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Abstract
Background: To evaluate the signi�cance of interactions between tumor volume (TV) and surgical
approach choice, surgical complexity, intra-operative blood loss, post-operative complications, as well as
overall survival (OS) for patients with inferior vena cava tumor thrombus (IVCT-T) in locally advanced
renal cell carcinoma (RCC).

Method: From Jan 2014 to Jan 2020, we identi�ed 132 patients who underwent radical nephrectomy with
inferior vena cava thrombectomy (RN-IVCT) in Peking University Third Hospital (PKUTH) and had
available imaging for review. TV for RCC, renal vein (RV) and IVCT were separately measured through the
well-known and commonly used application by medical professions 3D slicer. The signi�cance of
differences between groups was evaluated using linear regression. Prognostic factors were identi�ed by
univariate and multivariate analyses using the Cox proportional hazards model, and hazard ratios (HRs)
with 95% con�dence intervals were calculated.

Results: Patients were divided into three groups based on the inferior vena caval tumor thrombus volume
(IVCT-TV); group 1 comprised of all patients with IVCT-TV between 0-15 cubic centimeter (cm3), group 2
comprised of all patients with IVCT-TV between 15-30 cm3, and group 3 comprised of all patients with
IVCT-TV greater than 30 cm3. Using these criteria, there were 48 patients in group 1, 38 in group 2, and 46
in group 3, representing 36.6%, 28%, and 35% of the total number of patients, respectively. There were 24
patients with Mayo grade I, 74 patients with Mayo grade II, 19 patients with Mayo grade III, and 18
patients with Mayo grade IV. Fifty-nine patients (44.7%) underwent complete laparoscopic surgery, and 73
patients (55%) underwent open surgery. The median surgery time was 334 minutes for group 1, 341
minutes for group 2, and 374 minutes for group 3 (p <0.044). The median intra-operative blood loss was
650 ml for group 1, 600 ml for group 2, and 2350 ml for Group 3 (p <0.001). Post-operative complications
occurred in 13 (27.1%) patients from group 1, 15 (39.5%) patients from group 2, and 35 (76.1%) patients
from group 3 (p < 0.001). Open approach surgery was the more desirable choice for caval tumor group
(p< 0.001) and total thrombi volume group (P<0.001). Overall surgery time was signi�cantly longer, and
operation was more di�cult for renal venous thrombus volume group (P < 0.014), caval tumor volume
group (P <0.033), and total thrombi volume group (P <0.005). Intra-operative blood loss was more and
statistical difference was seen for caval tumor volume (p<0.001) and total tumor volume (p<0.001).  No
signi�cant difference was noted for a demographic characteristic such as age, gender, side, size, BMI
index, tumor type. Operative time, intra-operative blood loss, depth of IVC vascular wall invasion, surgical
approach, and Mayo level were identi�ed as the independent factors in this study. 

Conclusion: Results of this present study indicate that a larger TV necessitates open surgery approach,
and is associated with a prolonged operative time, increased intra-operative blood loss, increased surgical
complexity, and a higher incidence of post-operative complications. However, TV does not affect the
overall patient survival and hospitalization time. 

Introduction:
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Renal cell carcinoma (RCC) accounts for 3% - 4% of all the gross tumors and has a tendency for invading
the renal veins (RV) or inferior vena cava (IVC) in approximately 4-10% of patients1. Radical nephrectomy
with inferior vena cava thrombectomy (RN-IVCT) is proven to be an effective treatment for RCC with
inferior vena cava thrombus (IVCT)2 and can improve patients’ overall survival (OS), but this is one of the
most complex procedures in urology with high rates of perioperative morbidity and mortality 3,4.
Furthermore, these patients have a higher risk of recurrence5.

The current Mayo classi�cation is typically used for venous invasion in RCC. Level 0: the tumor thrombus
is limited to the renal vein. Level I: tumor thrombus extends into the IVC wall at <2cm above the renal vein.
Level II: The thrombus extends within the IVC > 2cm above the renal vein but remains below the hepatic
veins. Level III: Tumor thrombus which extends above the hepatic vein but below the diaphragm. Level IV:
The thrombus extends above the diaphragm or into the right atrium 3. This classi�cation is bene�cial, but
it only takes into account the tumor height, which may be insu�cient to evaluate the tumor's signi�cance
on the prognosis of these patients6,7 and help surgeons to more accurately assess the tumor size and risk
of the operation.

