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BackgroundBackground and Aims of theThesis 

Introduction n 

Venouss thromboembolism encompasses deep venous thrombosis and pulmonary 

embolism,, in the past considered as two separate clinical entities. The concept of 

venouss thromboembolism is a direct consequence of the many studies performed, 

whichh showed that deep venous thrombosis and pulmonary embolism have many 

featuress in common. First, the co-existence of venous thrombosis and pulmonary 

embolismm is characterized by the presence of venographically proven deep leg vein 

thrombosiss in 70% to 93% of patients with documented pulmonary emboli (1,2), of 

whichh the majority have asymptomatic deep venous thrombosis. Other localisations 

off the origin of the thrombus, a complete dislodgement of the clot and limitations of 

thee diagnosting technique are likely the main reasons for not detecting deep venous 

thrombosiss in all patients with pulmonary embolism. Vice versa, 50% of patients with 

symptomaticc deep venous thrombosis have a high-probability ventilation/perfusion 

scan,, which is generally accepted as proof for the presence of pulmonary embolism, 

whilee another 20-30 % have a non-diagnostic lung scan, of which a proportion will 

bee due to pulmonary embolism (3-6). When pulmonary embolism is present in 

patientss with symptomatic deep venous thrombosis it will also be asymptomatic in 

thee majority of cases. Besides the co-existence of deep leg vein thrombosis and 

pulmonaryy embolism, the diseases share the same risk factors, such as recent 

surgery,, immobilization, cancer, pregnancy and hereditary thrombophilia. 

Furthermore,, for many years the treatment for both diseases has been similar in the 

majorityy of patients, i.e. a combination of heparin in the acute phase followed by a 

prolongedd period of oral vitamin K antagonists (7,8). 

Thee mere reason for still separating patients with deep venous thrombosis from 

pulmonaryy embolism, are the different algorithms in the diagnostic work-up. Another, 

albeitt minor reason are the differences in treatment options in patients presenting 

withh massive pulmonary embolism. Both, these diagnostic and therapeutic issues, 

whichh gave rise to the studies described in this thesis, will be shortly discussed in 

thee next two sections. 
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Diagnosticc issues in venous thromboembolism 

Althoughh deep venous thrombosis and pulmonary embolism can be considered 

ass one disease, patients rarely present with both leg and chest symptoms. Thus, the 

primaryy diagnostic strategy tended to focus on visualizing the thrombus either in the 

legg veins in case of suspected deep venous thrombosis or in the pulmonary artery or 

itss branches when pulmonary embolism is suspected. Ultrasonography has largely 

replacedd venography and other non-invasive methods in diagnosing patients 

presentingg with suspected symptomatic lower extremity deep venous thrombosis. It 

iss relatively simple, non-invasive, can be repeated and combines a high sensitivity 

withh high specificity. Furthermore, the safety of withholding anticoagulant therapy in 

casee of two normal ultrasound studies 5-7 days apart has been documented in two 

largee management studies (9,10). In contrast, a clear-cut and simple diagnostic 

strategyy for pulmonary embolism is not available. The widespread use of pulmonary 

angiography,, although proven to be safe and feasible in several well designed 

prospectivee studies, is hampered by reluctance to employ the technique beacause 

off its invasive nature, combined with the non-availability or lack of experience with 

thiss technique in many centers (11-13). These are the reasons why presently lung 

ventilation/perfusionn scintigraphy, a non-invasive test, is generally accepted as the 

appropriatee first investigation in the diagnostic work-up of patients presenting with 

suspectedd pulmonary embolism. A normal perfusion scan, which may be found in up 

too 30% of patients, rules out clinically important pulmonary embolism and 

anticoagulantt therapy can be safely withheld. In those patients with at least one 

segmentall perfusion scan defect, ventilation lung scintigraphy is indicated, since a 

mismatchh (normal ventilation at the site of the perfusion defect) adequately predicts 

thee presence of acute pulmonary embolism in approximately 90 % of patients (11,14). 

