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Approximately 10% of all deep vein thromboses occur in the upper extremity, and that
number is increasing due to the use of peripherally inserted central catheters. Sequelae
of upper extremity deep vein thrombosis (UEDVT) are similar to those for lower
extremity deep vein thrombosis (LEDVT) and include postthrombotic syndrome and
pulmonary embolism. In addition to systemic anticoagulation, there are multiple
interventional treatment options for UEDVT with the potential to reduce the incidence
of these sequelae. To date, there have been no randomized trials to define the optimal
management strategy for patients presenting with UEDVT, so many conclusions are
drawn from smaller, single-center studies or from LEDVT research. In this article, the
authors describe the evidence for the currently available treatment options and an

radiology

Objectives: Upon completion of this article, the reader will be
able to outline the incidence and causes of upper extremity
deep vein thrombosis (UEDVT) as well as describe the in-
dications and technique for endovascular management of
UEDVT.

Accreditation: This activity has been planned and imple-
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Credit: Tufts University School of Medicine designates this
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activity.

Over the past decade, upper extremity deep vein throm-
bosis (UEDVT) has seen an increasing prevalence and has
been recognized as a significant clinical entity with potential
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approach to a patient with acute UEDVT.

complications as severe as those of lower extremity deep vein
thrombosis (LEDVT). It is estimated that 10% of acute DVT
occurs in the upper extremities, and the incidence of UEDVT
is approximately 0.4 to 1 per 10,000 people, and approxi-
mately 6 per 10,000 hospitalized patients.'?

Complications of UEDVT mirror those of LEDVT, including
thrombophlebitis, postthrombotic syndrome (PTS), and pul-
monary embolism (PE). Rare and potentially life-threatening
phlegmasia cerulea dolens has also been reported.> A retro-
spective review of a large patient registry found that although
the incidence of PE on diagnosis of UEDVTwas lower than that
for LEDVT, the 3-month outcomes—including overall PE inci-
dence, recurrent DVT, major bleeding, and death—for both
groups of patients was similar.* A more recent study found
the incidence of PE to be as high as 15% in intensive care unit
(ICU) patients who developed symptomatic UEDVT, signifi-
cantly higher than the 8% observed incidence of PE related to
LEDVT in the same study.’ The reason for the surprising
difference is unclear, but may have been related to either a
greater propensity to anticoagulate LEDVT patients or a lesser
propensity to aggressively diagnose PE in therapeutically
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anticoagulated patients. There was no significant difference
in mortality.” Estimates on the incidence of PTS following
UEDVT vary widely, from 7 to 46%, complicated in part by
differing definitions between studies.®"® In a prospective
study of 53 patients with symptomatic UEDVT managed
with anticoagulation alone, the cumulative incidence of PTS
was 27.3% at 2 years.® The presence of residual thrombosis
was associated with the development of PTS, and thrombosis
affecting the axillary and subclavian veins showed a trend
toward association with PTS, but was not statistically
significant.®

To date, there are no prospective randomized controlled
trials to determine the optimal treatment course for patients
with UEDVT. As a result, much of the evidence driving man-
agement of this important entity is derived from single-center
and retrospective studies, or from literature related to LEDVT.
However, interventional therapies have emerged as a first-line
therapy for DVT in many institutional algorithms, as well as
some societal guidelines.? Although multiple options exist for
catheter-directed management, none have been demonstrated
to be clearly superior. Currently, the exact therapeutic
algorithm is frequently determined by operator comfort and
institutional preference, and more research is needed to clearly
define optimal management.

Classification

Traditionally, UEDVT is classified broadly as either primary or
secondary. Management is determined by both the type and
acuity of the thrombosis.

