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Dear Readers,

This issue explores an important topic: therapeutic interventions targeting deep venous
involvement that affects the overall condition of patients with oncological disease and
may shorten their life expectancy.

Unlike conventional procedures, the goal is not to achieve long-term technical success
but primarily to relieve disabling symptoms.

Significant venous involvement impacting overall health in cancer patients can mainly
present in 2 forms: acute and chronic. The first involves episodes of acute or subacute
venous thrombosis, with or without pulmonary embolism. The second results from
obstructed venous outflow, which may be caused by intrinsic factors or external
compression.

M. J. MULLINS and G. O’SULLIVAN (Ireland) have extensive experience in treating the
first condition: acute and subacute venous thrombosis.

The authors note that cancer-related thrombosis increases morbidity and mortality. Early
thrombus removal is a vital treatment option for these patients. However, there is debate
about when to treat due to limited data on life expectancy and potential complications,
such as bleeding risks. Without specific trials in these cases, treatment decisions depend
on individual patient factors.

The other scenario involves obstructed venous outflow.

A. RODRIGUEZ-MORATA and colleagues (Spain) describe obstruction caused by an
endovenous expansion process and potential correction via open surgery. The high surgical
complexity of these procedures is evident, especially when tumors extend into the heart.

When flow obstruction is due to external compression, endoluminal techniques can be
employed. 0. HARTUNG (France) describes how minimally invasive procedures can
improve quality of life by resolving inferior vena cava obstructions hemodynamically. A
recent meta-analysis reports excellent technical results in primary and cumulative patency
rates, along with immediate symptom relief after stenting.

Similar to inferior vena cava obstruction, treatments for superior vena cava obstructions,
with endovascular stenting, are discussed by S. M. HABIB and colleagues (Saudi Arabia).
The authors present findings from a meta-analysis of over 2249 patients, showing
favorable outcomes and manageable complications.

Enjoy reading!

Editor in chief
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ABSTRACT

In this review article, we will explore the treatment options and clinical
considerations in the setting of hospital presentations with acute/subacute
thrombosis in the oncology patient. This a complex disease spectrum that
leads to significant morbidity, health care costs, and increased hospital
visits and admissions over time. Cancer-associated thrombosis has become
a significant cause of morbidity and potential mortality in the oncology
patient. Along with challenging treatment regimens and clinical dysfunction
caused by the primary underlying disease, thrombosis poses a significant
threat to life, functional status, and long-term health. Early thrombus
removal in the cancer patient is emerging as an important strategy in
managing this complex problem and attempting to limit the immediate
consequences such as life-threatening pulmonary embolus and long-term
consequences such as postthrombotic syndrome.

We discuss and critique the current literature supporting early thrombus
removal and the strategies we employ at our institution to manage this
challenging patient cohort. Controversies exist including side effect profiles
of various treatment options, theoretical increased bleeding risk, long-
term anticoagulation suitability, and overall survival benefit depending
on life expectancy. Overall, we advocate for establishing a robust hospital
policy detailing the interventional management of acute thrombosis that is
readily accessible and regularly advertised to clinicians. Notwithstanding an
established pathway, there is still significant nuance to the decision-making
algorithm that must ultimately put the patient at the center of all decisions
and interventions. The future of managing oncology patients with acute
thrombosis is to inform our decision-making by having dedicated trials
aimed at comparing interventional management options in randomized
controlled trials with a specific focus on this patient cohort.

Keywords

(cancer-associated thrombosis) (mechanical thrombectomy)

(oncology) Cpostthrombotic syndrome) Cvenousthromboembolism)
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Cancer-associated thromboaosis is a common occurrence in the
oncology patient population with an incidence of between
5% and 20% or put differently it occurs at a rate 4 to 7 times
higher in patients with malignancy compared with the general
population.'® Some papers have reported up to a 15-fold
increased risk.* Thrombosis results in significant associated
morbidity and mortality. Cancer has been found in up to 5%
of patients with an unprovoked venous thromboembolism
(VTE).158

VTE has been shown to be the second leading cause of death
in cancer patients secondary to disease progression and in
close proximity to infection as a cause of mortality other
than the cancer itself.”8

Trousseau first described the link between cancer and venous
thrombosis. This initial discovered link has been consistently
proven for over 100 years.? The incidence is up to 100 cases
per 100 000 people in the general population of which
approximately 33% of patients will meet diagnostic criteria
for pulmonary embolism (PE).

The incidence of acute VTE has been proven to be significantly
higher in the cancer patient cohort. Clinically significant
VTE can be seen in up to 15% of patients. This represents a
significant health care burden.

Specific risk factors for oncology patients include
metastatic disease and treatment-induced risk, including
immunotherapies, and this increased risk stems from a
complex interplay of tumor biology, prothrombotic factors,
therapeutic interventions, and patient-related variables.

Thrombosis in the context of cancer (Figure 1) is a
multifactorial process driven by the intricate interaction
between malignancy, host response, and therapeutic
interventions. The phenomenon was first described by Armand
Trousseau in the 19th century as mentioned previously and
is now recognized as a hallmark of cancer progression and
a key contributor to cancer-related mortality.®

Hypercoagulability and the cancer state

Cancer induces a hypercoagulable state through several direct
and indirect mechanisms. Tumor cells can express and release
procoagulant substances such as tissue factor (TF), cancer
procoagulant, and inflammatory cytokines (eg, interleukin-6,
tumor necrosis factor-a), which activate the coagulation
cascade. TF, in particular, plays a central role in initiating
thrombin generation, leading to fibrin clot formation.
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In 2008 in Lancet Oncology, Noble et al published an
important systematic review and meta-analysis assessing
the current practice guidelines for patients with acute VTE
in high-risk cancer patients.® Since this paper, there have
been a number of further studies reviewing management
of this vulnerable patient cohort.}*3

Traditionally, the cornerstone of thrombus management in
cancer has been anticoagulation. However, certain clinical
scenarios demand a more aggressive approach. Early
thrombus removal—through catheter-directed thrombolysis
(CDT), mechanical thrombectomy, or surgical intervention—is
increasingly considered in patients with severe thrombotic
complications, such as massive PE, phlegmasia cerulea dolens,
or critical limb ischemia.**

Whereas the benefits of early thrombus removal are well-
recognized in the general population, their application
in oncology is more nuanced. The inherent bleeding risk,
chemotherapy-induced cytopenias, and overall prognosis
must be carefully balanced against the potential gains of
thrombus extraction. Yet, with improving technology and
multidisciplinary collaboration, selected cancer patients may
experience significant clinical benefit from early thrombus
removal strategies.

This article explores the pathophysiology, diagnostic
approach, indications, and techniques of early thrombus
removal in oncology patients. It also highlights evidence-
based recommendations, emerging data, and clinical
considerations unique to the cancer population. A
multidisciplinary framework is emphasized to ensure optimal,
individualized patient care.

Moreover, tumor cells interact with platelets, leukocytes,
and endothelial cells, contributing to a prothrombotic
microenvironment. This interaction can lead to platelet
activation, endothelial injury, and the release of
neutrophil extracellular traps (NETs), all of which promote
thrombogenesis.*>*’

Tumor-specific factors

Certain cancers are more thrombogenic than others.
Pancreatic, gastric, brain, and lung cancers, along with
hematologic malignancies like lymphoma and multiple
myeloma, are associated with a particularly high risk of VTE.*®
The stage and burden of disease also correlate strongly with
thrombotic risk—advanced and metastatic cancers carry a
significantly higher risk.*®



Phlebolymphology

Vol 32

No.3 1 2025

TREATMENT-INDUCED
ENDOTHELIAL INJURY

TUMOR-DRIVEN ACTIVITY

)
o
Tumor

activity

° l . ’
3
i N

platelets

) q Chemotherapy

Radiotherapy

Endothelial injury

Thrombosis in oncology

Figure 1. An illustration of the pathophysiology of thrombosis in oncology.
Abbreviations: IL-1p, interleukin 1-beta; TF, tissue factor; TNF-a, tumor necrosis factor alpha; VEGF, vascular endothelial growth factor.

Therapy-related factors

Cancer treatments further exacerbate thrombosis risk.
Chemotherapy induces endothelial damage and systemic
inflammation. Agents such as cisplatin, thalidomide,
lenalidomide, and vascular endothelial growth factor
(VEGF) inhibitors are well-known to increase thrombotic
risk. Hormonal therapies, including tamoxifen and aromatase
inhibitors, also contribute to clot formation.

Radiation therapy can lead to local vascular injury and
inflammation, particularly when involving the thoracic
or pelvic vasculature. Central venous catheters (CVCs),
frequently used in oncology, are another key contributor to
thrombus formation, particularly in the upper extremities
or central veins.t”

Patient-related factors

Beyond cancer and its treatments, patient-specific factors—
such as immobility, recent surgery, infection, obesity,
and inherited thrombophilia—also contribute. Age and
performance status further modulate individual risk.*®

The resulting hypercoagulable state in cancer patients is
thus a composite outcome of tumor biology, host response,
and therapeutic exposure. This complex pathophysiology
underscores the need for a tailored approach to both
prevention and intervention, particularly when considering
early thrombus removal.’’

Clinical presentation and diagnosis

Timely recognition of thrombotic events in oncology patients
is crucial, given the high morbidity and potential for rapid
deterioration. However, the clinical presentation is often
subtle, atypical, or masked by underlying malignancy or its
treatment (Table 1). Clinicians must maintain a high index
of suspicion, especially in high-risk patients.

Early diagnosis is critical, particularly when considering
advanced interventions like thrombus removal. Delay in
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recognition can lead to clot propagation, embolization,
or postthrombotic complications—outcomes that are
particularly dangerous in oncology patients with limited
physiological reserve. Tables Il and Il describe diagnostic
approaches to cancer-associated thrombosis, along with
laboratory and risk assessment tools.
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Limb swelling
Deep vein thrombosis Lower limbs Pain/tenderness
(DvT) Erythema, warmth

May be asymptomatic or subtle in
immunocompromised/debilitated

Unilateral calf discomfort patients
Arm swelling

Upper extremity DVT Arm/neck Dlscomfo.rt . Common Wl.th c.entral venous cathe-
Jugular distension ters or mediastinal masses
Visible superficial veins
Dyspnea

Pulmonary embolism Pulmonary arteries Pleuritic/vague chest pain ijter) clinically silent; s.ymptc?ms may
Tachypnea mimic cancer progression or infection
Hypoxia, syncope
Swelling/discomfort near catheter

Catheter-related throm- . . Poor flow Associated with long-term venous

o Catheterized vein . .
bosis Arm/neck swelling access devices

Fever (if infected)

Table I. Common clinical presentations of thromboembolism in oncology patients.

Compression First-line for suspected DVT High sensitivity/specificity for lower limb DVT
ultrasonography

Doppler ultrasound Evaluation of upper limb or catheter-related Useful for assessing venous flow

thrombosis
CT Venography/ If CDUS is negative and there is high clinical CDUS often negative with intra-abdominal mali-
MR venography suspicion gnancy
CT Pulmonary Gold standard for PE diagnosis Preferred when contrast is not contraindicated
angiography (CTPA)
Ventilation-perfusion Alternative for PE For patients with renal impairment or contrast
(V/Q) scan allergy
Echocardiography Assessment of right heart strain or massive PE  Adjunctive tool in unstable patients

CDUS, color Doppler ultrasound; CT, computed tomography; DVT, deep vein thrombosis; PE, pulmonary embolism.

Table II. Diagnostic approach to cancer-associated thrombosis.

Category Test / tool Key points

Elevated in malignancy; useful for ruling out VTE in

Laboratory testing D-dimer low-risk patients only

Essential before anticoagulation or thrombus

Coagulation profile & platelet count
removal

Predicts VTE risk in ambulatory cancer patients
Risk stratification Khorana score on chemotherapy (based on cancer type, platelet
count, hemoglobin, leukocytes, BMI)

Vienna CATS / COMPASS-CAT Emerging models; less validated in clinical practice

BMI, body mass index; Vienna CATS, Vienna Cancer and Thrombosis Study; COMPASS-CAT, Prospective Comparison of Methods for
Thromboembolic Risk Assessment with Clinical Perceptions and Awareness in Real Life Patients—Cancer Associated Thrombosis study; VTE,
venous thromboembolism.

Table Ill. Laboratory and risk assessment tools.
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VTE represents a major cause of morbidity and mortality
among cancer patients, second only to progression of the
underlying malignancy as a cause of death. The incidence of
VTE varies by tumor type, stage, and treatment modality, but
can exceed 20% in high-risk cohorts, particularly those with
pancreatic, gastric, brain, or lung cancer.'’” The consequences
extend far beyond the acute event, influencing both short-
term survival and long-term functional outcomes.

Acute morbidity is often substantial. Deep vein thrombosis
(DVT), particularly when involving the iliofemoral or caval
segments, can cause severe limb swelling, pain, and functional
impairment. These symptoms can delay or interrupt
chemotherapy, radiotherapy, or surgical interventions, thereby
compromising oncologic control. PE carries a significant risk
of sudden death and is frequently underdiagnosed in this
population due to overlapping respiratory symptoms and
the presence of comorbid conditions such as infection or
tumor emboli. Cancer patients with VTE are at greater risk
of recurrent events despite adequate anticoagulation, and
they experience higher in-hospital mortality compared with
non-cancer counterparts.

Chronic sequelae are equally important. Persistent venous
obstruction and valvular damage lead to venous hypertension
and the development of postthrombotic syndrome (PTS),

The concept of early thrombus removal arises from the
recognition that anticoagulation alone, though effective at
preventing thrombus extension and recurrence, does not
actively lyse established clot or restore venous patency.
In the oncology population, where thrombotic events
often coincide with ongoing treatment, the persistence
of obstructive thrombus can translate to prolonged pain,
swelling, functional impairment, and interruption of cancer
therapy. Early intervention aims to address these issues by
physically or pharmacologically removing clot burden before
irreversible venous wall and valve injury occurs.**%!

Timing is crucial. Experimental and clinical data indicate that
thrombus organization begins within days of formation,
leading to fibrosis and adhesion to the venous endothelium.
When this has occurred, the success of thrombus dissolution
or extraction declines markedly. The term early thrombus
removal typically refers to intervention within 10-14 days
of symptom onset, a window during which the thrombus
remains friable and amenable to mechanical or pharmacologic
clearance. Early restoration of venous flow can mitigate
inflammation and prevent valvular reflux, thereby reducing
the risk of PTS.

