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Clinical Vignette 1
A 54-year-old man presents to the emer-
gency department with a 3-day history of
right upper extremity tenderness and swell-
ing. Seven days ago, a peripherally inserted
central catheter (PICC) was placed for 3
weeks of intravenous antibiotic therapy to
treat methicillin-resistant Staphylococcus
aureus osteomyelitis that developed after
open reduction and internal fixation of a
left femur fracture. He denies shortness of
breath, chest pain, and fever. Physical
examination is remarkable for right upper
extremity edema, tenderness, warmth, and
erythema around the PICC site.

The first-year emergency department
resident suspected upper extremity deep
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vein thrombosis and performed a bedside

ultrasound, which showed absence of color

flow and compressibility in the right axillary
and subclavian veins adjacent to the PICC.

What is the best next step?

1. Remove the PICC.

2. Admit the patient, start anticoagulation,
continue antibiotics, and continue to use
the PICC.

3. Send the patient home on current antibi-
otics, and recommend arm elevation
with warm compresses and anti-inflam-
matory/analgesic gel topically.

4. Admit the patient, start anticoagulation,
continue antibiotics, and remove the
PICC.

Catheter-Related Thrombosis
Introduction

Venous thromboembolism (VTE) related to central
venous catheters (CVCs) and devices is a com-
mon complication encountered in clinical prac-
tice that can lead to significant morbidity and
mortality (Joffe et al. 2004; van Rooden, Molhoek
2004). Catheter-related thrombosis (CRT) is asso-
ciated with increased risk of pulmonary embolism
(PE), catheter-related infection, post-thrombotic
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syndrome, and difficulty obtaining later vascular
access (van Rooden, Molhoek et al. 2004;
Baskin et al. 2009; Elman and Kahn 2006;
Owens et al. 2010).

Epidemiology

The incidence of CRT varies depending on the
type of catheter and its site of insertion, technical
issues at insertion, diagnostic test used, and patient
population (Acedo Sanchez et al. 2007). Up to a
third of patients with indwelling catheters develop
symptomatic CRT (Agnelli and Verso 2006;
Camara 2001; van Rooden, Rosendaal et al. 2004;
Verso and Agnelli 2003). Approximately 15 % of
patients in medical intensive care units diagnosed
with any DVT have catheter-related UEDVT
(Hirsch et al. 1995). Of patients with cancer and
CVC followed prospectively for up to a year,
4.3 % developed symptomatic CRT, with throm-
bosis diagnosed on average within 30 days after
catheter insertion (Lee et al. 2006).

Inherited defects of coagulation factors may
play arole in the development of CRT. In one study
of more than 250 hospitalized patients with CVCs
who were followed prospectively with Doppler
ultrasound examinations, 30 % developed CRT.
The presence of the factor V Leiden or prothrom-
bin gene mutations was a risk factor for CRT, with
arelative risk of 2.7 (95 % confidence interval 1.9—
3.8) (van Rooden, Rosendaal et al.2004).

Pathophysiology

The pathophysiology of CRT is best explained by
Virchow’s triad, which describes the three key
components of thrombus formation: endothelial
injury, circulatory stasis, and hypercoagulable
states (Fig. 13.1). First, intimal damage from
CVC insertion or malpositioning exposes tissue
factor, leading to platelet aggregation and throm-
bus formation by means of activation of the coag-
ulation cascade. Irritation from drugs infused via
the catheter may also lead to intimal damage.
Second, venous stasis occurs as a result of immo-
bilization, reduced cardiac output, and turbulent
flow secondary to displacement of the faster
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Stasis of blood flow
sImmobilization

*Reduced cardiac output
sCatheter induced displacement of
blood column

*Friction with the device surface

THROMBOSIS
Hypercoagulability

*Malignancy. Endothelial injury
*Pregnancy sCatheter insertion
*Infection *Drug infusion

Fig. 13.1 Virchow’s triad

moving central blood column by an indwelling
venous catheter. Third, hypercoagulability is an
important contributor to thrombus formation.
Commonly encountered hypercoagulable states
in CRT include malignancy, pregnancy, and
infections (Verso and Agnelli 2003; Holmgren
et al. 2008; Schmidt et al. 2012).

