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The sleeve

Sheath

Collagenic (not «fibrin») sleeve, lined with endothelial
cells, enveloping the catheter in its endovascular route
but even extending to the subcutaneous tract / pocket



Pericatheter sleeve

• Clinically relevant as a potential reason for VAD malfunction
(withdrawal occlusion, extravasation)

• Association with infection or venous thrombosis?

Sheath



“Fibrin” sleeve
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Day 1: pericatheter thrombus (PT)
- Fibrin and platelet network
- RBC and WBC entrapped in the network all over the catheter surface

Days 3-7: thickening and protrusion
- Fibrin bridging pericatheter network / vein wall, near areas with endothelial erosion and SMC 

exposure
- Vein wall SMC phenotype shift from contractile to syntetic (fibroblasts)

Days 7-28: maturation of cell-collagen sleeve
- Fibrin-platelet-RGC-WBC network invaded by activated SMC
- Scarce extracellular matrix and fibrin
- Collagene fibrils, gradually dominant over cells
- Dominant collagen structure with few cells; inner endothelial lining – flow direction

Sleeve: pathogenesis
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Pericatheter thrombus (!!!) will persist at areas where there is
repeated contact with the vein with subsequent vessel wall
injury. Chronic venous injury can occur where the catheter enters
the vein, where the tip contacts vascular endothelium, and at
normal anatomic turning points



Bridging close to areas of 
endothelial damage / erosion / 
intimal thickening

Proximal (insertion site)
Distal (tip)
Intermediate (shaft)

Pathogenetic subtypes with 
clinical meaning





Sleeve: patogenesis
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• Dynamic response of the vein wall and plasma to the foreign body and 
associated insertional thrombus

• Pathogenetic steps similar in humans and animals: endothelial cells, 
inflammatory cells, activated SMCs are biologically active elements

• Almost «physiological»: 40%100% in the Literature
• Different from venous mural thrombus: the catheter as a physical

support allows progression well beyond the focal device/wall contact
(non-mural progression)

(Percarpio, 2013)

Sleeve: pathogenesis



Confusion will be my epitaph … (The King Crimson, 1969)
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• Occlusion

• Fibroblastic sleeve

• Parietal thrombus
vein
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SLEEVE 62 (3.69 %)
Deep Venous Thrombosis 29 (1.72 %)
Malposition 15 (0.89 %)
Extravasation 14 (0.83 %)
Skin erosion / decubitus 13 (0.77 %)
Occlusion / Fracture 12 (0.71 %)

TOTAL 142 (8.53 %)

The most frequent late complication in LT-CVCs

Sleeve: incidence
Genoa Cancer Institute (IT) 1990/2001 – 1680 pts



Ports 58/1522  (3.8%)
Tunneled/cuffed CVCs 4/  158  (2.5%)

Total for LT-CVCs 62/1680  (3.7%)

Incidenza

74% symptoms within first 6 months
• EARLY EVENT
• LATE CLINICAL 

PRESENTATION

Sleeve: incidence
Genoa Cancer Institute (IT) 1990/2001 – 1680 pts



Tip – Atrium distance <3 cm 20/62  (32.2%)
Tip – Atrium distance >3 cm 42/62  (67,8%)

p<0.05

RISK FACTOR: «short» catheters are at higher risk

Incidenza

Sleeve: incidence
Genoa Cancer Institute (IT) 1990/2001 – 1680 pts



Univariate analysis:
Continuous vs. intermitten infusion (p<.005)
Peristaltic pumps vs elastomers (p<0.05)
5FU vs Adri/Ifosfamide/Taxani (p<0.005)

Multivariate analysis: ???

Altri fattori eziologici
Sleeve: risk factors

Genoa Cancer Institute (IT) 1990/2001 – 1680 pts



Something more specific?

