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ARTICLE HIGHLIGHTS    1 

 2 

Type of Research: Single-center retrospective cohort 3 

study 4 

 5 

Key Findings: The presence of dynamic blood flow, 6 

and the presence of tumor thrombus mobility on cine 7 

MRI could reliably predict IVC resection with 100％ 8 

(95％-CI: 51.8-100) sensitivity and 85.7％(95％-9 

CI:42.1-1.00) specificity. 10 

 11 

Take home Message: Cine MRI could be a helpful examination modality to predict the need 12 

for IVC wall resection in patients with renal cell carcinoma with venous tumor thrombus. 13 

 14 

 15 

 16 

Table of Contents Summary   17 
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 1 

Cine MRI predicted the need for IVC resection with 2 

high accuracy in this retrospective study of 15 3 

patients who underwent radical nephrectomy and 4 

tumor thrombectomy. The authors suggest the use of 5 

cine MRI to predict the IVC wall resection 6 

preoperatively. 7 

  8 
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Abstract 1 

Objective: 2 

In renal cell carcinoma with inferior vena cava (IVC) thrombus, adhesion or invasion to the 3 

IVC wall often increases the level of surgical difficulty and even necessitates resection of 4 

the IVC. It is generally difficult to perform an accurate preoperative assessment by the 5 

standard imaging modalities of contrast-enhanced computed tomography and standard 6 

magnetic resonance imaging (MRI). Cine MR imaging is an MRI sequence that captures 7 

motion to produce detailed information on both anatomy and dynamic motion. The present 8 

study aimed to evaluate the accuracy of preoperative cine MRI for determining IVC wall 9 

resection, with the validation of the imaging findings based on the intraoperative findings. 10 

 11 

Methods: 12 

Fifteen patients who underwent radical nephrectomy and tumor thrombectomy between 13 

May 2018 and April 2020 met the inclusion criteria. The primary outcome of interest was 14 

the need for IVC resection because of adhesion or invasion of a venous tumor thrombus. 15 

Cine MRI evaluated the blood flow between the tumor thrombus and the IVC wall, and the 16 

presence of tumor thrombus mobility under free respiration. Sensitivity and specificity were 17 
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calculated for preoperative cine MRI for IVC wall resection. Fisher’s exact test was used to 1 

determine the association between intraoperative IVC wall resection and the cine MRI 2 

findings. Furthermore, receiver operating characteristic curves and the area under the curve 3 

were used to compare the accuracy of conventional MRI and cine MRI. 4 

 5 

Results: 6 

Eight (53.3％) of the patients underwent IVC resection. We found that the absence of 7 

dynamic blood flow and tumor thrombus mobility on cine MRI could reliably predict IVC 8 

resection with 100％ (95％-CI: 51.8-100) sensitivity and 85.7％(95％-CI:42.1-1.00) 9 

specificity. The area under the curve of the receiver operating characteristic curve was 10 

0.821 for conventional MRI and 0.929 for cine MRI. 11 

 12 

Conclusion: 13 

In the preoperative setting, cine MRI could be a helpful examination modality to predict the 14 

need for IVC wall resection in patients with renal cell carcinoma with venous tumor 15 

thrombus. 16 

  17 
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Introduction 1 

Renal cell carcinoma (RCC) shows a propensity for vascular growth, with 4-10% 2 

of patients developing an inferior vena cava (IVC)thrombus1. Radical nephrectomy with 3 

thrombectomy is a curative option, offering a 5-year-survival rate of 40-65% for RCC with 4 

venous tumor thrombus (VTT)2,3. However, in the case of IVC wall invasion, surgery to 5 

achieve the radical resection of the tumor is more challenging. The surgical approach to 6 

patients with RCC and VTT should be individualized, mainly according to the 7 

characteristics of the VTT. The current RCC with VTT classification systems, such as the 8 

