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PostthromboticSyndrome (PTS)

Michael B. Harding MD, FACC, ABVLM, ABVM, RPVI, RPhS

Disclosures

ÅAll these slides are plagiarized

ÅI have a tendency to cuss
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VTE-LǘΩǎ ŀ ōƛƎ ŘŜŀƭΗ

ÅFrequently encountered with increasing incidence1

ÅAsymptomatic-Cardiogenic Shock: Mortality elevated for decades2

ÅDemands thoughtful evaluation in both acute and chronic setting3

ÅProvoked vs Spontaneous

ÅHigh recurrence rate

ÅDuration of anticoagulation

ÅPost Thrombotic syndrome

1. Huang W, et al. Secular trends in occuranceof acute venous thromboembolism: the Worcester VTE study (1985-
2009)
Am J Med 2014; 127:829-39

2. SogaardKK, et al. 30-year mortality after venous thromboembolism: a population-based cohort study. Circulation
2014; 130:829-36

3. Kearon C, et al. Antithrombotic therapy for VTE disease: Chest guideline and expert panel report. Chest2016; 
149:315-52
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IƻƳŀƴΩǎ ǎƛƎƴ ƛǎ ŀƴ ǳƴǊŜƭƛŀōƭŜ ǇƘȅǎƛŎŀƭ ŦƛƴŘƛƴƎ ƛƴ ǘƘŜ ŘƛŀƎƴƻǎƛǎ ƻŦ 5±¢Φ Lǘ 
is both nonspecific and very insensitive. 

άLŦ ǘƘŜȅ ƘŀŘ ǘƻ ƴŀƳŜ ŀ ǎƛƎƴ ŀŦǘŜǊ ƳŜΣ ǿƘȅ ŘƛŘƴΩǘ ǘƘŜȅ ǇƛŎƪ ƻƴŜ ǘƘŀǘ ǿŀǎ 
ŀƴȅ ŘŀƳƴ ƎƻƻŘΚέ

John Homans, MD 1877-1954

Provoking Factors for VTE

ÅAdvanced age (>60 years old)

ÅObesity

ÅRecent hospitalization for medical or surgical issue (within 90 days)

ÅRecent trauma or surgery (within 90 days)

ÅPrior history of VTE

ÅMalignancy

ÅEstrogen therapy

ÅPregnancy/postpartum

ÅChronic inflammatory diseases (e.g. rheumatologic disease, inflammatory bowel disease)

ÅChronic medical conditions (e.g. heart failure, chronic kidney disease, chronic obstructive pulmonary 
disease, infection, atherosclerosis)

ÅVenous obstructive processes (e.g. May-Thurnersyndrome, thoracic outlet syndrome, tumor compression)

ÅIndwelling central venous catheter or pacemaker

ÅHeparin-induced thrombocytopenia

Thrombophilias

Thrombophilia Initial VTE Risk Recurrent VTE Risk

Antiphospholipid* antibody 2-ммȄϞ ҧҧϞ

Factor V Leiden heterozygote 3-4x -

Factor V Leiden homozygote 11x -

Prothrombin gene mutation 
heterozygote

4x -

Prothrombin gene mutation 
homozygote

7x -

Compound factor V Leiden + 
prothrombin gene mutation 
heterozygote

20x -

Antithrombin deficiency 16x 4x

Protein C deficiency 8x 3x

Protein S deficiency 7x ҧϝϝ

Testing: Hypercoagulable Panel Should be Avoided

ÅResults difficult to interpret
ÅAcute Thrombosis

ÅWhile receiving anticoagulation

ÅTraditional risk factors much more common in patients with a clearly 
provoked VTE

ÅInherited Thrombophilia's increase risk of initial VTE, not recurrent 
VTE

ÅNegative thrombophilia testing can lead to a false sense of comfort

Thrombophilia Testing and Venous Thrombosis.N EnglJ 
Med2017;377:1177-1187.

Testing: Hypercoagulable Panel Should be 
Avoided (Never say Never)
ÅAntiphospholipid Syndrome (APS)
ÅPatients with concomitant rheumatologic disease
ÅPatients with concomitant arterial and venous thrombosis

ÅUnprovoked VTE
ÅFactors associated with an inherited thrombophilia include VTE at a 

young age (<40-50 years), a strong family history of VTE, VTE in 
conjunction with weak provoking factors at a young age, recurrent VTE, 
and VTE in an unusual site (e.g., cerebral or splanchnic veins

ÅFemale child bearing age with Fmhx of first degree relative with VTE

ÅEstrogen-based contraceptive are associated with an exponentially 
elevated risk of VTE in the presence of a concomitant thrombophilia

