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Central catheter-associated deep
vein thrombosis in cancer: clinical
course, prophylaxis, treatment

Arnaldo Marin,' Leonardo Bull,?> Matthew Kinzie

ABSTRACT

The adequate handling of central venous
catheters is a key element in the management
of patients with cancer. Catheter-associated
deep vein thrombosis is frequently observed

in patients with malignant diseases; however,
despite being a common complication among
these patients, objective information concerning
its epidemiology, clinical course, prophylaxis and
treatment strategies is very limited. The reported
incidence of catheter-related thrombosis (CRT)

is highly variable, depending on symptomatic
events, or if patients are screened for
asymptomatic thrombosis. Several factors have
been identified as potential predisposing factors
for CRT, both technical and pathological aspects.
The anticoagulant of choice is still unclear; while
low-molecular-weight heparin is most commonly
used, recent studies assessing the role of direct
oral anticoagulants in the treatment of CRT
show promise as an alternative, but the evidence
remains insufficient and the decision must be
made on a case-by-case basis.

THROMBOSIS AND CANCER

Upper extremity deep vein thrombosis
(UEDVT) is a common complication
frequently observed in patients with
malignant diseases using central venous
catheters (CVCs), which are currently
recognised as the main predisposing
factor for secondary UEDVT.! Despite its
frequency among these patients, objective
information concerning its epidemiology,
clinical course, prophylaxis and treatment
strategies is very limited.

Recent infection is also a factor inde-
pendently associated with a 1.7-fold
increased  venous  thromboembolism
(VTE) risk, possibly due to a procoagu-
lant state induced by the inflammatory
response to infection. Additionally, infec-
tion is a VTE risk factor for hospitalised
patients with cancer. This strong nega-
tive impact of VTE on the prognosis of

,> Max Andresen®

What is already known on this topic
» DVT is common in central lines and cancer
» No standard for anticoagulation

What this study adds

» RI venipunctures pose lowest DVT CRT
risk

» LIJ and multiple venipunctures increase
DVT risk

» Heparin or direct oral anticoagulants may
be used long-term

» Empirical treatment rather than central
line removal and reinsertions should be
considered

» Further research needed for best
preventative treatment

patients with cancer has been reported on
all major clinical presentations of VTE:
deep vein thrombosis (DVT), whether
proximal or distal, and pulmonary embo-
lism (PE).” Even worse, a recent study
suggested that patients with cancer with
superficial venous thrombosis have a poor
prognosis, similar to that of patients with
cancer-related DVT. Thus, the high rate
of DVT-PE recurrence suggests that such
patients may need longer duration of anti-
coagulant treatment.’

CVC AND CANCER
CVC use is a clinical practice with an
ever-growing  frequency  worldwide.
Patients with cancer typically require
central venous catheterisation to keep
peripheral veins from harm in the setting
of chemotherapy, hematopoietic stem cell
transplantation, or transfusion of blood
products and components. However,
CVC use is not devoid of risks and poten-
tial complications, such as infection,
thrombosis and immediate complications
related to the insertion procedure.
Oncological patients constitute a popu-
lation at high risk of VTE. It is widely
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known that malignant neoplastic disease generates a
hypercoagulable state, a consequence of prothrom-
botic factors resulting from the inflammatory response
to the neoplasm. CVCs have been identified as an inde-
pendent factor associated with an 8.5-fold increased
risk of VTE in patients with cancer.* Although multiple
different devices exist, the presence of a central line
heightens the risk of VTE.

EPIDEMIOLOGY

The reported incidence of CVC-related thrombotic
events is highly variable and depends on whether
patients were screened asymptomatically, or if only
symptomatic events were reported. It is not uncommon
for catheter-related thrombosis (CRT) to present
without any local signs or symptoms. Therefore, if
only symptomatic—neck pain or swelling—CRT
is considered, then one should expect to miss some
thrombotic events and the real incidence is underes-
timated because 5%-41% of patients developed such
symptomatic thrombi.” The screening method is also
a relevant factor. Thus, studies using venography
tend to yield higher incidence rates than those using
ultrasonography.

