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Edema Formation 

Increased Capillary Hydrostatic Pressure

- venous pressures 
gravitational forces, heart failure, venous obstruction

Decreased Plasma Oncotic Pressures (hypoproteinemia)
Increased Capillary Permeability 

caused by pro-inflammatory mediators 
Histamine, bradykinin

damage to structural integrity of capillary: 
Tissue trauma, burns, severe inflammation

Lymphatic Obstruction (Filariasis, primary/secondary lymphedema)
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• Cardiac Failure
• Hepatic Failure

• Renal Failure
• Hypoproteinemia
• Hyperthyroidism (myxedema)

• Allergic Disorder
• Idiopathic Cyclic Edema
• Hereditary Angioedema

• Drugs
• Antihypertensives: Methyldopa, Nifedipine, Hydralizine
• Hormones: estrogen, progesterone
• Anti-Inflammatory Drugs: Phenylnutzone
• Monoamine oxidase inhibitors
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Systemic Causes of Swelling



• Chronic venous insufficiency
• Lymphedema
• Lipidema
• Congenital Vascular Malformation
• Arteriovenous fistula
• Trauma
• Snake or insect bite
• Infection, Inflammation
• Hematoma
• Dependency
• Rheumatoid Arthritis
• Post-revascularization edema
• Soft tissue tumor
• Hemihypertrophy
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Local or Regional Causes of Swelling



Differential Diagnosis for Lower 
Extremity Swelling
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Lipidemia
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• Deposition of fatty tissue 
in the subcutaneous layers

• Morbid obesity
• Female Predominance
• Spares the feet
• Minimal Pitting edema
• Pain, tenderness, easy bruising
• Limb elevation has no effect



Interstitial accumulation of 
protein-enriched fluid

• Affects over 90 million 
worldwide 

• Chronic disfiguring disease 
secondary to excessive fluid and 
protein accumulation in the 
interstitium as a result of 
lymphatic system stasis or 
obstruction

Lymphedema



Lymphedema: Signs/symptoms

• Edema
• Expansion of the interstitial space
• Swelling extends to the toes: Stemmer’s sign
• Swelling is initially soft with “pitting edema”
• Induration and Fibrosis

• Pain
• Rare
• Aching/heaviness of the limb
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Chronic Venous Disease
Pathophysiology:

Elevated Venous Pressure (Venous 
Hypertension)

• Inadequate muscle pump function
• Incompetent venous valves (reflux)
• Venous thrombosis or obstruction 



• Pain and cramps with standing
• Varicosities
• Pigmentation

• Chronic inflammation in the subcutaneous tissue secondary to venous stasis may result in 
destruction of lymph channels with time, resulting in mixed venous-lymphatic edema
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Venous Insufficiency



High-input Failure
Venous edema

• Capillary pressure :        interstitial fluid



Low-output Failure
Pathologic process compromises lymphatic flow



Chronic Venous Insufficiency
Risk Factors

• Age
• Family History of venous disease
• Prolonged standing
• Increased BMI
• Smoking 
• Sedentary life style
• Lower extremity trauma
• Prior venous thrombosis (superficial or deep)
• Some hereditary conditions 
• High estrogen states
• Pregnancy



Klippel Trenauny syndrome
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• Capillary (Port-wine stain)
• Venous malformation
• Limb overgrowth
(+/- lymphatic malformation)
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Chronic Venous Insufficiency
• Affects more than 5 million people in the US

• Venous ulcers (either active or healed)  1%
• $3 billion/yr spent on treatment of venous wounds

• Varicose veins have been recognized since the 
advent of recorded history 

• Use of compression therapy dates back to Roman times
• Recently, big push for treatment of superficial 

venous disease
• Minimally invasive
• High rate patient satisfaction
• Reimbursement

Cronenwett JL. Rutherford’s Vascular Surgery. 7th ed, Philadelphia, PA, 
Saunders/Elsevier, 2010.
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Management of advanced Venous 
disease (C3,4,5,6)

• Initial conservative management : elevation, 
compression , skin/ulcer care

• Patients refractory to conservative care:
• Duplex : identify superficial reflux and/or deep venous 

reflux or obstruction
• ablation therapy for superficial disease
• Lysis/thrombectomy and/or stenting for 

thrombosis/occlusion of deep system.



