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Abstract

Background: Catheter-related thrombosis (CRT) is one of the major complica-
tions affecting patients with indwelling venous catheters, usually involving the
upper extremity deep venous system. This condition can lead to potentially life-
threatening complications such as pulmonary embolism and sepsis. The risk of
developing CRT varies depending on type of catheters and patient characteris-
tics. Despite advances in materials and technologies, the actual incidence of CRT
is still considerable. Available evidence on CRT management remains contro-
versial, and clinical guidelines base their recommendations on data from non-
catheter related upper extremity or lower extremity deep venous thromboses.
Aims: This narrative review aims to describe the epidemiology of CRT, to review
the available evidence on its management and to highlight the current unmet
needs.

Methods: No formal search strategy was applied for the revision of the literature.
The main sources of information used were Medline and guidelines from inter-
national societies.

Content: The management of CRT requires a careful balance between the risk
of thrombus progression, recurrent events, and systemic embolization and the
increased bleeding risk in often fragile patients. Open issues include the optimal
management of the catheter and the type and duration of anticoagulant therapy.
Direct oral anticoagulants are increasingly prescribed, representing an impor-
tant alternative to the standard of care low molecular weight heparins in selected
cases. The development of new anticoagulant drugs such as factors XI and XII
inhibitors may offer further advantages in this context.

Conclusions: The management of CRT is still challenging with constant need

for updated evidence to support tailored approaches.
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1 | INTRODUCTION

Catheter-related deep vein thrombosis (CRT) is one of
the major complications in patients requiring long-term
intravenous accesses, together with arterial cannula-
tion, pneumothorax and infection. Taken together, the
composite risk for these complications after central ve-
nous access device (CVAD) exposure for 3days is about
3%.' Different types of central venous catheters (CVCs)
are available, and they can be classified as tunnelled or
non-tunnelled, peripherally inserted central catheters
(PICCs), implanted ports and dialysis catheters (Table 1).
All CVCs are designed and supposed to be dwelled with
their tip ending at the superior vena cava-right atrium
junction, within the central venous system.” Clot forma-
tion associated with CVAD placement may lead to differ-
ent conditions, that are associated with different clinical
implications: (a) fibrin sheath along the length of the de-
vice (on the surface of the catheter); (b) catheter lumen
occlusion (usually caused by intraluminal clot forming
inside catheter's lumen when blood refluxes into the
device); (c) ball-valve-thrombosis (which affects aspira-
tion and preserves infusion); and (d) mural thrombosis
(partial vein occlusion) leading to deep vein thrombosis
(DVT). This latter is conventionally defined as CRT.?
Most commonly, CRT affects the upper extremity deep
venous system, but it may also occur in other venous
districts depending on the site of venous catheters place-
ment, such as the jugular veins or the femoral veins. The
occurrence of CRT is associated with venous-access loss,
risk of pulmonary embolization and related additional
costs.” The management of CRT is still controversial and
challenging, especially among specific subgroups of pa-
tients (i.e. cancer patients, haemodialysis, and all condi-
tions associated with high bleeding risk). International
guidelines are based on low quality of evidence, mostly
extrapolated from data on usual site venous thromboem-
bolism (VTE) (i.e. lower extremities DVT), providing a
low level of recommendation, and leading to some het-
erogeneity in clinical practice.* The purpose of this nar-
rative review is to describe the epidemiology and clinical
significance of CRT, to review the available evidence
on its management, and to highlight current unmet
needs that should drive further research on this patient
population.

Highlights

« Catheter-related deep vein thrombosis (CRT) is
a common complication in patients requiring
long-term intravenous accesses.

« Management of CRT is still controversial and
local and systemic complications from either
the disease or its treatments are not negligible.

« The new anticoagulants against factors XI and
XII are promising agents in the management of
CRT.

2 | INCIDENCE AND RISK
FACTORS FOR CRT

The reported incidence of CRT broadly varies across avail-
able studies due to the heterogeneity of study designs (e.g.
prospective or retrospective), included populations (e.g.
hospitalized medical patients, outpatients with cancer),
catheter type and cannulated vein (central or peripheral),
diagnostic assessment (e.g. screening of asymptomatic
patients or evaluation in case of clinical suspicion) and
duration of follow-up.” CRT is responsible for the major-
ity of upper extremity DVT (UEDVT) (nearly 70%) and for
about 10% of all VTEs.>® The overall annual incidence of
CRT is .4-1.0 cases per 10,000 individuals and reaches the
highest values in patients admitted to intensive care units
and in patients with cancer.®™®

Several catheter-related and patient-related character-
istics have been evaluated over the years as potential risk
factors for CRT development. Available evidence, how-
ever, is often misleading and further data are desirable
to help clinicians identifying patients who may benefit a
stricter clinical surveillance and/or thromboprophylaxis.’