Mayo Clinic classification1, only take into account the VTT's location, which may be 9 

insufficient for evaluating the probability of IVC invasion intraoperatively. If tumor 10 

invasion of the inferior vena cava (IVC) wall is present, partial or circumferential resection 11 

of the IVC is indicated, often resulting in the need for IVC reconstruction. Although there 12 

is an increasing number of cases in which tyrosine kinase inhibitor (TKI) or TKI-Immuno 13 

oncology (IO) are administered preoperatively to reduce VTT, it is unclear whether this 14 

reduces adhesions and invasion to the IVC. Before surgery, it is essential to know the level 15 

of the thrombus, and whether the tumor thrombus is adherent to the IVC wall. 16 
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Pre-surgical imaging to evaluate the proximal extent, the volume of tumor 1 

thrombus, potential of caval wall adhesion, and invasion is crucial in the management of 2 

RCC with VTT, and provides the information that is necessary to determine the best 3 

surgical approach for a given patient.4–6 Conventionally, ultrasonography (US), 4 

computerized tomography (CT), and magnetic resonance imaging (MRI) have been used to 5 

detect VTT. Although US is a first-line modality that is commonly used to evaluate patients 6 

with RCC5, this method mainly depends on the ultrasonographer and the position of the 7 

thrombus5. If the tumor thrombus lies below the level of the insertion of the hepatic veins, 8 

the sensitivity of US in the detection of VTT is reported to be as low as 68％7. The advent 9 

of multi-detector computed tomography (MDCT) enabled the use of 3D CT datasets for 10 

reconstruction without loss of quality. However, one disadvantage of MDCT is the 11 

difficulty of delineation because the Hounsfield unit (HU) values of blood and thrombus 12 

can be similar. It is challenging to diagnose venous invasion or adhesion because the 13 

contrast medium does not flow past the compression and prohibits good delineation of a 14 

tumor thrombus.5,8. MRI has proven to be the most effective imaging modality for detecting 15 

VTT, with a sensitivity level of 100％8. MRI has intrinsic contrast superiority to CT and 16 

does not rely on contrast medium to differentiate tumor thrombus from blood. MRI has 17 
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therefore replaced conventional methods as the new choice for elucidating the presence of 1 

VTT. However, when the IVC blood flow decreases below a specific range due to tumor 2 

compression, the effect of slice saturation may lead to false-positive diagnoses9. As with 3 

CT, it is challenging to detect adhesion or infiltration of the IVC wall. 4 

Cine MR imaging is a type of MRI sequence that captures motion. Cine images are 5 

obtained by repeatedly imaging the area of interest for a certain time, typically within a 6 

single slice. This yields detailed information on both anatomy and dynamic motion. Several 7 

studies reported that cine MRI was beneficial for evaluating abdominal adhesion10 or lung 8 

cancer invasion to the thoracic wall11 for surgical planning.  9 

Therefore, in the present study, we aimed to evaluate the accuracy of preoperative 10 

cine MRI for determining wall resection of the IVC, based on features such as the presence 11 

of dynamic flow between the tumor thrombus and IVC wall and tumor thrombus mobility 12 

under free respiration, with the validation of the imaging findings based on the 13 

intraoperative results.   14 
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Methods 1 

Patients 2 

The Institutional Review Board approved this retrospective study (the number of 3 

the ethics approval: No. B210141). Between May 2018 and June 2021, 18 patients who 4 

diagnosed with RCC and IVC thrombus by CT received a radical nephrectomy and vena 5 

cava thrombectomy at Kobe University Hospital. Three patients who had level 0 VTT were 6 

excluded from this cohort. The remaining 15 patients with VTT formed were included in 7 

the analysis. 8 

Approval of the study was obtained from the local institutional review board (Kobe 9 

University Hospital Review Board, Protocol Number: B210141, 30 in August 2021, and 10 

written informed consent was obtained from all patients. 11 

 12 

Patient characteristics 13 

The clinical features included age, sex, tumor side, pre-surgical therapy, operative 14 

methods, pathological diagnosis, VTT Mayo level, and pathological wall invasion. 15 

Preoperative MRI was used to assess the IVC thrombus levels for all patients. The tumor 16 

thrombus level in the IVC was classified according to the Mayo classification, Level I: 17 
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within 2 cm of the renal vein, Level II: more than 2 cm from the renal vein and less than or 1 

equal to the short hepatic vein, Level III: more than the short hepatic vein and below the 2 

diaphragm, and Level IV: above the diaphragm. Cases with tumor thrombus as low as the 3 

cephalic end of the renal vein were excluded. 4 

 5 

MR imaging technique  6 

In all cases, MRI examinations, including cine MRI were performed within one 7 

month before surgery. Patients who underwent pre-surgical therapies such as TKI or IO had 8 

a cine MRI immediately before surgery to provide the most recent information on VTT. All 9 

