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TherapeuticTherapeutic Management of Venous Thromboembolism 

Introduction n 

Thee introduction of unfractionated heparin, combined with vitamin K antagonists 

hass supplied us with a powerful tool to treat patients with pulmonary embolism. 

However,, a continuing search for new treatment options was initiated thereafter, 

sincee it was recognized that treatment with unfractionated heparin and Vitamin K 

antagonistss did not have a 100% success rate. The problems of bleeding, 

recurrencee and most importantly death are well known sequelae of the treatment 

andd the disease itself. A survey of necropsy data revealed that the incidence of 

venouss thromboembolism, as the cause or contributing factor to death, in hospital 

patientss has nearly been unchanged, when comparing data obtained in a Swedish 

hospitall in 1987 with an analysis of necropsy results obtained in 1957 and 1964 (1). 

Duringg this period the proportion of the population over 65 has nearly doubled, and 

thiss may have masked the beneficial effects of prophylaxis and early mobilisation. 

Nevertheless,, it shows that early recognition of signs and symptoms of pulmonary 

embolism,, together with adaquate prophylaxis, are as important as the development 

off new treatment strategies. This review will first discuss the current knowledge of 

ourr treatment with unfractionated heparin and vitamin K antagonists, and will then 

movee on to alternative treatment options, such as low molecular weight heparins, 

thrombolyticc therapy, surgical embolectomy, vena cavat filters, and the rapidly 

expandingg possibilities of interventional radiology directed to removal of the 

pulmonaryy embolus itself. 

Unfractionatedd Heparin and Vitamin K Antagonists 

Unfractionatedd heparin (UFH) accelarates the action of antithrombin thus 

inhibitingg additional thrombus formation, thereby decreasing the likelihood of 

(further)) embolisation from the venous system to the lungs. (2). The endogenous 

fibrinolyticc system can (in part) dissolve the clot. The majority of patients with 

pulmonaryy embolism are treated initially with UFH, followed by a course of vitamin K 

antagonists,, provided the absence of contraindications to anticoagulant therapy. 

Barrittt and Jordan (3) reported the first evidence for the efficacy of this treatment in 

1960.. Furthermore, the necessity of UFH as a part of this combination has also been 

clearlyy documented (4). 
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Dosee adjusted UFH therapy in patients with established pulmonary embolism 

requiress rapid achievement and maintenance of a therapeutic prolongation of the 

activatedd partial thromboplastin time (APTT) in order to prevent recurrent pulmonary 

embolismm on the one hand, and to avoid on the other hand an excessively prolonged 

APTTT thereby minimizing the risk of major bleeding (4-9). For these reasons, at least 

dailyy monitoring of heparin treatment is mandatory. The APTT target range is usually 

definedd as a ratio between 1.5 and 2.5 times the control APTT value using a 

sensitivee thromboplastin reagent (10). This range corresponds to a UFH level of 0.2-

0.44 U/mL by protamine titration assay, which is generally considered to be the 

therapeuticc range for the treatment of patients with venous thromboembolism (2,5). 

However,, the reagents used in the APTT measurement vary considerably, so that 

differentt plasma heparin concentrations result in APTT values 1.5 to 2.5 times the 

controll value depending on the reagent (11). Thus, an appropriate target APTT ratio 

shouldd be established for the reagent used in each clinic, corresponding with plasma 

UFHH concentrations of 0.2 to 0.4 U per milliliter by the protamine titration assay. 

Thee recommended UFH dosing regime should include an IV bolus of 5000 U, 

followedd by a continuous intravenous infusion dose of at least 1250 U/h (9). 

