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Central venous access device (CVAD)-

related thrombosis (CRT) is a common

complication among patients requiring

central venous access as part of their

medical care. Complications of CRT in-

clude pulmonary embolism, recurrent

deep venous thrombosis, loss of central

venous access, and postthrombotic syn-

drome. Patient-, device-, and treatment-

related factors can influence the risk of

CRT. Despite numerous randomized

controlled trials, the clinical benefit of

pharmacologic thromboprophylaxis for

the prevention of CRT remains to be

established. Therefore, minimizing pa-

tient exposure to known risk factors is

the best available approach to prevent

CRT. Venous duplex is recommended for

the diagnosis of CRT. Anticoagulation

for at least 3 months or the duration of

the indwelling CVAD is recommended for

treatment of CRT. Thrombolysis should

be considered for patients at low risk

for bleeding who have limb-threatening

thrombosis or whose symptoms fail to

resolve with adequate anticoagulation.

CVAD removal should be consider for

patients with bacteremia, persistent symp-

toms despite anticoagulation, and if the

CVAD is no longer needed. Superior vena

cava filters should be avoided. Prospective

studies are needed to define the optimal

management of patients with or at risk for

CRT. (Blood. 2017;129(20):2727-2736)

Introduction

Central venous access devices (CVADs) are essential to the care
of many patients. CVADs facilitate the delivery of medications
and blood products and provide venous access for hemodialysis,
apheresis, and laboratory blood draws. CVADs can be inserted
directly into a central vein, tunneled through subcutaneous tissues
for more permanent access, or placed peripherally and threaded
to a central location (eg, peripherally inserted central catheters
[PICCs]). CVAD-related thrombosis (CRT) is the most common
noninfectious complication of CVAD insertion. CRT is impor-
tant because it leads to interruptions of therapy, increases the
cost of care, and can precipitate chronic venous occlusion and
loss of vascular access, postthrombotic syndrome (PTS), and,
rarely, pulmonary embolism (PE). There are limited randomized
controlled trials (RCTs) focused on the management of CRT so
most recommendations are based on observational studies or
extrapolation from studies of non-CVAD–related lower extremity
deep vein thrombosis (LEDVT). In this article, we highlight
3 commonly encountered case scenarios to provide insight into
the management of CRT in adults. Thrombotic complications
of hemodialysis and apheresis catheters, nonthrombotic compli-
cations of CVAD, and CRT in pediatric patients will not be
discussed.

Case 1

A 26-year-old male with a history of IV drug use is admitted for
endocarditis.APICC is inserted for IVantibiotics.Threeweeks later, he
presents with upper arm swelling and pain. On examination, his right
upper arm is swollen, red, and tender, without signs of limb ischemia.
Aduplex ultrasound confirms a right upper extremity axillary vein deep

vein thrombosis (DVT).He is startedon low–molecular-weight heparin
(LMWH).

Case 2

A 45-year-old female with stage III colon adenocarcinoma has a left
subclavianchestwall port placed for adjuvant chemotherapy.Twoweeks
after insertion, she develops swelling of the left upper armand tenderness
of the arm and neck on the side of the port. A duplex ultrasound confirms
left subclavian vein thrombosis. She is started on LMWH.

Case 3

A62-year-oldmalewith a history of chronic obstructive lung disease is
admitted to the intensive care unit (ICU) for respiratory failure due to
bilateral pneumonia. Due to hemodynamic instability, a left subclavian
vein central catheter is placed for IV access. Over a few days, he
recovers with IV antibiotics. He is extubated on hospital day 5.
On hospital day 7, he develops sudden pain and swelling of the left
arm with bluish discoloration. On physical examination, his left arm
is markedly swollen, violaceous, painful, and warm up to the axilla
with livedo reticularis throughout. Duplex ultrasound reveals a large
occlusive thrombus involving the brachial, axillary, and subclavian
veins. He is not on any antiplatelet agents. His complete blood count as
well as renal and hepatic function tests are normal. He has no current or
prior history of bleeding. He is started on IV unfractionated heparin
with no improvement.

