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Abstract

Purpose
Malignant superior or inferior vena cava (SVC/IVC) syndrome, resulting from tumor invasion or
compression, causes severe symptoms and reduces quality of life. Although stent placement is widely
accepted as a palliative treatment, its safety in large, multicenter populations remains unclear.

Methods
We conducted a retrospective cohort study using the Japanese Diagnosis Procedure Combination
nationwide inpatient database. Patients who underwent SVC/IVC stent placement for malignant vena
cava syndrome between April 2019 and March 2023 were included. Patient characteristics, underlying
malignancies, adverse events, therapeutic interventions, 7-day mortality after stent placement, and 30-
day in-hospital mortality after admission were assessed. Adverse events were identified using
International Classification of Diseases, 10th Revision codes.

Results
We analyzed 301 patients from 137 hospitals (187 with SVC and 114 with IVC). Lung tumors were most
common in the SVC group, whereas liver tumors predominated in the IVC group. Multiple stents were
more frequently required in IVC cases. Overall, adverse events occurred in 34 patients (10.6%).
Respiratory failure was significantly more common in the SVC group, while other complications were
comparable between groups. Red blood cell transfusion was required in 10 patients (3.3%); no patient
required invasive interventions such as embolization. Mortality was 5.0% at 7 days after stenting and
11.6% at 30 days after hospitalization, with no significant difference between the groups.

Conclusion
Stent placement for malignant vena cava obstruction demonstrated a relatively low complication rate
and no serious adverse events requiring invasive intervention, supporting its safety and effectiveness as
a palliative option, even in advanced malignancy.

Introduction
Obstruction of the superior or inferior vena cava (SVC/IVC) due to tumor invasion or extrinsic
compression can result in malignant vena cava syndrome. Malignant SVC syndrome presents with
symptoms such as upper limb and facial edema, dyspnea, and, in severe cases, coma, and may be fatal
[1–3]. In contrast, malignant IVC syndrome manifests as edema of the lower extremities, pelvis, genital
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organs, and skin; ascites and abdominal distension; and renal or hepatic dysfunction. Although it is
rarely fatal, it substantially impairs patients’ quality of life (QOL) [4–6].

Vena cava stent placement is a feasible and effective treatment for malignant vena cava syndrome, with
reported technical success rates of 97.7–100% and clinical success rates of 60–86.4% [3, 5–9]. A
randomized controlled trial (RCT) demonstrated that stent placement provides greater improvement in
QOL than conservative management, including anticoagulation, diuretics, and albumin administration [9].
Systematic reviews of both SVC and IVC stenting have similarly reported favorable outcomes [10, 11].
However, safety and complication rates remain insufficiently characterized. A previous phase II RCT (n = 
28) reported a 14.3% incidence of treatment-related grade ≥ 3 adverse events, based on the Common
Terminology Criteria for Adverse Events, version 3 [9]. Given the small sample size, the reliability of these
estimates is limited. Moreover, existing systematic reviews include heterogeneous populations with
varying etiologies (including benign conditions) and stent types [10–12], which may limit the
generalizability of their findings. Furthermore, although the Cardiovascular and Interventional
Radiological Society of Europe Quality Assurance Guidelines for malignant SVC stenting [13] recommend
stent placement as a standard therapeutic option, the supporting evidence is largely derived from small
observational studies, and robust safety data remain scarce. Adequately powered RCTs are needed to
precisely estimate safety and complication rates; however, conducting such trials may be challenging
because most eligible patients have advanced-stage cancer and are receiving palliative care.

In recent years, studies using large-scale clinical databases have been conducted to address such
common limitations in interventional radiology research [14, 15]. Compared with prior studies
constrained by small sample sizes and heterogeneous populations, analyses using such clinical
databases enable evaluation of nationwide, standardized, and substantially larger cohorts, facilitating
more comprehensive assessment of patient characteristics and clinical outcomes. Therefore, this study
aimed to characterize patients with malignant vena cava syndrome undergoing vena cava stent
placement and to strengthen the evidence on its safety by evaluating complication rates using a
Japanese nationwide inpatient database.

Materials and Methods

Data source and ethics
This retrospective, population-based cohort study was conducted using the Diagnosis Procedure
Combination (DPC) database, a nationwide inpatient database in Japan. The DPC database collects data
on approximately 7 million inpatients annually from over 1,700 hospitals, covering approximately 90% of
all tertiary care hospitals in Japan [16, 17]. The database includes patient characteristics such as
principal admission diagnoses, comorbidities present at admission, complications after admission,
surgical procedures coded using original Japanese codes, medical costs, and length of hospital stay.
Comorbidities and complications on and after admission were recorded using the International
Classification of Diseases, 10th Revision (ICD-10) codes. A previous validation study reported that the
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diagnostic and procedural records in this database have approximately 80% sensitivity and 90%
specificity [18]. This study was approved by the Institutional Review Board of the Institute of Science
Tokyo (M2000-788). The requirement for informed consent was waived because all data were
anonymized.

