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 Case series
 Patients: Male, 68-year-old • Male, 55-year-old • Female, 43-year-old • Male, 69-year-old • Male, 67-year-old
 Final Diagnosis: Superior vena cava syndrome
 Symptoms: Dilated veins • facial swelling • shortness of breath
 Medication: —
 Clinical Procedure: Biopsy • stenting
 Specialty: Oncology

 Objective: Management of emergency care
 Background: Malignant disease is a common etiology of superior vena cava syndrome (SVCS). Being a medical emergency, 

it often requires rapid diagnostic evaluation and therapy. Transcaval biopsy and endovascular stenting in a sin-
gle-setting has been described, but only in a handful of cases. These cases utilized intra-operative venograms. 
In this study, we also used intra-operative cone beam computed tomography (CBCT) to increase the safety and 
efficacy of such single-setting procedures.

 Case Reports: From January 2017 to July 2019, there were 5 patients with malignant SVCS who underwent single-setting su-
perior vena cava biopsy and endovascular stenting utilizing intra-operative CBCT as an adjunct. Demographic 
data, clinical presentation, investigation results, procedural details, and patient outcomes were recorded.

  CBCT was utilized in all cases to optimize sampling of biopsies, visualize subsequent stent positioning, and for 
early detection of procedure-related complications. Transcaval biopsy was diagnostic in 4 of the 5 patients. 
Endovascular stents were deployed successfully in all cases, with post-stenting venogram demonstrating relief 
of prior obstructed segments. One patient had a complication of an apical pneumothorax, with no associated 
long-term pneumothorax-related morbidity or mortality.

 Conclusions: This study demonstrates that single-setting transcaval biopsy and stenting in the context of malignant SVCS 
is a cost-efficient, safe, and feasible approach. In addition, the additional use of intra-operative CBCT is a use-
ful tool to increase procedure efficacy and safety.
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Background

Malignant disease is a common etiology of superior vena cava 
syndrome (SVCS) [1,2]. To determine the urgency and neces-
sity for intervention, classification systems have been devel-
oped. In these classification systems, various parameters are 
considered, for instance, symptomatology [3-5]. Regardless, 
being a medical emergency, it often requires rapid diagnostic 
evaluation and therapy [1,2].

Conventionally, tissue diagnosis of mediastinal masses caus-
ing SVCS can be achieved via mediastinoscopy-, flexible bron-
choscopy-, or computed tomography (CT)-guided percutaneous 
biopsy. The positive biopsy rates for image-guided percuta-
neous mediastinal biopsy are 77% for fine-needle aspiration 
cytology and up to 94% for core samples, with complication 
rates of 1.3% to 20%, with the most common complication 
being pneumothorax [6,7]. Subsequent treatment options in-
clude endovascular stenting, chemotherapy, and/or radiother-
apy. SVC stenting has been reported to offer faster, more ef-
fective, and more sustained relief of symptoms [8].

Single-setting transcaval biopsy with endovascular stenting 
has been described, and allows rapid diagnosis and therapy 
to be achieved [9-11]. Existing techniques use pre-operative 
CT imaging and intra-operative venograms. In this study, we 
also used intra-operative cone beam computed tomography 
(CBCT), which increases the safety and efficacy of a single-set-
ting SVC biopsy and stenting.

Case Reports

Ethics approval was obtained from our institution’s ethics re-
view board and the need for patient consent was waived. 

Utilizing our institution’s electronic medical records, 5 pa-
tients with malignant SVCS who underwent single-setting su-
perior vena cava biopsy and stenting utilizing intra-operative 
cone beam computed tomography (CBCT) were identified from 
January 2017 to July 2019. These cases were considered not 
suitable for bronchoscopy or percutaneous biopsy, due to tumor 
location (eg, proximity to neighboring vessels). Demographic 
data, clinical presentation, investigation results, procedural 
details, and patient outcomes were recorded.