A number of studies have been done for strati�cations of patients with IVC, including tumor size, grade,
stage, renal capsule invasion, adrenal involvement as well as lymph node, and distant metastasis8–10.
However, the signi�cance of tumor volume (TV) within the IVC has not been assessed in this setting11.

Therefore, the aim of this present study is to evaluate the surgical approach, surgical complexity, and the
post-operative complications according to the volume of caval tumor and to help the physicians choose
the better surgical approach, evaluate the complexity of the operation reasonably, effectively avoid the
complications of the operation and pay more attention to the patients with higher post-operative risk.

Materials And Method:
Patients:

With Peking University Third Hospital (PKUTH) institutional review board approval, we search our
database for 177 patients who underwent RN-IVCT and had available computed tomography enhanced
(CT) imaging for review between Jan 2014 to Jan 2020. After excluding the patients that were not
surgically treated, nephroblastoma, urothelial carcinoma, or other pathological types, patients without a
pre-operative enhanced abdominal CT, and patients without a su�cient follow-up record, 132 patients
were eligible for inclusion in the current study Figure 1 . The records of these 132 patients were
retrospectively reviewed to evaluate the relevant clinical and pathological variables and survival.

Tumor volume measurements:

3D volume for all 132 patients in the present study was measured with the help of the latest edition of 3D
Slicer. 3D Slicer is an open-source, free medical image processing software that runs smoothly on a
personal computer and is compatible with multiple systems.
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Two urologists and a radiologist independently evaluated the boundary of tumor thrombus, enhancement
of the IVC wall invasion, and overall tumor size from the coronal view of CT. With the help of 3D Slicer, for
each axial slice, the cross-sectional area of RCC, RV thrombus, and the thrombus within the IVC were
measured using the area measurement tool available in the software. This provided the area in cubic
centimeters cm3  for each cut. Segmental volumes were calculated between each slice, depending on
the thickness of each slice, which varied from 2 to 10 mm in length. These segmental volumes were
added to calculate the total tumor thrombus volume.

Tumor volume was classi�ed into groups. Volumes for renal cell carcinoma, renal vein thrombus, inferior
vena cava, total thrombi volume, and total tumor volume are labeled as A, B, C, D (D=B+C), and E
(A+B+C), respectively, as shown in �gure 2.

Follow-up

Patients were evaluated for post-operative recurrence and general condition with abdominal CT or
magnetic resonance imaging (MRI) every three months after the surgery and then every six months after
that. Chest CT and brain MRI were used to detect metastasis. OS was calculated from the day of the
surgery to the last follow-up date or date of death. Follow-up information was obtained from phone
interviews and outpatient records. The median follow-up time was 30 months.

Statistical analysis:

All data are presented as mean (± SD), with a range also provided for independent variables. Clinical data,
including age, sex, side, body mass index, nuclear classi�cation, serum hemoglobin, albumin, corrected
serum calcium, alkaline phosphatase, serum creatinine, glomerular �ltration rate, American Society of
Anesthesiologists grading system score, renal sinus fat in�ltration nodal, and metastasis status, and
pathological features, were collected. Operative time, surgical complexity, intra-operative blood loss, IVC
vascular wall invasion, thrombus level, surgical approach, and Mayo tumor thrombus classi�cation level
were analyzed according to the tumor volume. All statistical analyses were performed using the SPSS
software package version 18. Continuous variables were tested for normality. One-Way ANOVA was used
to compare the clinicopathological characteristics of the three groups of patients. For data of abnormal
distribution, median (minimum, maximum) was used, the nonparametric test was used to compare the
distribution differences between the three groups: the classi�cation data were expressed by frequency
(percentage), and chi-square test was used to compare the differences between the groups. Fishers' exact
test was used for those who did not meet the chi-square test. Prognostic factors were identi�ed by
univariate and multivariate analyses using the Cox proportional hazards model, and hazard ratios (HRs)
with 95% con�dence intervals were calculated. A value of P < 0.05 was considered statistically signi�cant.