ASYMPTOMATIC EVENTS: VENOGRAPHY
Prospective studies

There are a few studies that incorporated venog-
raphy for CRT screening. Such invasive techniques
are seldom used for this purpose in clinical settings
but give valuable insight into the real frequency of
these events happening. A randomised, double-blind,
placebo-controlled study assessing the efficacy and
safety of low-molecular-weight heparin (LMWH)
in the prevention of CVC-associated VTE reported
a global incidence of 16.1% (14.1% in the LMWH
group vs 18% in the placebo group, p=0.35).°
However, much greater rates have been reported by
other studies screening with this modality. Studies
using venography tend to yield higher incidence rates
than those using ultrasonography. A prospective study
assessing the prevalence of thrombotic complications
related to CVCs in patients with cancer described a
high prevalence of thrombotic events (66%), of which
only 6% developed symptoms.”

ASYMPTOMATIC EVENTS: SONOGRAPHY
Prospective studies

Less invasive screening methods such as ultrasonog-
raphy have been used; their results are highly hetero-
geneous. A prospective cohort study following a
group of patients with cancer who underwent long-
term CVC implantation reported an incidence of 0.10
events per 1000 catheter-days (<1.5%).% In contrast,
another prospective study of a similar design yielded a
considerably higher incidence rate of 11.7%.° Another
cohort study following a group of haematological
malignancies evaluated if clinical thrombosis could be

predicted by screening with Doppler ultrasound. The
reported cumulative incidence of subclinical throm-
bosis was 24.8%, while the incidence of symptomatic
thrombosis was 12.4%. "

SYMPTOMATIC EVENTS

Prospective studies

A randomised multicentre clinical trial comparing
CVC-related complications in patients with non-
haematological malignancies with peripherally inserted
central catheter (PICC) lines versus patients with port-
chamber catheters resulted in a CVC-related throm-
bosis incidence of 25% in the PICC arm, in contrast, a
0% incidence in the port-chamber arm." '*

A prospective observational study assessing the
safety of CVCs in patients with cancer reported a 4.5%
incidence of CVC-related thrombosis.'* A prospective
observational multicentre study assessed the incidence
and risk factors of CVC-related thrombotic events in
patients with haematological malignancies. The result
was an overall incidence rate of 129."

Retrospective studies

There have been several retrospective studies related
to CRT in patients with cancer. A retrospective cohort
analysis of a healthcare claims database that compared
the reported incidence of CVC-related complications
of patients with cancer with patients without cancer
showed statistically significantly higher rates of throm-
bosis in the cancer group (1.71 vs 0.76 events per 1000
catheter-years).'* Another retrospective cohort anal-
ysis using health insurance claims, following a group of
patients with breast cancer undergoing chemotherapy,
assessed the incidence of complications comparing
long-term CVC implantation versus temporary intra-
venous catheters. In the long-term CVC group, 9%
had a thrombovascular complication, while in the
transient CVC group the incidence was significantly
lower (49)."

In a retrospective study of VTE in patients with acute
lymphoblastic leukaemia (ALL) and acute myeloid
leukaemia (AML), an overall prevalence of 10.7% was
reported. Most of the thrombotic events registered
were CVC related (ALL: 83%, AML: 77.9%).¢

A retrospective study assessing the safety and effec-
tiveness of long-term, tunnelled, non-cuffed CVCs
reported a CVC-related thrombosis incidence of 4.3%,
most of which happened in patients with haemato-
logical malignancies (10 cases vs 3 cases with solid
tumours).!”

A recent retrospective study reported an incidence
of PICC-related symptomatic thrombosis of 0.15 per
1000 PICC-days."® Older studies have described that
intraluminal thrombosis requiring catheter removal
can occur at a frequency of 0.6-0.81 events per 1000
catheter-days.'” Table 1 summarises the incidence of
asymptomatic and symptomatic CRT by type of cath-
eter in patients with cancer.
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Table 1 Incidence of asymptomatic and symptomatic CRT by type of catheter in patients with cancer

Catheter type Study type Thrombosis type Incidence Reference
CIcC Retrospective Symptomatic 4.3% 17
CIcc Retrospective Symptomatic 22% 19
CIcc Prospective Symptomatic 6.5% 26
CIcc Prospective Asymptomatic 24.8% 10
Clcc Prospective Symptomatic 12.4% 10
Port Prospective Asymptomatic 1.25% 8
Port Prospective Asymptomatic 11.7% 9
Port Prospective Symptomatic 0% "
Port Prospective Symptomatic 3.4% 50
PICC Prospective Symptomatic 25% "
PICC Prospective Symptomatic 12.5% 12
PICC Prospective Symptomatic 9.7% 50
PICC Retrospective Symptomatic 0.15 per 1000 catheter-days 18
PICC Prospective Symptomatic 18.7% 26

CICC, centrally inserted central catheter; CRT, catheter-related thrombosis; PICC, peripherally inserted central catheter.