86

characterized by chronic pain, edema, and skin changes, which
may progress to ulceration. PTS affects up to 50% of patients
following proximal DVT and significantly diminishes quality
of life. In oncology, this morbidity compounds the physical
and psychological burden of cancer and its treatments.?°
Reduced mobility and chronic limb symptoms can contribute
to deconditioning, increased dependency, and reduced ability
to tolerate ongoing therapy.

Catheter-associated thrombosis, particularly of the upper
extremity or central veins, poses unique challenges. Central
venous access is vital for chemotherapy, parenteral nutrition,
and blood sampling. Thrombosis can necessitate catheter
removal, interrupting essential treatment pathways, or lead
to superior vena cava syndrome with significant symptomatic
distress. Early thrombus removal strategies in this context
may help maintain venous access and avoid treatment delays.

Moreover, VTE carries a prognostic implication in oncology.
The occurrence of thrombosis is often a marker of biologically
aggressive disease, correlating with higher tumor burden
and poorer survival. This clinical reality provides a compelling
rationale for considering early thrombus removal in selected
patients to preserve function, enhance comfort, and sustain
the delivery of cancer therapy.

The potential benefits of early thrombus removal in oncology
are multifaceted. From a symptomatic perspective, rapid
decompression of venous obstruction provides prompt relief
of pain and swelling, often restoring mobility and improving
quality of life. Functionally, it may enable continuation of
systemic cancer therapy without delay, preserve venous
access routes, and prevent long-term complications that
contribute to morbidity and hospital readmission. In younger
or fitter oncology patients with good performance status,
these benefits can be particularly meaningful, preserving
independence and treatment tolerance.

Anticoagulation limitations are well-recognized. Despite
appropriate therapy, up to half of patients with proximal
DVT develop PTS within 2 years, and residual thrombus is a
strong predictor of recurrence. Moreover, in cancer, persistent
thrombosis may compromise limb function or necessitate
cessation of indwelling catheters essential for chemotherapy.
Thus, anticoagulation alone may be insufficient in high-
burden or anatomically critical thrombi.

Patient selection is fundamental. Candidates for early
thrombus removal typically present with extensive



iliofemoral or caval DVT, severe symptoms, or limb-
threatening venous congestion, and have a reasonable life
expectancy (>6-12 months) with manageable bleeding
risk. Conversely, patients with advanced metastatic
disease, thrombocytopenia, or recent major surgery may be
unsuitable. A careful multidisciplinary assessment—including
oncology, interventional radiology, vascular medicine, and
hematology—is essential to balance procedural benefits
against hemorrhagic risk.

The evidence supporting early thrombus removal has
evolved over the past two decades through a series of
randomized controlled trials and observational studies—
though, notably, patients with active malignancy have been
largely underrepresented in these datasets. Consequently,
most current recommendations for oncology patients rely
on extrapolation from broader VTE populations.

Trials in the general population

The CaVenT trial (Catheter-Directed Venous Thrombolysis in
Acute lliofemoral Vein Thrombosis; 2012) was among the
first randomized studies to demonstrate a potential benefit
of CDT. Involving 209 patients with acute iliofemoral DVT, the
study found that CDT, in addition to anticoagulation, reduced
the incidence of PTS at 2 years (41% vs 56%) and improved
iliofemoral patency. However, major bleeding occurred in 3% of
patients. Importantly, those with active cancer were excluded,
limiting direct applicability to oncology populations.??

The ATTRACT trial (Acute Venous Thrombosis: Thrombus
Removal with Adjunctive Catheter-Directed Thrombolysis;
2017), the largest to date, randomized 692 patients
with proximal DVT to pharmacomechanical CDT (PCDT)
or standard anticoagulation alone. Overall, PCDT did not
significantly reduce the rate of PTS at 24 months, although
it was associated with faster symptom relief and improved
quality-of-life measures in the iliofemoral DVT subgroup.
The trial confirmed a higher bleeding risk (1.7% vs 0.3%)
with intervention but again excluded patients with active
malignancy, citing their heightened hemorrhagic risk and
limited life expectancy.?®

The CAVA trial (Ultrasound-Accelerated Catheter-Directed
Thrombolysis versus Anticoagulation for the Prevention of
Postthrombotic Syndrome; 2020) evaluated ultrasound-
accelerated CDT versus anticoagulation alone, showing a
trend toward lower PTS rates but no statistically significant
benefit. Bleeding risk remained a concern, and as with previous
trials, patients with cancer were excluded. Collectively, these
trials demonstrate that while early thrombus removal can
restore patency and improve short-term symptomes, its role
in preventing long-term complications remains debated.?*
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In summary, early thrombus removal seeks not merely
to reduce clot burden but to preserve function, maintain
quality of life, and sustain cancer treatment continuity. When
judiciously applied, it represents an important adjunct to
anticoagulation in selected oncology patients with acute,
extensive venous thrombosis.

Observational and subgroup data in oncology
Oncology-specific evidence consists mainly of retrospective
case series, institutional experiences, and registry data. These
reports suggest that thrombectomy and low-dose CDT can
be performed safely in selected cancer patients, particularly
with modern devices and careful monitoring. Major bleeding
rates range from 0% to 5%, lower than historically expected,
and technical success rates often exceed 90%.

A retrospective study by Baekgaard et al (published in 2014)
included 22 cancer patients undergoing CDT for iliofemoral
DVT, reporting significant symptom improvement and
acceptable bleeding risk.?> Similarly, small institutional
series have described successful pharmacomechanical
thrombectomy using devices such as AngioJet and Lightning
12/16, often achieving rapid recanalization without
thrombolytic infusion.?®?” Although promising, these studies
are limited by small sample sizes, heterogeneity in cancer
types, and absence of long-term follow-up.

Guideline perspectives

Contemporary guidelines reflect the limited oncology data.
The Society of Interventional Radiology (SIR), European
Society for Vascular Surgery (ESVS), and American Society
of Hematology (ASH) all recommend considering early
thrombus removal in selected patients with acute iliofemoral
DVT, severe symptoms, and low bleeding risk—but none
issue specific guidance for cancer patients. The consensus
emphasizes multidisciplinary evaluation and individualized
care, acknowledging the need for dedicated studies in this
population.?830

Evidence summary

In summary, whereas high-level evidence supports early
thrombus removal in well-selected non-cancer patients, data
specific to oncology remain scarce. The available retrospective
experience suggests that with modern techniques and careful
selection, intervention can be safe and effective. However, the
absence of prospective oncology-focused trials continues to
limit definitive recommendations, underscoring the need for
targeted research in this complex and high-risk population.



Whereas early thrombus removal offers the potential for
rapid symptom relief and prevention of postthrombotic
complications, its application in oncology is constrained by
unique risks and clinical complexities. The decision to intervene
requires careful balancing of the potential benefits of venous
patency restoration against the heightened susceptibility to
bleeding, infection, and procedural complications inherent
to this population.

Bleeding risk represents the most significant challenge.
Cancer patients frequently exhibit multiple hemostatic
abnormalities—thrombocytopenia from chemotherapy,
disseminated intravascular coagulation, hepatic dysfunction,
and mucosal tumor involvement—all of which amplify
the risk of hemorrhage. Systemic thrombolysis carries
prohibitive bleeding rates in this context, and even CDT and
pharmacomechanical thrombectomy may precipitate clinically
relevant bleeding, particularly when thrombolytics are used.
The risk is accentuated in patients with gastrointestinal or
genitourinary malignancies, brain metastases, or recent
surgery. Consequently, purely mechanical thrombectomy
techniques are increasingly preferred where feasible, as they
minimize or eliminate lytic exposure.

Procedure-related complications also merit consideration.
Vascular injury, distal embolization, and access-site
hematomas may occur, particularly in patients with friable or
irradiated vessels. Catheter-directed therapies often require
prolonged infusion times and intensive monitoring, which can
be poorly tolerated by debilitated or immunocompromised
patients. Moreover, oncology patients are at higher risk of

Early thrombus removal in oncology patients (Table IV) requires
a multidisciplinary, patient-focused approach. Balancing
thrombotic and bleeding risk, prognosis, and treatment goals
mandates collaboration between interventional radiology,
oncology, hematology, and vascular medicine.

Patient selection

Careful selection ensures safety and efficacy. Ideal candidates
have: i) acute (<14 days) symptomatic iliofemoral or caval
DVT with limb-threatening congestion or severe pain; i) good
performance status (ECOG [Eastern Cooperative Oncology
Group performance status scale], 0-2) and expected survival
>6-12 months; iii) limited metastatic disease where mobility
and venous access preservation are priorities; and iv)
acceptable bleeding risk (platelets >75 x 10°/L, no recent major
surgery or intracranial metastases). Patients with advanced
disease, poor function, or high bleeding risk are best managed
conservatively with anticoagulation and compression therapy.
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infection and line sepsis, especially when central venous
access is required for both thrombolysis and chemotherapy
administration.

Another critical factor is patient prognosis. For individuals
with advanced or metastatic disease, the survival benefit
of thrombus removal may be marginal, and the procedural
burden disproportionate. In such cases, palliative symptom
control through compression therapy and anticoagulation
may be more appropriate. Conversely, for patients with
limited disease burden, good performance status, and longer
expected survival, maintaining limb function and treatment
continuity may justify a more aggressive interventional
approach.

Resource and logistical considerations further complicate
decision-making. Thrombectomy procedures require
specialized expertise, imaging, and postprocedural
surveillance, which may not be available in all centers. The need
for multidisciplinary coordination between interventional
radiology, oncology, hematology, and vascular medicine adds
complexity but is essential for safe and effective care.3%32

Ultimately, the key challenge lies in individualizing therapy.
No single algorithm can accommodate the heterogeneity of
cancer types, patient comorbidities, and treatment goals.
Decisions must be guided by tumor biology, anticipated
bleeding risk, symptom burden, and patient preference.
Meticulous selection, procedural planning, and periprocedural
management are critical to minimizing complications while
achieving meaningful clinical benefit.

Procedural strategy

Technique selection should match the individual’s risk
profile. Mechanical or pharmacomechanical thrombectomy
is preferred in higher bleeding risk cases, whereas CDT may
suit those with stable counts and low-risk tumor types. Key
procedural principles include correction of coagulopathy,
platelet optimization, ultrasound guidance, and minimal
contrast use.

Multidisciplinary coordination

Close coordination between oncology, hematology, and
interventional teams ensures timing avoids chemotherapy
nadirs and optimizes anticoagulation management.

Shared decision-making
Given variable prognosis, patient preferences and goals of
care must guide intervention. Discussions should address



expected symptom relief, procedural risk, and recurrence
potential.
At our institution, integrated oncology—interventional

Early thrombus removal in the oncology patient

radiology (IR) referral pathways support timely intervention.
Further education of medical and surgical teams could enhance
awareness of the urgency of clot removal in cancer patients.

Systemic Alteplase, Life- or limb- High High Rapid clot lysis  High bleeding,
thrombolysis Urokinase threatening systemic (especially rarely used in
thrombosis when dose CNS or GI cancer
catheter access malignancies)
unavailable
Catheter- Multi-side- Acute iliofemoral/ Low-dose Moderate Targeted Prolonged
directed hole infusion caval DVT, severe local infusion therapy, infusion, ICU
thrombolysis catheters symptoms improved monitoring,
(cDT) patency bleeding risk
Pharmaco- Angiolet?, Acute proximal Low-dose Low— Rapid clot Requires
mechanical Cleaner® DVT with high clot adjunctive moderate removal, expertise,
thrombectomy burden reduced lytic device-specific
(PMT) dose learning curve
Mechanical Lightning Acute proximal DVT,  None Low Single-session,  Limited evidence
thrombectomy 12/16, high bleeding risk lytic-free, fast ~ in oncology,
(MT) FlowTrieverd, recovery may not
ClotTrieverd, remove chronic
Aspirex® thrombus
Surgical Open venous Rare cases: caval N/A Moderate— Definitive Invasive, high
thrombectomy thrombectomy obstruction, tumor high removal morbidity, rarely
invading vein needed

CNS, central nervous system; DVT, deep vein thrombosis; Gl, gastrointestinal; ICU, intensive care unit.
@ Manufactured by Boston Scientific; ® Manufactured by Argon Medical Devices Inc.; ¢ Manufactured by Penumbra; ¢ Manufactured by INARJ;

¢ Manufactured by BD

Table I\V. Summary of early thrombus removal techniques in oncology patients.

Future directions and ongoing trials

The management of thromboembolic disease in oncology is
entering a new era, driven by technological innovation and a
growing emphasis on individualized care. The future of early
thrombus removal in cancer patients will depend on refining
patient selection, minimizing procedural risk, and validating
long-term outcomes through robust clinical trials.

Technological advancements

Recent progress in mechanical and aspiration thrombectomy
devices—such as large-bore aspiration catheters (eg,
FlowTriever, Lightning 12/16, Aspirex)—has transformed
the interventional landscape. These systems enable efficient
clot extraction without the need for thrombolytics, thereby
reducing bleeding risk in patients with fragile hemostasis.
Next-generation devices now incorporate ultrasound-assisted
and rotational mechanisms to enhance efficacy in organized
or chronic thrombus, potentially expanding the window for
intervention beyond the traditional 14-day limit.
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Parallel developments in intravascular imaging and artificial
intelligence—assisted venous flow modeling may allow real-
time assessment of thrombus composition and optimize
device selection. Integration of imaging biomarkers could
also improve prediction of thrombus chronicity and response
to therapy in oncology-specific cohorts.

Research priorities

Despite technological gains, the evidence base for early
thrombus removal in cancer remains limited. Existing trials,
such as CaVenT, ATTRACT, and CAVA, largely excluded patients
with malignancy. Dedicated studies are now underway to
address this gap, including observational registries exploring
outcomes of mechanical thrombectomy in cancer-associated
iliofemoral DVT. Key end points include symptom resolution,
bleeding complications, recurrence rates, and quality-of-life
measures.



