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Summary Summary 

Inn the first part of this thesis, chapters two to five, studies are described in which 

thee diagnostic management of patients presenting with venous thromboembolism is 

thee central theme. Although diagnostic tests, such as ventilation/perfusion 

scintigraphy,, pulmonary angiography and ultrasonography of the lower extremities 

havee shown their value in the diagnostic work-up of patients with suspected venous 

thromboembolism,, research is ongoing in order to overcome the disadvantages of 

thee current diagnostic procedures. 

Inn chapter 2 we compared in 389 consecutive patients with suspected pulmonary 

embolismm and at least one segmental perfusion defect the chest X-ray/perfusion 

(X/Q)) scan classification with the ventilation/perfusion (V/Q) scan outcome. Overall 

agreementt between the X/Q and V/Q scan diagnostic category was found in 341 of 

3899 patients (88% ; 95% CI 84-92%). This can result in a decreased use of ventilation 

scintigraphyy in certain groups of patients, which will likely decrease the length of the 

diagnosticc work-up, since ventilation scintigraphy is not daily available in most 

hospitals.. In those patients, in which the X/Q scan shows only matched perfusion 

defects,, ventilation scan can be omitted, since in 90% (95% CI 85-95%) the V/Q scan 

willl result in the same classification. Further diagnostic work-up (i.e. pulmonary 

angiography)) will lead to a definitive diagnosis in all patients. Some caution is 

warrantedd in advocating a mismatched X/Q scan as proof for the presence for 

pulmonaryy embolism, since in our study this would have resulted in an increase of 

unnecessaryy treatment in 6% of all patients. There are several options, which could 

reducee the number of false positive X/Q scans. For example, patients with chronic 

obstructivee pulmonary disease should be excluded. Furthermore, the effects of the 

introductionn of D-dimer testing and clinical probability into the diagnostic algorithm 

togetherr with X/Q testing require evaluation. 

Chapterr 3 describes the results of a prospective management study in 245 

consecutivee patients presenting with suspected pulmonary embolism. In this 

investigationn we studied the effects of incorporating the SimpliRED D-dimer test 

combinedd with clinical probability in those patients with a non-diagnostic 

ventilation/perfusionn scan (137 of the 245 included patients). Of the 67 patients with a 

non-diagnosticc lung scan and normal D-dimer test, 8 patients had a high clinical 

probability,, and the subsequently performed ultrasonography and pulmonary 

angiographyy yielded pulmonary emboli in 1 patient. In the remaining 66 patients, 

pulmonaryy embolism was considered to be absent and antithrombotic treatment was 
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Summary Summary 

stoppedd or withheld. During follow-up of these patients only one patient experienced a 

possiblee venous thromboembolic event (failure rate 1,5 % ; 95% CI 0-8%). This novel 

approachh resulted in a substantial decreased need for ultrasonography and 

pulmonaryy angiography. It would however be even more appealing to use a D-dimer 

ass the front line diagnostic test. Since the SimpliRED D-dimer was obtained in all 

patientss entering the study, it was possible to calculate the failure rate of a normal D-

dimerr test for the total study group. In 10% (6/61 : 95% CI 4-20%) of the patients 

withh documented pulmonary embolism a falsely abnormal test was observed. Thus, 

thee SimpliRED test should not be used in isolation to exclude pulmonary embolism. 

Inn chapter 4 we focussed on the potential causes of a normal SimpliRED D-dimer 

testt in patients with objectively documented venous thromboembolic disease. A total 

off 47 out of 686 (7% ; 95% CI: 5% to 8%) consecutive patients with a venous 

thromboembolicc event had a false normal SimpliRED test. For each case two 

controlss with an abnormal D-dimer and documented venous thromboembolism were 

identified.. They were matched for hospital, inclusion period and site of thrombosis 

(i.e.. if the patient was suspected for pulmonary embolism or deep vein thrombosis). 

Both,, therapeutic and/or prophylactic (LMW)heparin treatment and symptoms for 

moree than 10 days were significantly more often seen in patients with a false normal 

SimpliREDD D-dimer test result (odds ratios: 5.1 (95% CI: 1.5-18.7) and 3.2 (95% CI: 

1.4-7.4),, respectively). However, the prevalence of these characteristics was also 

highh in the control group. Also symptoms less than 24 hours before testing was more 

frequentlyy seen in those with false positive results (odds ratio 1.7; 95% CI: 0.6-4.4). 

Combiningg two or more of these characteristics did not further result in an 

improvementt of the ability to identify those patients with a false normal D-dimer test. 

Thus,, it seems not possible to define clinical characteristics, which would enable us 

too identify those patients likely to have a false normal SimpliRED D-dimer test. 