RISK FACTORS

Several factors have been identified as potential predis-
posing factors for CRT (table 2). Some are related to
patient-underlying pathology, others depend on the
different CVC devices and techniques used. A summary
of the risk factors that have been found associated with

CRT is provided.

Interestingly, CVC-related thrombotic events tend
to be more common during the first months after

implantation.®” ' 1¢

Table 2 Summary of risk factors associated with CRT

Risk factor OR Study type Reference
Left-side insertion 3.86  Prospective 30
6.01  Prospective 6
16.3  Prospective 9
- Retrospective 23
Subclavian venipuncture 2,16 Meta-analysis 28
Port versus PICC 0.43  Meta-analysis 28
PICC versus other CVCs 2.55  Meta-analysis 36
Prospective 12
Retrospective 21
Catheter tip malposition 1.92  Meta-analysis 28
4.05  Prospective 6
Prospective 10
More than one insertion attempt 5.5 Prospective 38
Personal history of DVT 2.03  Meta-analysis 28
BMI >25 1.9 Prospective 42
Chest radiotherapy 7.01  Prospective 6
Factor V Leiden 4.6 Meta-analysis 46
G20210A prothrombin mutation 4.9 Meta-analysis 46

BMI, body mass index; CRT, catheter-related thrombosis; CVCs, central
venous catheters; DVT, deep vein thrombosis; PICC, peripherally inserted

central catheter.

FACTORS RELATING TO THE DEVICE AND
TECHNIQUE USED

Insertion site

Some studies have reported that left-side catheter
insertion confers a higher risk of CRT when compared
with right-side insertion. However, this notion has
been challenged by recent prospective randomised
studies in which the central line implantation side was
not a predictive factor for catheter-related thrombotic
events. Another recent study, although retrospective,
described a positive association between left-side
insertion and CRT only within a small subgroup of
patients with metastatic cancer.” A meta-analysis
assessing risk factors for CRT in patients with cancer
resulted in left-side insertion not reaching statistical
significance.?!

Moreover, subclavian venipuncture has been asso-
ciated with higher CRT incidence; a meta-analysis
concluded an elevated VTE risk with an OR of 2.16.*!
Neither anatomical nor technical factors could explain
this relation.

TYPES OF CVC VENOUS ACCESS
CVCs can be categorised as:
A. Temporary

— Central non-tunnelled catheter (NTC).

- PICC.
B. Semipermanent

- Tunnelled catheter.
C. Implantable central venous ports (port)
A higher rate of complication in NTCs was reported
more than PICCs and ports. According to the Centers
for Disease Control and Prevention (CDC) guideline,
PICCs had a lower rate of infection than NTCs, and
totally implantable catheter had the lowest risk of
catheter-related bloodstream infection (CRBSI). NTCs
account for the majority of CRBSIL.
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PORTS

In recent years, the use of ports has increased consid-
erably. Implantable ports improve patient self-image,
have no need for local catheter-site care, but are more
expensive and require surgery for catheter removal.
They have been reported to have significantly lower
infection rates compared with other central venous
access devices. A meta-analysis concluded implantable
ports feature a lower risk of developing CRT when
compared with PICCs, with an OR of 0.43.%!

While ports seem to be safer than other CVCs with
CRT, they still confer a high VTE risk. Not all ports
are equally safe; another relevant factor may be port
placement. Despite the popularity of arm port place-
ment due to patient comfort, a recent retrospective
study suggests that the risk of CRT may be increased
in patients with arm ports as opposed to chest ports;
(9.5%) of 147 patients with cancer with arm ports
experienced UEDVT compared with only 3 (2.0%) of
150 subjects with chest ports.**

The incidence increases when the catheter takes up
more than 50% of the vessel lumen and particularly
because the stress applied with everyday use when the
port pocket is in the forearm and the vascular catheter
crosses the elbow joint. Ports have fewer complications
and feature a higher quality of life and patient satisfac-
tion than PICCs and non-tunnelled CVCs (NTCs).>