Precision thrombectomy

Ultimately, future care will likely adopt a precision-medicine
approach, combining clinical, radiologic, and molecular data
to guide individualized decisions. Interventional radiology

VITE represents a significant source of morbidity and mortality
in oncology patients. Oral anticoagulation plays an essential
role but often fails to address the immediate symptom burden
or prevent long-term venous complications. Early thrombus
removal using CDT, pharmacomechanical thrombectomy, or
purely mechanical thrombectomy offers the potential to
restore venous patency, relieve symptoms, and preserve
limb function.

The rationale for intervention is strongest in patients with
acute, extensive proximal DVT, good performance status,
and manageable bleeding risk, where procedural benefits
can translate into maintained mobility, uninterrupted cancer
therapy, and improved quality of life. However, oncology
patients do present unique challenges including elevated
hemorrhagic risk, comorbidities, and variability in prognosis.
This necessitates an individualized multidisciplinary
approach. Current evidence supporting early thrombus
removal in cancer is limited, largely extrapolated from trials
in the general population, highlighting the urgent need for
oncology-specific prospective studies.

Advances in device technology and imaging-guided
intervention have improved the safety and efficacy of
thrombus removal, particularly for patients at high bleeding
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is poised to play a central role in this evolution, bridging
oncologic care and vascular medicine to improve survival,
preserve limb function, and enhance quality of life.

risk, and emerging research may soon enable precision-
guided thrombectomy tailored to tumor biology and
thrombus characteristics.

Our final thoughts are that early thrombus removal represents
a promising adjunct to anticoagulation for selected oncology
patients. Its judicious application, guided by patient goals,
multidisciplinary collaboration, and evolving evidence can
optimize clinical outcomes and enhance quality of life. This
is all taken in the context of underscoring the importance
of ongoing research to define best practices in this high-risk
population.

Dr Matthew J. Mullins

Radiology Department, University
Hospital Galway, Ireland, H91 YR71

mullinmj@tcd.ie

Professor Gerard O'Sullivan received an honorarium from Servier for
the writing of this article.
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ABSTRACT

Neoplastic obstruction of the inferior vena cava (IVC) constitutes a
rare but formidable challenge in both vascular and oncologic surgery.
It may arise from primary tumors originating within the vessel wall,
such as leiomyosarcomas, or more frequently as secondary invasion
or tumor thrombus from adjacent malignancies, including renal cell
carcinoma, hepatocellular carcinoma, or adrenal cortical carcinoma. The
anatomic complexity of the IVC, its proximity to vital structures, and
the hemodynamic consequences of obstruction demand a thorough
understanding of tumor characteristics, precise preoperative imaging,
and meticulous surgical planning. This chapter provides a comprehensive
review of the classification, diagnostic workup, and detailed surgical
techniques used to manage neoplastic IVC obstruction. We explore the
roles of segmental resection, reconstruction techniques, and the use
of advanced bypass methods, including cardiopulmonary bypass for
intracardiac tumor extension. Outcomes, complications, and long-term
prognosis are discussed, emphasizing the importance of an aggressive,
multidisciplinary approach to optimize patient survival and quality of life.
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Surgical management of neoplastic IVC obstruction

Introduction

The inferior vena cava (IVC) is the major conduit for venous
return from the lower extremities, pelvis, and abdominal
viscera to the right atrium of the heart. Neoplastic obstruction
of the IVC, although an infrequent clinical entity, represents
a significant surgical and oncological challenge due to the
vessel's critical role and intricate anatomical relationships.
Neoplastic involvement may be classified as primary,
originating from tumors such as leiomyosarcomas arising
from the tunica media of the IVC wall, or secondary, arising
from contiguous spread or tumor thrombus from malignancies
in adjacent organs, notably the kidneys and liver.?

The clinical presentation of neoplastic IVC obstruction varies
widely depending on the extent and level of involvement,
ranging from asymptomatic incidental findings to life-
threatening complications such as Budd-Chiari syndrome or
massive venous congestion. Surgical management remains
the mainstay of treatment for resectable tumors, aimed at
restoring venous patency and achieving local oncologic control.
However, the complex anatomy, combined with the high risk of
intraoperative complications, necessitates a multidisciplinary
approach, including vascular surgeons, cardiac surgeons,
oncologists, radiologists, and anesthesiologists.>*

Classification of neoplastic IVC obstruction

Accurate classification of IVC tumors is essential to guide
surgical planning and prognostication. The most widely
accepted classification divides tumors based on their
anatomical location relative to key landmarks such as the
renal and hepatic veins and the diaphragm.®

Level I: Tumors confined to the infrarenal segment of the
IVC, below the renal veins.

Level Il: Tumors involving the IVC between the renal and
hepatic veins, often the most common location for primary
leiomyosarcomas (Figure 1).

Level lll: Suprahepatic involvement extending up to the
right atrium, requiring more extensive surgical access.

Level IV: Tumors with intracardiac extension into the
right atrium, representing the most advanced stage and
necessitating complex cardiothoracic procedures.®’

This stratification is pivotal, as higher-level tumors often
require cardiopulmonary bypass, hypothermic circulatory
arrest, or thoracoabdominal approaches, whereas lower-
level tumors may be addressed via abdominal access alone.?

Figure 1. Inferior vena cava (IVC) leiomyosarcoma, ranging
from the infrarenal to the adrenal part. Short arrow: right
renal vein. Intermediate arrow: right gonadal vein. Long
arrow: IVC leiomyosarcoma.

Primary tumors of the IVC

Primary neoplasms of the IVC are rare, with leiomyosarcoma
being the most frequently reported histological type. These
tumors derive from the smooth muscle cells of the venous
wall and show a predilection for the middle segment of the IVC
(Level I1).° The aggressive nature of leiomyosarcomas manifests
in rapid local progression, a high rate of local recurrence after
resection, and the potential for distant metastases.’
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Clinically, patients may report nonspecific symptoms such
as vague abdominal or flank pain, lower limb edema due
to venous obstruction, or symptoms consistent with Budd-
Chiari syndrome when the suprahepatic IVC is involved.®
Preoperative diagnosis relies on imaging and tissue biopsy;
however, biopsy must be approached with caution due to
the risk of tumor seeding and hemorrhage.**
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Secondary involvement of the IVC

More commonly than primary tumors, the IVC is involved
secondarily through direct invasion or tumor thrombus
propagation from neighboring malignancies. Renal cell
carcinoma (RCC) is the most frequent culprit, with tumor
thrombus extending into the IVC in up to 10% of cases,
occasionally reaching the right atrium.*?*2 Hepatocellular
carcinoma (HCC) may invade the hepatic veins and the
suprahepatic IVC, whereas adrenal cortical carcinomas and

retroperitoneal sarcomas are less common sources.**

Surgical management in these cases often involves en bloc
resection of the tumor thrombus together with nephrectomy
or hepatectomy depending on the primary tumor site.
This complex surgery requires preoperative planning and
intraoperative strategies tailored to the extent of vascular
involvement.*®

Preoperative imaging and planning

Accurate preoperative imaging is indispensable for delineating
tumor extent, vascular involvement, and surgical feasibility.
Contrast-enhanced computed tomography (CT) remains
the cornerstone modality, providing detailed anatomic
information on tumor size, location, and involvement of
adjacent structures. Magnetic resonance imaging (MRI) offers
superior soft tissue contrast and is especially valuable in
assessing Level lll and IV tumors with possible intracardiac
extension.t®

Transesophageal echocardiography is routinely employed
for real-time evaluation of intracardiac tumor thrombus,
crucial for surgical planning.'” Additionally, venography
and intravascular ultrasound (IVUS) can provide valuable
insights into intraluminal tumor characteristics and venous
flow dynamics.® A comprehensive assessment including
renal function and cardiopulmonary status is mandatory, and
all findings should be reviewed in a multidisciplinary tumor
board to optimize surgical strategy.*®

Techniques of IVC resection

The overarching surgical objective is complete oncologic
resection with restoration of adequate venous return.
Complete excision with negative margins is essential to
minimize local recurrence and improve survival outcomes.
Preservation of contralateral renal vein drainage is critical to
maintain renal function. Surgeons must take great care to
avoid tumor fragmentation that can precipitate pulmonary
embolism or systemic dissemination.?2°

Venous reconstruction is often necessary after tumor
resection to maintain hemodynamic stability and prevent
venous hypertension. Patient selection is guided by functional
status, presence of distant metastases, and extent of tumor
invasion; unresectable metastases and poor performance
status contraindicate aggressive surgery.?

The surgical management of neoplastic obstruction of the
IVC requires tailored approaches based on the tumor’s
location, extent, and involvement of adjacent structures.
The techniques can be broadly categorized as follows:

Segmental cavectomy

Segmental cavectomy involves resecting the affected
segment of the IVC en bloc with the tumor (Figure 2). This
technique is the standard for localized tumors, especially
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those confined to the infrarenal or juxtarenal portions of
the IVC, where vascular control is more accessible. Surgical
exposure is achieved via laparotomy or thoracoabdominal
approaches depending on tumor level.”?

The procedure begins with careful proximal and distal
vascular control to prevent hemorrhage and embolization.
This is followed by meticulous dissection to separate the
tumor-bearing segment from adjacent organs, such as the
duodenum, pancreas, or renal structures, preserving vital
anatomy. The segment is then excised en bloc with oncologic
principles of negative margins.®

Figure 2. Cavectomy and inferior vena cava (IVC) clamping
at the infrahepatic level, ready for vascular reconstruction.
Arrow: clamped edge of the IVC.



Reconstruction depends on the length and location of the
resected segment. Short resections may allow primary
anastomosis, whereas longer segments require patch
repair or graft interposition. Segmental cavectomy offers
the advantage of complete tumor removal and is associated
with favorable oncologic outcomes in selected patients.??

Primary closure and patch reconstruction

After tumor excision, small defects of the IVC wall may be
closed primarily if the luminal diameter and venous flow can
be preserved without significant stenosis. This approach
is feasible in cases where the resection does not involve
extensive circumferential vessel wall loss.°

When larger defects exist, primary closure risks narrowing the
lumen and consequent venous hypertension, increasing the risk
of thrombosis. In such cases, patch reconstruction is preferred.
Autologous materials such as pericardium (either harvested
from the patient or bovine derived) offer biocompatibility
and durability, reducing infection risk. Synthetic patches
like polytetrafluoroethylene (PTFE) are alternatives when
autologous tissue is unavailable (Figure 3).4*

Patch cavoplasty restores venous continuity and preserves
flow dynamics, minimizing postoperative venous congestion.

Figure 3. Reimplantation of the right renal vein in the
polytetrafluoroethylene (PTFE) body. Arrow: right renal vein.

Cavocaval and atriocaval bypass

In cases of extensive IVC involvement or when prolonged
cross-clamping threatens venous return and hemodynamic
stability, bypass techniques are employed. Cavocaval bypass
entails creating an alternative venous route around the
resection site using prosthetic grafts, allowing continuous
drainage of lower extremity and abdominal venous blood.**
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The choice of material depends on surgeon preference,
availability, and patient-specific factors.”

Interposition grafts

When resection results in a full circumferential loss of a
segment of the IVC, interposition grafting becomes necessary
to reestablish venous return. Prosthetic grafts such as PTFE
or Dacron are widely used due to their availability and ease
of handling (Figure 4). These grafts provide reliable patency
but carry a risk of infection, particularly in contaminated
fields or prolonged surgeries.?

Alternatively, autologous vein grafts, typically harvested
from the femoral vein or superficial femoral vein, may reduce
infection risk and offer better biocompatibility. However, vein
harvesting adds complexity, increases operative time, and
introduces donor site morbidity.??

Graft sizing is critical to maintain laminar flow and avoid
turbulence, which predisposes to thrombosis. Oversized
grafts may cause stasis, whereas undersized grafts can
cause outflow obstruction. Postoperative anticoagulation
protocols should be adapted accordingly to enhance graft
patency.®

Figure 4. End-to-end bypass reconstruction between the
inferior vena cava (IVC) immediately proximal to its iliocaval
bifurcation and the retrohepatic zone. Short arrow: right
renal vein reimplanted. Long arrow: distal anastomosis,
close to the bifurcation.

For tumors with intracardiac extension, atriocaval bypass
is performed, involving cannulation of the right atrium and
the IVC to maintain systemic venous return during complex
resections. These bypasses provide a bloodless surgical field
and prevent venous congestion, enabling safe tumor excision
even in challenging cases.?



Bypass procedures require careful coordination between
vascular and cardiothoracic teams and meticulous
intraoperative management to avoid complications such
as air embolism or hemodynamic instability.*°

Techniques with cardiopulmonary bypass

Level Ill and IV tumors extending into the right atrium
necessitate the use of cardiopulmonary bypass (CPB) to safely
resect intracardiac tumor thrombi. CPB provides circulatory
and respiratory support, allowing the surgeon to open the
right atrium (atriotomy) under controlled conditions.*?*

Tumors that involve the suprahepatic IVC and extend into
the right atrium present formidable surgical challenges
requiring combined thoracoabdominal approaches. A median
sternotomy combined with laparotomy is often necessary
to provide adequate exposure of the heart, IVC, and liver.?

Hypothermic circulatory arrest during CPB facilitates tumor
excision under optimal conditions by minimizing blood
flow and reducing tissue oxygen demand. This technique
allows safe removal of tumor thrombi extending into cardiac
chambers and reduces the risk of embolization.'’

The postoperative management of patients undergoing
surgical treatment for neoplastic obstruction of the IVC is
complex and demands a multidisciplinary and highly vigilant
approach. Given the extensive nature of the surgery, the
involvement of major vascular structures, and the potential
for significant hemodynamic alterations, meticulous
postoperative care is essential to optimize outcomes and
reduce morbidity and mortality.?°

Hemodynamic monitoring: Close hemodynamic monitoring
in an intensive care setting is mandatory immediately
after surgery. Due to the manipulation, resection, and
reconstruction of the IVC, patients are at high risk for
fluctuations in venous return and cardiac output. Continuous
monitoring of central venous pressure, arterial pressure,
urine output, and cardiac function allows early detection
of hemodynamic instability, fluid imbalances, or cardiac
complications. Advanced monitoring techniques, including
pulmonary artery catheterization or transesophageal
echocardiography, may be indicated in select cases to guide
fluid management and inotropic support.**
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Hypothermic circulatory arrest may be employed in complex
cases to reduce metabolic demands and provide a bloodless
field, facilitating complete tumor removal. CPB reduces
intraoperative blood loss, supports systemic circulation,
and improves surgical visualization.®

Post-CPB management involves careful hemodynamic
support and monitoring for coagulopathy, given the
effects of extracorporeal circulation on platelet function
and coagulation cascades.?