Though fibrin sheath formation around the
catheter, with an incidence as high as 87 %, and
thrombus formation within the catheter lumen are
common, these events do not predict subsequent
development of venous thrombosis (De Cicco
et al. 1997; Kuter 2004).

Risk Factors

Patient-Related Risk Factors

Hypercoagulable states such as malignancy, in
particular lung adenocarcinomas and ovarian
tumors, and especially cancer chemotherapy,
including such drugs as thalidomide, lenalidomide,
tamoxifen, fluorouracil, anthracycline, cisplatin,
hematopoietic growth factors, and antiangiogenic
agents, are strongly associated with CRT (Agnelli
and Verso 2006; Lee et al. 2006; Kuter 2004;
Andtbacka et al. 2006; King et al. 2006; Prandoni
and Bernardi 1999). Other patient-related risk
factors include extremes of age; body mass index
greater than 28; female sex; chronic illnesses
such as lupus, inflammatory bowel disease,
stroke, and end-stage renal disease; hip and knee
replacement surgery; trauma and spinal injuries;
and prior history of venous thromboembolic dis-
ease (Joffe et al. 2004; van Rooden, Rosendaal
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et al.2004; King et al. 2006; Davidson 1999; Ong
et al. 2006; Otten et al. 2003).

As mentioned previously, the factor V Leiden
and prothrombin gene mutations are known to
predispose to UEDVT, but data are sparse for
their contribution to CRT. Nevertheless, a meta-
analysis involving 1,000 patients and examining
the association between factor V Leiden and
prothrombin gene mutations and CRT showed a
pooled odds ratio of 4.6 (95 % confidence interval
2.6-8.1) (Dentali et al. 2008).

Catheter-Related Risk Factors

Suboptimal placement of the catheter tip, diffi-
cult or traumatic catheter insertion, prior catheter
placements, PICCs, multi-lumen devices, larger
diameter of catheter, and presence of additional
vascular devices such as pacemakers may
increase the risk for CRT (Lee et al. 2006; Kuter
2004; Ascher et al. 2005; Cortelezzi et al. 2005;
Cortelezzia et al. 2003; Grove and Pevec 2000;
Male et al. 2003; Penney-Timmons and Sevedge
2004). PICCs may be particularly problematic.
In a study examining intensive care unit patients
using Doppler ultrasound and comparing CVCs
with PICCs, nearly 30 % of PICC patients devel-
oped thrombosis, while less than 10 % of CVC
patients developed thrombosis (Bonizzoli et al.
2011). In a recent systematic review of more than
5,000 cancer patients, those individuals with
PICCs were more likely to develop CRT than
those with implanted ports (Saber et al. 2011).
Although PICCs typically are smaller in diameter
than CVCs, they are longer, and they may com-
pletely fill the vein at the insertion site, leading to
stagnation of blood and potential for thrombus
formation. Underscoring this point, in more than
2,000 PICC insertions at a tertiary hospital,
double-lumen and triple-lumen PICCs were asso-
ciated with higher thrombosis rates than single-
lumen PICCs (Evans et al. 2010). In another
study examining catheters by diameter, catheters
smaller than 3 French had no thrombosis, while 6
French catheters thrombosed in 10 % of cases
(Grove and Pevec 2000).

There is an up to eightfold increase in the risk
for CRT, phlebitis, or catheter mechanical dys-
function if the catheter tip is malpositioned (Verso
and Agnelli 2003; Bona 2003; Racadio et al.
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2001). In a study of 145 patients with indwelling
catheters, those with optimally positioned catheter
tip, either in the superior vena cava or at the junc-
tion of the superior vena cava and right atrium, had
a CRT rate of just 9 %, compared with 45 % in
patients with malpositioned catheter tips (Luciani
et al. 2001). Subclavian insertion has the lowest
incidence of thrombosis compared with other
access sites (McGee and Gould 2003). Internal
jugular venous access is the most common site
of CRT, associated with a fourfold increased risk
of thrombosis compared with subclavian inser-
tion (Biffi et al. 2009; Major et al. 2008). CRT
complicates 21.5 % of cases of femoral venous
access compared with 1.9 % with subclavian
venous access (Merrer et al. 2001).