Details on different types of catheters and on the prin-
cipal risk factors associated with CRT are depicted in
Tables 1 and 2, respectively.

2.1 | Catheter-related risk factors

The type of catheter represents one of the most important
factors affecting the risk of CRT. PICCs are associated with
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Patient-related risk factors

Hypercoagulable state:

TABLE 2 Risk factors for CRT.

Catheter-related risk factors

CVAD type and characteristics:

+ malignancy « noncuffed CVC > cuffed tunnelled CVC

« inherited thrombophilia (factor « midlines =~ PICCs > CVCs
V Leiden and prothrombin « CVC diameter (larger > smaller)
gene mutations, protein C and « number of lumens (triple > double > single)
S deficiencies, antithrombin « synthetic material (polyethylene or
deficiency) polyvinylchloride > silicon or polyurethane,

acquired thrombophilia
(antiphospholipid syndrome)
« inflammation

» sepsis

Older age (> 64 years)
jugular)

Obesity (BMI >25kg/m?)
Immobility, hospitalization
History of previous thrombosis

Leukocytosis, thrombocytosis, anaemia

junction)
A, B or AB blood groups >0-blood Fibrin sheath
group
Concomitant prothrombotic CLABSI

treatments (e.g. anti-cancer therapies,
oral contraceptives, erythropoiesis
stimulating factors, blood products
infusion, etc.)

polyurethane > silicon)

Multiple insertion attempts

Insertion site (femoral > subclavian > internal

Side of insertion (left > right)

Non-ultrasound-guided insertion

Tip location (proximal to SVC > atriocaval

Abbreviations: BMI, body mass index; CLABSI, central line-associated blood stream infection; CRT,
catheter-related deep vein thrombosis; CVAD, central venous access device; CVC, central venous

catheter; PICC, peripherally inserted central catheter; SVC, superior vena cava.

a roughly three fold increased risk of CRT compared to
standard CVCs (i.e. directly inserted into a central vein),
with a reported incidence of 2% in the general population,
which increases up to 5% in patients with hematologic
cancer.>'%!" Although the incidence of CRT is consider-
able also in patients with cancer and implantable ports
(roughly 4%), it appears to be lower than that of PICC.'*"?
Midline catheters are a potentially attractive alternative to
PICCs in patients needing peripheral infusions. Midlines
share the same peripheral insertion of PICCs, but they do
not reach the right atrium, ending into the upper extremity
deep vein system (typically subclavian and axillary veins).
The incidence of midline-related UEDVT and pulmonary
embolism (PE) is not negligible and is similar to that of
PICC.' ! The site of insertion is, in fact, relevant in deter-
mining the catheter-related risk of CRT, as the lumen may
be completely filled in by the catheter when a peripheral
vein is used.'® Ultrasound-guided catheter insertion in a
larger vein (e.g. above the elbow or shoulder), choosing
the smallest needed catheter size and the lowest needed
lumen number, reducing the insertion attempts and posi-
tioning the tip in the largest achievable vein segment may
reduce the risk of CRT through a lower compression or

friction to the vessel wall.'”*® The relevance of the site of
insertion is not limited only to the type of vein cannulated,
but is also determined by the arm used. It has been re-
ported that the left-sided insertion of the CVC leads to an
increased risk of thrombotic complications compared to
the right-sided one.'**° PICC placement in the right arm
may further reduce CRT risk possibly due to a shorter and
more direct route to the superior vena cava.!”?! Hence,
the institution of a dedicated vascular access team for the
standardization of the insertion techniques and the main-
tenance of CVCs may provide beneficial results.

As for catheter materials, there is limited evidence
on whether the use of antibiotic or heparin coated cath-
eters may decrease the rates of CRT.**** Results from
a recent meta-analysis showed that silicone and poly-
urethane PICCs were associated with a similar rate of
thrombotic complications.”* Another option to reduce
thrombotic risk may be represented by the use of new
materials able to prevent central line-associated blood
stream infections (CLABSI), for example through the
impregnation of CVCs with various forms of antimi-
crobials (either with an antiseptic or with antibiot-
ics). Infection and thrombosis of catheters, indeed, are
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strictly intertwined and preventing infection may re-
duce the incidence of CRT.* Data from a prospective
study including 105 patients with haematological ma-
lignancies showed that patients with infection had an
increased risk (up to 17-fold) of CRT compared to pa-
tients without infection.?® On the other hand, the risk
of infection was increased (up to 2-fold) in patients with
CRT in a prospective study including 265 ICU admit-
ted patients.”” A Cochrane review showed controversial
findings on the use of impregnated CVCs, which seem
to prevent catheter colonization in studies conducted in
ICUs, whereas no such benefit was found for CLABSI. >
Furthermore, no significant differences were detected
between the impregnated and non-impregnated groups
in the rates of adverse effects, including thrombosis.??
Finally, pretreatment with nucleases has been shown
to reduce thrombogenicity by limiting inflammatory
response incited by foreign materials or microorganism
invasion (i.e. immunothrombosis).?® Further studies on
preventing the formation of neutrophil extracellular
traps (NETs) around the catheters and the aggregation
effects of NETs on platelets are needed to increase the
evidence of this promising strategy in the setting of CRT.