Following tumor removal, reconstruction of the IVC and atrial
walls is performed, often requiring patch angioplasty or
graft interposition to restore venous continuity. Hepatic
mobilization may be necessary to access the suprahepatic
IVC fully. Additionally, hepatic vein reconstruction may be
required to maintain adequate liver drainage and function.®

These complex procedures demand careful perioperative
planning, multidisciplinary expertise, and advanced surgical
skills to balance oncologic radicality with preservation of
vital functions.’

Anticoagulation and thromboprophylaxis: Preventing
graft thrombosis is a critical component of postoperative
care. Patients who undergo IVC resection and reconstruction
are inherently at risk for venous thromboembolism due
to endothelial injury, altered flow dynamics, and the
hypercoagulable state often associated with malignancy. A
carefully tailored anticoagulation regimen should be initiated
early, balancing the risk of bleeding with thrombosis. Low
molecular weight heparin or unfractionated heparin protocols
are commonly employed initially, transitioning to oral
anticoagulants as clinically appropriate. Regular assessment
of coagulation parameters and vigilant monitoring for signs
of bleeding or thrombosis is imperative.**

Surveillance imaging: Early postoperative imaging plays
a vital role in identifying complications and assessing graft
patency. Doppler ultrasound is frequently used for bedside
evaluation of venous flow within the reconstructed IVC or
grafts. CT or MRI may be indicated to evaluate suspected
thrombosis, graft infection, or other complications. Scheduled
imaging during follow-up enables timely intervention in cases
of graft stenosis or occlusion.?



Renal function and hepatic congestion: Given the central
role of the IVCin venous drainage from the kidneys and liver,
postoperative renal function requires close surveillance.
Venous congestion resulting from impaired outflow can
precipitate acute kidney injury. Serial measurement of
serum creatinine, urine output, and electrolytes is essential.
Similarly, hepatic congestion secondary to impaired IVC
drainage may lead to liver dysfunction, manifesting as
elevated liver enzymes, coagulopathy, or ascites. Early
recognition and management, including optimization of
volume status and hemodynamics, are critical to prevent
progression.t®

Common postoperative complications:
Bleeding: The extensive vascular dissection and
anticoagulation increase the risk of postoperative
hemorrhage, which may necessitate re-exploration.?

The long-term outcomes following surgical management of
neoplastic obstruction of the IVC are influenced by several
critical factors, including tumor histology, the completeness of
surgical resection, and the presence or absence of metastatic
disease at the time of surgery.1°2°

Tumor histology plays a pivotal role in prognosis. Primary
leiomyosarcomas of the IVC, despite being the most common
primary tumor in this location, generally carry a guarded
prognosis. These tumors are characterized by aggressive
local behavior, high rates of local recurrence, and a significant
propensity for distant metastases, often to the lungs or
liver.’® The inherently infiltrative nature and biological
aggressiveness of leiomyosarcomas limit long-term survival,
with reported 5-year survival rates varying widely but
generally remaining low. Nevertheless, selected patients who
undergo complete surgical resection with negative margins
followed by adjuvant therapies, such as radiotherapy or
chemotherapy, may experience improved survival outcomes.*?
However, the role of systemic therapy remains adjunctive
and is not yet standardized,** underscoring the importance
of aggressive surgical management as the cornerstone of
treatment.

In contrast, secondary involvement of the IVC, most
notably by RCC, presents a different prognostic landscape.
RCC with tumor thrombus extending into the IVC can be
associated with relatively better postoperative outcomes,
especially when the tumor thrombus is confined to the
venous system without distant metastases. Surgical removal
of the renal tumor combined with thrombectomy of the
IVC thrombus can provide significant survival benefit and
symptom relief. The extension level of the tumor thrombus,
although a technical challenge, does not independently
dictate prognosis if complete resection is achieved. Patients
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Graft thrombosis: Thrombosis of venous grafts or patches
can lead to acute venous congestion and limb swelling,
requiring urgent anticoagulation or thrombectomy.*

Pulmonary embolism: Embolization of thrombus fragments
or deep vein thrombosis remains a significant risk despite
prophylaxis. Vigilance for respiratory symptoms and
prompt diagnostic workup is mandatory.?2

Renal failure: Both acute tubular necrosis secondary to
hypoperfusion and venous congestion contribute to renal
impairment postoperatively. Renal replacement therapy
may be necessary in severe cases.'?

Surgical site infections: Given the complexity and length
of the surgery, patients are at risk for wound infections,
which can be compounded by prosthetic grafts and
immunosuppression. Strict aseptic technique and early
antibiotic therapy are essential.’

Inferior vena cava (IVC) leiomyosarcoma. Complete
resection with free margins (posterior pathological
anatomy).

with nonmetastatic disease who undergo radical surgery
can achieve 5-year survival rates that are markedly higher
compared with patients with metastatic spread.*?

Completeness of resection is arguably the most critical
surgical factor influencing outcomes. Achieving an RO
resection, defined as complete tumor removal with
microscopically negative margins, is strongly correlated with
improved local control and overall survival.’* Incomplete
resections or positive margins predispose patients to
rapid local recurrence, which is frequently associated with
worsening symptoms and reduced survival. Given the



complexity of the IVC anatomy and tumor involvement,
meticulous surgical technique, and thorough preoperative
planning are essential to maximize the likelihood of achieving
complete resection. The involvement of multidisciplinary
teams including vascular, urologic, and cardiothoracic
surgeons is often necessary for optimal oncologic clearance.?

The choice and success of venous reconstruction
techniques after tumor resection also impact long-term
patency and clinical outcomes. Reconstruction strategies
must ensure durable venous return while minimizing
complications such as thrombosis or graft infection. Use
of autologous vein grafts or prosthetic materials like PTFE

Neoplastic obstruction of the IVCis a rare but complex surgical
condition requiring a tailored and multidisciplinary approach.
Mastery of tumor classification, detailed preoperative
imaging, and advanced surgical techniques are essential to
optimize patient outcomes. Innovations in reconstruction
and extracorporeal support have expanded resectability and
improved survival for selected patients. Vascular surgeons
must continue leading the management of these challenging
cases to deliver effective, evidence-based care.
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has shown favorable patency rates when performed under
optimal conditions (Figure 5). Postoperative anticoagulation
protocols tailored to the patient’s risk profile further
contribute to graft longevity.?®

Finally, patient selection and perioperative management
are critical determinants of survival. Factors such as
patient comorbidities, performance status, and absence
of distant metastases influence both surgical candidacy
and postoperative recovery.® Meticulous perioperative care,
including vigilant hemodynamic monitoring, early detection
and management of complications, and rehabilitation,
enhances functional outcomes and survival.
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Endovascular approach
to IVC obstruction in
oncological patients
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Cancer can cause inferior vena cava (IVC) obstruction. Usually, an

Department of Vascular Surgery, oncologic resection is not possible and palliative treatment is needed.
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a safe and the most effective technique and provides excellent technical
and clinical success rates with immediate improvement of symptoms.
Despite the short life expectancy of these patients, the technique allows
them a far better quality of life. On the other hand, treatment of venous
sequalae of carcinological treatment can give good long-term results.
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IVC stenting in oncology

Introduction

Inferior vena cava (IVC) obstruction is mainly due to postthrombotic disease. It can also have other causes such as
retroperitoneal fibrosis, IVC atresia or hypoplasia, and benign tumors. It can also represent a complication of cancers. In
such cases, all kinds of histology can be found from renal cell carcinoma to sarcoma (IVC leiomyosarcoma but also other
kinds of sarcoma), lymphoma, adenocarcinoma, and others.

Allintra-abdominal primary or secondary locations of cancers can compress or even invade the IVC, even more so when these
lesions are located in the retroperitoneum. But IVC obstruction can also be linked with the treatment of cancers, whether
it was surgery (fibrosis, lymphocele, restenosis after grafting), radiotherapy (fibrosis) and chemotherapy (mainly after
central lines insertion) or even with insertion of IVC filters. These iatrogenic complications can occur during the treatment
but can also occur later.

Signs and symptoms

Signs and symptoms can present as an acute deep venous
thrombosis; however, the present article focuses on chronic
cases.

IVC obstruction can be asymptomatic, poorly symptomatic,
or very symptomatic, depending on the severity, location,
and extent of the obstruction, the speed of evolution of the
tumor, and the development of collateral pathways.

The most common sign is lower-extremity edema that can be
limited to the limbs but can also include thighs and even the
pelvis. It can be associated with venous claudication, but all
signs of the C class of CEAP (clinical-etiological-anatomical-
pathophysiological classification) can be found.* All cases of
lower-limb edema in oncologic patients should have venous
imaging, as emphasized by O’'Sullivan.? Wang found that
80% of women treated for uterine cervical cancer with
lower-limb swelling had deep vein lesions and only 20%
had lymphoedema.?

Signs are typically bilateral with or without the presence of
abdominal collateral pathways (Figure 1).

In case of bilateral renal veins or suprarenal IVC involvement,
renal insufficiency can develop, mainly if there is a rapid
progression of the disease. Indeed, low-expansion-rate
tumors leave time for the development of collateral pathways
through the azygos system. Hepatic insufficiency and even

Budd-Chiari syndrome can also be present, mainly when
suprahepatic veins are involved. Figure 1. Subcutaneous collateral pathways due to inferior
vena cava occlusion.

Of course, these lesions can be associated with acute deep
venous thrombosis (and in this case, a dedicated treatment
associating a clot removal strategy then stenting should be
proposed). Cardiac function can also be affected. In all, most
patients’ quality of life is severely impaired.
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The ideal imaging technique should provide identification
of the primary tumor and depict the lesion, its extension in
the IVC and in the surrounding structures, and differentiate
blood thrombus from tumoral thrombus. It should also look
for thromboembolic complications (pulmonary embolism
[PE]) and secondary localizations.

Computed tomography (CT) venography is an easily available
and the most commonly used imaging technique as it can be
performed through peripheral venous access with injection
of 150 mL of iodinated contrast agent with acquisition at
90 and 120 seconds* (Figures 2 and 3). According to a
recent Delphi consensus, it should be the first-line imaging
technique.®

Magnetic resonance venography (MRV) is far less available
but helps to differentiate neoplasic thrombus obstruction

A duplex scan can find signs of central obstruction (decreased
flow and absence of phasicity) on the common femoral and
iliac veins. IVC exploration should look for obstruction or
occlusion, an abdominal mass compressing or invading the
IVC and collateral pathways.

from clot®. It is performed with gadolinium enhancement,
but time of flight (TOF) and phase techniques can evaluate
the IVC without contrast.

Both techniques can depict the tumoral and vascular lesion(s).
CT angiography and CT venography (or MRV) are mandatory in
order to look for tumor vascularization, IVC status (obstruction
or occlusion [Figures 2 and 3]) and collateral pathways.
According to O'Sullivan, CT venography should be proposed
in all cancer patients with lower-limb edema.?

= |

Computed tomography (CT) scan in a patient
with metastatic liver and ascites with inferior vena cava
occlusion.

Positron emission tomography (PET) can identify the tumor
and look for extension (lymph node, metastasis). It should
be performed before any procedure in order to evaluate
the prognosis.
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Complete occlusion of the infrarenal inferior vena
cava due to lymph nodes from bladder cancer; presence of
bilateral nephrostomy due to bilateral ureteral compression.

This technique can identify the superior extension of the
thrombus, mainly in case of suspected supradiaphragmatic
involvement.®



These techniques have poor usefulness preoperatively but
should be used during endovascular treatment. Intravascular
ultrasound (IVUS) can be used after catheterization of the
lesions (after recanalization in case of complete occlusion).
They help to evaluate lesion extension, neck localization,

According to the cause of the obstruction, different treatments
can be considered in order to abolish or reduce obstruction.
Whereas obstruction can sometimes be improved via radio/
chemotherapy by tumor volume reduction, surgery as well
as endovascular techniques can be needed.

Surgery of IVC obstruction needs in-bloc tumor resection
that can include IVC. In this case, IVC reconstruction can be
performed, mainly in symptomatic patients with IVC syndrome.
It is indicated as a carcinological procedure but not as a
palliative treatment. This surgery is invasive but can provide
good results as recently reported by Mac Arthurin 167 cases.’

Besides imaging technique, endovascular procedures do not
need a specific workup as in most cases they can be performed
under local anesthesia plus sedation. Indeed, these approaches
and catheterization are not painful unless perforation occurs.
Thus, local anesthesia plus sedation provides prevention of
complications when recanalization is needed.

The procedure is performed in prone position to allow multiple
access possibilities in an operating or radiologic room equipped
with digital subtraction angiography, echography, and IVUS.

Sedation is performed by intravenous injection of 1 mg
midazolam before percutaneous approach. Then another
1 mg midazolam and 5-10 pg sufentanil are given before
beginning the painful part of the procedure, ie, angioplasty and
stenting. If needed, 10 mg ketamine is added. Postoperative
prevention of pain is achieved via intravenous injection of
100 mg ketoprofen associated with 1 g paracetamol before
the end of the procedure.
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diameter, and length, and they help localize more precisely
important branches such as the renal and suprahepatic veins.
Moreover, after stenting, these techniques can be used to
confirm the result and that stents are well expanded with
a circular shape.®

Treatment of venous obstruction by endovascular techniques,
ie, stenting, began in the early 90’s but has expanded over
the last 15 years with good long-term results. A recent review
of the literature provides specific results of IVC stenting.® In
oncologic patients, endovascular techniques do not make
a pretense of treating the cancer as the lesions remain in
place. It can have 2 main indications: palliative treatment
of obstruction or curative treatment of complications of the
oncologic treatment.

Preoperatively, mostly if the patient suffers lower-limb
edema, an intermittent compression device should be used
in order to reduce the edema and facilitate the approach on
the lower limbs.

In case of IVC lesion, different points of access can be used.
Most of the time, it is advisable to have bilateral lower-limb
access (through the common femoral vein when lesions are
limited to the IVC with or without common iliac veins, but
sometimes femoral vein or even popliteal vein access can be
needed) and an internal jugular vein access, mainly on the
right side. Access via any of these points should be performed
percutaneously under echographic guidance.

