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      Goals and objectives
By the end of this session the  you  should:

ØUnderstand the nature of venous thrombosis
ØIdentify risk factors for DVT or PE
ØAssign probability to risk factors
ØPlan  /interpret investigations
ØInstitute treatment
ØUnderstand the need for prophylaxis
ØBecome aware of treatment options for prohylaxis



Case Scenario 
A 55-year-old  obese man presented with swelling and calf discomfort of the left 
leg that he noticed when he woke from sleep. He just returned from  an eight 
hour plane trip from Europe the day before. He denies shortness of breath or 
pleuritic chest pain. Physical examination revealed a mildly edematous and 
tender calf.The left leg is  slightly larger at equal distances below mid patella

What’ the differential  diagnosis ?

How do you investigate?

How do you treat it ? 

What’s the evidence?



    Approach to scenario
üHistory

üClinical examination

üD - dimer test 

üAssessement of probablity

üDuplex scan+/- MRV/CTV

üIf (+) initiate  TX

üIf (-) look for another cause



Basic questions VTE

ØWhat is it ?

ØWhy does it occur?

ØWho gets it and why?

ØHow do I treat it?

ØCan anything  harmful  happen as a result of it?

ØCan it be prevented?



              Definition

Ø DVT: thrombus or clot in the deep venous system  LEGS and ARMS
 
Ø Calf  is most frequent site but more proximal are more dangerous

Ø 20% of calf  thrombosis will propagate

Ø Etiology remains  unchanged :stasis,hypercoagability,vessel trauma



        
n DVT & PE are a single 

clinicalpathologic entity

n In the western world incidence is 
1 case of DVT/.5 case PE/1000 
population/year

n In the hospital setting,15% 
medical patients and 30-50% 
surgical patients develop VTE if 
no prophylaxis

n Misdiagnosis is common as 
clinical features are often non-
specific

n Immediate and long term 
complications are serious.Untreated 
PE=40% mortality,50% DVT= CVI

n Diagnostic algorithms use best 
practice

n Anticoagulation is the cornerstone of 
therapy

n 70% of suspected VTE end up (-)

VTE Factoids



        VTE Factoids
n VTE incidence  1:2000

n VTE incidence1:3000 <40

n VTE incidence 1:500  >80

n DVT third leading cause of 
cardiovascular disease after ACS and 
CVA

n VTE during pregnancy 1:1000 and 
2:1000 postpartum

n VTE increasing recognition after long 
travel

n VTE common after surgery particularly 
ORTHO joint replacement

n In USA,DVT prevalence is 
2,000,000 cases per year with 
30-50% concurrent PE and 10% 
die within 1st hour

n Post-thrombotic syndrome 
develops in 30-50% depending 
on level

n Majority of DVTS are 
asymptomatic with only 25% 
with clinical signs

n 60-80% of fatal PE are 
unsuspected or undiagnosed







             Coagulation cascade



          Coagulation cascade













Differential diagnosis
Cellulitis
Superficial thrombophlebitis
Ruptured Baker’s cyst
Haematoma in muscle
Muscle tear or strain
Dependent (stasis) oedema
Post-thrombotic syndrome
Lymphatic obstruction
Arthritis
Heart failure, cirrhosis, nephrotic syndrome
External compression of major veins (e.g. by fetus, cancer)
Arteriovenous fistulaiovenous fistula   



What to ask?
1. Have you or anyone in your family ever had a blood clot in their leg 

or lung?

