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BackgroundBackground and Aims of theThesis 

Introductio n 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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ChapterChapter 1 

Diagnosti cc  issue s in venou s thromboembolis m 

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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BackgroundBackground and Aims of theThesis 

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 chapte r 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 

chapte rr  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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ChapterChapter 1 

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 chapte r 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 chapte r 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. 

Therapeuti cc  aspect s of venou s thromboembolis m 

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 

14 4 
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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 chapte r 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 chapte r 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 chapte r 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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ChapterChapter 1 

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. 
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Summar y y 

Background:Background: The main purpose of ventilation scanning, as adjunct to perfusion lung 

scintigraphy,, in acute pulmonary embolism is to allow for the classification of segmental 

perfusionn defects as mismatched, which is generally accepted as proof for the 

presencee of pulmonary embolism. We examined whether this function of the ventilation 

scann could be replaced by the chest X-ray. 

Methods:Methods: We analyzed retrospectively data of 389 consecutive patients with 

suspectedd pulmonary embolism and at least one segmental perfusion defect we 

classifiedd the ventilation/perfusion (V/Q) scan and chest X-ray/perfusion (X/Q) scan as 

eitherr mismatched (presence of at least one mismatched perfusion defect) or matched. 

Furthermoree we analyzed whether this comparison was different in subgroups of 

patientss with concomitant congestive heart failure or chronic obstructive pulmonary 

disease. . 

Results:Results: Overall agreement between the X/Q and V/Q scan diagnostic category was 

foundd in 341 of 389 patients (88% ; 95% CI 84-92%). The positive predictive value for 

obtainingg a mismatched V/Q scan result in case of a mismatched X/Q scan result was 

86%% (95% CI 81-90%). If the X/Q scan yielded only matched defects the V/Q scan 

resultedd in the same classification in 90% (95% CI 85-95%). Analysis of the small 

subgroupp of patients with chronic obstructive pulmonary disease showed that a 

mismatchedd X/Q scan was confirmed by V/Q scanning in 21 of 34 cases (62% ; 95% 

CII 45-78%). 

Conclusion:Conclusion: This study shows that in the great majority of patients with clinically 

suspectedd acute pulmonary embolism combination of chest X-ray with perfusion 

scintigraphyy reliably replaced ventilation/perfusion scintigraphy in defining 

(mis)matchingg of segmental perfusion defects. These results need confirmation 

beforee the chest X-ray can fully obviate the use of ventilation scintigraphy. 
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Chestt X-ray/Perfusion Scan in Acute Pulmonary Embolism 

Introductio n n 

Patientss presenting with clinically suspected acute pulmonary embolism remain a 

diagnosticc challenge. The annual incidence of suspected pulmonary embolism has 

beenn estimated to be approximately 2-3 per 1000 inhabitants (1,2). Clinical assessment 

remainss the initial step in identifying patients with possible acute pulmonary embolism. 

However,, objective diagnostic tests are necessary to establish or refute the diagnosis 

(3,4). . 

Lungg perfusion scintigraphy is generally accepted as the appropriate first test in the 

diagnosticc management of patients presenting with suspected pulmonary embolism. A 

normall perfusion scan, which may be found in up to 30% of patients, rules out clinically 

importantt pulmonary embolism. In those patients with at least one segmental perfusion 

scann defect, ventilation lung scintigraphy is indicated, since a mismatch (norma! 

ventilationn at the site of the perfusion defect) adequately predicts the presence of acute 

pulmonaryy embolism in approximately 90% of patients (5,6). Such mismatches, also 

calledd a high probability scan result, are present in approximately 20% of patients with 

suspectedd pulmonary embolism (7). The remaining 50% of patients with other 

ventilation/perfusionn (V/Q) scan findings require further diagnostic tests, such as follow-

upp ultrasound of the lower extremities and/or pulmonary angiography. 

Althoughh ventilation scintigraphy is a valuable tool in the diagnostic management of 

pulmonaryy embolism it has several important disadvantages. These include the high 

costt of the tracer and the usually non-daily availability in most hospitals. 

Wee determined whether the chest X-ray could replace ventilation lung scanning in 

definingg a segmental perfusion defect to be matched or mismatched in patients with 

suspectedd pulmonary embolism. We therefore studied retrospectively a large series of 

consecutivee patients and compared the classification by V/Q scintigraphy and chest X-

ray/perfusionn (X/Q) scintigraphy. In addition we analyzed whether this comparison was 

differentt in subgroups of patients with concomitant congestive heart failure or chronic 

obstructivee pulmonary disease. 
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Patient ss and Method s 

Patients Patients 

Consecutivee patients with clinically suspected pulmonary embolism seen at the 

Sophiaa Hospital Zwolle, the Netherlands (in 1993 and 1994) or the Academic Medical 

Center,, Amsterdam (April 1991 to March 1994) were eligible for the study. All 

underwentt perfusion lung scanning within 24 hours of presentation. The present 

analysiss was limited to those patients with at least one segmental perfusion defect and 

inn whom the chest X-ray was made within 48 hours of the lung scintigraphy. Clinical 

characteristicss and risk factors for pulmonary embolism were recorded in all patients. 

LungLung scintigraphy 

Perfusionn scans were obtained with ""Technetium macroaggregated albumin. 

Ventilationn scans were performed using 81mKrypton gas. After obtaining images in six 

directionss the V/Q scan was classified as either mismatched (defined as one or more 

segmentall perfusion defects with locally normal ventilation) or matched (no segmental 

mismatchh present). 

Thee chest X-ray (postero-anterior and lateral view in all patients) was interpreted by 

aa radiologist unaware of the results of the V/Q scan and any abnormalities, such as 

pleurall effusion, atelectase, tumor or parenchymal areas of increased density were 

recordedd with reference to the anatomical location. Subsequently, the findings on 

perfusionn scan were combined with the result of the chest X-ray (X/Q scan) and the 

samee classification was used as described above for the interpretation of the V/Q scan. 

Iff a classification was not possible due to imprecise defect localization, the perfusion 

scann and/or chest X-ray were independently reread by one observer. 

Overalll agreement between the two assessments in the categories matched and 

mismatched,, as well as the positive predictive value of the X/Q scan were calculated. 

Thee positive predictive value was defined as the proportion of all patients with 

mismatchedd X/Q scan findings, who had pulmonary embolism as defined by a 

mismatchedd V/Q scan. Values were calculated for the total study group, as well as 

separatelyy for subgroups with known congestive heart failure or chronic obstructive 

pulmonaryy disease, using the New York Heart Association (NYHA) (8) and criteria of 

thee European Respiratory Society (9), respectively. In addition, an analysis was 

performedd restricting data only to patients in which the time between chest X-ray and 

V/QQ scan was less than 24 hours. 
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Result s s 

AA total of 466 patients had at least one segmental defect on the perfusion scan. 

Seventy-fourr patients were excluded because the chest X-ray was not performed within 

488 hours of lung scintigraphy. In two patients no ventilation scan was obtained and in 

onee patient the chest X-ray was not available. Thus, data from 389 patients were 

analyzed.. The clinical characteristics of these patients are shown in Table 1. 

TableTable 1 Clinical characteristics of the 389 study patients with clinically suspected 

pulmonaryy embolism and at least one segmental perfusion defect 

meann age, range 

male/female e 

knownn heart failure 

COPD1 1 

malignancy y 

recentt surgery2 

previouss VTE3 

nonee of the above 

63 3 

199/190 0 

48 8 

67 7 

112 2 

83 3 

49 9 

173 3 

(19-93) ) 

(13%) ) 

(17%) ) 

(29%) ) 

(21%) ) 

(13%) ) 

(35%) ) 

^^ COPD = chronic obstructive pulmonary disease 

22 within 3 months of presentation 

33 VTE = Venous Thromboembolism 

Overalll agreement for the diagnostic categories between the X/Q and V/Q scan was 

observedd in 341 of 389 patients (88% ; 95% CI 84-92% , Table 2 ). In case the X/Q 

scann result indicated a mismatched defect (i.e. a high probability scan), the positive 

predictivee value for obtaining a mismatched defect by V/Q scanning was 86% (95% 

CII 81-90%). If the X/Q scan revealed a matched defect, V/Q scanning resulted in the 

samee classification in 90% (95% CI 85-95%) of the patients. Restricting data only to 

patientss (81% of the total study cohort) in which the time between chest X-ray and 
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TableTable 2 Comparison of Ventilation/Perfusion scintigraphy with chest X-ray/Perfusion 

scintigraphyy in defining matched or mismatched segmental perfusion defects in 389 

patients. . 

Ventilation/Perfusionn scan 

mismatchh match total 

Chestt X-ray / mismatch 199 33 232" 

Perfusionn scan 

matchh 15 142 157 

totall 214 175 389 

-- overall agreement: 341/389 = 88% (95% CI 84% - 92%) 

-- positive predictive value: 199/232 = 86% (95% CI 81 % - 90%) 

TableTable 3 Ventilation/Perfusion scintigraphy versus chest X-ray/Perfusion scintigraphy in 

definingg matched or mismatched segmental perfusion defects in the subgroup of 67 

patientss with concomitant chronic obstructive pulmonary disease. 

Ventilation/Perfusionn scan 

mismatchh match total 

Chestt X-ray / mismatch 21 13 34~ 

Perfusionn scan 

matchh 1 32 33 

222 45 67 

-- overall agreement: 53/67 = 79% (95% CI 67% - 88%) 

-- positive predictive value: 21/34 = 62% (95% CI 45% - 78%) 
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lungg scanning was less than 24 hours, showed a similar overall agreement and positive 

predictivee value (data not shown). 

Concurrentt chronic obstructive pulmonary disease was present in 67 of the 389 

patientss with suspected pulmonary embolism and at least one segmental perfusion 

defect.. Analysis of the diagnostic value of the chest X-ray in this subgroup showed that 

inn 13 of 34 mismatched X/Q scans the V/Q scan revealed matched defects which 

resultss in a decrease in positive predictive value from 86% to 62% (95% CI 45-78% , p 

<< 0.05) ; Table 3). Excluding patients with chronic obstructive pulmonary disease from 

thee overall study cohort resulted in a small increase of positive predictive value from 

86%% to 90% (since patients with chronic obstructive pulmonary disease constituted 

onlyy 15% of mismatched X/Q scans). In 36 patients with congestive heart failure, 

comparisonn of X/Q and V/Q scan yielded similar results as in the overall study group 

(positivee predictive value 94% , 95% CI 70-100%). 

Discussio n n 

Thee main purpose of ventilation scanning in the diagnostic work-up of patients with 

suspectedd acute pulmonary embolism is to allow for the classification of segmental 

perfusionn defects as mismatched, which is generally accepted as proof for the 

presencee of pulmonary embolism (3-6). However, its high cost and non-daily availability 

inn many hospitals hamper the application of ventilation scanning. In this study in 389 

consecutivee patients with suspected pulmonary embolism we showed that the 

combinationn of perfusion scanning and chest X-ray can reliably replace the V/Q scan in 

definingg segmental perfusion defects as mismatched, i.e. as a high-probability scan for 

thee presence of pulmonary embolism (positive predictive value 86% ; 95% CI 81-90% 

Tablee 2). This appears applicable to the wide variety of patients presenting with 

suspectedd pulmonary embolism, with the possible exception of those with known 

chronicc obstructive pulmonary disease in whom the classification by X/Q scanning is 

lesss reliable then V/Q scanning (positive predictive value 62% , Table 3). 

Ourr findings are in agreement with a small previous study by Stein and colleagues 

(10).. They compared the diagnostic accuracy of V/Q scanning and X/Q scanning in 98 

randomlyy selected patients with suspected pulmonary embolism in whom the gold 

standard,, pulmonary angiography, was performed. The positive predictive value of a 
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segmentall mismatched V/Q or X/Q test result were both high and fully comparable 

(94%% and 93% respectively), indicating a similar clinical utility. Miniati et al. showed that 

aa diagnosis of pulmonary embolism could be made accurately purely relying on the 

presencee of a single or multiple wedge-shaped perfusion defects, while the result of 

bothh the ventilation scan and chest X-ray were unknown to the investigator interpreting 

thee perfusion scan (11). Although this is an interesting concept, confirmation by other 

groupss have to be awaited. Furthermore, since the chest X-ray will be available in 

nearlyy all cases, the clinician will likely compare the perfusion defects with the chest X-

ray. . 

Severall issues regarding the design of our study should be addressed. To avoid 

selectionn in this retrospective analysis we included the complete data set of 

consecutivee patients seen during the study period in the two teaching hospitals. Only 

17%% of the initial cohort had to be excluded, mainly because the chest X-ray was 

performedd more than 48 hours before the combined V/Q scan was obtained. The 

clinicall characteristics of these patients were similar to those included in the analysis. 

Wee minimized bias in the interpretation of the X/Q and V/Q scans using a priori defined 

criteriaa for mismatched defects. We purposely compared X/Q with V/Q scanning and 

nott with pulmonary angiography since a segmental mismatched V/Q scan defect is 

generallyy accepted to indicate the presence of pulmonary embolism and justifies 

anticoagulantt treatment (5). Consequently, we cannot relate the X/Q and V/Q findings 

too the gold standard, pulmonary angiography, and therefore cannot determine the 

accuracyy of either test in predicting the presence of pulmonary embolism in our study 

cohort.. However, discrepancies between X/Q and V/Q scan findings were present in 

onlyy 12% of the total study cohort, thus pulmonary angiography would not likely have 

influencedd our conclusion that X/Q scan and V/Q scan perform equally in predicting 

prescencee or absence of pulmonary embolism. We, therefore, believe that our findings 

aree valid. 

