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I.  Objectives


A.  To understand the role of diagnostic testing in the evaluation of Venous Thromboembolism


B.  To understand the management options for Venous Thromboembolism


C.  To understand the risk factors for Venous Thromboembolism to establish prevention strategies.

II.  Overall Goals of Management


A.  Prevent mortality/morbidity from PE


B.  Prevent sequelae of LE venous insufficiency (post-thrombotic syndrome)

III.  Deep Vein Thrombosis


A.  Epidemiology



Common primary care diagnosis



Baseline risk=43.7-145/100,000 persons



Over 600,000 hospitalizations per yr



Up to 50% proximal DVT’s will result in PE (not all symptomatic)


B.  Risk Factors



1.  Virchow’s Triad 




Hypercoagulablity - OCP’s, Megace, Hypercoagulable state





HRT RR=2.1; OCP RR=2.2






Stasis – Immobility (traveling > 4hrs), CHF, Obesity, Pregnancy




Endothelial damage - Limb trauma, major surgery



2.  Hypercoagulable State




Cancer - mucin secreting, Pancreatic, Colonic, Urologic




Deficiency of Protein C, Protein S, Antithrombin III




Increased Factor XI




Homocysteinemia




Antiphospholipid Antibody Syndrome (NEJM 2002;346:752)




Nephrotic Syndrome




Myeloproliferative Disorders




Factor V Leiden (Activate Protein C Resistance)




Prothrombin 20210A Mutation




Pregnancy

 
C.  Symptoms
Leg pain with swelling (usually unilateral) in a high risk patient


D.  Differential Diagnosis



Knee




Baker’s Cyst




DJD or injury



Muscle Injury/Tear (Gastrocnemius)



Cellulitis



Edema in a paralyzed extremity



Lymphedema/Lymphangitis



Venous Insufficiency


E.  Diagnosis



1.  General




Physical exam not specific (JAMA 1998;279:1094-99)

PE sens 60-90%; spec 20-72%




Exam should focus on ruling out proximal DVT (follow distal DVT)



2. Assess pretest probability based on 9 RF’s (Emer Med Clin 2001;19(4):861)




Active cancer




Paralysis or casting




Recent immobilization or surgery




Tenderness along deep veins




Swelling of entire leg




Calf circumference >3 cm from opposite leg




Pitting edema




Evidence of distended collateral superficial veins




No other alternative diagnosis




0 RF’s=low prob; 1-2 RF’s=mod prob; >2 RF’s=high prob




not reliable if a prior history of DVT



3.  D Dimer (Emer Med Clin 2001;19(4):895)




degredation product of fibrin




Sensitivity 90-100% but low specificity




Neg predictive vlue as high as 99%

False pos in sepsis, MI/CVA, recent surg/trauma, DIC, pregnancy/delivery, CVD, metastatic Ca, or Liver dz

4.  Ultrasound




more operator dependent, but widely available




suitable for Popliteal and proximal DVT




findings of intraluminal clot or non-compressibility




Sensitivity 91%; Specificity 99%; +PV 94%




If initially negative performed in serial fashion on days 0,3, 7 depending on sx

May remain abnormal for up to 6 months post diagnosis

5. Venogram (Gold Standard )




Findings - non-filling, luminal defect, cut-off




Risks of phlebitis, contrast allergy, extravasation (up to 5%)




Poor visualization of Iliacs due to wash out




9% non-diagnostic or unsuccessful



6.  Radiofibrinogen Uptake Scan




Most sensitive for distal DVT




Useful in patients with prior DVT (abnormal anatomy)



7.  Magnetic Resonance Venography (MRV)




no contrast material used




more effective for pelvic vessels, head, neck




sens = 97%; spec = 95%


F.  Treatment (Emer Med Clin 2001;19(4):913)



1.  Standard




Heparin for 4-5 days  (Maintain PTT 1.5-2X nl)




Rest with leg elevation for 2-3 days for clot maturation and adherence to vein 



  wall




Coumadin starting day 1 with 4 day overlap with Heparin




Coumadin for:





1st episode 6 months





2nd episode 1 year





3rd episode indefinite





Duration based on continued risk




Alternative regimens





Adjusted dose SQ Heparin to maintain PTT 1.5-2X nl





   (Usually 35,000 units divided Q12h)