2. Have you been on a long trip (e.g., car, plane, etc.)?

3. Have you recently been bedridden for more than three days?

4. Have you had surgery or trauma in the last 2-3 months?

5. Have you been pregnant in the last three months (Therapeutic 
abortion, miscarriage, current pregnancy)?

6. Are you on birth control pills and do you smoke?

7. Do you have any medical problems (e.g., malignancy, SLE, CHF)?

8. Have you had chest pain or shortness of breath?



What to look for

Swelling of the calf or thigh in one leg

Pain and tenderness along the line of the deep venous 
system

Low-grade pyrexia (very uncommon)
Increased skin temperature

Distension of superficial veins

Colour change (red or purple or white)



Homan’ sign

Homans’ sign is poorly predictive of DVT and attempts 
to elicit this sign are no longer recommended. Homans’ 
sign is pain in the calf or popliteal region on forceful 
and abrupt dorsiflexion of the ankle with the knee in a 
flexed position.



Risk factors
Age over 40 years
Obesity
Having a past history of DVT or PE
A strong family history of DVT or PE
Having cancer or having had treatment for cancer (particularly hormone therapy)
Treatment for heart failure and circulation problems
Recent surgery, especially on the hips or knees
An inherited clotting tendency (thrombophilia)
Hemiplegic stroke or paralysis
Immobility while traveling long distances

Are pregnant
Have recently had a baby
Are taking the contraceptive pill
Are receiving hormone replacement 

women who:



Risk factors for thrombosis 
Table 1. Risk Factors for

Stasis

Immobility

Four days bed rest

Long plane ride (economy class syndrome)

Long train or car ride (many hours)

Paralysis: stroke, spinal cord injury

Cast on leg



Risk factors for thrombosis

 Hypercoagulability (underlying disease)

Previous thromboembolic disease

Malignancy

Inflammatory conditions (SLE, IBD, PVD)

Nephrotic syndrome (loss of antithrombin III)

Sepsis



Risk factors for thrombosis

Coagulation disorders—inheritable vs. acquired

Factor 5 Leyden

Resistance to activated Protein C

Protein S deficiency

Protein C deficiency

Antithrombin deficiency

Disorders of fibrinogen or plasminogen

Antiphospholipid antibodies (lupus anticoagulant and anticardiolipin)



Risk factors for thrombosis

Intimal damage

Intravenous drug abuse

Trauma

Recent surgery

Central lines



Estrogen effect

 Increased urinary loss of proteinS and 
antithrombin III)
Pregnancy

Post-partum < 3 months

Elective abortion or miscarriage

Oral contraceptive pills, other exogenous estrogens



Risk factors for thrombosis

Multifactorial

Trauma

Recent surgery

Age > 60

Cardiac disease

Obesity

Heart failure

Lower limb arteriopathy



Prediction rules for probabilty
n The use of clinical prediction rules  

along with the use of d-dimer testing  
forms the basis of algorithm pre test 
prediction in the diagnosis of VTE based 
on probabilties

n Low
n Moderate
n High 



Scoring system for DVT
Table 4. Scoring System for Risk of DVT
CLINICAL FEATURE                                                                              SCORE

Active Cancer (treatment ongoing or within previous 6 months or palliative)               1
Paralysis, paresis, or recent plaster immobilization of the lower extremities               1
Recently bedridden for more than 3 days or major surgery, within 4 weeks               1
Localized tenderness along the distribution of the deep venous system               1
Entire leg swollen                                                                                                         1
Calf swelling by more than 3 cm when compared to the asymptomatic leg                 1                                                                                                        
Pitting edema (greater in the asymptomatic leg)                                                   1
Collateral superficial veins (non-varicose)                                                                     1
Alternative diagnosis as likely or greater than that of deep-vein thrombosis             -2

Low probability =< 0
                              Moderate probability 1 or 2
                                                                        High probability > 3  

 
Source: Anand SS, et al. Does this patient have deep vein thrombosis? JAMA 1998 ;279:1094-1099.