All these improvements in insertion modalities and
materials of catheters have resulted in a reduction in the
incidence of CRT over the last years.’

2.2 | Patient-related risk factors

CRT also shares some patients-related risk factors with
usual site VTE. Older age (>64years) and a body mass
index (BMI)>25kg/m” have been associated with an in-
creased risk of CRT.” Conversely, no association was re-
ported among CRT, sex and ethnicity, while inconsistent
results were available for other clinical conditions (e.g.
diabetes, arterial hypertension, hypercholesterolemia).9

Thrombophilia (e.g. factor V Leiden and prothrom-
bin gene mutations, protein C and protein S deficien-
cies and antithrombin IIT deficiency) increases the risk
of CRT both in patients with and without cancer,?®"*?
while the role of personal history of VTE remains con-
troversial.” An interesting finding of recent studies is
that patients with A, B or AB blood groups may have
with a significantly higher risk of CRT compared with
those with 0-blood group.****

Cancer is a well-known risk factor for VTE. Implantable
ports and long-term CVCs have brought a significant im-
provement in oncology practice for their multiple util-
ities, such as administration of chemotherapies and
parenteral nutrition, facilitation of blood sampling and
transfusion of blood components. The risk of developing
cancer-associated CRT is not negligible depending on the

characteristics of the underlying malignancy (e.g. site and
stage) and on cancer-specific therapy (e.g. chemotherapy
or chest radiotherapy).”'"'*** In patients with cancer
most of CRT occur within the first 100days from catheter
insertion and specific surveillance programme may ame-
liorate patients’ morbidity and prognosis.** The role of risk
assessment models (e.g. Khorana, Caprini and Michigan
risk scores) to predict CRT has been investigated in small
studies and requires further validation.***” A recent meta-
analysis evaluating the performance of six available mod-
els, however, identified the Michigan risk score as the
most accurate in stratifying the risk of CRT.*®

3 | PATHOPHYSIOLOGY,
DIAGNOSIS AND IMPLICATIONS
OF CRT

3.1 | Pathophysiology of CRT

As any other venous thrombosis, CRT occurs as the re-
sult of a complex multifactorial mechanism classically
represented by the Virchow's triad, including endothelial
damage, alteration in blood flow and hypercoagulability.
In the specific context of CRT, risk of vessel injury and
therefore of endothelial damage is intrinsically connected
with catheter insertion and its long-lasting presence in
the venous system. The role of contact pathway activation
on artificial surfaces has been studied in vivo, with dem-
onstration of prompt vessel occlusion due to thrombosis
occurring in animal models following device placement
in a blood vessel (i.e. a vascular catheter). The contact
pathway starts with the activation of coagulation factor
XII (FXII) following direct contact between blood and sur-
faces of medical devices. Activated FXII (FXIIa) further
cleaves coagulation factor XI (FXI) into the activated form
(FXIa) which sustains downstream activation of the co-
agulation cascade leading to the formation and propaga-
tion of blood clot.”

3.2 | Diagnosis of CRT

A great proportion of patients with CRT are asympto-
matic. The reported incidence of CRT found with venog-
raphy studies ranged between 27% and 66%, most of which
were asymptomatic.*” When clinically overt, patients may
complain of classic signs and symptoms of venous throm-
bosis, such as pain and tenderness along the vein, with
severity often influenced by number and location of veins
and amount of collateral venous flow. Frequently, signs
and symptoms of CRT cannot distinguish between fibrin
sheaths and superficial or DVT of the arm and neck."
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Other possible clinical manifestations of CRT are rep-
resented by catheter dysfunction and/or fever, derived
from possible concomitant CVAD-associated infection.*?
Catheter dysfunction has been reported in 14%-36% of
patients within the first 2years of CVC implantation, of
which 60% are due to thrombosis.**

In case of clinical suspicion, the initial diagnostic ap-
proach for CRT is represented by duplex ultrasound (US),
a non-invasive, rather inexpensive and easily available
test.