A few studies showed that silicone ports would be
more appropriate for patients who carry these types
of ports than polyurethane because they reduce the
number of complications caused by thrombosis; sili-
cone ports produce numerous mechanical problems
which need the removal of the ports and catheters
quickly and do not appear in polyurethane catheters.
Despite this, these types of devices are increasingly

used in oncology patients, improving their quality of
life.”*

PERIPHERALLY INSERTED CENTRAL CATHETERS
PICCs have been commonly placed in patients for
anticancer therapies. They offer many advantages in
avoiding mechanical complications such as pneumo-
thorax and haemorrhage secondary to puncture. PICCs
are non-tunnelled, central catheters inserted through
a peripheral vein of the arm; they are 50-60cm long
and are usually made of silicone or second or third-
generation polyurethane. A potential problem is that
they deteriorate patients’ veins and can obstruct vessels
in the long term that can delay chemotherapy cycles.

Their duration depends on the technique of inser-
tion, stabilisation of the venous access device, patient
compliance and nurse competence in the maintenance
of the device. It is very useful in the haematology and
oncology setting, especially for ambulatory therapy,
because they can be safely used even in patients
with extremely low platelet counts or at high risk of
haemorrhage.

PICCs are currently being used extensively in clin-
ical practice due to their multiple benefits, featuring
a simple insertion procedure, cost-effectiveness and
greater patient comfort. Nonetheless, these devices
have disadvantages as well, one of those being an
increased risk of CRT. A systematic review and meta-
analysis reported an association with an OR of 2.55
between PICCs and VTE, the risk increases even more
in the subgroup of patients with cancer with an OR of
6.67.7

One study showed no significant difference in compli-
cation rates, including thrombotic events, in which
PICC and non-tunnelled devices were compared.?
According to the CDC guideline, PICCs had a lower
rate of infection than NTCs, and totally implantable
catheters had the lowest risk of CRBSI. A systematic
review found that although PICCs were associated
with a lower risk of CRBSI than other CVCs in outpa-
tients, hospitalised patients might be just as likely to
experience CRBSI with PICCs as with other CVCs.”

CVCTIP POSITION

Studies are suggesting that the catheter tip position
is a relevant factor concerning VTE risk. An initial
distal tip placement in the superior vena cava and
right atrial junction has been identified as a protective
factor against CRT, probably due to the prevention of
endothelial trauma and greater toxic substance dilu-
tion. Significantly higher VTE risk has been reported
in patients with incorrect initial tip placement.® ’
According to a meta-analysis, placing the tip outside
of this junction increases the risk of VTE with an OR
of 1.92.'

INSERTION PROCEDURE
The current standard of care for CVC insertion is an
ultrasound-guided insertion, allowing a safe and easy
procedure. However, this practice does not seem to
have an impact on CRT.

Another study reported that more than one attempt
at insertion was associated with a VIE OR of 5.5,
while the precedent of a previous CVC also related
positively, but with a slightly weaker OR of 3.8.%
Furthermore, endothelial damage activating the coag-
ulation cascade may be a reasonable pathophysiolog-
ical explanation for this association.

FACTORS RELATING TO THE UNDERLYING

PATHOLOGY AND PATIENT HISTORY
Infection

Catheter infection is highly associated with intra-
luminal thrombosis and catheter-related venous
thrombosis. An Australian study evaluated the rate of
CVC-related complications showed that thrombosis
occurred in 15.1% of all cases, exit-site infection in
1.9% and CVC-related bloodstream infection in 7.5
per 1000 CVC-days.*®
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A case—control study reported an association
between VTE and any recent infection in patients with
cancer, with an OR of 1.7.*

General guidelines for the prevention of intravas-
cular catheter-related infections suggest the use of the
subclavian vein, rather than a jugular or a femoral site,
in adult patients to minimise infection risk for non-
tunnelled CVC placement. No recommendation can
be made for a preferred site of insertion to minimise
infection risk for a tunnelled CVC. Also, the use of a
CVC with the minimum number of ports or lumens is
essential for the management of the patient.

MEDICAL HISTORY OF DVT

Patients with a history of DVT should be considered at
risk of future events. Previous DVT has been identified
in a meta-analysis as an independent factor for CRT in
patients with cancer.”!