         Clinical probability
low moderate high

duplex duplex duplex

(-) (+) (-) (+) (-) (+)

Venogram
Clinical
score

(-) (+)
Rx

D Dimer
Repeat US
2-5 days

Rx

(+)(-)

Rx
D Dimer

Venogram
Repeat US
2-5 days

(+)
(-)



   
Prevalence of DVT  by  service            

General Surgery………..25%

GYN  surgery……………16%

ORTHO surgery…………40-60%

Trauma……………………50%

Neuro surgery………………22%

Stroke-spinal cord injury…….55-100%



What tests ?
D-dimer                  Rapid, inexpensive, 93% sensitive   77% specific
May be useful screen for DVT when other tests are unavailable

Venography Traditional gold standard 90-95% accurate
Precipitates DVT and phlebitis in 1-3% of cases expensive invasive
May be useful if dopler is equivocal especially if dopler cannot distinguish between acute and 
chronic change

Radiolabeled   fibrinogen Impedance plethysmography Rarely used  

Duplex scanning   Rapid, relative inexpensive, noninvasive; highly accurate     Can 
miss small calf thrombi       Initial procedure of choice for the  diagnosis 

MRI 97% sensitive; 95% specific Noninvasive; useful in pregnancy

Expensive    Growing role in detecting thrombi in pelvic and renal veins. 

/



           D - Dimer  testing

A fibrin degradation product that can be 
assayed in plasma
Levels raised in the presence of recent 
thrombus
A negative result almost excludes the 
presence of venous thrombosis
Decision to proceed to venography or 
ultrasound often based on D-dimer result
Non-specific , must be taken in context of  
clinical probability





D-dimers

n D-dimers are a unique breakdown product of fibrin mesh stabilized by 
factor X111

n FDP’s formed whenever fibrin is broken down either in blood clot or any 
inflammatory response

n Fibrinolytic enyzme plasmin breaks down mesh ecept for bonds 
betweenE& D units.Left over product is D-Dimer

n Assays rely on monoclonal antibodies(Elisa ,latex,immunodilution)
n False (+): liver disease, (+) Rh factor,inflammation,malignancy, trauma 

pregnancy, surgery,age
n False (-),measure too early or too late



D-dimers
n A value >500ng is considered (+)
n The use of d-dimers in VTE used only in 

conjunction with Well’s probability score
n If a high score D-dimer little difference 

…anticoagulate
n In moderate or low score 
                                 (-) rules out VTE
                                 (+) use other modalities to 

prove dx



 D-dimers
n D-dimers useful in VTE because of its 

high sensitivity and negative predictive 
value

n Positive tests in hospitalized patients 
must be used with caution

n Major use is in ER or outpatient 
population



Venous Duplex

Technique has three components 
All operator dependent
Venous compressibility
Detection of Doppler flow
Visualization of clot

Fem-popliteal segment - sensitivity = 94%. specificity = 100%
Calf veins - sensitivity = 73%. specificity = 86%
Able to exclude femoro-popliteal or major calf DVT in symptomatic patient
Will miss iliac thrombosis



           Standard venogram

Gold standard

Will identify both calf vein and proximal thrombus

Painful and time consuming investigation

2-3% of patients develop contrast reaction

Replaced by MRV/CTV



            Diagnostic imaging

Less than 50% of those suspected of having DVT have clot 
identified on imaging



Treatment of venous thrombosis

Aims of treatment:

Prevention of pulmonary embolus

Restore venous and valvular function to prevent the post thrombotic limb

Few aspects of treatment submitted to RCT



          Initial management

confirm the diagnosis and  urgently anticoagulate in 
order to reduce the risk of extension and embolization 
of the thrombus.

diagnostic imaging should be performed expeditiously
serial (repeat after 7days) non-invasive testing by 
ultrasound (compression or duplex scanning) to detect 
proximal extension of calf DVT (B) [SIGN, 1999

single negative ultrasound examination may be sufficient to 
exclude DVT in people with low clinical pretest probability 
and/or a normal fibrin D-dimer assay (B) [SIGN, 1999

http://www.prodigy.nhs.uk/guidance.asp?gt=Deep vein thrombosis#7668
http://www.prodigy.nhs.uk/guidance.asp?gt=Deep vein thrombosis#7668


       Anticoagulation (hospital-initiated
In clinically suspected DVT, heparin should be commenced (unless 
strongly contraindicated) until the diagnosis is excluded by 
diagnostic imaging (A) [SIGN, 1999

Conventional treatment is with unfractionated heparin (UFH)  
IV/SC  (A) [SIGN, 1999].