Primary UEDVT encompasses effort thrombosis, also
known as Paget-Schroetter syndrome (PSS), venous thoracic
outlet syndrome, and idiopathic cases.! PSS most commonly
occurs in otherwise healthy young individuals following
vigorous, repetitive arm motions, with a male to female
incidence of approximately 2:1.' Common examples include
weightlifting, playing tennis, pitching a baseball, or painting a
ceiling. PSS is most commonly associated with concurrent
venous thoracic outlet syndrome, an extrinsic compression of
the subclavian vein as it traverses the muscular and boney
structures of the thoracic outlet, frequently within the costo-
clavicular space.'’ Repetitive microtrauma during activity
leads to endovenous inflammation, and ultimately acute
activation of the coagulation cascade and thrombosis of the
axillary-subclavian vein. Although this is a rare entity, recog-
nition and treatment is critical as significant long-term
disability can occur in as many as 48% of patients treated
with rest and elevation alone.'?

Secondary UEDVT is significantly more common, account-
ing for approximately 80% of all cases.' Thrombosis associated
with central venous catheters, cancer, surgery, implanted
cardiac devices, or transient hypercoagulability such as preg-
nancy or oral contraceptive use are considered second-
ary.">13 Instances secondary to inherited thrombophilia
are varyingly considered primary or secondary.’-'°

To date the most frequent cause of secondary UEDVT, and
the most common cause of UEDVT altogether, is catheter-
associated thrombosis. This accounts for at least 50% of all
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cases, and the relative incidence is increasing, likely due to the
increased use of peripherally inserted central catheters
(PICCs).! In a prospective study of 332 patients screened for
DVT after placement of one of two different PICCs, the overall
rate of thrombosis was found to be 72%, and 4% of patients
were symptomatic.'* A retrospective cohort study of 76,242
hospitalized patients across 48 Michigan hospitals found that
PICC use was associated with a hazard ratio of 10.49 for
UEDVT." Other studies have found rates of symptomatic
PICC-associated DVTs between 3.5 and 12%.'®"'8 Furthermore,
in a single-center analysis of the American College of Surgeons
National Surgical Quality Improvement Program (NSQIP)
database, more than half of all postoperative DVTs were in
the upper extremity, and all but one of those were related to a
central venous catheter.'® Larger PICC diameter is also a
significant risk factor for UEDVT, as well as the ratio of PICC
diameter to vessel diameter.'*?? Patients with cancer are at
increased risk for PICC-associated DVT and DVT in general.21

Therapeutic Options

Multiple therapeutic options exist, and treatment must be
tailored to the individual patient based on the cause and severity
of the thrombosis (=Fig. 1). There are no randomized controlled
trials and few society guidelines exist that specifically address
UEDVT management, so, many recommendations are derived
from LEDVT literature.’?? Therapeutic anticoagulation under-
pins all treatment options, but catheter-directed therapies rep-
resent an increasingly important first-line option to resolve
symptoms and prevent complications.

Anticoagulation
Unless there is a contraindication, anticoagulation remains the
mainstay of treatment for both UEDVT and LEDVT. In fact,
current guidelines from the American College of Chest Physi-
cians (ACCP) recommend only anticoagulation, without cathe-
ter-directed therapy, as a first-line treatment for secondary
UEDVT.?? In addition to the lack of resources and expertise to
do CDT at most centers, these guidelines are based on the fact
that there are no large prospective randomized trials address-
ing the benefit of CDT for UEDVT. While no guidelines for
specific anticoagulation agents are made for UEDVT, current
ACCP guidelines suggest direct oral anticoagulants (rivaroxa-
ban, apixaban, or dabigatran) for LEDVT in noncancer patients
and low-molecular-weight heparin (LMWH) over warfarin in
cancer patients.””> A standard course of anticoagulation is
3 months for a first provoked LEDVT or at least 6 to 12 months
for an unprovoked LEDVT, and this course is typical for UEDVT,
although there are no separate guidelines.?"?3