Participants
Patients who underwent SVC or IVC stent placement for malignant vena cava syndrome between April
2019 and March 2023 were included. Cases were identified by combining the diagnosis codes for
malignant SVC or IVC syndrome with device codes for stent placement. In Japan, only one type of self-
expanding bare-metal stent has been approved for coverage under the National Health Insurance for the
treatment of malignant vena cava syndrome since October 2019.

Definitions
We collected data on age, sex, body mass index, underlying diseases, Charlson Comorbidity Index (CCI)
[19, 20], number of stents used, and repeat stent placement during the same hospitalization. Underlying
diseases and CCI were classified according to ICD-10 codes based on tumor site, excluding lymphoma,
leukemia, and metastatic solid tumors. Patients were subsequently categorized into two groups
according to the site of stent placement: the SVC group and the IVC group.

Adverse events and their corresponding interventions were defined, and their incidence was assessed.
Adverse events were identified using ICD-10 codes as follows: infection (A419, T814); arrhythmia (I499,
R000, R001); cardiac tamponade (I319, I971); heart failure (I500, I501, I509); pneumothorax (T812,
J930–J931, J938–J939); hemothorax (J942); pleural effusion (J90); mediastinitis (J985); respiratory
failure (J985, J9600–J9601, J9609, J9690–J9691, J9699); disseminated intravascular coagulation
(D65); pulmonary artery thromboembolism (I269); and renal dysfunction (N289, N19, N179, N990).
Therapeutic interventions for adverse events were defined as those performed within 7 days following
vena cava stent placement and included red blood cell transfusion, transcatheter arterial embolization,
percutaneous drainage, and surgical procedures. We also assessed 7-day mortality after stent
placement and 30-day in-hospital mortality.

Statistical analysis
Continuous variables are summarized as means with standard deviations, and categorical variables as
numbers and percentages. Differences in baseline characteristics between the SVC and IVC groups were
assessed using the chi-square test or Fisher's exact test, as appropriate. The Mann–Whitney U test was
used to compare the distributions of continuous variables, including time to in-hospital death, between
groups. A two-sided P-value < 0.05 was considered statistically significant. All statistical analyses were
performed using Stata (version 18.0; StataCorp LLC, College Station, TX, USA) and R: A Language and
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Environment for Statistical Computing (version 4.5.1; R Foundation for Statistical Computing, Vienna,
Austria).

Results
A total of 301 patients underwent vena cava stent placement across 137 hospitals during the study
period. Table 1 summarizes the patient and procedural characteristics. IVC and SVC stent placements
were performed in 114 and 187 patients, respectively. The mean patient age was 67.7 years. Over 95% of
the patients had a CCI score ≥ 2. In the IVC group, the most common underlying disease was liver tumors
(54/114, 47.4%), including both primary and metastatic lesions, whereas lung tumors predominated in
the SVC group (148/187, 79.1%). Additionally, the use of two or more stents was significantly more
frequent in the IVC group than in the SVC group (p < 0.001). No significant difference was observed in the
rate of repeat stent placement during the same hospitalization between the groups.
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Table 1
Patient and Procedural characteristics

Patient All patients

(n = 301)

SVC stent

(n = 187)

IVC stent

(n = 114)

P value

       

Age (y)       0.32

Mean ± SD 67.7 ± 11.6 67.2 ± 11.4 68.6 ± 11.8

Range 35–92 35–90 40–92

Sex       0.04

0.054Male 183 122 61

Female

Charlson Comorbidity Index, n (%)

0–1

2–4

≥ 5

118

12 (4.0)

179 (59.5)

110 (36.5)

65

9 (4.3)

119 (64.1)

59 (31.6)

53

3 (2.6)

60 (52.7)

51 (44.7)

Underlying Disease

(Site of tumor), n (%)

      0.78

0.17

Breast 7 (2.3) 4 (2.1) 3 (2.6)

Mediastinum 3 (1.0) 3 (1.6) 0 (0.0)

Lung 159 (52.8) 148 (79.1) 11 (9.6) < 0.001

Esophagus 6 (2.0) 4 (2.1) 2 (1.8) 0.82

0.41

0.06

Gastric 7 (2.3) 2 (1.1) 5 (4.4)