Thrombophilia Testing and Venous Thrombosis.N EnglJ 
Med2017;377:1177-1187.
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Testing: Malignancy

ÅThorough H&P

ÅFollow the Signs and Symptoms

ÅAge-appropriate cancer screening

Testing: D-Dimer

ÅIf it is negative you do not have a VTE

Testing: Imaging
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Treatment-tǊŜŎƛǎƛƻƴ aŜŘƛŎƛƴŜΥ 5h!/Ωǎ

ÅGuideline first-choice medications for VTE
ÅHigh efficacy

ÅEase of administration

ÅLower risk of bleeding

ÅAntidotes available

Kearon C, et al. Antithrombotic therapy for VTE disease: Chest 
guideline and expert panel report. Chest2016; 149:315-52

Treatment-tǊŜŎƛǎƛƻƴ aŜŘƛŎƛƴŜΥ 5h!/Ωǎ

Apixiban

ÅEliquis
Å10mg bid X 7 days

Å5mg bid-minimum 3 months

Å2.5mg bid indefinitely?

Rivaroxaban

ÅXarelto
Å15mg bid X 21 days

Å20mg qd-minimum 3 months

Å10mg qd indefinitely?

Treatment-Vitamin K antagonists (aka-Rat Poison)

ÅRenal dysfunction

ÅMorbid Obesity: BMI>40

ÅάCǊŀƛƭέΥ .aLғмсΣ !ƎŜҔул

ÅAntiphospholipid Syndrome

ÅNoncompliance

ÅInsurance Issues

Treatment-Low Molecular Weight Heparin: Enoxaparin

ÅBridge for Vitamin K antagonist
Å5ƻƴΩǘ ǎǘƻǇ ǳƴǘƛƭ н Řŀȅǎ ¢ƘŜǊŀǇŜǳǘƛŎ ҔнΦл Lbw

ÅActive Cancer

ÅNot needed with Direct Xainhibitors (apixaban/rivaroxaban)

ÅNeeded with Dabigatran

Treatment: Duration of Anticoagulation

ÅUnprovoked - recurrent VTE 30-50% over 10 years
ÅConsider indefinite anticoagulation
ÅAfter 6-12 months Rx consider ½ dose DOAC

ÅEvaluate yearly

ÅReassess risk-benefit ratio of continued therapy

ÅPersonal Preference

ÅScreen for bleeding complications

ÅIntermittent assessment of renal function and hemoglobin

ÅProvoked - recurrent VTE 20% over 10 years
ÅConsider indefinite Rx
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What is Compression Therapy?

Compression therapy is the application of controlled 

graduated external pressure to the limb to reduce and 

maintain the venous pressure within the limb.

Goals of Compression Therapy

Compression Therapy Types of Compression

ÅBandage/wrapping
ÅDependent on skill of person applying

ÅUnna Boot

ÅShort stretch Velcro wraps

ÅPneumatic pump

ÅCompression garments
ÅChoice of fabric/styles

ÅUnderlinerwith choice of overstocking

ÅCustom

Physics

ÅHydrostatic Pressure = ầƎƘ

ÅResidual Pressure = Arterial pressure ςmicrocirculatory pressure

ÅTransmural Pressure = Pressure external wall ςlateral pressure
Å Tissue drainage
Å Vein caliber

Å Compliance (distensibility)
Å Flow = Pressure/ Resistance

Å Bernoulli's law

Å Poiseuilleslaw-Reynolds # (turbulence)

ÅLoad
Å Static pressure
ÅDynamic pressure

ÅCardio-Pulmonary , Thoraco-abdominal Pressures

ÅThermoregulation

ÅObstacles

ÅOsmotic Pressure ╚╔ mV²

╢╔
╕

═

╕ □╪

╟╥ ▪╡╣
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Hydrostatic Pressure = ὖ1-ὖ2 = ὴὫὬ

P1

P2

Three Systems of Veins

Think of a Roadmap!

Deep Venous System

Above the knee!

This is no longer called the 
Superficial Femoral Vein!
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The Vein ςInternal Structure 

Adventitia 
Layer

Media 
Layer Intima 

Layer

Venous 
Valves

Normal Valve Function

Vein Anatomy

Valve Open  

Blood flows toward heart

Valve Closed  

Prevents blood from reverse flow

Calf Pump τThe Second Heart Sources of Venous Return

External Foot Pumping

Abnormal Valve Function

²ƘŜƴ ǾŀƭǾŜǎ ŘƻƴΩǘ ŎƭƻǎŜΧΦ

¢ƘŜȅ ōŜŎƻƳŜ Lb/hat9¢9b¢ΧΦ ŀƴŘ ǊŜǾŜǊǎŜ ōƭƻƻŘ Ŧƭƻǿ ŎŀǳǎŜǎ άǇƻƻƭƛƴƎέ

and weakening of the vein wall.