Suchh mismatches, also called a high probability scan result, are present in 

approximatelyy 20% of consecutive patients with suspected pulmonary embolism. The 

remainingg 50% of patients with other ventilation/perfusion scan findings require further 

diagnosticc work-up with as follow-up ultrasound of the lower extremities and/or 

pulmonaryy angiography. Although ventilation scintigraphy is a valuable tool in the 

diagnosticc management of pulmonary embolism it has several important 

disadvantages.. These include the high cost of the tracer and the usually non-daily 

availabilityy in most hospitals. 
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Modifyingg the diagnostic strategy for pulmonary embolism, trying to partially 

overcomee the above described disadvantages of pulmonary angiography and lung 

scintigraphy,, are the subjects of the studies described in chapters two to four of this 

thesis.. In chapter 2 we determined whether the chest X-ray could replace ventilation 

lungg scanning in defining a segmental perfusion defect as matched or mismatched 

inn patients with suspected pulmonary embolism. We, therefore, studied a large 

seriess of consecutive patients and compared the classification by 

ventilation/perfusionn scintigraphy and chest X-ray/perfusion scintigraphy. In addition, 

wee analyzed whether this comparison was different in subgroups of patients with 

concomitantt congestive heart failure or chronic obstructive pulmonary disease. 

Inn order to reduce the need for pulmonary angiography we have to focus on those 

patientss with a non-diagnostic scan, since as described above, this is the group in 

whichh pulmonary angiography is often needed to confirm or refute the presence of 

emboli.. An additional non-invasive test, besides the possibility of performing 

ultrasonographyy of the lower extremities, could be very helpful. The introduction of 

D-dimerr assays, which measure a degradation product of cross-linked fibrin, has 

broadenedd our non-invasive diagnostic armamentarium (15-20). Especially, the 

SimpliREDD D-dimer method is attractive since it can be performed bedside on whole 

bloodd and the result is available within 5 minutes (16,19-21). The primary role of 

plasmaa D-dimer measurements lies in its capacity to rule out pulmonary embolism 

whenn a normal D-dimer test result is obtained. Given the observed range in 

sensitivityy (85-100%) for SimpliRED D-dimer testing in patients with suspected 

pulmonaryy embolism (16,19,20) it is unlikely that this test can be safely used in 

isolation.. It appears more appropriate to use it complementary to other diagnostic 

tests,, including lung scintigraphy and the assessment of clinical probability. In 

chapterr 3 we evaluated in, a prospective study, the safety and efficacy of 

incorporatingg the SimpliRED D-dimer test result in the routine diagnostic work-up of 

consecutivee patients with suspected acute pulmonary embolism. In this prospective 

study,, we used the SimpliRED D-dimer in conjunction with clinical probability in 

thosee patients with a non-diagnostic lung scan. Clinical outcome was evaluated in 

termss of morbidity and mortality. With this approach the direct consequences of the 

treatmentt decisions based on the results of the diagnostic algorithm can be 

assessed. . 
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Thee use of the SimpliRED D-dimer test in the diagnostic work-up of patients with 

suspectedd pulmonary embolism has introduced the possibility for falsely excluding 

pulmonaryy embolism. Since pulmonary embolism is a potentially lethal disease, 

utmostt care has to be taken to avoid false normal results and insight in the possible 

causess of this phenomenon could be very helpful. In chapter 4, a systematic 

analysiss is presented focussing on the possible causes of a normal SimpliRED D-

dimerr in patients with documented venous thromboembolism. 

Anotherr potential explanation for falsely excluding the presence of pulmonary 

embolismm is performing the diagnostic tests after one or more days of therapeutic 

heparinisation.. The availability of lung scintigraphy, the first step in evaluating 

patientss with suspected pulmonary embolism, differs among hospitals. Nuclear 

medicinee facilities are either not available at all and patients need to be transported 

too another hospital, or they are present on a non-daily basis, such as is frequently 

thee case for ventilation scintigraphy. In only a minority of hospitals both perfusion 

andd ventilation scintigraphy can be obtained around the clock. As a result, patients 

withh suspected pulmonary embolism often already receive heparin therapy for hours 

too days before ventilation/perfusion scintigraphy is completed. 

Thee possible effects of full dose heparin therapy, given for two to four days, on 

ventilation/perfusionn lung scan findings are studied in chapter 5. Previous studies 

havee shown that careful quantitative assessment of the perfusion defect(s) on a six-

vieww scan closely correlate to pulmonary vascular obstruction, as measured by 

angiography.. Furthermore, serial scintigraphic measurements have shown to be 

sensitivee to changes in vascular obstruction (22-24). We assessed to what extent 

thee scintigraphically determined perfusion score changed over a period of 2-4 days 

off anticoagulant therapy in patients with segmental mismatched perfusion defect(s). 

Inn addition, we evaluated whether lung scan classification (high or non-diagnostic) 

changedd in patients with at least one segmental perfusion defect at the time of the 

firstt perfusion scan. 