Whatt are the potential clinical implications of our study results? The consequences 

off a diagnostic management strategy based on the X/Q scan instead of the V/Q scan 

cann be addressed by focussing on the clinical outcome of the small number of patients 

withh discrepancy in test results. In our study the 15 patients (4% of all study subjects) in 

whomm the X/Q scan resulted in matched defects, whereas the V/Q scan classified them 

ass mismatched, are of limited concern because further diagnostic work-up (i.e. 

pulmonaryy angiography) is recommended in cases with matched scan defects which 
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willl lead to a definitive diagnosis. The 33 patients (8% of all study subjects) diagnosed 

byy X/Q scan to have pulmonary embolism, while the V/Q scan indicated matched 

defects,, may raise more concern since they would have been treated with 

anticoagulantss if the X/Q scan was used to diagnose pulmonary embolism. The use of 

thee X/Q scan to diagnose pulmonary embolism cannot be advocated in patients with 

chronicc obstructive pulmonary disease, because of the low correlation of a mismatched 

X/QQ scan with a mismatched V/Q scan {Table 3). Furthermore, it should be realized 

thatt approximately a quarter of patients with matched V/Q scans still have pulmonary 

embolismm revealed by pulmonary angiography (5). Thus, when treatment decisions are 

basedd on the X/Q scan instead of the V/Q findings, excluding patients with chronic 

obstructivee pulmonary disease, this would result in an increase of unnecessary 

treatmentt in at most 4% of all patients, which, in the setting of the diagnosis of 

pulmonaryy embolism is acceptable in our opinion. This approach would be feasible in 

manyy hospitals and would be cost-effective. The addition of other non-invasive 

diagnosticc tests to this approach, such as D-dimer testing (12-14) and clinical 

assessmentt (13) may further improve the diagnostic accuracy. 

Inn conclusion, this study shows that the combination of chest X-ray with perfusion 

scintigraphyy can reliably replace ventilation/perfusion scintigraphy in defining 

(mis)matchingg of segmental perfusion defects in patients with clinically suspected acute 

pulmonaryy embolism. Concomitant chronic obstructive pulmonary disease appears to 

bee a pitfall in defining a high-probability X/Q scan. Although a diagnostic strategy 

withoutt ventilation scintigraphy is attractive, prospective (multi-center) studies must 

confirmm our study results before this strategy can be advocated in general practice. 
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Summar y y 

Background:Background: D-dimer assays have a potential to rule out pulmonary embolism in 

casee of a normal test result. We studied the clinical utility of incorporating the 

SimpliREDD D-dimer test result and clinical probability in the routine diagnostic work-up 

off patients with suspected acute pulmonary embolism. 

Methods:Methods: In a prospective management study 245 consecutive patients, 

hospitalisedd as well as outpatients, were included. A SimpliRED D-dimer test and 

perfusion/(ventilation)) scintigraphy were obtained in all patients, whereas clinical 

probabilityy was determined in the subgroup of patients with a non-diagnostic scan and 

normall D-dimer result A diagnostic algorithm determined the necessity for further 

testingg and decisions about treatment. All patients were followed up for 3 months. 

Results:Results: In 54 patients (22%) with a normal lung scan and 50 patients (21%) with a 

highh probability lung scan, antithrombotic therapy was withheld or started respectively, 

irrespectivee of the D-dimer result. A non-diagnostic lung scan was found in 137 (56%) 

patients,, of whom 70 patients had an abnormal D-dimer test, in whom further testing 

wass ordered. Of the remaining 67 patients with a non-diagnostic lung scan and normal 

D-dimerr test 8 patients had a high clinical probability, and the subsequent 

ultrasonographyy and pulmonary angiography yielded pulmonary emboli in 1 patient. In 

thee remaining 66 patients, pulmonary embolism was considered to be absent and 

antithromboticc treatment was stopped/withheld. During follow-up of these patients only 

onee patient experienced a possible venous thromboembolic event (failure rate 1,5 % ; 

95%% CI 0-8%). The SimpliRED D-dimer was normal in 6 of 61 patients with proven 

pulmonaryy embolism (sensitivity 90% ; 95% CI 80-96%). 

Conclusion:Conclusion: Our findings suggest that it is safe to withhold anticoagulant therapy in 

thosee patients with a non-diagnostic lung scan, a normal SimpliRED D-dimer test 

result,, and without a high clinical probability. This results in a substantial decreased 

needd for ultrasonography and pulmonary angiography. The SimpliRED should not be 

usedd in isolation to exclude pulmonary embolism. 
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Introductio n n 

Patientss presenting with clinically suspected acute pulmonary embolism remain a 

diagnosticc challenge. The annual incidence of suspected pulmonary embolism has 

beenn estimated to be approximately 2-3 per 1000 inhabitants (1,2). Currently accepted 

diagnosticc strategies, which include a combination of ventilation-perfusion scintigraphy 

andd pulmonary angiography, have as their major drawback the non-daily availability of 

thesee techniques in many hospitals and the observed reluctance among clinicians to 

performm invasive tests (3). 

Thee introduction of D-dimer assays, which measure a degradation product of 

cross-linkedd fibrin, has broadened our diagnostic armentarium with a useful non-

invasivee test (4-9). Especially the SimpliRED D-dimer method is attractive since it can 

bee performed bedside on whole blood and the result is available within 5 minutes (5,8-

10).. The primary role of plasma D-dimer measurement lies in its capacity to rule out 

pulmonaryy embolism when a normal D-dimer test result is obtained. Although the 

sensitivityy of these tests, both SimpliRED and other rapid ELISA's are high, it has been 

calculatedd that for each decrease in sensitivity with 2% , the likelihood of encountering 

fatall pulmonary embolism, due to untreated pulmonary embolism, is 1 per 1000 

patientss evaluated (7). Thus, given the observed range in sensitivity (85-100%) of 

SimpliREDD D-dimer testing in patients with suspected pulmonary embolism in previous 

studiess (5,8,9) it is unlikely that this test can be used in isolation. It appears more 

appropriatee to use it complementary to currently used diagnostic tests including lung 

scintigraphyy and the assessment of clinical probability. 

Inn the present study we evaluated the safety and efficacy of incorporating the 

SimpliREDD D-dimer test result in the routine diagnostic work-up of consecutive patients 

withh suspected acute pulmonary embolism in a large teaching hospital. In this 

prospectivee study, we included hospitalised as well as outpatients, using the 

SimpliREDD D-dimer in conjunction with lung scintigraphy and clinical probability. 

Clinicall outcome was evaluated in terms of morbidity and mortality as a direct 

consequencee of the treatment decisions based on the results of the diagnostic 

algorithm. . 
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Patient ss and Method s 

Patients Patients 

Betweenn August 1996 and March 1998, consecutive patients with clinically 

suspectedd pulmonary embolism seen at the Sophia Hospital Zwolle, The Netherlands, 

weree eligible for the study. Patients were either outpatients referred to the departments 

off internal medicine, pulmonology, cardiology or emergency or they were already 

hospitalisedd for another disease. Patients were not eligible if they were younger then 

188 years of age, used therapeutic dosages of anticoagulants for more than 24 hours 

priorr to inclusion, refused informed consent or when they were unable to undergo 

pulmonaryy angiography (i.e. pregnancy, serum creatinine > 200 umol/L, pre-existing 

cardiacc arrhythmia's or a too poor clinical condition as judged by the attending 

physician).. Information on the demographic characteristics and the findings of the lung 

scanss in the excluded patients were collected. The study protocol was approved by the 

Institutionall Review Board. 

StudyStudy Design 

Thee study was designed as a prospective management study with a 3-month 

follow-upp of all included patients. Patients presenting with clinically suspected acute 

pulmonaryy embolism were reported to the study co-ordinator. Directly after inclusion 

thee SimpliRED D-dimer test was performed and perfusion scintigraphy was obtained 

withinn 24 hours. Ventilation scintigraphy was added in case the observed perfusion 

defectss could result in a high-probability ventilation/perfusion scan. Anticoagulant 

treatmentt was initiated during the diagnostic process when felt indicated by the treating 

physician.. In patients with a normal lung scan result anticoagulant treatment was 

stoppedd or withheld while in patients with a high-probability scan result anticoagulant 

therapyy was continued or started. In both these patient groups the D-dimer test result 

didd not influence the treatment decision. The further diagnostic and therapeutic 

managementt was determined by the D-dimer result and clinical probability in those 

patientss with a non-diagnostic scan. In patients with a non-diagnostic scan result and 

ann abnormal D-dimer test result, ultrasonography of the lower extremities and, if 

normal,, pulmonary angiography was performed. Patients with a normal D-dimer and a 

non-diagnosticc scan were considered not to have pulmonary embolism and 

anticoagulantt treatment was withheld. However, further work-up was performed 
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(ultrasonographyy of the lower extremities and pulmonary angiography) in these 

patientss if the attending physician classified the patient as having a high clinical 

probabilityy for pulmonary embolism. This assessment was scored after the V/Q scan, 

basedd on information from the history, physical examination and the absence of an 

alternativee diagnosis explaining the patients condition. Thus the clinical observation 

periodd during the diagnostic procedures for both pulmonary embolism and other 

diagnosticc tests performed to tackle the differential diagnosis and all the available test 

resultss were included in the physicians judgement about the clinical probability. Clinical 

probabilityy was only scored in the patient group with a non-diagnostic scan and normal 

SimpliREDD test result, without the use of a standardised diagnostic algorithm. It was 

classifiedd as high if the attending physician was concerned that despite the available 

informationn the presence of pulmonary embolism was very likely and necessitated 

furtherr diagnostic investigation. 

Alll patients were instructed to contact the study centre when signs or symptoms of 

venouss thromboembolism occurred and all were contacted at the end of the 3 month 

follow-upp period. If a patient was readmitted to a hospital for any cause, their charts 

weree reviewed. The events recorded during the 3-month follow-up were (suspected) 

venouss thromboembolic events (deep vein thrombosis or pulmonary embolism), death, 

andd major bleeding. Recurrence of venous thromboembolism was assessed by lung 

scintigraphy,, and if non-diagnostic, ultrasonography and pulmonary angiography. All 

casess were reviewed independently. Causes of death were documented by autopsy if 

availablee or by an independent physicians account. Major bleeding was considered to 

bee present if clinically overt and associated with a decrease in haemoglobin level of at 

leastt 1.3 mmol/L or accompanied by transfusion of packed cells or by the need of 

permanentt cessation of anticoagulant treatment. 

DiagnosticDiagnostic tests 

D-dimerr levels were determined using a whole blood assay (SimpliRED D-dimer, 

Agenn Biomedical Ltd Brisbane, Australia) with blood obtained from a venepuncture, as 

describedd previously (10). Briefly, the test uses a conjugate of monoclonal antibodies 

DD-3B6/222 (raised against human D-dimer) and RAT-1C3/86 (raised against red blood 

cells).. If agglutination of the red blood cells is visible within 2 minutes, the test is scored 
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ass abnormal (positive). The test was always performed prior to the lung scan. The test 

wass performed around the clock by a pool of 30 members of the routine laboratory. 

Thee test plate was assessed by the laboratory technician who performed the test and 

noo assessment by a second reader took place. 

Perfusionn scans were obtained with """Technetium macroaggregated albumin. 

Ventilationn scans were performed using 81mKrypton gas. After obtaining images in six 

directionss the ventilation-perfusion scan was classified according to the revised 

PIOPEDD criteria (11) as normal (no perfusion defects and perfusion outlines the shape 

off the lung seen on chest X-ray), high probability (32 large (>75% of a segment) 

segmentall perfusion defects or 1 large segmental perfusion defect and 32 moderate 

(25-75%% of a segment) segmental perfusion defects or 34 moderate segmental 

perfusionn defects, in all cases without corresponding ventilation abnormalities. The 

lungg scan was defined non-diagnostic in all scans other than norma! or high-probability. 

Thee lung scan interpreter was not aware of the D-dimer test result. 

Thee angiogram was classified according to standard definitions as normal, 

indicativee for pulmonary embolism, or inadequate for interpretation (12). Compression 

ultrasonographyy was performed in both legs as described previously (13). 

Ultrasonographicc results were considered abnormal (that is, consistent with the 

presencee of deep venous thrombosis) if a venous segment could not be completely 

compressedd (14). 

Result s s 

Patients Patients 

Diagnosticc work-up for clinically suspected acute pulmonary embolism was 

initiatedd in 400 consecutive patients during the study period. Of these, 155 (39%) 

weree excluded for the following reasons: refusal or inability to obtain informed 

consentt (66 patients), use of therapeutic dosages of anticoagulants for more than 24 

hourss prior to inclusion (40 patients) and contraindications for pulmonary 

angiographyy (18 patients). The remaining 31 patients were not included because the 

patient'ss clinical condition was considered to be too poor, as judged by the attending 

physician,, to warrant potential invasive diagnostic investigation. The mean age of the 

excludedd patients was 57 7 years and 75 (48%) were men. The distribution of lung 

scann categories was: 
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TableTable 1 Clinical characteristics of the 245 patients with suspected acute pulmonary 

embolism m 

Characteristicss No. (%) 

Meann age, year  1 SD 56 8 

Menn 122(50) 

Presentedd as outpatients 192(78) 

Comorbidd conditions 

Recentt surgery * 13(5%) 

Cancerr 34 (14%) 

Chronicc obstructive pulmonary disease 46 (19%) 

Timee elapsed between onset of symptoms and inclusion 

<< 6 hours 34(14%) 

6-244 hours 62 (25%) 

244 hours - 7 days 79 (32%) 

>> 7 days 70 (29%) 

## within 14 days of inclusion 

normall 27 (18%), non-diagnostic 98 (64%), high-probability 27 (18%) while in 3 cases 

noo final classification could be made. 

Hence,, 245 patients entered the study. The clinical characteristics of these 

patientss at baseline are described in Table I. Half of the patients were men. The mean 

agee was 56 years, and three quarter of the patients presented as outpatients. The 

durationn of symptoms before inclusion was less than 24 hours in 39% of the study 

subjects. . 
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DiagnosticDiagnostic Work-up 

Thee results of the diagnostic work-up in the 245 study subjects are detailed in 

figuree 1. In 4 patients with segmental perfusion defects no classification was possible, 

sincee they deceased before a ventilation scan could be obtained. Pulmonary embolism 

wass ruled out in 3 patients by autopsy or definitive proof for an alternative disease. In 

thee remaining patient recurrent pulmonary embolism was the likely cause of death 

despitee adequate anticoagulant therapy. 

