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1. Actuality. 

Deep vein thrombosis (DVT) is a serious and potentially life–threatening 

disorder. The magnitude of the problem is suggested by the fact that an estimated 

180,000–250,000 patients per year are diagnosed clinically as having deep vein 

thrombosis, while twice this number may suffer from venous stasis ulcers and as many 

as 7 million may have lower extremity stasis changes and edema on a chronic basis. In 

addition to the disability associated with the postthrombotic syndrome, the mortality 

from the most serious complication of deep vein thrombosis, pulmonary 

thromboembolism, has been estimated to be in the range of 200,000 deaths per year in 

which it is either the sole cause or a major contributing factor. 

The frequency of deep vein thrombosis itself is difficult to determine since it 

may remain clinically silent or may be misdiagnosed when nonspecific lower 

extremity signs and symptoms are present. Using the very sensitive 
125

I–labeled 

fibrinogen scanning test in a series of unselected general surgical patients, it was found 

that 30% of them developed positive scans in the calf in the postoperative period. The 

diagnosis was confirmed by venography, and in 35% of them the abnormality 

disappeared within 72 hours. In 23% there was propagation of the thrombus into more 

proximal veins, and in half of these patients pulmonary thromboembolism occurred. 

The consequences of untreated deep vein thrombosis, then, are sufficiently serious to 

warrant aggressive diagnosis and management. 

 

2. Purpose. 

1. To determine the etiological and pathogenetic factors of thrombosis of the main 

veins. 

2. Conduct a survey and physical examination of patients with thrombosis of the main 

veins. 

3. Determine the typical clinical picture for thrombosis of the main veins. 

4. To identify various forms (depending on the localization of the process) and 

complications (PE, chronic venous insufficiency, venous gangrene) of thrombosis 

of the main veins. 

5. Make a plan for examining patients with thrombosis of the main veins. 

6. Based on the analysis of laboratory and instrumental examination data, differential 

diagnosis should be carried out, the diagnosis and diagnosis should be made for 

thrombosis of the main veins. 

7. Prescribe conservative treatment, establish indications for surgical treatment, 

conduct primary and secondary prevention for thrombosis of the main veins. 

8. Assess the prognosis of the disease and the performance of patients with 

thrombosis of the main veins. 



9. Demonstrate ownership of the moral and deontological principles of the medical 

worker and the principles of professional subordination. 

 

3. The student should know: 

1. Definition of thrombosis of the main veins. 

2. Etiology and pathogenesis of thrombosis of the main veins. 

3. Classification of thrombosis of the main veins. 

4. Clinical picture with different forms of thrombosis of the main veins. 

5. Complications of thrombosis of the main veins. 

6. Diagnostic program for thrombosis of the main veins, the diagnostic value of 

indicators of laboratory and instrumental research methods for thrombosis of the 

main veins. 

7. Diseases with which it is necessary to conduct differential diagnosis in thrombosis 

of the main veins. 

8. Types of conservative and surgical treatment of thrombosis of the main veins. 

9. Primary and secondary prevention in thrombosis of the main veins. 

10. Prognosis of the disease and evaluation of the working capacity of patients with 

thrombosis of the main veins. 

 

4. The student should be able to: 

1. Conduct a survey and a physical examination of patients with thrombosis of the 

main veins. 

2. To determine pathogenetic factors of development of thrombosis of the main veins. 

3. To show a typical clinical picture with thrombosis of the main veins. 

4. To identify complications with thrombosis of the main veins. 

5. Make a plan for examining patients with thrombosis of the main veins. 

6. Based on the analysis of laboratory instrumental examination data, differential 

diagnosis should be carried out, the diagnosis and diagnosis should be made for 

thrombosis of the main veins. 

7. Prescribe treatment, carry out primary and secondary prevention in thrombosis of 

the main veins. 

8. Determine the indications and contraindications to surgical treatment for 

thrombosis of the main veins. 

9. Demonstrate ownership of the moral and deontological principles of the medical 

worker and the principles of professional subordination. 

 

5. Terminology. 

Term Определение 



Thrombosis (от греч. thrоmbōsis – coagulation) in the life 

coagulation of blood inside vessels. 

formation of a thrombus in the lumen of the vein 

without changes in its wall. 

The term is used to refer to the thrombotic lesion of a 

deep venous system. 

Phlebitis inflammation of the vein wall without its thrombosis. 

Thrombophlebitis thrombosis on the background of the inflammatory 

process of the vein wall. 

The term is used to refer to the thrombotic lesion of the 

subcutaneous (superficial) veins. 

Phlebothrombosis the formation of a blood clot in the vein due to a 

change in the biochemical properties of the blood and 

slowing the flow of blood. 

Thrombectomy surgical method of restoring blood flow in venous 

vessels by mechanical removal of thrombotic masses, 

most often with the help of a balloon Fogarty catheter. 

Thrombolytic therapy method of restoring blood flow in venous vessels by 

administering drugs that promote the dissolution of 

thrombotic masses. 

Anticoagulants a group of medications that promote delayed blood 

clotting by affecting certain clotting factors. 

