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KEY POINTS

� Venous thromboembolic disease and its complications are a significant cause of
morbidity and mortality.

� Clinical diagnosis is challenging, and providers should utilize risk assessment tools to aid
in determining which patients should undergo additional imaging studies.

� The vast majority of patients with venous thromboembolism can be treated with standard
therapy.

� Operative intervention should be considered in all patients with ileofemoral thrombosis
who have symptoms lasting less than 14 days, low bleeding risk, and adequate life expec-
tancy.
INTRODUCTION

Venous thromboembolic (VTE) disease is a significant cause of morbidity andmortality
worldwide. Annual incidence of VTE is estimated to be as high as 1 million cases per
year in the United States alone,1 and with the increase in the elderly and obese pop-
ulations, this number is expected to rise.2 Traditionally, VTE has been treated with sys-
temic anticoagulation, with the primary goals of preventing propagation of thrombus,
development of pulmonary embolism (PE), and recurrence of VTE. However, the late
manifestations of VTE, notably post-thrombotic syndrome (PTS), are being increas-
ingly recognized. Subsequently, the management of VTE in preventing its long-term
sequelae is being scrutinized. Much data exist that demonstrate the ineffectiveness
of conventional anticoagulation in preventing such sequelae. As such, there has
been an effort to evaluate the use of catheter-directed thrombolysis and reintroduce
surgical thrombectomy for the treatment of VTE.
Simply put, thrombus develops as a result of stasis, endothelial injury, and an imbal-

ance between the coagulation and fibrinolytic systems, collectively known as Virchow
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triad.3 Emerging data have demonstrated that the development of VTE is much more
complex; however, the exact mechanisms are far beyond the scope of this article.
Despite this complexity, it should be recognized that the vast majority of VTE is pre-
ventable, and early recognition is essential for good patient outcomes.
PTS is a common finding following VTE; the incidence of PTS is as high as 50% in

patients with ileofemoral deep vein thrombosis (DVT) who are treated with anticoagu-
lation alone.2,4,5 Risk factors for the development of PTS are proximal vein involve-
ment, thrombus extent, history of ipsilateral thrombosis, obesity, advanced age,
and female sex.3,6,7 PTS develops in part as a result of thrombotic damage to venous
valves causing valvular incompetency or reflux. The combination of reflux coupled
with possible residual thrombotic obstruction causes venous hypertension in the
limb, leading to symptoms of PTS. This is manifested as chronic pain in the form of
aching, swelling, fatigue, and paresthesias. Additionally, skin changes can result in
chronic dermatitis or at its most severe, ulceration.1,2,5 Patients with PTS have been
found to demonstrate quality of life measures as low as those with other chronic dis-
eases such as diabetes or congestive heart failure.1,2,4,5 In addition to the adverse
effects on quality of life, the burden on health care costs as a result of PTS is substan-
tial. In the United States alone, it is estimated that annual cost of VTE diagnosis and
treatment may exceed $3.2 to $15.5 billion, and this does not include the cost of its
complications such as PTS or that of society.8,9

CLINICAL PRESENTATION

Clinical diagnosis of VTE is incredibly challenging due to the lack of sensitive or
specific physical examination findings; only half of patients present with the classic
findings of pain, swelling, and tenderness.10,11 In fact, the most current American Col-
lege of Chest Physicians evidence-based clinical practice guidelines (CHEST guide-
lines) argue for the use of objective testing for DVT given the unreliability of clinical
assessment as well as the consequences of missed diagnosis.12 Nonetheless, a
comprehensive history and physical examination are critical in the initial evaluation
of a patient with suspected VTE. Additionally, risk factors can be identified at this
time, which may aid in determining which patients should be evaluated further. Known
risk factors of VTE include advanced age, malignancy, history of VTE, pregnancy,
obesity, tobacco use, and acute medical illness or surgery (Fig. 1).13–15