Inn the 241 patients who underwent ventilation-perfusion scintigraphy, the result 

wass classified as normal in 54 (22%) patients and high-probability in 50 (20%) patients. 

Thosee with a normal lung scan received no anticoagulant therapy and were followed-

up,, while those with a high-probability lung scan received or continued anticoagulant 

therapy.. The diagnostic work-up of the remaining 137 patients with a non-diagnostic 

lungg scan result was initially determined by the finding of the D-dimer test (Figure 1). 

Thee 67 patients with a normal D-dimer and a non-diagnostic scan were considered not 

too have pulmonary embolism and anticoagulant treatment was withheld. However, in 8 

(12%)) of these patients, the attending physician judged the clinical probability of 

pulmonaryy embolism as high and further testing was performed. All ultrasonographies 

inn these patients were normal, while one of the eight performed pulmonary angiograms 

indicatedd the presence of pulmonary embolism. Except for this patient, all other 66 

patientss did not receive anticoagulant therapy and were followed-up. 

Off the 70 patients with a non-diagnostic lung scan and an abnormal D-dimer 50 

underwentt ultrasonography and, if normal, pulmonary angiography (Figure 1). In six 

patientss ultrasonography revealed lower leg deep vein thrombosis, while 4 had an 

abnormall pulmonary angiogram. Hence, the prevalence of pulmonary embolism in this 

subgroupp of patients with a non-diagnostic ventilation-perfusion scan and abnormal D-

dimerr test result was 20% (95% CI 10-34 %). In the remaining 20 patients further 

diagnosticc work-up for the presence of pulmonary embolism was halted or not 

performedd because of a definitive alternative diagnosis (12 patients, including 

pneumonia,, heart failure and lung cancer), poor general condition (5 patients), other 

indicationn for institution of anticoagulant therapy (2 patients with cardiac valvular 

disease)) and non-availability of angiography facilities (1 patient). 
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(V)/QQ scan 
245 5 

noo classification 
44 (2%) 

normal l 
544 (22%) 

non-diagnostic c 
1377 (56%) 

high-probability y 
500 (20%) 

I I 
SimpliRED D 

normal l 
677 # 

SimpliRED D 
abnormal l 

70 0 

noo ultrasonography 
orr angiography 

20 0 

ultrasonography y 
normal l 

44 4 

ultrasonography y 
abnormal l 

6 6 

pulmonaryy angiography 
normal l 

40 0 

pulmonaryy angiography 
abnormal l 

4 4 

## Because of a high clinical probability in 8 patients ultrasonography (all normal) 
andd pulmonary angiography (1 abnormal) (see text) 

FigureFigure 1 Results of the diagnostic work-up in 245 patients presenting with acute 

pulmonaryy embolism 

Follow-up Follow-up 

Threee month follow-up was completed for all 241 patients who entered the diagnostic 

algorithmm (Table 2). Of the 54 patients with a normal perfusion scan, two patients 

developedd symptomatic venous thromboembolism, both two months after inclusion. 

Onee patient with a known ovarian cancer developed pulmonary embolism, confirmed 

byy a high-probability lung scan, whereas the other patient presented with deep vein 

thrombosiss two days after he received a leg plaster for a lower leg fracture. Two 

otherr patients died in this group, one because of metastasised malignancy. The 
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TableTable 2 Results of 3-month follow-up in the 241 patients who entered the diagnostic 

algorithm m 

Normall High ND1 scan, ND1 scan, Total 

perfusionn probability D-dimer D-dimer 

scann scan normal abnormal 

No.. Of patients 

Suspectedd VTE3 

(non-fatal) ) 

Confirmed d 

Nott confirmed 

Deaths,, causes 

Recurrentt PE2, certain 

Recurrentt PE2, possible 

Other r 

Majorr bleeding 

54 4 

2 2 

0 0 

0 0 

1 1 

1 1 

0 0 

50 0 

0 0 

0 0 

1 1 

1 1 

4 4 

1 1 

67 7 

0 0 

3 3 

0 0 

1 1 

0 0 

0 0 

70 0 

3 3 

3 3 

0 0 

2 2 

8 8 

0 0 

241 1 

5 5 

6 6 

1 1 

5 5 

13 3 

1 1 

11 ND = Non-diagnostic lung scan 

33 VTE = Venous thromboembolism 

22 PE = Pulmonary embolism 

secondd patient died 8 days after inclusion of cardiorespiratory failure, which may have 

beenn related to recurrent pulmonary embolism, since a second perfusion scan, 

performedd one day before he deceased showed multiple subsegmental defects. 

Autopsyy was not performed. Hence, taken conservatively, the subsequent rate of 

venouss thromboembolism following a normal perfusion lung scan in the present series 

wass 6% (3/54 ; 95 % CI 1-15%). 

Follow-upp of the 67 patients with a non-diagnostic scan and normal D-dimer 

revealedd 3 patients who returned with a clinical suspicion of venous thromboembolism 

whichh was subsequently ruled out by objective testing. One patient died in whom a 

contributionn of pulmonary embolism could not be excluded (Table 2). This patient died 
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100 days after inclusion. Recurrent aspiration pneumonia with concomitant brain 

infarctionss was considered the likely cause of death (Failure rate 1 in 67; 1,5% 95% CI 

0-8%). . 

Thee venous thromboembolism rate in patients with a high probability lung scan and 

thosee with a non-diagnostic lung scan combined with abnormal D-dimer test result 

were,, taken conservatively, 4% (2 out of 50 (1 definite and 1 possible)) and 7% (5 out 

off 70 (3 definite and 2 possible)) respectively (Table 2). All these patients received 

therapeuticc anticoagulant therapy. 

AdditionalAdditional Observations 

Sincee SimpliRED D-dimer was obtained in all patients entering the study it was 

possiblee to calculate the failure rate of a normal D-dimer test, when used as the 

primaryy method for exclusion of pulmonary embolism. The D-dimer was normal in 5 of 

500 patients with a high-probability lung scan and in one patient with a non-diagnostic 

scann who had an angiography proven pulmonary embolism. Thus, SimpliRED D-dimer 

wass falsely normal in 10% (6/61 ; 95% CI 4-20%) of patients with documented 

pulmonaryy embolism. The time elapsed between the onset of symptoms and the 

assessmentt of the D-dimer test was more than 7 days in 3 patients and less then 24 

hourss in 2 patients. The distribution of the number of segmental lung scan defects in 

thee 6 patients with a normal D-dimer and documented pulmonary embolism were: one 

patientt with 1 segmental mismatch (angiography positive), one patient with 2 

segmentall mismatches and the remaining four patients had all multiple segmental 

mismatchedd defects. 

Thee distribution of SimpliRED D-dimer results within the various lung scan 

categoriess between patients who presented as already hospitalised or outpatients was 

alsoo analysed. Only 19 % (6/32 ; 95% CI 7-36%) of the inpatients with a non-diagnostic 

scann showed a normal D-dimer test result versus 58% (61/105 ; 95% CI 49-68%) in 

thee outpatient group. Furthermore, we observed a difference, although non-significant, 

betweenn in and outpatients regarding the number of patients with a non-diagnostic 

scann and an abnormal D-dimer who had confirmed venous thromboembolism, 18% 

(8/444 ; 95% 8-33%) for outpatients versus 8% (2/26 ; 95% CI 0-25%) for inpatients. 
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Discussio n n 

Itt has been well documented that in patients presenting with clinically suspected 

acutee pulmonary embolism appropriate treatment decisions can be made on the basis 

off a normal or high-probability lung scan finding, whereas in the remaining patients 

withh a non-diagnostic lung scan additional investigations are mandatory. In the present 

study,, 137 of 245 (56%) consecutive patients had a non-diagnostic lung scan result, a 

prevalencee consistent with previous reports (15,16). In 67 of these patients with a 

normall D-dimer test result, 59 patients had a non-high clinical probability in whom 

pulmonaryy embolism was considered to be excluded, while in the remaining 8 patients 

withh a high clinical probability the subsequent ultrasonography and pulmonary 

angiographyy yielded pulmonary emboli in 1 patient. Our approach of combining D-

dimerr testing and clinical probability in patients with a non-diagnostic lung scan 

appearss to be safe, since the 3 month clinical follow-up of all these 67 patients 

revealedd only one patient who died because of recurrent aspiration pneumonia's in 

whomm a contribution of pulmonary embolism could not be excluded (failure rate 1 in 67 

patients;; 1.5% 95% CI 0-8%). This event rate is comparable to that observed for 

patientss with a normal perfusion scan, both in previously published investigations 

(16,17)) and in this study (Table 2). In addition, our approach resulted in the avoidance 

off ultrasonography and pulmonary angiography in 59 patients, corresponding to 43% 

off all patients with non-diagnostic lung scan results. This approach is of significantly 

lesss value in the already hospitalised subgroup since only 19 % (6/32 ; 95% CI 7-36%) 

off the inpatients with a non-diagnostic scan showed a normal D-dimer test result 

versuss 58% (61/105 ; 95% CI 49-68%) in the outpatient group. 

Thee safety of withholding anticoagulant treatment in patients with a combination of 

aa normal SimpliRED D-dimer, a non-diagnostic lung scan and without a persistent high 

clinicall probability is in concordance with results of the recently published study by 

Ginsbergg and collegues (9). A diagnostic strategy in which the SimpliRED D-dimer 

wouldd be the initial test has the potential to further decrease the number of lung scans 

andd pulmonary angiographies. However, application of this approach to our patient 

groupp would have resulted in a falsely normal SimpliRED D-dimer in approximately 

10%% of patients with documented pulmonary embolism. This, in our opinion, indicates 

thatt the SimpliRED D-dimer should not be used in isolation. Whether it is true for other 

D-dimerr methods in the management of pulmonary embolism is at present unknown. 
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Soo far, only one recently published management study, limited to outpatients, using a 

differentt D-dimer showed the safety of withholding anticoagulant treatment in those 

patientss with a normal D-dimer result only (18). Several accuracy studies with 

quantitativee D-dimer assays have reported a higher sensitivity (6,19-21). However, the 

reall challenge for all D-dimer assays is to evaluate their clinical utility, not only 

sensitivity,, but also exclusion efficiency in the real clinical setting. If the sensitivity 

approachess 100 % but the specificity of the test is very low, only a limited number of 

patientss can be spared further diagnostic tests, resulting in a low exclusion efficiency. 

Both,, safety and exclusion efficiency of a chosen diagnostic model should be 

consideredd evaluating any D-dimer test in clinical practice. 

Thee observed sensitivity of the SimpliRED D-dimer test in the present 

managementt study (90%) is situated within the observed range of 85-100% in previous 

accuracyy studies in patients with suspected pulmonary embolism (5,8,9). Several 

factorss could contribute to the observed wide range in sensitivity. These include 

changess in patient characteristics, operator variability (a high number of persons with 

varyingg experience performing the test), assessment of the SimpliRED D-dimer test 

platee by one or more persons, and the use of capillary blood versus citrated blood 

(22,23).. Proper training of personnel performing the test, assessment of the plate by 

twoo readers and the use of capillary blood are likely to improve results. 

Threee potential limitations of our study should be addressed. Although this is one 

off the few management studies performed so far, introducing the D-dimer test in the 

diagnosticc work-up of pulmonary embolism, the sample size was limited. Therefore, the 

safetyy of this approach should be confirmed in other studies, before it can be 

recommendedd for routine practice. Furthermore, the exclusion of 155 of the initial 400 

patientss seen with pulmonary embolism may have introduced a selection bias. This is 

howeverr unlikely, since the patient characteristics (such as age, sex, percentage of 

outpatientss and comorbid conditions) and the ventilation/perfusion scan category 

distributionn were not different from the included group. Third, clinical probability was 

scoredd in the group of patients with a non-diagnostic lung scan and normal SimpliRED 

D-dimerr after the V/Q scan and not at presentation, without the use of a standardised 

diagnosticc algorithm. Three reasons determined the timing for the clinical assessment. 

First,, in clinical practice it is not seldom the case that between the time of presentation 
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andd accrual of all diagnostic tests a different diagnosis emerges or becomes definite. It 

iss then for a clinician often unacceptable to proceed with further testing, irrespective of 

"pre-testt probabilities assessed at presentation". Second, diagnostic tests for other 

diseasess which are part of the differential diagnosis at presentation are often 

performedd parallel to diagnostic procedures for pulmonary embolism. If these parallel 

testss rule out another diagnosis the suspicion for pulmonary embolism may increase. 

Third,, both a non-diagnostic V/Q scan and normal SimpliRED are both associated with 

aa lower risk for the presence of pulmonary embolism. Thus, because this was a 

managementt study we believe it was justified to include all this information in the 

clinicall probability score. Other studies, such as the PIOPED study (16) have also 

shownn that the clinicians assessment of the likelihood of pulmonary embolism can 

effectivelyy be made without the use of a standardized diagnostic algorithm. 

Inn conclusion, our findings suggest that it is safe to withhold anticoagulant therapy 

inn those patients with a non-diagnostic lung scan, a normal SimpliRED D-dimer test 

result,, and without a high clinical probability. This results in a substantial decreased 

needd for ultrasonography and pulmonary angiography. The benefits of this diagnostic 

strategyy are of limited value in already hospitalised patients. The SimpliRED should 

nott be used in isolation to exclude pulmonary embolism. 
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Summar y y 

Background:Background: To simplify the diagnostic strategy of patients suspected for venous 

thromboembolism,, the use of D-dimer tests has been advocated. Very important for 

thee safety of such diagnostic strategies would be the capacity to recognise false 

normall D-dimer results, in order to prevent inadequately withholding anticoagulant 

treatmentt in patients who actually have the disease. Insight in the causes of false 

normall D-dimer results would therefore be necessary. We hypothesised that certain 

patientt characteristics are associated with relatively low plasma D-dimer levels and, 

therefore,, could increase the risk of false normal results. 