Subsequentt dose modifications should result in a next APTT in the target range. A 

seriess of clinical studies have documented that the usual monitoring of UFH dosing 

oftenn fails in achieving the defined goals (12,13). This has led to the design of 

nomogramss for initial dosing of UFH and subsequent dose adjustments, which have 

shownn to improve UFH therapy, both in research settings {6, 14-16), and in a non-

surveyedd clinical setting (17). This last study reported 8% subtherapeutic APTT ratios 

duringg 1043 UFH days and a 0.7% major bleeding rate. The duration of heparin 

therapyy should be at least five days and can be stopped when therapy with vitamin K 

antagonistss therapy resulted in a prolonged INR of 2.0 to 3.0 for two consecutive days. 

Warfarinn can be initiated safely in combination with heparin (18). A period of three 

too six months is generally advocated for an episode of venous thromboembolism. 

However,, a recurrence risk adapted strategy seems more appropriate. The Duration 

off Anticoagulation Trial I showed that the long term risk of recurrent 

thromboembolismm was lower among patients whose initial thrombotic event occurred 

inn the setting of a transient risk factor (e.g., surgery, trauma, or immobilization) than 

amongg those with a persistent risk factor or idiopathic thromboembolism (no 
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identifiablee risk factor present) (19). This finding has led to the recommendation that 

thee duration of oral anticoagulant therapy could be limited to six weeks in a patient 

withh a reversible risk factor. The optimal duration of oral anticoagulant therapy after 

aa first episode of idiopathic venous thromboembolism remains a matter of debate 

(19-22).. Kearon and associates reported in this patient group a recurrence rate of 

27.4%% in those assigned to warfarin therapy for three months as compared with 

1.3%% per patient-year among those assigned to continued vitamin K antagonist use 

(22).. The trade off will be the exposure of patients to the risks of major bleeding, 

whichh in the study of Kearon occurred in three of the 79 patients with extended 

anticoagulantt therapy versus none of the 83 patients in the three months treatment 

group.. These findings are at odds with the recent observations by Agnelli et al, who 

foundd a recurrence rate of 7.5% in the three month group, versus 1.5% in the patient 

groupp assigned to one year warfarin therapy (23). However, at two years after the 

startt of oral anticoagulant therapy, 14% recurrences were observed in the three 

monthh group and 12% in the one year group, respectively. Perhaps a lower intensity 

off warfarin therapy is effective after an initial full dose period, which could improve 

thee risk-benefit ratio of long-term anticoagulant therapy. All these treatment 

strategiess have to be evaluated in prospective studies, also in non-surveyed clinical 

settings,, since bleeding risks are likely higher in a less selected patient group. These 

considerationss also apply to the patient group with a second episode of venous 

thromboembolismm (24). 

Loww Molecular Weight Heparins 

Therapyy with low molecular weight heparins (LMWH), which does not require 

monitoringg and dose adjustments, will be the likely practical solution to many of the 

abovee mentioned dilemmas encountered with unfractionated heparin (UFH) therapy 

(25).. Furthermore, less heparin-induced thrombocytopenia is observed with LMWH 

comparedd with UFH (26). Several meta-analyses of randomized trials comparing 

UFHH with LMWH in the initial treatment of patients with deep venous thrombosis 

havee indicated that the use of LMWH for this indication is more effective in 

preventingg recurrent venous thromboembolism and results in a lower rate of major 

bleedingg (27-29). Even outpatient treatment of patients with proximal deep vein 

thrombosiss with LMWH has been shown to be safe and effective (30-32). 
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Althoughh extensive data on the use of LMWH in the treatment of deep vein 

thrombosiss are present, it took until 1997 before two randomized trials reported on 

thee use of LMWH in patients with symptomatic acute pulmonary embolism (33-34). 