Diagnosis
Clinical Manifestations

CRT is often asymptomatic (van Rooden,
Rosendaal et al. 2004), but common clinical man-
ifestations may include pain and swelling in the
affected arm and palpable venous cords. Patients
who develop chronic venous occlusion may have
superficial venous collaterals on the chest wall
and anterior shoulder. Patients who develop pul-
monary embolism may complain of chest pain
and be short of breath and tachycardic, and those
with obstruction of the superior vena cava may
have swelling or plethora of the face, neck, trunk,
and arms, along with shortness of breath that may
be positional.

Up to 30 % of otherwise asymptomatic
patients may present with catheter malfunction,
with inability to aspirate blood from the catheter
(Baskin et al. 2009).

Diagnostic Studies

Though chest X-ray and D-dimer are quick, rela-
tively inexpensive tests, they are not specific for
diagnosing CRT. Duplex ultrasound, combining
grayscale compression and Doppler waveform
analysis, is the diagnostic test of choice.
Thrombus may appear occlusive or non-occlusive
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Fig. 13.2 In the left panel, ultrasonography shows the internal jugular vein filled with echogenic thrombus. In the right

panel, the vein walls do not coapt with compression

Fig. 13.3 Color Doppler shows partially occlusive thrombus in the internal jugular vein

on duplex ultrasound (Figs. 13.2 and 13.3).
Though venography historically has been the
gold standard for diagnosing acute venous throm-
bosis, it is an invasive procedure and thus less
preferred (Bettmann 1988; Lensing et al. 1992).
Ultrasound is sensitive and specific for the
diagnosis of UEDVT, but false-negative studies

may occur due to shadowing from the clavicle
that obscures thrombus in the subclavian vein or
presence of non-occlusive thrombus that is adher-
ent to the vein wall (Prandoni et al. 1997).

To aid in diagnosis, a clinical prediction score
has been developed among patients hospitalized
with suspicion of UEDVT. The score incorporates
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the presence of indwelling venous device, localized
pain, unilateral pitting edema, and presence or
absence of an equally likely alternative diagnosis,
assigning one point to each item. UEDVT was
objectively confirmed with ultrasound, and the
prediction score was validated among another
group of patients. A score of 2 or 3 identified high-
probability patients, with 60-74 % prevalence of
UEDVT (Constans et al. 2008).

Prevention

There are no standard guidelines for prevention
of CRT. Various non-pharmacologic measures
have been studied for the prevention of CRT.
Indwelling venous catheters should be placed in
appropriate position by experienced clinicians
with adequate technological support. Measures
to decrease intimal damage include selection of
appropriate devices (smallest diameter of cathe-
ter with fewest number of lumens), ideal sites of
access (right preferred over left, subclavian pre-
ferred over other sites), and adequate catheter
care (Biffi et al. 2009). Intermittent pneumatic
compression devices of the arms theoretically
could be beneficial but have not been adequately
studied (Berlin et al. 1999; Knight and Dawson
1976). Though earlier studies focusing primarily
on oncologic patients demonstrated that various
antithrombotic agents are effective in preventing
CRT, recent studies have shown no significant
benefit (Lee et al. 2006; Abdelkefi et al. 2004;
Bern et al. 1990; Eastman et al. 2001; Heaton
et al. 2002; Karthaus et al. 2006; Klerk et al.
2003; Magagnoli et al. 2005; Monreal and Davant
2001; Tesselaar et al. 2004). Low-dose warfarin
was shown to be effective in the prevention of
CRT primarily in oncologic patients with central
venous catheters. One mg per day of warfarin
compared with no warfarin for 90 days resulted
in lower rates of asymptomatic (9.5 % vs. 37.5 %)
and symptomatic (9.5 % vs. 32.5 %; p=0.001)
thrombosis (Bern et al. 1990). In a study on can-
cer patients undergoing chemotherapy, patients
who received anticoagulation with nadroparin or
coumarins had significantly lower rates of CRT
in chest ports (1 % vs. 33 %; OR, 34.8; 95 % CI,
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7.3—165) but not in arm ports (32 % vs. 28 %)
(Tesselaar et al. 2004). However, there was no
significant difference in patients who received
coumarins versus those who did not receive cou-
marins in a non-randomized study of patients
with melanoma or renal cell cancer (Eastman
et al. 2001). Patients with hematologic malignan-
cies and Hickman catheter had no significantly
different occurrence of CRT when they received
1 mg warfarin per day compared to the control
arm (Heaton et al. 2002).