LMWH






Lovenox 1 mg/Kg BID or 1.5 mg/kg QD






Fragmin 100 IU/Kg BID or 200 IU/kg QD

2. Home Treatment

a. >18 and <75 y/o

b. No PE

c. No h/o HIT

d. No comorbid diseases (no h/o cnacer)

e. Not pregnant

f. Compliant

3.  Problems:




a.  Heparin side effects





Hemorrhage 6%





Heparin Associated Thrombocytopenia 






<100,000 platelet count or >50% dec from baseline after 5d






Hypercoagulable state 7-10 days into treatment






Venous and arterial thrombi






Platelet activation factor (PAF)




b.  Increased risk of recurrent DVT
(approx. 36%)





c.  Does not preserve valves/valve function - chronic venous 





insufficiency (post thrombotic syndrome)



4.  Coumadin Side Effects




Hemorrhage  6-29%




Purple Toes Syndrome




Skin necrosis (usually early due to transient Prot C Def)




Teratogenic




INR adjustments based on diet, medications,...




Early pro-coagulant effect - overlap 3-4 days with Heparin





(transient Protein C & S deficiency)




Need to reverse Coumadin therapy for various reasons





FFP - rapid, but with blood product risk





Vit K - Large dose (5-10 mg IV) makes re-anticoagulation difficult





             Low dose (0.5-1 mg IV) will reduce INR in hrs





Heparin window for high risk patients undergoing elective procedures



5.  Thrombolytics




a.  General





Benefits






Rapid resolution of clot






Preservation of valves (prevent post thrombotic syndrome)






Decreased incidence of recurrent DVT  (approx. 7%)





Systemic 






not clot specific






systemic complications










Catheter directed






clot specific





better for illiofemoral clot




b.  Indications





Symptoms < 10 days





Patient with good prognosis (young, healthy)





?Most patients




c.  Reported Response Rates





Successful clot lysis
33-55%





Partial lysis

5-30%





No lysis


35-45%

6. Thrombectomy

Pt selection

Iliofemoral thrombis

7 days old

Life expectancy < 10 yrs

7. IVC Filter

Contraindication to anticoagulants

Greenfield Filter 20 yr f/u 96% patent with 4% failure


G.  Prevention



1.  Heparin




Low dose - 5000 units SQ Q12h



2.  Low Molecular Weight Heparin




Lovenox (Enoxaprin)- 30 mg SQ Q12h





duration 7-10 days





antidote = Protamine 1mg for 1mg





avg cost $24/day vs $1-2.5 for Heparin




Fragmin (Daltiparin)





DVT prophylaxis s/p abd surgery





2500IU/d (2ml)





start 1-2 hrs preop and cont for 5-10 days





avg cost $13.95/d



3.  Coumadin




to maintain INR 2-3




avg cost $0.55/day



4.  rHirudin - NEJM 337(19):1329-35




Thrombin inhibitor




dose 15mg BID SQ




post op DVT prophylaxis for hip surg




no thrombocytopenia




bleeding risk 2-5% (equal to LMWH)




monitor aPTT




NO ANTIDOTE




Lepirudin .4 mg/kg bolus with drip @ .15 mg/kg/hr for 2-10 days




Monitor aPTT



5. Ximelagatran




Direct Thrombin inhibitor




24-36 mg BID




no need to monitor coags



6.  Early mobilization



7.  Compression devices (esp for air travel >4  hrs)




Graduate Compression Stockings/Elastic Stockings





(Jobst and Ted hose)




Pneumatic compression stockings




For air travel



8.  IVC interruption




Main objective is to prevent PE.




Consideration for high risk patient with anticoagulant complications or failure, 



  i.e. terminal cancer patients or others



10.  Hypercoagulable W/U of high risk individuals/families

IV.  Pulmonary Embolism (Emer Med Clin 2001;19(4):925)


A.  Epidemiology



600,000 cases and 50,000-100,000 deaths/yr



case fatality of 15% (not changed in last decade



rate of 20.8-65.8/100,000 persons



majority of emboli from deep veins of the lower extremity



PE risk with proximal LE DVT = 50%



Upper extremity venous thrombosis PE risk = 12-17%



70% PE deaths not diagnosed prior to death

B. Risk factors same as for DVT since most arise from LE


C.  Evaluation



1.  Symptoms




Dyspnea


81%




Pleuritic Chest Pain
72%




Apprehension

59%




Cough


54%




Hemoptysis

34%




Diaphoresis

26%



2.  Physical Findings




Tachypnea (>16)