How should these 3 patients be managed?
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Pathophysiology

CVADs predispose patients to venous thrombosis because they impact
each component of Virchow’s triad: stasis, hypercoagulability, and
endothelial injury. CVAD insertion results in local vessel wall injury,
activating the coagulation and proinflammatory cascades. Continuous
friction of CVADs against the vessel wall as well as turbulent inflow
from the catheter and the toxic effects of somemedications promote
ongoing endothelial injury and thrombus formation. In addition,
the presence of CVADs in the vessel lumen slows blood flow,
leading to stasis. Finally, the synthetic materials used to construct
CVADs likely activate coagulation as evidenced by the develop-
ment of fibrin sheaths and catheter-associated thrombus soon after
CVAD insertion.1

Thrombus can formwithin, surrounding, or at the tip of the catheter
(Figure 1). Fibrin sheaths, socklike structures that deposit on the
external surface of the catheter, begin to form within 24 hours of
insertion and can impair flow into and out of the catheter.1 Intralumi-
nal thrombus develops when blood refluxes into the catheter. These
occlusions can be partial or complete and result from insufficient
flushing, inadequate infusion rates, or frequent blood withdrawals. The
majority of fibrin sheaths and intraluminal occlusions can be lysedwith
intraluminal instillation of 2 mg of alteplase. Mural thrombus forms on
the vesselwall adjacent to theCVAD.CRT refers specifically to aDVT
that partially or completely occludes the vein in which the catheter
resides.1

Epidemiology of CRT

The concept that upper extremity DVT (UEDVT) is rare and clinically
insignificant is being revaluated. Recent studies report that the
incidence of UEDVT has more than doubled from ,2% to 4% to
10% of all newly diagnosed DVTs.1-5 The presence of CVAD is a
strong independent risk factor for UEDVT (odds ratio [OR]: 14.0; 95%
confidence interval [CI]: 5.9-33.2), and CRTs account for 50% to 90%
of all UEDVTs.2,4-6 The incidence of CRT has been estimated at 0.4 to
1.0per 10 000persons.7ThemajorityofCRToccurswithin100daysof
catheter placement.8

Risk factors for CRT

Many risk factors for CRT have been reported, but differences in study
design, patient population, use of thromboprophylaxis, and outcome
assessment have led to considerable variability in results. Risk factors
for CRT can be grouped into device-, patient-, and treatment-related
factors (Table 2).9-16 CRT risk varies by insertion site, with the femoral
vein being the highest risk site, followed by the jugular vein and then
the subclavian vein. In a multicenter RCT of 3027 adult ICU patients
and 3471 CVAD insertions, symptomatic DVT was diagnosed more
frequently with femoral vein catheters versus subclavian catheters
(15 versus 5 cases, hazard ratio [HR]: 3.4 [95%CI: 1.2-9.3]) and jugular
catheters (20 versus 9 cases, HR: 2.4 [95% CI: 1.1-5.4]) (pairwise
comparisons).17 Similar findings have been noted in some18,19 but not
all studies.20 In their patient data–level meta-analysis of 5636 subjects
with 425 CRTs, Saber et al20 found that a subclavian insertion site was
associated with a twofold increased risk of CRT compared with an
upper arm insertion site. Unlike the previous studies, the meta-analysis
by Saber et al20 focused only on studies of cancer patients that primarily
used tunneled Hickman catheters, ports, and PICCs as opposed to
nontunneled central lines. In addition, only upper extremity sites were
used in the included studies, and the median duration of insertion was
15 to 237 days compared with 5 to 11 days in the previous studies.17-20

A meta-analysis of 11 studies found that PICCs were associated
with a 2.5-fold higher risk of DVT than centrally-inserted venous
catheters.21 Implanted ports were associated with a significantly lower

Fibrin
sheath

Intraluminal
clot

Mural
thrombosis

Venous
thrombosis

Figure 1. Type of CVAD-related thrombotic occlusions. Adapted from Baskin

et al.1

Table 1. Potential risk factors for CRT

Device-related factors Patient-related factors Treatment-related factors

Multiple insertion attempts8 Malignancy Ongoing cancer therapy3,22,25

Metastatic . localized9,28 Radiation therapy to the chest9

Bolus (vs diluted) chemotherapy infusions10

Antiangiogenic agents and platinum therapy29

Catheter insertion site (femoral . jugular .

subclavian)6,11,17,20,28
Recent trauma/surgery within 30 d4,11 Erythrocyte stimulating agents28

Large catheter size to vein diameter ratio3,12 History of VTE11,20 Parenteral nutrition13

CVAD subtype (PICC . centrally inserted catheter

. implanted port)3,6,20,21
End-stage renal disease3,11,14 Surgery25

Catheter infection24 Critically ill patients21

Improper catheter position (not at atriocaval

junction)20
Systemic or catheter-related infection4,24

No. of lumens and catheter size (6 F triple-lumen;

.5 F double-lumen; .4 F single-lumen)11,22,28
Older age19

CVAD material (polyethylene or polyvinylchloride .

silicone or polyurethane)15
Immobilization within 30 d4

Previous CVAD6,28 Inherited thrombophilia16,27,28
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Table 3. Summary of recommendations by clinical guidelines on the prevention and treatment of CRT

Guideline Prevention Treatment

ACCP 201244, 201649* In outpatients with cancer and indwelling CVAD,

suggest against routine prophylaxis with LMWH

or LDUH (grade 2B) or VKAs (grade 2C).