Data for heparins are similarly mixed. In a
double-blind placebo-controlled phase III trial in
439 patients undergoing cancer chemotherapy,
Karthaus et al. reported no significant difference
between dalteparin 5,000 IU and placebo in fre-
quency of CRT (3.7 % vs. 3.4 %; p=0.88; RR,
1.0883; 95 % CI, 0.37-3.19) (Karthaus et al.
2006). In a prospective randomized controlled
trial in 128 hematology—oncology patients, those
who had continuous infusion of unfractionated
heparin of 100 U/kg daily had lower risk of CRT
than patients receiving 50 mL daily of normal
saline (1.5 % vs. 12.6 %; p=0.03) (Abdelkefi
et al. 2004). Currently available evidence is
inconclusive regarding the use of anticoagulation
for the prevention of CRT, while the role of anti-
thrombotic prophylaxis in the prevention of CRT
in non-oncologic patient populations has not
been studied to date. In the face of conflicting
data, the American College of Chest Physicians
Evidence-Based Clinical Practice Guidelines
(Guyatt et al. 2012) suggest against routine
prophylaxis with heparin, low-molecular-weight
heparin, and vitamin K antagonists.

Though the mechanism is unclear, urokinase
instillation into CVCs is effective in reducing
CRT in pediatric populations, but it has not been
adequately studied in adults (Dillon et al. 2004;
Kalmanti et al. 2002).

Treatment of CRT usually consists of antico-
agulation with or without instillation of fibrino-
lytic agent in the catheter lumen. Parenteral
anticoagulation with full-dose unfractionated
heparin, LMWH, or fondaparinux should be initi-
ated as soon as the CRT is suspected or confirmed.
Catheter removal is warranted only if there is
catheter malfunction and certain catheter-related
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infections (such as S. aureus, gram-negative bacilli,
and Candida species) or when the catheter is no
longer needed. Anticoagulation after removal is
suggested for a minimum duration of 3 months if
the DVT involves the axillary or more proximal
veins (Guyatt et al. 2012). If the catheter is not
removed, anticoagulation should be continued as
long as the CVC is in place. Once removed, anti-
coagulation is often continued another 6 weeks
to prevent new thrombosis.

Catheter malfunction due to intraluminal
thrombus can be treated by a thrombolytic instil-
lation into the catheter lumen (Dillon et al. 2004;
Kalmanti et al. 2002). Pharmacological throm-
bolysis or mechanical thrombectomy may be con-
sidered in patients who remain symptomatic
despite adequate anticoagulation (Kim et al. 2006;
Vik et al. 2009). Although SVC filter is a manage-
ment option for UEDVT in those with contraindi-
cations to anticoagulation, failed anticoagulation
with PE despite therapeutic anticoagulation, and
complications of anticoagulation, data are sparse
on the safety and efficacy of SVC filter and it is
not recommended by standard guidelines (Usoh
et al. 2009).