Venous Pressure at the Ankle 
Normalvs. Incompetent
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May-ThurnerSyndrome May-ThurnerSyndrome

May-ThurnerSyndrome
Paget-SchroetterSyndrome (Thoracic Outlet 
Syndrome-Venous)

PTS

ÅChronic complication of DVT

ÅImposes significant morbidity

ÅReduces quality of life

ÅCostly

Å20-50% pts develop PTS

Å5%-10% severe symptoms

Å5% ulcers/10years
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Secondary Varicose Veins       PTS
DEEP VEINS OCCLUDED BY THROMBUS

DESTRUCTION OF VENOUS VALVES

BLOOD POOLING IN DEEP VEINS

HIGH PRESSURE IN DEEP SYSTEM

PRESSURE TRANSMITTED TO SUPERFICIAL SYSTEM 
THROUGH PERFORATORS

VARICOSE DILATION OF SUPERFICIAL VEINS

Proposed pathophysiology of postthrombotic syndrome.

Susan R. Kahn et al. Circulation. 2014;130:1636-1661

Copyright © American Heart Association, Inc. All rights reserved.

Risk Factors PTS

Apparent at the Time of DVT

ÅBody mass 2X

ÅOlder age 3X

ÅExtensive thrombosis: 2-3X
ÅCommon Femoral vein

ÅIliac vein

Apparent During DVT Treatment and 
Follow-Up

ÅSubtherapeutic anticoagulation 3X

ÅRecurrent ipsilateral DVT 4-6X

ÅResidual Vein Thrombosis 2X

ÅGreater symptom severity at 
1month

Susan R. Kahn et al. Circulation. 2014; 130: 1636-1661

Clinical Characteristics PTS

Symptoms Clinical Signs

Pain Edema

Sensation of swelling Telangiectasia

Cramps Venous dilatation/ectasia

Heaviness Varicose veins

Fatigue Redness

Itching Cyanosis

Pruritis Hyperpigmentation

Paresthesia Eczema

Bursting pain Pain during calf compression

Venous claudication Lipodermatosclerosis

Atrophie blanche

Open or healed ulcers

ÅPTS indicates postthrombotic syndrome.

Susan R. Kahn et al. Circulation. 2014; 130: 1636-1661

Chronic Venous Disease: Clinical
Presentation

Superficial Deep

Inflammation Hypoxemia Death(Ulcers)
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Venous Stasis Ulcer
Varicose Veins:
Impact venous Ulcers

ÅMany take >9 months to heal

ÅUp to 60% last >5 years

ÅAffect 1% general 
population/annual healthcare 
cost of $1 billion (US)

Whiddon,LL.Proc(BaylUnivMed Cent).2007 October:20(4):263-366

AHA SCIENTIFIC STATEMENT
The Postthrombotic Syndrome: Evidence-Based Prevention, Diagnosis, and Treatment 
Strategies

A Scientific Statement From the American Heart Association
Susan R. Kahn, Anthony J. Comerota, Mary Cushman, Natalie S. Evans, Jeffrey S. 

Ginsberg, Neil A. Goldenberg, Deepak K. Gupta, Paolo Prandoni, Suresh 
Vedantham, M. Eileen Walsh, Jeffrey I. Weitz
and on behalf of the American Heart Association Council on Peripheral Vascular 

Disease, Council on Clinical Cardiology, and Council on Cardiovascular and 
Stroke Nursing

Download PDF
https://doi.org/10.1161/CIR.0000000000000130Circulation. 2014;130:1636-1661

Originally published September 22, 2014

Susan R. Kahn et al. Circulation. 2014; 130: 1636-1661

Prevent PTS: Prevent the 1st and 2nd DVT

ÅRecommendations for Primary and Secondary Prevention of DVT to 
Prevent PTS

ÅUse of thromboprophylaxis in patients at significant risk for DVT is 
recommended as a means of preventing PTS(Class I; Level of 
Evidence C).

ÅProviding anticoagulation of appropriate intensity and duration for 
treatment of the initial DVT is recommended as a means of reducing 
the risk of recurrent ipsilateral DVT and consequent PTS(Class I; 
Level of Evidence B).