Methods:Methods: Consecutive patients with an objectively confirmed venous 

thromboembolicc event and an independently obtained false normal SimpliRED D-

dimerr test result were included in the study. For each patient, two controls with 

objectivelyy confirmed venous thromboembolism and an adequate abnormal D-dimer 

resultt were selected. Baseline patient characteristics, obtained by standardised 

questionnaires,, were compared between the two groups of patients. 

Results:Results: In total, 686 patients had a venous thromboembolic event and 47 of 

thesee patients had a false normal SimpliRED result. Therefore, the overall sensitivity 

off the SimpliRED test for venous thromboembolism was 93% (95% CI: 92 to 95%). 

Althoughh the prevalence of certain clinical characteristics was significantly higher in 

patientss with a false normal D-dimer result than in the controls (odds ratios for 

(LMW)heparinn treatment and symptoms lasting more than 10 days: 5.1 (95% CI: 1.5-

18.7)) and 3.2 (95% CI: 1.4-7.4), respectively), the prevalence of these characteristics 

wass also high in the control group with an adequate abnormal D-dimer. Combining 

twoo or more of these characteristics had a low prevalence and did not further 

improvee the ability to identify those patients with a false normal D-dimer test at 

presentation. . 

Conclusions:Conclusions: Although these findings clearly indicate an association between 

certainn baseline clinical characteristics and the occurrence of a false normal 

SimpliREDD test, the clinical utility for these characteristics is limited. 
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Introductio n n 

Although,, in recent years, the diagnostic approach has been significantly 

optimizedd for patients presenting with either suspected deep vein thrombosis or 

pulmonaryy embolism, one of the major remaining problems is the requirement for 

seriall testing in large groups of patients, whereas these serial tests will convert to 

abnormall in only a small fraction. D-dimer assays have been advocated to reduce 

thee need for serial or more invasive testing (1-3). A necessity for a successful 

implementationn of the D-dimer assay in clinical practice is a sufficiently high negative 

predictivee value, in order to enable a safe exclusion of venous thromboembolism. 

Onee of the most convenient D-dimer methods used today is the SimpliRED D-dimer 

assay,, because it is a whole blood test which can be performed bedside and 

becausee the result is available in less than 5 minutes. However, as for virtually all D-

dimerr assays, the sensitivity and thus the negative predictive value varies among the 

reportedd studies and is in the majority of investigations below 100% (4,5). Since this 

mayy jeopardize the reliability of excluding venous thromboembolism on the basis of 

aa normal test result, it would be desirable if the treating physician would be able to 

identify,, at presentation, those patients at high risk for a false normal D-dimer test 

result.. One of the clear cut reasons for a false normal result may be the fact that the 

D-dimerr concentration is too low for the cut-off value to be reached. Some patient 

characteristics,, such as long duration of symptoms or the use of anticoagulant 

therapy,, are known to be associated with lower D-dimer levels (6,7). We, therefore, 

hypothesizedd that these and most likely also other patient characteristics may be 

associatedd with a false normal D-dimer test result. To investigate this, we performed 

aa case-control study in which we compared base-line clinical characteristics of 

patientss with a false normal D-dimer test result to those characteristics of patients 

withh an adequate abnormal D-dimer result. 

Method s s 

Consecutivee patients over 18 years of age referred for diagnostic work-up 

becausee of suspected venous thromboembolism were eligible for the study. Patients 

weree recruited at the thrombosis units of one of the following six participating 

hospitals:: i.e. Academic Medical Center, Amsterdam, St. Lucas-Andreas Hospital. 

Amsterdam,, St. Elisabeth Hospital, Tilburg, Sophia Hospital, Zwolle, all in the 
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Netherlands,, as well as Medicina Interna et Oncologia Medica, University of Pavia or 

Clinicaa Medica II, University Hospital of Padua, both in Italy. 

Patientss who were treated with full dose anticoagulant therapy for more than 24 

hourss and patients suspected for recurrent deep vein thrombosis in the same leg 

withoutt ultrasonographic information about the extent of residual thrombosis were 

excluded.. All consenting patients underwent a SimpliRED D-Dimer test and the 

referencee diagnostic method; these were performed and interpreted independently 

fromm each other. 

Thee reference diagnostic method for patients with suspected deep vein 

thrombosiss was compression ultrasonography or venography if the ultrasound of the 

legss was inconclusive. B-mode grey-scale compression ultrasonography of the legs 

wass performed as described earlier (8,9). Briefly, of the symptomatic leg only the 

commonn femoral vein in the groin and the popliteal vein from the mid-popliteal fossa 

untill the trifurcation of the calf veins were examined. The calf veins were not 

investigated.. Ultrasound findings were scored as normal if both vein segments were 

fullyy compressible and abnormal when at least one of the veins contained a 

noncompressiblee segment. 

Thee reference diagnostic method for patients with suspected pulmonary embolism 

wass ventilation-perfusion lung scanning or angiography. Perfusion lung scintigraphy 

wass performed with 100 MBq of 99mTechnetium-labeled macroaggregates of albumin. 

Ventilationn lung scintigraphy was performed simultaneously, using 81mKrypton gas. 

Routinelyy six views were obtained (anterior, posterior, left and right lateral and left 

andd right oblique). The results were classified as normal, non-diagnostic or high 

probability,, according to the criteria described by Hull et al. (10). Pulmonary 

angiographyy was performed to prove or exclude pulmonary embolism in those 

patientss in whom a non-diagnostic lung scan result was obtained (11). The 

angiographyy was performed and interpreted according to van Beek et al. (12). 

Pulmonaryy embolism was considered to be present if the ventilation-perfusion scan 

wass high probability or the angiogram was abnormal, whereas the disease was 

refutedd by a normal lung scan or angiogram result. 

Thee SimpliRED D-dimer assay (AGEN Biomedical Ltd., Brisbane Australia) is an 

autologouss red cell agglutination assay. The active agent is a chemical conjugate of 

aa monoclonal antibody specific to human D-dimer (DD-3B6/22) linked to a 
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monoclonall antibody, which binds to the surface of human red blood cells (RAT-

1C3/86).. The test is performed on capillary blood drawn by a fingerstick or on 

citratedd venous blood. The conjugate will coat the red blood cells but will not cause 

agglutinationn in samples with normal levels of D-dimer, i.e. levels below 200 ug/ml. 

Thee test result is positive if agglutination of red bloodcells is observed within two 

minutess (13). 

Baselinee clinical characteristics were obtained by standard questionnaires and 

collectedd information included age, sex, duration of symptoms before presentation 

andd whether and how long anticoagulant therapy was instituted before testing. In 

addition,, the thrombus load was determined by measuring the extension of deep 

veinn thrombi with the use of compression ultrasonography and /or venography in 

patientss with deep vein thrombosis and by measuring the extent of defects seen on 

ventilation-perfusionn lung scanning or angiography in patients with pulmonary 

embolism.. The thrombus load was considered small if only the distal part of the 

popliteall vein contained thrombus, whereas the rest of the venous system was fully 

compressiblee in patients with symptoms of the leg alone. In patients with symptoms 

off the lungs the thrombus load was considered small if only one subsegmental 

perfusionn defect was seen and if the patients had no leg symptoms or the ultrasound 

examinationn of the legs was normal. 

Casess were defined as patients presenting with clinically suspected venous 

thromboembolismm who had a normal SimpliRED result at presentation, but in whom 

deepp vein thrombosis and / or pulmonary embolism were unequivocally present as 

demonstratedd by objective testing. For each case two controls with an abnormal D-

dimerr and documented venous thromboembolism were identified. They were 

matchedd for hospital, inclusion period and site of thrombosis (i.e. if the patient was 

suspectedd for pulmonary embolism or deep vein thrombosis). 

Oddss ratios for the clinical characteristics and combinations thereof were 

calculatedd between the two study groups. In addition, the relation between thrombus 

sizee and a false normal SimpliRED D-dimer were assessed. 
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Result s s 

AA total of 2761 consecutive patients suspected for venous thromboembolism were 

referredd for diagnostic testing to the six participating hospitals. Of these, 2067 

patientss had symptoms suggestive of deep leg vein thrombosis and 694 were 

suspectedd for pulmonary embolism. Of the patients with suspected pulmonary 

embolism,, 466 (67%) presented as outpatients, while this percentage was 97 in 

thosee with leg symptoms. 

Thee diagnosis of deep vein thrombosis was confirmed in 472 patients, hence, a 

prevalencee of 23%. Of these patients, 27 had a false normal SimpliRED D-dimer 

resultt (sensitivity: 95%; 95% CI: 93 to 97). Pulmonary embolism was objectively 

confirmedd in 214 of the 694 patients with a suspicion of this disease (prevalence 

31%).. Of these patients, 20 had a false normal SimpliRED D-dimer test result 

(sensitivity:: 9 1 % ; 95% CI: 88 to 95%). Therefore, in total 686 patients had a venous 

thromboembolicc event and 47 of these patients had a false normal SimpliRED result, 

thuss the overall sensitivity of the SimpliRED test for venous thromboembolism was 

93%% (95% CI: 92 to 95%). The median age of these 47 patients, who formed the 

casee group of our study, was 55 years (range 20-92) and 28 (60%) were female 

(Tablee 1). 

AA total of 100 controls were identified and their clinical characteristics are also 

detailedd in Table 1. Compared to controls the mean age of the cases was almost 10 

yearss lower. For symptoms lasting more than 10 days and for more than 8 hours 

therapeuticc or prophylactic use of (low molecular weight) heparin, the odds ratios 

weree 3.2 <95%CI: 1.4-7.4) and 5.1 (95% CI: 1.5-18.7), respectively. All other studied 

characteristicss did not clearly discriminate between patients with a false normal 

SimpliREDD result and those with an adequate abnormal test result (Table 1). Also 

variouss combinations of these clinical characteristics were investigated, but again no 

clearr discrimination between cases and controls could be observed. In addition, the 

prevalencee of such combinations was very low in both groups. 

Inn the patient group with a false normal SimpliRED result the frequency of a small 

thrombuss load, according to our predefined criteria, appeared to be higher (13%) 

thann in the group of patients with an adequate abnormal D-dimer test (5%) (odds 

ratio:: 2.9, 95% CI; 0.7-11.9). 
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TableTable 1 Baseline clinical characteristics in patients with a false normal SimpliRED D-

dimerr test result and in a control group of patients with adequate abnormal result. 

Patientt characteristics 

Numberr of patients 
Meann age 
Rangee age 
Agee < 30 years 
agee > 80 years 
female e 

symptomaticc < 1 day 
symptomaticc > 10 days 
therapeuticc dose heparin 
therapeuticc and prophylactic 
dosee heparin 

SimpliRED D 
falsee negative 

47 7 
555 years 

20-922 years 
44 patients 
77 patients 

288 patients 
100 patients 
211 patients 

66 patients 
100 patients 

SimpliRED D 
adequatee abnormal 

100 0 
644 years 

19-955 years 
55 patients 

144 patients 
577 patients 
144 patients 
200 patients 

44 patients 
55 patients 

Oddss ratio 
(95%% CI) 

1.88 (0.4-8.1) 
1.11 (0.4-3.1) 
1.11 (0.5-2.4) 
1.77 (0.6-4.4) 
3.22 (1.4-7.4) 
3.55 (0.8-15.8) 
5.11 (1.5-18.7) 

Combinationn of patient characteristics 
agee < 30 years and 3 patients 3 patients 2.2 (0.3-14.4) 
<11 day or >10 days symptoms 

agee > 80 years and 2 patients 6 patients 0.7 (0.1-4.0) 
<11 day or >10 days symptoms 

>100 days symptoms and therapeutic 3 patients 1 patient 6.8 (0.6-173) 
andd prophylactic dose heparin _ _ 

Discussio n n 

Theoretically,, a lower than expected D-dimer plasma concentration may occur in 

variouss clinical situations. Since, the plasma half-life of D-dimer is approximately 8 

hours,, an older occlusive thrombus might generate insufficient D-dimers to raise the 

concentrationn above the threshold (7). Also heparin treatment may cause a 

decreasee in D-dimer plasma levels (6). Finally, in patients with a short delay 

betweenn onset of symptoms and diagnosis, the fibrinolytic activity may not have yet 

resultedd in sufficient elevation of the D-dimer concentration (14). 

Inn the present study, indeed both administration of therapeutic and/or prophylactic 

(LMW)heparinn treatment and symptoms for more than 10 days were significantly 

moree often seen in patients with a false normal SimpliRED 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 

prevalencee of these characteristics was also high in the control group. For symptoms 

lesss than 24 hours before testing a trend was present (odds ratio 1.7; 95% CI: 0.6-
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4.4).. Combining 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. 

Althoughh these findings clearly indicate an association between certain baseline 

clinicall characteristics and the occurrence of a false normal SimpliRED test, the 

clinicall relevance of our observations is limited. For example, the combination of 

therapeuticc and/or prophylactic (LMW)heparin treatment and symptoms for more 

thann 10 days identified only 3 of the 47 patients with a false normal D-dimer, 

whereass this combination occurred in 3 of the 100 patients with a correct abnormal 

D-dimerr result. The same limitation applies for the other investigated combinations. 

Thus,, selecting patients, at presentation, with a high risk for a false normal D-dimer 

testt result on the basis of one or more of these clinical characteristics will not be 

efficient. . 

Whatt are the possible explanations for these disappointing findings? Firstly, other 

nott evaluated characteristics may be more discriminative for the identification of 

falsee normal D-dimer results, such as a distinction between in- and outpatients and 

otherr reliable indicators for the extend of the thrombotic mass (7,15). Unfortunately, 

wee were not able to evaluate the difference between hospitalised patients and 

outpatients,, because the number of hospitalised patients included in our study was 

tooo small. Although several studies, including the present one, indicated that D-

dimerr plasma levels are positively correlated with the thrombus mass, the major 

disadvantagee is that this information can not easily be obtained at presentation. 