MRI examinations were performed on 1.5T or 3.0T units (Achieva nova dual 1.5T; Philips 10 

Medical Systems, The Netherlands, Signa Premier 3.0T; GE Healthcare, United States) 11 

with body array coils. The usual clinical protocol for urological MR imaging [axial T1-, 12 

T2-, and diffusion-weighted images (WI), and coronal/sagittal steady-state free precession 13 

(SSFP) images] was taken to cover the kidney and VTT. For cine imaging, two different 14 

types of SSFP images were obtained to assess the adhesion of VTT and the vessel wall: 15 

images taken on the largest cross-sectional area of VTT in the oblique coronal plane under 16 

deep breathing; and images taken to cover the whole VTT in the oblique coronal plane with 17 
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pulse wave synchronization. The cine imaging enabled to visualize motion of IVC wall and 1 

VTT, and venous flow in the IVC, which resulted in precise assessment of the adhesion 2 

between the VTT and the IVC wall (supplementary video). For both types of cine imaging, 3 

the image time for 1 slide was 0.824 s, and one loop was taken in 33.1 s. The MRI 4 

parameters are shown in Table 1.  5 

 6 

Image analysis 7 

Two board-certified radiologists (Y.U. and K.S.), with 10 and 8 years of 8 

experience, independently evaluated the MR images. The MR images of each patient were 9 

presented on a dedicated workstation (ShadeQuest/ViewR v1.27.01, FUJIFILM Medical 10 

Solutions Corporation). On MR images,the following items were evaluated: vertical tumor 11 

diameter, the contact length between the VTT and the IVC wall, maximum anterior-12 

posterior (AP) IVC diameter, AP and coronal IVC diameter at the renal vein ostium (RVo), 13 

and AP and coronal renal vein diameters at the RVo12 (Fig 1). Since standard MRI was 14 

taken with breath-hold and IVC diameter is almost unaffected by cardiac cycle, the effect 15 

of respiration and the cardiac cycle were considered negligible. The following items were 16 

assessed on cine MRI: the high signal of blood flow between tumor thrombus and the IVC 17 
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wall on the same side and the presence of tumor thrombus mobility under free respiration 1 

(Supplementary file 1 and 2). More specifically, the presence of dynamic flow between 2 

tumor thrombus and the IVC wall referred to a delineation between the thrombus and the 3 

vessel wall and the blood signal in the affected area (Fig 2-B.). At the time of evaluation, 4 

the two readers were blinded to the histopathological findings and surgical results.  5 

 6 

Operating technique and outcomes of interest 7 

The intraoperative decision of the presence of tumor adhesion was made as 8 

follows. First, the IVC wall was incised after blocking the proximal, distal IVC and the 9 

contralateral renal vein, and the lumen was observed. Next, adhesions between the VTT 10 

and the IVC wall were determined grossly and by palpation. Simple thrombectomy was 11 

undertaken if there was no intraoperative evidence of VTT involving the IVC wall. Vein 12 

resection was performed if the VTT appeared to have adhesion or invasion to the IVC wall. 13 

If IVC resection compromised ≥1/3 of the IVC lumen, the IVC was then reconstructed 14 

using patch grafts. GORE-TEX® EPTFE GRAFT II (W.L. Gore & Associates, Inc. USA) 15 

was used for the patch grafts. If complete circumferential resection of the IVC was required 16 

due to an IVC wall defect of ≥1/2, a synthetic tube interposition graft was employed. The 17 
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primary outcome of interest was the need for IVC resection because of adhesion or invasion 1 

of the VTT. The relationship between the presence or absence of IVC resection and the 2 

clinical findings, including the cine MRI findings, was investigated. We set out to 3 

determine whether cine MR is a reliable and effective method for detecting the presence of 4 