The use of prophylactic anticoagulation is not routinely
recommended to prevent UEDVT in patients with central
catheters.®*223 However, a randomized phase Il trial of 420
patients found a significant reduction in catheter-related
DVT, without a significant increase in adverse events, in
cancer patients treated with low-dose LMWH or low-dose
warfarin as prophylaxis.>* The differences in the rates of
catheter-associated DVT among the control (14.8%), warfarin
(6%), and LMWH groups (10%) were statistically significant.
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Fig. 1 Management algorithm for patients with acute UEDVT diagnosed on Doppler ultrasound. DOAC, direct oral anticoagulant; LMWH, low-
molecular-weight heparin; PICC, peripherally inserted central catheter; UEDVT, upper extremity deep vein thrombosis. “Indications for removal
are catheter malfunction, improper positioning, infection, progressive symptoms, and no longer necessary catheters.

There was no significant difference in the bleeding rate
between groups.?* This issue is likely to remain controversial
until further studies are conducted, and therefore the risk of
prophylactic anticoagulation must be assessed on an individ-
ual patient basis.

Central Venous Catheter Removal

In the setting of PICC-associated DVT, removal of the catheter
is not always required. When UEDVT is discovered, the
position, function, and necessity of the PICC should be
assessed. Indications for removal include malfunctioning or
improperly positioned catheters, infection, progressive
symptoms, and situations where the catheter is no longer
necessary.?> ACCP guidelines recommend beginning systemic
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anticoagulation and keeping the PICCin place, provided that it
is necessary, functional, and properly positioned.??

Thrombolytic Agents

Catheter-directed thrombolysis (CDT) has largely replaced
systemic therapy in DVT patients where thrombolytic thera-
py is indicated. Successful thrombus resolution is achieved
with lower doses of lytic agent, and the risk of systemic
bleeding is decreased.?® A randomized controlled trial of 209
patients in 20 Norwegian hospitals with LEDVT (CaVenT
study) found that CDT and anticoagulation together resulted
inincreased venous patency and an absolute risk reduction of
PTS of 14.4% at 24 months when compared with anticoagu-
lation alone.?” However, there was no significant difference in
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health-related quality of life at the same time point, although
patients who developed PTS did report lower quality-of-life
scores than those who did not develop PTS.?® No similar
studies exist for UEDVT. Newer devices also exist applying
ultrasound to CDT. These have the theoretical potential to
accelerate clot lysis through heating, direct mechanical
effects, and acoustic cavitation.’® However, a trial of 48
patients with acute iliofemoral DVT randomized to either
ultrasound-assisted CDT or conventional CDT found no
difference in thrombus load reduction, primary venous
patency, or PTS severity between the two groups.30

Currently, thrombolytic therapy is appropriate for primary
axillo-subclavian UEDVT in patients with severe symptoms,
significant thrombus burden, recent thrombosis (symptoms
for <14 days), good functional status and life expectancy, and
low bleeding risk. CDT is recommended over systemic anti-
coagulation when the appropriate technology and expertise
is available.?? In cases where catheter-directed DVT lysis is
performed, a standard course of anticoagulation should be
continued after the procedure.22

Mechanical Thrombectomy

Percutaneous mechanical thrombectomy (PMT) can be
attempted with or without the concurrent use of thrombolytic
agents, termed pharmacomechanical catheter-directed throm-
bolysis (PCDT) when used in conjunction with thrombolysis.
Numerous devices are available for mechanical thrombectomy,
but data on their use in UEDVT are limited to retrospective and
single-institution studies.>'

A retrospective study of 28 patients with either LEDVT or
UEDVT managed at one institution using PCDT with the Trellis
device found that grade 2 or 3 lysis (>50% reduction in clot
burden) was achieved in all patients (3 patients with grade 2
and 25 patients with grade 3 lysis), and the overall patency
(primary plus secondary) was 80% at 12 months.3? Another
single-institution experience involving 31 patients found that
the use of PCDT reduced treatment duration and length of
hospital stay for patients with PSS or iliofemoral DVT.33
Despite its risks and unproven benefit, PCDT has shown
promising results in the pediatric population. In small case
series, including children younger than 24 months, one center
reported successful management of both UEDVT and LEDVT
using a multimodality approach involving CDT, PMT, and
systemic anticoagulation.34‘36

A large, phase 3, multicenter randomized trial involving
692 patients comparing the efficacy of PCDT with anticoagu-
lation versus anticoagulation alone for preventing PTS sec-
ondary to acute LEDVT (Acute Venous Thrombosis: Thrombus
Removal with Adjunctive Catheter-Directed Thrombolysis
[ATTRACT]) is scheduled for completion in 2016.37 Although
this study will focus on LEDVT, the results will likely have
significant implications for UEDVT management.

