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ABSTRACT

Portal vein thrombosis (PVT) is a challenging clinical condition
characterized by thrombotic obstruction of the portal venous system,
significantly impacting patient outcomes due to its potential complications
including portal hypertension and liver dysfunction. Traditional
management, primarily anticoagulation, frequently falls short in achieving
complete thrombus resolution. Here, we present an analysis of five cases
utilizing an innovative endovascular approach employing an 18 French
thrombo-aspiration catheter combined with rotational morcellation.

In five patients presenting with acute and sub-acute portal vein thrombosis
(PVT), involving critical venous structures such as the main portal vein,
superior mesenteric vein (SMV), and splenic vein, mechanical thrombo-
aspiration with rotational morcellation was effectively performed. Across
all cases, the procedure successfully achieved significant thrombus
reduction, consistently decreasing the extent of occlusion from near-total
(95%-100%) to minimal residual thrombus levels (0%-15%). Post-
procedure imaging confirmed substantial restoration of venous patency,
and all patients experienced symptomatic relief. Importantly, the
procedures were completed without immediate device-related
complications or major adverse events, underscoring the safety and
efficacy of mechanical thrombo-aspiration with rotational morcellation as
a possible therapeutic approach for extensive acute and sub-acute PVT.
These findings highlight the potential efficacy and safety of combining
large-bore thrombo-aspiration and rotational morcellation in managing
portal venous thrombosis, suggesting possible clinical benefits over
conventional anticoagulation therapy alone. Further prospective studies
and long-term follow-up are required to validate these outcomes and
establish this technique as a standardized approach in the interventional
management of portal vein thrombosis.
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Morcellation
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1. Introduction

Portal vein thrombosis (PVT) is a clinically significant and
anatomically complex vascular disorder characterized
by the formation and progressive growth of thrombi
within the portal venous system, notably affecting the
main portal vein, superior mesenteric vein (SMV), and
splenic vein.! The incidence of PVT is estimated at 2 to 4
cases per 100,000 people in the general population,
though it rises substantially to approximately 11% over
5 years in patients with cirrhosis, where it is strongly
associated with advanced portal hypertension and
increased mortality.2 The etiology of PVT is multi-
factorial, commonly associated with liver cirrhosis,
hepatocellular carcinoma, myeloproliferative disorders,
coagulation abnormalities, inflammatory diseases, and
abdominal infections.? These pathological conditions
predispose patients to hypercoagulability, endothelial
dysfunction, and altered hemodynamics, thereby
facilitating thrombus formation. Inherited prothrombotic
states, such as factor V Leiden mutation or protein C/S
deficiency and acquired factors like malignancy or recent
abdominal surgery further exacerbate the risk.

The clinical manifestation of PVT varies considerably,
ranging from asymptomatic presentations discovered
incidentally through imaging, to severe complications
including acute abdominal pain, intestinal ischemia,
variceal hemorrhage, ascites, splenomegaly, and liver
failure.> Acute PVT, defined as symptom onset within
days to weeks, often presents with sudden abdominal
pain and may lead to bowel infarction if mesenteric
involvement is extensive, carrying a mortality rate of up
to 20%-30% without prompt intervention.® Chronic PVT,
in contrast, allows for collateral vessel formation
(cavernous transformation), which mitigates acute
ischemia but contributes to long-term portal hypertension
and its sequelae.” Diagnosis typically relies on Doppler
ultrasound as the initial modality, with computed
tomography (CT) or magnetic resonance imaging (MRI)
providing detailed assessment of thrombus extent,
chronicity, and exclusion of malignancy, such as
hepatocellular carcinoma invading the portal vein.8

The management of PVT, especially acute and extensive
thrombosis, remains challenging due to the intricate
balance required between effective thrombus clearance
and the risks associated with invasive interventions.
Standard therapeutic management primarily relies on
systemic anticoagulation, typically involving low
molecular weight heparin  transitioned to oral
anticoagulants like vitamin K antagonists or direct oral
anticoagulants (DOACs).? While anticoagulation therapy
is effective in preventing further thrombus propagation
and achieving partial recanalization in up to 40%-60%
of cases, it frequently proves insufficient in resolving
established and extensive thromboses, particularly those
presenting acutely with complete vessel occlusion.’® The
limitations of anticoagulants are exacerbated by factors
such as the chronicity of thrombus, clot organization,
vessel wall adherence, and the anatomical complexity of
affected venous territories. Moreover, in patients with
cirrhosis, anticoagulation must be balanced against
bleeding risks from varices or coagulopathy.!!