Duplex US for the diagnosis of UEDVT has reported
average sensitivity and specificity around 91% and 93%, re-
spectively.** Computed tomography (CT) angiography or
magnetic resonance imaging (MRI) scans are alternative
diagnostic strategies in case of strong suspicion and non-
diagnostic US, especially for certain CRT locations,” and
occasionally can report incidental findings of asymptom-
atic CRT when they are done for other reasons.

The role of D-dimer as a potential useful biomarker
in the diagnostic process of CRT remains controversial.
In this regard, a recent systematic review and meta-
analysis showed that high levels of D-dimer and platelets
count were associated with the development of CRT.*
Conversely, a recent retrospective case-control study
highlighted the limited diagnostic efficacy of the use of
D-dimer in this setting.*°

A few clinical prediction rules, for example the
Constans score which combines clinical items and in-
cludes the presence of a CVC,*” have been proposed to
help clinicians with the diagnosis of UEDVT and CRT.
Additionally, a diagnostic algorithm comprising Constans
score, D-dimer levels and US showed potential utility in
case of suspected UEDVT, although no data directly ad-
dressing CRT are available.*® In conclusion, CRT-specific
prediction rule has not been developed yet, and further
effort is still needed with this intent.

3.3 | Clinical implications of CRT

CRT may have a relevant impact on patients’ morbid-
ity and costs. Although relatively uncommon, possible
complications of CRT include PE, recurrent DVT, post-
thrombotic syndrome and sepsis.*"** The most common
consequence of CRT is represented by functional impair-
ment of the catheter, which may require replacement and
cause substantial delays in the delivery of treatments.
When CRT occurs, therapeutic anticoagulation is re-
quired and patients are therefore exposed to an increased
risk of bleeding complications, especially in the most frag-
ile subgroups such as patients with cancer and those with
end-stage renal disease. Other local complications usually
determined by delayed diagnosis include superior vena

cava syndrome and chronic venous stenosis, which impact
the possibility to place other long-term venous accesses.’

4 | MANAGEMENT OF CRT

The management of CRT includes a timely start of anti-
coagulation and an adequate duration of secondary pre-
vention, a careful evaluation of the need for removal of
the device and possible additional treatment strategies.
Treatment goals include saving of vascular access, relief
of symptoms, prevention of thrombosis progression and/
or pulmonary embolization. A practical algorithm for the
management of CRT in different settings is proposed in
Figure 1.

4.1 | Anticoagulant treatment
Only few and relatively small retrospective or prospective
studies evaluated the use of anticoagulants for the treat-
ment of CRT, and no randomized studies are currently
available to establish the optimal intensity or duration
of anticoagulation. Thus, management of CRT is mostly
based on indirect evidence originated from studies on the
treatment of DVT of the lower extremity. In addition, since
most studies evaluated CRT management in patients with
cancer, data in patients without cancer are even more lim-
ited.®>* In a meta-analysis of 20 studies including 1473
patients with UEDVT, 60% of whom had an indwelling
catheter, the incidence of recurrent VTE, major bleed-
ing, clinically relevant non-major bleeding (CRNMB)
and all-cause mortality in the subgroup of patients with
an indwelling catheter was 3% (95% CI 2%-4%), 5% (95%
CI 3%-8%), 5% (95% CI 2%-9%) and 8% (95% CI 4%-14%),
respectively.”® Patients received either direct oral anti-
coagulants (DOAGCs), vitamin K antagonists (VKAs) or
low molecular weight heparins (LMWHs); however, the
relatively low number of events and patients precluded a
more in-depth analysis by type of anticoagulant.> Similar
findings were reported in another recent systematic re-
view,”* while another meta-analysis reported lower risk of
recurrent VTE and a higher incidence of major bleeding.”
In the absence of direct comparisons between antico-
agulant agents, decision on the type of anticoagulant treat-
ment still needs to be taken on a case-by-case basis. While
LMWHs remain the most commonly used anticoagulants
in particular for patients with cancer, DOACs now represent
a valid option in this setting. The International Initiative
on Thrombosis and Cancer (ITAC) 2022 guidelines on the
treatment and prophylaxis of VTE in patients with cancer
suggest CRT treatment with either LMWH or unfraction-
ated heparin (UFH) for a minimum of 3 months or as long
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FIGURE 1 Management algorithm
of CRT. *Alternative to catheter removal,
in this case, is follow with serial imaging
and start anticoagulation as soon as
contraindication is resolved. AIn this

Catheter-related deep vein
thrombosis

Signs of massive life-
threatening evaluation for
thrombosis? catheter-directed

Multidisciplinary

v

-> cardiac involvement » fibrinolysis or other
- limb ischemia invasive procedures
(phlegmasia alba (e.g., mechanical
dolens) thrombectomy).