Then 6F sheaths are inserted. Catheterization can be
performed using different catheters and guidewire,
usually starting with a 5F vertebral catheter and a 0.035-



Diameter

(mm)

Length
(mm)

76-year-old man suffering
from right iliac and inferior vena cava
(IVC) compression by iliac and infrarenal
IVC nodes and liver metastasis from
urothelial cancer with ascites (history
of cystectomy and right uretero-
nephrectomy): A) compression of the
right iliac vein and infrarenal IVC;
compression of the suprarenal IVC;
after angioplasty and stenting of the
suprarenal IVC; a guidewire (arrow)
was positioned in the suprahepatic
vein before stent deployment; D) after
biiliocaval stenting according to the
Eiffel tower technique.

Sheath size Cells Structure

Wallstent (Boston Scientific) 8-24 20-90 7-11F cC Braided Elgiloy
Gianturco Z stent (Cook) 15-35 5 14-16 0ocC Stainless steel
Sinus XL Flex (Optimed) 14-24 40-160 10F 0ocC Nitinol LC
Venovo (Bard) 10-20 40-160 8-10F ocC Nitinol LC
Abre (Medtronic) 10-20 40-150 9F 0oC Nitinol LC
Viafort (Gore) 10-28 50-150 10-14Fr H Nitinol + ePTFE

CC, closed cells; H, hybrid; OC, open cells; ePTFE, expanded polytetrafluorethylene.

Bare stents available for treatment of inferior vena cava (IVC) obstructive lesions.

inch hydrophilic guidewire. In some cases, mainly when
recanalization is needed, smaller devices or even chronic
total occlusion (CTO) crossing devices can be used.

Once the lesion is crossed (Figure 4A and 4B), super stiff or
extra stiff guidewire and then a larger sheath are inserted (10-
12 Fr depending on balloon and stent needs) and intravenous
heparin should be given at the dose of 50 Ul/kg. At this time,
IVUS can be used to ensure a better evaluation of the lesion.®
Pressure gradient measurements can be performed but have
value only if positive (the absence of pressure gradient can
be due to collateral pathways, even more in a patient that
is lying down). Then predilatation is performed using high-
pressure balloons of progressive diameter mainly in case
of postradiotherapy lesions (in these cases, downsizing by
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2 mm in diameter compared with a standard procedure is
recommended to avoid venous rupture).

Stenting is then performed using self-expanding stents
(Figure 4C and 4D). Different stents were used in the
literature. Until 2010, Wallstent (Boston Scientific,
Marlborough, Massachussetts, USA) and Gianturco Z stent
(Cook Medical, Bloomington, Indiana, USA) were the 2 most
used stents. Since the development of nitinol self-expanding
stents, many others have become available, though some
of them are designed for femoro-iliac veins (Venovo, Abre).
Stent sizing depends not only on the diameter of the adjacent
nonpathologic IVC size—that can be evaluated by CT scan
or IVUS—Dbut also to the tumor. In most cases 18 to 22
mm in diameter should be used for the IVC as larger stents



can have difficulties with expanding; too-small stents can
migrate and also limit flow. Few nitinol stents are available
in 20-mm diameter or higher (see Table I). These stents
have a more precise deployment than the Wallstent without
foreshortening. Regarding stent length, they should cover
atleast 15 to 20 mm beyond the obstructive lesion at both
ends, covering an area that goes not only from healthy-to-
healthy segment but also includes a safety margin to avoid
restenosis by tumor progression.>® When multiple stents
are needed, an overlap of at least 20 mm should be used.
In case of biiliocaval lesions, different stent configurations
can be used: the Eiffel tower configuration while deploying

Intermittent compression devices are used to improve the
flow and reduce the risk of thrombosis. Anticoagulation can
be performed using unfractionated or low-molecular-weight
heparin (LMWH) or even oral anticoagulation. Patients should
be walking as soon as possible, most of the time when back
in the ward. There is no need for a postoperative stay in the
intensive care unit (ICU) after uncomplicated procedures.

Palliative treatment

Sawada was the first in 1992 to publish on the use of stents
to treat malignant IVC lesions.** Since then, many reports
have described the results. Most series report excellent
technical (100%) and good clinical success on lower-limb
edema and good short-term patency rates (Table I1),>91012:20
but results on ascites and anasarca are far less impressive,
reporting few improvements.®!#16 A recent meta-analysis on
194 patients reported technical success, primary patency, and
cumulative patency rates of respectively 100% (78%-100%),
78.5% (68%-94%), and 99% (87%-100%) with a median
follow-up of 1 month (1-2.9) for malignant patients and did
not differ from the whole population.® Stenting was shown
to be more efficient than chemotherapy or radiotherapy*;
moreover, symptom relief is immediate after stenting,
whereas it takes weeks to improve with classic oncologic
treatments. As this treatment is palliative, in most cases,
survival is not long with a median length inferior to 6 months
in all series but one (Table Il). Thus, the goal of this treatment
is to improve, usually immediately, the quality of life of the
patients until their death. According to Augustin?, factors of
death seem to be the absence of subsequent radiotherapy
and/or chemotherapy, the length of stented vein, and the
involvement of the intrahepatic segment.

A phase 2 trial (28 patients, 42% IVC) and then a phase
3 randomized controlled trial (RCT; 32 patients, stenting
versus medical therapy, 43% IVC) were reported by Takeuchi
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the IVC stent first, then both iliac stents simultaneously
(Figure 4D), or a double-barrel technique (mostly if lesions
are limited to the iliocaval confluence).

After postdilatation, to ensure proper expansion of the
stent(s), completion IVUS is needed to check the quality of
the treatment and the optimal deployment of the stent(s).t

At the end of the procedure, sheaths are removed with direct
slight compression at the access site, then compressive
bandages are applied. There are no indications for closing
devices in veins.

Patientimprovement is usually impressive. Edema persistence
would call for an investigation into rethrombosis or persistent
obstruction. In some cases, edema persistence can be caused
by an associated lymphoedema.

to treat vena cava syndromes.?* The phase 2 trial on 19
patients (enrolment stopped based on interim analysis)
found technical success in 100%, clinical success in 67.9%,
with 14.3% of adverse events. The RCT found a significant
superiority of stenting regarding symptoms and the physical
summary of an 8-item short-form health survey (SF-8) (for
IVC only) without differences regarding adverse events and
survival.

Regarding the type of stent, self-expanding stents are most
often used. Different stents were used in the literature,
from the Wallstent and the Z-stent to dedicated venous
nitinol stent, for which deployment is very precise without
significant shortening. Closed-cell stents have better radial
force and chronic outward force resistance, properties
that are of interest in that indication. Covered stents were
proposed for the treatment of superior vena cava syndrome
(SVCS), and according to Gwon?? patency rates seem to
be superior to those of bare stents. Moreover, in case of
intraluminal development of the tumor, covered stents should
reduce the risk of emboly of malignant material during the
procedure and later tumor progression between the struts.®??
Bare stents, on the other hand, preserve flow from the side
branches and should be less prone to rethrombosis in the IVC,
mainly in patients with contraindication to anticoagulants.

IVC stenting of course is associated with a decrease in
IVC pressure caudal to the obstruction®!®’: however,



according to Kishi, IVC stenting is also associated with an
increase in diuresis, with edema and ascites improvement
an established correlation between these criteria.® This
can induce hyponatremia. He also noted an improvement
in serum creatinine, blood urea nitrogen, serum creatinine,
lactate dehydrogenase, fibrinogen and platelets count. Cardiac
monitoring should be carried out as the increase in caval
return can provoke cardiac overload. According to Brountzos,**
preoperative elevated total bilirubin is associated with poor
improvement but should not contraindicate the procedure.

Prandoni showed that patients with cancer and venous
thrombosis have higher risk of rethrombosis but also of
bleeding complications during anticoagulant treatment.?
Despite this, postprocedural anticoagulation is mandatory
after stenting in these patients®*: in a series of 30
nonthrombotic cases, primary patency rates at 12 months
were 69.8% in patients with anticoagulants versus 33.3%
in those without, and 3.3% of major bleeding occurred in
the anticoagulated patients (self-limited retroperitoneal
hematoma).

Placement of stents in front of the ostia of the renal veins
did not lead to acute renal failure because these patients
already have collateral pathways through the azygos system,
as already described for nonmalignant lesions by O'Sullivan.?®

In case of lesion of the suprahepatic IVC, it was proposed
to use a bridging technique with stenting from the IVC to
the SV(.26-28

Reported complications included stent shortening (mainly
with the Wallstent), migration or dislocation, vein rupture,
loss of patency, and restenosis; however, these are rare,
certainly due to the short survival, thus few reinterventions
are needed. Evaluation included a hybrid score mixing the
imaging description of the lesions and clinical evaluation.

A special mention must be made of the Wu publication?®
that retrospectively compared stenting (38 patients) with
stenting that was associated with a linear radioactive [12°
seeds strand (19 patients) placed between the stent and the
venous wall, even if they mixed different anatomic lesions
(brachiocephalic vein—SVC in 24 patients and IVC=iliac and
femoral veins in 33 patients). Patients receiving stents
plus 1'2° had significantly better patency rates and a better
Karnofsky Performance Status score at 1 and 6 months but
no significant difference in survival even if it was higher
in patients receiving 1*2° strands (155 vs 98 days). This
technique provides continuous brachytherapy to surrounding
tumor tissues thus decreasing the risk of complications
due to stent compression by tumor growth or intraluminal
development between the struts of the stent.

% Chronic | Technical gll:cncI;:; Survival

symptoms | success (edema) (Days)
Furui®? 23 100% 100% 95% NS NS NS Mean 87
Fletcher'® 28 NS 100% NS NS NS 100% Mean 34
Brountzos* 50 NS 100% 86% 59% 100% Mean 75
McGee®” 5 20% 100% 80% 80% 80% 80% Median 65
Kishit¢ 7 100% 100% 100% NS NS Mean 94
0’Sullivan? 62 46% 100% 100% 75% 79% 79% Mean 230
Devcic’® 57 51% 100% 83%* NS NS 90% Median 38
Kuetting'® 19 NS 95% 79% NS NS NS NS
Epelboym?’ 17 NS 100% 58% 94% NS 100% Median 28
Augustin?® 21 100% 100% 85,7% 93% 100% 100% Median 81
Ozawa®® 54 100% 100% 100% NS NS 96% Median 278
Aly?° 37 43.3% 100% 78% 69% NS NS Median 141
Hartung 7 100% 100% 100% 100% 100% 100% Mean 118

ABetter results with Wallstent. ®Median survival, 69 days for patients with postoperative prophylactic anticoagulation vs 30 days in patients

without.

aPP, assisted-primary patency; PP, primary patency; SP, secondary patency.

Results of stenting for obstructive lesion of the inferior vena cava (IVC) due to cancer.

Treatment of late complications after
oncologic treatment

In these cases, venous obstruction is not due to tumoral
compression but to sequelae of the treatment and can
have different etiologies (Table Ill). The main issue is to
diagnose the presence of venous obstruction as emphasized
by 0’Sullivan.?
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In these patients, prognosis mainly relies on the oncologic
status and can be excellent when the cancer is cured (Figure 5).
Therefore, results of stenting in terms of clinical outcome and
patency rates should be comparable to nonmalignant lesions.

Literature is very scarce on this specific topic, and reports
focus mainly on complications of the iliac veins but some



cases are certainly included in series on venous stenting
for active cancer. Brechtel reported 1 case of anastomotic
stenosis after surgical bypass on the IVC during reconstruction
for hepatic tumor that was successfully treated by stenting.3°
Murakami reported 1 case of retroperitoneal fibrosis after
radiotherapy for uterine cervical cancer with good result
after IVC stenting.®? In our experience, we treated 7 patients
with late complications of cancer treatment (2 postoperative
retroperitoneal fibrosis, 3 had previous lymph node resection
and subsequent radiotherapy, 1 radiotherapy, 1 anastomotic
stenosis after surgical IVC reconstruction for leiomyosarcoma).
All'had successful stenting and secondary patency was 100%
after a mean 81-month follow-up (26-212 months).

Table Ill. Causes of venous obstruction secondary
to oncologic treatments.

IVC stenting in oncology

Oncologic therapy

Fibrosis
Stenosis / thrombosis after

Surgery venous reconstruction
Lymphocele
. Fibrosis
Radiotherapy Stenosis, thrombosis

Indwelling catheter Stenosis, thrombosis

Stenosis, thrombosis

IVC filter Perforation

Chemotherapy Thrombosis

Figure 5. 44-year-old man suffering from symptomatic inferior vena cava (IVC) (lower-limb edema) occlusion due to
retroperitoneal fibrosis occurring after liver tumor resection: A) IVC occlusion; B) result after recanalization and stenting with
2 Wallstents of 16 mm in diameter. Patient remained asymptomatic at 108 months of follow-up.

Conclusion

IVC obstruction due to cancer is very often out of the
range of efficient carcinological treatment such as surgery.
Most of the time, the treatment is palliative: endovascular
procedures help these patients to have a better quality of life
through a safe minimally invasive endovascular procedure
with good technical and patency results and immediate
clinical improvement, at least for edema; however, their life
expectancy is short. Late complications of the carcinological
treatment can occur in these patients and can also be treated
by stenting.
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ABSTRACT

Superior vena cava syndrome (SVCS) resulting from malignant obstruction
presents significant clinical challenges requiring prompt intervention.
Endovascular stenting has emerged as the primary therapeutic approach
for neoplastic SVCS, demonstrating superior efficacy compared with
conventional treatments. This comprehensive review synthesizes current
evidence on endovascular management, analyzing technical approaches
and clinical outcomes from recent systematic reviews and meta-analyses
encompassing over 2249 patients. Endovascular stenting demonstrates
consistently high technical success rates of 96.8% and clinical success rates
of 92.8% across all-cause SVCS. Primary patency rates reach 81.5% at 1
year, declining to 63.2% at 12 to 24 months, whereas secondary patency
remains robust at 76.6% beyond 24 months following salvage procedures.
Complication rates remain acceptably low at 5.8%, with reintervention
required in 9.1% of cases. Malignant etiology demonstrates superior
primary patency compared with benign causes, with symptom relief
typically achieved within 24 to 72 hours compared with weeks required
for conventional chemotherapy or radiotherapy. Endovascular stenting
represents the optimal first-line intervention for neoplastic SVCS, providing
rapid, safe, and durable palliation. Whereas primary patency declines over
time, excellent secondary patency rates support structured surveillance and
reintervention protocols. Future research priorities include standardizing
outcome definitions, optimizing anticoagulation strategies, and developing
evidence-based surveillance protocols for long-term management of this
challenging clinical condition.