Surgical Decompression

Decompression of the thoracic outlet with resection of the
first rib remains integral to most treatment algorithms for
PSS. However, there are no randomized data available regard-
ing first-rib resection, and the timing and necessity of surgery
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remain significant controversies. A recent systematic litera-
ture review found that symptom relief at the final recorded
follow-up was significantly higher in the surgically managed
groups (95%) than in those who did not undergo first-rib
resection (63%), and that 40% of patients who initially under-
went conservative management subsequently required
surgical decompression.>® Other authors have variously sup-
ported surgery within the first 14 days, surgery after 3 months
of anticoagulation, or a conservative approach that does not
necessarily involve first-rib resection.*~*! Currently, there
are treatment algorithms including surgical decompression
during the same hospitalization as thrombolysis, a delay of
several weeks after initial thrombolysis prior to surgery, and
initial conservative management without surgery.42 Overall
consensus remains that first-rib resection is necessary, and
that it is safe to perform immediately after thrombolysis, but
the controversy is likely to persist given the lack of random-
ized data. At our institution, we prefer early first-rib resection
after thrombolysis.

Superior Vena Cava Filters

Although there is currently no indication by the Food and
Drug Administration, superior vena cava (SVC) filter place-
ment for UEDVT has been reported.? As with inferior vena
cava (IVC) filters for LEDVT, the indication for SVC filter
placement is a contraindication to anticoagulation coupled
with significant clinical concern for developing PE. Given the
shorter length of the SVC, this procedure is technically more
challenging, and may be more prone to serious complications.
Mortality and significant morbidity, including cardiac tam-
ponade, aortic perforation, and recurrent pneumothorax,
have been reported in the literature as a result of SVC filter
placement, although the overall complication rate remains
low.** There are currently no published guidelines recom-
mending clinical scenarios for SVC filter placement. Given
these concerns, without larger, prospective data to support
their use, SVC filters should be placed only in rare cases after
careful discussion of the risks with the patient, family, and
referring physician.

Procedure Technique

Patients are started on therapeutic anticoagulation, using
either unfractionated heparin or LMWH prior to the procedure.
Access is obtained distal to the thrombus using real-time
ultrasound guidance and a micropuncture set, typically via a
basilic vein approach. It cannot be emphasized enough that
real-time ultrasound guidance be used for vascular access in
any patient in whom thrombolysis is being considered. Venog-
raphy of the affected extremity and central veins is then
performed to determine the extent of the thrombus and
map the anatomy (=~Fig. 2a). A 5F sheath is then placed, and
a hydrophilic guidewire and 5F catheter are used to cross the
thrombus. In situations where the thrombus is challenging to
traverse, a chronic total occlusion catheter may be of benefit. A
multi-sidehole infusion catheter, such as the Cragg-McNamara
(Micro Therapeutics Inc., Irvine, CA) or Unifuse (Angiodynam-
ics, Latham, NY) catheter is then positioned across the
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Fig. 2 Extensive upper extremity deep vein thrombosis requiring mechanical thrombectomy and balloon angioplasty in a 31-year-old man with
axillo-subclavian thrombosis secondary to Paget-Schroetter syndrome. (a) Digital subtraction venogram showing significant thrombus in the right
axillary and subclavian veins (solid black arrows) with no appreciable contrast reaching the superior vena cava. Further examination (not shown)
demonstrated a patent superior vena cava. (b) Thrombolysis catheter placement spanning the entire extent of the thrombus (white arrows). (c)
Venogram obtained following 24 hours of thrombolytic infusion demonstrates persistent axillo-subclavian thrombosis. (d) Mechanical
thrombectomy resulted in reduction in thrombus burden, but significant residual stenosis is noted at the site of subclavian vein compression by
the first rib (black arrowhead). (e) Prolonged angioplasty was performed at the site of the stenosis (white arrowheads). (f) Residual extrinsic
compression remained (dashed black arrow), and the patient was placed on anticoagulation and then underwent first-rib resection 5 days later.