Result:
Patient characteristics are shown in Table 1. All patients had tumor thrombi extending to RV and IVC, and
underwent RN-IVCTT (36 left-sided and 96 right-sided). No signi�cant difference was noted for
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demographic characteristics such as age, gender, side, size, BMI index, tumor type.

Patients were divided into three groups based on the IVCT-TV size. Group 1 comprised of all patients with
IVCT-TV between 0-15 cm3, group 2 comprised of all patients with IVCT-TV between 15-30 cm3, and group
3 comprised of all patients with IVCT-TV greater than 30 cm3. Using these criteria, there were 48 patients
in group 1, 38 in group 2, and 46 in group 3, representing 36.6%, 28%, and 35% of the total number of
patients, respectively.

Of all patients (132) studied, 59 patients (44.7%) underwent complete laparoscopic surgery and 73
patients (55%) underwent open surgery. Table 2 shows the surgical approach choice that was chosen for
patients in the different groups. For patients with a larger caval tumor thrombus volume (C) and total
tumor thrombus volume (D) open surgery is a more often used surgical approach (P < 0.001). When a
comparison of the surgical approach selected for the three groups is drawn, of 48 patients in group 1, 32
patients (66.7%) underwent complete laparoscopic surgery, and 16 patients (33.3%) underwent open
surgery. Of the 38 patients in group 2, 19 patients (50%) underwent laparoscopic surgery, and 19 patients
(50%) underwent open surgery. Of the total 46 patients in group 3, 8 patients (17.6%) underwent
laparoscopic surgery and 38 cases (82.6%) underwent open surgery (P <0.001).

Table 3 shows associations between TV and total operation time and overall surgical complexity. Results
indicate that operation time was signi�cantly longer for B (thrombus extending to renal vein, P <0.014), C
(thrombus extending to IVC, P-<0.033), and D (thrombus extending to the renal vein and to the IVC, P
<0.005). No signi�cant difference was noted for A (RCC) and E (A+B+C). When a comparison of the total
operation time for the three groups is drawn, total operation time was 334 minutes, 341 minutes, 374
minutes for groups 1, 2, and 3, respectively. (P <0.044) as shown in table 1.

The median intra-operative blood loss was 650ml, 600 ml, and 2350 ml in groups 1, 2, and 3, respectively.
As seen in table 4, intra-operative blood loss was signi�cantly higher for C and D, as shown in table 4 (P <
0.001). When compared the three groups, total blood loss for group A was 650 ml while for group C was
2350 ml (p<0.001) as shown in table 1.

Post-operative complications were recorded in 63 patients. Of the 48 patients in group 1, 13 patients
(27.1%) had newly-occurred post-operative complications. Of the 38 patients in group 2, 15 patients
(39.5%) had post-operative complications. Of the 46 patients in group 3, 35 patients (76.1%) had post-
operative complications, as shown in table 1.

Fifty-eight patients were found to have tumors invading the vascular wall (Table 1). Statistical difference
was seen after a comparison between the three groups was drawn (P < 0.005). In group 1, 13 patients
(29.5%) were found to have tumors invading the vascular wall. That number rises to 19 (54.3%) in group
2 and 26 (63.4%) in group 3.

There were 24 patients with Mayo I, 74 patients with Mayo II, 19 patients with Mayo III, and 18 patients
with Mayo IV, as shown in Table 1. The number of patients with Mayo I was 15 (31.3%), 5 (13.2%), and 4
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(8.7%) for groups 1, 2, and 3, respectively. The number of patients with Mayo II was 28 (53.8%), 25
(65.8%), and 21 (45.7%) for groups 1, 2, and 3, respectively. The number of patients with Mayo III was 3
(6.3%), 4 (10.5%), and 12 (26.1%) for groups 1, 2, and 3, respectively. Lastly, the number of patients with
Mayo IV was 2 (4.2%), 7(10.5%), and 9 (19.6%) for groups 1, 2, and 3, respectively (p <0.002), as shown in
table 1.

There was no correlation between the volume of tumor thrombus and overall survival (Table 5 .