Operative Techniques

The patient’s pre-operative CT images were reviewed 
(Figure 1A, 1B). The obstruction site’s spatial relation to sur-
rounding vital structures (eg, aorta, bronchus) were established 
in o’clock fashion based on axial imaging. This was later as-
sessed again using CBCT, with correlation to the clock face at 
the groin puncture site. All procedures were performed in a 
flat-panel-based angiographic suite with CBCT equipped (Allura 
Xper FD20; Philips Medical Systems, The Netherlands). Common 
femoral vein access was obtained using ultrasound guidance 
and secured with a vascular sheath. A guidewire was manip-
ulated past the occluded segment and positioned within the 
internal jugular vein. An intra-operative venogram was used to 
demonstrate the SVC obstruction pre-stenting (Figure 1C, 1D). 
A trans-jugular liver biopsy set (Argon Medical, TX) was used 
for the biopsy. A two-stage firing mechanism involves deploy-
ing the needle at the site of interest first, with sampling per-
formed subsequently after confirming optimal positioning 
via fluoroscopy and CBCT (Figure 1E, 1F). Intra-operative im-
ages were acquired using CBCT with a 220-degree rotation of 
the C-arm, and the XperGuide software (Allura, XperGuide; 
Philips Medical Systems, The Netherlands) was used for mul-
tiplanar reconstruction on the workstation. A total of 4 cm of 
core tissue was then obtained. After collection of the biopsy 
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samples, the SVC was stented. Stents used in our institution 
include Zilver Vena (Cook Medical Inc., Bloomington, IN), Sinus 
XL (OptiMed, Ettlingen, Germany), Venovo (Bard, Tempe, AZ), 
and ABRE (Medtronic, Minneapolis, MN). Stent selection was 
based on patient factors and operator’s preference. Post-
stenting venogram was obtained to demonstrate relief of the 
SVC obstruction (Figure 1G). CBCT was concurrently utilized 
to demonstrate positioning of the SVC stent, as well as to as-
sess for early procedure-related complications such as hema-
toma formation (Figure 2A-2C).

Figure 2.  A-C were obtained from a 43-year-old woman with 
superior vena cava syndrome. Cone beam computed 
tomography images demonstrating the position of the 
superior vena cava stent deployed, with no immediate 
complications.

Figure 1.  A-G were obtained from a 68-year-old man with 
superior vena cava syndrome. (A, B) Computed 
tomography demonstrates large soft tissue mass 
causing superior vena cava obstruction. (C, D) Intra-
operative venogram demonstrates superior vena cava 
obstruction with a filling defect corresponding to the 
mass seen in the prior computed tomography study. 
(E, F) Live fluoroscopy with cone beam computed 
tomography confirms optimal positioning of the 
argon trans-jugular liver biopsy instrument (horizontal 
arrows) before biopsy samples were obtained. Note the 
presence of a retained guidewire from a prior vascular 
intervention (triangle arrow). Intravenous ultrasound 
is seen within the brachiocephalic vein (curved arrow). 
(G) Intra-operative venogram demonstrates relief of 
the superior vena cava obstruction after stenting.
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Case Age Sex Comorbidities SVCS related symptoms Pre-operative CT

1 68 Male Hypertension, hyperlipidaemia, ischemic 
heart disease, chronic kidney disease

Facial swelling Yes 

2 55 Male Meningioma, benign prostate hyperplasia Facial swelling, shortness of breath Yes 

3 43 Female Iron deficiency anemia Neck and facial swelling Yes 

4 69 Male Diabetes mellitus, hyperlipidaemia, 
schizophrenia, epilepsy

Eye swelling, dilated neck and chest 
veins

Yes

5 67 Male Diabetes mellitus, hypertension, 
hyperlipidaemia, schizophrenia

Impending symptoms Yes 

Table 1. Patient demographics.

SVCS – superior vena cava syndrome, CT – computed tomography.

Case CBCT Sampling outcome Stent details
Clinical 

improvement
Complication

1 Yes Invasive carcinoma with 
squamatous features

Zilver Vena (Cook Medical Inc., 
Bloomington, IN) 14 mm×6 cm and 
16 mm×6 cm

Yes No

2 Yes Small cell carcinoma Sinus XL (OptiMed, Ettlingen, Germany) 
18×100 mm 

Yes Apical 
pneumothorax

3 Yes Non-small cell carcinoma, 
favor adenocarcinoma

Venovo (Bard, Tempe, USA) 16×80 mm Yes No

4 Yes Failed: fibromuscular tissue 
with myxoid stroma

Venovo (Bard, Tempe, USA) 16×120 mm Yes No

5 Yes Small cell carcinoma ABRE (Medtronic, Minneapolis, MN) 
2× overlapping 18 mm (10 cm and 6 cm)

No relevant 
documentation

No

Table 2. Procedural details.

CBCT – cone beam computed tomography.

Results

Demographic information of the 5 patients is displayed in 
Table 1. Five patients (4 men, 1 woman) with a mean age of 
60 years and an age range of 43-69 years were identified. 
Four patients had symptomatic SVCS, while 1 was having im-
pending symptoms.

All the patients had pre-operative CT and intra-operative CBCT, 
which contributed to the planning and execution of the proce-
dure. Four of 5 biopsies performed were successful and yielded 
oncologic diagnosis. The biopsy that did not yield oncologic di-
agnosis was later obtained via endobronchial ultrasound-guided 
biopsy, with the final histologic diagnosis of small cell carcinoma.