thrombus (=Fig. 2b). The length of the catheter is selected so
that the sideholes cover the entire length of the thrombus.
Infusion of the thrombolytic agent (rt-PA, alteplase) is then
performed over approximately 24 hours at a rate of 1 mg/hour
with concurrent therapeutic or half dose heparin or therapeu-
tic LMWH. The following day, a repeat venogram is performed
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to evaluate for thrombus resolution (=Fig. 2c). At our institu-
tion, nearly all cases of thrombolysis are limited to 24 hours,
except in unusual circumstances. In addition, we are increas-
ingly using therapeutic LMWH during thrombolysis instead of
unfractionated heparin as it not only provides a steady-state
level of anticoagulation during rt-PA infusion and mechanical
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thrombectomy (if needed), but it also eliminates potential
dosing errors with heparin infusion and improves nursing
efficiency. We do not routinely monitor fibrinogen levels, as
there is no prospective evidence that this practice lowers
bleeding risk.** In fact, there is evidence that fibrinogen level
can be normal or artificially high due to the accumulation of
fragment X, a fibrin degradation product.*>4®

In patients for whom CDT does not completely resolve the
thrombus, PMT or PCDT is performed (~Fig. 2d). At our
institution, the AngioJet device (Boston Scientific, Marlbor-
ough, MA) or the Arrow-Trerotola device (Teleflex, Wayne, PA)
is used in conjunction with CDT or, in some cases, as the
primary treatment modality depending on the age of the
thrombus. Angioplasty is performed for significant, flow-lim-
iting stenosis (~Fig. 2e), and stenting is not used in acute
UEDVT cases, and is contraindicated in the subclavian vein
except in unusual situations due to the high risk of stent
fracture. Following thrombectomy, patients are monitored
overnight prior to discharge. After the procedure, anticoagu-
lation with warfarin, LMWH, or a direct oral anticoagulant is
continued for a minimum of 3 to 6 months. In cases of PSS, first-
rib resection is typically performed during the same hospitali-
zation (=~Fig. 2f). Close follow-up in clinic is critical to asses for
symptoms of recurrent thrombosis, PTS, or PE. The axillary and
subclavian veins are also reassessed with Doppler ultrasonog-
raphy and/or CT venography on follow-up to monitor patency.

Conclusion

Even as an increasingly recognized clinical entity, UEDVT
remains underdiagnosed and inadequately researched. Inter-
ventional radiologists are in a unique position to both prevent
and treat UEDVT. As central venous catheters are responsible
for approximately half of all UEDVT, and larger PICC diameter
has been shown to be a risk factor for PICC-associated
DVT,'#?0 placing the smallest line appropriate for the clinical
indication can help reduce UEDVT. Furthermore, interven-
tional therapies appear to be safe and effective first-line
therapies for both primary and secondary UEDVT and have
promising potential to reduce the incidence of PTS and
improve patient’s quality of life.

Unfortunately, there have yet to be any randomized trials
conducted to optimize the management of UEDVT. As such,
the LEDVT research remains the underpinning of UEDVT
management. A recent randomized trial (CaVenT) has sup-
ported CDT over standard therapy for iliofemoral DVT, and
another (ATTRACT) would soon be published regarding PMT
for LEDVT.?”-3” Randomized trials addressing the efficacy of
these techniques for UEDVT will be necessary to improve
patient outcomes.
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