87%




Rales


53%




Loud P2


53%




Tachycardia (>100)
44%




Fever


42%


D.  Differential Diagnosis

                    Pulmonary 
            Cardiac 


Musculoskeletal



Pneumonia 
   Myocardial Infarction 
      Costochondritis



COPD/Asthma
   Pericarditis                            Rib Fracture



Pneumothorax        CHF                                       Myosits



Pleurisy                   Tamponade                            Trigger Point Pain



Tb



Cancer



         


 Other






     Herpes Zoster






     Sepsis






     Radiation of abdominal pain

E. Pre-test probability Wells Criteria

Clinical signs and sx of DVT

3 pts

PE most likely dx based on hx/PE

3 pts

HR>100




1.5 pts

Immobilization for.3d or surg <4wks
1.5 pts

Prior DVT or PE



1.5 pts

Hemoptysis



1 pt

Dx of cancer in past 6 months

1 pt

<2 pts

low risk (1.3%)

2-6 pts

moderate risk (16.2%)

>6 pts

high risk (40.6%)

F.  Diagnostic Studies



1.  ABG




decreased Pa O2 (nl > 80 mm Hg)




increased A-a O2 gradient (nl < 20 mm Hg)




decreased to normal Pa CO2 (nl > 35 mm Hg)




low specificity - 29% patients with PE will have all 3 normal



2.  EKG




most common finding is tachycardia




Other findings 





 S1Q3T3





 T wave inversion V1-3





 RV Strain





 Right Axis Deviation





RBBB





 atrial arrhythmia (A Fib, Flutter, SVT)



3.  CXR




usually normal




may find:





elevated hemidiaphragm





focal infiltrates





effusion





Hampton’s Hump (pleural based wedge infiltrate from infarct)



4.  Thoracentesis




Exudative 




Bloody



5.  D Dimer




see DVT




level < 500ug/l may help rule out DVT/PE in questionable patient



6.  Spiral CT 




rapid evaluation and widely available




sens 82-94%; spec 93-96% up to segmental vessels 

7.  Ventilation Perfusion Scan  (VQ Scan)




look for VQ mismatches (ventilated but non-perfused areas of lung)




Risk of PE





normal 


       0%





low probability

   <10%





intermediate Probability
20-30%





high probability

     90%


40-50% suspected PE’s will have non-diagnostic VQ and normal LE 




  evaluation  (US)

8.  Venography or non-invasive study of the lower extremity




same positive findings as for DVT




positive LE DVT in a suspicious patient is usually adequate for diagnosis



9.  Pulmonary Angiography




gold standard




death rate 2-5/1000




not widely available




consider use if:





low prob VQ in suspicious patient





consideration for use of thrombolytics





contraindication to anticoagulants



10.  MR Angiography




gadolinium enhanced




effective up to segmental vessels




sens 75-100%; spec 95-100%




expensive and not widely available


G.  Treatment (Emer Med Clin 2001;19(4):995)



1.  Anticoagulation to prevent further embolization




IV Heparin or LMWH  for 5 days 




Coumadin starting as early as day 1 Heparin with 4 day overlap




duration as for DVT



2.  LMWH vs Heparin- NEJM 337(10):657-62




LMWH vs Heparin




Only approved LMWH are Enoxaparin and Tinzaparin 




equally effective with same complication rate



3.  Thrombolysis




a.  Benefits





accelerated clot lysis and tissue perfusion





decreased mortality





reversal of right heart failure





decreased recurrence





decrease Pulmonary HTN




b.. Inclusion Criteria





angiographically proven or high prob VQ





hemodynamic compromise






50% increase PA pressure






systemic diastolic pressure < 60mm Hg




c.  Exclusion Criteria





major internal bleed in prior 6 months





intracranial disease (CVA, neurosurgery)