BODY MASS INDEX

Obesity, highly prevalent in contemporary medicine,
is a known risk factor for VTE. The relationship
between high body mass index (BMI) and CRT has
been explored in some studies. A prospective study
of patients with advanced cancer identified BMI
greater than 25 as a statistically significant risk factor
for PICC-related complications including CRT.?®
However, other studies have failed to establish an asso-
ciation with statistical significance.® **

ADVANCED DISEASE

It seems reasonable to expect patients with cancer in
metastatic or other advanced stages to have a greater
risk of VTE and there have been studies that report
this association.* ?* The more aggressive underlying
pathology is not the only explanation for this increased
risk; thus, factors such as a higher likelihood of immo-
bilisation must also be considered. Some studies have
tried to establish an association between advanced
cancer and CRT, but most have failed to reach statis-
tical significance.”®'' %" One prospective, randomised,
double-blind, placebo-controlled study assessing the
efficacy and safety of enoxaparin in the prevention
of CRT reported a significantly higher CRT incidence
in patients with metastatic disease, but only in the
placebo arm.®

CHEST RADIOTHERAPY

Very few studies have assessed the association between
chest radiotherapy and UEDVT; a randomised, double-
blind prospective study found a strong association with
an OR of 7.01,° while a retrospective study found no
statistically significant results.”* The potential correla-
tion between chest radiotherapy and CRT remains
unclear until more studies can reproduce these results.

THROMBOPHILIA
Although patients with known congenital thrombo-
philias represent a small fraction of all patients with

Review

Table 3 Khorana et al risk score for chemotherapy-related VTE
risk prediction in patients with cancer®'

Patient characteristic Score
Site of cancer
Very high risk 2
(stomach, pancreas)
High risk 1
(lung, lymphoma, gynaecological, genitourinary excluding
prostate)
Prechemotherapy platelet count =350 10°/L 1
Prechemotherapy leucocyte count =11x10°/L 1
Haemoglobin <10 g/dL or use of erythropoiesis-stimulating 1
agents
BMI >35kg/m? 1

BMI, body mass index; VTE, venous thromboembolism.

cancer requiring CVCs, the relationship of these
diseases with CRT has been assessed. A meta-analysis
concluded that factor V Leiden (FVL) and G20210A
prothrombin mutation (PTM) thrombophilias in
patients with cancer are associated with CRT, with
pooled ORs of 4.6 and 4.9, respectively. Regarding
impact, the reported attributable risk was 13.1% for
FVL and 4.5% for PTM.” Another article on the
subject, a systematic review, concluded that FVL is
associated with a greater incidence of CRT with a
risk ratio of of 2.6-7.7, but found that the existing
evidence is insufficient to conclude in respect of PTM
and other rarer thrombophilias.*

VTE RISK ASSESSMENT

Khorana et al (table 3) elaborated a validated predic-
tive score for chemotherapy-related thrombosis that
considered cancer site, prechemotherapy platelet and
leucocyte counts, haemoglobin levels and BMI.*!

This score divides patients into three categories: low
risk (score=0, confers 0.3%-0.8% 2.5-month risk of
VTE), intermediate risk (scores 1-2, 1.8%-2% VTE
risk) and very high risk (scores 3 and above, 6.7%—
7.1%VTE risk). The model has limitations worth
noting; since it considers prechemotherapy parame-
ters, it can only be applied before the start of chemo-
therapy. In later studies the score has performed rather
poorly, its accuracy being low in lung, colorectal and
ovarian cancer.’” In the SAVE-ONCO Study, a double-
blind, randomised trial assessing the efficacy and safety
of semuloparin for VTE prophylaxis in a group of
3212 patients with cancer undergoing chemotherapy,
the score failed in predicting 70% of cancer-related
thrombotic events observed.*?

The development of new predictive models has been
attempted. Of note is the COMPASS-CAT risk assess-
ment model (table 4), a predictive score for VTE for
patients with breast, colorectal, lung or ovarian cancer
that considers the presence of a CVC as a risk factor
for thrombosis. The variables taken into account are
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Table 4 COMPASS-CAT: a risk assessment model for cancer-
related VTE in breast, colorectal, lung and ovarian cancer®

Patient characteristic Score

Cancer-related risk factors
Antihormonal therapy or anthracycline
Time since cancer diagnosis <6 months
cvC
Advanced stage of cancer
Predisposing risk factors