Secondly,, in this study, the SimpliRED D-dimer assay was used, which has certain 

limitations.. It is known that this method may be associated with a small risk for 

inadequatee interpretation due to the fact that the results are based on a subjective 

interpretationn of the presence or absence of agglutination (16). Incorrectly scoring 

tracee agglutination as normal may in part explain the inability to identify indicators for 

falsee normal test results due to dilution of the case group. Whether this problem also 

appliess to more quantitative assays needs further evaluation. 

Onee methodological aspect of the present investigation requires comment. We 

contrastedd the clinical characteristics of patients with a false normal SimpliRED 

assayy to those with an adequate abnormal test result in order to identify simple 

baselinee characteristics to distinguish these two groups. Another approach would 

havee been the comparison to patients with an adequate normal SimpliRED test 
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result.. However, we considered it more appropriate to perform such a comparison 

onlyy if the present analysis would have rendered an accurate set of indicators. 

Inn conclusion, although certain patient characteristics, such as (LMW)heparin 

treatment,, symptoms of venous thromboembolism for more than 10 days or less 

thann 24 hours and a very small thrombus load, are associated with an increased risk 

forr a false normal D-dimer test result, the clinical usefulness of these criteria to 

adequatelyy identify those patients with a false normal D-dimer outcome appears to 

bee limited. 
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Summar y y 

Background:Background: Patients with suspected pulmonary embolism often receive heparin 

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

assessedd to what extent the lung scan classification and pulmonary vascular 

perfusionn changed over a period of 2-4 days of full anticoagulant therapy. 

Methods;Methods; In 312 consecutive patients with at least one segmental perfusion defect 

onn the initial perfusion scan, classification of both the initial and final lung scan 

allowedd us to study possible changes in scan classification. The assessment of 

changess in pulmonary perfusion was determined scintigraphicaliy in a subgroup of 

644 patients with proven pulmonary embolism. 

Results:Results: Of 79 patients with an initially high-probability lung scan 77 remained 

high-probability,, while the scan became non-diagnostic and norma! in one patient 

each.. The lung scan classification did not change in all 233 patients with initially a 

non-diagnosticc scan. Thus, a different lung scan category was observed in only 2 out 

off 312 (0.6% ; 95% CI 0.1-2.3%) patients. The mean pulmonary perfusion at 

baselinee in the subgroup of 64 patients with pulmonary embolism was 62% ( sd

17%% ; range 26-89%). A mean absolute improvement in pulmonary perfusion of only 

4%%  1 1 % (n.s.) was observed in the two to four days of observation. 

Conclusion:Conclusion: Intravenous heparin therapy for a period of two to four days minimally 

influencess the diagnostic lung scan classification and induces only minor changes in 

pulmonaryy vascular obstruction in the majority of patients. 
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Introductio n n 

Lungg perfusion scintigraphy is generally accepted as the appropriate first test in 

thee diagnostic management of patients presenting with suspected acute pulmonary 

embolism.. A normal perfusion scan safely excludes the presence of pulmonary 

embolism.. In those patients with at least one segmental perfusion scan defect, 

ventilationn lung scintigraphy is indicated, since a mismatch (normal ventilation at the 

sitee of the perfusion defect) adequately predicts the presence of acute pulmonary 

embolismm in approximately 90% of patients (1,2). In those patients with matched 

segmentall ventilation/perfusion (V/Q) scan findings or only subsegmental perfusion 

defects,, the lung scan is categorised as non-diagnostic and further diagnostic tests, 

suchh as follow-up ultrasound of the lower extremities and/or pulmonary angiography, 

aree required. However, the availability of lung scintigraphy differs among hospitals. 

Nuclearr medicine facilities are either not available at all and patients need to be 

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

frequentlyy the case for ventilation scintigraphy. In only a minority of hospitals both 

perfusionn and ventilation scintigraphy can be obtained around the clock. As a result, 

patientss with suspected pulmonary embolism often already receive heparin therapy 

forr hours to days before ventilation/perfusion scintigraphy is completed. 

Carefull quantitative assessment of the perfusion defect(s) on a six view scan 

closelyy correlate to pulmonary vascular obstruction measured by angiography and 

seriall scintigraphic measurements have shown to be sensitive to changes in 

vascularr obstruction (3-5). A limited number of studies have assessed changes in 

perfusionn scans in patients treated with intravenous heparin for pulmonary embolism. 

Thesee studies usually repeated the scan either within 24 hours or after one week (6-

9).. Only the UPET study presented data reflecting the changes after several days of 

anticoagulantt therapy (6). It should be noted however, that all these studies were 

performedd in an era in which heparin therapy was administered without the use of a 

weightt based heparin nomogram. Since heparin dosing without such a nomogram 

oftenn results in initial inadequate anticoagulation (10,11), the previously published 

studiess (6-9) may have underestimated the potential of heparin therapy to induce 

regressionn of perfusion defects. Furthermore, data determining changes in 

diagnosticc scan categories in the first days of heparin treatment are not available. 

Inn the present study we assessed to what extent the scintigraphic determined 

perfusionn score changed over a period of 2-4 days of anticoagulant therapy in those 
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patientss with segmental mismatched perfusion defect(s). In addition, we assessed 

whetherr lung scan classification (high or non-diagnostic) changed in patients with at 

leastt one segmental perfusion defect at the time of the first perfusion scan. 

Patient ss and method s 

PatientsPatients and study design 

Alll consecutive patients referred to the department of nuclear medicine of the 

Sophiaa Hospital, Zwolle, The Netherlands, for lung scintigraphy because of 

suspectedd acute pulmonary embolism during a 4 year period (1993-1997) were 

eligiblee for the study if two perfusion scans were performed (the second combined 

withh ventilation scintigraphy). The reason for performing two perfusion lung scans in 

thee acute period was the restricted availability of ventilation scintigraphy (i.e. twice 

weekly).. The practice of repeating perfusion scintigraphy was limited to patients with 

att least segmental defects at presentation, since the addition of ventilation 

scintigraphyy allowed for the possible classification of a high probability scan. Patients 

weree treated with heparin using a dosing nomogram (11). Vitamin K antagonists 

therapyy was commenced on day one to three. 

Forr the analysis of changes in diagnostic scan categories the scans of all eligible 

patientss were classified independently by two experienced nuclear medicine 

specialistss as high probability ( at least one segmental perfusion defect without 

correspondingg ventilation abnormalities), normal (no perfusion defects and perfusion 

outliness the shape of the lung seen on chest X-ray), or non-diagnostic (all other scan 

results).. Discrepant results were resolved by consensus reading. First the repeat 

perfusionn scan and ventilation scan were classified to these criteria. Subsequently, the 

initiall perfusion scan was compared with the ventilation scan, assuming that the 

ventilationn defect(s) has not changed. 

Thee pulmonary perfusion score was assessed indepently by the same two 

specialistss using the technique described by Meyer et al (3). Briefly, a. each lobe was 

assignedd a weight based on the regional distribution of pulmonary blood flow in the 

supinee position: right lower lobe 25% , right middle lobe 12% , right upper lobe 18%, 

leftt lower lobe 20%, lingula 12%, left upper lobe 13% b. perfusion within each lobe 

wass estimated from the anterior, posterior and oblique views. For each lobe a semi-

quantitativee perfusion score from 0 to 1 (0, 0.25 , 0.5 , 0.75 or 1) was estimated from 

thee film density by comparison with the photodensity of a normally perfused area and 
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c.. each lobar perfusion score was then calculated by multiplying the weight by the 

perfusionn score. The overall perfusion score was determined by summing the six 

separatee lobar perfusion scores. The percentage of vascular obstruction by perfusion 

scanningg was calculated as (1-overall perfusion score) x 100. In addition, the relative 

changess were calculated as the absolute change in perfusion between the 2 lung 

scanss devided by the baseline pulmonary vascular obstruction. The determination of 

thee pulmonary perfusion score was restricted to patients with a high probability 

ventilation/perfusionn scan, who received heparin therapy between the interval of the 

twoo perfusion scans. The maximum interval between the two scans was limited to 

fourr days. For all patients a heparin dosing nomogram was used (11). 

Perfusionn scans were obtained in 6 views (anterior, posterior, both lateral and both 

posteriorr oblique views) with "^Technetium macroaggregated albumin. For ventilation 

scintigraphyy 81mKrypton gas was used with the patient in the same position. 

StatisticalStatistical analysis 

Meanss and standard deviations were calculated for both the absolute changes 

andd the relative changes in pulmonary perfusion. Differences in changes of perfusion 

scoress after heparin therapy were analysed by Student t -test. Univariate regression 

analysiss was used to determine correlation between the changes in pulmonary 

vascularr perfusion and the baseline perfusion defects. Correlational analysis 

(Pearson)) was used to determine interobserver variability between the assigned 

changess in perfusion scores. 

Result s s 

ChangesChanges in diagnostic scan categories 

Duringg the study period 312 consecutive patients with suspected acute pulmonary 

embolismm underwent two perfusion scintigraphies, the second combined with 

ventilationn scintigraphy, because of the presence of at least one segmental perfusion 

defectt on the initial perfusion scan. The final ventilation/perfusion scan was classified 

ass high-probability in 77 (24.7%) patients, non-diagnostic in 234 (75%) and normal in 

11 (0.3%) patient. All of the 77 patients with a final high-probability scan would have 

hadd the same lung scan classification, when the ventilation scan was compared with 

thee initial perfusion scan. Combining the ventilation scan with the initial perfusion 

scann in the 234 patients with a final non-diagnostic scan would have resulted in the 
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samee lung scan classification in 233 patients. In the remaining single patient with a 

finall non-diagnostic scan (based on the presence of 4 subsegmental mismatched 

perfusionn defects) the combination of the ventilation scan with the first perfusion 

scann would have yielded a high-probability scan, because of two mismatched 

segmentall defects. A clear chest X-ray at the time of the first perfusion scan 

supportedd the likelihood of the presence of pulmonary embolism in this patient. The 

onlyy normal ventilation/perfusion scan, performed three days after the first scan, was 

obtainedd in a patient in whom the first perfusion scan revealed two segmental 

perfusionn defects. Also in this patient the chest X-ray at the time of the first perfusion 

scann showed no abnormalities. Thus, completing the ventilation/perfusion scan after 

twoo to four days of anticoagulant therapy resulted in a different lung scan category in 

onlyy 2 out of 312 (0.6% ; 95% CI 0.1-2.3%) patients. 

ChangesChanges in pulmonary vascular perfusion during heparin therapy 

Thee analysis of changes in pulmonary vascular perfusion during 2-4 days of 

heparinn therapy were restricted to 64 of the 79 patients described above in whom 

pulmonaryy embolism was considered to be proven (77 patients with a final high-

probabilityy ventilation/perfusion scan and the 2 patients described above with 

segmentall defects on the initial perfusion scan combined with normal chest X-ray in 

whomm regression of perfusion defects occurred during heparin therapy). The reasons 

forr excluding the other 15 patients were: heparin therapy not given the full length 

betweenn the two scans (7 patients), more then 4 days between the perfusion scans 

(55 patients), insufficient quality of one or both scans to perform changes in 

pulmonaryy vascular perfusion analysis (3 patients). 

Thee changes in pulmonary vascular perfusion in the 64 study patients are detailed 

inn Table 1. The mean pulmonary vascular perfusion at baseline for the total study 

groupp was 62% ( sd  17% ; range 26-89%). A mean absolute increase in pulmonary 

vascularr perfusion of only 4%  11% (n.s.) was observed in these 64 patients in the 

twoo to four days of the study. The mean relative change in perfusion (i.e. absolute 

changee in the perfusion score between the first and second perfusion scan devided 

byy the initial pulmonary vascular obstruction) was 9  35% . Deviding the study 

populationn into subgroups in whom the repeat scan was done at two, three or four 

dayss revealed a comparable absolute change in the pulmonary perfusion score of 4-

8%% with similar ranges (Table 1). 
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TableTable 1 Absolute perfusion scores in 64 patients with acute pulmonary embolism 

receivingg 2-4 days heparin therapy 

intervall between lung scans 

numbe rr  of patient s 

meann perfusio n base lin e 

scor ee (%)  sd (range ) 

2-44 days 

(tota ll  stud y group ) 

64 4 

622  17 

(266 - 89) 

22 days 

19 9 

6 8 + 1 7 7 

(344 - 89) 

33 days 

36 6 

622  15 

(322 - 87) 

44 days 

9 9 

533 1 

(26-84) ) 

absolutee change in 

pulmonaryy perfusion score (%) 

meann + sd 

Range e 

4 + 111 4  11 9 8 + 18 

-222 to +46 -12 to +36 -22 to +22 -22 to +46 

25 5 

30 0 

25 5 

ss  20 

— — 

15 5 

10 0 

C C 

-255 to 10 >20 0 -100 toO 0to10 10 to 20 

absolutee change in perfusion score (percent) 

FigureFigure 1 Number of patients with acute pulmonary embolism grouped in intervals 

accordingg to the absolute changes in the perfusion score after two to four days of 

intravenouss heparin therapy (total 64 patients). 
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Althoughh the changes in absolute pulmonary vascular perfusion in the entire study 

cohortt ranged from a deterioration of 22% to an improvement of 46% , in 46 of the 

644 (72%) patients the changes were limited to plus or minus 10% (Figure 1). 

Analysiss of the relation between the extent of the perfusion defect at baseline and 

thee absolute change revealed only a small trend towards greater resolution of 

perfusionn defects in those with the worst initial perfusion scan (Figure 2). The 

interobserverr variability for the determination of absolute changes in pulmonary 

vascularr perfusion was good (Pearson R = 0.89). The results of both observers are 

depictedd in Figure 3. 

Discussio n n 

Thee use of ventilation/perfusion scintigraphy, a well established tool in the 

diagnosticc work-up of patients with suspected pulmonary embolism, is hampered by 

thee often non-daily availability of these methods in many hospitals. Thus, it is 

commonn practice to initiate anticoagulant therapy pending the definitive result of the 

ventilation/perfusionn scan. This study shows that 2-4 days of heparin does not 

materiallyy influence the definitive ventilation/perfusion scan category. In only 2 out of 

3122 (0.6% ; 95% CI 0.1-2.3%) consecutive patients with at least one segmental 

perfusionn defect on the initial scan, regression was such that the final lung scan 

classificationn changed. In one patient the two initial segmental perfusion defects 

disappearedd completely, whereas in the other patient only mismatched 

subsegmentall defects remained. 