Start anticoagulation Therapeutic

case, anticoagulation for 3-7days is
recommended before CVDA removal. Err:::?iﬁncy
CRT, catheter-related deep vein 9
thrombosis; CVAD, central venous access
device; VTE, venous thromboembolism.

Acute

setting

—+ CVAD maintenance if:

4% CVAD removal if:

as soon as possible, if ,| anticoagulation routinely
not contraindicated. indicated for a minimum
of 3 months.

v

-> anticoagulation can be started
- no suspicion of infection

- device still necessary

- device still functioning

-> anticoagulation is contraindicated*
- signs of catheter-related infection
- CVDA is no longer required”

- symptoms not resolved despite
anticoagulation

Not routinely recommended.

setting

Primary prevention

» Consider in patients with previous history of
CRT, or active cancer (depending on type,

Long-term
setting

treatments, comorbidities).

Long-term secondary prevention is not routinely
recommended.

Duration of anticoagulation beyond 3 months is
,| recommended for as long as CVAD is in place.

as the CVC is in place, with no specific recommendation
for DOACs or VKAs (Table 3).*° No mention on CRT treat-
ment is available in the guidelines of the American Society
of Haematology (ASH).”' The recently released guidelines
of the European Society of Medical Oncology (ESMO) also
suggest LMWH as the first option for the treatment of CRT,

Consider extended anticoagulation despite
device removal in patients with previous history
of CRT or other VTE events, or active cancer
(depending on type, treatments, comorbidities),
or recanalization not achieved.

with VKAs and DOACsS as potential alternatives based on
a low grade of evidence.’” In the absence of contraindica-
tions, the same dose and regimen as for DVT of the lower
extremity may be considered for CRT.

The duration of anticoagulant treatment for CRT
also remains controversial, with a wide spectrum of
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TABLE 3 Guideline recommendations on CRT management.

Guideline Anticoagulant treatment

NCCN 2021°  Anticoagulation for at least 3 months or as
long as CVC in place

ESC 2022°° Anticoagulation in patients with cancer =
and CVC-associated VTE for at least
3months or as long as CVC in place

ASH 2021° -

Catheter removal

Consider if symptoms persist, catheter
is infected, dysfunctional or no longer
necessary or contraindication to
anticoagulation

Thrombolysis/catheter
directed therapy

Consider catheter-directed
pharmacomechanical or
mechanical thrombectomy
in appropriate candidates

Consider removal if infected, -

mispositioned or malfunctioning, in
patients no longer requiring the CVC
or who cannot receive anticoagulant
treatment

ESMO 2023°*  Anticoagulant treatment for a minimum
of 3months or as long as CVC in place.
LMWH suggested, VKAs or DOACs

alternatives

Remove if CVC not needed, -
infected, anticoagulant treatment is
contraindicated or there is clinical
deterioration due to thrombus extension

despite treatment

ITAC 2022%° Anticoagulant treatment for a minimum
of 3months or as long as CVC in place.

LMWH suggested

Remove if CVC malfunctional, infected, -
symptoms persist despite anticoagulant
treatment

Abbreviations: CRT, catheter-related deep vein thrombosis; CVC, central venous catheter; DOACs, direct oral anticoagulants, LMWH, low molecular weight

heparin; VKA, vitamin K antagonist; VTE, venous thromboembolism.

anticoagulant treatment courses reported in the litera-
ture, ranging from weeks to months. A general consensus
is to provide anticoagulant treatment for a minimum of
3months, regardless of CVC removal, with the option to
continue as long as the catheter is in place.*® In case of re-
current thrombosis, consideration may be given to indefi-
nite anticoagulation, although no randomized controlled
trials specifically evaluated this strategy in patients with
CRT.

4.2 | Other treatment options

The use of systemic or catheter-directed thrombolysis and
thrombectomy has been reported in small, retrospective
series and is generally not recommended. While these
strategies are sometimes considered in patients with ex-
tensive or massive CRT, evidence showing superior or sim-
ilar efficacy compared with conventional anticoagulation
is lacking. Based on indirect evidence on extensive DVT
of the lower extremity, consideration to catheter-directed
thrombolysis may be given in carefully selected patients
with thrombosis progression and limb-threatening CRT
despite conventional treatment who have a low bleeding
risk. Similarly, experience with vena cava filters remains
scarce and their use may be considered on a case-by-case
basis for patients with CRT who have absolute contraindi-
cations to anticoagulation.