IVC wall adhesion or invasion in cases of RCC with VTT. 5 

 6 

Statistical analysis 7 

Continuous features were summarized as the median and interquartile range (IQR); 8 

categorical features were summarized as the number and percentage. The Mann-Whitney U 9 

test was used to evaluate differences, and Fisher’s exact test was used for cross-tabulated 10 

data. Due to the small sample size, only a univariate analysis was performed. Furthermore, 11 

receiver operating characteristic (ROC) curves were used to analyze the sensitivity and 12 

specificity of each cutoff value for IVC resection. AUCs were calculated. In addition, the 13 

accuracy of conventional MRI and cine MRI for IVC wall resection was assessed according 14 

to the sensitivity, specificity, positive predictive value, and negative predictive value. All 15 

statistical analyses were conducted using EZR (Saitama Medical Center, Jichi Medical 16 

University, Japan). P values of <0.05 were considered statistically significant. 17 
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Results 1 

Intraoperative findings and outcomes  2 

Table 2 shows all 15 patients who received radical nephrectomy for RCC with 3 

IVC thrombus and the univariate analysis of the clinical and radiographic features 4 

predicting IVC resection during tumor thrombectomy. Eight (53.3％) of these patients 5 

underwent IVC resection, including 2 vascular patch grafts and 2 synthetic tube 6 

interposition grafts. Thirteen patients were preoperatively treated with tyrosine kinase 7 

inhibitor (TKI) or immune-oncology–KI combination therapy. IVC resection was related to 8 

the level of thrombus extension (I to IV) (P=0.031). The tumor thrombus level just before 9 

the surgery was Level Ⅰ in 4 patients, Level Ⅱ in 9 patients, and Level Ⅲ in 2 patients. The 10 

2 cases of Level IV were both reduced to Level III or less by pre-surgical therapy when 11 

cine MRI was performed. In the beginning, pre-surgical therapy was performed for patients 12 

with RCC with thrombus at level Ⅲ or higher at our hospital. However, the indication for pre-13 

surgical therapy has been expanded as its efficacy has been established. The two cases in the 14 

non-resection group were early cases in this study, and their tumor thrombus level was less than 15 

or equal to level Ⅱ. Therefore pre-surgical therapy was not performed. 16 

Cine MRI imaging findings 17 
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A significant difference in the AP diameter of the IVC at the ostium on 1 

conventional MRI (20.5 vs. 17.3 mm; P=0.037) was observed between the two groups, 2 

namely the IVC resection group vs. the No resection group. The maximum AP IVC 3 

diameter (23.4 vs. 18.6 mm; P=0.132), coronal diameter of the IVC at the RVo (25.9 vs. 4 

17.3 mm; P=0.563), and AP and coronal diameters of the renal vein at the level of the RVo 5 

(12.9 vs. 18.6 mm; P=0.487 and 17.8 vs. 18.0 mm; P=1.000, respectively) did not differ to 6 

a statistically significant extent between the two groups. An ROC curve analysis was 7 

performed to determine the cutoff value of the AP diameter of the IVC at the ostium for 8 

predicting IVC resection. The cutoff value of the AP diameter of the IVC at the ostium was 9 

18.48 mm (sensitivity, 85.7%; specificity, 75.0%) (Fig 2). Moreover, there was no 10 

significant difference in the vertebral median tumor diameter in the IVC (55.3 vs. 39.2 mm; 11 

P=0.083) or the median tumor-IVC wall contact length (54.9 vs. 16.2 mm; P=0.064) 12 

between the two groups.  13 

We found that the absence of dynamic blood flow on cine MRI could reliably predict IVC 14 

resection with 100％ sensitivity (95％-CI: 51.8-100) and 85.7％ specificity (95％-15 

CI:42.1-1.00) (Fisher’s test: p-value < 0.001). Moreover, the absence of tumor thrombus 16 

mobility on cine MRI could predict IVC resection with 100％ sensitivity (95％-CI: 51.8-17 
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100) and 85.7％ specificity (95％-CI: 42.1-100) (Fisher’s test: p-value < 0.001). The 1 

positive predictive value (PPV) was 89.0％ (95％-CI: 51.8-99.7), and the negative 2 

predictive value reached 100％ (95％-CI: 42.1-100). The area under the curve (AUC) of 3 

the ROC was 0.821 for the IVC diameter and 0.929 for the absence of dynamic blood flow 4 

and tumor thrombus mobility (Fig 3). The Kappa coefficients were 0.86 and the cine MRI 5 

findings of the two radiologists were almost in perfect agreement. There were 2 cases of 6 

pathological wall invasion, both of which were correctly identified based on the absence of 7 

blood flow and tumor thrombus mobility on cine MRI. 8 

  9 
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Discussion 1 

This study was performed to determine whether cine MRI could accurately 2 

determine adhesion or invasion of the IVC wall by VTT. There were two important clinical 3 

observations. First, there was a significant difference in dynamic flow between the tumor 4 

thrombus and the IVC wall and the absence of tumor thrombus mobility on cine MRI 5 

between patients managed with or without resection of the IVC with 100% sensitivity 6 