Cardiovascular risk factors (at least 2 of the following 5
predictors: a personal history of peripheral artery disease,
ischaemic stroke, coronary artery disease, hypertension,
hyperlipidaemia, diabetes, obesity)

N W s O

Recent hospitalisation for acute medical illness 5

Personal history of VTE 1
Biomarkers

Platelet count =350 107/L 2

CVC, central venous catheter; VTE, venous thromboembolism.

classified as cancer-related risk factors, predisposing
risk factors and laboratory biomarkers.**

Scores greater than or equal to 7 are considered at
high risk for VTE, with a 13% risk of developing a
thrombotic event. This is a recent study from 2017
that requires external validation. It requires greater
diffusion and usage to compare the results of the orig-
inal study with the general population. Therefore, due
to the lack of a single-validated score or predictive
model applicable to all types of cancer, the patient’s
risk of developing thrombotic events must be assessed
on a case-by-case basis.

OTHER RISKS OF CVCS IN PATIENTS WITH CANCER
The NTCs in the internal jugular vein or subclavian
vein cost less than other CVCs and are used when
the chemotherapy process is short. Complications of
NTCs were reported more than PICCs and ports.

Additionally, the use of venous ultrasound guidance
has increased during venous puncture making CVC
placement safer in patients with profound thrombo-
cytopenia. Regarding risk associated with vascular
access, the Consensus Guidelines for Periprocedural
Management of Coagulation Status and Hemostasis
Risk in Percutaneous Image-guided Interventions
recommended the transfusion of platelets for any
platelet count of less than 50x10°/L.*

The Dutch guideline (recommends increasing the
trigger to 20X 10°/L in case of fever and to 50x10°/L
for the use of anticoagulation. The British Committee
for Standards in Hematology, the American Society of
Clinical Oncology (ASCO) and the American Asso-
ciation of Blood Banks recommend likewise a more
liberal transfusion policy in these conditions, but they
do not specify triggers.” The same heterogeneity in
recommendations is seen in invasive procedures, such
as lumbar punctures and insertion and removal of
CVCs. Therefore, the decision to transfuse is based on

the opinion of the treating physician and may differ
significantly.

Prior to the removal of a CVC, 29% used a trigger
of 10x10°/L, 12% of 20x 10°/L and 59% used triggers
between 30x10°/L and 100x10°/L. The guideline
advises maintaining the trigger of 10x10°/L.*

A prospective study that assessed haemorrhagic
complication in 143 PICC implantations in 101
patients with thrombocytopenic cancer showed
that 65% of the procedures were performed with a
platelet count 20-50x10°/L and 35% had lower than
20x10°/L. No major haemorrhage was observed.
Minor oozing was observed in six implantations and
mild haematoma in two for a total of eight minor
haemorrhagic adverse events (5.5%). In patients with
a platelet count <20x10%/L, 1 of 50 (2 %) had minor
oozing and there were no cases of a minor haema-
toma. The authors suggest that PICCs in patients with
a platelet count between 20x10°/L and 50x 10”/L and
lower than 20x10°/L are safe even without platelet
transfusions, provided that the patient does not have
an associated secondary haemostatic abnormality and
did not receive drugs that may have affected haemo-
static status.’®

Unfortunately, 30% of these devices fail before
completion of treatment from complications with
the highest prevalence in patients with cancer. Also,
in a population with advanced cancers and receiving
concurrent chemoradiotherapy, 15.1% exhibited
PICC-related infectious complications, and 11.4%
developed symptomatic PICC-related thrombosis.*®

CRT AND THROMBOPROPHYLAXIS

Due to their greater risk of VTE, it is not uncommon
for these patients to receive thromboprophylaxis. With
that said, in the right patient and setting, thrombopro-
phylaxis is very useful for the prevention of throm-
bosis, but the efficacy of thromboprophylaxis for CRT
is questionable. A randomised, double-blind, placebo-
controlled trial assessing the efficacy of enoxaparin for
CRT prevention resulted in no difference in the rates
of CRT between the LMWH and placebo groups.’’
A similar study that evaluated warfarin instead
of LMWH also found similar rates of CRT in the
warfarin and placebo groups, although in this study it
may be attributable to the low incidence of thrombotic
events reported.”® A meta-analysis assessing potential
risk factors for CRT in patients with cancer found no
statistically significant differences in CRT incidence
between those that received thromboprophylaxis and
those who did not.*!