Sleeve: risk factors



400 consecutive patients candidate to CHT and 
referred to CVC service for insertion of a LT-CVC 

Sleeve: incidence and clinical features 





• Global incidence: 
– 11.3% (45/395)
– 0.71/1000 cath days

• 44 at 1st month
• 42 repeated US at 6 months

– 25 LMWH: 11 persistent, 13 disappeared
– 17 no therapy: 5 persistent, 12 disappeared

• No cateter disfunction



• Sheaths showed a high incidence (about 12%) and early onset
(1st month)

• Sheaths and trombothic events were not linked (only one 
patient had both)

• Sheaths never caused CVC dysfunction
• Resolution of sheaths occurred independently of LMWH 

therapy. 



• Diagnosis and definition: the so called «pericatheter thrombus» usually seen on 
radiological reports is the ultrasound counterpart of the sleeve

• «Pericatheter thrombus» is not a mural thrombotic event and seemengly does not
represent a precursor of nor a risk factor for mural thrombosis

• Response to anticoagulation is at least not demonstrated
• As shown by its clinical evolution, maybe we should not treat it when asyptomatic

(might disappear)
• The case of very thick sleeves (sporadic association with arm edema in PICC lines –

unpublished data): is there any risk of vein flow reduction thus introducing a new 
risk factor (CATHETER TO VEIN RATIO) for venous thrombosis?

Comments





1. Loss of catheter patency: Partial (withdrawal occlusion) 
or complete 

2. Extravasation (usually associated with loss of patency):
- at the exit site
- within the tunnel
- within the reservoir pocket

3. INCIDENTAL FINDING 

Manifestazioni clinicheSleeve: clinical features
Sheath



Sleeve: clinical relevance

• Catheter dysfunction secondary to fibrin sheath formation can 
be seen in 13% to 57% of all hemodialysis patients



Consider chest X-Ray and/or line-
o-gram (expecially if catheter

placed via subclavear access):
- PINCH OFF ? 
- KINKING ? 
- TIP MALPOSITION ? 
- SLEEVE ?

Sleeve: diagnosis





• Angiographic “peeling” or “stripping”

• Baloon dilatation

• Fibrinolitic agents

• Over-guidewire exchange (with reservoir
preservation for ports)

• REMOVAL AND NEW INSERTION

Manifestazioni clinicheSymptomatic sleeve: treatment

Papers from the 
hemodyalisis

setting



Snare catheters used for removing fragmented 
catheters and fibrin sheath

Snare catheters used for removing fragmented 
catheters and fibrin sheath

Angiographic“peeling” or “stripping”



Fibrin stripping



Fibrin stripping



STRIPPING



Internal snare peeling



Balloon dilatation











Gray et al (2000): 
• No outcome difference between urokinase (250.000 U / 4 hrs) and 

stripping
• Low dose (5000 to 9000 U) lock: disomogeneous results (success rate 

14 – 95%) 
• High dose (25,000 to 100000 IU) lock: success up to 100% (Donati et 

al, 2011) 
• Hypotesis: active over fibrin quote (early treatment)

Manifestazioni clinicheSymptomatic sleeve: thrombolysis
1. Systemic (higher dose, less technical issues)
2. Local (lower dose, technical issues may be important)
3. Lock



• Anticoagulation: no significant effect, significant side effects
• Thrombolysis: high costs, high risks, effective only in heavely

selected patients
• Over guidewire removal and re-insertion: risk factors still there
• REMOVAL AND NEW SITE RE-INSERTION SEEMS THE MOST 

REASONABLE OPTION FOR PATIENTS WHITH SUITABLE 
VASCULAR RESIDUAL ANATOMY, REMOVING ANY POTENTIALLY 
REMOVABLE RISK FACTOR

Manifestazioni cliniche
Symptomatic sleeve:
treatment by removal and new insertion …



Fear of embolysm?

Manifestazioni cliniche
Symptomatic sleeve:
treatment by removal and new insertion …

• The sleeve remains on 
site, attached to its vein
wall origin

• Blood flow pushes it
towards the vein wall

• Later embedded in the 
vein wall (intimal
hyperplasia)

• Possibile vein stenosis: a 
reason to attempt at
treating?