Intestine or Colon 16 (5.3) 1 (0.5) 15 (13.2)

Liver (primary) 25 (8.3) 1 (0.5) 24 (21.1) < 0.001

< 0.001

<0.001

Liver (metastatic) 37 (12.3) 7 (3.7) 30 (26.3)

Pancreas or Gallbladder 18 (6.0) 0 (0.0) 18 (15.8)

Kidney or Urinary Tract 0 (0.0) 0 (0.0) 0 (0.0) N/A

0.20

0.54

0.04

Adrenal

Genital

Lymphoma or Leukemia

1 (0.3)

6 (2.0)

11 (3.7)

0 (0.0)

3 (1.6)

10 (5.3)

1 (0.9)

3 (2.6)

1 (0.9)
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Patient All patients

(n = 301)

SVC stent

(n = 187)

IVC stent

(n = 114)

P value

       

0.41

0.12

Metastatic solid tumor

Other

97 (32.2)

12 (4.0)

57 (30.5)

5 (2.7)

40(35.1)

7 (2.7)

Number of stents placed, n (%)       <0.001

1 203 (67.5) 147 (78.6) 56 (49.1)  

2 91 (30.2) 39 (20.9) 52 (45.6)  

3 4 (1.3) 0 (0.0) 4 (3.5)  

4

Repeat stent placement, n (%)

3 (1.0) 1 (0.5) 2 (1.8) 0.82

Yes

No

6 (2.0)

295 (98.0)

4 (2.1)

183 (97.9)

2 (1.8)

112 (98.2)

 

SVC, superior vena cava; IVC, inferior vena cava; BMI, body mass index; PCN, percutaneous
nephrostomy; SD, standard deviation; N/A, not available.

Number of stents indicates the total count used during the initial procedure.

Repeat stent placement was defined as any additional stenting performed after the initial procedure
during the follow-up period.

Table 2 presents the details of complications following vena cava stent placement. Overall, 34
complications occurred in 32 patients (32/301, 10.6%). Respiratory failure was significantly more
common in the SVC group than in the IVC group (p = 0.001), whereas no significant differences were
observed for other complications. The most common postprocedural treatment was red blood cell
transfusion, which was performed in four patients in the SVC group and six patients in the IVC group,
with no significant between-group difference (2.1% vs. 5.3%, p = 0.14). No patient required invasive
interventions such as embolization, percutaneous drainage, or surgery. Fifteen patients (5.0%) died
within 7 days after stent placement, and 35 patients (11.6%) died within 30 days after hospitalization;
there was no statistically significant difference between the SVC and IVC groups (7-day: 5.9% vs. 3.5%, p 
= 0.36; 30-day: 12.3% vs. 10.5%, p = 0.64).
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Table 2
Procedural outcomes following vena cava stent placement

Complications, n (%) All patients

(n = 301)

SVC stent

(n = 187)

IVC stent

(n = 114)

P value

       

Infection 2 (0.7) 0 (0.0) 2 (1.8) 0.07

N/A

N/A

Arrhythmia 0 (0.0) 0 (0.0) 0 (0.0)

Cardiac tamponade 0 (0.0) 0 (0.0) 0 (0.0)

Heart failure 5 (1.7) 3 (1.6) 2 (1.8) 0.92

N/A

N/A

0.46

N/A

0.01

0.07

0.87

N/A

0.36

0.642

Pneumothorax 0 (0.0) 0 (0.0) 0 (0.0)

Hemothorax

Pleural effusion

Mediastinitis

Respiratory failure

DIC

PE

Renal disfunction

7-day mortality after stenting

30-day In-hospital mortality

0 (0.0)

11 (3.7)

0 (0.0)

11 (3.7)

2 (0.7)

3 (1.0)

0 (0.0)

15 (5.0)

35 (11.6)

0 (0.0)

8 (4.3)

0 (0.0)

11 (5.9)

0 (0.0)

2 (1.1)

0 (0.0)

11 (5.9)

23 (12.3)

0 (0.0)

3 (2.6)

0 (0.0)

0 (0.0)

2 (1.8)

1 (0.9)

0 (0.0)

4 (3.5)

12 (10.5)

Procedure, n (%)       0.14

N/ARed blood cell transfusion 10 (3.3) 4 (2.1) 6 (5.3)

Percutaneous embolization 0 (0.0) 0 (0.0) 0 (0.0)