Complications

Complications associated with CRT include the
post-thrombotic syndrome, PE, catheter-related
infection, progression to SVC syndrome, and
loss of viable vascular access sites (van Rooden,
Rosendaal et al.2004; Verso and Agnelli 2003;
Monreal and Davant 2001). 15 to 30 % of patients
with UEDVT develop the post-thrombotic syn-
drome, including such signs and symptoms as
chronic limb edema, cyanosis, and pain, but it is
unclear how many patients with CRT go on to
develop this syndrome, as studies generally have
been too small (Kahn et al. 2005; Maki and
Ringer 1991; Prandoni et al. 2004). Several stud-
ies have shown that persistent catheter-related
bloodstream infection may be associated with
CRT or development of a fibrin sheath (van
Rooden, Molhoek et al.2004; Kuter 2004;
Chemaly et al. 2002; Da Costa et al. 2002; Mehall
et al. 2002; Ngo and Murphy 2005).
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Pulmonary embolism is less common in
UEDVT than lower extremity DVT, but the risk
is not negligible, ranging from 6 to 36 % after
UEDVT (King et al. 2006; Monreal and Davant
2001; Sticherling et al. 2001). In the prospective
RIETE registry of patients with symptomatic
venous thromboembolism, of patients presenting
with pulmonary embolism, just 9 % had UEDVT
compared with 29 % who had lower extremity
DVT (Munoz et al. 2008).

Clinical Vignette 2
A 79-year-old woman presents to the emer-
gency room with complaints of dyspnea
and bilateral arm swelling that have been
progressive over the last 6 months. Vital
signs are normal. The left arm is more
swollen than the right. Electrocardiogram
reveals paced rhythm. Chest X-ray shows
an implanted pacemaker with leads in the
right atrium and ventricle but no abnormali-
ties. Two-dimensional echocardiography
shows left ventricular ejection fraction of
30 % and right ventricular dilation and dys-
function. Doppler ultrasound of the upper
extremities shows no thrombosis in the
axillary veins and more distal veins; the
subclavian veins are not visualized. What
is the next best step?
1. Right arm cooling.
2. Start therapeutic anticoagulation.
3. Apply compression wraps and extremity
elevation.
4. Removal of pacemaker.
5. Venography.

Clotting Related to Implantable
Cardiac Devices

Pathophysiology, Epidemiology,
and Risk Factors

Venous complications related to implantable
cardiac devices include thrombosis, stenosis, and
occlusion of the central veins. In patients with
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implanted pacemakers, the incidence of device-
related venous abnormalities is high, ranging
from 20 to 60 % depending on the population
studied, though in most cases patients are asymp-
tomatic and the clinical relevance remains uncer-
tain (Antonelli et al. 1989; Crook et al. 1977,
Goto et al. 1998; Lickfett et al. 2004; Oginosawa
et al. 2002; Stoney et al. 1976).

The pathophysiology is similar to that of
CRT. A history of prior transvenous pacing
leads and left ventricular ejection fraction less
than 40 % are associated with development of
venous abnormalities such as thrombosis and
stenosis in patients with permanent pacemaker
(Da Costa et al. 2002). Dual-coil leads, prior
DVT, prior central venous catheter, use of tem-
porary wires, infection, and oral contraceptive
agents also increase the risk for cardiac device-
related thrombosis in patients with pacemaker
or implanted defibrillator (Antonelli et al. 1989;
Goto et al. 1998; Lickfett et al. 2004). The num-
ber of leads is not a consistent risk factor for
device-related thrombosis (Goto et al. 1998).
Access site, type of lead (unipolar vs. bipolar),
lead material, and lead caliber are not associ-
ated with device-related thrombosis (Lickfett
et al. 2004; Oginosawa et al. 2002; Stoney
et al. 1976).