Discussions:
The aim of this present study is to evaluate the connections between TV and surgical approach choice,
surgical complexity, and the post-operative complications for patients undergoing surgical resection of
renal cell carcinoma with renal vein and inferior vena cava extension. We develop a 3D model using 3D
Slicer to separately calculate the volumes for RCC, RV, and IVC. Two urologists and a radiologist
independently evaluated the margins of tumor thrombus, enhancement of the IVC wall invasion, and
overall tumor size in the coronal plane using coronal view CT (Figure 3.). Segmental volumes were
calculated according to the thickness of each slice which varied from 2 to 10 mm in length (Figure 4.).
These segmental volumes were added to calculate the total tumor thrombus volume. The average time
spent for tumor volume measurement (RCC-TV+RVT-TV+IVC-TV) was 30 minutes, and the total time
spent was 3960 minutes.

3D slicer is a free and open-source 3D visualization medical image processing and information analysis
software. This application was �rst created by David Gering in 1999 and was developed by the National
Institutes of Health and the global developer community12,13. It has a history of more than 20 years and
is still being updated. The latest version introduces nearly 1000 enhancements and bug �xes for better
performance and stability. This software has been used and cited in more than 443 publications and
more than 36 pulmonary-speci�c articles14. And to the best of our knowledge, the present study is the �rst
to perform a 3D volume measurement for patients with inferior vena cava tumor thrombus in locally
advanced renal cell carcinoma.

In this study, the �rst signi�cance of tumor thrombus volume lies in its association with the choice of
surgical approach. It is well known that surgical resection is the best treatment option for patients with
locally advanced renal cell carcinoma2, but very little is known about the best surgical approach, and
studies on this particular aspect are limited. An incorrect surgical approach is associated with an
increased incidence of intra and post-operative complications, so it is of cardinal importance that an ideal
surgical approach is selected for every patient. This study found that there was a reduction in the number
of patients that underwent laparoscopic surgery when the tumor thrombus volume was greater than 30
cm3. Even in those few cases where laparoscopic surgery was attempted, the chances of converting to
open surgery were high. Although a number of studies have attempted to establish an association
between the tumor size and the choice of surgical approach, the signi�cance of the tumor volume has
barely been studied. Lardas M reports that tumor thrombectomy for grade III and IV tumors is di�cult to
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perform laparoscopically because the upper edge of the tumor thrombus has reached or already exceeds
the hepatic vein2. However, this could also depend on the surgeon’s experience, preference, patient-
speci�c anatomy, and tumor thrombus extent. Therefore, the results of this study could help surgeons
choose a better surgical approach and inform patients pre-operatively about the best surgical approach
and possible complications.

The second signi�cance of tumor volume lies in the observance that patients with larger caval tumor
volumes were associated with more intra-operative blood loss when compared to patients with smaller
caval tumor volumes. The total blood loss for group 1 was 650 ml, while that for group 3 was 2350 ml.
However, for group 2, the median blood loss was 600 ml. This could be because of the limited number of
patients in group 2 that were used in this study (48 vs. 38 vs. 46 for groups 1, 2, and 3, respectively). A
similar study conducted by Kamran et al. arrived at a similar result11. A number of techniques, including
gonadal vein stump, posterior dissection of the inferior vena cava, and segmentation of the lumbar vein
and renal artery to allow a greater activity of the inferior vena cava to help identify previously missing
gonadal veins, as well as embolization of the renal artery, can be used to reduce the intra-operative blood
loss. However, intra-operative blood loss also very much depends on the surgeon’s experience and the
patient's general condition. To reduce post-operative complications caused by intra-operative blood loss
for patients with a large caval tumor (>30cm3), su�cient blood should be prepared pre-operatively.

In total, 63 patients developed post-operative complications. As can be expected, a higher incidence of
post-operative complications was observed in patients with a larger tumor volume. The results can help
surgeons pre-optatively evaluate the choice of surgical approach, possible complications, and how to
su�ciently manage such complications should they actually arise. For high-risk groups, an intensive care
unit (ICU) ward should be prepared, and patients should be pre-operatively informed about such
complications associated with open surgery as pain, etc. 