TREATMENT OF CATHETER-ASSOCIATED DVT

Manifestations include failure to draw blood from
the port or failure of infusion. Thrombolytic therapy
has been described to reverse these complications.
All these complications may delay the chemo-
therapy course. Management of catheter-associated
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Left-Side
Insertion

Thrombo-

Incorrect
CVC tip
position

Radio-
therapy

Figure 1 Risk factors featuring the strongest and/or most
consistent association with CRT in the context of malignancy.
CRT, catheter-related thrombosis; CVC, central venous catheter;
DVT, deep vein thrombosis; PICCs, peripherally inserted central
catheters.

thrombosis has not been well studied in patients with
cancer. A prospective study looking at the use of anti-
coagulation for CRT in patients with cancer found no
recurrent VTE and three cases of major bleeding in 74
patients with cancer who were treated with 5-7 days
of LMWH followed by warfarin for 3 months. After 3
months, 57% of patients had functional catheters, and
the remaining patients had their catheters removed for

Review

reasons other than progressive thrombosis or device
failure.” Catheter-associated thrombosis is thought to
be associated with a low risk of recurrent VTE and
post-thrombotic syndrome. Thus, venous catheters
should be removed only in select situations, such as
when the catheter is defective or no longer needed.
Although malignancy is a risk factor for CRT, the main
reason and determinant for CRT is the placement of
the catheter tip high in the superior vena cava. Place-
ment of the catheter tip high in the superior vena cava
results in a higher incidence of thrombosis than when
the catheter tip is placed low in the superior vena cava.

The International Society on Thrombosis and
Hemostasis guidelines currently recommend that
patients with cancer with catheter-associated throm-
bosis should be treated with therapeutic anticoagu-
lation for 3months.* In patients with cancer with
catheter-associated thrombosis, although LMWH is
the suggested agent, vitamin K antagonists (VKAs)
can also be used given the lack of direct comparative
studies. Furthermore, CVCs can be kept in place if
they are functional, well positioned and not infected.
Currently, there is no standardised anticoagulation
duration, whether the catheter is kept or removed.

The European Society for Medical Oncology recom-
mends anticoagulation with LMWH, VKAs or LMWH
followed by VKAs for 3-6months. If CVC is no
longer needed or long-term anticoagulation is contra-
indicated, a short course of 3-5 days is advised. CVC
removal is only required in cases of concomitant DVT,
sepsis or a non-functioning line.*!

The National Comprehensive Cancer Network
(NCCN) guidelines for VTE in patients with cancer

CRT - Treatment

Anticoagulation

*Who to treat:

e Anticoagulation is beneficial in CRT but must be balanced with hemorrhagic risks

*What to treat with:

eChoice of agent is unclear: LMWH, VKA and NOACs may be effective
*LMWH monotherapy or LMWH bridged to warfarin are most commonly used

eTreatment duration:

eUnclear; ISTH guidelines suggest a period of 3 months

Cathether removal

*Should be considered if:
eAssociated infection present
eDefective/dysfunctional line
eLine no longer necessary

Figure 2 Treatment strategies for CRT in the context of malignancy. CRT, catheter-related thrombosis; ISTH, International Society on
Thrombosis and Hemostasis; LMWH, low-molecular-weight heparin; NOACs, novel oral anticoagulants; VKA, vitamin K antagonist.
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recommend anticoagulation for at least 3 months or
for as long as the catheter is maintained. There are no
specific drug recommendations from the NCCN. The
CVC should be removed in case of persistent throm-
bosis symptoms, infection, dysfunctional line or when
the line is no longer needed.

Generally, treatments for these patients may include
LMWH bridged to warfarin or LMWH monotherapy,
generally without line removal unless it is no longer
required, it is defective or infection has been detected.