Local thrombolytic therapy with intraluminal instilla-
tion of low doses of fibrinolytic agents, such as alteplase
(2mg/2mL), is often used on an outpatient basis for CVC
obstruction caused by fibrin sheaths around the catheter
or by thrombus on the tip of the catheter which impairs
the flow into and out of the catheter interfering with as-
piration or infusion through the catheter lumen.”” These
episodes of catheter dysfunction are usually distinguished
from CRT and can be managed with local thrombolytic
treatment, with a good chance of restoring CVC function,
without significant increase of bleeding risks.”” A limita-
tion of alteplase is represented by its long dwell time (i.e.
up to 4h) to achieve catheter clearance. Newer thrombo-
lytic agents, such as reteplase, tenecteplase and recombi-
nant urokinase, were found to be equally safe and effective
for the treatment of CVC obstruction, with the advantage
of requiring shorter dwell times than alteplase.”’” If the
CVC remains obstructed, a course of few days of anticoag-
ulant treatment may be considered and, if not successful,
catheter removal may be necessary. It is important to ac-
knowledge that catheter obstructions can also be due to a
non-thrombotic internal occlusion, such as precipitation
of medications or parenteral nutrition constituents, which
can be successfully cleared with a 70% ethanol solution.”’

The use of graduated compression stockings or ban-
dages for patients with acute symptomatic CRT is gener-
ally not recommended due to very limited data on their
effectiveness.”

858917 SUOWILIOD 9AIER1D) 9|qed!|dde ayy Aq peusenof afe sepile YO 9N JO SanJ J0j A%ig1T dUIUQ AB|IM UO (SUONIPUOI-PUB-SWLS)W0D AB | 1M ARe.q | pul|uo//:Sdiy) SUONIPUOD pUe SWe L 8U) 88S *[7202/2T/0T] uo AriqiTauliuo A3|IM Bugnsu| |pA N AQ TTEYT 198/TTTT 0T/I0p/W0d A3 1M ARiq Ul |UO//SANY WO papeojumod ‘T ‘G202 ‘29E2S9ET



GIRARDI ET AL.

WILEY- 22

4.3 | Thromboprophylaxis in patients
with CVC

Although flushing of the CVC with heparin or saline is
standard practice in several centres, the efficacy of this
approach remains unclear.** Similarly, the role of antico-
agulant primary prophylaxis for CRT is uncertain. Studies
evaluating either low, fixed-dose warfarin or LMWH led
to controversial results, substantially failing to show a
significant benefit for both patients with cancer and pa-
tients without cancer.” More promising results are shown
in a post-hoc analysis of the AVERT trial, where primary
thromboprophylaxis with apixaban in patients with CVC
and cancer was associated with a reduced risk of VTE,
without an increased bleeding risk.” Additional insights
on the use of weight-adjusted twice-daily apixaban as
primary thromboprophylaxis in the context of indwell-
ing catheters are shown by a recent phase 3, open-label,
randomized controlled trial on children affected by acute
lymphoblastic leukaemia or lymphoma (the PREVAPIX-
ALL trial).** When compared to standard of care (i.e. no
anticoagulation), the use of apixaban was associated with
a decreased risk of VTE, though not statistically signifi-
cant (RR .69, 95% CI .45-1.05; p= .08).%° This occurred at
the cost of a higher incidence of CRNMB events, mainly
epistaxis (RR 3.67, 95% CI 1.04-12.97, p=.03), suggesting
that apixaban is a potentially safe alternative in patients at
significantly higher thrombotic risk.®” Based on the avail-
able evidence, most guidelines including ASH, ESMO
and ITAC do not recommend the routine use of throm-
boprophylaxis in cancer patients with CVC.*** Recent
preliminary evidence on new target anticoagulants (i.e.
against coagulation factor XI) in this setting are described
in the following paragraphs.®!

4.4 | Catheter removal
Since the catheter itself represents a provoking factor for
thrombosis, a critical decision in patients with CRT is
whether and when removal of the catheter is required.
Importantly, many patients undergoing line removal still
need central venous access and insertion of another CVC
may not be straightforward and could further increase the
thrombotic risk. Current guidelines suggest that in pa-
tients with CRT the removal of the catheter should be con-
sidered in case of infection or malfunctioning of the CVC,
when the line is no longer needed, if the patient cannot
receive anticoagulant treatment, or when the patient re-
mains symptomatic for CRT despite anticoagulation.®*~>
In a large retrospective study including 628 patients
with haematological malignancy and CRT, 480 of whom
were treated with anticoagulants, the risk of PE within

1week of UEDVT was low and comparable between pa-
tients who underwent early (within 48h) CVC removal
compared with delayed or no removal (.78% vs. .44%).%

If catheter removal is being considered based on one
or more of the conditions above, this could be attempted
within the first 1-2 weeks of CRT diagnosis in the absence
of contraindications including very high risk of bleeding
or hemodynamic instability. Before CVC removal, consid-
eration on a case-by-case basis may be given to a period
of few days of anticoagulation, particularly in patients
with large proximal thrombosis at increased risk of em-
bolization.®*™® In case of need for catheter replacement,
no strong evidence is available to provide specific rec-
ommendations on indications and timing. The preferred
option seems to assess the venous anatomy of the contra-
lateral arm, before removing the affected non-functioning
device.®® The possibility to use the same site previously
affected by thrombosis may be taken into consideration,
if no better options are available. Since the best timing
and modalities represent an ongoing unsolved question,
a case-by-case evaluation considering various individual
factors is strongly advised.