(95％CI: 51.8-100) and 85.7％ specificity (95％-CI:42.1-1.00). Second, when these two 7 

features on cine MRI were used, the accuracy of the prediction of whether additional 8 

resection of the IVC wall was required was superior to that of the prediction based on the 9 

AP diameter of the IVC at the ostium. We believe that this critical information is 10 

imperative for determining the best surgical approach when VTT is suspected. When 11 

evaluating images, the presence of tumor thrombus mobility did not depend on the size of 12 

the VTT. However, when evaluating the presence of blood flow, the dynamic flow of level 13 

Ⅱ-Ⅲ thrombus was easier to recognize in comparison to level Ⅰ thrombus. We therefore 14 

believe that a certain thrombus height is necessary to determine the flow in detail.  15 

There have been some previous reports on imaging risk factors for IVC invasion, 16 

adhesion, and wall resection. Psutka et al. 12. identified three radiographic features as 17 
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preoperative risk factors that predicted the need for IVC resection: AP diameter of the IVC, 1 

right side, and complete occlusion of the IVC with renal vein at the ostium (RVo). They 2 

defined IVC resection as any partial or segmental resection that resulted in the need for 3 

vascular surgical reconstruction, as in our study. They suggested that the most tolerable 4 

area for invasion of the IVC wall is the RVo, and that the IVC diameter at the RVo can be 5 

used to predict IVC resection or invasion of the IVC wall. They presented a multivariable 6 

model of these three factors, and the c-index for the model was 0.81. In the present study, 7 

the AP diameter of the IVC at the RVo was significantly higher in the IVC resection group 8 

(20.5 vs. 17.3 mm; P=0.037), which is consistent with previous reports. Liu et al. 12. also 9 

reported a multivariate model of maximum coronal IVC diameter, residual IVC blood flow 10 

on ultrasound, and bland thrombus for IVC vascular wall invasion. This prediction model 11 

was designed to evaluate factors that potentially predict the probability of IVC resection by 12 

combining US with MRI/CT findings. US could provide hemodynamic information. 13 

Therefore, the use of different modalities was revolutionary in that they covered each 14 

other's shortcomings. That accuracy was 80.8％, and the AUC of the ROC was 0.899. 15 

Adams et al. 13 proposed a purely MR-based approach to predicting IVC wall invasion and 16 

reported that contact of the IVC thrombus or breach of the vessel wall could reliably 17 
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diagnose wall invasion on preoperative MRI imaging with 92.3% sensitivity and 86.4% 1 

specificity. Previous studies found tumor signals on both sides of the vessel wall and 2 

contrast enhancement of the thrombus to be reliable indicators of vessel breach and IVC 3 

wall invasion14. However, when the IVC wall is compressed by a large tumor or an 4 

enlarged lymph node, blood flow is reduced, and the lumen becomes saturated, making it 5 

difficult to evaluate the presence of invasion by MRI. They suggested that future studies on 6 

the preoperative evaluation of IVC invasion could include the reduced field of view 7 

diffusion-weighted imaging sequences to investigate whether additional information on 8 

thrombus composition may be gained. However, this method has not yet been proven, and 9 

it is not clear whether it is practical. In this respect, cine MRI, which can express the 10 

presence or absence of blood flow with continuous imaging, can detect low-velocity blood 11 

flow and thus fully overcome the shortcomings of MRI. There has not yet been a systematic 12 

comparison between CT and MRI in the detection of IVC wall invasion. Therefore, the 13 

proposal of a method to qualitatively evaluate VTT is of great value. 14 

In respiratory surgery, Kajiwara et al. 14 compared the performance of cine MRI 15 

and CT in the detection of chest wall invasion. Their prospective study showed that cine 16 