Compression therapy method of conservative treatment of disorders of the 

venous system by dosed out external elastic 

compression of the limb. 

 

6. Statement of the topic. 

Venous thrombosis – is a syndrome is characterized by occlusion of one or 

more superficial or deep (DVT) veins with a blood clot (thrombus) and a number of 

pathophysiological reactions (including pain, edema, trophic disorders), the severity of 

which is directly dependent on the size and location of the thrombus, the degree of the 

shunt, the compensatory capabilities of the body and the severity of background 

diseases. 

I80 – phlebitis and thrombophlebitis, I82 – embolism and thromboembolism of 

veins. 

 

HISTORICAL PERSPECTIVE 

 



Our present knowledge of the causes of deep vein thrombosis and its 

relationship to pulmonary thromboembolism can be traced to the early work of 

Virchow, who in 1856 introduced the term thrombosis and suggested three possible 

mechanisms which remain the foundation of our approach to the etiology of the 

disorder: stasis, hypercoagulability, and endothelial damage. Despite years of 

investigation, efforts to identify a common coagulation factor abnormality in patients 

with venous thrombosis have not been successful. However, it was identified a 

naturally occurring inhibitor of activated factor X which was subsequently named 

antithrombin III. The subsequent finding of a congenital deficiency of this substance in 

a small group of patients was correlated with a strong predisposition to the 

development of venous thrombosis. More recent work has demonstrated an association 

between an inherited mutation of factor V (factor V Leiden) and activated protein C 

resistance leading to increased risk of initial and recurrent DVT. In addition to these 

inherited risk factors, several disease–specific conditions have been associated with 

increased evidence of DVT, including malignancy, certain types of trauma, and sepsis. 

Besides these factors, which possess strong biological validity, several other risk 

factors were suggested from the early epidemiologic work by Coon. However, much is 

unknown regarding these factors, and prospective studies are urgently needed. 

 

ETIOLOGY AND PATHOPHYSIOLOGY 

 

In surgical patients, stasis is probably the most important predisposing factor, 

since there is a significant reduction in lower extremity venous flow following 

induction of general anesthesia, which persists throughout the procedure. There is also 

a relationship between the duration of bed rest and the incidence of venous thrombosis, 

which provides the stimulus for early ambulation. Vessel wall injury also can occur in 

collapsed vessels when the intimal walls are in contact, and some intimal injury can be 

demonstrated after hypoxemia. Current work has characterized the role of 

inflammation in the development and resolution of thromboembolism, demonstrating a 

beneficial effect from neutralizing antibodies to local cytokines and adhesion 

molecules. Ultrastructural study shows leukocytic attachment between endothelial 

intercellular junctions in areas of venous stasis after trauma at a remote site. These 

changes can become the nidus for the formation of a propagating thrombus. Once a 

nidus of thrombus begins in the presence of stasis, the substances that promote platelet 

aggregation, including activated factor X, thrombin, fibrin, and catechol–amines, 

remain at high concentration in that area. Opposing this process is the fibrinolytic 

system of the blood and vein walls. The endothelium of the vein wall contains an 

activator that converts plasminogen into plasmin, which lyses fibrin. As might be 

expected, however, the fibrinolytic system is inhibited after surgery and trauma, and 



there is also less activity in the veins of the lower extremity than in the upper 

extremity. 

When contrast medium is injected in supine, immobilized patients, it may 

remain in venous valve sinuses for as long as 1 h, confirming the stasis that exists in 

the soleal veins. This is the favored location for the formation of a nidus of thrombus 

as described. Successive layering of platelets, fibrin, red cells, and leukocytes produces 

an organized white thrombus, which is more adherent to the vein wall than the 

propagating red thrombus, which extends into the venous stream (Fig. 1). The latter 

free–floating thrombus is more likely to cause symptoms and more likely to result in 

embolism. If the original thrombus becomes attached circumferentially, it causes 

interruption of flow, retrograde thrombosis, and signs of venous stasis in the extremity. 

Subsequent edema formation within the confines of the deep fascia produces pain and 

a characteristic Homans’ sign elicited by forcible dorsiflexion of the foot, although the 

latter is a nonspecific and unreliable indicator of the disorder. 

 
Figure 1. Venous thrombosis begins when stagnant flow permits platelets to sit in a 

valvular sinus, forming a nidus of thrombus. The cycle of fibrin retraction and 

thrombin release aggregates more platelets as the thrombus either propagates upstream 

without occulsion or occludes the vein with retrograde thrombosis. [By permission of 

Hardy J (ed): Hardy’s Textbook of Surgery, Philadelphia, Lippincott, 1983, p. 971.] 