Therapeuticc aspects of venous thromboembolism 

Thee spectrum of clinical presentation of patients with venous thromboembolism 

rangess from mild (asymptomatic) deep venous thrombosis and/or pulmonary 

embolismm to massive pulmonary embolism with hemodynamic instability. It is obvious 
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thatt treatment decisions have to be tailored, taking the clinical presentation, patient 

characteristicss and hospital facilities into account. The currently available treatment 

options,, including unfractionated heparin, vitamin K antagonists, low molecular 

weightt heparins, surgical embolectomy, vena caval filters and interventional 

radiologyy directed to the pulmonary embolus itself, are reviewed in chapter 6. 

Thusfar,, unfractionated heparin therapy constitutes the cornerstone in the 

managementt of patients with pulmonary embolism (5,7,8,25,26). Adjusted dose 

heparinn therapy in patients with established venous thromboembolism requires rapid 

achievementt and maintenance of a therapeutically prolonged activated partial 

thromboplastinn time (APTT) test result, in order to prevent recurrent venous 

thromboembolismm on the one hand (25,27,28), and to avoid an excessively prolonged 

APTTT to minimise the risk of major bleeding on the other hand. For these reasons, at 

leastt daily monitoring of heparin treatment is mandatory. The APTT target range is 

usuallyy defined as a ratio between 1.5 and 2.5 times the control APTT value, using a 

sensitivee thromboplastin reagent (25,26). A series of clinical studies have documented 

thatt the usual monitoring of heparin dosing often fails in achieving the defined goals 

(29,30).. This has led to the design of nomograms for initial dosing of heparin and 

subsequentt dose adjustments, which have shown to improve the quality of heparin 

therapy.. However, all these observations were made in clinical research settings 

(27,31-33).. In chapter 7 the adequacy of heparin therapy was retrospectively studied 

inn a non-surveyed clinical setting, before and after the introduction of a heparin dosing 

nomogram. . 

Heparinn therapy is followed by a course of vitamin K antagonists. The optimal 

durationn of vitamin K antagonists is a matter of debate (34-36). Another issue is the 

modee of warfarin withdrawal at the end of treatment. It can be discontinued either 

abruptlyy or by tapering the dose. At present, there is controversy in the literature 

aboutt which of these approaches is more appropriate. The issue is the presence or 

absencee of a rebound hypercoagulable state after cessation of warfarin therapy (37-

39).. The potential presence of a (rebound) hypercoagulable state will only be of 

clinicall relevance if it is an indicator for an increased risk of recurrent venous 

thromboembolicc disease. In chapter 8, we prospectively determined in a pilot study 

whetherr in patients with documented venous thromboembolism (rebound) 

hypercoagulabilityy developed after cessation of warfarin therapy and, if present, 
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wouldd be different for patients with gradual withdrawal or abrupt cessation of 

warfarin.. Furthermore, all patients were clinically followed-up for the assessment of 

thee association between hypercoagulability and occurrence of diseases such as 

recurrentt venous thromboembolism or malignancy. 

References s 

1.. Hull RD, Hirsh J, Carter CJ, Jay RM, Dodd PE, Ockelford PA, Coates G, Gill GJ, Turpie 
AG,, Doyle DJ, Büller HR, Raskob GE. Pulmonary angiography, ventilation lung scanning, 
andd venography for clinically suspected pulmonary embolism with abnormal perfusion 
lungg scan. Ann Int Med 1983; 98: 891-9. 

2.2. Kruit WHJ, de Boer AC, Sing AK, van Roon F. The significance of venography in the 
managementt of patients with clinically suspected pulmonary embolism. J Intern Med 
1991;1991; 230: 333-9. 

3.. Huisman MV, Büller HR, ten Cate JW, van Royen EA, Kersten MJ, Baks R, Unexpected 
highh prevalence of silent pulmonary embolism in patients with deep venous thrombosis. 
ChestChest 1989; 95: 498-502. 

4.. Dorfman GS, Cronan JJ, Tupper TB, Messersmith RN, Denny DF, Lee CH. Occult 
pulmonaryy embolism: a common occurrence in patients with deep venous thrombosis. 
AJRAJR 1987; 148: 263-266. 

5.. Doyle DJ, Turpie AGG, Hirsh J, Best C, Kinch D, Levine MN, Gent M. Adjusted 
subcutaneouss heparin or continuous intravenous heparin in patients with acute deep 
veinn thrombosis. Ann Intern Med 1987; 107: 441-5. 