Susan R. Kahn et al. Circulation. 2014; 130: 1636-1661

Prevent PTS: Optimize Anticoagulation

ÅRecommendations for Optimizing Anticoagulation Delivery to Prevent 
PTS
ÅIn patients whose DVT is treated with a vitamin K antagonist, frequent, 

regular INR monitoring to avoid subtherapeutic INRs, especially in the 
first few months of treatment, is recommended to reduce the risk of 
PTS(Class I; Level of Evidence B).
ÅCompared with LMWH followed by a vitamin K antagonist, the 

effectiveness of LMWH used alone to treat DVT as a means to reduce the 
risk of PTS is uncertain(Class IIb; Level of Evidence B).
ÅCompared with a vitamin K antagonist, the effectiveness of the new oral 

anticoagulants (ie, oral thrombin or factor Xainhibitors) to treat DVT as a 
means to reduce the risk of PTS is unknown(Class IIb; Level of Evidence 
C).

Susan R. Kahn et al. Circulation. 2014; 130: 1636-1661

Prevent PTS: Compression Socks

ÅRecommendations for Compression to Prevent PTS

ÅThe effectiveness of ECS for PTS prevention is uncertain, but 
application of ECS is reasonable to reduce symptomatic swelling in 
patients with a diagnosis of proximal DVT(Class IIb; Level of 
Evidence A).

Susan R. Kahn et al. Circulation. 2014; 130: 1636-1661
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Prevent PTS: Thrombolysis/Mechanical

ÅRecommendations for Thrombolysis and Endovascular Approaches to Acute DVT for the 
Prevention of PTS

Å/5¢ ŀƴŘ t/5¢Σ ƛƴ ŜȄǇŜǊƛŜƴŎŜŘ ŎŜƴǘŜǊǎΣ Ƴŀȅ ōŜ ŎƻƴǎƛŘŜǊŜŘ ƛƴ ǎŜƭŜŎǘ ǇŀǘƛŜƴǘǎ ǿƛǘƘ ŀŎǳǘŜ όҖмп 
Řŀȅǎύ ǎȅƳǇǘƻƳŀǘƛŎΣ ŜȄǘŜƴǎƛǾŜ ǇǊƻȄƛƳŀƭ 5±¢ ǿƘƻ ƘŀǾŜ ƎƻƻŘ ŦǳƴŎǘƛƻƴŀƭ ŎŀǇŀŎƛǘȅΣ җм-year life 
expectancy, and low expected bleeding risk(Class IIb; Level of Evidence B).

ÅSystemic anticoagulation should be provided before, during, and after CDT and PCDT (Class I, 
Level of Evidence C).

ÅBalloon angioplasty with or without stenting of underlying anatomic venous lesions may be 
considered after CDT and PCDT as a means to prevent rethrombosisand subsequent PTS(Class 
IIb; Level of Evidence B).

ÅWhen a patient is not a candidate for percutaneous CDT or PCDT, surgical thrombectomy, in 
ŜȄǇŜǊƛŜƴŎŜŘ ŎŜƴǘŜǊǎΣ ƳƛƎƘǘ ōŜ ŎƻƴǎƛŘŜǊŜŘ ƛƴ ǎŜƭŜŎǘ ǇŀǘƛŜƴǘǎ ǿƛǘƘ ŀŎǳǘŜ όҖмп Řŀȅǎύ ǎȅƳǇǘƻƳŀǘƛŎΣ 
ŜȄǘŜƴǎƛǾŜ ǇǊƻȄƛƳŀƭ 5±¢ ǿƘƻ ƘŀǾŜ ƎƻƻŘ ŦǳƴŎǘƛƻƴŀƭ ŎŀǇŀŎƛǘȅ ŀƴŘ җм-year life expectancy(Class 
IIb; Level of Evidence B).

ÅSystemic thrombolysis is not recommended for the treatment of DVT(Class III; Level of Evidence 
A).

Susan R. Kahn et al. Circulation. 2014; 130: 1636-1661

Treat PTS: Compression

ÅRecommendations for the Use of Graduated ECS and Intermittent 
Compression to Treat PTS

ÅA trial of ECS may be considered in patients with PTS who have no 
contraindications (eg, arterial insufficiency)(Class IIb; Level of 
Evidence C).

ÅFor patients with moderate or severe PTS and significant edema, a 
trial of an intermittent compression device is reasonable(Class IIb; 
Level of EvidenceC

Susan R. Kahn et al. Circulation. 2014; 130: 1636-1661

Treat PTS: Horse Chestnut

ÅRecommendations for Pharmacotherapy to Treat PTS

ÅThe effectiveness and safety of rutosides, hidrosmin, and 
defibrotide to treat PTS are uncertain(Class IIb; Level of Evidence B).

