L/R)

Clinical 
stage

Pathological 
findings (n)

Methods of  
surgery (n)

Adjuvant 
therapy

Prognosis 
(months)

Tajima et al. (18), 
1997

1 M 72 R T3 UC, G2–3 Percutaneous needle 
biopsy

C DFS [12]

Fujimoto et al. 
(19), 1997

1 F 64 R T4 High-grade UC RUN+T C DFS [20]

Miyazato et al. 
(20), 2001

1 M 47 L T3 UC, G3 RN + T + L No Died [17]

Juan et al. (21), 
2003

2 F [2] 50, 72 R [2] T3 [2] High-grade UC, 
necrotic cancer 
cells [1]; UC [1]

RN + incompletely  
T [1];  

no therapy [1]

NA Died [0.75, 5]

Cerwinka et al. 
(22), 2009

2 NA NA R [2] T3N0Mx; 
T4N2Mx

High-grade UC Surgery (no detail) C [1] Local 
recurrence  

[2, 8]

Tseng et al. (23), 
2010

1 M 62 R NA High-grade UC No C DFS [9]

Young et al. (24), 
2012

1 M 34 R T4 High-grade UC RN NA NA

Nam et al. (25), 
2012

1 M 67 R T4N1M0 UC, G3 RUN with IVC 
replacement 

NA DFS [9]

Pirola et al. (26), 
2013

4 NA NA NA T3-4 N+M+ UC, G3 RUN + T C OS (14.25, 
mean) [11–18]

Diaz et al. (27), 
2014

1 M 61 R T4N0M0 High-grade UC, 
sarcomatoid 
differentiation

RN + T + L C NA

Wang et al. (28), 
2014

1 F 79 R T3N0M0 High-grade UC RN + T NA DFS [24]

Huber et al. (3), 
2014

5 2/3 66 (median), 
[47–89]

NA T4N0M0 
[3]; 

T4N1M1 
[1]; 

T4N3M1 [1]

UC, G3 [4];  
UC, G2 [1]

RN + T [3]; RN [1];  
RUN [1]

NA Died [3, 6, 9, 
13, 60]

Li et al. (4), 2016 3 1/2 73, 58, 68 L [2];  
R [1]

T4TN3M0; 
T3N0M0; 
T3N1M0

High-grade  
UC [3]

RUN + T + L [1];  
RN + T [1];  

RUN + T + L [1]

C [1];  
C + R [1]

Died [2, 3, 19]

Singh et al. (29), 
2017

1 F 55 R NA High-grade UC RN + T + L C NA

UC, urothelial carcinoma; TT, tumor thrombus; F, female; M, male; L, left; R, right; NA, not available; G, grade; RN, radical nephrectomy; 
RNU, radical nephroureterectomy; T, thrombectomy; L, lymphadenectomy; C, chemotherapy; R, radiation; SCC, squamous cell carcinoma; 
DFS, disease free survival; OS, overall survival.

patient, because of the limited number of patients. On the 
whole, we believe that both TT and unfavorable pathology 
had a bad influence on prognosis. For the eight patients, 
chemotherapy was the primary adjuvant therapy (5/8). 
At that time, no clear evidence exists either to support or 

oppose the use of neoadjuvant chemotherapy. And some 
patients’ performance status was poor and some patients 
in our study refused to receive neoadjuvant chemotherapy. 
Thus, these patients were not offered neoadjuvant cisplatin-
based chemotherapy in our study. Compared with adjuvant 



2886 Tian et al. Treatment for renal pelvis UC with TT

  Transl Androl Urol 2021;10(7):2879-2888 | https://dx.doi.org/10.21037/tau-21-253© Translational Andrology and Urology. All rights reserved.

Figure 5 The imaging pictures of Patient 1. (A) The CT image of Patient 1; (B) the MRI image of Patient 1.

BA

chemotherapy, the neoadjuvant therapy may reach a better 
outcome, because some patients might not be tolerance to 
chemotherapy after nephrectomy. However, if neoadjuvant 
chemotherapy is considered, the diagnosis should be 
assured by pathological examination. Besides, the patient’s 
preference and performance status should be taken into 
consideration when choosing neoadjuvant therapy.

We admit that the current study has some limitations. 
First, its retrospective nature is a shortcoming, and may 
cause some bias. Second, the sample size of this study is 
small, due to the low incidence of renal pelvis UC with 
venous TT. Thus, a multi-center study with large sample 
size is needed. Third, the follow-up time was short. Fourth, 
all the patients in this study did not have neoadjuvant 
cisplatin-bases chemotherapy. Thus, we cannot evaluate the 
therapeutic effect of neoadjuvant chemotherapy.

Conclusions

Renal pelvis UC with renal vein and IVC TT is rare. A 
correct preoperative diagnosis is greatly important to 
determine surgical strategy. Radical nephroureterectomy 
with thrombectomy was a safe and feasible operative 
method in such cases. Chemotherapy was the main adjuvant 
therapy option. However, the prognosis of renal pelvis UC 
and venous TT is very poor. More cases are needed for 
further research.
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