6.. Parcouret G, Alison D, Pottier JM, Bertrand P, Charbonnier B. Free-floating thrombus 
andd embolic risk in patients with angiographically confirmed proximal deep venous 
thrombosis.. Arch Intern Med 1997; 157: 305-8. 

7.7. Goldhaber SZ. Pulmonary embolism. N EnglJ Med 1998; 339: 93-104. 
8.8. Ginsberg JS. Management of venous thromboembolism. N Engl J Med 1996; 335: 

1816-28. 1816-28. 
9.9. Birdwell BG, Raskob GE, Whitsett TL, Durica SS, Comp PC, George JN, Tytle TL, McKee 

PA.. The clinical validity of normal compression ultrasonography in outpatients suspected 
off having deep venous thrombosis Ann Intern Med 1998; 128: 1-7. 

10.10. Baxter GM. The role of ultrasound in deep venous thrombosis. Clin Radiol 1997; 52: 1-3. 
11.11. PIOPED Investigators. Value of the ventilation/perfusion scan in acute pulmonary 

embolism.. JAMA 1990; 263: 2753-9. 
12.12. van Beek EJR, Reekers JA, Batchelor DA, Brandjes DPM, Büller HR. Feasibility, safety 

andd clinical utility of angiography in patients with suspected pulmonary embolism. Eur 
RadiolRadiol 1996; 6: 415-9. 

13.13. Kuijer PMM, Turkstra F, van Beek EJR, ten Cate JW, Büller HR. A survey of the 
diagnosticc and therapeutic management of patients with suspected pulmonary embolism 
inn the Netherlands. Neth J Med 1997; 50: 261-6. 

14.14. Juni JE, Alavi A. Lung scanning in the diagnosis of pulmonary embolism: The emperor 
readressedd Sem Nucl Med 1991; 21: 281-96. 

15.. Bounameaux H, de Mourloose P, Perrier A, Reber G. Plasma measurement of D-dimer 
ass diagnostic aid in suspected venous thromboembolism: An overview. Thromb Haemost 
1994;1994; 71: 1-6. 

16.. Ginsberg JS, Wells PS, Brill-Edwards P, Donovan D, Panju A, van Beek EJR, Patel A. 
Applicationn of a novel and rapid whole blood assay for D-dimer in patients with clinically 
suspectedd pulmonary embolism. Thromb Haemost 1995; 73: 35-8. 

16 6 



BackgroundBackground and Aims of theThesis 

17.. de Moerloose P, Desmarais S, Bounameaux H, Reber G, Perrier A, Dupuy G, Pittet JL. 
Contributionn of a new, rapid, individual and quantitative automated D-dimer ELISA to 
excludee pulmonary embolism. Thromb Haemost 1996; 75: 11-3. 

18.. van Beek EJR, Schenk ED, Michel BC, van den Ende B, Brandjes DPM, van der Heide 
YT,, Bossuyt PMM, Büller HR. The role of plasma D-dimer concentration in the exclusion 
off pulmonary embolism. BrJHaem 1996; 92: 725-32. 

19.19. Turkstra F, van Beek EJR, ten Cate JW, Büller HR. Reliable rapid blood test for the 
exclusionn of venous thromboembolism in symptomatic outpatients. Thromb Haemost 
1996;1996; 76:9-11. 

20.. Ginsberg JS, Wells PS, Kearon C, Anderson D, Crowther M, Weitz Jl, Bormanis J, Brill-
Edwardss P, Turpie AG, MacKinnon B, Gent M, Hirsh J. Sensitivity and specificity of a 
rapidd whole blood assay for D-dimer in the diagnosis of pulmonary embolism. Ann Intern 
MedMed 1998; 129: 1006-11. 

21.. John MA, Elms MJ, O'Reilly EJ, Rylatt DB, Bundesen PG, Hillyard CJ. The SimpliRED D-
dimerr test: a novel assay for the detection of crosslinked fibrin degradation products in 
wholee blood. Thromb Res 1990; 58: 273-81. 

22.. Meyer G, Collignon MA, Guinet F, Jeffrey AA, Barritault L, Sors H. Comparison of 
perfusionn lung scanning and angiography in the estimation of vascular obstruction in acute 
pulmonaryy embolism. Eur J Nucl Med 1990; 17: 315-9. 