A retrospective analysis limited to 83 patients with
CVC-associated DVT treated with rivaroxaban showed
a line failure rate of 3.6% and a major bleeding rate of
only 2.4% leading the authors to conclude that rivar-
oxaban was a safe and effective option.*

In a prospective study of rivaroxaban for CVC-
associated UEDVT in patients with cancer, the authors
demonstrated in 70 patients that preservation of line
function was 100% at 12 weeks. The risk of recurrent
VTE at 12 weeks was 1.43%, with one episode of fatal
PE, and nine patients (12.9%) experienced 11 total
bleeding episodes. They concluded that rivaroxaban
showed promise in treating CVC-UEDVT in patients
with cancer, resulting in preserved line function.
However, bleeding rates and a fatal PE on treatment
are concerning safety outcomes necessitating further
study before rivaroxaban can be recommended.*

Another study compared the efficacy and safety
profile of rivaroxaban (20 mg/day) with LMWH and
VKAs in the treatment of PICC-associated UEDVT.
Rivaroxaban led to faster resolution of PICC-associated
UEDVT than LMWH/VKAs without any increase in
bleeding.**

A recent Cochrane Database Systematic Review was
published that studied the efficacy and safety of anti-
coagulation for thromboprophylaxis in people with
cancer with a CVC. The evidence was not conclusive
for the effect of LMWH compared with no LMWH
on mortality, the effect of VKA compared with no
VKA on mortality and CRT, and the effect of LMWH
compared with VKA on mortality and CRT. They found
moderate-certainty evidence that LMWH reduced
CRT compared with no LMWH. In considering anti-
coagulation in patients with cancer with a CVC, the
practitioner should assess the potential haemorrhagic
complications associated with anticoagulants.*

Although most guidelines recommend anticoagu-
lation for the treatment of CRT, the management of
CRT with catheter removal alone may be considered
for patients with a high risk of bleeding. A recent
retrospective review comparing PICC removal alone
versus PICC removal plus anticoagulation concluded
that catheter removal alone results in significantly less
major bleeding events at the expense of a small but
significant increase in secondary VTE events and risk
of VTE progression.*® An older retrospective study
compared different treatment modalities for CRT: anti-
coagulation alone, CVC removal and anticoagulation,

CVC removal alone and CVC replacement. CRT
replacement was the only modality that did not result
in a 100% symptom resolution rate, with 4 out of 12
patients presenting persistent symptoms related to
thrombosis.*” If no anticoagulation is being consid-
ered, whether central vascular access will be further
needed, should be acknowledged.

TREATMENT OF INTRALUMINAL THROMBOSIS
Intraluminal thrombotic complications constitute
a drastically different scenario than the previously
discussed extraluminal thrombosis, both in presenta-
tion and therapeutic approach. A common cause of
CVC dysfunction, intraluminal thrombosis usually
manifests as total occlusion with failure to infuse into
the CVC and absence of blood return. Fibrin sheath
formation is a closely related phenomenon that gener-
ates a partial ball-valve effect. Thrombotic occlu-
sion is usually managed with the administration of a
thrombolytic agent, after exclusion of other causes
of CVC dysfunction. Thrombolysis is considered a
safe and simple procedure capable of restoring the
CVC patency and avoiding unnecessary line replace-
ment. Several different thrombolytic agents have
been studied, urokinase being the most widely used.
A recent meta-analysis reviewed the existing literature
on the interventions to obstructive events in long-
term CVCs in patients with cancer; the most common
agents used were urokinase and alteplase. The overall
restoration frequency was 84%; the drugs analysed,
with their respective restoration frequencies, consisted
of urokinase (84%), alteplase (92%) and tenecteplase
(849).* The ASCO guidelines currently recommend
the instillation of 2 mg of tissue plasminogen activator
for the management of catheter-related occlusions.*’

CONCLUSION
CRT is a moderately common clinical scenario in the
oncological patient bearing a CVC. Although some
devices are associated with greater risk, these patients
harbour the risk of thrombosis regardless of the type of
device used. Several factors relating both to technical
aspects, patient and pathological characteristics may
predispose to its occurrence; but until more studies
on the subject are executed, their role and impact will
remain unclear. Figure 1 depicts the most important
risk factors found in association with CRT.

What this study adds

Despite its frequency, the optimal management
strategy when facing this complication is still undeter-
mined. A summary of the possible treatment strategies
is provided in figure 2. It is not clear whether throm-
boprophylaxis is effective and/or required for CRT
prevention. The existing evidence seems to suggest
the best alternative for treatment in most cases is anti-
coagulation without CVC removal as long as the line
is functional and free from infection and the benefits
of anticoagulation outweigh the risks. Regarding the
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choice of anticoagulant, most seem to favour LMWH
but the evidence about which agent to use is incon-
clusive. More research on the efficacy and safety of
LMWH, VKA and direct oral anticoagulant, as well as
studies comparing these drugs, is required in order to
make an evidence-based decision.
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