Inn the French study, 9 of 308 patients assigned to receive UFH (2.9%) reached at 

leastt one of the predefined study outcomes (death, recurrent venous 

thromboembolismm or major bleeding) in the first eight days of treatment, as 

comparedd with 9 of 304 patients assigned to tinzaparin (3%). By day 90, 22 patients 

inn the UFH group (7.1%) and 18 patients randomized to tinzaparin (5.9%) had 

reachedd at least one of these outcomes. The risk of major bleeding was low and 

similarr in the two treatment groups throughout the study. In both treatment groups 

thee frequency of recurrences were lower than expected. Although 12 percent of the 

14822 patients who met the criteria for enrollment were excluded, because they 

requiredd thrombolytic therapy, 28% of the included patients had clinical features 

compatiblee with major pulmonary embolism and 47% had evidence on perfusion 

scanningg of vascular obstruction exceeding 50% . Data from the Columbus study, 

usingg reviparin in 138 patients with symptomatic pulmonary embolism versus UFH 

givenn in 133 patients, confirmed the comparable efficacy and safety (34) A step 

further,, outpatient treatment of symptomatic pulmonary embolism with LMWH, was 

shownn to be safe and effective in 34 hemodynamically stable patients, not requiring 

oxygenn therapy (32). These data may result in a replacement of UFH by LMWH in 

thee treatment of pulmonary embolism, especially when the costs of LMWH will 

decreasee and more studies confirm the efficacy and safety of out of hospital 

treatment. . 

Thrombolysis s 

Althoughh the first reports of thrombolytic therapy in the treatment of pulmonary 

embolismm were published in the 1960 's (35-37). the debate is continuing whether 

thee indication for thrombolytic therapy should be expanded beyond patients with 

hypotension,, secondary to massive pulmonary embolism (38-40). Thrombolytic 

therapy,, administered to patients with pulmonary embolism without contraindications 

forr anticoagulant therapy, resulted in more significant improvements of lung scans, 

pulmonaryy angiograms, and hemodynamic measurements, 24 hours after treatment 

withh urokinase or streptokinase as compared with heparin (41,42). However, follow-
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upp lung scans at 7 days. 3 months, 6 months and 1 year after treatment showed no 

differencee between patients treated with heparin, urokinase or streptokinase. These 

findingss are similar to the results of four more recent randomized clinical trials 

comparingg recombinant tissue-type plasminogen activator (rt-PA) with heparin {43-

46).. The most important outcome, mortality, was not different in the patient group 

treatedd with heparin compared to those receiving thrombolysis (41-46). For rt-PA 

andd heparin, overall mortality in the four randomized trials was 3.8% and 3.0% 

respectively. . 

Inn the subgroup of patients presenting with hypotension, the benefits of a rapid 

resolutionn of the thrombotic burden is believed to outweigh the increased risk of 

bleedingg with thrombolytic therapy, which has been associated with a 1-2% 

incidencee of intracranial hemorrhage (38,47-49). A non-randomized study in 40 

patientss with acute pulmonary embolism and echocardiographic evidence of 

pulmonaryy hypertension and/or right ventricular dysfunction showed that alteplase 

couldd rapidly reduce pulmonary artery pressure. However, the same occurred also 

withinn one week in patients treated with heparin alone (50). In fact, one of the 

echocardiographicc parameters, right ventricular free wall motion, returned to normal 

inn most patients treated with heparin within 12 hours. Thus, the hemodynamic 

benefitss of thrombolytic agents in major pulmonary embolism are confined to the first 

feww hours to days after initiation of the treatment. Formal proof from randomized 

trials,, showing that in patients with acute major pulmonary embolism early 

improvementt of hemodynamic parameters confers survival benefit, exceeding the 

disadvantagee of intracranial hemorrhage, is lacking. One trial trying to assess this 

issuee was stopped after the first 8 of 40 intended patients were enrolled, because all 

fourr patients who received thrombolysis survived as compared with none of the four 

allocatedd to anticoagulation alone (51). Postmortem examination was performed in 

threee patients revealing right ventricular myocardial infarctions without significant 

coronaryy arterial obstruction, undoubtedly because of their massive pulmonary 

embolism.. Other trials reporting on mortality in patients with massive pulmonary 

embolismm with shock, reviewed by Dalen et al, showed a high mortality rate of 18-

38%% (38). In general, groups were small and treatment regimens included heparin, 

thrombolysiss and (catheter)embolectomy. No conclusions about superiority of any 

treatmentt modality can be drawn from those studies. Bearing in mind the high 
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mortalityy rate of patients with acute major pulmonary embolism presenting with 

hypotension,, it is understandable that physicians consider thrombolysis in patients 

withh massive pulmonary in whom contraindications to anticoagulant therapy are 

absent,, although this is by no means evidence based. 