In patients with acute UEDVT:

Recommend parenteral anticoagulation (LMWH,

fondaparinux, IV UFH, or SC UFH) over no

anticoagulation (grade 1B).

Suggest LMWH or fondaparinux over IV UFH

(grade 2C) and over SC UFH (grade 2B).

Suggest anticoagulant therapy alone over

thrombolysis (grade 2C).

If thrombolysis is administered, recommend the

same intensity and duration of anticoagulant

therapy compared with nonthrombolysis patients

(grade 1B).

Suggest that the CVAD not be removed if it is

functional and there is an ongoing need for the

catheter (grade 2C).

If CVAD is removed, 3 mo of anticoagulation is

recommended over a longer duration of therapy

in noncancer patients (grade 1B). The same

approach is suggested in cancer patients (grade 2C).

If CVAD is not removed, anticoagulation is

recommended over stopping after 3 mo of

treatment in cancer patients (grade 1C). The

same approach is suggested in noncancer

patients (grade 2C).

American Society of Clinical Oncology 201345 In cancer patients with CVADs: In cancer patients with CRT:

Routine thromboprophylaxis is not

recommended.

t-PA is recommended to restore patency and

preserve catheter function.

Routine CVAD flushing with saline is

recommended.

CVAD removal is recommended if thrombosis

does not respond to fibrinolytic therapy or if

fibrinolytic or anticoagulation therapy is

contraindicated.

Data are insufficient to recommend routine

thrombolytics to prevent catheter occlusion.

3-6 mo of anticoagulant therapy with LMWH or

LMWH followed by warfarin (INR, 2.0-3.0) is

recommended for treatment of symptomatic CRT.

European Society for Medical Oncology 201548† In cancer patients with CVADs: In cancer patients with CRT:

Routine thromboprophylaxis is not

recommended.

LMWH is preferred over VKA (grade II, A).

Prophylaxis with thrombolytic agents is not

recommended (grade I, A).

Anticoagulation treatment should be continued for the

length of time the catheter is in use (grade III, C).

Saline flushing is recommended (grade III, C). If CVAD is nonfunctional, the CVAD should be

removed after a short course (3-5 d) of

anticoagulation (grade I, A).

LMWH alone or LMWH followed by warfarin

should be used for a minimum of 3-6 mo

(grade I, C).

After treatment of CRT, prophylactic doses of

anticoagulation should be continued as long

as the CVAD remains indwelling (grade I, C).

Thrombolytic therapy is not routinely

recommended (grade I, B).

International Guideline 201346‡ In cancer patients with CVADs: In cancer patients with CRT:

Routine thromboprophylaxis is not

recommended (grade 1A).

Anticoagulation is recommended for a minimum

3 mo.

Catheters should be inserted on the right side,

in the jugular vein, with catheter tip in the

junction of the SVC and the right atrium

(grade 1A).

LMWHs are suggested but VKA can also be

used.

CVAD removal is not required if functional, well

positioned, and not infected.

Whether or not the CVAD is removed, no

standard approach in terms of duration of

anticoagulation is established (best clinical

practice).

LDUH, low-dose unfractionated heparin; SC, subcutaneous; t-PA, tissue plasminogen activator; UFH, unfractionated heparin.

*Levels of evidence and grades of recommendation adapted from the ACCP-modified GRADE approach.75

†Levels of evidence and grades of recommendation adapted from the Infectious Diseases Society of America-US Public Health Service Grading System.