Keywords

(interventional radiology) Csuperior vena cava syndrome)

(SVC syndrome) (venous obstructi0n> (venous recanalization)

109



Superior vena cava syndrome (SVCS) manifests as a result
of partial or complete, intrinsic or extrinsic obstruction/
compression of the superior vena cava (SVC) and/or its
tributaries.? The spectrum of clinical manifestations in
SVCS varies depending on the underlying etiology and
the speed of onset, as well as the development of venous
collaterals over time.? This progression can range from
minor symptoms, such as distension of neck veins, cough,
and headache, to more serious manifestations, including
cerebral edema, laryngeal edema, acute respiratory
compromise, and mortality. Other symptoms include
orthopnea, dizziness, swelling and fullness in the head
and neck, and blurring of vision, which is more severe in the
morning, especially after prolonged periods of recumbency
during the night.* Additional symptoms may be observed
depending on the underlying cause, such as hemoptysis,
dysphagia, hoarseness, lethargy, fever, weight loss, night
sweats, palpable lymph nodes, in cases of an underlying
malignancy.*®> Symptoms exacerbate in supine positions,
and in worst-case scenarios, the patient may be completely
unable to lie flat or bend forward.

Literature has reported the global incidence of SVCS to
range from 1 in 650 to 1 in 3100 individuals.® A wide
spectrum of etiological factors has been found responsible
for the development of SVCS. The first ever case of SVCS
was discovered in 1757, in a patient with a syphilitic aortic
aneurysm. Schecter reviewed 274 well-documented cases as
part of a review published in 1954, where about 40% of the
cases were identified as a result of tuberculous mediastinitis
or syphilitic aneurysm.®® The importance of this study was
that it revealed that there were other possible etiologies of
SVCS apart from syphilitic aneurysms. It is estimated that the
most common etiology is malignant tumors, accounting for
60% of the cases, whereas iatrogenic causes from thrombosis
or stenosis caused by central lines or medical devices account
for 30% to 40% of the total cases.'® The incidence of SVCS has
been observed to rise continuously due to the increase in use of
catheters, pacemakers, parenteral feeding lines, central venous
lines, and defibrillators.>!*Rice et al found that 28% of all SVCS
are associated with placements of intravascular catheters or
devices.>* Whereas complications arising from these devices
contribute to a significant proportion of SVCS cases, Chee et
al observed that it is a rare complication affecting only about
0.1% to 3.3% of all pacemaker patients.** Major thrombophilia
and Behcet disease are also other common benign causes of
spontaneous SVCS. In older adults, malignancy remains the
most common cause of SVCS, with lung cancers being the
most common, followed by lymphoma.?#1#1> Around 75% of
all cases of SVCS were observed to be a result of lung cancer,
and right-sided lung cancer was seen to be more prone to
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Initially, SVCS was considered a medical emergency, but a
review of recent data now indicates that SVCS follows a
relatively benign course and improves without any active
treatment.®” No definitive guidelines have been established
yet for the approach to SVCS and its management. Hence,
it has not yet been well-defined which patients require
immediate intervention and which ones require little
specific treatment, although it would greatly depend on
the underlying etiology.

Specific recommendations are lacking. However, a
general recommendation has been made by the National
Comprehensive Cancer Network and American College of
Chest Physicians supporting the consideration of stent
placement (SP) and/or radiotherapy (RT) for cases of superior
vena cava obstruction as a result of lung cancer. The definition
of management has broadened with time, now encompassing
a wide array of treatment options such as RT, chemotherapy,
thrombolytics, and SVC SP, which will be discussed further
as part of this review for different etiologies, specifically
malignant ones in a comprehensive manner.

causing superior vena cava obstruction in contrast to the left
side.}*1%17 Small cell lung cancer (SCLC) is the most common
histologic type of lung cancer related to SVCS.*® Sculier et
al reported that among 643 patients with SCLC, SVCS was
present in 8.6% before the treatment was commenced.*®
In a Cochrane review by Rowell and Gleeson, SVCS was seen
present in 10% of cases of SCLC and 1.7% of cases of non-
SCLC (NSCLC) at the time of diagnosis.? Fifteen percent of
cases of SVCS are a result of lymphoma.?* Perez-Soler et al
conducted a study, reporting that 36 of 915 patients with non-
Hodgkin lymphoma presented with SVCS, and the histologic
types associated were a diffuse large cell in 23 patients,
lymphoblastic in 12, and follicular large cell in 1 patient.?
Diffuse large-cell lymphoma and lymphoblastic lymphoma
account for the majority of lymphoma-associated SVCS cases.
On the contrary, Hodgkin lymphoma rarely causes SVCS.?2
Cancers due to secondary metastases account for around 5%
of cases of SVCS and have been observed to have a poorer
prognosis.?? Patients with malignant SVCS have a generally
poor prognosis with a median survival period of 101 days
from the time of occurrence.?*> However, the survival is not
linked to the presence or absence of SVCS but to the tumor
stage and subtype.?* Other notable causes of SVCS include
thymomas, thyroid carcinoma, esophageal cancer, germ cell
tumors, and breast cancer.** SVCS was found in 1 of every
10 cases of breast cancer. More rarely, SVCS can manifest in
patients with pleural mesothelioma, thymic carcinoma, or
other primary mediastinal germ cell tumors and intrathoracic
sarcomas (Figure 1).



Neoplastic SVCS commonly manifests as progressive
shortness of breath, puffiness of the face and neck, venous
distention, accompanied by cough and arm edema. In
advanced cases, patients may exhibit stridor, laryngeal
edema, or neurological manifestations secondary to cerebral
venous hypertension.*?>?” Variations in clinical presentation
are determined by severity and chronicity of the obstruction,
in addition to the presence and efficiency of collateral venous
routes.?®28 Structures and tools, such as the Kishi symptoms
score, facilitate assessment of severity and inform treatment
decisions, with urgent stenting usually recommended when
the scores reach or exceed 4.8%9 Early supportive measures
focus on head elevation, oxygen supplementation, and
airway protection when needed; the routine use of empiric
corticosteroids or diuretics is no longer advised.»?> Before
intervention, patients should undergo laboratory testing
including blood count, coagulation studies, renal function,
particularly in patients needing contrast or anticoagulation.?

Introductions

Stent implantation remains the primary acute therapeutic
option for tumor-related SVCS because they bring fast relief in
about 24 to 72 hours. In contrast, chemotherapy or radiation
usually need a few weeks to provide benefit.33! More cases of
benign conditions, for example catheter-related thrombosis
and fibrosing mediastinitis, have been documented due to
broader use of vascular devices.?°

Preprocedural evaluation

Evaluation generally involves the use of contrast-enhanced
CT, whereas MR imaging may be employed in selected
cases; evaluation aims to assess the degree of obstructions,
delineate collateral circulations, detect associated thrombosis,
and measure the veins before placing the stent.?:32
Performing venography during the intervention enables
real-time confirmation of the anatomical structures and
lesion properties.332

Access strategy

The preferred method is dual access, usually femoral and
internal jugular veins, which helps in crossing chronic total
venous occlusions. Although upper extremity routes may also
be used, the subclavian route is less often selected because
of the higher risk of pneumothorax.?

Lesion’s crossing
To pass the lesion, a hydrophilic wire and an angled catheter
can be used, using both antegrade and retrograde attempts
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As the first-line modality, enhanced computed tomography
(CT) venography is the preferred initial imaging approach, for
delineating the obstruction, detecting tumor involvement,
collateral circulation, and planning vascular access; for
patients with contraindications to iodinated contrast,
magnetic resonance (MR) venography is employed, but
digital subtraction venography continues to be the gold
standard, confirming anatomy and pressure gradients
just before stenting.?® In stable patients, histopathologic
confirmation should be obtained before oncology therapy,
whereas urgent endovascular stenting may be performed
to relieve symptoms prior to tissue sampling.t2>2°

Formulating a multidisciplinary management planis crucial.
One should be aware of any planned post stenting radiation,
chemotherapy, or surgical debulking, as this may alter the
tumor size and the degree of venous compression, which
would affect the stent sizing and stability.

when needed.?? Long sheaths and guide catheters can
be used to provide stability, pushability, and stiffness to
optimize the lesion’s crossing. Imaging in multiple projections
with correlation to the preprocedural CT/MR may increase the
success and minimize complications related to extravascular
passage of the wire/catheter. If a blood clot is present,
therapeutic approaches can include using a catheter or
mechanical clot removal.??2 Whereas anticoagulants are
standard during stent insertion, long-term therapy is a
matter of debate. Evidence suggests that every case must
be managed individually, notably when benign and malignant
present differently.

Stenting

Nowadays, dedicated venous stents are available in the
market. They have different lengths, sizes, and sometimes,
characteristics. The benefits of these stents are flexibility
and conformity to the venous course, high radial force to
maintain the vein open against external compression or
recoil, large diameter and long shaft to improve flow and
prevent migration. Predilation is advised to enable smooth
stent positioning and improve stent expansion. In general,
stenting over a stiff wire is advised. It is prudent to stent
from flow-to-flow and position the tumor in the middle of
the stent. Post stenting angioplasty is indicated to optimize
stent expansion. In addition, intravascular ultrasound can
be used to assess the stent position, patency, and proper
expansion. In cases of bilateral occlusions, Y-shaped (kissing)
stents can be employed. Covered stents offer potential
protection from tumor ingrowth; but on the other hand,
they may carry a risk of migration especially when they
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MAINSTREAM TREATMENT APPROACHES TO NEOPLASTIC SVCS

* SVC resection + reconstruction (primary definitive
treatment)

* Bypass grafting (when reconstruction not feasible)

» Tumor debulking (palliative cases)

« Position modification
* Diuretics
« Corticosteroids

* SVCstent
placement

 Radiotherapy
¢ Chemotherapy

Figure 1. Malignant superior vena cava syndrome: a comprehensive overview.

The figure illustrates the comprehensive clinical spectrum of superior vena cava syndrome (SVCS). (A) Anatomy and
pathophysiology: Normal SVC anatomy demonstrates venous drainage through brachiocephalic veins with collateral circulation
via azygos, internal mammary, and vertebral venous systems, and obstructed SVC shows intrinsic/extrinsic compression
mechanisms and compromised venous return. (B) Etiology and incidence: Global epidemiological patterns reveal malignant
causes account for 60%-80% of cases, iatrogenic causes 20%-40%, and benign etiologies <5%, with global incidence ranging
from 1 in 650 to 1 in 3100 individuals. (C) Malignant etiologies: Lung cancer represents 75%-80% of malignant SVCS cases,
with SCLC accounting for 28%-35% of malignant SVCS (develops SVCS in ~10% of SCLC patients) and NSCLC representing
25%-30% of malignant SVCS (develops SVCS in ~2% of NSCLC patients). Lymphomas account for 10%-25% of malignant
SVCS, including non-Hodgkin lymphoma (15%-25% of malignant SVCS cases) with diffuse large B-cell lymphoma being most
common, while Hodgkin lymphoma rarely causes SVCS (2%-5% of malignant SVCS cases). Other malignancies represent 15%-
20% of malignant SVCS, including secondary metastases from breast, testicular, and thyroid cancers, with metastatic disease
conferring poor prognosis. (D) latrogenic causes: latrogenic causes encompass various indwelling devices (central venous
catheters, defibrillator leads, hemodialysis catheters, pacemaker leads, parenteral nutrition lines, port catheters), representing
20%-40% of all SVCS cases, with pacemaker-associated complications occurring in 0.1%-3.3% of patients with these devices.
(E) Clinical manifestations: Clinical manifestations range from mild symptoms (neck vein distension, morning headache,
cough) to moderate (facial/upper extremity swelling, dyspnea, orthopnea, dizziness, blurred vision) to severe complications
(cerebral edema, laryngeal edema, acute respiratory compromise), characteristically worse in supine position with morning
exacerbation. (F) Prognosis and outcomes: Prognosis shows median survival of 6-8 months for malignant SVCS with outcomes
dependent on tumor stage/subtype rather than SVCS presence itself. Historical perspective shows transition from infectious
etiology to malignancy-predominant pattern, with modern individualized, etiology-based treatment approaches replacing
previous emergency management protocols. (G) Mainstream treatment approaches: Treatment strategies include endovascular
approaches (SVC stent placement), oncological treatment (radiotherapy, chemotherapy), conservative management (position
modification, diuretics, corticosteroids), and surgical interventions (SVC resection + reconstruction for primary malignant
involvement, bypass reconstruction when feasible, tumor debulking for palliative cases).

Modified with permission from original figure created in BioRender. Habib, SM. (2025) https://app.biorender.com/profile/template/details/t-
68af2458e9155023e110f842-superior-vena-cava-syndrome-a-comprehensive-clinical-overvie. Figure link: https://app.biorender.com/profile/
template/details/t-68af2458e9155023e110f842-superior-vena-cava-syndrome-a-comprehensive-clinical-overvie

NHL, non-Hodgkin lymphoma; NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer; SVC, superior vena cava; SVCS, superior vena cava
syndrome.
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are undersized, and they may interfere with the collateral
circulation.