23.. Parker JA, Markis JE, Palla A, Goldhaber SZ, Royal HD, Tumeh S, Ducksoo K, Rustgi 
AK,, Holman BL, Kolodny GM, Braunwal E. Pulmonary perfusion after rt-PA therapy for 
acutee embolism: Early improvement assessed with segmental perfusion scanning. 
RadiologyRadiology 1988; 166: 441-5. 

24.. Parker JA, Drum D, Feldstein ML, Goldhaber SZ. Lung scan evaluation of thrombolytic 
therapyy for pulmonary embolism. J Nucl Med; 36: 364-8. 

25.. Hull R, Raskob GE, Hirsh J, Ledere JRM, Geerts WH, Rosenbloom D, Sackett DL, 
Andersonn C, Harrison L. Continuous intravenous heparin compared with intermittent 
subcutaneouss heparin in the initial treatment of proximal-vein thrombosis. N Engl J Med 
1986;1986; 315: 1109-14. 

26.. Hirsh MD. Heparin. N EnglJ Med 1991; 324: 1565-74. 
27.. Raschke RA, Reilly BM, Guidry JR, Fontana JR, Srinivas S. The weight-based heparin 

dosingg nomogram compared with a standard care nomogram: a randomised controlled 
trial.. Ann Intern Med 1993; 119: 874-81. 

28.28. Brandjes DPM, Heijboer H, Büller HR, de Rijk M, Jagt H, ten Cate JW. Acenocoumarol 
andd heparin compared with acenocoumarol alone in the initial treatment of proximal-vein 
thrombosis.. N Engl J Med 1992; 327: 1485-1489. 

29.. Fennerty A, Thomas P, Backouse G, Bentley B, Campbell IA, Routledge PA. Audit of 
controll of heparin treatment. BMJ 1985; 290: 27-8. 

30.. Wheeler AP, Jaquiss RDB, Newman JH. Physician practices in the treatment of 
pulmonaryy embolism and deep venous thrombosis. Arch Intern Med 1988; 148: 1321-25. 

31.31. Elliot CG, Hiltunen SJ, Suchyta M. Physician-guided treatment compared with a heparin 
protocoll for deep vein thrombosis. Arch Intern Med 1994; 154: 999-1004. 

32.. Cruickshank MK, Levine MN, Hirsh J, Roberts R, Siguenza M. A standard heparin 
nomogramm for the management of heparin therapy. Arch Intern Med 1991; 151: 333-7. 

33.. Hull RD, Raskob GE, Rosenbloom D, Lemaire J, Pineo GF, Baylis B, Ginsberg JS, Panju 
AA,, Brill-Edwards P, Brant R Optimal therapeutic level of heparin therapy in patients with 
venouss thrombosis. Arch Intern Med 1992; 152: 1589-95. 

34.34. Schulman S. Optimal duration of oral anticoagulant therapy in venous 
thromboembolism.. Thromb Haemost 1997; 78: 693-8. 

35.. Schafer Al. Venous thromboembolism as a chronic disease. N Engl J Med 1999; 340: 
955-6. 955-6. 

36.36. Kearon C, Gent M, Hirsh J, Weitz J, Kovacs MJ, Anderson DR, Turpie AG, Green D, 
Ginsbergg JS, Wells P, MacKinnon B, Julian JA. A comparison of three months of 

17 7 



ChapterChapter 1 

anticoagulationn with extended anticoagulation for a first episode of idiopathic venous 
thromboembolism.. N EnglJ Med 1999; 340: 901-7 

37.37. Palareti G, Legnani C, Guazzaloca G, Frascaro M, Grauso F, De Rosa F, Fortunato G, 
Coccherii S. Activation of blood coagulation after abrupt or stepwise withdrawal of oral 
anticoagulants.. A prospective study. Thromb Haemost 1994; 72: 222-6. 

38.. Genewein U, Haeberli A, Werner Straub P, Beer JH. Rebound after cessation of oral 
anticoagulantt therapy: the biochemical evidence. Brit J Haem 1996; 92, 479-85. 

39.39. Tardy B, Tardy-Poncet B, Laporte-Simitsidis S, Mismetti P, Decousus H, Guyotat D, 
Bertrandd JC. Evolution of blood coagulation and fibrinolysis parameters after abrupt 
versuss gradual withdrawal of acenocoumarol in patients with venous thromboembolism: a 
double-blindd randomized study. Brit J Haem 1997; 96: 174-8. 

18 8 