Low molecular weight heparin (LMWH) is an effective alternative treatment to UFH 
(A) [SIGN, 1999]

Following initial heparinization, maintenance anticoagulation with oral 
anticoagulants is recommended (unless the person is pregnant)  (A) [SIGN, 
1999].

 LMWH is increasingly being used to allow home management of 
early DVT while anticoagulating with warfarin

http://www.prodigy.nhs.uk/guidance.asp?gt=Deep vein thrombosis#7668
http://www.prodigy.nhs.uk/guidance.asp?gt=Deep vein thrombosis#7668


      Anticoagulation
Main component of treatment

Initially with unfractionated or low molecular weight 
heparin

Followed by oral anticoagulation

LMWHs have increased bioavailability and linear 
kinetics

The treatment of isolated calf DVTs is of unproven 
benefit

Optimal duration of treatment unknown･No proof that 
treatment beyond 6 months is required



     Initiation of anticoagulation   

When oral anticoagulant therapy is initiated for 
treatment of acute DVT it should be overlapped 
with heparin therapy for 4-6 days and until the 
International Normalized Ratio (INR) is greater 
than 2.0 on 2 consecutive days (C) [SIGN, 1999].

The optimal target INR during oral anticoagulant 
therapy for a first episode of VTE is 2.5 (2.0-3.0) 
(A) [SIGN, 1999].



           Maintenance

Routine recommended duration of oral 
anticoagulant therapy following a first 
episode of DVT is  3-6 months (A)

6 weeks of oral anticoagulation in people with 
postoperative calf vein thrombosis without persistent risk 
factors [British Committee for Standards in Haematology, 
1998].
Duration of treatment is influenced by the presence of 
continuing risk factors

 SC UFH or SC LMWH are effective alternatives to oral 
anticoagulation when contraindicated

http://www.prodigy.nhs.uk/guidance.asp?gt=Deep vein thrombosis#4144


  Venous support stockings
Graduated elastic compression stockings should be worn on the 
affected leg following proximal DVT for at least 2ﾊyears, to reduce the 
incidence of severe post-thrombotic leg syndrome (A) [SIGN, 1999]. Some 
experts also recommend their use in calf thrombosis.NO effect on the rate of 
recurrent DVT

If compression hosiery is prescribed, it is essential to check arterial circulation

BPI less than 0.5: arterial disease is likely and compression treatment is 
contraindicated.
ABPI between 0.5 and 0.8: assume that the person has arterial disease. 
Compression in such instances may further compromise arterial blood supply, and 
should be generally avoided.
ABPI greater than 0.8: graduated support stockings may be applied safely.

Arterial disease may develop in people with venous disease



Risk of travel-related deep vein 
thrombosis

ECONOMY CLASS thrombosis

Immobility is a common risk factor for DVT

DVT has been associated with all types of long-distance travel, whether by air, 
car, coach, or train.

flights lasting longer than 5 hours

There is no evidence that aspirin is effective in preventing travel-related DVT 
or PE.

Some experts recommend LMWH for those with strong risk factor

There is some evidence that compression stockings may be useful.



                Thrombophilia
increased tendency for blood clotting

Criteria for testing are not universally agreed

 (+) family history VTE

VTE before the age of 45

Recurrent VTE or thrombophlebitis [SIGN, 1999].