Outcomes, patency, recurrence, and
complication

Endovascular stenting for SVCS demonstrates high efficiency,
with reported technical success and fast symptomatic relief
for most patients.2** The primary patency rate is usually
85% to 90% in the first year, although it may fall over

For the patient with malignant SVCS, percutaneous
stent placement has emerged as the primary treatment,
providing rapid relief and demonstrating excellent efficacy
and safety. According to a meta-analysis of 2249 patients,
the technical and clinical success was 96.8% and 92.8%,
respectively. The patency rate was 90% at 1 year, and the
reintervention was 9.1%, with a low complication rate of
5.8%.3% Both retrospective and prospective studies confirm
these outcomes. Over a 17-year period (2006-2023), a
single-center cohort study of 42 patients achieved 97.6%
technical success and 91% to 93% 12-month patency, with
low procedure-related mortality.?® In an additional series

Technical and clinical success rates

Endovascular stenting has demonstrated consistently high
success rates across multiple large-scale systematic reviews
and meta-analyses. The most comprehensive analysis
encompassing 54 studies with 2249 patients over 27 years
(1993-2020) reported pooled technical success rates of
96.8% (95% Cl, 96.0%-97.5%) and clinical success rates of
92.8% (95% Cl, 91.7%-93.8%) for all-cause SVCS.r! When
analyzing malignant SVCS specifically, these rates remained
similarly impressive, with 2015 patients demonstrating
the reliability of endovascular intervention as a first-line
therapeutic approach.t

Systematic reviews focusing on bronchogenic carcinoma-
induced SVCS reported that stent insertion provided
symptomatic relief in 95% of cases, significantly higher
than conventional treatments such as chemotherapy and
RT alone.?®2?® This finding was particularly relevant for
malignant etiologies, where rapid symptom resolution is
often clinically imperative.?®?® Analysis specifically examining
Wallstent deployment in 701 individuals with 930 stents
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time, whereas the secondary patency after subsequent
interventions remains high at 72% to 89%.3° Serious
complications are rare, and overall complication rates
remain low at 6% to 9%, including stent migration or
cardiac complications.?%3234 |n cases of malignant SVCS,
the survival mainly reflects tumor rather than the stent;
however, stents offer rapid, lasting relief of symptoms
and are more effective than medical or RT alone when
immediate palliation is required.?*323%

of 32 patients (2015-2019), the technical success was
100% and symptoms fully improved within 7 days, with
only minimal complications.?” Between 1993 and 2008,
a multicenter cohort (208 stents) showed prompt clinical
improvement in more than 80% of patients, with excellent
long-term outcomes, supporting stenting as first-line
palliative intervention in malignant SVCS.3® Chemotherapy
and radiation therapy provide delayed symptom relief (3 to
4 weeks), and have 46% to 80% effectiveness, with a 10%
to 50% recurrence rate.” Surgical bypass is reserved for last
due to its invasiveness and morbidity.

demonstrated complete symptomatic resolution within
48 hours of intervention, with a 30-day morbidity rate
of 8% and mortality rate of 3%.3° Notably, female sex
was associated with higher 30-day morbidity (P<0.03),
suggesting potential sex-specific considerations in patient
selection and perioperative management.?®

Patency outcomes and long-term durability
Patency rates represent a critical metric for evaluating the
durability of endovascular interventions in SVCS management.
A comprehensive meta-analysis of 39 studies involving 1539
patients revealed primary patency rates of 81.5% (95%
Cl, 74.5%-86.9%) up to 1-year post procedure.?® However,
primary patency demonstrated temporal decline, falling to
63.2% (95% Cl, 51.9%-73.1%) at 12 to 24 months post
intervention.*°

The distinction between primary, primary-assisted, and
secondary patency becomes clinically relevant when
considering long-term outcomes. At =24 months, primary-



assisted patency reached 72.7% (95% Cl, 49.1%-88.0%),
whereas secondary patency achieved 76.6% (95% Cl, 51.1%-
91.1%).%° These findings suggest that whereas primary
patency may decline over time, interventional salvage
procedures can successfully maintain vessel patency in
the majority of cases.*® Pooled patency remained above
90% during the first year, corroborating the findings
regarding early durability.! The Wallstent-specific analysis
demonstrated long-term patency rates of 92% following
successful recanalization procedures, emphasizing the
salvageability of failed stents.

Malignant versus benign etiology outcomes
The underlying etiology of SVCS significantly influences
clinical outcomes and patency rates. Primary patency was
significantly higher in patients with malignant stenosis
compared with benign stenosis at both 1 to 3 monthsand 12
to 24 months post intervention.*® This finding likely reflects
the different pathophysiological mechanisms underlying
malignant versus benign obstruction, with malignant
compression potentially responding more favorably to stent
deployment.*°

Differential patency outcomes based on etiology showed
cumulative median patency for nonmalignant etiology
reaching 550 days (interquartile range [IQR]: 14-1080)
compared with 120 days (IQR: 0-925) for malignant
cases (P<0.03).?” This apparent contradiction with other
findings may reflect different patient populations, stent
types, or measurement methodologies, highlighting the
complexity of comparing outcomes across heterogeneous
study populations.?® Specific analysis of benign SVCS
outcomes reported identical technical and clinical success
rates of 88.8% (95% Cl, 83.0%-93.1%) for benign cases,
which, although lower than malignant cases, still represent
acceptable therapeutic outcomes.!

Complications and reintervention rates
Complication profiles vary across studies but generally
demonstrate the safety of endovascular intervention. Average
complication rates of 5.78% (standard deviation [SD]=9.32)
across all studies were reported, with reintervention rates of
9.11% (SD=11.19).° The relatively low standard deviations
suggest consistent safety profiles across different patient
populations and institutional experiences.!

Morbidity following stent insertion was greatest when
thrombolytics were administered, suggesting careful
consideration of adjunctive therapies.?2¢ SVCS recurrence
rates of 11% following stent insertion were reported,
though recanalization was possible in the majority of cases,
resulting in long-term patency rates of 92%.2%%¢ The pediatric
population demonstrated higher morbidity (30%) and
mortality (18%) rates, with acute complications occurring
in 55% of cases.* However, multimodal anticoagulation
therapy improved outcomes by >50% (P=0.004), particularly
in cases with concomitant thrombosis (present in 36% of
pediatric cases).*?
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Prognostic factors and patient selection
Several studies identified specific factors associated
with improved outcomes. Infant age (P=0.04), lack of
collateral circulation (P=0.007), and presence of acute
complications (P=0.005) possessed prognostic utility for
outcome prediction in pediatric populations.*? The presence
of collateral circulation appeared particularly important,
suggesting that patients with well-developed collateral
networks may have different risk-benefit profiles for
endovascular intervention.*? The analysis of hepatocellular
carcinoma risk in Budd-Chiari syndrome, though not directly
related to SVCS stenting outcomes, provides insight into
long-term complications in venous obstruction syndromes.**
Their systematic review demonstrated significant geographic
variation in complication rates, emphasizing the importance
of population-specific outcome data.*?

Comparative effectiveness with alternative
therapies

When compared with conventional therapies, endovascular
stenting demonstrates superior efficacy profiles. In SCLC,
chemotherapy and/or RT relieved SVCS in 77% of cases, with
17% experiencing recurrence.?>?® In NSCLC, conventional
therapy achieved relief in 60% of cases, with 19% recurrence
rates.?%2¢ These figures compare unfavorably with the 95%
relief rate achieved with stent insertion and the superior
long-term patency rates.?%%¢ The rapid symptom resolution
achieved with endovascular intervention, often within
48 hours, represents a significant clinical advantage over
conventional therapies, particularly in patients with severe
symptoms requiring urgent decompression.?

Quality of evidence and study limitations

The grade analysis determined that the certainty of evidence
for all outcomes was very low, reflecting the predominance
of retrospective observational studies in this field.*°
This limitation underscores the need for higher-quality
prospective studies and randomized controlled trials to
establish definitive evidence-based guidelines for SVCS
management.*

The heterogeneity observed across studies, particularly
in patency definitions and measurement time points,
complicates direct comparison of outcomes. Future research
should focus on standardizing outcome definitions and
establishing consensus guidelines for surveillance and
reintervention protocols.

Table | provides an overview of major retrospective cohort
studies evaluating endovascular treatment of superior vena
cava syndrome.**>3 It provides a comprehensive overview
of the causes of SVCS, technical and clinical success rates of
stenting, preoperative assessment methods, stent types,
procedural details, follow-up protocols, and management of
the underlying malignancy. It highlights the diverse spectra
of patient populations, procedural strategies, and follow-up
approaches, reflecting the evolving role of endovascular
stenting in SVCS management.
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Table I. Summary of clinical studies on endovascular stenting for superior vena cava syndrome (SVCS).

Reference

patients | age (y)

https://publishing.

Cause of SVCS

Nonresectable lung tumors
with SVCinvasion or compression
(34), (81%)
Non-Hodgkin lymphoma

Condition

Vol 32 1 No.3 1 2025

Clinical
success
rate
(¢

Tech
success
rate (%)

Vessels involved

Stanford and Doty
classification:

Preoperative
assessment
modality

Preoperative
work-up evaluation

Type of
stent used

Endovascular approach to neoplastic superior vena cava syndrome

Procedure details

The procedures were performed in an operating
room using a mobile C-arm (GE OEC9800 Plus)
under local anesthesia and conscious sedation.
Patients received a 100 IU/kg heparin bolus
before intervention. Access was most often via
the ipsilateral jugular vein, with a 0.035-inch
guidewire (Terumo) supported by a catheter

Malignancy

Follow-up protocol s s—

Patients were followed every 4
months clinically and annually

rcseng.ac.uk/doi/ Irace et al,** Retrospective (5), (12%) Type 11 (10), (24%) o consisted of whole- Memotherm; o " with CT venography; suspected No treatment was
epdf/10.1308/ 2021 cohort 42 e Metastatic lymphadenopathy =G Type Il (17), (40%) HOLS NR body contrast- Wallstent 10 €ross i el thrombo.ly5|s.W|th graft occlusion was confirmed by ~ done for malignancy.
. urokinase (150 000 IU) was given if thrombus
rcsann.2020.7127 (3), (7%): Type IV (15), (36%) enhanced CT scan or X . ! symptoms, Duplex ultrasound,
— . burden was extensive. After crossing, the wire
2 from breast cancer, MR angiography h df Amol iff and CT venography.
1 from gastric cancer was exchanged for an Amp atz.Super Sti
Guidewire, and predilatation with a 10 mm
balloon was performed when needed. Nitinol or
steel stents were then deployed, with technical
success defined as achieving luminal patency.
Prior central line placement Procedures were performed under conscious
(58), (42.3%) . . sedation with midazolam/fentanyl (55.5%)
N . Thoracic central veins were .
Extrinsic compression treated in (61), (44.5%): or general anesthesia (44.5%). Blunt
(29), (21.2%) Type 1C (8) ’(5 3% ) o recanalization was attempted with a vertebral-
P Postsurgical anastomatic stenosis yp bty tip catheter and stiff glidewire; if unsuccessful,
https://dirjournal. Type 2B (19), (13.9%) R .
(27), (19.7%) sharp recanalization was performed with an
org/pdf/beb8919b- . Type 4 (34), (24.8%) . Mean follow-up was 43.6+52.7
Liver transplant (25), (18.2%) Each patient was 18-gauge BRK needle and snare/vascular .
f013-4eal-b1c8- . . . . e - months (range 1-207), with
e McDevitt et Retrospective 48.6 DVT (19), (13.9%) . assessed by an Gianturco  plug. Intraluminal position was confirmed . No treatment was
40332e840fel /articles/ 5 30 - SCVS Stents were placed in: 100% NR . . . primary patency rates of 84.2% .
- al* 2021 cohort (16-89) Tumor compression of IVC interventional Z-Stent by venography (100%) and intravascular done for malignancy.
dir.2020.19282/ SVC (44), (21.2%) R at 1 and 3 years, and 82.1% at
T~ T (18), (13.1%) . N . radiologist. ultrasound (30.7%). A 16F Z-stent sheath
Diagn%20Interv%20 . Brachiocephalic veins (27: . 5 years.
> Tumor compression of SVC - was advanced, and Gianturco Z-stents were
Radiol-27-72-En.pdf 15 right, 12 left) .
(9), (6.6%) : ; . deployed with 25%—-50% overlap, followed
. Subclavian veins (13: 6 L .
IVC atresia (4), (2.9%) right, 7 left) by heparinization and balloon angioplasty.
Fibrosing mediastinitis (2), (1.5%) ght, Completion venography and ultrasound were
Isolated cardiac transplant or performed post stenting, and no stents were
hepatectomy (1 each), (0.7%) placed across the costoclavicular junction.
The stenosis/occlusion was crossed using
From 2002-2005, a 0i1035 hydrophilic gU|d.eW|re W|;c1h MP 5:;
hlebography catheter support, sometimes exc anged or
p a stiffer Amplatz wire. Lesion length and vein
with cavography di d with a pietail cath
S |ameter‘were. mea§ure with a pigtail catheter,
- and predilatation with 8x40/60 mm balloons
eI e Malignant disease (18), (64.3%) Type Ill SVCS (stenosis with femoral/ Wallstent: V@S performed in subocclusions. Stents (10-24  All patients were followed for 90
ps://pmc.ncbi. . . - " . .
5 . Karakhanian Retrospective 52.5 Prolonged use of catheters (10), between 90%-100% with . . T mm, 40-80 mm), mainly Wallstents, were days to assess symptom relief, No treatment was
nim.nih.gov/articles/ 6 28 SVCS ; 96.4 96.4 jugular access in Sinus; : . - . .
etal,* 2019 cohort (37-68) (35.7%) retrograde azygos vein - deployed—proximal first, with overlapping recurrence, and procedure-related  done for malignancy.
PMC6774659/ swollen arms and Sioxx . . . . o
— flow) . if needed—extending up to the right atrium. complications.
5000 IU heparin - : ; .
- Alternative stents (Sinus, Sioxx) were used in
given. From 2006, X . - -
. select cases; 2 patients required multiple stents.
thoracic CT replaced Postdil ion (16-1 ball
Flebography for ostdilatation (. 6-18 mm ba oons) was .
rF:)ceduraI lannin performed, fibrinolysis (rtPA 20 mg) used in 1
P P 8 case, and all patients received dual antiplatelet
therapy (1 anticoagulated).
) The intervention was performed under local
Required port removal anesthesia in an angiography suite, with
(13), (42%) venous access obtained via ultrasound-guided
Stenosis found (24), subclavian (5F) or femoral (6—10F) sheaths.
(77.4%) After 3000 IU heparin, venography classified
Total occlusion found (7), stenoses per the Stanford system, and HE O T
5 ; . L implantation, 12
) ) (22.6%) ) . lesions were crossed using hydrophilic or CTO L
Malignant tumors: Sinus XL; 5 5 B X . received no therapy,
. . . ; ' guidewires with catheter support; a through- Clinical follow-up occurred at
. . Bronchial carcinoma (26), (83.9%) Most had bronchial OptiMed; . . N 11 chemotherapy, 7
https://doi. A . o . . L and-through technique was established when a mean of 37+58 days, while
ntonet  Retrospective Lymphoma (2), (6.5%) carcinoma (26), (83.9%) y contrast- Protégé; . . . R ! - chemo+RT, and 1 was
org/10.1007/s00520- o 31 67+8 . SVCS . 100 100 " needed. Predilatation was routinely performed, imaging follow-up (available in .
al,*” 2018 cohort Metastases of extrathoracic with lymphoma (2), enhanced CT (ceCT). EverFlex; L. . X X . not applicable. After
017-3997-9 . o . .. vesselsizing assessed, and in patients with 18 patients) averaged 184+172 b
—_— carcinomas (3), (6.6%) (6.5%) or extrathoracic Covidien; TIVAPs. the port was modified for suidewire davs stenting, 1 had no
metastases (3), (6.6%) Ireland ' p g yS. treatment, 1 RT, 16