Thee analysis of the quantitative changes in pulmonary perfusion in the subgroup 

off 64 patients with a final high-probability scan result revealed a minimal change in 

absolutee pulmonary perfusion of only 4  11% during 2-4 days intravenous heparin 

therapyy (Table 1). In three quarter of these patients the changes were limited to a 

rangee of 10% deterioration or improvement (Figure 1). The change in pulmonary 

perfusionn during heparin therapy has been assessed in several studies comparing 

intravenouss heparin with thrombolytic therapy (6-9), however only the UPET study 

presentedd data reflecting two to five days of heparin therapy (6). In their study cohort 

off 59 patients, they observed a mean absolute improvement of 5%  8% and 9%

10%% after two and five days respectively, which is fully comparable with our results. 

Itt is interesting to note, that although we used a higher initial heparin loading dose 

andd adjustments were made according to a heparin nomogram (11) this was not 
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FigureFigure 2 Absolute changes in perfusion score after 2-4 days intravenous heparin therapy 

versuss the baseline absolute perfusion score in 64 patients with acute pulmonary embolism. 
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Figuree 3: Interobserver variability for the absolute changes in perfusion score after 2-4 days 

intravenouss heparin therapy in 64 patients with acute pulmonary embolism. 
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reflectedd in an improved scan resolution as compared to the observations in the 

UPETT study. What are the potential clinical implications of our study findings'?' If both 

ventilationn and perfusion scintigraphy are not daily available, heparin therapy can be 

givenn for a period up to 4 days before lung scanning is performed, since such 

therapyy will not result in a different lung scan classification in the great majority of 

patientss presenting with pulmonary embolism. Thus, when a high-probability scan 

resultt is obtained continuation of anticoagulant therapy is indicated, while a non-

diagnosticc scan result necessitates further diagnostic investigation with 

ultrasonographyy and pulmonary angiography. In those rare cases in which the lung 

scann result has changed from high-probability to non-diagnostic, the disadvantage is 

thatt the patient is exposed to additional diagnostic testing. A normal lung scan result, 

alsoo if obtained after two to four days heparin therapy, excludes the presence of 

pulmonaryy embolism in virtually all patients and anticoagulant therapy can be 

stopped.. Occasionally, it may however be indicated to exclude venous thrombosis in 

suchh a patient with a normal lung scan, in particular if the clinical suspicion for 

venouss thromboembolism remains high. This reservation arises from two aspects of 

ourr study. First, complete resolution of segmental defects was observed in one 

patientt after three days of heparin therapy. Second, our strategy of performing twice 

aa perfusion scan had an inherent limitation. It was only performed when at least one 

segmentall perfusion defect was present on the first perfusion scan. Thus, we cannot 

excludee the possibility that in patients presenting with acute pulmonary embolism 

whoo only have subsegmental perfusion defects complete normalisation of the lung 

scann might occur during two to four days of anticoagulant therapy. However, this is 

likelyy of limited clinical concern, since the patient group with proven pulmonary 

embolismm presenting with only subsegmental perfusion defects is expected to be 

smalll (1) and also in patients with these defects a minimal change in pulmonary 

vascularr obstruction after two to four days of heparin therapy is expected. Hence, in 

thosee patients with a normal perfusion scan after two to four days of heparin therapy 

andd a persistent concern that the symptoms could be explained by pulmonary 

embolism,, serial ultrasonography should be considered to exclude venous 

thromboembolismm (12). Another implication of our findings applies to those clinical 

settingss in which the perfusion scan facilities are present daily whereas ventilation 

scintigraphyy can only be done twice or thrice a week, in these circumstances it is not 

necessaryy to repeat the perfusion scan at the time of the ventilation scan for a proper 
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finall lung scan classification. 

Somee aspects of our study require comment. This investigation was performed in 

aa large teaching hospital and all 312 consecutive patients in whom two perfusion 

scanss were performed during the study period were included in the analysis 

regardingg changes in diagnostic lung scan classification. In addition, the 

interobserverr variability in assessing the changes in pulmonary vascular obstruction 

wass very good (Pearson R = 0.89) and is in agreement with that of previous 

publicationss (3,4,5). Therefore, we believe that our findings can be generalised to the 

widee variety of patients presenting with suspected pulmonary embolism. 

Wee used the ventilation scan, performed at the time of the second perfusion scan, 

alsoo for the classification of perfusion defects obtained at the initial perfusion scan, 

assumingg that the ventilation scan remained unchanged in patients with pulmonary 

embolismm during a two to four day period. If any change in ventilation scintigraphy is 

too be expected in this time period, it is likely that a ventilation defect will develop as a 

resultt of pulmonary infarction. If true, this would have underestimated the number of 

high-probabilityy scans changing to non-diagnostic. 

Inn conclusion, this study shows that intravenous, heparin therapy for a period of 

twoo to four days minimally influences the diagnostic lung scan classification and 

inducess only minor changes in pulmonary vascular obstruction in the majority of 

patients. . 
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TherapeuticTherapeutic Management of Venous Thromboembolism 

Introductio n 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. 

Unfractionate dd Hepari n and Vitami n K Antagonist s 

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). 

Lo ww Molecula r Weigh t Heparin s 

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. . 

Thrombolysi s 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. 

Surgica ll  embolectom y 

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). . 

Inferio rr  vena cava l filter s 

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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Cathete rr  embolectom y 

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. 

Conclusion s 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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ChapterChapter 7 

Summar y y 

Background:Background: The application of a heparin dosing nomogram in the treatment of 

patientss with venous thromboembolism resulted in improvement of heparin therapy in 

clinicall research settings. In 1992 a heparin nomogram was introduced in our hospital, 

whichh is a community hospital where anticoagulant therapy is supervised by the 

attendingg physicians. We studied whether comparable improvements were achieved 

inn such a non-surveyed clinical setting. 

Methods:Methods: Patients were identified from computerised discharge records, and 

classifiedd into a pre-nomogram (discharged in 1990 or 1991) and a nomogram patient 

groupp (discharged in 1993 or 1994). The use of the nomogram was encouraged but 

thee application remained on a voluntary basis. Since the definition of the target APTT 

rangee was different in the pre-nomogram period as compared to the nomogram 

period,, a formal analysis of pre- and post-nomogram results was not considered 

justified. . 

Results:Results: The APTT ratio, six hours after the start of heparin treatment, was below 

thee predefined lower limit in 72% of 127 patients in the pre-nomogram group and in 

13%% of 127 patients in the nomogram group. During 1043 days heparin therapy in the 

nomogramm group the morning APTT ratio was subtherapeutic in 8%. In 58% of all 

APTTT results the physician responded according to the nomogram. The subsequent 

APTTT was in the target range in 64% of the cases compared to 3 1 % if the adjustment 

wass not performed according to the nomogram (P<0001). Major bleeding episodes 

occurredd in 3.1% in the pre-nomogram period and in 0.7% in the nomogram period. 

Conclusion:Conclusion: The present study shows that the introduction of a heparin dosing 

nomogramm in a non-research clinical setting results in more adequate heparin 

anticoagulationn with low risks of bleeding. 
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Introductio n n 

Initiall adjusted dose heparin therapy in patients with established venous 

thromboembolismm (VTE) requires rapid achievement and maintenance of a 

therapeuticc activated partial thromboplastin time (APTT) test result in order to prevent 

recurrentt VTE on the one hand, and to avoid an excessively prolonged APTT to 

minimisee the risk of major bleeding on the other hand. For these reasons, at least daily 

monitoringg 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 

thromboplastinn reagent. This range corresponds to a heparin level of 0.2-0.4 U/mL by 

protaminee titration assay which is generally considered to be the therapeutic range for 

thee treatment of patients with VTE (1,2). 

AA series of clinical studies have documented that the usual monitoring of heparin 

dosingg often fails in achieving the defined goals (3,4). This has led to the design of 

nomogramss for initial dosing of heparin and subsequent dose adjustments, which 

havee shown to improve heparin therapy. However, these observations were made in 

clinicall research settings (5-8). 

Inn 1992 a heparin nomogram was introduced in our hospital, which is a community 

hospitall where anticoagulant therapy is supervised by the attending physicians. The 

usee of the nomogram was encouraged but the application remained on a voluntary 

basis.. To determine the adequacy of this approach, in a non-surveyed clinical setting, 

wee retrospectively analysed the quality of heparin treatment in all patients with venous 

thromboembolismm (VTE) throughout 1993 and 1994. Heparin treatment in the 1991 

andd 1992 pre-nomogram period served as a reference. Since the definition of the 

targett APTT range was different in the pre-nomogram period as compared to the 

nomogramm period, a formal analysis of pre- and post-nomogram results was not 

consideredd justified. 

Method s s 

Patients Patients 

Alll patients with a discharge diagnosis of VTE, confirmed by objective diagnostic 

techniques,, were eligible for the study. Patients were identified from computerised 

dischargee records, and classified into a pre-nomogram (discharged in 1990 or 1991) 

andd a nomogram patient group (discharged in 1993 or 1994). Patients were excluded 

iff they were either not treated with intravenous heparin or received thrombolytic 
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therapy. . 

StudyStudy Design 

Inn the pre-nomogram period heparin therapy was initiated with 5000 IU iv. heparin 

boluss and a subsequent continuous infusion rate determined by the attending 

physician.. The dose of intravenous heparin therapy was adjusted by the attending 

physician,, based on the patient's APTT response. The APTT method used, a 

commerciall reagent with kaolin activator (Boehringer, Germany) and manual endpoint 

detection,, had a normal range of 25-37 sec and the recommended target range was 

60-855 sec. If required, the heparin dose-adjustments consisted of increasing or 

decreasingg the maintenance infusion rate with 5000 IU heparin per 24 h. In September 

19922 a heparin nomogram was introduced, including a weight-based bolus, a weight-

basedd initial continuous infusion rate and infusion rate changes referenced to a 

standardd heparin intravenous solution concentration of 60 IU per 0.1 ml_ (Table 1). 

Thee APTT was determined by the same assay, however expressed as a ratio of the 

APTTT test result devided by the pre-treatment APTT and a target range of 1.5 - 2.5. 

Warfarinn therapy was started concurrently in both study periods to achieve an INR 

ratioo of 2 to 3. 

Data Data 

Alll information was extracted from medical charts and nursing notes by a single 

investigator,, using a priori specified criteria for adequacy of heparin response. Specific 

attentionn was given to episodes of clinically relevant bleeding, including a search for 

thee indication to interrupt heparin treatment or to decrease the administration rate for 

reasonss other than provided by the nomogram. In addition changes in the 

haemoglobinn levels were recorded. Major bleeding episodes were documented 

addressingg the complete hospitalisation period. Major bleeding was defined as 

clinicallyy overt and associated with a decrease in haemoglobin level of at least 1.3 

mmol/LL or accompanied by transfusion of packed red blood cells or by the cessation of 

heparinn therapy. Clinical causes of death were documented and autopsy study results 

iff available were included. 
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TableTable 1 Heparin Dosing Nomogram 

Loadingg dose: 
<< 50 kg: 3500 IU 50-90 kg: 5000 IU > 90kg: 7500 IU 

Initiall maintenance infusion: 
2.11 mL/h = 1260 lU/h - 30240 IU/24h for a 80 kg body weight. For each 5 kg 
increase/decreasee in weight, adjust 1 ml_ 

Maintenancee infusion adjustment: 
Measuree APTT ratio 6 hours after initiating the maintenance infusion and adjust as 
follows s 

ratioo bolus (IU) stop (min) rate change (ml/h) repeated APTT (h) 
<< 1.2 
<< 1.5 
1.5-2.5 5 
2.5-3.0 0 
3.0-3.7 7 
>3.7 7 

5000 5000 
5000 5000 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
30 0 
60 0 

++ 0.3 
++ 0.2 
0 0 

-0.2 2 
-0.2 2 
-0.3 3 

6 6 
6 6 

Nextt A M 
Nextt A M 

6 6 
6 6 

Result s s 

PatientPatient Characteristics 

AA total of 355 consecutive patients were identified with a discharge diagnosis of 

VTE,, 173 patients in the pre-nomogram period and 182 in the nomogram period. A 

totall of 75 (21%) patients were excluded for the following reasons: 40 Patients died 

withoutt a previous clinical suspicion of VTE. In 25 of these patients the diagnosis of 

VTEE was revealed at autopsy, and in the remaining 15 patients the diagnosis was 

basedd on clinical symptoms at the time of death. Twenty patients received 

thrombolyticc therapy, low molecular weight heparin, oral anticoagulants only or no 

treatment.. The remaining 15 patients were excluded because missing information 

precludedd adequate evaluation. Therefore, 280 patients were available for analysis, 

1277 in the pre-nomogram period and 153 in the nomogram period. In 26 of the 153 

patientss in the nomogram group heparin treatment was initiated before a pre-treatment 

APTTT was obtained. This excluded the use of the nomogram and therefore the dose 

adjustmentss made in this group are analysed separately. The patient characteristics of 

thesee 26 patients are comparable to the remaining 127 patients in the nomogram 

group.. The baseline characteristics of the study groups are summarised in Table 2. 
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nomogram m 

pre-nomogram m 

00 12 24 36 48 60 72 

Time,, h 

FigureFigure 1 Cumulative percentage of patients exceeding the predefined therapeutic 

activatedd partial thromboplastin time (APTT) threshold for pre-nomogram 

(( APTT > 60 sec ) and nomogram (_ APTT ratio > 1.5 ) groups. 