DIAGNOSTIC PROCEDURES

An essential tool in predicting the pretest probability of VTE is the Wells model, which
stratifies patients as having low, moderate or high probability of DVT based on signs
and symptoms as well as risk factors (see Fig. 1).10,12,16 The prevalence rates of
having DVT within each group are 5% (95% confidence interval [CI], 4%–8%), 17%
(95% CI, 13%–23%), and 53% (95% CI, 44%–61%), respectively based on validation
(see Fig. 1).12,16,17

Using a D-dimer assay as a screening tool is helpful but not always reliable in diag-
nosing DVT, as this degradation product of cross-linked fibrin is often elevated in
surgical patients as well as those with infection, atrial fibrillation, and pregnancy.12

Thus, D-dimer may be sensitive in diagnosing VTE, but it is not specific. It is worthwhile
mentioning that there are variations in D-dimer assays available, with the most sensi-
tive tests being the enzyme-linked immunosorbent assays (ELISAs) (sensitivity 94%,
95% CI, 89%–95%) and the latex semiquantitative assays (sensitivity 85%, 95% CI,
68%–93%). The whole-blood D-dimer assay is the most specific (specificity 71%,
95% CI, 57%–83%).12,18



Fig. 1. Wells clinical Prediction rule for DVT. (Adapted from Wells PS, Anderson DR, Borma-
nis J, et al. Value of assessment of pretest probability of deep-vein thrombosis in clinical
management. Lancet 1997;350(9094):1795–8; with permission.)
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Doppler ultrasonography (DUS) is typically the first and most frequently used imag-
ing modality. Although DUS is widely available, inexpensive, and noninvasive, its inter-
pretation is subject to variability within and between patients and operators.19

Diagnosis is based on the ability to visualize thrombus, noncompressibility of the
vein(s), and abnormal blood flow patterns.20,21 Mean sensitivity and specificity of
venous ultrasonography for diagnosis of symptomatic proximal DVT are 97% and
94%, respectively.22 The sensitivity and specificity of detecting distal DVT such as
tibial vein exceeds 90% in technically adequate studies.23

The authors utilize the algorithm in Fig. 2 based largely on the most recent CHEST
guidelines.12,24 Briefly, in those with suspected DVT, a D-dimer is obtained, and the
Wells Clinical Risk Score is calculated. In those patients with low clinical probability
and negative D-dimer, DVT can be excluded. In those with low clinical probability
but positive D-dimer, the authors perform duplex ultrasound. Patients who have a
moderate-to-high clinical probability of DVT, regardless of D-dimer status, should
undergo DUS evaluation. If DUS is unavailable, one should initiate systemic anticoa-
gulation if the clinical suspicion is high and the patient carries a low risk of bleeding
complications. This is because the risk of bleeding in such patients is low, while the
complications and cost of delayed diagnosis are not considered acceptable.24

If there is uncertainty in the diagnosis or extent of disease, further imaging should be
performed with computed tomography (CT) or magnetic resonance imaging (MRI). CT
and MRI both have sensitivities and specificities for detection of VTE greater than
95%, and allow for the visualization of deeper structures such as the inferior vena
cava (IVC) or pelvic veins.10,19 CT can also identify extrinsic compression but requires
the use of intravenous iodinated contrast agent and exposure to radiation. MRI has the
ability to differentiate between acute and chronic thrombus, and detects movement of
blood. However, MRI is time-consuming and expensive.10,12,19

In those found to have VTE, determining full extent of thrombus and detecting the
presence of PE are necessary, as is identifying any potential underlying etiologies.
Those who require additional laboratory testing to evaluate underlying etiologies



Fig. 2. University of Wisconsin algorithm for DUS evaluation of suspected DVT.
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include individuals younger than 50 years and those without risk factors for VTE, family
history of thromboembolic disorders, unusual thrombus location, or history of recur-
rent DVT.20,24 Laboratory studies of fibrinogen, antithrombin III, proteins C and S, fac-
tor V Leiden, prothrombin gene mutation, antiphospholipid/anticardiolipin antibody,
factor VIII levels, and homocysteine should be obtained. Hematology consultation is
recommended in those with positive laboratory findings, those with unprovoked
DVT, or those without risk factors.12