5 | SPECIAL CONDITIONS FOR
CRT
5.1 | Children

The presence of a CVAD is reported being the most com-
mon provoking factor for VTE in the paediatric inpatient
population, followed by surgery and trauma.®” Additional
risk factors associated with CRT in this subgroup of pa-
tients are infant age (<1year old) and the presence of ma-
lignancy, along with renal and cardiac diseases, especially
congenital heart disease requiring cardiac surgery.®”®®
The reported incidence of CRT in the paediatric popula-
tion varies from 2% to 81%, based on the differences in
patient populations.” The rates of this complication
have shown an increasing trend over the past decades,”
though most recent evidence suggests a possible inversion
of the trend towards lower rates.”” Evidence on rates of
asymptomatic CRT among paediatric population widely
varies from 5% to 50%, and most of them are detectable
within first few days of catheterization.””’* Current clini-
cal guidelines suggest no removal of a functioning CVAD
in paediatric patients with symptomatic CVAD-related
thrombosis who continue to require venous access.”
Removal is suggested in cases of nonfunctioning or un-
needed CVAD in paediatric patients with symptomatic
CRT,” and may be preceded by few days of anticoagula-
tion to reduce the risk of PE or paradoxical stroke.” As
for CVAD-related superficial vein thrombosis, guidelines
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suggest using either anticoagulation or no anticoagulation
in paediatric patients.”® After the first few days of antico-
agulation, either LMWHs or VKAs should be used in pae-
diatric patients with symptomatic VTE.” Data on DOACs
in this setting are available from a pre-defined analysis
of the CVC-VTE cohort of the EINSTEIN-Jr trial, show-
ing the potential advantage of rivaroxaban to reduce clot
burden when compared with standard anticoagulation.”
Other promising results on the use of DOACs are given by
a systematic review and meta-analysis pooling data on pri-
mary prophylaxis for cardiac surgery and VTE treatment
among paediatric patients.”” A limited course of anticoag-
ulation (i.e. maximum 3 months) is usually preferred for
CRT, given it is broadly considered as a provoked event.”
Longer courses may be considered on a case-by-case basis
in patients with ongoing additional risk factors. As re-
gards thromboprophylaxis, there are no standardized rec-
ommendation on its routine use, although the results of
the recent phase 3 trial PREVAPIX-ALL, suggest the use
of weight-adjusted apixaban as a safe alternative for pa-
tients at increased thrombotic risk.*

5.2 | Haemodialysis

Haemodialysis is the most widely used renal replacement
therapy for end-stage renal disease (ESRD), followed by
peritoneal dialysis. Haemodialysis consists in an extracor-
poreal hemofiltration, continuous or intermittent, which
can be provided through an arteriovenous fistula, arterio-
venous graft or CVC. The last technique is more common
in the acute emergency setting, given its relative ease in
insertion and the ability to initiate dialysis immediately,
but it is associated with higher rates of complications,
such as CVC infections and thrombosis. Despite several
attempts to limit their use in favour of arteriovenous ac-
cesses, which are still considered the preferred choice by
clinical guidelines,’® CVCs' use in haemodialysis has been
constantly increasing worldwide.”””’ The management
of haemodialysis CVC-associated venous thrombosis con-
sists in a prompt initiation of anticoagulation since delay
in treatment could lead to inadequate dialysis, permanent
vascular access loss and increased patient morbidity. The
preferred anticoagulant agent is UFH, or alternatively
LMWH, followed by oral anticoagulation with VKA for a
minimum duration of 6 weeks and/or as long as the cath-
eter is in place.*® Removal of CVC is not mandatory, es-
pecially in cases of limited options for vascular accesses.
In case of mural thrombosis, presence of atrial thrombus,
or evidence of systemic sepsis caused by the catheter it-
self, the device should be removed or exchanged imme-
diately. A randomized placebo-controlled trial evaluating
low-dose warfarin for the prevention of late malfunction