‡Levels of evidence and grades of recommendations are based on the international GRADE approach.76,77

§Levels of evidence and grading of recommendations are based on the NCCN categories of evidence and consensus.47
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risk for CRT compared with PICCs (OR: 0.43 [95%CI: 0.23-0.80]).20

Larger PICCs (6 French [F] triple-lumen: 8.8%; .5 F double-lumen
2.9%; .4 F single-lumen: 0.6%) and brachial and cephalic vein
insertion sites were associated with a greater risk for symptomatic
CRT.3,22 Catheter tips dwelling above the proximal superior vena cava
(SVC) have a sevenfold higher risk of CRT comparedwith catheter tips
located closer to the right atrium.20,23An indwell timeof.2weeks also
increases the risk of CRT.24

Patient-related factors also influence CRT risk. Older age and body
mass index have been associated with increased risk, whereas sex and
ethnicity have not.19,25 Cancer and ICU patients are at increased risk
as are patients with CVAD-related infections.21,25,26 The presence
of inherited thrombophilia as well as a personal history of venous
thromboembolism (VTE) increase the risk of CRT.3,20,21,27 Treatment-
related risk factors for CRT include chemotherapy and surgery,
whereas therapeutic anticoagulation reduces the risk of thrombosis
(relative risk [RR]: 0.47; 95% CI: 0.23-0.99).3,19,22,25

Prevention of CRT

Prevention practices should target patient-, treatment-, and device-
related risk factors for CRT (Table 1). For example, clinicians should
use the smallest caliber catheter possible, ensure proper catheter
tip location, and remove CVADs when they are no longer needed.
Measures to prevent catheter-related infections can reduce CRT risk.
Although flushing or locking catheters with heparin or saline has
been standard practice for years, data demonstrating the effectiveness
of these practices is lacking.28 Anticoagulant thromboprophylaxis
to prevent CRT has been the subject of multiple clinical trials
(Table 2).30-42 Early studies suggested that fixed low-dose warfarin
(1mg/d) orLMWH(dalteparin: 2500U/d)was associatedwith reduced
rates of CRT in cancer patients.30,31 However, more recent larger,
prospective RCTs have failed to confirm these benefits.35-37

The WARP study, a large, open-label, multicenter RCT of CVAD
thromboprophylaxis in cancer patients found that fixed low-
dose warfarin (1 mg/d) did not reduce the rate of CRT (RR: 0.99;
95%CI: 0.57-1.72) comparedwith nowarfarin. However, dose-adjusted
warfarin (international normalized ratio [INR]: 1.5-2.0) was associated
with a significant reduction in CRT (RR: 0.38; 95% CI: 0.20-0.71)
compared with fixed-dose warfarin, albeit at the cost of a trend
toward increased major bleeding (3.4% vs 1.5%; OR: 2.28;

95% CI: 0.95-5.48; P5 .09).40 Randomized controlled trials compar-
ing LMWH with placebo have not demonstrated any benefit of
thromboprophylaxis.36,38,39 A meta-analysis of CVAD thrombopro-
phylaxis in cancer patients noted a reduction in symptomatic DVT
with heparin and a reduction in asymptomatic DVT with vitamin K
antagonists (VKAs), but no impact on infections, bleeding, ormortality,
with low to moderate quality of evidence due to heterogeneous patient
populations and low event rates.43 Therefore, current evidence-based
guidelines do not recommend routine thromboprophylaxis for cancer or
noncancer patients with CVADs (Table 3).44-48 In our practice, we do
not routinely use thromboprophylaxis in cancer patients with CVADs
beyond standard catheter care, including the use of heparin or saline
flushes.

Presentation

The majority of CRT patients are asymptomatic or present with
CVAD dysfunction (inability to infuse or aspirate from the
catheter) or fever from a CVAD-associated infection. Symptomatic
CRT occurs in 1% to 5% of patients and typically presents with
discomfort, edema, or discoloration at the catheter insertion site or
in the ipsilateral upper extremity. Venous collaterals may be visible
in the neck, arm, or chest. Septic thrombophlebitis can herald
progression to CRT. Therefore, clinicians should examine the
catheter entry site for signs of CVAD-related infection. CVADs are
the most common nonmalignant cause of SVC syndrome, so facial
or neck swelling, plethora, pain, headaches, or head fullness should
prompt investigation for CRT.1,28

Diagnosis

Clinical diagnosis of CRT is unreliable.50 To standardize and opti-
mize the clinical evaluation, Constans et al51 developed a clinical
prediction rule to assess the pretest probability of UEDVT. The
Constans clinical decision score uses a combination of 4 factors that
were found to be associated with the risk of UEDVT. The presence
of an IV device (pacemaker or central venous catheter) (1 point),
localized pain (1 point), unilateral edema (1 point), or an alternative
plausible cause for symptoms (–1 point) is used to calculate the

Table 3. (continued)

Guideline Prevention Treatment

National Comprehensive Cancer Network

201347§

In cancer patients with CVADs: In cancer patients with CRT:

Routine thromboprophylaxis is not

recommended (grade 2A).

Anticoagulation is recommended for as long as

the CVAD remains indwelling.

If the CVAD is removed, at least 3 mo of

anticoagulation is recommended.