Somee investigators believe that it is time for expanding the indication for 

thrombolysiss beyond patients with hemodynamic instability (40,49). If we safely want 

too expand thrombolysis therapy in order to reduce mortality without excessive 

increasee in thrombolytic induced morbidity/mortality, then risk stratification of the 

patientt group presenting with pulmonary embolism without concomitant hypotension 

iss warranted. Goldhaber and collegues suggested that measurement of right 

ventricularr dysfunction could be a prognostic factor, however none of the 46 patients 

withh right ventricular dysfunction at baseline in their study died of progressive right 

heartt failure or progressive systemic arterial hypotension (46). Furthermore, Miller et 

all found that the extent of right ventricular end-systolic dysfunction in 

hemodynamicallyy stable, previously normal patients with acute pulmonary embolism, 

didd not reflect the extent of the scintigraphically measured perfusion abnormalities 

(52).. In contrast to these findings, two other studies did find an association of right 

ventricularr dysfunction, assessed bedside by echocardiography, and increased in-

hospitall mortality in patients with (suspected) pulmonary embolism (53,54). Thus, we 

cann yet not conclude from these studies that thrombolysis is advantageous in the 

settingg of right ventricular dysfunction. The potential benefit of using thrombolysis 

afterr risk stratification with clinical, echocardiography and cardiac catherisation 

findingss was suggested by the MAPPET study. This prospective observational study 

registeredd 1001 consecutive patients from 204 centres throughout Germany (49). 

Withh these techniques, 719 patients were considered to have major pulmonary 

embolismm because of right ventricular failure and/or pulmonary hypertension, 

althoughh there was absence of cardiogenic shock at presentation. The mortality rate 

off the 169 patients receiving thrombolysis was 4.7% as compared with 11.1% in the 

remainingg 550 patients who were treated with heparin alone (p=0.016). Although 

selectionn bias is always a major problem in such studies, thrombolytic therapy 

remainedd better in a multiple logistic regression analysis model (relative risk 0.46 ; 

p<0.05).. However, a threefold higher rate of major bleeding (22%) compared to 

heparinn alone was observed, with two (1.2%) intracranial hemorrhages of which one 
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wass fatal. It is clear that randomized trials are mandatory before the use of 

thrombolyticc therapy can be advocated in patients with echocardiographic 

abnormalitiess and/or pulmonary hypertension in the absence of systemic 

hypotension. . 

Noo significant difference in efficacy and safety of the various thrombolytic agents 

(streptokinase,, urokinase and rt-PA), as assessed by angiography and/or lung 

scintigraphyy after 24 hours, were observed (42,55-57). Assessment after 2 hours 

showedd a benefit for rt-PA over urokinase on angiographic score (55) and pulmonary 

resistancee (57). However, a subsequent study failed to show any difference in 

angiographicc score after 2 hours with a more concentrated urokinase dose 

administeredd over a shorter time period (56). Thus, when administration of 

thrombolyticc agents within a 2 hours time span is preferred, one can either give rt-PA 

(1000 mg for 2 hours, or 10 mg bolus followed by 90 mg in 2 hours) or urokinase (1 

millionn IU bolus followed by 2 million IU in 2 hours). 

Mostt of the presumed contraindications for thrombolytic therapy have never been 

subjectedd to rigorous analyses. In general, absolute contraindications seem to be 

previouss hemorrhagic stroke, intracranial neoplasm, recent cranial surgery or trauma 

andd active or recent gastro-intestinal bleeding. Relative contraindications include 

bleedingg diathesis, uncontrolled severe hypertension, cardiopulmonary resuscitation, 

nonhemorrhagicc stroke and surgery within the previous 10 days. 