     DVT Complications

ØPE:   10% with proximal DVT
            15-30% death without treatment
            calf thrombosis less likely to embolize but 20% extend proximally
            PE rare after DVT on full anticoagulation

ØCritical limb ischemia

ØPost-thrombotic syndrome: CVI /leg ulcers 50-75%
                                               increases with more proximal disease
                                               less likely with calf thrombosis
                                              incidence reduced (23-11%) with  compression stockings

ØRecurrent DVT: 20 % within 5 years.markedly reduced while on anticoagulation





 Initial presentation   PE
n Initial tests 

gases,CXR and 
ECG



      Pulmonary embolus



       Pulmonary Embolus



Venous gangrene



Phlegmasia cerulea dolens



Phlegmasis alba dolens



      Axillary thrombosis



















Modern Diagnostics for DVT

Sensitivity and Specificity for Diagnostic Imaging of Lower Extremity DVT

                                       Sensitivity        Specificity
Compression Ultrasound    93%         98%
MR Venography    100%         100%
CT Venography    89-100%         94-100%





         Venous duplex







             CT and MR
n MRV is expensive 

and time consuming  
but very useful  
when preliminary 
testing is unreliable



            CT and MRI



VTE special considerations

n Use of IVC filters
n Venous thrombectomy
n Use of thrombolytic therapy
n Status of superficial phlebitis



IVC filter ……..  indications
n DVT or PE with 

contraindication to 
anticoagulation

n DVT or PE with failure of 
anticoagulation

n DVT or PE with complication 
of anticoagulation

n Free floating iliofemoral or 
caval thrombus

n Prophylaxis..trauma,DVT 
needing surgery



How do filters work?



              IVC  filters



IVC filters



    Surgical Thrombectomy

n rarely done 
n high recurrence rate 
n reserved for   critical   

limb ischemia
n high morbidity



Superficial phlebitis

It might be more complicated



      Thrombolytic therapy 

ØUse is variable depending on sophistication of centre

ØUsed increasingly

ØContraindicated in surgical patients

ØUseful in threatened limbs

Ø Useful in  massive swelling 

ØUseful in PE particularly massive

ØLargely replaced  surgical thrombectomy

ØDecreases incidence of post thrombotic syndrome



VTE  prophlaxis/prevention
n Remember Virchow’s triad
n Identify the individual at risk
n Identify the situation at risk
n Use both pharmacological and 

mechanical modalities



    Prevention of thromboembolism

Prevention of stasis

Early mobilization

Graduate compression stockings

Intermittent pneumatic compression 



  Prevention of thromboembolism

Pharmacologically reduce  hypercoagulable state

Acidic mucopolysaccharide
Unfractionated heparin(MW = 15 kDa)
Low Molecular Weight Heparin(MW = 5 kDa)
Both potentiate Antithrombin III by inactivating activated clotting 
factors
Unfractionated heparin anti-Xa activity = anti IIa activity
Low Molecular Weight Heparinanti-Xa activity 4x > than anti IIa 
activity
Does not have significant effect on APPT 

Heparin



        Unfractionated heparin

Side effects
ØBleeding

Ø osteoporosis

ØHITP



   Pharmacologically reduce      
hypercoagulable state

Warfarin

Coumarin derivative & vitamin K antagonist

Inhibits vitamin K dependent post translational 
carboxylation of factors II, VII, IX & X



Prevention of thromboembolism

 Prevention of stasis

Graduated compression stockings reduce incidence 
of DVT by 50%

No proven benefit of thigh-length compared to calf-
length stocking



           Heparin comparison

Unfractionated and low molecular weight heparin are equally effective

Reduce DVTs by 70% and PEs by 50%

Unfractionated heparin usually given 5000u 3x daily

Low Molecular Weight Heparin - Enoxaparin 20 or 40 mg daily

New drugs
Thrombin inhibitors (e.g. hirudin)
Specific factor Xa inhibitors (e.g.fondaparinux)
Factor Xa inhibitors may be more effective than 
LMWH



THRIFT recommendations
Current recommendations for DVT prophylaxis

All hospital inpatients should be assessed for clinical risk 
factors and overall risk of thromboembolism

All  hospital inpatients should receive prophylaxis 
according to degree of risk and prophylaxis should 
continue until discharge