Consider CVAD removal if symptoms persist, if

the CVAD is nonfunctional, or if it is no longer

necessary.

Consider catheter-directed thrombolysis in

select cases.

LDUH, low-dose unfractionated heparin; SC, subcutaneous; t-PA, tissue plasminogen activator; UFH, unfractionated heparin.

*Levels of evidence and grades of recommendation adapted from the ACCP-modified GRADE approach.75

†Levels of evidence and grades of recommendation adapted from the Infectious Diseases Society of America-US Public Health Service Grading System.

‡Levels of evidence and grades of recommendations are based on the international GRADE approach.76,77

§Levels of evidence and grading of recommendations are based on the NCCN categories of evidence and consensus.47
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Constans score. In a prospectivemanagement study of 406 patients,
an unlikely Constans clinical decision score (0-1 point) in con-
junction with a negative D-dimer was associated with a failure
rate of 0% at 3 months follow-up (95% CI: 0.0%-4.2%).52 If these
results are confirmed, this algorithm may become the standard
diagnostic approach to UEDVT.

Although the reference standard for diagnosis ofUEDVT is contrast
venography, venous duplex ultrasonography remains the first-line
diagnostic test for CRT. A systematic review of 793 patients from
17 studies with UEDVT reported a sensitivity and specificity of 97%
and 96% for compression ultrasound, 84% and 94% for Doppler
ultrasound, and 91% and 93% for duplex ultrasound, although the
studies were small and heterogeneous.53 Because the thoracic cavity
and clavicle interfere with Doppler flow assessment and compres-
sion of the brachiocephalic and subclavian veins and the SVC
(Figure 2), computed tomographic venography should be consid-
ered in patients with a negative ultrasound and high clinical
suspicion of UEDVT. In patients with suspected UEDVT, the
American College of Chest Physicians (ACCP) guideline recom-
mends duplex ultrasound over other initial tests, including highly
sensitive D-dimer or venography (grade 2C). If the ultrasound is
negative and clinical suspicion remains high, additional testing
withD-dimer, serial duplex ultrasound, or venography is advocated
(grade 2C).54

Treatment

The rationale for treatment of CRT is to reduce symptoms, preserve
catheter function, minimize progressive/recurrent thromboembolism,
and prevent PTS. Treatment strategies include catheter removal,
anticoagulation, catheter-directed pharmacomechanical thrombolysis/
thrombectomy, or surgical thrombectomy. Given the lack of level 1
data, recommendations are largely based on the results of LEDVT/PE
treatment trials.

Anticoagulation

The preferred treatment of CRT is anticoagulation without CVAD
removal. In a prospective, multicenter cohort study of 74 cancer
patients, Kovacs et al55 found that dalteparin/warfarin without
CVAD removal was associated with no recurrence or extension of
UEDVT and 3 major bleeding episodes (4%). In a retrospective
cohort of 89 cancer patients treated with 1 month of full-dose LMWH
(eg, dalteparin: 200 U/kg per day) followed by intermediate-dose
LMWH (eg, dalteparin: 150 U/kg per day), Delluc et al56 reported no
recurrent DVT/PE and 2 major bleeds (3.7/100 patient-years [95%
CI: 20.1 to 9.0]) during a median duration of anticoagulation of
124 days (range: 40-1849 days). In an analysis of CRT patients from
the RIETE (Registro Informatizado de Enfermedad TromboEmbólica
[Computerized Registry of Patients with Venous Thromboembolism])
registry, the incidence of recurrent DVT/PE and major bleeding was
7.0 per 100 patient-years and 8.9 per 100 patient-years, respectively.
The incidence of fatal PE (1.85/100 patient-years) and bleeding
(2.32/100patient years)were similar.A treatment durationof.90days
was associated with a 77% lower RR for recurrent DVT/PE.57 In a
systematic review of CRT, 7% experienced recurrent UEDVT or
LEDVT and 2.8% suffered a PE. Major hemorrhage occurred in
4.9% of patients.29

The results of these studies and RCTs of LEDVT and/or PE
treatment serve as the evidence basis for the recommendations of
5 major evidence-based guidelines (Table 3). In general, the guidelines
recommend initial anticoagulation for CRT involving proximal upper
extremity deep veins (eg, axillary, subclavian, etc) rather than CVAD
removal unless anticoagulation is contraindicated. Thromboembolic
complications associated with DVTs distal to the axillary vein (eg,
brachial vein) are less frequent. However, in the event that a CRT
involving a distal arm vein is diagnosed and theCVAD is not removed,
we would strongly consider using at least prophylactic doses of
anticoagulation to prevent thrombus progression. If the CVAD is
removed,wewould favor clinical surveillancewithout anticoagulation.