Surgicall embolectomy 

Thee number of surgeons with experience in performing urgent surgical 

embolectomyy for massive pulmonary embolism has declined after the introduction of 

thrombolyticc therapy. However, no randomized clinical comparison of thrombolytic 

therapyy with surgical embolectomy support the choice in favour of thrombolytic 

therapy.. What are the outcomes for surgical intervention in an emergency setting of 

acutee massive pulmonary embolism ? In a review of 25 years surgical experience, 

Clarkee et al described their experience with a surgical approach avoiding the 

complexitiess of cardiopulmonary bypass. Fifty-five procedures were performed 

duringg a short period of normothermic circulatory standstill, produced by clamping 

thee superior and inferior venae cavae. Total mortality (including the post-operative 

period)) was 20% in 36 patients without a preoperative episode of asystole or 
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ventricularr fibrillation versus 73% in the remaining 19 patients with such a 

complicationn (58). Three other groups of investigators confirmed the predictive value 

forr adverse outcome of preoperative cardiac arrest in pulmonary embolectomies 

underr cardiopulmonary bypass. The overall mortality rate ranged from 25-37% (59-

61). . 

AA promising modified surgical concept for fulminant pulmonary embolism was 

describedd by Jakob et al (62). Left and right pulmonary arteries were incised 

peripherallyy and all segmental arteries were desobliterated selectively, using small 

suctionn devices. Thereafter, the right atrium was opened and inspected and all 

inferiorr body blood was taken out with suction, while both legs and the abdomen 

weree massaged to mobilize additional fresh thrombotic material. All off the eight 

casess operated in this way survived, which is remarkable since five patients were 

operatedd on after or under cardiopulmonary resuscitation. Confirmation in a larger 

patientt population is warranted. 

Anotherr technique which deserves further investigation in patients with massive 

pulmonaryy embolism is extracorporeal membrane oxygenation, without surgical 

embolectomyy or thrombolysis (63-64). Two patients were treated successfully and 

weree awake and nonintubated, while on extracorporeal membrane oxygenation for 

threee to four days. Tightly controlled systemic heparinization with natural 

thrombolysiss allowed the resolution of pulmonary embolism, while oxygenation and 

circulationn were maintained by venoarterial extracorporeal membrane oxygenation. 

Whatt to do in case of massive pulmonary embolism with hemodynamic instability 

whenn both an experienced cardiothoracic surgeon is present and there is absence of 

contraindicationss to thrombolysis? Since, as yet, the majority of literature reveals no 

survivall benefit for surgical intervention, thrombolysis is preferred because of its 

simplicity.. The only exception could be echocardiographically documented 

thromboembolii transiently entrapped in the right heart chambers while en route to 

thee pulmonary arteries, which is probably best handled as a surgical emergency 

(65). . 

Inferiorr vena caval filters 

Inn the tate 1960s caval filters became available, which nowadays can be placed 

percutaneouslyy (66-74). About 30.000 to 40.000 filters are inserted each year in the 
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Unitedd States, either prophylactically or therapeutically (69). This might give the 

impressionn that these devices are safe and have a proven efficacy. However, 

potentiall complications can be both immediate (pulmonary embolism following 

improperr deployment) and long-term (disabling venous insufficiency). The early 

complicationn rate associated with caval filter placement has been reported to be 3-