Low risk patients should be mobilized early

Moderate risk patients should receive specific prophylaxis



Anticoagulants and where they 
work



Factors increasing VTE risk

Prolonged immobility

Increased age 
Obesity

Pregnancy

Varicose veins

Serious illness 

Surgery: (ortho,uro,gyn)

Bone fracture

Instrumentation

Venipuncture

Trauma

Activated protein C resistance (factor 
V Leiden mutation)

Antithrombin deficiency

Prothrombin gene mutation 20210A

Deficiencies in protein C, protein S
Lupus anticoagulant,
 
antiphospholipid antibodies

Estrogen and selective estrogen 
modulator use

Malignancy

Elevated factors VIII, XIfactors VIII, 
XI

  Stasis                                                       Injury                                                                         Hypercoagability



Low

Moderate

High

Highest

Minor surgery in patients <40 years 
without additional risk factors

Minor surgery in patients with additional risk 
factors

Minor surgery in patients 40-60 years 
without additional risk factors
Major surgery in patients <40 years without 
additional risk factors

Minor surgery in patients >60 years or with additional risk

Major surgery in patients >40 years with history of 
prior VTE, cancer, or genetic predisposition to 
thrombosis, major orthopaedic surgery (i.e., hip and 
knee arthroplasty and hip fracture repair), major 
trauma, or acute spinal cord injury

calf DVT: 10%-20%･
Proximal DVT: 2%-4%･
Clinical PE: 1%-2%･
Fatal PE: 0.1%-0.4%

calf DVT: 20%-40%･
Proximal DVT: 4%-8%･
Clinical PE: 2%-4%･
Fatal PE: 0.4%-1.0%

Calf DVT: 40%-80%･
Proximal DVT: 10%-20%
･Clinical PE: 4%-10%･
Fatal PE: 0.2%-5%

Calf DVT: 2%･ 
Proximal DVT: 0.4%･
Clinical PE: 0.2%･
Fatal PE: 0.002%

 early ambulation

LDUH
LMWH
ES/IPC

LDUH
LMWH
IPC

LMWH
IPC/ES
LDUH
ADH

RISK of VTE with prevention strategy

Major surgery inpatients>40 or with(+) risks



Binding outside target

Route of administration

Dosing for VTE

Variability of response

Thrombocytopenia

VKA UFH LMWH Direct thrombin 
inhibitors

fXa inhibitors

No

SC

1/day

relatively low

No

No

IV/SC/PO

2/day

Relatively low

No

Relatively low

SC

1-2/day

Relatively low

1%-2%

Multiple targets

IV/SC

2-3/day

High

2%-5%

Multiple targets

PO

1/day

No

High

                              VTE Prophylaxis



The ACCP recommendations for VTE prophylaxis for LMWH 

General Surg
Dalteparin and enoxaparin are as effective as UFH.
Tinzaparin is more effective than placebo.
The ACCP Consensus Conference on Antithrombotic Therapy recommends both UFH and LMWH as 
acceptable prophylactic options.

Dalteparin, enoxaparin, tinzaparin are effective.
The ACCP Consensus Conference on Antithrombotic Therapy recommends 
LMWH or adjusted-dose warfarin

TKR Surgery

THR Surgery

Enoxaparin and tinzaparin are effective.
No data are available for dalteparin.
The ACCP Consensus Conference on Antithrombotic Therapy recommends LMWH or adjusted-dose warfarin.

Acutely ill Medical Patients
Enoxaparin is more effective than placebo and as effective as UFH.
No data are available for dalteparin and tinzaparin.
The ACCP Consensus Conference on Antithrombotic Therapy recommends either LMWH or UFH.