InitialInitial Heparin Dose and First APTT Response 

Inn the pre-nomogram group the initial heparin dose was 5000 IU bolus for all 

patientss with a subsequent continuous infusion rate of 24070  3576 IU per 24 h 

(meann  SD). A subtherapeutic APTT response, measured 6 hours after initiation of 

therapyy was observed in 91 of 127 (72%) patients. In the nomogram group 84% 

startedd with the recommended weight-based bolus and infusion. Therapy was started 

withh a mean bolus of 5400  900 IU and an infusion rate of 28.800  2.800 IU per 24 

h.. This resulted in 17 of the 127 (13%) patients having a subtherapeutic APTT 

responsee at 6 hours, 81 (64%) were in the target range and in the remaining 29 (23%) 

thee APTT exceeded a ratio of 2.5 . In the 26 patients without pre-treatment test the 

APTTT was below 42 sec (1.5 x mean APTT) in 15%. 

APTTAPTT Responses during Therapy 

AA total of 883 and 1043 heparin treatment days could be analysed in the pre-

nomogramm and nomogram group respectively. The median time required to exceed 
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HeparinHeparin Nomogram for Venous Thromboembolism 

thee lower therapeutic threshold was 20 h (range 6-208h) in the pre-nomogram, 

whereass it took 6 h (6-80 h) to reach this target range in the nomogram group (Figure 

1). . 

Inn the pre-nomogram period 65% (631) of all APTT test results (971) were outside 

thee target range. In 5 1 % of these situations no adjustments were made, whereas 

whenn a dose adjustment was made this resulted in a subsequent APTT within the 

targett range in 32% of these cases. Figure 2 shows the distribution of morning APTT 

ratio'ss during the first 7 days in the nomogram group. Subtherapeutic APTT's (ratio 

beloww 1.5) and excessively prolonged APTT's (ratio above 3.7) were revealed in a 

minorityy of the APTT results. 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 3 1 % if the adjustment was not performed according to the 

nomogramm (P<.0001). 

Ann excessively prolonged APTT ratio (>3.7) was measured at least once on 7% of 

alll heparin treatment days in the nomogram group, compared with an APTT of more 

thann 120 sec (corresponding to a similar ratio) in 17% in the pre-nomogram group. 

MajorMajor Bleeding and Death 

Thee rates of clinically significant bleeding and death were studied in all pre-

nomogramm and nomogram patients (including the 26 patients without a pre-treatment 

APTT)) covering the complete hospital stay. In the pre-nomogram group 4 (3.1%) (95% 

CII 0.1 - 6.2%) major bleeding episodes occurred in 127 patients with a fatal outcome 

inn one patient, versus one (0.7%) (95% CI 0.0 - 2.6%) non-fatal bleeding episode in 

1533 patients during the nomogram period (Table 3). Only one patient (no.2, Table 3) 

hadd an excessively prolonged APTT (185 sec). In the nomogram group, a severely 

prolongedd INR prior to the bleeding episode seems predominantly responsible for the 

bleedingg tendency of the patient (no.5). 

Deathh during hospital stay occurred in 20 patients, 14 patients in the pre-nomogram 

andd 6 patients in the nomogram group. Autopsy revealed massive pulmonary 

embolismm in two patients in the pre-nomogram group and in two patients in the 

nomogramm period. In 3 of 11 patients in the pre-nomogram group without autopsy and 

inn 2 out of 4 patients without autopsy in the nomogram period, progression of 

pulmonaryy embolism was considered the cause of death according to the physician in 

chargee of those patients. 
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TableTable 3 Major bleeding episodes during heparin therapy 

no.. age (y) APTT (sec) 

PrenomogramPrenomogram group 

1.. 80 

2.. 64 

3.. 72 

4.. 77 

NomogramNomogram group 

5.. 77 

62 2 

185 5 

82 2 

110 0 

102 2 

N.A.. = not applicable 

INRR ratio 

9.6 6 

5.7 7 

N.A. . 

N.A. . 

18.2 2 

medicall condition 

severee haemorrhagic esophagitis 

bleedingg from duodenal ulcer 

lowerr intestinal tract bleeding 

fatall haematemesis, metastasised pancreatic 

tumor r 

severee abdominal wall bleeding 

ICO O 

Da> > 

FigureFigure 2 Distribution of the morning APTT ratio's in the nomogram group 
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Discussio n n 

Thiss study shows that in the period before the introduction of the nomogram, 

heparinn dosing was frequently inadequate. The introduction of the nomogram in 1992 

resultedd in several changes in heparin management which could account for the 

satisfactoryy results in achieving and maintaining therapeutic anticoagulation. 

First,, a standard heparin intravenous solution concentration of 60 IU/0.1 mL, made 

byy the pharmacist, was used. In the pre-nomogram period a new 24 hour solution was 

madee by the nurse each time a change in heparin dose was ordered. This may have 

increasedd the risk of incorrect dosing. 

Second,, the suggested heparin bolus and initial maintenance infusion rate were 

bodyy weight adjusted. This resulted in an average increase of the maintenance 

infusionn dose from 24070 (  3576) in the pre-nomogram period to 28.800 <  2800) 

U/244 h in the nomogram period. As a result only 13% of patients in the nomogram 

periodd had a subtherapeutic APTT response 6 hours after initiation of heparin therapy, 

withoutt an increase in excessively prolonged APTT's. 

Third,, the nomogram advised infusion rate changes based on the obtained APTT 

ratio's,, instead of empirical dosing by the individual physician. Although low rates of 

bothh insufficiently prolonged APTT ratio's and excessively prolonged APTT ratio's 

weree accomplished (Figure 2), a trend towards higher APTT ratio's is observed in the 

firstt 5 to 7 days of heparin therapy. This trend can be a result of a substantial 

percentagee (42%) of responses performed not according to the nomogram with a 

consequentlyy lower success rate (33% instead of 64%) or insufficient decreases of 

maintenancee infusion in the nomogram. The majority of rate adjustments not done 

accordingg to the nomogram were performed by a subgroup of senior and experienced 

physicians.. These physicians had the impression that consultation of the nomogram 

wass not necessary for them to achieve the therapeutic goals. It is obvious that the 

resultss of this study can be used to improve adherence to the nomogram. 

APTTT results are surrogate end-points in evaluating safety and efficacy of heparin 

therapyy in VTE. Because we did not measure heparin levels by protamine sulphate 

titrationn we cannot be sure that all patients having an adequate APTT ratio had indeed 

aa minimum heparin level of 0.2 U/mL. Clinically relevant bleeding episodes were 

infrequentt (Table 3) both before introduction of the nomogram (3.1%) and during the 

usee of the nomogram (0.7%). Because the comparability of bleeding risks in both 

groupss was not determined we are not allowed to analyse statistically this difference in 
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bleedingg rate. Autopsy revealed two patients in each study period with massive 

pulmonaryy embolism. For lack of sufficient number of autopsies, data considering the 

causee of death remain undetermined in many cases. The determination of the 

recurrencee rate of VTE after the initial hospitalisation period was not addressed in this 

study. . 

Althoughh the importance of exceeding the lower limit of the target range within 24-

488 hours has been strongly emphasised in order to prevent recurrent VTE (1,6,9), a 

recentt review could not confirm this association (10). For this review, studies were 

eligiblee only if the starting infusion rate of heparin was at least 30,000 IU per 24 h, 

whichh clearly results in a lower number of patients with initial subtherapeutic APTT's 

comparedd to the previously recommended starting dose of 25,000 IU per 24 h. Other 

studiess have evaluated even higher starting doses (40,000 IU per 24h) in patients 

withoutt an identifiable risk factor for bleeding, based on the concept that the risk of 

haemorrhagee is not linearly correlated with increasingly prolonged APTT's. This 

resultedd in a low number (10-15%) of patients with an initial subtherapeutic APTT 

withoutt an increase in bleeding (2 major bleedings in totally 82 treated patients) (5,8). 

Howeverr frequent APTT monitoring is required when employing such a high starting 

dose.. This is probably feasible in the course of a clinical trial but it remains to be 

determinedd if a similarly low bleeding rate can be accomplished in a day to day clinical 

setting. . 

Thee well known limitations of a retrospective study also apply to our study. 

However,, the fact that there was no ongoing prospective study analysing the effects of 

thee introduction of the nomogram may also have had an advantage. It might have 

resultedd in a better understanding of how physicians respond to the introduction of a 

nomogramm in a non-surveyed clinical setting. 

Ourr results in the nomogram period showed that both, the time needed to exceed 

thee therapeutic threshold (Figure 1) and the observed rates of APTT's outside the 

targett range (Figure 2), are fully comparable with the results found in the research 

studiess (5-8). The application of a heparin nomogram has previously been studied in 

twoo community hospitals (11,12). The results of Hollingsworth et al (11) were clearly 

lesss favourable than those derived from the clinical research settings (5-8). In fact, 

onlyy 30% of the patients reached a therapeutic APTT result after 24 hours heparin 

therapyy which increased to 60% after 48 hours, compared with 68%-90% and 90%-

100%% respectively in the research studies (5-8). Raschke et al (12) described the 
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effectivee implementation of a nomogram after having performed a randomised trial (6) 

att their institution. Familiarity with the nomogram could have had a positive effect on 

clinicianss willingness to use the nomogram. Furthermore, both previously described 

communityy hospital studies (11,12) differed from our study by excluding patients if 

VTEE was coded as a secondary diagnosis. 

Thee present study shows that the introduction of a heparin dosing nomogram in 

clinicall practice in a non-monitored research setting results in more adequate heparin 

anticoagulationn and low bleeding rates comparable with results from clinical trials (5-

8). . 

Reference s s 

1.. 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. 

2.. Hirsh MD. Heparin. N Engl J Med 1991; 324: 1565-74. 
3.. Fennerty A, Thomas P, Backouse G, Bentley B, Campbell IA, Routledge PA. Audit of 

controll of heparin treatment. BMJ 1985; 290: 27-8. 
4.4. 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. 
5.. 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. 
6.. 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. 

7.. 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. 

8.. 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. 

9.. 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. 

10.. Anand S, Ginsberg JS, Kearon C, Gent M, Hirsh J. The relation between the activated 
partiall thromboplastin time response and recurrence in patients with venous thrombosis 
treatedd with continuous intravenous heparin. Arch Intern Med 1996; 156: 1677-81. 

11.. Hollingsworth JA, Rowe BH, Brisebois FJ, Thompson PR, Fabris LM. The successful 
applicationn of a heparin nomogram in a community hospital. Arch Intern Med 1995; 155: 
2095-2100. 2095-2100. 

12.. Raschke RA, Gollihare B, Peirce JC. The effectiveness of implementing the weight-based 
heparinn nomogram as a practical guideline. Arch Intern Med 1996; 156: 1645-1649. 

97 7 





Abrup tt  versu s gradua l withdrawa l of vitamin  K 

antagonis tt  treatmen t in patient s wit h venou s 

thromboembolism ::  Assessmen t of 

hypercoagulabilit yy  and clinica l outcom e 

Marcoo R. de Groot1'2, Tjin L. Njo 3, 

Marinuss van Marwijk Kooy 2 and Harry R. Büller1 

departmentt of Vascular Medicine, Academic Medical Center, 

Amsterdam;; Departments of internal Medicine and 
3Clinicall Chemistry, Sophia Hospital, Zwolle, The Netherlands 

Submitted Submitted 



ChapterChapter 8 

Summar y y 

Background:Background: It is yet unclear whether warfarin should be stopped either abrupt or 

graduallyy after an episode of venous thromboembolism. The mode of withdrawal 

mightt influence a potential development of a hypercoagulable state, which could 

influencee the risk for recurrent disease. 

Methods:Methods: We prospectively studied 37 consecutive patients in whom warfarin was 

discontinuedd either abrupt (18) or gradually (19) (2/3 and 1/3 of the initial dose for 

onee week). Blood sampling was performed on various time points up to 18 days 

afterr complete withdrawal and was analysed for INR, prothrombin fragment F1+2 

andd D-dimer. All patients were clinically followed-up for the assessment of the 

associationn between hypercoagulability and occurrence of diseases such as 

recurrentt venous thromboembolism or malignancy. 

Results:Results: An approximately four fold increase was observed (median increase 

fromm 0.3 to 1.3 nMol/L) in F1+2 levels after both abrupt and gradual withdrawal and 

inn D-dimer concentrations in the abrupt withdrawal group (0.10 to 0.44 mg/L), while 

thosee in whom warfarin was discontinued gradually D-dimer levels increased less 

pronouncedd (0.11 to 0.29 mg/L) (non significant). During follow-up one recurrent 

venouss thromboembolic event occurred in each group and four times a diagnosis of 

cancerr was made. All these patients constituted the highest D-dimer concentrations 

measuredd in the total study group. 

Conclusions:Conclusions: This study indicates the potential for a hypercoagulable state after 

warfarinn discontinuation, which was not prevented by tapering the warfarin dose. D-

dimer,, measured two to three weeks after warfarin withdrawal might be an important 

tooll to identify patients at risk for recurrent venous thromboembolism and/or for the 

presencee of an underlying malignancy. 
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Introductio n n 

Initiall administration of unfractionated or low-molecular weight heparin for 

approximatelyy one week, followed by a course of vitamin K antagonists, such as 

warfarin,, is generally accepted as the appropriate therapy for patients with an 

episodee of venous thromboembolism (1,2). The rationale of this approach is that 

heparinn immediately inhibits thrombus formation, while the low levels of coagulation 

factorr II, VII, IX and X, induced by warfarin, prevents the recurrence of thrombosis. 

Withh the availability of sensitive and specific assays, such as the measurement of 

prothrombinn fragment F1+2 (F1+2) as a marker of thrombin generation or D-dimer, 

whichh detects degradation products of cross-linked fibrin, it has become feasible to 

carefullyy monitor changes in the hemostatic balance of patients with or without 

antithromboticc therapy (3-7,8). For example, it has been documented that after one 

monthh warfarin therapy F1+2 levels decreased below the normal range, while the 

levelss of D-dimer gradually decreased during the three month treatment period, 

suggestingg a long lasting fibrinolytic activity (8). 

Thee optimal duration of vitamin K antagonists is matter of debate (9-11). A 

secondd issue is the mode of warfarin withdrawal at the end of the treatment period. 

Itt can be discontinued either abruptly or by tapering the dose. At present, there is 

controversyy in the literature about which of these approaches is more appropriate. 