Contrast venography is considered the gold standard in the diagnosis of VTE. How-
ever, challenges in technique, interpretation, and invasive nature have helped drive the
development of noninvasive diagnostic imaging modalities.12 This technique is per-
formed by injecting contrast into the dorsal foot vein and imaging the lower extremity
venous system using fluoroscopy. This allows for visualization of a filling defect sug-
gestive, but not diagnostic, for DVT. Advantages of contrast venography are high
sensitivity and specificity, and the ability to perform therapeutic maneuvers. Disadvan-
tages to contrast venography are the expense, lack of availability in some centers, and
its limited use in patients with renal insufficiency and/or allergies to contrast agents.
Thus, contrast venography is not routinely used and is reserved for patients in
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whom other imaging modalities cannot definitively make the diagnosis, or for thera-
peutic interventions.12,19

PREVENTION

Although as many as 64% of surgical patients are at risk for developing venous throm-
boembolism, only 59% of these patients receive thromboprophylaxis.25 Individual risk
assessment for the development of venous thromboembolism for both surgical and
nonsurgical patients can be achieved by utilizing the Caprini Risk Assessment Model
(RAM), which has been validated in a large retrospective trial of general, vascular, and
urological surgery patients (Fig. 3). Based on this score, risk of VTE can be estimated,
and appropriate prophylaxis can be initiated.15,26 The most current CHEST guidelines
have made recommendations with regard to the Caprini score (Table 1).13
Fig. 3. Venous thromboembolism risk assessment. (Adapted from Caprini JA, Arcelus JI,
Reyna JJ. Effective risk stratification of surgical and nonsurgical patients for venous throm-
boembolic disease. Semin Hematol 2001;38(2 Suppl 5):12–9; with permission.)



Table 1
VTE prophylaxis in nonorthopedic surgery patients

Risk of
Symptomatic VTE

Caprini
Score

Risk of Major Bleeding Complications

Average Risk (1%) High Risk (2%)

Very low (<0.5%) 0 No specific prophylaxis

Low (1.5%) 1–2 Mechanical prophylaxis, preferably with IPC

Moderate (3%) 3–4 LDUH, LMMH, or mechanical
prophylaxis, preferably
with IPC

Mechanical prophylaxis,
preferably with IPC

High (6%) �5 LDUH or LMWH plus
mechanical prophylaxis
with ES or IPC

Mechanical prophylaxis,
preferably with IPC, until risk
of bleeding diminishes and
pharmacologic prophylaxis
can be added

High-risk cancer
surgery

�5 LDUH or LMWH plus
mechanical prophylaxis with
ES or IPC and extended
duration prophylaxis with
LMWH after discharge

Mechanical prophylaxis,
preferably with IPC, until risk
of bleeding diminishes and
pharmacologic prophylaxis
can be added

High risk, LDUH
and LMWH
contraindicated
or not available

�5 Fondaparinux or low-dose
aspirin (160 mg); mechanical
prophylaxis, preferably with
IPC; or both

Mechanical prophylaxis,
preferably with IPC, until risk
of bleeding diminishes and
pharmacologic prophylaxis
can be added

Abbreviations: ES, elastic stockings; IPC, intermittent pneumatic compression; LDUH, low-dose
unfractionated heparin; LMWH, low molecular weight heparin.

Data from Gould MK, Garcia DA, Wren SM, et al. Prevention of VTE in nonorthopedic surgical
patients: antithrombotic therapy and prevention of thrombosis, 9th edition. American College
of Chest Physicians evidence-based clinical practice guidelines. Chest 2012;141(Suppl 2):e227S–77S.
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TREATMENT
Nonoperative Therapy

Current CHEST guidelines advocate the use of anticoagulation without operative inter-
vention in patients with acute proximal DVT, superficial vein thrombosis greater than
5 cm in length, or in symptomatic or clinically significant hepatic vein thrombosis.
Removal of catheters associated with upper extremity DVT is not necessary if the
catheter is functional or needed.12