What about the persistent swollen 
leg?

• Superficial venous disease has been treated

• +/- component of deep venous reflux

• What’s the next step? 
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Look for proximal pathology



Venous Outflow Obstruction Diagnosis

• Duplex (limited visualization of iliac veins and IVC , 
especially in obese patients / bowel gas)

• MRV/CTV
• Venogram
• IVUS

Negus D, Fletcher EW, Cockett FB, Thomas ML. Compression and band formation at the 
mouth of the left common iliac vein. Br J Surg 1968;55:369-74.
Raju S, Neglén P. High prevalence of nonthrombotic iliac vein lesions in
chronic venous disease: a permissive role in pathogenicity. J Vasc Surg
2006;44:136-43.



CASE EXAMPLE:
54 y/o s/p Trauma
• Resulted in L AKA

• 5 years later presents with increasing edema in RLE

• Duplex shows no deep/superficial reflux and no DVT

• Gives history of swelling being better in am after sleeping 
supine, but much worse at end of long day
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• CT venogram best with thin cuts.. Avoid 10mm 
slices .. Can miss lesions

• Can r/o mass effect and diagnose other abdominal 
pathology

• Eliminates user variability/error seen with duplex
• But.. Costly, radiation, contrast required

Venous Outflow Obstruction Diagnosis
CT VENOGRAM/MR VENOGRAM



























































MR Venogram and CT Venogram: 
NYU Experience

(All patients had IVUS) 
• MRV/CTV in 48 patients

+ in 31 patients

- in 17 patients

• Of those negative

- 11/17 (65%) patients who had a negative MRV/CTV, were 
actually positive by IVUS
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Sensitivity = 74%
Specificity = 100%





Venous Outflow Obstruction Diagnosis
VENOGRAPHY

• The poor diagnostic sensitivity of venography has 
been well described by Negus (1968)

• 30-50% of cases can be missed if frontal projection 
venograms are only utilized

Negus D, Fletcher EW, Cockett FB, Thomas ML. Compression and band formation at the 
mouth of the left common iliac vein. Br J Surg 1968;55:369-74.
Raju S, Neglén P. High prevalence of nonthrombotic iliac vein lesions in
chronic venous disease: a permissive role in pathogenicity. J Vasc Surg
2006;44:136-43.



Venous Outflow Obstruction Diagnosis
IVUS







Venography Versus IVUS

• Venography significantly underestimates the 
degree of stenosis by 30%

• Inaccurately detects obstruction in > 70% of patients 

• IVUS sensitivity in detecting obstruction > 90%
• Superior in showing intraluminal details

• Trabeculations and webs

• Should be used as the gold standard
• Crucial aid in guiding stent placement

Raju S, Neglén P. High prevalence of nonthrombotic iliac vein lesions in chronic venous 
disease: a permissive role in pathogenicity. J Vasc Surg 2006;44:136-43.
Neglén P, Raju S. Intravascular ultrasound scan evaluation of the obstructed vein. J Vasc
Surg 2002;35:694-700.



Complications of DVT

• Short Term
• Further clot extension
• Acute Pulmonary Embolism (PE)
• Major bleeding (from anticoagulation)

• Long Term
• Recurrent DVT
• Chronic Thromboembolic pulmonary hypertension
• Post-thrombotic syndrome (post-phlebitic syndrome)
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Post Thrombotic Syndrome (PTS)
• Develops as a consequence of long-standing venous hypertension
• Combination of reflux due to valvular incompetence, and venous 

hypertension due to thrombotic obstruction

• Increased pressures transmitted to capillary beds
• Promotes transudation of fluid and large molecules
• Results in edema, subcutaneous fibrosis, tissue hypoxia, 

and ulceration
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Post Thrombotic Syndrome Incidence