 



The site of venous obstruction determines the level at which swelling is 

observed clinically. Swelling at the thigh level always implies obstruction at the level 

of the iliofemoral system, while swelling of the calf or foot suggests obstruction at the 

level of the iliofemoral system, while swelling of the calf or foot suggests obstruction 

at the femoropopliteal level. Autopsies suggest that it is more common for thrombi to 

originate in the soleus veins and then propagate proximally, but there is also evidence 

of primary thrombosis of femoral and iliac venous tributaries. Resolution of deep vein 

thrombosis with recanalization will affect the competence of the valves within the 

veins and can result in the postthrombotic syndrome. Complete spontaneous lysis of 

large thrombi is relatively uncommon, and even when patients are treated adequately 

with heparin to prevent further thrombosis, complete lysis occurs in less than 20% of 

cases. It seems likely that complete dissolution of small asymptomatic calf–vein 

thrombi is a more common occurrence, but the actual frequency is unknown.  

 

DIAGNOSIS 

 

Major venous thrombosis involving the deep venous system of the thigh and 

pelvis produces a characteristic clinical picture of pain, extensive pitting edema, and 

blanching that has been termed phlegmasia alba dolens, or “milk leg”. Association 

with pregnancy may relate to hormonal effects on blood, relaxation of vessel walls, or 

mechanical compression of the left iliac vein at the pelvic brim, resulting in the term 

“milk leg of pregnancy.” It was originally believed that the blanching was caused by 

spasm and compromise of arterial flow, but arteriograms fail to confirm this, and 

efforts to achieve sympatholysis to overcome “vasospasm” are ill–advised, since it is 

usually the subcutaneous edema that is responsible for the blanching. In addition to 

pregnancy, other mechanical factors that can affect the left iliac vein include 

compression from the iliac artery or an overdistended bladder and congenital webs 

within the vein. These factors are responsible for the observed 4:1 preponderance of 

left versus right iliac vein involvement. 

With further progression of venous thrombosis to impede most of the venous 

return from the extremity, there is a danger of limb loss from cessation of arterial flow. 

The clinical picture is characteristic, with sufficient congestion to produce phlegmasia 

cerulea dolens, or a painful blue leg. With the loss of sensory or motor function, the 

diagnosis can be made on clinical grounds and treatment started. Venous gangrene is 

likely unless an aggressive approach is utilized to remove the thrombus by open 

thrombectomy and to restore blood flow. A variant of this disorder associated with 

malignant disease occurs peripherally in the leg and has a high mortality rate. 

As indicated earlier, these major complications represent less than 10% of the 

patients with venous thrombosis. In fact, only 40% of patients with venous thrombosis 



have any clinical signs of the disorder. In addition, false–positive clinical signs occur 

in up to 50% of patients studied. Because of this there has been a great deal of interest 

in the development of screening tests that could reveal thrombi before they became 

evident clinically. Of course, contrast venography provides direct evidence of both 

occlusive and nonocclusive thrombi, but it is invasive and requires the patient to move 

to a radiography suite. Venography is also impossible to perform in up to 10% of 

patients, and the results are subject to a high degree of interobserver disagreement. 

Ideally, the screening test would be accurate, noninvasive, and performed at the 

bedside. 

 

Ultrasound 

 

In the majority of medical centers, ultrasound has replaced venography as the 

method of choice for diagnosing deep venous thrombosis. While it is known to be 

sensitive and specific in diagnosing symptomatic DVT, evidence is now accumulating 

to suggest that with the addition of color flow Doppler, it can identify asymptomatic 

proximal deep vein thrombosis. It was showed that the negative predictive value of 

duplex is greater than venography. It was found a sensitivity of 93% and specificity of 

99% in a venographically controlled study. Color flow technology provides a two–

dimensional image that improves visualization of augmentation, distinguishes artery 

from vein, and aids in identification of nonocclusive thrombus. It was reported the 

sensitivity and specificity to be 90% even in asymptomatic patients. The criteria for 

determining a positive scan are lack of vein compressibility and presence of visible 

thrombus. If either of these conditions is present, the scan is positive. An abnormal 

Doppler signal, absence of flow phasicity, or evidence of echogenic thrombus provides 

supporting data but is not sufficient to consider the scan positive. They are considered 

equivocal and require a repeat of the scan in 3 days. Absence of all criteria is 

considered a negative scan. By applying these criteria, well–trained technologists 

doing frequent studies should be able to obtain high levels of sensitivity and 

specificity. The ability to repeat the testing at the bedside is one of its major 

advantages. 

 

Impedance Plethysmography 

 

The impedance plethysmography (IPG) method measures the volume response 

of the extremity to temporary occlusion of the venous system. The diagnosis of venous 

thrombosis depends on the changes in venous capacitance and rate of emptying after 

release of the occlusion. A proximal thigh cuff is inflated to 40 – 50 mmHg pressure 

for 50 – 120 s or until maximum filling has occurred by plateau of the electrical signal. 



The inflation cuff is then rapidly deflated, allowing rapid outflow and reduction of 

volume in a normal limb. Prolongation of the outflow wave suggests major venous 

thrombosis with 95% accuracy and is much more reliable than any voluntary technique 

of venous occlusion. The deficiency with this technique, as with all noninvasive 

methods, is in the detection of calf vein thrombosis or the definition of new pathology 

in patients with old thrombotic sequelae. The strain–gauge plethysmograph can be 

used in a similar fashion. A positive IPG test can be used to make therapeutic decisions 

in the absence of clinical conditions that can produce false–positive tests such as 

cardiac failure, constrictive pericarditis, hypotension, arterial insufficiency, or external 

compression of veins. This test has largely been replaced by the duplex examination 

described above. 