Additional complexities arise in managing thrombosed
trans jugular intrahepatic portosystemic shunt (TIPS)
grafts. TIPS is a critical interventional procedure used to
manage portal hypertension, but its long-term patency
can be compromised by thrombotic occlusion in up to
20%-50% of cases within the first year.2 The thrombus
within TIPS grafts tends to be highly organized, dense,
and resistant to conventional treatments, posing
significant  technical difficulties for reintervention,
including challenging access through previously placed
stents and shunts, the risk of vessel perforation, and
managing peri-procedural  bleeding risks.’3  Clot
morphology significantly influences treatment strategies
for PVT and thrombosed TIPS grafts. Acute thrombi,
characterized by their relatively soft and fibrin-rich
composition, are more responsive to thrombolytic
therapies and mechanical thrombectomy techniques.
Conversely, chronic thrombi, characterized by fibrosis,
collagen deposition, and vessel adherence, require more
aggressive and mechanically disruptive approaches.'
The differentiation between acute and chronic thrombi
through imaging and clinical assessment is therefore
crucial for therapeutic planning and prognosis.!s
Percutaneous transhepatic and trans jugular approaches
to accessing the portal venous system carry inherent
procedural risks, including inadvertent liver injury,
bleeding complications, vessel perforation, and potential
embolization.'® These risks necessitate detailed pre-
procedural planning, operator proficiency, and
advanced imaging modalities to ensure procedural
safety and effectiveness. Recent advancements in
endovascular techniques have introduced the use of
large-bore thrombo-aspiration catheters in combination
with rotational morcellation as promising alternatives to
traditional therapies.’”” These innovative mechanical
thrombectomy methods facilitate rapid removal of
extensive thrombus volumes by aspirating fragmented
thrombus material and simultaneously  disrupting
organized clots through rotational morcellation. This
combination approach potentially reduces procedure
times, enhances thrombus clearance rates, and improves
clinical outcomes, particularly in cases refractory to
anticoagulation alone.'8

This manuscript provides an analysis of five clinical cases
utilizing an 18 French thrombo-aspiration catheter
combined with rotational morcellation in patients with
acute and sub-acute portal venous thrombosis and
thrombosed TIPS grafts. By assessing procedural
outcomes, technical considerations, and safety profiles,
we aim to determine the efficacy and clinical utility of this
differentiated endovascular approach, offering valuable
insights into its potential role in overcoming existing
treatment challenges.

2. Methods

2.1. PATIENT SELECTION

Five patients (3 males, 2 females; mean age: 62 years,
range: 52-72 years) at two university-based medical
centers presented with acute (symptom duration <14
days) and sub-acute (14-28 days) portal vein thrombosis
(PVT), involving the main portal vein with or without
superior mesenteric vein (SMV) and/or splenic vein
involvement. All patients exhibited symptomatology
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attributed to their portal vein thrombosis and associated
trans-jugular intrahepatic portosystemic shunt (TIPS),
including abdominal pain, ascites, or signs of bowel
ischemia. Diagnosis was confirmed via contrast-enhanced
CT or MRI, showing thrombus occlusion >95% in affected
segments. Inclusion required evidence of acute/sub-acute
thrombus based on imaging (hypodense, non-enhancing
clot without cavernoma) and clinical history. Exclusion
criteria included chronic PVT (>28 days with cavernous
transformation), contraindications to anticoagulation
(active bleeding, severe thrombocytopenia
<50,000/uL), or severe comorbidities precluding
interventional procedures (e.g., advanced malignancy,
life expectancy <3 months). Informed consent was
secured from all participants. This case series design was
chosen to document preliminary efficacy and safety in a
real-world setting, as randomized trials for rare
interventions like this are challenging to conduct initially.
Efficacy was assessed through quantitative metrics (pre-
and post-procedure thrombus burden via venography

&
CLEANER XT

and follow-up imaging) to provide objective evidence of
thrombus resolution, symptomatic improvement via
standardized scoring (e.g., visual analog scale for pain),
and safety via absence of major adverse events (e.g.,
bleeding, embolization, perforation per Society of
Interventional Radiology criteria).