Patients with acute isolated distal (peroneal, anterior tibial, and posterior tibial veins)
DVT without severe symptomsmay bemanaged with 2 weeks of serial imaging and no
anticoagulation if the thrombus does not demonstrate extension. Approximately 15%
of symptomatic distal DVT extends proximally to the popliteal veins if untreated,
although this rarely occurs beyond the first 2 weeks.12,27–30 Those identified to be
most at risk of extension include thrombus greater than 5 cm in length or greater
than 7 mm in diameter, multiple vein involvement, no identifiable provoking factor,
history of malignancy, history of VTE, and inpatient status.12,18,28–31

Conventional treatment of venous thromboembolism consists of an initial systemic
anticoagulant such as intravenous unfractionated heparin, low molecular weight hep-
arin, or fondaparinux. This is then followed by 3 to 6 months of systemic anticoagula-
tion with an oral vitamin K antagonist (VKA) and a goal therapeutic range of 2.0 to 3.0
international normalized ratio (INR). Those requiring extended anticoagulation include
those with unprovoked and/or proximal VTE or those with malignancy, as long as they
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have a low risk of bleeding. Serial assessments are necessary to follow prolonged
anticoagulant use. Early ambulation and the use of graduated compression hose
(30–40 mm Hg) are essential.24

The unstable nature of VKA and its need for frequent monitoring have led to the
development of novel oral anticoagulants: rivaroxaban and dabigatran. Rivaroxaban
directly inhibits factor Xa, whereas dabigatran directly inhibits thrombin. Both antico-
agulants have demonstrated more predictable pharmacokinetic and pharmacody-
namic profiles and require less frequent monitoring. However, reversal of both
agents is challenging, with hemodialysis being the only effective method of removing
and thus reversing dabigatran, and prothrombin complex concentrate only recently
demonstrating potential for reversal of both.32–34 Both rivaroxaban and dabigatran
have been tested in phase 3 clinical trials that have demonstrated safety and at least
noninferiority when compared with warfarin in the treatment of VTE.35,36 Currently, the
US Food and Drug Administration has approved the use of rivaroxaban for DVT pro-
phylaxis. Dabigatran has been used off-label for thromboprophylaxis.

Operative Therapy

Evidence has suggested that reducing clot burden improves both the short- and long-
term outcomes in patients with VTE disease. Residual thrombus is associated with an
increased risk of recurrence,3,37–39 and PTS syndrome is known to develop in veins
with residual thrombus.40 Additionally, rapid thrombus clearance is correlated with
decreased valve reflux.41–43 This is thought to be a result of decreased venous hyper-
tension as well as newer thrombus being more responsive to thrombolytic therapy.
Therefore, prompt and complete removal of clot has been strongly advocated by
some groups to provide early restoration of vein patency and prevent valve dysfunc-
tion.3,5,6,44 Currently, there is no evidence to support an exact time frame for initiation
of therapy.
Although standard anticoagulation therapy achieves the goal of preventing clot

propagation, recurrence, and the development of PE, alone it has been found to be
ineffective at completely reducing clot burden. It has been argued that acute proximal
DVT requires more aggressive therapy, and because 80% of symptomatic DVTs affect
the popliteal and more proximal veins, invasive interventions are more feasible.45,46

Thus, the use of operative intervention in addition to conventional treatment has
been endorsed by many. In a systematic review and meta-analysis performed by
Casey and colleagues,5 the authors found that both thrombectomy and catheter-
directed thrombolysis (CDT) were associated with a decrease in PTS (95%CI), venous
reflux (95% CI), and obstruction (95% CI) when compared with systemic anticoagula-
tion alone.