Obstruction involved:
Only the SVC (21), (67.7%)
Left BCV (5), (16.1%)
Right BCV (4), (13%)
Both BCVs (1), (3.2%)

access. One or two self-expanding nitinol
stents (Sinus XL or Protege EverFlex) were
implanted with >10 mm overlap, followed by
postdilatation. Final venography confirmed
revascularization, TIVAPs were repositioned if
required, and hemostasis was achieved with
manual compression and bandaging.

chemotherapy, and 13
chemo+RT.
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Clinical
success
rate

Tech
success
rate (%)

Preoperative
assessment
modality

No. of

Type of
stent used

Malignancy

Vessels involved treatment

Procedure details Follow-up protocol

https://doi.org/10.108

Reference Stu.dy 5 oA Cause of SVCS
design patients | age (y)

SNSCLC (24), (73%)

(%)

Clinical symptoms

All procedures were performed under local
anesthesia with continuous monitoring, and
CT angiography was used preoperatively to
assess SVC anatomy. Access was obtained

via right femoral vein (4-5F sheath) with
hydrophilic guidewire and catheterization to
the left brachiocephalic trunk; upper extremity
access was added if needed. Venography was

At study end, 21 patients
(63.6%) had died, mostly from
lung cancer progression; one
death was due to sepsis after
stent thrombosis. Limited
follow-up reflected advanced
disease stages. Kaplan-Meier

Patients completed
their therapy with the

Juscafresa et Retrospective 57.6 o Wallstent;  performed, and the wire was exchanged for a analysis showed primary stent  oncology department
0/21548331.2017.13 al,*® 2017 cohort 33 (34-71) SCLC (9), (27%) SVCs NR 100 85 anq CTa for Protégé stiff guidewire before stent placement. A 9-10F  patency of 94% and secondary after finishing
42507 confirmation. ; "
sheath was inserted, lesion measurements patency of 97% at 1-12 months. the endovascular
confirmed, and predilatation performed when Twelve patients survived without intervention.
necessary, followed by deployment of a self- restenosis, with survival rates of
expandable stent (14-20 mm; Wallstent or 77%, 62%, 58%, and 36% at 1, 3,
Protege) and postdilatation. Final venography 6, and 12 months, respectively.
confirmed patency, femoral compression and Median survival after stenting
bandaging achieved hemostasis, and chest was 13 months.
radiography verified stent position.
All SVC stents were bare self-expanding
metallic types (Sinus-XL, Zilver, Luminexx,
Smart), sized 2 mm larger than the SVC and
extending 210 mm beyond the obstruction.
SVC syndrome Procedures, performed by 3 interventional Follow-up included thoracic CT
was diagnosed radiologists under fluoroscopic guidance (at 1 month, then every 2-3 DT S
Lung cancer (42) Type of obstruction: based on patients’ . . viaright femoral vein access, used a VER months) and telephone checks . P!
e . . L Sinus XL; P . . their therapy with the
https://link.springer. Niuetal®  Retrospective Esophageal cancer (1) SVConly (20) history, clinical Zilver- catheter and guidewire to cross the lesion, every 2 months until death oncology department
com/article/10.1007/ 2017’ cohport a7 NR Mediastinal tumor (0) SVCS SVC and unilateral BCV (8) 100 100 presentation, and Lumine;<X' with venography confirmation, predilatation or study end (Dec 2016). The aftglyﬁnips)hin
s11547-017-0767-1 Metastases lymph nodule (4) SVC and bilateral BCV (19) thoracic contrast ’ (10-14 mm balloon), and deployment of primary end point was survival, g
Smart 3 . ] the endovascular
enhanced computed 7-10 Fr delivery systems. Venography and with secondary end points of . :
. . intervention.
tomography (CT) pressure gradients were assessed before and procedure-related complications
findings. after stenting. Stent placement strategies and stent dysfunction.
varied depending on involvement of unilateral/
bilateral brachiocephalic veins or isolated SVC
lesions. Post procedure, patients received LMWH
for 3 days followed by warfarin (INR 2-3).
The Sinus-XL is a self-expanding nitinol stent
(16-34 mm x 30—-100 mm) with closed-cell
design, antijump mechanism, and radiopaque
markers for precise placement, though not
All patients FDA approved. Procedures used combined
p right jugular and femoral access under local Mean follow-up was 66+83 days Before stenting, 2
underwent - . - :
. ‘ Stanford classification (7): multiphase anesthesia (left-sided access if thrombosgd), (range 1-305). One patientwas ~ had no treatment, 1
. NSCLC with acute SVC obstruction: ’ with venography to classify SVC obstruction lost to follow-up, and another RT, 3 chemotherapy,
https://www. Type | (5) contrast-enhanced R .
. 4 . Stage IlIA (1) . (Stanford/Doty types I-IV). Recanalization developed stent occlusion at 44 15 chemo+RT, and
sciencedirect.com/ Mokry et Retrospective 625y Acute Type 11 (9) multidetector . . . P . .
; - . 0 23 Stage IlIB (4) 100 NR Sinus XL was achieved with a hydrophilic guidewire and days requiring re-stenting, but 8 surgery. After
science/article/abs/pii/  al,*® 2015 cohort 8.5 SVCS Type Il (4) CT before the s . : B
Stage IV (18) . . catheter, then exchanged for a super-stiff wire, died from pulmonary embolism stenting, 8 had no
$1051044314011105 Type IV (5) intervention to plan . - -
followed by placement of a 10-F sheath and after reintervention. Primary and treatment, 1 RT, 11
the target stent | fthe Si ) h h
length and stent deployment of | e§|nus—XL sten’g sized 2 mm secondary patency rates were chemotherapy, and 3
S larger than the native SVC. Technical success 95.7% and 100%, respectively. chemo+RT.
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(SIR definition) required complete coverage and
<30% residual stenosis, with angioplasty (12—

24 mm balloons) performed if needed. Patients
received 2000 U intraprocedural heparin and 1

week of anticoagulation post procedure.




No. of
patients

LI Cause of SVCS
age (y)

Vessels involved

Clinical
success
rate

(%)

Tech
success
rate (%)

Preoperative
assessment
modality

Type of
stent used

Procedure details

Follow-up protocol

Malignancy
treatment

esign

https://www.

Tumor histology:
Squamous cell carcinoma (14)

SVC and both
brachiocephalic veins (20)

Procedures were performed by 2 senior
interventional radiologists under moderate
sedation (pethidine + lidocaine) with
cardiopulmonary monitoring, without
prophylactic antibiotics. Venous access was
primarily via the right femoral vein (jugular if
required), using a 9-10 Fr sheath, hydrophilic
guidewire, and catheter for venography and
pressure gradient measurement, followed

by exchange to a stiff Amplatz wire and
predilatation (6—12 mm balloons). A triple-

Follow-up venography was not

Patients were treated

kjronline.org/DOIx. Choetal> Retrospective 61.4 . Contrast . layered ePTFE-covered ComVi stent (10-14 routinely performed unless .
php?id=10.3348/ 2014 cohort 40 (35-81) Srﬁgﬁzgﬁacrac:rc‘;?;gl(?o) L) Svcénalzdszﬁi(l:al'fe)ral = 92 venography ComVi mm, 6-10 cm) with bare extensions was the patient required additional W'?etgit?ﬂ;?]?gy
kjr.2014.15.1.87 Others (4) brachiocephalic vein (5) deployed, oversized by 10%—-15% relative to intervention. P .

P SVC diameter, and positioned to extend >1 cm
beyond the lesion. Stent placement strategies
varied by involvement of the brachiocephalic
veins or venous confluence, with unilateral
stenting preferred if 1 BCV remained patent.
Poststenting venography and pressure
gradients confirmed efficacy, with further
balloon dilatation if residual gradients >10 mm
Hg; anticoagulation was prescribed in most
patients.
Procedures were performed under moderate Covered stent patients were
sedation (pethidine + lidocaine) with . P
- . prospectively followed, whereas
venography to evaluate SVC stenosis/occlusion. uncovered stent data were
Access was via femoral, jugular, or subclavian retrospectively collected. though
Pre-stent contrast- veins, using 6F sheaths for uncovered and folFl)ow—u Y rotocols \;vere g
Tumor histology: enhanced CT was 9-10F for covered stents; lesions were crossed similar. Clirficgl and radiologic
Squamous cell carcin%}lﬁa 27) SVC and both used for anatomical with a 5F catheter and hydrophilic guidewire, data .technical details, an%
https://pubs.rsna . ! Adenocarcinoma (25) brachiocephalic veins (44) assessment =G| Covered or aI’Fernative ol il AEIE compllications were rectl)rded
or, /dloi/10 ]:148} Gwon et al** - Retrospective 73 60.3 Small cell carcinoma (15) SVCS Only SVC (26) 100 93.2 planning, followed ePTFE vs gradients were measured before stenting, Covered stent patients Were.
g L . ; - /
- 2013 cohort (35-81) - ] . Y ] . by venography and predilatation (6-12 mm balloons) guided P
radiol.12120517 Thymic carcinoma (3) Unilateral brachiocephalic 2 K uncovered o seenat 1, 3, 6,9, and 12 months,
— . . and stent insertion stent sizing and placement. Stent deployment
Invasive thymoma (2) vein (3) . N . . . then followed monthly by phone,
Breast cancer (1) py experlgnced strategies varlgd deperjdm_g on |r_1volvement pf with CT at 1 and 6 months and
interventional SVC and brachiocephalic veins, with overlapping . .
. . S - ’ during/after oncologic therapy.
radiologists. stents used for longer lesions; postdilatation Uncovered stent patients had
was performed if gradients >10 mm Hg. clinical and CT foﬁow—u at1
Patients received heparin infusion for 2-5 month. with additional s?;rvival
days followed by long-term anticoagulation dat'a obtained by phone
(warfarin, INR 2.0) or aspirin for >3 months. YP ’
SVCS was treated by endovascular therapy
immediately after diagnosis, under local
anesthesia with cardiopulmonary monitoring
in an angiography suite. Femoral access was
preferred, with jugular or brachial access added Follow-up was measured from
if dual entry was needed. Lesions were crossed P
. . . the procedure to last contact or
with a multipurpose catheter and hydrophilic death. with data collection endin
Lung cancer (132), (80.5%) SVC and both Wallstent;  stiff wire, predilated by angioplasty, and treated Febrluar 28 2009, Antitumor g
https://link.springer. Fagedetet  Retrospective NSCLS (82), (50%) brachiocephalic veins (82) Memotherm; with stents as required, followed by repeat thera Z‘ollo'wed ir;ternational Treatment was given
com/article/10.1007/ a|%3 2013 cohport 164 59.9 SCLC (50), (30.5%) SVCS Only SVC (67) 84.5 NR Angiography SMART; angioplasty and control venography; 3000 U uideli%s Patients had CT ever as per the guidelines
s00270-011-0310-z ! Other: metastasis, lymphoma Unilateral brachiocephalic Strecker; heparin was administered intra-procedurally. g6 months.in the first vear theny for each malignancy.
(32), (19.5%) vein (15) Protégé Stent selection depended on lesion extent: SVC year,

only (isolated stent), SVC + BCV (unilateral/
bi-BCV stenting), with Wallstent for compressed
lesions, nitinol stents for large SVC, and Smart
stents for BCV. Thrombus management included
thromboaspiration, fibrinolysis (urokinase
100,000-300,000 IU bolus or prolonged
infusion), fragmentation, or balloon crushing.

annually, and recurrent cases
were offered repeat endovascular
therapy when feasible.

BCV, brachiocephalic vein; CT, computed tomography; CTO, chronic total occlusion; DVT, deep vein thrombosis; ePTFE, expanded polytetrafluoroethylene; FDA, Food and Drug Administration; INR, international normalized ratio; IVC, inferior vena cava; MR, magnetic resonance; NR: not reported; NSCLC, non-small cell lung cancer;
RT, radiotherapy; SCLC, small cell lung carcinoma; SIR, Society of Interventional Radiologists; SNSCLC, squamous non-small cell lung cancer; SVC, superior vena cava; SVCS, superior vena cava syndrome; TIVAP, totally implantable venous access port.
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The pooled evidence strongly supports endovascular stenting
as an effective first-line intervention for both malignant and
benign SVCS, with high technical success rates, acceptable
complication profiles, and durable medium-term patency.
The ability to achieve rapid symptom resolution makes this
approach particularly valuable in the management of acute
or severe presentations. However, the decline in primary
patency beyond the first year highlights the importance of
structured surveillance programs and the need for patient
counseling regarding potential reintervention requirements.*°

Neoplastic SVCS, usually secondary to malignancy,
demonstrates a wide spectrum of severity, ranging from mild
symptoms to life-threatening complications. Endovascular
stenting represents the first-line approach, delivering
immediate, safe, and durable patency outcomes. When
the patient is stable, histologic confirmation should be
obtained before initiating oncologic therapy, where severe
cases require urgent stenting. Future investigations should
include harmonizing outcome measures, anticoagulation
optimization, and long-term monitoring protocols.
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The differential outcomes observed between malignant and
benign etiologies suggest that etiology-specific treatment
algorithms may optimize patient outcomes.*°

Future research priorities should include prospective
comparative effectiveness studies, standardization of
outcome definitions, investigation of optimal anticoagulation
strategies, and development of evidence-based surveillance
protocols to guide long-term patient management.
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P.0. Box 40047, Jeddah 21499,
Saudi Arabia

ajustaniah@kfshrc.edu.sa
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