MRI had better results than conventional static CT in terms of specificity, sensitivity, and 17 
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accuracy (sensitivity: 100.0％, specificity: 68.5％, and accuracy: 77.0％, respectively). 1 

Akata et al. 15. suggested that cine MR provides more reliable information on chest wall 2 

invasion in lung cancer patients, showing high sensitivity (100％) and specificity (82.8％). 3 

In the present study, two radiologists evaluated dynamic flow between the tumor thrombus 4 

and the IVC wall and tumor thrombus mobility on cine MRI and obtained similar 5 

sensitivity and specificity to past reports concerning the respiratory region. Since the AUC 6 

was higher for cine MRI findings than for standard MRI findings, dynamic flow between 7 

tumor thrombus and the IVC wall and tumor thrombus mobility were more accurate 8 

predictors of IVC resection. Regarding the results of the present study , the high sensitivity 9 

(100％) and the high negative predictive value (100％) achieved with cine MRI suggest 10 

that if the IVC thrombus does not show any contact with the vessel wall, IVC wall invasion 11 

can be reliably excluded. Since the two factors showed the same value in all cases, an 12 

increased number of cases is required to determine which is the superior predictive factor. 13 

No additional equipment is required for cine MRI, and it is even possible to set up within a 14 

standard 1.5T MRI system. In addition, although we evaluated the VTT on coronal 15 

imaging, it can be depicted with other slices (e.g., sagittal imaging); thus, the VTT can be 16 

evaluated irrespective of the side of the IVC that it is in contact with. The fact that no 17 
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contrast medium is used and no radiation exposure is involved is also a significant 1 

advantage of cine MRI. In clinical practice, urologists can use cine MRI information to 2 

improve their preoperative planning (e.g., consultation with vascular surgeons or 3 

determining the need for specific operative resources). Since it is not difficult to introduce 4 

cine MRI, as described above, urologists should actively use cine MRI and apply it 5 

clinically. Since there is no established evaluation factor for cine MRI, we would like to 6 

provide a highly accurate prediction model combining standard MRI in the future. 7 

This study was associated with some limitations. First, the sample size was relatively 8 

small. Second, due to its retrospective design, a potential selection bias cannot be excluded. 9 

Third, as the reference standard of intraoperative IVC resection was used for wall invasion 10 

and adhesion, the outcome was subjective. However, the presence or absence of 11 

intraoperative IVC resection is more important than the presence or absence of adhesion or 12 

invasion when considering the degree of impact on the patient. Therefore, we believe that 13 

the outcomes were appropriately set in this study. Fourth, as the present study was 14 

performed in a single center, external validation of the applied MR features is warranted. 15 

In conclusion, cine MRI could be useful for preoperatively predicting the adhesion or 16 

invasion of of the IVC wall by a tumor thrombus in renal cancer with VTT.  17 
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Table1. MR Imaging Parameters 
Parameter Sequence Acquisition 

plane 
TR/TE (msec) matrix number of 

excitations 
FOV 
(cm) 

section 
thickness (mm) 

b-value 
(sec/mm2) 

Routine examinations 
T2WI FSE axial 

 
2600-2800/80 256-320/204-

260 
1 36-38 5 - 

DWI EPI axial -/60 96-120/96-166 3 36-38 5 0, 1000 
SSFP 3D-GRE  coronal and 

sagittal 
3/1.3 192/240-272 1 36-40 5 - 

T1WI Dual GRE axial 190/[1.1/2.3] 120/166 1 36-38 5  
Cine MRI 
SSFP 
Under deep 
breathing 

3D-GRE Oblique coronal 3/1.3 192/204 1 36-38 8  

SSFP with pulse 
synchronization 

3D-GRE Oblique coronal 3/1.3 160-192/200-
224 

1 36 5  

Note. T2WI = T2 weighted imaging, DWI=diffusion weighted imaging, SSFP= steady-state free precession, T1WI = T1 weighted imaging, 

FSE = fast spin echo, EPI=echo planar imaging, 3D-GRE= three-dimensional gradient-echo, TE = echo time, TR = repetition time, FOV= 

field of view.  