Open thrombectomy
Poor initial outcomes, advances in endovascular interventions, and the perception
that specialized centers and/or surgeons are required have made open surgical
thrombectomy a seldom-utilized technique.1,47–49 Nonetheless, the technique should
be understood and mastered, as it can be used in conjunction with minimally invasive
techniques as well as in those with contraindications to thrombolytic therapy.
Modern open thrombectomy has been found to be effective in thrombus removal,

with up to 75% patency at 60-month follow-up. Additionally, contemporary thrombec-
tomy has been associated with very low morbidity and mortality.50 However, few re-
ports exist, and these are primarily single-center experiences with few patients. A
prospective randomized study out of Sweden published in 1997 demonstrated that
patients who underwent thrombectomy compared with standard anticoagulation
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alone trended toward less severe sequelae such as leg swelling and ulceration.51 A
retrospective review of data from the American College of Surgeons National Surgical
Quality Improvement Program (ACS NSQIP) has demonstrated that thrombectomy is
indeed infrequently utilized. However, the authors report an associated 30-day
morbidity rate of 25% and a mortality rate of 8.8%. Despite this, the authors acknowl-
edge that the patients undergoing thrombectomy versus CDT or systemic anticoagu-
lation alone are likely to have more significant comorbidities, and when CDT fails or
there are contraindications to CDT, thrombectomy remains a viable option.1

Briefly, the technique involves making a longitudinal incision over the femoral vein,
creating a venotomy, elevating and wrapping the affected limb with an Esmark
bandage, and manually compressing the limb to milk the thrombus proximally. Incom-
plete removal of thrombus can be remedied by passing a #3 or #4 Fogerty balloon
catheter into a venotomy created in the posterior tibial vein and advanced proximally.
The infrainguinal venous system of the affected limb is then perfused with recombinant
tissue plasminogen activator. Completion venography is then performed, and the
venotomies are closed with fine monofilament suture.52 Patients are then transitioned
from systemic anticoagulation to oral vitamin K antagonist for 3 to 6 months, and a
minimum of 2 years of graduated compression.

Catheter-directed thrombolysis
Systemic thrombolysis for the treatment of VTE disease has been examined in multiple
trials. A Cochrane review has demonstrated that thrombolysis (mainly systemic) has
demonstrated enhanced clot lysis and a reduction in the incidence of PTS when
compared with standard anticoagulation alone.2,53 However, the high risk of serious
bleeding complications with systemic thrombolysis was found to be unaccept-
able,2,54–56 and additional studies have demonstrated that lysis is incomplete.6,57,58

Catheter-directed thrombolysis provides localized delivery of thrombolytic agents
that is more concentrated yet provides an overall lower systemic dose. This has
been found to be a more effective method of reducing clot burden while at the
same time decreasing risk of bleeding complications such as intracranial hemorrhage
(<1%), retroperitoneal hematoma (1%), and musculoskeletal, urogenital, and gastro-
intestinal bleeds (3% combined). Success rates as defined by vein patency and pres-
ervation of valve function have been reported to be as high as 80% to 90%, with
bleeding complications of approximately 5% to 10%.59

Most bleeding complications are minor and associated with the venous access
site.52 Additional reported disadvantages to CDT include long duration of infusion
times of 1 to 3 days, its high cost, and its lack of being widely available. A small but
significant risk of PE following CDT exists,2,60,61 with some authors advocating the
use of IVC filters (IVCFs) in a select group of patients.52 Current CHEST guidelines
recommend IVCF placement only in those who have contraindications to anticoagu-
lation, and that anticoagulation should be initiated once bleeding resolves.12

The Catheter-directed Venous Thrombolysis (CaVenT) study represented 1 of the
first randomized controlled trials that demonstrated the safety and efficacy of CDT
compared with standard treatment alone in patients with acute ileofemoral DVT.
At 6-month follow-up, 64% of patients who had undergone CDT demonstrated iliofe-
moral patency by DUS and air-plethysmography versus 35.8% of patients treated with
standard anticoagulation alone. Ten of the 49 patients who underwent CDT had
bleeding complications, with major bleeding in 2 patients.62 A follow-up study at
24 months demonstrated an absolute risk reduction (14.4%) for the development of
PTS in patients treated with anticoagulation and CDT compared with anticoagulation
alone.45
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A current trial in progress, Thrombus Obliteration by Rapid Percutaneous Endo-
vascular Intervention in Deep Venous Occlusion (TORPEDO), aims to evaluate the
superiority of endovascular intervention over anticoagulation alone. Midterm results
recently published demonstrate a decrease in recurrent VTE (2.3% vs 14.8%,
P 5 .003) as well as PTS (3.4% vs 27.2%, P<.001) in patients undergoing CDT at
6-month follow-up.63,64