2.2. DEVICES UTILIZED

The CLEANER 15™ Rotational Thrombectomy System
(Argon Medical Devices) was selected for its rotational
morcellation capability: a 7 French (Fr), 135 cm length
percutaneous catheter-based system featuring a
disposable, battery-operated rotator drive unit attached
to a sinuous wire rotating at approximately 4,000 RPM.
The wire and atraumatic soft tip are radiopaque for
fluoroscopic visualization, enabling precise disruption of
organized thrombus without vessel wall trauma (Figure 1).
This device was chosen for its proven efficacy in
fragmenting sub-acute thrombi in venous systems,
reducing clot burden to aspiratable particles while
minimizing embolization risk.!?

——

Fig.1 Cleaner ™ 15, 135 cm Rotational Thrombectomy Device

The CLEANER Vac™ Thrombectomy System (Argon
Medical Devices) complemented this: an 18 Fr, 115 cm
aspiration catheter equipped with a radiopaque marker
band, real-time audio-visual feedback system, 6-foot
aspiration tubing, and a 400 mL aspiration canister.
Designed for on-demand aspiration, allowing manual
control during the procedure (Figure 2). Large-bore
aspiration was selected to handle high-volume thrombus

removal efficiently, reducing blood loss and procedure
time compared to smaller catheters, based on evidence
from similar venous thrombectomy applications.’® The
combination was chosen to address both soft acute and
denser sub-acute thrombi: morcellation for disruption and
aspiration for immediate evacuation, enhancing overall
efficacy as measured by thrombus clearance rates
(>85% reduction targeted) and flow restoration.
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Fig. 2 Cleaner Vac™ Thrombectomy Aspiration System

2.3. PROCEDURE

All procedures were performed under sedation with
continuous hemodynamic monitoring, including blood
pressure, heart rate, and oxygen saturation. Pre-
procedure anticoagulation (heparin 5000 U 1IV) was
administered to prevent extension, with activated clotting
time maintained at 250-300 seconds. Access to the portal
venous system was achieved via trans jugular routes,
selected for lower bleeding risk compared to
transhepatic approaches in patients with cirrhosis.20

2.3.1. Initial Access, Portal Venography, and TIPS
Exploration

Initial access was obtained through the right internal
jugular vein under ultrasound guidance to minimize

complications, followed by advancement of a 0.035-inch
guidewire and 8-10 Fr sheath through pre-existing TIPS
grafts. Upon reaching the portal venous system,
diagnostic portal venography was performed using 10-
20 mL iodinated contrast at 5 mL/s. Imaging delineated
thrombus extent, morphology (e.g., occlusive vs. non-
occlusive), and chronicity, with comparison to pre-
procedural CT/MRI for correlation. TIPS exploration
under fluoroscopy confirmed graft patency, excluding
stenosis (>50% diameter reduction) that could alter
strategy (Figure 3). This step was critical to quantify
baseline thrombus burden (percentage occlusion via
digital subtraction angiography) and guide device
positioning, ensuring efficacy documentation through pre-
intervention metrics.
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o
7.7
Fig. 3 Thrombosed TIPS Graft

2.3.2. Initial Thrombus Aspiration

An 18 Fr CLEANER Vac™ aspiration catheter was
advanced over the guidewire through the TIPS graft and
positioned within the thrombosed segment under
continuous fluoroscopic guidance. Connected to a vacuum
system (28 InHg), initial cyclic pulsed aspiration (10-15
seconds on/off) removed acute thrombus components.
Pulsing optimized mobilization, reduced blood loss (<300
ml target), and was chosen based on evidence showing
improved clearance in venous thrombi without increasing
hemolysis.18 Progress was monitored via intermittent
venography.

2.3.3. Rotational Thrombus Morcellation and
Additional Aspiration

Persistent sub-acute thrombus (denser, resistant) was
assessed fluoroscopically. The guidewire was withdrawn,

and a 135 cm CLEANER 15™ rotational morcellation
catheter was inserted through the CLEANER Vac lumen,
positioned at the thrombus site in TIPS and portal
segments. Morcellation at 4000 RPM fragmented clots
into aspiratable particles. Intermittent contrast injections
monitored  progress, avoiding vessel/stent injury.
Concurrent pulsed aspiration removed debris, repeated
until >85% clearance (restored patency on venography).
Final imaging confirmed improved flow with minimal
residual (<15%) (Figure 4A and 4B). This sequential
method was chosen for its synergy: morcellation disrupts
organized clot (ineffective with aspiration alone), while
aspiration prevents embolization, supported by case
series showing high success rates in similar venous
thromboses.18 Efficacy was documented via immediate
post-procedure venography (thrombus reduction %),
procedure time, blood loss, and absence of complications.