 

Radioactive–Labeled Fibrinogen 

 

Radioactive–labeled fibrinogen testing was frequently used as a screening 

method for DVT, especially in clinical studies, but was subject to a high false–positive 

rate. Recent concern regarding transmission of bloodborne diseases has resulted in the 

prohibition of this method in the United States. 

 

Venography 

 

The injection of contrast material for direct visualization of the venous system 

of the extremity is the most accurate method of confirming the diagnosis of venous 

thrombosis and the extent of the involvement. Injection is usually made into the foot 

while the superficial veins are occluded by tourniquet. A supplementary injection into 

the femoral veins may be required to visualize the iliofemoral system. Both filling 

defects and nonvisualization can be found and provide an assessment of the threat of a 

thrombus such as one seen to be floating free and extending into the iliofemoral system 

(Fig. 2). Potential false–positive examinations may result from external compression of 

a vein or washout of the contrast material from collateral veins. The procedure can also 

be performed with isotope injection using a gamma scintillation counter to record flow 

of the isotope. Delayed imaging of persistent “hot spots” may also reflect isotope 

retention at the sites of thrombus formation. A perfusion lung scan can also be 

obtained for baseline comparison and to detect silent embolism. There is less definition 

of deep vein thrombi with this technique than with contrast venography, but it is a 

valuable technique for sequential study of patients and avoids the potential 

thrombogenesis of the injection of contrast medium. 

 



 
Figure 2. Contrast venogram shows a thrombus originating in a femoral vein tributary 

(screws) and extending to the level of the groin (arrow). Such a thrombus might well 

be asymptomatic. [By permission of Hardy J (ed): Hardy’s Textbook of Surgery, 

Philadelphia, Lippincott, 1983, p 972.] 

 

Assay of Fibrin or Fibrinogen Products 

 

The degradation of intravascular fibrin can be detected by measuring the 

plasma products of the lysis of fibrin or fibrinogen. Both fibrinopeptide A and fibrin 

fragment 1 + 2 can be detected by radioimmunoassay but are not specific for acute 

venous thrombosis. A negative test could conceivably have some value in excluding 

the diagnosis, but the tests are difficult and will require more investigation and 

simplification. The use of an ELISA test for D–dimer has shown some promise in 

ruling out thromboembolic states. The evidence is that a negative d–dimer can safely 

exclude the diagnosis of thromboembolism, but a positive test requires further 

diagnostic studies. 

 

PROPHYLAXIS 

 

The importance of thromboembolism prophylaxis cannot be overstated. As the 

length of hospitalizations is being reduced, any event that delays discharge assumes 



significance. The first step is to assess the patient’s risk. Broad guidelines have been 

defined by Consensus Conferences and the American College of Chest Physicians 

(ACCP). They provide categories of risk based upon medical condition, surgical 

intervention, length of operative time, and age. In addition to these factors, the 

patient’s individual characteristics need to be factored in, such as coexisting disease, 

mobility, inherited defects of coagulation, and prior history of DVT. Levels of 

intervention range from early ambulation and elastic stockings among those at low risk 

to combination therapy at the high end. Interventions include both mechanical and 

pharmacologic methods. Intermittent compression devices are effective in preventing 

DVT in patients undergoing major surgery or with neurologic injuries. However, their 

effectiveness against pulmonary embolism (PE) has not been demonstrated. The foot 

pump has been studied in patients undergoing orthopedic procedures and has been 

shown to decrease DVT. The major advantage of these devices is their ability to be 

used in patients at high risk of bleeding. Heparin has been a mainstay in prophylaxis of 

both DVT and PE. Standard unfractionated heparin given pre– and post–operatively or 

to medical patients significantly reduces the risk of thromboembolism. The newer low 

molecular weight heparins (LMWH) have also proved efficacious in prevention of 

DVT and PE. They are approved for use in both abdominal and orthopedic cases. The 

use of warfarin as prophylaxis has been controversial. The potential for bleeding 

complications and the availability of other effective agents has limited its use; 

however, new evidence based on clinical trial data has led the ACCP to reevaluate its 

position. 

 

TREATMENT 

 

The approach to management of the patient with DVT is based on minimizing 

the risk of pulmonary embolism, limiting further thrombosis, and facilitating resolution 

of existing thrombi to avoid the postthrombotic syndrome. 

Routinely, the patient is placed at bed rest with the foot of the bed elevated 8 – 

10 in. Generally, pain, swelling, and tenderness resolve over a 5– to 7–day period, at 

which time ambulation can be permitted with continued elastic stocking support. 

Standing still and sitting should be prohibited in order to avoid the increased venous 

pressure and stasis. Currently, some patients are being treated on an ambulatory basis. 

Compression stockings are worn while out of bed. These patients are treated with 

LMWH. 