Finally, the acute venous thrombosis: thrombus removal with adjunctive catheter-
directed thrombolysis (ATTRACT) trial is a randomized controlled trial funded by the
National Heart Lung and Blood Institute (NHLBI)/National Institutes of Health (NIH)
currently open for enrollment. Its primary goal is determining whether the addition of
CDT as an adjunct to standard anticoagulation reduces PTS by one-third over a 2-
year follow-up period. The study will also provide information related to quality of
life and cost-effectiveness analysis. It has the potential to completely transform the
standard of care in those with acute ileofemoral DVT.65
CLINICAL PRACTICE GUIDELINES

Based in large part by the previously mentioned systematic review and meta-analysis
performed by Casey and colleagues, the Society of Vascular Surgery and the Amer-
ican Venous Forum developed practice guidelines for early thrombus removal for
acute ileofemoral DVT. Grade 1 recommendations demonstrate the highest level of
confidence that the intervention will provide more benefit than harm. Grade A recom-
mendations designate the highest level of evidence such as randomized trials. In sum-
mary, early thrombus removal is suggested in those with first acute ileofemoral DVT
with symptoms less than 14 days and low bleeding risk (Grade 2C), and those with
limb-threatening venous ischemia (Grade 1A). Percutaneous catheter-based tech-
niques are suggested for these patients (Grade 2C), and open thrombectomy for those
in whom thrombolytic therapy is contraindicated (Grade 2C).6
THE UNIVERSITY OF WISCONSIN EXPERIENCE

In the authors’ practice, if there is a high level of clinical suspicion, parenteral unfractio-
nated heparin is initiated. The authors then proceed with duplex ultrasound, and once
the diagnosis has been made, if the extent of thrombus cannot be clearly delineated,
adjunctive imaging is performed with computed tomography venogram (CTV) or mag-
netic resonance venogram (MRV). The authors advocate for early thrombus removal in
patientswith ileofemoral thrombosiswhohave: symptoms lasting less than14days,low
bleeding risk, and adequate life expectancy. Catheter-directed thrombolysis is the
authors’ first-line technique for thrombus extraction. If patients have a contraindication
to thrombolysis, the authors then elect to perform open thrombectomy. Following initi-
ation of CDT, serial and completion venographies are performed. Adjunctive proce-
dures such as ultrasound acceleration or pharmacomechanical thrombolysis are
used at the discretion of the surgeon. These procedures have been argued to further
reduce the dose of thrombolytic used as well as infusion time.12,24,66 Iliac vein stent
placement is used in those with external venous compression such as in those with
May-Thurner67 or when there is a residual venous stenosis greater than 50%. After
the procedure, patients are transitioned to oral anticoagulation with VKA. Early ambu-
lation and graduated compression stockings are also used consistently in the authors’
practice. The authors do not routinely place IVCF with the exception of thrombus that
extends into the inferior vena cava. Although current CHEST guidelines do not advo-
cate the widespread use of CDT, they do recognize that certain patient populations
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may benefit, including those with ileofemoral DVT and those who value the prevention
of PTS.

SUMMARY

Thromboembolic disease is the third most common vascular disease following coro-
nary artery disease and cerebrovascular disease,2 with 1 in 20 Americans developing
acute venous thromboembolism at some point in their lives.68 Conventional treatment
with anticoagulation alone aims to impede the progression of thrombus and prevent
recurrence and the development of PE. This is appropriate for the majority of patients.
However, in certain patient populations, this alone does not address the long-term
complications of VTE, namely PTS and skin ulcerations that bring a tremendous finan-
cial and personal burden. Surgeons should be familiar with the surgical techniques
that have been demonstrated to improve outcomes with low risk. Recent studies of
catheter-directed thrombolysis have demonstrated its safety, efficacy, and possibly
the superiority over standard treatment alone. Ongoing studies may ultimately deter-
mine the standard by which VTE disease is treated in the future.
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