Recommended Antithrombotic Prophylaxis ACCP

Heparin 5,000 U SC q 8-12h starting 1-2 h preoperatively

Heparin starting at ~3,500 U SC and adjusted by ±500 U SC per dose q8h 
to maintain a midinterval aPTT at high-normal values

LDUH

ADH

LMWH

General surgery (moderate risk)
Dalteparin 2,500 U SC 1-2 h preoperatively and qd postoperatively
Enoxaparin 20 mg SC 1-2 h preoperatively and qd postoperatively
Nadroparin 2,850 U SC 2-4 h preoperatively and qd postoperatively
Tinzaparin 3,500 U SC 2 h preoperatively and qd postoperativeld postoperat

General surgery (high risk)
Dalteparin 5,000 U SC 8-12 h preoperatively and qd postoperatively
Enoxaparin 40 mg SC 1-2 h preoperatively and qd postoperatively
Enoxaparin 30 mg SC q12h starting 8-12 h postoperatively



Recommended Antithrombotic Prophylaxis ACCP
LMWH

Orthopedic surgery

Dalteparin 5,000 U SC 8-12 h preoperatively and once daily starting 12-24 h postoperatively
Dalteparin 2,500 U SC 6-8 h postoperatively then 5000 U SC qd
Enoxaparin 30 mg SC q12h starting 12-24 h postoperatively
Enoxaparin 40 mg SC qd starting 10-12 h preoperatively
Nadroparin 38 U/kg SC 12 h preoperatively, 12 h postoperatively, and qd on postop days 1, 2, and 3; then increase to 57 
U/kg SC qd
Tinzaparin 75 U/kg SC qd starting 12-24 h postoperatively
Tinzaparin 4,500 U SC 12 h preop and qd postoperatively postoperatively

Major trauma                       Enoxaparin 30 mg SC q12h starting 12-36 h post trauma if hemostatically stab

Acute spinal cord injury Enoxaparin 30 mg SC q12h

Medical conditions Dalteparin 2,500 U SC qd･
Enoxaparin 40 mg SC qd･
Nadroparin 2850 U SC qd



       ACCP VTE Prophylaxis

Heparinoids

General surgery (high risk) Danaparoid 750 U SC 1-4 h preoperatively and 
q12h postoperatively

Orthopaedic surgery Danaparoid 750 U SC 1-4 h preoperatively and q12h 
postoperatively

Medical conditions Danaparoid 750 U SC q12h



     ACCP VTE Prophylaxis
Warfarin

Start daily dose at ~5-10 mg the day of or the day after 
surgery and adjust dose to INR of 2.5

IPC/ES

Start immediately preop and continue until 
patient is fully ambulatory



      Intermittent Pneumatic compression

5 key factors to minimize venous stasis

ØPeak blood flow

ØUnidirectional blood flow

ØVolume of blood moved

ØSustained blood flow

Ø blood clearnce behind valves



Intermittent Pneumatic Compression

IPC works by increasing fibrinolytic activity 

Sequential compression is more effective then uniform compression

Fibrinolytic activity increases  with the amount of muscle compressed

Coagulation Fibrinolysis

Prothrombin

Thrombin

Plasminogen

Plasmin

Fibrinogen Fibrin Thrombus Fibrin Degradation Products

Increased Platelet Aggregation



Intermittent Pneumatic Compression

stasis

Vessel wall damage

Vessel wall damage

Endothelial Derived Relaxing Factor

Discourages and reverses some platelet aggregation 
seen in thrombosis

Stimulated by compression therapy



              Where Clots Form

n Nearly ¼ of thrombi 
originate in the femoral 
vein
n “Of 286 thrombosed legs 

studied, 213 contained 
continuous clots. Of 
these, 63 contained clots 
that originated in the 
femoral vein. This 
represents 22% of the 
thrombosed legs 
studied.”