Procedural details are displayed in Table 2. Stents were de-
ployed successfully in all cases, with post-stenting venogram 
demonstrating relief of prior obstructed segments. Four of 5 
cases had documented symptom relief/improvement. One case 

lacked detailed post-procedure documentation. These patients 
do not have a history of prior SVC stenting.

One patient experienced a postoperative complication of de-
velopment of a 3-cm apical pneumothorax. There was no long-
term pneumothorax-related morbidity or mortality. The patient 
was eventually discharged with plans for outpatient follow-up.

Discussion

Superior vena cava syndrome is an emergency often warrant-
ing emergent management [1,2]. While transvenous biopsy of 
masses such as the kidney has been well described [12], there 
is a paucity of data on transvenous biopsy of mediastinal mass-
es. Transcaval biopsy and endovascular stenting in a single-set-
ting is even rarer, with only a handful of cases described [9-11]. 
Described techniques involves utilizing pre-operative CT and 
intra-operative venogram to assist with the procedure.
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In this study, we also used intra-operative CBCT to increase 
the safety and efficacy of a single-setting SVC biopsy and 
stenting. The exact details of CBCT image acquisition are not 
within the scope of this report. Briefly, CBCT uses flat-panel 
detector technology to obtain CT-like axial images. The radia-
tion source beam and flat panel detector are coupled togeth-
er by a C-arm. In a single rotation of the C-arm, the CBCT unit 
is able to acquire a volumetric dataset, the exact volume of 
which varies depending on the machine used [13,14]. The ad-
vantage of CBCT is that it allows cross-sectional imaging of 
the area of interest to be obtained intra-operatively. This con-
fers the additional benefit of optimizing sampling for biopsy, 
and also enabling the visualization of stent positioning. Early 
detection of postoperative complications such as hematoma 
formation is also now possible.

The results of the present study suggest that single-setting 
transcaval biopsy and endovascular stenting with CBCT as 
an adjunct is a safe and feasible option in the management 
of malignant SVCO. Theoretically, the additional visualization 
of the region of interest provided by the use of CBCT can in-
crease the rates of biopsy success and also reduce the rates 
of operative complications. This technique may thus be com-
parable, or superior, to percutaneous options of mediastinal 
biopsy. In our case series, 1 patient had a complication of an 
apical pneumothorax, but did not have any long-term pneu-
mothorax-related morbidity or mortality. Although our study 
had a small sample size, the low incidence of procedure-relat-
ed complication makes this approach an attractive one. In this 
study, all patients had successful stent deployments, with re-
lief of SVC obstruction demonstrated on post-stenting veno-
gram. Together with the preceding evidence of single-setting 
transcaval biopsy and stenting, this study supports the safe-
ty and efficacy of such procedures (Table 3). As the patients 
recruited in this study were among the first undergoing such 
procedures, we are optimistic that with further experience, im-
provements in technical success can be expected.

There are many benefits of a single-setting SVC biopsy and 
stenting. The procedure is minimally invasive and avoids the 
need for further invasive diagnostic procedures. Patient com-
fort is also maximized [11]. From an economic standpoint, there 
are cost savings, as diagnosis and alleviation of symptoms can 
potentially be rapidly achieved in a single intervention. In our 
institution, the potential savings can amount up to approxi-
mately $2600 or more ($1200 from an extra admission, and 
$1400 for an additional CT-guided biopsy if a 2-stage proce-
dure was performed instead). Maingard [11] also suggests that 
hospital stay could be reduced as a result. With the addition-
al use of CBCT, as previously posited, surgeons can more ac-
curately target the biopsy site, which can also reduce biopsy-
related complications.

There are several limitations of this study. Firstly, this is a 
small sample-sized retrospective case series analysis. In addi-
tion, this study does not adequately address the issue of pa-
tient selection. Patient factors, such as young age, or disease 
factors such as lymphoma, would undoubtedly influence the 
feasibility of such an approach [9,11]. Furthermore, the ad-
ditional use of CBCT comes with risks of radiation exposure.

Conclusions

To conclude, this study supplements existing evidence that sin-
gle-setting transcaval biopsy and stenting in the context of ma-
lignant SVCS is a cost-efficient, safe, and feasible approach. In 
addition, the additional use of intra-operative CBCT is a useful 
tool to increase procedure efficacy and safety.

Study No. of cases Imaging Biopsy outcome Stent success Complications

Lee-Elliott C et al 8 Pre-procedural CT, intra-
procedural venogram

2 Failed Yes 1 post-procedure 
supraventricular 

tachycardia 

Bera R et al 10 Unspecified 3 Failed Yes Nil

Maingard J et al 3 Pre-procedural CT, intra-
procedural venogram

All successful Yes 
(1 case omitted)

Nil

Table 3. Single-setting superior vena cava biopsy and stenting.

CT – computed tomography.
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