LMWHis thepreferredagent forCRTincancerpatients. If symptoms
fail to improve or if there is a catheter-associated infection, then CVAD

Table 4. Authors’ recommendations for management of CRT

Prevention Diagnosis Treatment

Place CVAD in subclavian . jugular . femoral

insertion site.

Ultrasound to confirm suspected thrombosis. Anticoagulation for 3 mo or until CVAD removed

(whichever is longer).

Place port . Hickman . PICC. No ultrasound surveillance. Thrombolysis for limb-threatening CRT or severe

symptoms and failure to respond to AC.

Place smallest caliber catheter necessary. CT (or MRI) venography to confirm suspected

thrombosis in patients with negative venous

ultrasound.

CVAD removal if AC contraindicated or infected or

no longer needed (add AC if contraindication

resolves).

Place catheter tip at SVC-RA junction. Avoid SVC filter use.

Do not use anticoagulant thromboprophylaxis. Graduated compression garment for symptomatic

upper extremity PTS but not PTS prevention.

AC, anticoagulation; CT, computed tomographic; MRI, magnetic resonance imaging; RA, right atrium.

Brachiocephalic v.
IJV

Subclavian v.

Axillary v.

Cephalic v.

Brachial vv.

Basilic v.

Teres major m.

Pectoralis minor m.

Figure 2. Schematic drawing of the venous anatomy of the upper extremity. IJV,

internal jugular vein; m, muscle; v., vein; vv., veins. Adapted from Rumack et al.74
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removal shouldbeconsidered.Theguidelines recommendaminimumof
3 months of anticoagulation for CRT over shorter or longer durations,
regardless of CVAD removal. If the CVAD is not removed, then
anticoagulation should continue as long as the CVAD remains in place,
rather thanstoppingat3monthsof treatment.45-49Themost recentupdate
of the ACCP guidelines in 2016 gave a grade 2B recommendation for
dabigatran, rivaroxaban, apixaban, and edoxaban over VKA therapy
based on the greater convenience and accumulating evidence that direct
oral anticoagulant (DOACs) have similar efficacy in noncancer patients
and an improved adverse event profile, particularly less intracranial
bleeding.Fornoncancerpatientswhoarenot treatedwithaDOAC,VKA
therapy is still recommended overLMWH(Grade 2C).49Although there
are no published studies of DOACs in the treatment of CRT, we believe
the results of large, prospective RCTs of DOACs in the treatment of
LEDVT with or without PE support their consideration in the acute and
long term treatment of non-cancer patients with CRT.58-62

One challenging scenario is anticoagulation in a patient with VTE
and severe thrombocytopenia (,50 000 per mL). A recent abstract
presented at the 2016 American Society of Hematology meeting
retrospectively evaluated 3 anticoagulation strategies in such patients:
(1) therapeutic dose anticoagulation with platelet transfusions to
maintain a platelet count of .40 000 to 50 000 per mL, (2) no anti-
coagulation, and (3) reduced or prophylactic dose anticoagulation. At
100 days, clinically significant bleeding and recurrent VTE occurred in
27% and 2% of patients receiving any anticoagulation, respectively, vs
3% and 15% when anticoagulation was withheld, respectively. Eight-
five percent of bleeding events occurred before day 30, and 83% of
recurrentVTEswere diagnosed after day 40. Themedian platelet count
proximate to the bleeding event was 38 000 per mL. The authors
concluded that the risk of bleeding outweighed the risk of recurrent
VTE in the short term, whereas the risk of VTE exceeded the risk of
bleeding at later time points.63 Although these data warrant replication,
we believe clinicians should consider dynamic risk-adapted anti-
coagulation strategies when treating CRT in patients with significant
thrombocytopenia.Because the riskofPE is lesswithUEDVT,we favor
holding anticoagulation or using only prophylactic dose anticoagulation
until the platelet count recovers to .50 000 per mL.63 A risk-adjusted
approach is supported by the guidance document from the International
Society of Thrombosis and Haemostasis.64