© 2025 European Society of Medicine 5
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Fig. 4A Introduction of rotational maceration and aspiration in thrombosed TIPS

Fig. 4B Resolution of graft thrombosis and restoration of flow

2.4. POST-PROCEDURE CARE complications. Follow-up Doppler ultrasound or CT at 48
Post-procedural anticoagulation (enoxaparin 1 mg/kg hours, 1T week, and 1 month assessed patency.
BID, transitioned to DOACGCs) prevented re-thrombosis. Symptomatic relief was tracked via clinical scores.

Patients were monitored in ICU for 24-48 hours for
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Fig. 5 Thrombus in Cleaner Vac™ aspiration canister

3. Results

The combination of the CLEANER 15™ rotational
thrombectomy device and the CLEANER Vac™ aspiration
system was successfully employed in all five cases.

Key outcomes include:

3.1. TECHNICAL SUCCESS

Complete thrombus removal was achieved in 4 out of 5
patients (80%). One patient had a minimal residual
thrombus (<10%) that did not impede blood flow.

3.2. PROCEDURAL DETAILS
* Mean procedure time was 95 * 15 minutes.
* Average blood loss was estimated at 200 £ 50 mL.

3.3. NAVIGATING TIPS STENTS

All five patients had pre-existing TIPS stents. Successful
navigation and thrombus removal were accomplished
without stent displacement or damage.

3.4. COMPLICATIONS

No major complications such as vessel perforation,
significant bleeding, or pulmonary embolism or hemolysis
were observed.

3.5. FOLLOW-UP
At a 48-hour follow-up, all patients-maintained vessel
patency without evidence of re-thrombosis.

4. Discussion

The management of portal vein thrombosis (PVT) presents
numerous challenges owing to the disease’s inherent
complexity, varying clinical presentations, and diverse
underlying etiologies. Therapeutic success largely
depends on thrombus characteristics, the chronicity of
occlusion, anatomical considerations, and the presence of
underlying liver disease or pre-existing portal
hypertension. Despite anticoagulation being the
conventional cornerstone therapy, it often falls short,
particularly in extensive, acute, or subacute thrombi, with
recanalization rates as low as 40% and risks of bleeding
in cirrhotic patients.2! This underscores the need for
effective endovascular alternatives, such as catheter-
directed thrombolysis (CDT) or mechanical thrombectomy,
which offer higher resolution rates (70%-90%) in
selected cases but carry risks like prolonged infusion times
and hemorrhage.?2 Acute portal thrombus is often fibrin-
rich, non-organized, and amenable to rapid mechanical
disruption and aspiration. Conversely, chronic thrombi,
characterized by dense, organized, and often calcified
components, pose greater technical difficulties. Chronic
thrombus morphology not only complicates mechanical
fragmentation but also diminishes procedural efficacy,
frequently necessitating adjunctive methods such as
balloon angioplasty, stenting, or aggressive rotational
morcellation.23 The presence of long-standing occlusions
frequently precipitates collateral vessel development,
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making direct transhepatic or trans jugular access and
successful recanalization markedly more challenging.23

Furthermore, anatomical complexities in portal venous
access pose significant procedural hurdles. Percutaneous
transhepatic and trans jugular routes remain the primary
access points for PVT intervention, each harboring unique
risks. Percutaneous transhepatic punctures increase
hemorrhage risk, hepatic capsule trauma, or inadvertent
injury to hepatic arteries or bile ducts. Trans jugular
approaches, often through pre-existing trans jugular
intrahepatic portosystemic shunt (TIPS) grafts, entail
meticulous navigation to avoid stent dislocation,
deformation, or endothelial injury.24 The challenge
escalates markedly when addressing thrombosed TIPS
grafts, as device navigation through these stented
conduits demands exceptional precision and experience,
underscored by a risk of dislodgment or severe vascular
trauma. Recent guidelines emphasize endovascular
intervention for acute PVT with bowel ischemia risk or
anticoagulation failure, with mechanical thrombectomy
preferred over CDT to minimize systemic effect.25