7%% (66,67).Obviously, filters do not stop the ongoing thrombotic process. Their role, 

inn addition to anticoagulant treatment, has recently been evaluated. The randomized 

controlledd trial by Decousus et al did not show a benefit of the routine use of vena 

cavall filter placement (68). In this trial, 400 patients with proximal deep vein 

thrombosis,, with or without concomitant pulmonary embolism, at high risk of 

developingg (recurrent) pulmonary embolism were assigned to filtration plus 

anticoagulantt therapy versus anticoagulant therapy alone. Ventilation/perfusion 

scintigraphyy on day 12 showed 1% new (silent) pulmonary embolism in the filtered 

cohortt versus 5% in the non-filtered group. At two years, filters were associated with 

aa trend toward a reduced risk of symptomatic pulmonary embolism, however, at that 

time,, 2 1 % of filtered patients versus 12% of those treated with anticoagulants alone 

hadd evidence of recurrent deep vein thrombosis. Thus, the indications for inferior 

venaa caval filter placement in patients with documented venous thromboembolism 

shouldd therefore be limited to patients with recurrent pulmonary emboli despite 

adequatee anticoagulation, or contraindications to anticoagulant therapy. In these 

patientss the placement of a temporary filter is likely to be better than a permanent 

filter.. In patients with proximal thrombosis in the iliac vein or vena cava who are 

aboutt to undergo surgery (for example, pelvic reconstruction after trauma) and in 

high-riskk trauma patients the debate is not settled yet (66,67, 71-73). Patients with 

deepp venous thrombosis and free-floating thrombus have no higher risk for 

pulmonaryy embolism and are no longer considered to be an indication for caval filter 

insertionn (75). Percutaneous filter placement in the superior vena cava is a safe and 

effectivee method for preventing symptomatic pulmonary embolism due to upper 

extremityy deep vein thrombosis in patients in whom therapeutic anticoagulation has 

failedd or is contraindicated (74). 
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Catheterr embolectomy 

Transvenouss catheter pulmonary embolectomy, is not an integrated part in our 

therapeuticc management today of patients with pulmonary embolism. However, the 

usee of a balloon or catheter device, introduced and advanced from the femoral or 

jugularr veins (either percutaneously, or under direct vision) in order to extract or 

disruptt the embolus under radiological control, could expand the options for 

treatmentt of high-risk patients (76-91). The various devices which have been 

developedd in order to target the pulmonary embolus, namely local fibrinolysis with or 

withoutt mechanical canalization {catheter fragmentation, aspiration, rotating devices, 

angioplasty,, pulmonary artery stent placement and rheolytic thrombectomy) will be 

discussedd in the folowing section (76-91). 

Locall fibrinolysis has the benefits of combining the diagnostic procedure, 

pulmonaryy angiography, with a therapeutic session, reaching higher concentration of 

thee drug at the level of the thrombus. The first experience with local administration of 

streptokinasee or urokinase resulted in clinical improvement, confirmed by 

hemodynamicc measurements and angiographic investigations (76,77). A 

subsequentt randomized trial by Verstraete et al. showed that the intrapulmonary 

infusionn of recombinant tissue-type plasminogen activator did not offer a significant 

benefitt over the intravenous route in the treatment of acute massive pulmonary 

embolismm (78). Thus, in general, local administration of thrombolytic agents is 

nowadayss used only in combination with mechanical canalization. 

Directt fragmentation of the embolus with an angiographic catheter is based on the 

assumptionn that the volume of the embolus is large, as compared to the section of 

thee pulmonary artery obstructed, but small as compared to the total section of the 

peripherall pulmonary arterial bed available. The combination with thrombolysis 

theoreticallyy enhances the efficacy, since fragmentation of the thrombus results in a 

largerr surface of the thrombus exposed to the fibrinolytic agent. A common feature 

off the uncontrolled studies describing this technique in patients with massive 

pulmonaryy embolism is the rapid and substantial increase in pulmonary blood flow 

andd cardiac output after clot fragmentation and dispersion (79-82). An impressive 

survivall of 27 of the 28 patients described in the four studies, with low complication 

ratee of the procedure, is promising, especially considering the bad clinical condition 

off many of those patients before catherisation. 
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Withh the aspiration technique, a radiopaque plastic cup at the tip of a flexible 

catheterr is positioned in contact with the embolus and then retrieved with the syringe 

inn aspiration (83-85). Greenfield and collegues performed this technique in 46 

patientss with hypotension, despite inotropic support (83). Hemodynamic 

improvementt occurred in nine of ten patients after embolectomy (from 2.6 L/min to 

4.55 L/min), but recurrent pulmonary embolism and a morality rate of 50% prompted 

additionn of a vena cava filter and directional control to the catheter. With this 

combinationn 27 of the remaining 36 (75%) patients survived. Timsit et al described 

thiss technique performed on 18 patients suffering from poorly-tolerated massive 

pulmonaryy embolism, for whom fibrinolytics and surgery were impossible (84). 