Other important factors associated with tumor volume were IVC vascular wall invasion, tumor diameter,
and Mayo level. The importance of tumor diameter on the outcome of patients was previously studied in
our center15,16. One of the most controversial topics is the importance and usages of Mayo classi�cation.
Although the Mayo classi�cation is particularly useful when it comes to surgical techniques, the
importance of tumor diameter is barely taken into consideration which can be insu�cient to
intraoperatively evaluate the prognosis of these patients. In our study, we found that there are several
patients with a Mayo I grade, but with a large tumor volume, this is because a wide tumor can also cause
a prolonged operative time, increased surgical complexity, more intra-operative blood loss, and post-
operative complications. Therefore, for such patients with a low Mayo grade tumor yet a wide in size
tumors, similar measurements should be taken pre-operatively.

In this study, there was no association between tumor volume and overall survival. A previous study
about esophageal cancer conducted by Créhange et al. reports that 100 cm3 was the optimal cut-off
value to distinguish OS17.On the other hand, Karma et al. reported that tumor volume > 15 cm3 is
associated with OS11 for RCC patients with caval tumor thrombus. Chen et al.'s research on tumor volume
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association with esophageal cancer results shows that the cut-off value of tumor volume was 20 cm3,18.
Further studies with a larger number are required to clarify the association between tumor volume and
overall survival for RCC patients with caval tumor thrombus. 

This study had several limitations. All patients were surgically treated in the same hospital. Therefore,
similar techniques were used. Although two experienced urologists and a radiologist measured the tumor
volume, it may still not be as accurate as if the tumor volume was automatically measured by a
developed software to detect TV. However, an advantage of this study its larger number compared to
previous studies, the comparisons between three groups of patients, and identifying the importance of
tumor volume on surgical approach choice, intra-operative blood loss, and post-operative complications.
Randomized trials with a larger number of patients from different institutions are necessary to clarify the
importance of tumor volume in RCC patients with caval tumor thrombus. Software to automatically
detect and measure tumor volume should be developed to help surgeons choose a better surgical
approach, pre-operatively inform patients about possible complications and reduce blood loss and post-
operative complications for high-risk patients.

Conclusion:
Our result shows that a larger tumor volume necessitates open surgery, and is associated with prolonged
operative time, increased intra-operative blood loss, increased surgical complexity, and a higher incidence
of post-operative complications. However, there was no association between tumor volume and overall
survival. Randomized trials with larger numbers of patients from different institutions are necessary to
clarify the importance of tumor volume in RCC patients with caval tumor thrombus. For the next step,
software or program within the imaging machines should be developed to automatically detect and more
actuarily measure tumor volume.
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Table 1
Clinical and pathological characteristics of 132 patients with inferior vena cava tumor thrombus(IVCT-T)
in locally advanced renal cell carcinoma (RCC) and subgroup comparison of variables according to the

tumor volume.

  n Group1 Group2 Group3 p

Sex, n (%)
Male
Female

132 31(64.6)
17(35.4)

30(78.9)
8(21.1)

39(84.8)
7(24.2)

0.063

Age, y, mean ± SD 132 59.13 ± 9.795 62.05 ± 10.77 58.30 ± 
8.167

0.182

BMI, kg/
 
median (min, max)

132 22.40 (16.36,
32.89)

23.37 (17.93,
33.03)

24.8 (15.23,
33.03)

0.054

Side, n (%)
Left
Right

132 16(33.3)
32(66.7)

9(23.7)
29(76.3)

11(23.9)
35(76.1)

0.497

ASA grade, n (%)
1
2
3

132 2(4.2)
41(85.4)
5(10.4)

4(10.5)
30(78.9)
4(10.5)

1(2.2)
35(76.1)
10(21.7)

0.212

Nuclear classi�cation, n (%)
1
2
3
4

129 0(0)
21(44.7)
17(36.2)
9(19.1)

2(5.4)
12(32.4)
11(29.7)
12(32.4)

0(0)
13(28.9)
20(44.4)
12(26.7)

0.153

Clinical symptoms, n (%)
No clinical symptoms
Local symptoms
Systemic symptoms
Both

132 9(18.8)
22(45.8)
7(14.6)
10(20.8)

3(7.9)
24(63.2)
4(10.5)
7(18.4)