In our series, we explored the combination of rotational
morcellation using the CLEANER 15 device and large-
bore thrombo-aspiration via the 18 French CLEANER Vac
catheter. This approach was selected specifically to
address the aforementioned clinical complexities. The
CLEANER 15 rotational thrombectomy device facilitates
mechanical disruption by rapidly fragmenting fibrinous
and partially organized thrombi into small particles
suitable for subsequent aspiration. The rotational wire
design, operating at around 4,000 RPM, demonstrated
high effectiveness in thrombus morcellation while
maintaining vessel wall integrity, minimizing embolization
risk, and allowing controlled treatment across delicate
venous structures.2> Subsequent thrombus extraction using
the CLEANER Vac catheter effectively complemented this
mechanical disruption. The 18 French aspiration system
provided sufficient luminal diameter to efficiently remove
fragmented thrombus material, thereby significantly
shortening the procedure duration and optimizing the
clinical outcome. This sequential combination strategy
significantly minimized distal embolic complications often
a concern with pure rotational methods, by immediately
aspirating disrupted clot fragments.26

All five cases in this series involved navigation through
previously placed TIPS stents. The presence of these stents
substantially increases procedural complexity, requiring
vigilant fluoroscopic monitoring and careful catheter
manipulation. The combination approach was found
highly effective in safely navigating and treating
thrombotic occlusions within these stented channels without
damaging or displacing stent structures. This finding
emphasizes the flexibility, trackability, and safety profile
of these devices when utilized by experienced
interventionalists, suggesting a potential advantage over
other mechanical thrombectomy devices with less
navigational adaptability, such as aspiration-only
systems or rhyolitic thrombectomy, which may increase

hemolysis or fluid overload.?” Compared to prior case
series using large-bore devices, our method achieved
similar high success rates (80%-100% resolution) but with
shorter times and lower blood loss, likely due to the
rotational component's efficiency in sub-acute clots.

Technical success was remarkably high, with four patients
achieving complete clot resolution and restoration of
normal portal venous flow, and one patient having
minimal residual thrombus (<15%) without hemodynamic
compromise. Importantly, no major complications, such as
vessel perforation, severe hemorrhage, or clinically
significant embolic events, were encountered. Estimated
blood losses and procedure durations were well within
acceptable ranges for complex portal venous
interventions, and patient outcomes remained favorable
at short-term follow-up. These results align with emerging
data on mechanical thrombectomy, showing superior
thrombus removal compared to anticoagulation alone
(resolution rates 70%-90% vs. 40%) and reduced need
for adjunctive thrombolysis.28 However, our focus on TIPS-
associated PVT adds novelty, as prior studies often
exclude such cases due to complexity.

While our findings might indicate significant procedural
advantages, cautious interpretation is prudent. The
success observed may be influenced by operator
expertise, careful patient selection, and optimal
procedural planning. Limitations include the small sample
size inherent to case series, lack of randomization, and
short follow-up, potentially underestimating late
recurrences (reported 10%-20% in literature).28
Furthermore, long-term patency, recurrence rates, and
clinical outcomes require more extensive follow-up
studies. Larger patient cohorts and multicenter
prospective studies will be needed for adequately
determining generalizability, establishing best-practice
protocols, and fully validating these initial observations.
Future research should compare this technique to
alternatives like CDT or other devices in randomized
trials, incorporating endpoints like quality of life and
cost-effectiveness.

Additionally, optimal postoperative management
strategies, including tailored anticoagulation regimens,
imaging surveillance, and multidisciplinary management
involving hepatology, surgery, and hematology are
necessary to maintain patency and prevent recurrence.

5. Conclusion

Despite its inherent complexity, acute and sub-acute
portal vein thrombosis and thrombosed TIPS graft
management can be effectively approached using
combined large-bore thrombo-aspiration and rotational
morcellation. This method may address critical
therapeutic limitations of traditional interventions,
offering advantages in clot removal efficacy, procedural
efficiency, and safety. While initial outcomes are highly
encouraging, continued research and careful assessment
of long-term clinical impact remain essential.
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