Diener, L. Origin and distribution of venous 
thrombi studied by postmortem 
intraosseous phlebography. In: Nicolaides, 
A.N., Thromboembolism Aetiology. 
Advances in Prevention and Management. 
1975 



                  Where Clots Form

n “Thrombi in the major 
veins of the thigh and 
popliteal space without 
calf involvement were 
present in 49% of all 
DVT.”

n 2,654 patients 
n 5 year period
n Duplex scanned 

S.L. Hill, et al. The Origin of Lower Extremity Deep Vein Thrombi in Acute Venous 
Thrombosis. AMERICAN JOURNAL OF SURGERY. 1997

49%



When Clots Form
A high % of thrombi form during surgery

n “45% of the thrombi 
occurred on the day 
of operation.”

n Nicolaides, A.N. & Gordan-Smith, 
I.A. Rational Approach to 
Prevention. 
THROMBOEMBOLISM, 
AETIOLOGY, ADVANCES IN 
PREVENTION AND 
MANAGEMENT, Medical and 
Technical Publishing Co. Ltd. 
1975



Blood Clearance
 Thigh Length vs. Calf-Only Sleeve

n Sequential gradient 
compression is 
superior to single-
chamber, calf-only 
compression 
n Better emptying of 

the veins

Nicolaides, A.N., et al, Intermittent Sequential Pneumatic Compression of the Legs In 
the Prevention of Venous Stasis and Postoperative Deep Venous Thrombosis, 
SURGERY 1980



Blood Clearance
 Thigh Length vs. Calf-Only Sleeve

n Calf-Only, Uniform 
Compression:
n Pooling of blood behind 

the valve cusps
n Creates stasis

n Thigh Length 
Compression:
n Collapse femoral vein, 

forcing the valve cusps 
against the vessel wall

n Expels blood



Thigh-Length Compression
Superior clinical results from peer-reviewed data

n Conclusion:
n Uniform, knee-length compression is not always 

effective in reducing DVT, proximal DVT and PE. 
Subsequently, thigh-length compression has been 
found to be effective in reducing the incidence of 
DVT, proximal DVT and PE in almost every 
surgical specialty.



                   Preferred Sleeve Design
         optimize blood flow and improve outcome

n Sequential Compression 
n Compression from ankle to calf to thigh. Studies have shown 

that SCD:
n Prevents distal trapping - completely “milk” blood from leg

n Circumferential Compression:
n Completely collapses valve cups

n Gradient Compression:
n Unidirectional blood flow

n Clinically proven to reduce proximal DVT



n A Consensus Development Conference on Prevention of Venous Thrombosis is 
held in 1986 and the need for prophylaxis modalities acknowledged

n 1991 is the birth of the Risk Assessment Tool. 

n In 1995, Guidelines for DVT Prevention are published by the Am. College of Chest 
Physicians. The Sequel, a more compact and easier-friendly SCD also becomes 
available that year.

n 2 years later, the International Consensus Statement is released

n New and improved commercial non pharmacologic modalities

Industry response to VTE  
prophylaxis guidelines



All-in-One Controller   Compression System



n GRADIENT COMPRESSION 
n From ankle to calf (45, 40, 30mmHg)
n Prevents distal trapping
n Completely “milk” the blood from the leg

Features & Benefits

Leg or Foot, or Both Simultaneously

nOptimizes blood VOLUME over time (leg)
nOptimizes PEAK VELOCITY (Foot) 
nAutomatically detects compression



Literature support
 Practical diagnostic management of patients with clinically 

suspected deep vein thrombosis by clinical probability test, 
compression ultrasonography, and D-dimer test. Tick LW - Am J 
Med - 1-DEC-2002; 113(8): 630-5 

Risk factors for venous thromboembolism. Heit JA - Clin Chest 
Med - 01-MAR-2003; 24(1): 1-12
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Advances and contemporary issues in prophylaxis 
for deep vein thrombosis. 
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CLINICIAN'S CORNER
Does This Patient Have Deep Vein 
Thrombosis? Philip S. Wells, MD, MSc; 
Carolyn Owen, MD; Steve Doucette, MSc; Dean 
Fergusson, PhD; Huyen Tran, MD 

JAMA. 2006;295:199-207. 