Elevenn of the 18 patients immediately improved, while the procedure was 

unsuccessfull in the remaining seven patients, and thirteen patients survived (72%). 

Thus,, no concommitant thrombolysis was performed using the aspiration technique. 

Unfortunately,, the devices for ensnaring and removing pulmonary emboli are bulky, 

andd their insertion requires cutdown or use of a large venous sheath, with risk of 

subsequentt bleeding from the entry site. Furthermore, the manipulation of such 

devicess in the pulmonary arteries require training, which is not the case for the 

mechanicall fragmentation and dispersion technique described above. 

Mechanicall fragmentation of emboli using a pigtail rotation catheter was 

developedd by Schmitz-Rode and associates (86). The rotating device operates 

insidee a basket with no risk of direct injury to the vascular wall. The embolus is 

fragmentedd into 10 micron fragments and dispersed in the peripheral pulmonary 

arteryy branches, where they are lysed by concomitant use of thrombolysis. 

Successfull fragmentation was achieved in 7 of 10 patients with massive pulmonary 

embolism. . 

Otherr techniques reported to be successful in thrombus fragmentation in men 

includee balloon angioplasty (87,88), pulmonary artery stent placement (89), rheolytic 

thrombectomyy (90,91). Except from the study off Stock et al (87), describing 

successfull application of a balloon catheter in five patients, the remaining reports 

aree preliminary results including one or two patients. 

Cann we already define the place of the emerging interventional radiological 

techniquess in our therapeutic armamentarium for patients with (massive) pulmonary 

embolism?? Convincing arguments to support the view that mechanical fragmentation 
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off pulmonary emboii provides any benefit over mere anticoagulant treatment and/or 

thrombolysiss are lacking. Careful controlled clinical trials have to demonstrate its 

efficacyy before this technique can be widely advocated. The exception to this point is 

aa diagnosis of massive pulmonary embolism, in case both surgery and thrombolytic 

therapyy are contra-indicated. Interventional radiological procedures may be 

lifesavingg in this patient group. 

Conclusions s 

Treatmentt options for venous thromboembolism have expanded in the last 

decennia.. As has already occurred in the treatment of deep venous thrombosis, in 

hemodynamicallyy stable patients with pulmonary embolism, a shift from 

unfractionatedd to low molecular weight heparins as the primary treatment is ongoing. 

Randomizedd clinical trials with low molecular weight heparins have proven their 

safety,, efficacy, ease of administration and absence of the need for laboratory 

monitoring.. Even out of hospital administation has already been shown safe and 

effectivee in selected patients. In patients with transient risk factors for venous 

thromboembolism,, vitamin K antagonists therapy will likely be sufficient for a period 

off 6-12 weeks, whereas in patients with idiopathic venous thromboembolism or a 

permanentt risk factor the optimal duration of warfarin therapy is unclear and will vary 

fromm six to twelve months to indefinitly. Indications for insertion of a vena caval filter 

aree limited. 

Haemodynamicallyy unstable patients should be offered thrombolysis, while in the 

presencee of contraindications for thrombolytic therapy, surgical embolectomy still 

hass a role. Although endovascular embolectomy, either with or without the use of 

locall lytic therapy, has shown to be a promising adjunct to our standard therapeutic 

interventionss in patients with massive thromboembolism, its efficacy and safety has 

yett to be shown in randomized clinical trials. 
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