 

Anticoagulation 

 



The foundation of therapy for DVT is adequate anti–coagulation, initially with 

heparin and then with warfarin derivatives for prolonged protection against recurrent 

thrombosis. Unless there are specific contraindications, heparin should be administered 

in an initial dose of 100 – 150 units per kilogram intravenously. Heparin is an 

mucopolysaccharide that neutralizes thrombin, inhibits thromboplastin, and reduces the 

platelet release reaction. It should be administered by continuous intravenous infusion 

regulated by whole blood or partial thromboplastin clotting time. Bleeding 

complications can be minimized by doses of heparin that prolong the laboratory 

clotting determinations in the range of twice normal with no loss of effectiveness. 

Continuous intravenous infusion regulated by an infusion pump seems to minimize the 

total dose required for control and is associated with a lower incidence of 

complications. The use of LMWH provides the advantage of subcutaneous injection 

versus continuous intravenous infusion and offers predictable pharmacokinetic dosing, 

which eliminates the need for continuous laboratory monitoring. 

The side effects associated with heparin treatment include bleeding, 

thrombocytopenia, hypersensitivity, arterial thromboembolism, and osteoporosis. 

Bleeding is more likely to occur in elderly females, in patients treated with aspirin, or 

in patients who have had recent surgery or trauma. It has been well demonstrated that 

bleeding can occur when the results of laboratory monitoring tests are within the 

therapeutic range, which may be because of its effect on platelets. The adverse event 

profile of LMWH is similar to that of UFH. In some cases the risk of bleeding has been 

less with LMWH, but these reports have not been supported by strong clinical trials. 

Evidence is still being gathered regarding the association between LMWH and 

osteoporosis. For the most part, patients who have developed thrombocytopenia on 

unfractionated Heparin will cross–react with LMWH. For these patients, a new class of 

anticoagulants, heparinoids, have proved useful. 

Arterial thromboembolism can complicate heparin administration by any route 

and is more common in the elderly. It tends to occur after 7 – 10 days of therapy and is 

associated with thrombocytopenia. This complication carries a high morbidity and 

mortality rate and requires immediate cessation of heparin treatment. 

Thrombocytopenia as a complication is caused by an immune reaction but is rapidly 

reversed when heparin is stopped, usually within 2 days. Hypersensitivity to heparin 

may take the form of a skin rash or, rarely, may produce anaphylaxis. Subcutaneous 

injections which show urticaria may become necrotic as an unusual form of sensitivity. 

Osteoporosis has been seen in patients on long–term heparin therapy in excess of 6 

months. This is probably caused by a direct effect on bone resorption and can be 

avoided by shorter periods of treatment and dosage less than 15,000 units per day. 

Oral administration of anticoagulants is begun shortly after initiation of heparin 

therapy, since several days usually are required to bring the international normalized 



rates (INR) within the therapeutic range of 2.0 – 3.0 times the control value and to 

provide the maximal antithrombotic effect. The warfarin derivatives block the 

synthesis of several clotting factors, and prolongation of the prothrombin time beyond 

the range suggested is associated with an increased incidence of bleeding 

complications. The nonhemorrhagic side effects are uncommon but include skin 

necrosis, dermatitis, and a syndrome of painful blue toes. Skin necrosis is heralded by 

painful erythema in areas of large amounts of subcutaneous fat and is reversible if the 

drug is stopped. Fortunately, the administration of plasma usually can restore the 

prothrombin time rapidly. 

After an episode of acute DVT, anticoagulation should be maintained for a 

minimum of 3 months; some investigators favor 6 months for thrombi in the larger 

veins. There are many drugs, such as barbiturates, that interact with the warfarin 

derivatives, and therefore a routine for regular monitoring of prothrombin time is 

essential after the patient leaves the hospital. Oral anticoagulants are teratogenic and 

should not be used during established or planned pregnancy. In the pregnant patient, 

heparin is the drug of choice, and for long–term management, subcutaneous self–

administration should be taught. This regimen allows a normal delivery and can be 

continued postpartum. 

 

Fibrinolysis 

 

In spite of great interest in the use of fibrinolytic agents to activate the intrinsic 

plasmin system, the results of randomized studies have been disappointing. Both 

streptokinase and urokinase have been used and found to be effective, although they 

are associated with an incidence of 25 – 30% of hemorrhagic complications and fever. 

In 10% of patients, streptokinase is also associated with allergic reactions, which vary 

from urticaria to anaphylaxis and can produce an adult respiratory distress syndrome. 

In addition, fibrinolytic agents have no advantage over heparin in the treatment of 

recurrent venous thrombosis or when thrombosis has existed for over 72 h, and the 

lytic agents are contraindicated in the postoperative or posttraumatic patient. 

Catheter–directed thrombolysis has been used to deliver urokinase directly to 

the thrombus and lower the risk of systemic bleeding. 