operation or major organ biopsy within 7 days





major GI bleed within 6 months





severe trauma within 2 months





placement of CVP line within 48 hrs

4. Transvenous Catheter Embolectomy

g. Failed thrombolytics or contraindication

h. Better if done early





5. Pulmonary Arterotomy (Surgical Embolectomy)

High risk with mortality 20-40%



6.  IVC Filter to prevent further embolization



H.  Prognosis



if untreated survival is 70% (death 2o recurrent PE)



treated survival = 92%



majority of deaths occur before therapy initiated or condition recognized


I.  Prevention



same as for DVT



identify high risk patients and institute recommended protocols

V.  What to do with the idiopathic DVT? (Risk of cancer or hypercoagulable state)


A.  Hypercoagulable W/U



Who


Age < 45




Thrombus in unusual locations





(upper extremity, neck, anterior abd wall, eye, CNS)




Recurrent thrombotic events without incident causation




Recurrent thrombotic events when on anticoagulants in therapeutic range




Thrombotic events in absence of underlying illness or medication




Family history of thrombotic events or hypercoagulability




Bilateral symmetric thrombotic events (bilat DVT)



What

Basic labs to consider:  CBC, PT/PTT, ANA, antiphospholipid antibody, Protein C & S, antithrombin III, fibrinogen, plasminogen, Factor V Leiden (increased VT in OCP  users), Prothrombin 20210A mutation



Factor V Leiden mutation (Activated Protein C Resistance)




3.71% prevalance




Inc VTE risk on OCP (homozyg 35-50X; heterozyg >100X)




20-50% of hypercoag patients




Screen:  APC ratio and G16914 mutation by DNA PCR


B.  Risk of cancer (NEJM 1998;338(7):1169-73)



increased risk of discovering cancer in the < 60 age group



2/3 adenocarcinoma




GI - 25% (Pancreatic, Colon, ...)




Urogenital - F12%; M 16% (Renal, Breast, ...)




Hematologic - 10% (ALL, Non-lymphocytic Leukemia, ...)



Cancer screen (Ann Int Med 125:785-93)




HX-wt loss, fatigue, pain, stool change, cough, bleeding , hoarseness




PE-skin, oral, breast, abd, GU/Pelvic, DRE, lymph node check




LAB-CBC, ESR, SMA20, UA, FOB




CXR-as indicated

VI.  More on Low Molecular Weight Heparins

A. Enzymatically fragmented heparins

B.  Lovenox (Enoxaprin), Fragmin (Daltiparin), etc

C. Each LMWH has different bioavailability and data analyzing one should not be extrapolated

D. Dosing qD or BID, fixed dose or weight adjusted dose.

E. Less protein binding (>90% bioavailability)

F. No need to monitor PTT (decreased Thrombin binding) but for use > 7 days monitor anti Xa activity

G. Binds to antithrombin III as a catalyst for anti-factor Xa


I.   Side Effects



hemorrhage 



4%



local irritation at injection site



elevated transaminases


5%





rare osteopenia or thrombocytopenia


J.  Contraindicated if patient with history of HAT (Heparin Associated Thrombocytopenia)



May try Orgaran (combination of Heparin, dermatan, & chondroitan sulfate) or Hirudin 


  (antithrombin agent)

K. Reversal with Protamine

1 mg/mg Enoxaparin/100 u Dalteparin/100 u Ardeparin

VII.  Post Thrombotic Syndrome (Post Phlebitic Syndrome)


A.  Definition



Incompetent  lower extremity venous valves result in ambulatory venous hypertension



1/3-2/3 of all patients with DVT


B.  Findings



Edema



Soft tissue fibrosis



Ulceration



Pain


C.  Treatments



Major treatment is prevention of DVT



More aggressive treatment of DVT - ??Thrombolytics



Compression stockings (early use) (Arch Int Med 2001;161(17):2105)



Surgical (goal is ulcer healing and decreased pain)




Perforator Interruption





new laparoscopic technique




Valve Repair





symptom relief 65%





ulcer healing approx. 65% (@5 yrs)

VIII.  Future Trends in Thromboembolism


A.  Increased use of Low Molecular Weight Heparins



Approval of newer agents



More use in prophylaxis



Indications for DVT & PE



Outpatient treatment of DVT in select patients


B.  Increased use of thrombolytics for PE and DVT



catheter directed


C.  Development of better non-invasive/less invasive diagnostic tools 



Magnetic Resonance Venography



Spiral CT



Ultrasound



Trans-esophageal echo