in tunnelled, cuffed haemodialysis catheters, showed no
benefits of warfarin thromboprophylaxis.*’ New antico-
agulants targeting contact activation pathway seem as
an important option for anticoagulation in patients with
VTE and end-stage renal impairment, given their clear-
ance barely depending on kidney function and their
minimal impact on the haemostatic process, resulting in
limited bleeding risk for this fragile population. A num-
ber of phase 2 trials exploring FXI inhibition in patients
with kidney failure on haemodialysis showed that the
reduction of FXI levels was associated with lower risk of
haemodialysis circuit clotting with similar or lower risk of
bleeding compared to placebo.®>™™ Official results of other
phase 2 trials in the context of anti-FXI administration
among ESRD patients are awaited.®¢% Additionally, the
use of these agents in rabbit model of catheter thrombosis
resulted in prolongation of the time to catheter occlusion
compared with control,*’ opening the way for further in-
vestigation in the setting of VTE prevention in haemodi-
alysis patients with indwelling venous catheters.

6 | FUTURE: ANTI-XI AND
ANTI-XII FOR CRT

The burden of CRT management is still high due to costs
and complication rates, especially in fragile subgroups of
patients (e.g. cancer and haemodialysis patients), who are
exposed to an increased risk of bleeding. During the last
decade, research has focused on the development of novel
anticoagulant agents that can be effective in preventing
and treating thromboembolic events without increasing
the bleeding risk. The novel coagulation targets are rep-
resented by factor XI (FXI) and factor XII (FXII), which
are involved in the contact activation pathway and play
an important role in thrombus formation and propaga-
tion, without significant impact in the haemostatic pro-
cess.”®! Moreover, inhibition of contact activation has
shown promising results in terms of reduction of device-
associated clotting without the bleeding risks of tradi-
tional anticoagulants.”>** Following the promising results
of several phase 2 trials on different inhibitors of FXI for
thromboprophylaxis in orthopaedic surgery,”*’ these
agents have been recently proposed also in the context of
CRT thromboprophylaxis. The results of a phase 2 clinical
trial with gruticibart, an anti-FXI monoclonal antibody
(previously known as AB023), in the context of prevention
of CRT in 22 ambulatory cancer patients undergoing cen-
tral line placement, have been recently published.®’ The
overall incidence of CRT was 12.5% and 40.0% in the inter-
ventional and the control study, respectively, with no sig-
nificant difference in adverse or bleeding-related events.”'
Gruticibart, aside from preserving tissue factor-mediated
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TABLE 4 Ongoing studies for CRT.

ID Title Topic

NCT06149533 A randomized, multicenter, open-
label, control, clinical trial to evaluate
the efficacy and safety of edoxaban
on prevention of catheter-related

thrombosis (CRT) in cancer patients

NCT04924322 Age-dependent heterogeneity in the
efficacy of prophylaxis with enoxaparin
against catheter-associated thrombosis

in critically ill children

NCT04548713 Control of line complications with
kiteLock (CLiCK) in the critical

care unit: a multi-center, cluster-
randomized, double-blinded, crossover
trial investigating the effect of a

novel locking fluid on central line
complications in the critical care

population

Tetrasodium EDTA central venous
catheter lock solution in home
parenteral nutrition patients: ease of
use and cost analysis

NCT04067245

NCT04117217 Analysis of laboratory markers

to predict risk of catheter related
thrombosis

Abbreviation: CRT, catheter-related deep vein thrombosis.

coagulation, had minimal to null impact on platelet ac-
tivation.! These results align with a previous phase 2
randomized, double-blind, placebo-controlled trial on
haemodialysis patients, where AB023 was well tolerated
and reduced dialyzer clotting and thrombin-antithrombin
complexes compared with placebo.* While promising,
these findings remain preliminary and require confirma-
tion in larger prospective trials to establish the efficacy
and safety of gruticibart or other FXI inhibitors as prophy-
laxis for CRT.

Table 4 provides information on the ongoing trials on
CRT, highlighting the constant need for updated evidence,
in order to improve clinicians’ armamentarium for the
management of this challenging condition.

7 | CONCLUSIONS

The increasing use of central venous accesses brought to
a significant increase of device-associated VTE. Despite
the constant concomitant improvement in techniques
and materials, the incidence of CRT remains substan-
tial. Current evidence in the management of CRT is still
limited but highlights non-negligible rates of treatment-
related complications, such as bleeding events, especially

Primary prevention for CRT 366
in cancer patients

Age-dependent primary 258
prevention for CRT in
critically ill children

Critical care unit 1524

Home parenteral nutrition 20

Predictive laboratory 350
markers for CRT in
paediatric patients

Estimated
completion date

Estimated
enrolment

30 November 2026

31 July 2026

31 December 2024

01 March 2025

December 2026

among more fragile subgroups of patients. New antico-
agulants directed against the contact pathway represent
a promising option for the prevention and management
of CRT.
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