• Incidence ranges from 20%-80% in contemporary studies

• Severe post thrombotic syndrome occurs in 5-10% of patients

• Incidence is thought to increase over time
• Prospective study cumulative incidence

• 1 yr – 17%
• 2 yrs – 23%
• 5 yrs – 28%
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Prandoni et. al, Br J Haematol 2009
Ashrani et. al, J Thrombolysis 2009
Baldwin et. al, Thrombosis 2013

Baldwin et. al, Thrombosis 2013
Kahn et. al, J Thromb Haemost 2005

Galanaud et. al, 2012



PTS  Risk factors

• Certain risk factors are thought to increase  incidence 
of PTS

• Recurrent ipsilateral DVT 
• Symptomatic vs. Asymptomatic
• Proximal vs. Distal
• Residual thrombus
• Inadequate treatment of DVT
• Graduated Compression stockings**  No longer recommended to prevent PTS(?)
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• Multicenter, prospective, placebo controlled trial
• Evaluated patients with 1st proximal DVT

• Randomized 410 patients to External Compression Stockings (ECS)
396 patients to placebo ECS

March 2014
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Best Treatment of PTS??

• Identifying patients high risk for DVT

• Appropriate DVT prophylaxis

“Best defense, don’t be there”

PREVENTION



Acute Ileofemoral DVT
• Only 20% of iliac veins will completely recanalize with 

anticoagulation treatment

Current standard of care not great 
• (anticoagulation/compression)

• Recent push to preserve valve function with 
aggressive pharmacomechanical thrombectomy (PMT)

• CaVent Study (Lancet, January 2012)

• Post thrombotic syndrome - Absolute risk reduction of 14.4% in PMT vs. Standard p=.047
• Iliofemoral patency at 6 months - 66% in PMT vs. 47% in standard of care p=.013

• ATTRACT Study (results just in)



Acute Bilateral Femoral, Iliac, IVC 
Thrombosis
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Acute Iliac/caval Thrombosis
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After 24Hours of TPA (1mg/hr)



AngioVac System



Pre-angiovac Mechanical Thrombectomy
Cavagram

IVC THROMBUS

Angiovac device



Post-Angiovac Mechanical 
Thrombectomy

Cavagram Thrombus captured in Venovenous bypass filter



Treatment for PTS
• Exercise

• Ankle flexion and walking to increase calf muscle pump

• Elevation
• As much as possible while not exercising

• Compression
• No benefit (?) at preventing PTS, but is cornerstone for 

treatment

• Endovascular treatment of ileofemoral obstruction
(Iliac Vein Stenting)
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Which patients may benefit from 
iliac vein stenting?
• Unilateral swollen limb (+/- ulcer)

• Edema involves leg and ankle (toes/forefoot spared)

• Temporal relation to swelling

Deep Venous Stenting 79

Failed conservative management  
Venogram with Intravascular 

Ultrasound (IVUS)



Case Presentation

• 59F w/ h/o DVT and persistent left lower extremity 
venous ulceration and edema

• Duplex  Chronic recanalized DVT in the CFV, deep 
reflux in CFV, fem V and pop V 





IVUS (pre intervention)



7mm balloon 



2 - 18 x 90-mm stents 





16mm balloon







16 x 90-mm stent 

Post intervention



Case Presentation

-1 year s/p intervention
-Stent patent
-Ulcer healed, leg edema significantly 
improved



Conclusion
• Venous swelling from chronic venous insufficiency is common

• PTS is the most common long-term complication of DVT

• Initial treatment includes exercise, elevation, compression

• Consider evaluation and intervention for:
• superficial insufficiency          (Saphenous ablation)

• deep venous outflow obstruction especially in cases of unilateral 
symptomatic swelling limited to the leg and ankle which improves with 
leg elevation            (Stenting)

Deep Venous Stenting
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