Catheter removal

For CRT patients that no longer need central venous access, the 2016
ACCP guidelines recommend CVAD removal.49 No specific recom-
mendation is provided regarding the duration of anticoagulation prior
to removal to minimize the risk of embolization. Reasons to remove
the catheter include concomitant CVAD-related infection, failure
of symptoms to resolve with anticoagulation alone, or no need for
continued vascular access. Although there are no data to provide
guidance, we believe an initial period of anticoagulation (at least
7 days if possible) prior to CVAD removal is preferred to prevent
thromboembolism and should be considered on a case-by-case basis
based on the location and size of the thrombus burden, the risk
for embolization and related complications upon CVAD removal, as
well as the risk of bleeding with anticoagulation and the potential
complications resulting from delayed removal (ie, CVAD-associated
sepsis).65 Guidelines recommend at least 3 months of anticoagulation
after CVAD removal.45-49

SVC filters

In patients with contraindications to anticoagulation, some have re-
commended insertion of a SVCfilter. At present, no vena cavafilter has

been specifically approved for deployment in the SVC. When used,
an SVC filter is placed at the junction of the left and right bra-
chiocephalic veins. A systematic review of 209 patients with UEDVT
and SVC filter insertion revealed a 3.8% risk of major complications,
includingSVCperforation, cardiac tamponade,SVC thrombosis, aortic
perforation, and pneumothorax.66 The relative infrequency of PE and
fatal PE associated with UEDVT and the morbidity and mortality
associated with SVC filters indicate that filters should not be used for
CRT except in the most extreme circumstances. In this setting, we
would favor CVAD removal. In patients with acute proximal lower
extremity CRT and an absolute contraindication to anticoagulation, an
inferior vena cava filter can be considered.

Thrombolysis

Catheter-directed thrombolysis (CDT) with or without the use of
percutaneous mechanical thrombectomy devices (PMT) is generally
considered only in patients with limb-threatening CRT or in the
presence of severe persistent symptoms despite anticoagulation.
Support for the efficacy of CDTwith or without PMT comes primarily
from studies of extensive LEDVT. In patients with acute LEDVT,
successful lysis of thrombus can be achieved in 80% to 90% subjects
with CDT.67 In the multicenter RCT CAVENT study, CDT was as-
sociated with a 28% absolute risk reduction of PTS compared with anti-
coagulation alone, although it is important to note that 5-year follow-up
data were available for only 84% of the original study population.68 In
a retrospective cohort of 30 patients with acute UEDVT treated with
CDT, Vik et al69 achieved .90% clot lysis in 20 patients (67%) and
.50% clot lysis in 29 patients (97%). No PE occurred, and major
bleeding occurred in 3 (10%) patients.69 In a retrospective series of
68 patients with UEDVT (33 associated with CVAD), Maleux et al70

reported .90% clot lysis in 62 patients (91%) and major bleeding in
1 patient (fatal intracranial bleed) with metastatic cancer. Schindler et al
used a regional infusion of urokinase (75-150 000 U/h for 24-96 hours)
to treat 18 patientswhodevelopedCRT.Eight patients (44%) developed
complete resolution of symptoms, and9 patients (50%) achieved$50%
clot lysis.Onepatient (5.6%) developed amajor gastrointestinal bleed.71

These data suggest that CDT with or without PMT can be
considered in carefully selected patients. The 2016 ACCP guidelines
recommend anticoagulant therapy alone over thrombolysis in patients
with acute UEDVT that involves the axillary or more proximal veins
(grade 2C). They suggest that thrombolysis be considered only in
patients who meet all the following criteria: severe symptoms, extent
of thrombus from subclavian to axillary vein, symptoms ,14 days,
good performance status, life expectancy $1 year, and low risk for
bleeding.49 Risk factors for bleeding include recent or active bleeding,
recent major surgery/trauma, hepatic dysfunction, thrombocytopenia,
a bleeding disorder, cardiopulmonary resuscitation, and lesions in
organs at high risk for life-threatening bleeding (eg, brain metastasis).
In selecting patients for CDT with or without PMT, careful attention
must be paid to the risk/benefit profile of each patient.72 The timing of
thrombolysis should be determined on a case-by-case basis, weighing
the severity and extent of the patient’s clot and their risk of bleeding.
The duration and intensity of anticoagulation for CRT remain the same
regardless of whether CDT is undertaken or not (grade 1B).49

Complications of CRT

CRT is associated with a number of clinically relevant complica-
tions, including catheter dysfunction, recurrent DVT, PE, PTS, and
anticoagulation-associated bleeding. In the RIETE registry, the rate
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of recurrent (upper extremity and lower extremity) DVT during
and after therapy was 2.83 and 2.88 per 100 patient years, respec-
tively.57 An important long-term consequence of recurrent CRT
is the loss of central venous access, which can have significant
implications for patient management and outcomes. Although PE is
4.6-fold more common with LEDVT than UEDVT, the frequency of
symptomatic PE associated with UEDVT was 5.4% in 1 meta-
analysis.66 Among 558 patients with CRT in the RIETE registry,
45 cases (8.1%) were associated with initial symptomatic PE, including
1 fatal PE.57