 

SURGICAL APPROACHES 

 

Operative Thrombectomy 

 

A direct surgical approach to remove thrombi from the deep veins of the leg via 

the common femoral vein has been employed and facilitated by the use of Fogarty 



venous balloon catheters and an elastic wrap for milking the distal extremity. Although 

the operative results are impressive, venograms obtained prior to discharge from the 

hospital show rethrombosis in the majority of patients, and there does not seem to be 

any lesser incidence of the postthrombotic syndrome. The procedure is usually 

reserved for limb salvage in the presence of phlegmasia cerulea dolens and impending 

venous gangrene. 

A modification of this technique involving the addition of an arteriovenous 

fistula has increased the long–term patency of the proximal vein. It were reported good 

results with 61% of segments patent on venograms and normal venous pressure in 82% 

of cases despite some proximal stenosis. Combination therapy involving thrombolysis 

and thrombectomy has been attempted in a limited number of patients. 

 

Vena Cava Interruption 

 

Adequate anticoagulation usually is effective in managing DVT, but if 

recurrent pulmonary embolism occurs during anticoagulant therapy or if there is a 

contraindication to anticoagulation, then a mechanical approach is necessary. 

Mechanical protection is also indicated as prophylaxis against recurrence of embolism 

for the patient who has required pulmonary embolectomy and in some high–risk 

patients who could not tolerate recurrence. 

 

Indications for Insertion of a Vena Cava Filter: 

1. Recurrent thromboembolism despite adequate anticoagulation. 

2. Thromboembolism in a patient who has a contraindication to anticoagulation. 

3. Complication of anticoagulation forcing therapy to be discontinued. 

4. Chronic pulmonary embolism with associated pulmonary hypertension and cor 

pulmonale (class V patient). 

5. Immediately following pulmonary embolectomy. 

6. Relative indications: Patient with more than 50% of the pulmonary vascular bed 

occluded (class III) who would not tolerate addditional embolism; patient with a 

large iliofemoral thrombus despite anticoagulation; septic embolism despite 

control of focus and antibiotics. 

 

Early surgical efforts to prevent recurrence of pulmonary embolism were 

directed to the common femoral vein, which was ligated bilaterally. This resulted in a 

high incidence of sequelae due to stasis in the lower extremity and an unacceptable rate 

of recurrent pulmonary embolism. The next approach was ligation of the inferior vena 

cava below the renal veins, which added the adverse effect of a sudden reduction in 

cardiac output. This effect, coupled with stasis sequelae and recurrent embolism 



through dilated collateral veins, led to efforts to compartmentalize the vena cava by 

means of sutures, staples, and external clips in order to provide filtration without 

occlusion. 

Since these procedures required general anesthesia and laparotomy, the next 

logical step was to devise a transvenous approach that could be performed under local 

anesthesia. The Mobin–Uddin “umbrella” unit was the first to be inserted from the 

jugular vein and positioned under fluoroscopy below the renal veins, where it usually 

produced thrombosis of the vena cava (70% of cases) and is no longer used. 

The Greenfield cone–shaped filter was developed to maintain patency after 

trapping emboli and to permit continued flow to avoid stasis and facilitate lysis of the 

embolus (Fig. 3). It can be inserted from either the jugular vein or the femoral vein, the 

latter reserved for instances where there is an inadequate size of the jugular vein or an 

open wound of the neck. The recurrent embolism rate with this device has been 2 – 

4%, and its long–term patency rate of 98% allows it to be placed above the renal veins 

when necessary for embolism control such as when there is thrombus within the renal 

veins or vena cava (Fig. 4). 

 

 
 

Figure 3. The Greenfield filter is made of stainless steel and is cone–shaped to 

preserve flow after an embolus is trapped. Flow preservation provides continued 

filtration, minimizes stasis sequelae, and facilitates lysis of the trapped thrombus. 

 



 
Figure 4. Contrast study of the vena cava showing a large thrombus in the inferior 

vena cava. Control of this “widow–maker” thrombus requires placement of the 

Greenfield filter above the level of the first lumbar vertebrae. 

 

Advances in percutaneous radiographic techniques have led to many new filter 

devices designed to be inserted through smaller carrier systems. Among these devices 

are the Simon Nitinol filter, the VenaTech filter, and the Bird’s Nest filter. Each of 

these devices has been associated with device–specific problems. All appear to 

function well as a filter. The Nitinol design has a high rate of trapping, which results in 

more frequent caval occlusion relative to the other devices. It has also been associated 

with some limb fractures. The VenaTech device has been associated with caval 

stenosis or obstruction. The cause of this occurrence remains under study. The Bird’s 

Nest filter is the only device approved for use in vena cavas larger than 28 mm. 

However, there are problems with wire prolapse, it is difficult to place relative to the 

other devices, and it requires a longer segment of the cava for adequate deployment. 

The complications of filter insertion range in severity from minor wound 

hematomas caused by early resumption of anticoagulation to potentially lethal 

migration of the device into the pulmonary artery as documented with the Mobin–



Uddin umbrella. The most common complication with the Greenfield filter has been 

misplacement in 7% of cases. When misplacement occurs below the diaphragm, the 

patient has inadequate protection, but the location in the renal or iliac vein poses no 

circulatory problem. A second filter can be placed in the appropriate location or the 

misplaced filter can be retrieved using a guide wire. This is always advocated for 

misplacement into the tricuspid valve or if a rhythm disturbance occurs. Air embolism 

can occur during jugular insertion, but the risk is minimized by having the patient hold 

his or her breath while the vein is open. In some patients the veins may be too small or 

fragile to permit insertion of the carrier catheter, and rarely the patient may be too 

obese to permit fluoroscopy. 