Table 2. Characteristics of the study population 
   

Features Resection of the IVC No resection of the IVC 
 

 
n=8 n=7 P  

Median (IQR) 
 

Age, years 71.5 (66.5-79.0) 68.0 (60.0-69.5) 0.352 
Tumor Vertabral Diameter, mm 55.3 (36.5-79.6) 39.2 (24.3-41.7) 0.083 
Tumor-IVC wall contact length, mm 54.9 (19.5-75.6) 16.2 (7.40-24.4) 0.064 
Coronal Diameter of the IVC at the ostium, mm 25.9 (21.7-29.0) 17.3 (15.8-17.9) 0.563 
Coronal Diamerer of the Renal Vein at the ostium, mm 17.8 (14.2-23.5) 18.0 (15.1-21.1) 1 
Maximum AP diameter of the IVC, mm 23.4 (19.6-26.1) 18.6 (17.6-19.7) 0.132 
AP diameter of the Renal Vein at the ostium, mm 12.9 (12.3-15.3) 18.6 (11.8-20.7) 0.487 
AP diameter of the IVC at the ostium, mm 20.5 (18.3-25.2) 17.3 (15.8-17.9) 0.037*  

N (%) 
 

Sex 
  

0.315 
Male 3 (37.5) 5 (71.4) 

 

Female 5 (62.5) 2 (28.6) 
 

Sides 
  

1 
Right 7 (87.5) 7 (100.0) 

 

Left 1 (12.5) 0 
 

Pre-surgical Therapy 
  

0.2 
No 0 2 (28.6) 

 

Yes 8 (100.0) 5 (71.4) 
 

Tumor thrombus level 
  

0.031* 
Ⅰ 0 4 (57.1) 

 

Ⅱ 6 (75.0) 3 (42.9) 
 

Ⅲ 2 (25.0) 0 
 



Ⅳ 0 0 
 

Operative method 
  

0.467 
Open 8 (100.0) 6 (85.7) 

 

Laparoscopic surgery 0 1 (14.3) 
 

Pathological type 
  

1 
Clear Cell Carcinoma 6 (75) 7 (100.0) 

 

Other 2 (25) 0 
 

Vascular wall invasion 
  

0.467 
No 6 (75.0) 7 (100.0) 

 

Yes 2 (25.0) 0 
 

IVC Blood Flow on Cine MRI 
  

0.001* 
No 8 (100.0) 1 (14.3) 

 

Yes 0 6 (85.7) 
 

Thrombus Mobility on Cine MRI 
  

0.001* 
No 8 (100.0) 1 (14.3) 

 

Yes 0 6 (85.7) 
 

    

 



Figure legends 

Figure 1.  

Coronal (A) and axial (B) fast imaging employing steady-state acquisition (FIESTA) 

shows an infiltrative RCC in the right kidney of a 68-year-old man with a level II tumor 

thrombus throughout the right renal vein and extending into the inferior vena cava (IVC). 

The renal vein ostial diameter (black arrow) and antero-posterior IVC (white arrow) were 

evaluated as measurable endpoints on standard MRI. This patient was treated without 

IVC resection. Another coronal (C) image shows the maximum anterior-posterior (AP) 

IVC diameter (white arrow).  

 

Figure 2-A. 

A coronal contrast-enhanced CT image did not clearly show adhesion between the tumor 

and the IVC (Dotted black line of the ellipse). 

 

Figure 2-B. 

Cine MRI clearly showed blood flow between the IVC wall and tumor thrombus (white 

arrows: supplemental file). The authors predicted that there was no adhesion of tumor 



thrombus from this preoperative image. Simple thrombectomy without reconstruction 

was undertaken if the tumor thrombus did not adhere to or invade the IVC. 

 

Fig 3. 

The area under the ROC curve was 0.821 for the IVC diameter (Dotted black line) and 

0.929 for the presence of dynamic blood flow or tumor thrombus mobility (solid black 

line).  

 















Supplementary file 1 
Case of left kidney tumor with level Ⅲ tumor thrombus. 
There is clear blood flow between IVC and VTT, and the tumor is moving with the blood flow. 
(Blood flow +, Tumor thrombus mobility +) 
 
Supplementary file 2 
Case of right kidney tumor with level Ⅲ tumor thrombus. 
The tumor is in close contact with the IVC wall and there is no blood flow between them. 
There is no movement as well. 
(Blood flow -, Tumor thrombus mobility -) 
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