Risk factors for recurrent DVT/PE among patients with CRT in the
RIETE registry included PE at presentation (HR: 2.41 [90% CI: 0.98-
5.94]) and a creatinine clearance ,60 mL/min (HR: 3.93 [90% CI:
2.00-7.70]). Age .65 years (HR: 0.23 [90% CI: 0.10-0.54]) and a
duration of anticoagulation.90 days (HR: 0.23 [90% CI: 0.10-0.56])
were associated with a reduced risk of recurrent VTE, whereas the
presence of transient risk factors was associated with a reduced risk
of recurrent DVT (HR: 0.07 [90% CI: 0.01-0.45]). Most recurrent
thrombotic events occurred within the first 2 months of therapy. After
completion of anticoagulation, recurrent DVT/PE occurred at a rate of
1.4% to 1.8% per year.57

CRT is also complicated by PTS. A 2006 meta-analysis found that
the weighted mean frequency of PTS after UEDVT was 15% (range:
7% to 46%). Risk factors for PTS after UEDVT include residual
thrombosis onultrasound (HR:4.0 [95%CI: 1.1-15.0]) and involvement
of the axillary and subclavian veins (HR: 2.9 [95%CI: 0.8-10.7]). CRT
may be associated with a lower risk of PTS compared with other
UEDVT.73 The 2016 ACCP guideline does not recommend the use
of graduated compression stockings, sleeves, or bandages for
patients with acute symptomatic UEDVT. However, in light of the
limited data on the utility of these measures in patients with
UEDVT, clinicians may consider these strategies in select patients
in whom their benefits are judged to exceed their harms and costs
(grade 2C).49

Cases revisited

Case 1

This patient’s right upper extremity swelling begins to decrease with
initiation of LMWH. He needs a PICC for 3 more weeks to complete
his course of antibiotics, so his CVAD is left in place. For long-term
anticoagulation, he is switched to a DOAC. After completion of his
antibiotics, his PICC is removed, and his DOAC is continued to
complete a 3-month treatment course. His upper extremity swelling
completely resolves.

Case 2

This patient suffered a provoked left subclavian vein DVT due to her
CVAD, her stage III colon cancer, and chemotherapy. She has an
ongoing need for central venous access. Therefore, anticoagulation
alone is initiated. LMWH is the preferred agent for her malignancy-

associatedVTE.Because shewill continue to receive chemotherapy for
at least 6moremonths, her course of anticoagulationwill continue until
her CVAD is removed, and not for just 3 months.

Case 3

A diagnosis of phlegmasia cerulea dolens is made based on physical
examfindings and confirmationof a large clot burdenbyultrasound.To
prevent potentially irreversible venous gangrene and subsequent limb
loss, CDT is initiated. This patient fulfills criteria for thrombolysis,
including large proximal upper extremity thrombosis, preserved
hepatic and renal function, low risk for bleeding, and diagnosis within
#14 days of symptom onset. After 24 hours of thrombolysis, his arm
swelling is markedly improved. CDT is discontinued, and he is
switched to LMWH. His CVAD is removed. He recovers from his
pneumonia and isdischargedon aDOAC to complete a 3-monthcourse
of therapy. He wears a graduated compression garment to manage
symptoms from residual upper extremity swelling.

In conclusion, CRT is an increasingly common cause of venous
thromboembolism. To reduce the risk of CRT, clinicians should use
CVADs only when necessary and minimize patient exposure to
known risk factors for thrombosis. Currently, there is no indication
for routine anticoagulant thromboprophylaxis in patients with
CVADs. Ultrasound remains the preferred imaging study for
objective confirmation of CRT. Computed tomographic venography
should be considered in patients with negative ultrasound studies in
whomclinical suspicion ofCRT remains high.Anticoagulationwithout
CVAD removal remains the preferred approach to treatment. CVAD
removal is appropriate when symptoms fail to resolve with anti-
coagulation or when the device is no longer needed or catheter-
related bacteremia is present. Thrombolysis should be reserved
for patients at low risk for bleeding who have extensive limb-
threatening thrombosis or persistence of severe symptoms despite a
trial of anticoagulation. SVC filters are likely associated with more
complications than benefits and thus are not recommended. Our
approach to the management of CVAD-related thrombosis is
outlined in Table 4.
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