Recurrent embolism after filter placement has been seen in 2 – 4% of cases and 

may be caused by a source of thrombus outside the filtered flow region such as the 

upper extremities or the right atrium. Secondary infection of captured thrombus within 

a Greenfield filter has been produced experimentally, but it was possible to sterilize the 

filter and thrombus with antibiotic therapy. The capture of a very large embolus within 

a filter has the potential to suddenly occlude the vena cava with a precipitous fall in 

blood pressure. In a patient with known prior pulmonary embolism, this event can be 

mistaken for recurrent pulmonary embolism, with disastrous results from vasopressor 

therapy. The basic distinction between functional hypovolemia and right ventricular 

overload can be made by the measurement of central venous pressure and PaO2. The 

response to volume resuscitation for the patient with sudden vena caval occlusion 

should be dramatic. 

There is one circumstance where migration of a Greenfield filter is possible 

after discharge. This occurs when there is failure to flush heparinized saline through 

the cylindrical carrier and a thrombus forms within it during the period of positioning 

under fluoroscopy. The thrombus can then tether the limbs of the filter, preventing 

their expansion and fixation to the wall of the vena cava. Only one such episode has 

been reported to the author, and it remains a totally preventable complication, much 

less likely to occur with the use of a guidewire to facilitate insertion and minimize the 

time that the carrier is used. 

For optimal protection, a continuous drip of heparinized saline can be attached 

by intravenous tubing directly to the insertion catheter. 

 

OTHER THROMBOTIC DISORDERS 

 

The term thrombophlebitis should be restricted to the disorder of the superficial 

veins characterized by a local inflammatory process, which is usually aseptic. The 

cause in the upper limb is usually acidic fluid infusion or prolonged cannulation. In the 

lower extremities it is usually associated with varicose veins and may coexist with 



DVT. The association with the injection of contrast material can be minimized by 

washout of the contrast material with heparinized saline. 

 

Thrombophlebitis Migrans 

 

This condition of recurrent episodes of superficial thrombophlebitis has been 

associated with visceral malignancy, systemic collagen vascular disease, and blood 

dyscrasias. Involvement of the deep veins and the visceral veins has also been 

described. 

 

Subclavian Vein Thrombosis 

 

This disorder is most likely to be secondary to an indwelling catheter and can 

occur in the pediatric age group. It may also occur as a primary event in a young, 

athletic person (“effort thrombosis”), as a result of injury or congenital constriction at 

the thoracic inlet. When the diagnosis is made early, thrombolytic agents and a 

venogram should be obtained to determine whether operative decompression of the 

vein is indicated. First rib resection by anterior or axillary approach has been 

successful in preventing rethrombosis. When the diagnosis is made 3 or more days 

after the event, there is usually a good response to elevation and anticoagulation, 

although some venous insufficiency and discomfort with exercise may persist. In some 

cases, stents have been placed, but the outcomes have been variable. The stents can be 

crushed if not placed in conjunction with rib resection. 

 

Abdominal Vein Thrombosis 

 

Thrombosis of the inferior vena cava can result from tumor invasion or 

propagating thrombus from the iliac veins. Most commonly, however, it results from 

ligation, plication, or insertion of occluding caval devices. 

Thrombosis of the renal vein is most likely to occur in association with the 

nephrotic syndrome. It can be a source of thromboembolism and has been treated 

successfully by suprarenal placement of the Greenfield filter. 

Portal vein thrombosis can occur in the neonate, usually secondary to 

propagating septic thrombophlebitis of the umbilical vein. Collateral development 

leads to the occurrence of esophageal varices. Thrombosis of the portal, hepatic, 

splenic, or superior mesenteric vein in the adult can occur spontaneously but usually is 

associated with hepatic cirrhosis. Thrombosis of mesenteric or omental veins can 

simulate an acute abdomen but usually results in prolonged ileus rather than intestinal 

infarction. 



Hepatic vein thrombosis (Budd–Chiari syndrome) usually produces massive 

hepatomegaly, ascites, and liver failure. It can occur in association with a congenital 

web, endophlebitis, or polycythemia vera. Although some success has been reported 

using a direct approach to the congenital webs, the usual treatment is a side–to–side 

portacaval shunt to allow decompression of the liver. 

The development of pelvic sepsis after abortion, tubal infection, or puerperal 

sepsis can lead to septic thrombophlebitis of the pelvic veins and septic 

thromboembolism. Ovarian vein and caval ligation has been used traditionally, but the 

emphasis should be on drainage or excision of the abscesses and appropriate antibiotic 

therapy. We have also used the Greenfield filter in this situation, since it is inert 

stainless steel and avoids the development of an intraluminal abscess, which can occur 

after the traditional approach of ligation of the vena cava. 