• All treatment options have at least questionable effectiveness and 
not negligible side effects

• Most sleeves are asymptomatic and do not show significant trends 
towards catheter malfunction, venous thrombosis, infection

• IT SEEMS REASONABLE NOT TO TREAT ASYMPTOMATIC SLEEVE
• BY THE WAY, THE SLEEVE MAY BE CONSIDERED AN ALERT TO 

INVESTIGATE A POSSIBILE REMOVABLE PROBLEM:
– Tip malposition ?
– Endothelial disruption ?

Manifestazioni cliniche
Asymptomatic sleeve



Primary prevention on removable risk factors:
– Tip position (IC-ECG !!!): do not tolerate «acceptable» tip position 

as for DVT prevention
– Endothelial damage (ULTRASOUND!!!): pay attention to catheter

to vein ratio and technical issues (delicate venepuncture, first time 
pass, micro-introducers …) as for DVT prevention

– Choose insertion pathways (possibly straigt) and devices (good
quality materials) that prevent «rubbing» against curvilinear
venous segments

Secondary prevention, as for cardiac stents: modified surface
devices?

Manifestazioni clinicheSleeve: the future



Poliexanide metacrilate (PM)
• Biguanide groups give the catheter

surface a negative charge and thus an 
idrohilic surface

• Bacterial membrane destabilization
and disruption

• Activity against protein adhesion and 
biofim creation

• Acitivity against sleeve / thrombosis ?

Certofix
protect

Sleeve prevention: modified catheter surfaces



Sleeve prevention: modified catheter surfaces

• Activity against protein
adhesion and biofim
creation

• Acitivity against sleeve / 
thrombosis ?



Polycil
Antimicrobial/antithrombogenic polymer

Idrophylic and so anti thrombogenic

Cytolitic by physical (non 
chemical) mechanism

Sleeve prevention: modified catheter surfaces



Sleeve prevention: modified catheter surfaces

- Ten sheep
- Randomly assigned to CH cateter, Biomimetic Catheter

and Control Catheter
- Inoculation of Staph Aureus
- Euthanasia and pathology of the cannulated vein



Sleeve prevention: modified catheter surfaces



Sleeve prevention: modified catheter surfaces



Sleeve prevention: modified catheter surfaces



Manifestazioni cliniche

Chlorhexidine
Polimethoxyethyl
acrylate
Fluoro Oligomers

Sleeve prevention: modified catheter surfaces



18 sheep randomized
• CH 14 days
• CH 30 days
• FO 14 days
• FO 30 days
• PMEA 14 days
• PMEA 30 days
• Control 14 days
• Control 30 Days



Sleeve prevention: modified catheter surfaces



So misterious that the word «sleeve» appears once only at the 
end of the editorial













- Timing: early event
- Pathogenesis: 

endothelial
damage at
insertion site + 
catheter stiffness











Conclusions (1)
• Pathogenesis: some pathways are similar to CR-VT
• Early event with late clinical signs
• Why some endothelial traumas evolve into sleeve instead of 

thrombosis? More data on thrombosis/sleeve relationships?
• Thrombosis and sleeve seemengly are not linked to each other
• Please use correct terminology: pericatheter thrombus is a sleeve
• Clinical relevance: 

– Low incidence in general population, high in selected populations (dialysis)
– Important in chronically cannulated patients (dialysis, TPN): SAVE THE CATHETER
– No clear correlation with VENOUS THROMBOSIS, PULMONARY EMBOLISM, INFECTION

Sheath



Conclusions (2)

• No data available on real clinical impact: often confused with 
venous thrombosis (RIGOROUS DEFINITION NEEDED)

• No drugs available for treatment
• Operative treatments effective but recurrence rate high
• Prevention: insertion-related risk factors

- Tip position
- Device length

• Research on anti-sleeve materials: promising but no clinical
data available yet

Sheath