Susan R. Kahn et al. Circulation. 2014; 130: 1636-1661

Treat PTS: Exercise

ÅRecommendations for Exercise Training to Treat PTS

ÅIn patients with PTS, a supervised exercise training program 
consisting of leg strength training and aerobic activity for at least 6 
months is reasonable for patients who are able to tolerate it(Class 
IIa; Level of Evidence B).

Susan R. Kahn et al. Circulation. 2014; 130: 1636-1661

²Ƙŀǘ ȅƻǳ ŘƛŘόƻǊ ŘƛŘƴΩǘύ Řƻ ŘƛŘ ƴƻǘ ǿƻǊƪ

ÅRecommendations for Venous Ulcer Management

ÅCompression should be used to treat venous ulcers in preference to 
primary dressing alone, noncompressionbandage, or no compression 
(Class I; Level of Evidence A).

ÅMulticomponent compression systems are more effective than single-
component systems (Class I; Level of Evidence B).

ÅPentoxifylline can be useful for treating venous ulcers on its own or with 
compression (Class IIa; Level of Evidence A).

ÅNeovalvereconstruction may be considered in patients with refractory 
postthrombotic venous ulcers (Class IIb; Level of Evidence C).

Susan R. Kahn et al. Circulation. 2014; 130: 1636-1661

Call in the Calvary

ÅRecommendations for Endovascular and Surgical Treatment of PTS
ÅFor the severely symptomatic patient with iliac vein or vena cava 

occlusion, surgery (eg, femoro-femoral or femoro-cavalbypass) (Class IIb; 
Level of Evidence C) or percutaneous endovenousrecanalization (eg, 
stent, balloon angioplasty)(Class IIb; Level of Evidence B) may be 
considered.
ÅFor severely symptomatic patients with postthrombotic occlusion of their 

common femoral vein, iliac vein, and vena cava, combined operative and 
endovenousdisobliteration may be considered (Class IIb; Level of 
Evidence C).
ÅFor severely symptomatic patients with PTS, segmental vein valve 

transfer or venous transposition may be considered (Class IIb; Level of 
Evidence C).

Susan R. Kahn et al. Circulation. 2014; 130: 1636-1661
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EVRA(Early Venous Reflux Ablation)Ulcer Trial

Å20 centers

Å450 patients

ÅCompression alone vs. Early intervention

Å/ƻƴŎƭǳǎƛƻƴΥ ά9ŀǊƭȅ endovenousablation of superficial reflux resulted 
in faster healing of venous leg ulcers and more time free from ulcers 
than deferred endovenousŀōƭŀǘƛƻƴέ

N EnglJ Med 2018: 2105-2114

EVRA(Early Venous Reflux Ablation)Ulcer Trial

N EnglJ Med 2018: 2105-2114

Testing: Imaging Treatment: May-Thurner

Varicose Vein Treatments

ÅConservative therapy
ÅWalking
ÅLeg elevation
ÅCompression
ÅMedication: Horse Chestnut/Diosmin

ÅEndovenousthermal ablations
ÅRadio-frequency, RFA
ÅLasers, EVLA
ÅSteam

ÅAmbulatory Phlebectomy

Å Injection Sclerotherapy, UGFS

ÅNonthermal ablation
ÅMOCA
ÅCyanoacylicglue

ÅStripping and ligation

Varicose Vein Treatments
Catheter-Based EndovenousThermal Ablation

1.Gloviczki P,etal. J VascSurg.2011;532s-48S.
2. Van den BosRR,etal.JVascSurg.2011:53:181-6.
3. Almeida JL. EndovascToday, 2001.
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!ƳōǳƭŀǘƻǊȅ άǎǘŀōέ tƘƭŜōŜŎǘƻƳȅPhlebectomy

Varicose Vein Treatments
Injection Sclerotherapy: Foam

ÅGenerally very safe, with notable 
side effects: hyperpigmentation, 
STP, DVT, and PE

ÅTransient visual disturbances, 
stroke, headache, cough being 
notable for foam

RathbunS,etal.Phlebology.2014 Mar;29(2):76-82
GloviczkiP,etal. J VascSurg. 2011:53:2s-48S

UGFS (Ultrasound Guided Foam Sclerotherapy)

Up Front

ÅPrevent DVT

ÅIϧtΥ ±ƛǊŎƘƻǿΩǎ ¢ǊƛŀŘ

ÅDx: Wells Criteria, D-Dimer, U/S

ÅRx: Fast & Effective ς5h!/Ωǎ

ÅWalk

ÅCompression: Just Do It

After the Fact

ÅH&P: Symptoms, Skin Changes

ÅThink May-Thurner

ÅWalk

ÅCompression

ÅReferral
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