7(15.2)
26(56.5)
4(8.7)
9(19.6)

0.704

White blood cell, median (min,
max)

132 6.43 (3, 24) 6.62 (2, 13) 6.34 (3, 9) 0.601

Red blood cell, median (min, max) 132 4.26(1,6) 4.21(3,5) 4.16(2,7) 0.799

Hemoglobin, g/L, mean ± SD 132 119.35 ± 
25.40

115.89 ± 
18.65

115.07 ± 
23.28

0.632

Platelet count,
 
,median (min, max)

132 246 (90, 544) 246.5 (67,
689)

221.5 (69,
568)

0.464

Lymphocytes, mean ± SD 132 1.32 ± 0.56 1.29 ± 0.41 1.20 ± 0.40 0.431

Neutrophils, median (min, max) 132 4.25 (3, 22) 4.98 (1, 11) 6.21(2, 85) 0.894

Monocytes, median (min, max) 132 0.40 (0, 1) 0.44(0, 1) 0.46(0, 1) 0.278
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  n Group1 Group2 Group3 p

Albumin, median (min, max) 132 38.7 (19, 48) 39.05 (25, 51) 38.1(21, 47) 0.850

Blood urea nitrogen, median (min,
max)

132 6.25 (3, 10) 5.65 (3, 8) 6.45(3, 30) 0.167

ALT, median (min, max) 132 17 (5, 57) 15 (7, 302) 17(6, 78) 0.700

AST, median (min, max) 132 16 (9, 54) 19 (10, 226) 19(10, 115) 0.308

Creatinine, median (min, max) 132 2.29 (1, 3) 2.3 (2, 89) 2.26(2, 3) 0.693

Alkaline Phosphatase, U/L,
median (min, max)

132 80 (52, 846) 79.5 (45, 264) 94.5(29,
287)

0.205

Lymph node metastasis, n (%)
No
Yes

132 17(35.4)
31(64.6)

15(39.5)
23(60.5)

14(30.4)
32(69.6)

0.684

Adrenal metastasis, n (%)
No
Yes

132 45(93.8)
3(6.3)

32(84.2)
6(15.8)

41(89.1)
5(10.9)

0.360

Distant metastasis, n (%)
No
Yes

132 33(68.8)
15(31.3)

26(68.4)
12(31.6)

32(69.6)
14(30.4)

0.993

Complicated with thrombosis, n
(%)
No
Yes

132 38 (79.2)
10 (20.8)

31 (91.6)
7 (18.4)

28 (60.9)
18 (39.1)

0.054

Necrosis, n (%)
No
Yes

132 23 (47.9)
25 (25.1)

23 (60.5)
15 (39.5)

24 (52.2)
22 (47.8)

0.503

Invasion of renal pelvis and calyx,
n (%)
No
Yes

132 40 (83.3)
8 (16.7)

28 (73.7)
10 (26.3)

37 (80.4)
9 (19.6)

0.536

Renal sinus fat in�ltration, n (%)
No
Yes

130 41 (89.1)
5 (10.9)

34 (89.5)
4 (10.5)

40 (87.0)
6 (13.0)

0.923

Perirenal fat in�ltration, n (%)
No
Yes

132 37 (77.1)
11 (22.9)

25 (65.8)
13 (34.2)

29 (63.0)
17 (37.0)

0.300

Pathology type, n (%)
Clear cell RCC
Non-clear cell RCC

132 40 (83.3)
8 (16.7)

28 (7.7)
10 (26.3)

38 (82.6)
8 (17.4)

0.476

Sarcomatoid differentiation, n (%)
No
Yes

132 40 (83.3)
8 (16.7)

34 (89.5)
4 (10.5)

36 (78.3)
10 (21.7)

0.390
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  n Group1 Group2 Group3 p

Surgical approach, n (%)
Laparoscopic Surgery
Open Surgery

132 32(66.7)
16(33.3)

19(50.0)
19(50.0)

8(17.4)
38(82.6)

0.001

Mayo classi�cation, n (%)
I
II
III
IV

132 15(31.3)
28(53.8)
3(6.3)
2(4.2)

5(13.2)
25(65.8)
4(10.5)
7(10.5)