 

6. Control tests. 

 

1. A 78-year-old woman presents to the emergency department complaining of 

generalized pain and edema in her left leg. She denies chest pain, shortness of breath, 

and hemoptysis. She takes 2.5 mg warfarin daily for atrial fibrillation and her INR is 

2.6. Lower extremity ultrasound reveals the presence of a deep venous thrombosis in 

the left popliteal vein. Which of the following should be ordered next in the treatment 

of this patient? 

a) Increase warfarin dose. 

b) CT angiogram of the chest. 

c) Ventilation/perfusion lung scan. 

d) Inferior vena cava filter. 

e) IV heparin. 

 

2. A 26-year-old woman presents to the Emergency Department with one day of 

painful leg swelling and asymmetry. She is otherwise healthy and takes no 

medications. On examination, her vital signs are temperature 99 degrees F, heart rate 

65 bpm, blood pressure 110/80 mmHg, and saturation 100% on room air. Lower 

extremity examination shows mild calf swelling on her left leg, but otherwise is 

unremarkable. Venous ultrasound (Figure A.) reveals a deep venous thrombosis. 

Complete blood cell count and metabolic panel are within normal limits. Which of the 

following is the most appropriate course of action? 



 
Figure A. 

a) Initiate heparin drip, begin coumadin therapy, and admit to hospital. 

b) Initiate low-molecular-weight heparin, begin coumadin, and admit to hospital. 

c) Initiate coumadin therapy and admit to hospital. 

d) Discharge home with coumadin therapy and follow up in 3 days. 

e) Discharge home with low-molecular-weight therapy and coumadin and follow up in 

3 days. 

 

3. A 43-year-old male presents to his primary care physician for a routine health 

maintenance visit. Two months ago, the patient developed left thigh pain that was due 

to a deep venous thrombosis (DVT) in his left femoral vein following a total knee 

replacement. The patient has no history of venous thromboembolism (VTE) or 

malignancy. The patient was discharged on warfarin. The patient is currently 

asymptomatic, but irritated with the frequent blood draws to check his INR. His INR 

today is 2.7. Ultrasound imaging 1 week prior showed regression of the thrombus. 

When is the soonest that he can discontinue warfarin? 

a) Immediately. 

b) In one month. 

c) In four months. 

d) In three years. 

e) Do not discontinue. 

 

4. A 59 year old male is admitted following an Intracerebral hemorrhage. On 3rd day 

of hospitalization, he develops swelling, redness and tenderness on the right calf. He 

does not have any fever. The attending doctor orders a compression ultrasonography, 

which reveals a thrombus in the popliteal vein (Figure A.). Which of the following is 

the most appropriate next step in management of this patient? 

 



 

Figure A. 

a) Thrombolytic therapy. 

b) Anticoagulation with heparin. 

c) Anticoagulation with warfarin. 

d) Compression stockings. 

e) Inferior vena cava filter. 

f) No treatment is needed. 

 

5. The pathogenesis of deep venous thrombosis (DVT) involves 3 factors, known as 

Virchow’s triad. All of the following are part ofthe triad EXCEPT: 

a) Damage to the vessel wall. 

b) Hypercoagulopathy. 

c) Past history of thrombosis. 

d) Venous stasis. 

 

6. A 65-year-old woman presents to the emergency department with a swollen right 

calf. She has a history of lung cancer and is receiving chemotherapy. DVT is 

suspected, and a D-dimer test is ordered, the result of which is highly positive. Records 

of previous blood tests show that this patient’s D-dimer levels were always higher than 

normal. 

What is the next step in the management of this patient? 

a) Order a brain natriuretic peptide test to rule out heart failure caused by 

chemotherapy. 

b) Order compression ultrasonography. 

c) Order a venogram. 

d) No further evaluation. 



 

7. A 65-year-old woman presents to the emergency department with a swollen right 

calf. She has a history of lung cancer and is receiving chemotherapy. DVT is 

suspected, and a D-dimer test is ordered, the result of which is highly positive. Records 

of previous blood tests show that this patient’s D-dimer levels were always higher than 

normal. 

The patient is found to have DVT of the calf with extension to the right proximal vein. 

Anticoagulation therapy should be initiated. Which of the following is a relative 

contraindication to anticoagulation therapy? 

a) Brain metastasis. 

b) Gastrointestinal bleeding in the past 6 months. 

c) Platelet count < 60 × 103 /µL. 

d) Severe hypotension. 

 

8. A 65-year-old woman presents to the emergency department with a swollen right 

calf. She has a history of lung cancer and is receiving chemotherapy. DVT is 

suspected, and a D-dimer test is ordered, the result of which is highly positive. Records 

of previous blood tests show that this patient’s D-dimer levels were always higher than 

normal. 

The patient is prescribed unfractionated heparin. All the following are adverse effects 

associated with unfractionated heparin EXCEPT: 

a) Elevated partial thromboplastin time. 

b) Osteoporosis. 

c) Thrombocytopenia. 

d) Worsening of renal failure. 
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