Percutaneous drainage 0 (0.0) 0 (0.0) 0 (0.0) N/A

Cardiac drainage 0 (0.0) 0 (0.0) 0 (0.0) N/A

N/ASurgical intervention 0 (0.0) 0 (0.0) 0 (0.0)

SVC, superior vena cava; IVC, inferior vena cava; DIC, disseminated intravascular coagulation; PE,
pulmonary embolism; N/A, not available

Discussion
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This study found that adverse events potentially related to vena cava stent placement for malignant vena
cava syndrome occurred in 11.3% of patients. Moreover, no serious adverse events requiring invasive
intervention were observed. These findings suggest that vena cava stent placement is a safe treatment
option, even for patients with cancer who are often in a compromised general condition.

A previous Phase II clinical trial [9] reported an adverse event rate of 14.3% following stent placement for
malignant vena cava syndrome, including major complications and procedure-related deaths. However,
the small sample size (n = 28) limits the precision of this estimate, and the true rate may be either
overestimated or underestimated. Systematic reviews have also suggested the safety of vena cava
stenting, with a reported complication rate of approximately 8.6% for SVC stenting [10, 11]. However,
these findings are primarily based on retrospective studies with heterogeneous methodologies and
relatively small sample sizes. Consequently, the overall level of evidence remains modest, and the safety
of IVC/SVC stenting has not been definitively established. Our study adds value by analyzing a
nationwide administrative database, which enabled the assessment of complication rates in a
multicenter patient cohort and may enhance the generalizability of the findings.

Among postprocedural outcomes, red blood cell transfusion occurred in 3.3% of cases; however, no
patients required invasive interventions such as transcatheter arterial embolization, percutaneous
drainage, or surgery. This suggests that postprocedural bleeding is generally low-grade and amenable to
conservative management, including simple observation or transfusion. Furthermore, some red blood
cell transfusions may not have been directly attributable to the stent procedure, as anemia is common in
patients with advanced malignancies and transfusions are often part of routine clinical care [21]. A
similar consideration applies to the 7-day mortality after stent placement. In this study, 15 patients
(5.0%) died within 7 days post-stent placement; however, given that the study population primarily
consisted of patients with advanced cancer, it is possible that not all of these deaths were directly
attributable to stent placement. Among the evaluated adverse events, only respiratory failure differed
significantly between groups, occurring more frequently in the SVC group. This finding may reflect the
higher prevalence of dyspnea at baseline among patients with SVC syndrome.

In the SVC group, lung cancer and lymphoma (including leukemia) were significantly more prevalent as
underlying diseases than in the IVC group. Conversely, both primary and metastatic liver cancers were
more frequently observed in the IVC group than in the SVC group. These findings likely reflect the
anatomical relationship between tumor location and the vena cava. Lung cancers are often located near
the SVC, and tumor growth in this region can readily cause SVC stenosis and subsequent SVC syndrome
[22]. The observed association with lymphoma may be explained by cases in which the primary lesion
arises in the mediastinum, where it can exert a mass effect on the SVC. Similarly, as liver tumors
progress, they may extend toward or contact the IVC, increasing the risk of invasion or compression,
which can result in obstruction requiring IVC stent placement. In addition to differences in underlying
disease, the proportion of cases requiring two or more stents was significantly higher in the IVC group
than in the SVC group. This finding may be related to the greater anatomical length of the IVC. IVC
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lesions, particularly those associated with liver tumors, often involve long or multiple segments, requiring
the use of overlapping stents to achieve complete coverage of the obstruction [23].

This study has several limitations. First, due to the nature of the administrative data, detailed information
—such as the severity of stenosis or the use of balloon dilatation—was unavailable. Second, information
on operator experience and specialty (e.g., interventional radiology, cardiology, or surgery) was not
available and may have influenced procedural outcomes. Third, the analysis was limited to early
complications after vena cava stent placement; long-term outcomes remain unclear. Fourth, only one
stent type approved for insurance reimbursement in Japan was included in our study period, precluding
comparisons among different stent types (e.g., covered versus uncovered or self-expanding versus
balloon-expandable). Finally, the clinical efficacy of vena cava stent placement, including its impact on
patients’ QOL, could not be assessed due to limitations of the DPC database. Future studies integrating
electronic medical records and professional society registries are needed to address these limitations.

In conclusion, this nationwide Japanese database study demonstrated a relatively low complication rate
following vena cava stent placement for malignant vena cava syndrome. No serious adverse events
requiring invasive intervention were observed. These findings suggest that the procedure may be safely
performed, even in patients with advanced cancer and multiple comorbidities.
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