Clinical Manifestations and
Complications

Cardiac device-related thrombosis is usually
asymptomatic. In a study looking at 105 patients
with implantable defibrillators in place for more
than 3 years, a quarter of them had some degree
of venous occlusion, but no one was symptomatic
(Lickfett et al. 2004). In a smaller study follow-
ing patients with permanent pacemaker for a year
after implantation, 23, more than a third, devel-
oped some degree of venous occlusion, but less
than 20 % of those patients were symptomatic
(Antonelli et al. 1989). When symptomatic,
patients with cardiac device-related thrombosis
may complain of nonspecific shoulder or neck
discomfort or have ipsilateral arm swelling with
cyanosis, dilated collateral cutaneous veins at the

209

shoulder or anterior chest wall, and jugular vein
distention.

As with CRT, pulmonary embolism, post-
thrombotic syndrome, and SVC syndrome may
complicate device-related thrombosis (Nishino
et al. 1997). A history of prior device-related
thrombosis may make lead revision more chal-
lenging (Spittell and Hayes 1992).

Diagnosis

Compressive ultrasonography and/or two-
dimensional echo combined with pulsed Doppler
and color flow evaluation are commonly used to
diagnose device-related venous thrombosis
(Nishino et al. 1997). Compressive ultrasonogra-
phy has limitations in diagnosing SVC and
innominate venous thrombosis due to shadowing
from the clavicle. However, combined color flow
and pulse wave Doppler had 94 % sensitivity and
100 % specificity for detecting SVC or innomi-
nate vein thrombosis compared with digital sub-
traction angiography in detecting 19 cases of
thrombosis or stenosis in a group of 53 patients
(Conte and Orzel 1986).

Spiral computed tomography venography
(CTV) and magnetic resonance venography
(MRV) are noninvasive and accurate diagnostic
tools for detecting deep venous thrombosis;
however, the presence of a pacemaker or an
implanted defibrillator is a relative contraindica-
tion for MR imaging (Spittell and Hayes 1992;
Hartnell et al. 1995; Kommareddy et al. 2002;
Tello et al. 1993). Conventional venography
remains the gold standard and may often be used
prior to vascular interventional treatment for
thrombosis and to assess the response to the
treatment (Bettmann 1988).

Management

There are no universal guidelines for the primary
prevention of implantable cardiac device-related
thrombosis because of insufficient data. One small
study found that warfarin in high-risk patients may
be beneficial in preventing device-related venous
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complications, but further study is required (Costa
et al. 2009).

Device-related venous thrombosis may be
treated with a multimodal approach, involving
anticoagulation and catheter-directed thrombo-
lytic therapy (depending on the extent of the
thrombosis and the severity of the symptoms),
followed by a minimum of 3 months of antico-
agulation, venous decompression as needed, and
balloon angioplasty with stenting for treatment of
residual stricture (Chan et al. 2002; Montgomery
et al. 1985; Spittell et al. 1990).

Anticoagulation is the cornerstone of ther-
apy in patients with symptomatic device-related
thrombosis. Thrombolytic therapy used in cases
of lower extremity venous thrombosis may
improve early patency or recanalization, but
this has not been studied for symptomatic car-
diac device-related thrombosis. Furthermore,
many patients may not be candidates for throm-
bolysis due to bleeding risk and other clinical
factors.

At times, percutaneous venoplasty may be
performed to treat venous stenosis or occlusion
and/or to facilitate pacemaker revision (Chan
et al. 2002; Montgomery et al. 1985; Spittell
et al. 1990). Surgical treatment options, though
associated with significant morbidity, exist for
the management of the lead-related thrombosis
that is not amenable to anticoagulation and endo-
vascular interventional treatment options (Barakat
et al. 2000).

Clinical Vignettes

Clinical Vignette 1 answer: 2. The patient has
catheter-related right UEDVT. He was treated
with anticoagulation for a total of 3 months, and
the PICC was initially left in place. Antibiotics
were continued, and the catheter was removed at
the completion of the antibiotic treatment.
Clinical Vignette 2 answer: 5. Venography
showed visible thrombus or obstruction in the left
subclavian vein and formation of collaterals. The
pacemaker was left in place, and the patient was
treated with anticoagulation for 3 months.

N.S. Evans et al.
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