Iff we want to use D-dimer as the single front-line diagnostic test in patients with 

suspectedd venous thromboembolism, thus ruling out the diagnosis in case of a 

normall test a, sensitivity of close to 100% is mandatory. Since the SimpliRED D-

dimerr test does not fulfil this criterion, future management studies need to explore 

otherr D-dimer tests. It should however be realized that a test with the required 

sensitivityy of nearly 100% should not have a too low specificity since this will likely 

decreasee the clinical utility. 
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Summary Summary 

Inn Chapter 5 we assessed scintigraphically to what extent the lung scan 

classificationn and pulmonary vascular perfusion changed over a period of 2-4 days of 

therapeuticc dose anticoagulant therapy. Changes in this time period could be 

important,, since patients with suspected pulmonary embolism often receive heparin 

therapyy for hours to days before ventilation/perfusion scintigraphy is completed. Of 

3122 consecutive patients with at least one segmental perfusion defect on the initial 

perfusionn scan, 79 were classified as high-probability, while the remaining 233 had a 

non-diagnosticc lung scan. In only two patients a change in diagnostic category was 

observedd after 2-4 days, both with initially a high-probability scan, which changed to 

non-diagnosticc and normal respectively. Thus, a different lung scan category was 

observedd in only 2 out of 312 (0.6% ; 95% CI 0.1-2.3%) patients. In a subgroup of 64 

patientss with proven pulmonary embolism, a scintigraphically determined mean 

absolutee improvement in pulmonary perfusion of only 4% was observed, which did 

nott reach statistical significance. Thus, it is highly unlikely that a period of 2-4 days of 

heparinn therapy will change decisions concerning treatment or the necessity to 

proceedd to further diagnostic investigations. Especially in hospitals lacking daily 

perfusionn scintigraphy facilities, these findings may reassure the physician that 

withholdingg further antithrombotic therapy in case a normal perfusion scan is 

obtainedd after 2-4 days heparin therapy, appears to be appropriate. 

Inn the second part of this thesis, chapters six to eight, studies are described 

focussingg on therapeutic issues in patients presenting with venous 

thromboembolism. . 

Inn chapter 6 currently available treatment options for venous thromboembolism 

aree reviewed. A shift from unfractionated to low molecular weight heparins as the 

primaryy treatment is ongoing and even out of hospital administration has already 

beenn shown safe and effective in selected patients. In patients with transient risk 

factorss for venous thromboembolism, vitamin K antagonists therapy will likely be 

sufficientt for a period of 6-12 weeks, whereas in patients with idiopathic venous 

thromboembolismm or a permanent risk factor the optimal duration of warfarin therapy 

iss unclear and will vary from six to twelve months, to even indefinitely. Indications for 

insertionn of a vena caval filter are limited. Haemodynamically unstable patients 

shouldd be offered thrombolysis, while in the presence of contraindications for 

thrombolyticc therapy, surgical embolectomy still has a role. Although endovascular 

embolectomy,, either with or without the use of local lytic therapy, has shown to be a 
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promisingg adjunct to our standard therapeutic interventions in patients with massive 

thromboembolism,, the efficacy and safety has yet to be confirmed in randomized 

clinicall trials. 

Inn chapter 7 we retrospectively studied the adequacy of intravenous heparin therapy 

inn patients with documented pulmonary embolism before and after the introduction of a 

heparinn dosing nomogram in a non-surveyed clinical setting. The APTT ratio, six hours 

afterr the start of heparin treatment, was below the predefined lower limit in 72% of 127 

patientss in the pre-nomogram group and in 13% of 127 patients in the nomogram 

group.. During 1043 days heparin therapy in the nomogram group the morning APTT 

ratioo was subtherapeutic in 8%. In 58% of all APTT results the physician responded 

accordingg to the nomogram. The subsequent APTT was in the target range in 64% of 

thee cases compared to 31% if the adjustment was not performed according to the 

nomogramm (P<.0001). Major bleeding episodes occurred in 3.1% in the pre-nomogram 

periodd and in 0.7% in the nomogram period. We concluded from this study that the 

introductionn of a heparin dosing nomogram in a non-research clinical setting resulted in 

moree adequate heparin anticoagulation with low risks of bleeding. In clinical practice, 

intravenouss heparin therapy should be dosed according to a nomogram. 

Finally,, in chapter 8 we presented the results of our study determining the 

occurrencee of a hypercoagulable state after cessation of warfarin therapy, in patients 

withh either gradual or abrupt withdrawal. We found an approximately four-fold 

increasee (median increase from 0.3 to 1.3 nMol/L) in F1+2 levels after both abrupt 

andd gradual withdrawal. Two-third of patients in both groups had maximum F1+2 

concentrationss exceeding the upper normal limit, whereas some patients reached a 

concentrationn of more than two times above the upper norma! limit. D-dimer levels 

increasedd also approximately four fold in the abrupt withdrawal group (0.10 to 0.44 

mg/L),, while those in whom warfarin was discontinued gradually this was less 

pronouncedd (0.11 to 0.29 mg/L). From these results we concluded that a 

hypercoagulablee state could occur, which was not prevented by tapering the warfarin 

dose. . 

Anotherr interesting observation in this study was that the D-dimer level, measured 

22 to 3 weeks after warfarin withdrawal, might be an important tool to identify patients 

att risk for recurrent venous thromboembolism and/or for the presence of an 

underlyingg malignancy. During follow-up one recurrent venous thromboembolic event 

occurredd in each group and four times a diagnosis of cancer was made. All these 
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patientss constituted the highest D-dimer concentrations measured in the total study 

group.. This hypothesis should be tested in a larger cohort of patients who 

discontinuee warfarin therapy after an episode of venous thromboembolism. 
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