4(8.7)
21(45.7)
12(26.1)
9(19.6)

0.002

Operative time, min, median (min,
max)

129 334 (165,
589)

341.5 (161,
796)

374(219,
873)

0.044

Surgical blood loss, mL, median
(min, max)

132 650 (20,
4500)

600 (20,
4700)

2350 (0,
8800)

0.000

Postoperative hospital stay,
median (min, max)

132 8 (4, 34) 9 (4, 61) 10(4, 70) 0.089

IVC maximum width, mean ± SD 132 2.44 ± 0.88 2.96 ± 0.80 3.46 ± 0.88 0.000

Vascular wall adhesion, n (%)
No
Yes

120 31(70.5)
13(29.5)

16(45.7)
19(54.3)

15(36.6)
26(63.4)

0.005

Postoperative complication, n (%)
No
Yes

132 35(72.9)
13(27.1)

23(60.5)
15(39.5)

11(23.9)
35(76.1)

0.001

 

Table 2
Surgical approach choice

  n Laparoscopic surgery Open surgery p

A,median ( min max) 132 216.9(22.0,639.1) 236.71(7.66.1532.1) 0.332

B,median ( min max) 132 9.1(1.9,35.6) 9.6(1.42,39) 0.741

C ,median ( min,max) 132 14.6(2.9,46.2) 32.26(3.6,103.41) 0.001

A + B + C ,median ( min,max) 132 254.58(48.8,678.1) 280.71(25.76,1558.860) 0.141

D ,median ( min,max) 132 27.4(7.3,65.6) 43.5(7.5,114.027) 0.001
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Table 3
Tumor volume and operative time and surgical complexity

  p B(95%CI) Beta

RCC cm3 (A) 0.799 -0.009(-0.083,0.064) -0.023

RV cm3 (B) 0.014 3.362(0.693–6.031) 0.216

IVC cm3 (C) 0.033 1.167(0.094–2.239) 0.188

A + B + C 0.962 -0.002(-0.074-0.070) -0.004

D = B + C 0.005 1.373(0.422–2.323) 0.246

 

Table 4
Intra-operative blood Loss

  p B(95%CI) Beta

RCC cm3A 0.142 0.757(-0.258,1.772) 0.128

RV cm3 (B) 0.434 14.473(-22.027-50.974) 0.069

IVC cm3 (C) 0.001 32.185(18.847–45.523) 0.386

A + B + C 0.075 0.904(-0.093-1.901) 0.155

D = B + C 0.001 27.317(15.346–39.293) 0.368

 

Table 5
Tumor volume does not affect patient’s

prognosis.

  p HR(95%CI)

D = B + C 0.415 0.994(0.978–1.009)

RV cm3 (B) 0.866 0.996(0.956–1.038)

IVC cm3 (C) 0.387 0.992(0.974–1.010)

A + B + C 0.226 1.001(1.000-1.002)

 

Figures
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Figure 1

Flow chart of this study. The important role of tumor volume in surgical approach choice, surgical
complexity, and post-operative complications in renal cell carcinoma with venous tumor thrombus from a
large Chinese center experience



Page 16/18

Figure 2

Tumor volume was classi�ed into groups. The volume for renal cell carcinoma, renal vein thrombus,
inferior vena cava thrombus, total thrombi volume, and total tumor volume is labeled as A, B, C, D
(D=B+C), and E (A+B+C), respectively.
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Figure 3

A 3D model of a 53 years old Chinese male patient created by 3D Slicer. The patient was diagnosed with
right renal cell carcinoma invading the venous system. RCC, RVT, and IVCT volume calculated for this
patient are 351.03cm3, 11.86cm3, and 48.79cm3, respectively. The patient underwent open approach
surgery on 24th June 2019. Total operative time and Intra-operative blood loss for this patient were 359
minutes and 2000 ml, respectively. On his most recent follow-up in Jan 2020, the patient was alive,
however abdominal CT showed peritoneal and liver metastases.
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Figure 4

A different version of 3D image made with 3D Slicer for a left-sided RCC invading the venous system
(Mayo grade II) patient who underwent surgical treatment in PKUTH. In this version, only two colors are
available.