Ann argument in favor of the latter policy is the potential development of a rebound 

hypercoagulablee state after cessation of warfarin therapy (3,4), which in the 

comparativee study of Palareti et al was shown to be more intense after abrupt 

withdrawal.. However, no such rebound phenomenon was observed by Tardy et al 

(5).. 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. Again, there is uncertainty about this issue, since the 

studyy of Kyrle et al (6) found no association between hemostatic markers and 

recurrentt thromboembolic episodes, while two other investigations suggested that 

suchh a relationship may indeed exist (3,7). 

Independentt from the presence of thrombosis, raised concentrations of 

coagulationn and fibrinolysis activation markers have been associated with the 

presencee of cancer (12). If the identification of a hypercoagulable state after warfarin 

withdrawall could identify patients with not yet clinically manifest malignant disease, 

thenn determination of these markers will also be of clinical interest for this purpose. 
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Inn the present pilot study, we prospectively determined whether in patients with 

documentedd venous thromboembolism (rebound) hypercoagulability developed after 

cessationn of warfarin therapy and, if present, would be different for patients with 

graduall withdrawal or abrupt cessation of warfarin. Furthermore, all patients were 

clinicallyy followed-up for the assessment of the association between 

hypercoagulabilityy and occurrence of diseases such as recurrent venous 

thromboembolismm or malignancy. 

Patient ss and Method s 

PatientsPatients and study design 

Betweenn February 1997 and March 1998, consecutive patients who were about 

too stop warfarin therapy (therapeutic range INR= 2-3) given for a first episode of 

documentedd venous thromboembolism, seen at the anticoagulation clinic of the 

Sophiaa Hospital Zwolle, The Netherlands, were eligible for the study. After given 

informedd consent, patients were randomly assigned to either abrupt or gradual 

discontinuationn of warfarin therapy. In case of the latter, patients received a warfarin 

dosagee in the first and second week of gradual discontinuation of two-third and one-

thirdd respectively of their warfarin dosage. At entry information regarding 

demographicc risk factors for venous thromboembolism, the presence of 

thrombophilicc abnormalities (APC resistance, factor V Leiden, Protein C/protein 

S/antithrombinn deficiency/lupus anticoagulant), duration of warfarin therapy and 

meann warfarin dosage were collected. In addition, shortly before warfarin 

withdrawal,, bilateral compression ultrasound investigation of the leg deep veins 

and/orr perfusion scintigraphy was performed depending on the initial venous 

thromboembolicc event, to be used for comparison in case for recurrent symptoms. 

Alll patients were followed-up until september 1999. They were instructed to 

contactt the study centre when signs or symptoms of venous thromboembolism 

occurred.. If a patient was readmitted to a hospital for any cause, their charts were 

reviewed.. Recurrence of venous thromboembolism was assessed by ultrasound 

imagingg (a new non compressible venous segment in case of deep vein thrombosis) 

and/orr a high-probability lung scintigraphy with segmental defects at locations other 

thann present at the time of cessation of warfarin therapy. 
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LaboratoryLaboratory studies 

Bloodd sampling was performed in both study groups on day 0 (TO), 4 (T1), 9 (T2) 

andd 18 (T3) after total cessation of warfarin therapy and also before starting the 2/3 

(T-1)) and 1/3 (T-2) week period in the gradual withdrawal study group. Venous 

bloodd was sampled during the described follow-up times between 7:30 until 9:00 

a.m.. after 10 minutes seated resting. After discarding the first 5 ml, blood was 

anticoagulatedd with sodiumcitrate (0.129 M, 1/10, vol/vol), centrifuged 20 minutes at 

20000 g at a temperature between 4 and 8  C. Plasma samples were immediately 

frozenn in aliquots and stored at -80  C. 

D-Dimerr tests were performed by commercial test Tina-quant™ (Roche 

Diagnostics,, the Netherlands). Protrombin time (Innovin™, Dade Behring the 

Netherlands)) and PT-INR values were performed according to standard laboratory 

procedures.. Protrombin fragment 1+2 were performed by commercial enzyme 

immunoassayy sandwich tests (Enzygnost F1+2™, Dade Behring the Netherlands) 

andd were performed in duplicate, the variation coefficient was always lower then 

15%% and controls were always within by the manufacturer specified limits (specified 

normall range 0.4-1.1 nMol/L ; 2.5% - 97.5% CI). 

StatisticalStatistical analysis 

Wee compared continuous variables by using the Student Mest (two-sided). All 

determinedd values for INR, D-dimer and F1+2 are given as median and range. 

Statisticall significance for the possible difference in the rate of increase in D-dimer 

andd F1+2 was calculated by determining the beta (p) and standard error (se) of the 

regressionn line for each individual in both the abrupt group and gradual withdrawal 

group.. Time points for the regression line were taken up to the the maximum value 

inn each patient. The z was calculated as (Pabrupt - Pgradual) I ^^^ standard error. All 

calculationss were performed with aid of SPSS statistical software. 

Result s s 

Patients Patients 

AA total of 37 consecutive patients, 19 in the gradual and 18 in the abrupt withdrawal 

group,, were included in the study. The base-line clinical characteristics of these 

groupss were comparable (Table 1). The majority of patients were treated with 
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TableTable 1 Clinical characteristics of the two study groups with either gradual or abrupt 

withdrawall of warfarin therapy. 

patients,, n 

men,, n 

meann age, years (range) 

DVT,, n 

PE,, n 

mediann length warfarin therapy, 

monthss (range) 

RiskRisk factors for venous thromboembolism 

atat the time of the initial thrombotic event 

transientt risk factors $ 

orall contraceptive use 

thrombophiliaa t 

malignancy y 

nonee of the above risk factors 

Graduall withdrawal 

19 9 

9 9 

499 (21-69) 

16 6 

5# # 

4(3-13) ) 

8 8 

5 5 

4 4 

2 2 

5 5 

Abruptt withdrawal 

18 8 

8 8 

511 (18-76) 

12 2 

6 6 

44 (3-7) 

4 4 

4 4 

5 5 

2 2 

5 5 

PEE = pulmonary embolism ; DVT = deep venous thrombosis ; 

VTEE = venous thromboembolism 

## two patients had both pulmonary embolism and deep venous thrombosis 

tt transient risk factors for venous thromboembolism, such as recent surgery, trauma or 

immobilisation n 

tt defined as the presence of factor V Leiden mutation, lupus anticoaguians or a deficiency 

off AT, protein C or S 

warfarinn for deep venous thrombosis and the median duration of warfarin therapy 

wass similar in the two groups (4 months). All patients with thrombophilia had the 

factorr V Leiden mutation. Two patients in each group were known to have cancer at 

thee time of presentation with the venous thromboembolic event. 

LaboratoryLaboratory results 

Thee median values and ranges for INR, F 1+2 and D-dimer at the different time 

pointss are detailed in Table 2. The INR had nearly normalised on day zero in the 
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TableTable 2 INR, F1+2, TAT and D-dimer levels (median and range) on different time 

pointss during/after warfarin withdrawal. 

Dayy -14 Day -7 Day 0 Day 4 Day 9 Day 18 

INR R 

gradualgradual 2.7 1.5 1.1 1.0 1.0 1.0 

(1.5-4.0)) (1.2-2.0) (1.0-1.2) (0.9-1.1) (0.9-1.1) (0.9-1.1) 

abruptabrupt 2.5 1.1 1.0 1.0 

(1.6-4.6)) (0.9-1.3) (1.0-1.1) (0.9-1.1) 

F11 +2 

(nMol/L) ) 

gradualgradual 0.30 0.41 0.78 1.10 1.30 1.25 

(0.16-0.90)) (0.28-1.42) (0.38-2.10) (0.52-1.90) (0.57-2.30) (0.67-2.30) 

abruptabrupt 0.30 0.70 1.10 1.30 

(0.20-0.60)) (0.38-1.60) (0.72-1.90) (0.62-2.50) 

D-dimer r 

(mg/L) ) 

gradualgradual 0.11 0.12 0.21 0.23 0.29 0.26 

(0.03-0.81)) (0.03-1.04) (0.03-1.24) (0.08-1.21) (0.03-1.4) (0.03-1.84) 

abruptabrupt 0.10 0.18 0.29 0.44 

(0.033 - 0.47) (0.05 -112) (0.08 - 1.24) (0.10- 2.34) 

graduall withdrawal group, i.e. one week after taking a third of the initial warfarin 

dose.. In the abrupt withdrawal group the median INR was 1.1 four days after 

stopping. . 

Inn both groups the median F1+2 plasma concentration was comparably reduced 

duringg warfarin therapy (0.30 nMol/L). Regardless whether withdrawal was abrupt or 

graduall the F1+2 plasma levels increased to approximately 1.30 nmol/L after two to 

threee weeks with a similar slope, although a clear plateau was reached only in the 

graduall withdrawal group (Table 1, Figure 1). In each group about half of the 

patientss had F1+2 levels exceeding the upper normal limit, usually at the end of the 

observationn period. 

Thee median D-dimer level increased from 0.11 mg/L on day -14 to a maximum of 

0.299 mg/L on day 9 in the gradual withdrawal group, whereas in the abrupt 

105 5 



ChapterChapter 8 

F1+22 gradual 

F1+22 abrupt 

D-dimerr gradual 

D-dimerr abrupt 

Day y 

FigureFigure 1 Evolution of F1+2 and D-dimer concentrations (median) after abrupt and gradual 

discontinuationn of warfarin therapy. 
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(Graduall withdrawal Abruptt withdrawal 

FigureFigure 2 Maximum D-dimer concentrations of all the individual study patients after abrupt 

andd gradual discontinuation of warfarin therapy and occurrence of recurrent venous 

thromboembolismm and/or cancer during follow-up ( R= recurrent venous thromboembolism : 

CRR cancer recurrence ; CN new diagnosis of cancer ; CP progression of already known 

activee cancer at study entry ). 
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withdrawall group D-dimer increased from 0.10 on day zero to 0.48 mg/L on day 18 

(Tablee 1, Figure 1). The time to the maximum D-dimer level (corresponding with the 

slopee for each individual patient) was significantly shorter in the abrupt withdrawal 

groupp (p=0.04). However, no significant differences between the two groups were 

foundd when the highest D-dimer level observed for each individual patient was taken 

intoo account (Figure 2). As was observed for F1+2, the D-dimer levels clearly had 

reachedd a plateau in the gradual withdrawal group, whereas this appeared not to be 

thee case in the abrupt withdrawal group. 

Follow-up Follow-up 

Thee follow-up period ranged from 18 to 31 {median 22) months. With respect to 

outcomee during the follow-up, the relation with D-dimers is presented first. Outcome 

eventss were observed in 5 of the 37 patients, one patient in the gradual withdrawal 

groupp and four patients in the abrupt withdrawal group (Figure 2). The patient in the 

formerr withdrawal group presented with an extensive venous thrombosis of the short 

saphenouss vein, two months after warfarin withdrawal. Furthermore, lung cancer 

wass diagnosed in this patient 13 months after the initial thromboembolic event, he 

diedd 5 months later of this disease. His highest D-dimer concentration during the 

initiall study period was 1.84 mg/L (Figure 2). In the abrupt withdrawal group one 

patientt developed recurrent pulmonary embolism, diagnosed by the presence of 

neww mismatched ventilation/perfusion defects, three months after cessation of 

warfarinn therapy. The follow-up of this patient was further complicated by a 

diagnosiss of colon cancer 11 months after the initial venous thromboembolic event. 

Inn this patient the highest D-dimer level after discontinuation of warfarin was 0.94 

mg/LL (Figure 2). The events in the remaining three patients in the abrupt withdrawal 

groupp were cancer related events. The patient with the highest D-dimer in the abrupt 

withdrawall group (2.34 mg/L) had a lobectomie in 1996 because of non-small cell 

lungg cancer. He presented shortly thereafter with pulmonary embolism without any 

signss of recurrence of lung cancer. Three months after cessation of warfarin therapy 

recurrentt lung cancer was diagnosed and he died one year later because of 

progressivee disease. The D-dimer level of 1.03 mg/L belonged to a patient with 

initiallyy deep venous thrombosis and concomitant lung cancer with liver metastases 

whoo died six months after warfarin withdrawal because of widely disseminated 

diseasee without signs of recurrent venous thromboembolism. The last patient with 
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FigureFigure 3 Correlation of maximum F1+2 with D-dimer concentrations of all the individual 

studyy patients after abrupt and gradual discontinuation of warfarin therapy, 

ann event during the follow-up period (D-dimer level of 0.83 mg/L during the initial 

observationn period) had a diagnosis of uterine cancer followed one year later by 

deepp venous thrombosis without signs of recurrent cancer. Two years later she 

developedd massive ascites caused by disseminated uterine cancer. 

Alll above described patients with events during the follow-up period had 

maximumm D-dimer levels after warfarin withdrawal of at least 0.82 mg/L. In the 

remainingg 32 patients clinical follow-up was uneventful and all had D-dimer levels < 

0.822 mg/L after warfarin withdrawal. No such cut-off value for an increased risk of 

eventss after warfarin withdrawal was observed for F1+2 plasma concentrations 

sincee no clear correlation was observed between the highest F1+2 and D-dimer 

afterr warfarin withdrawal (Figure 3). 

Discussio n n 

Althoughh there is general consensus that warfarin is the drug of choice for 

secondaryy prophylaxis in patients with venous thromboembolism, it is unclear 

whetherr warfarin should be stopped either abrupt or gradually (3-7). The debate 

focussess on whether warfarin discontinuation after several months of therapy could 
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inducee a (rebound) hypercoagulable state and is associated with increased risk of 

recurrentt venous thromboembolism. 

Inn the present study we found an approximately four-fold increase (median 

increasee from 0.3 to 1.3 nMol/L) in F1+2 levels after both abrupt and gradual 

withdrawall (Table 1). 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 the normal limit (Figure 3). We cannot exclude 

aa further rise in F1+2 in the acute withdrawal group beyond day 18 in our study, 

sincee no further measurements were performed. However, the curve for F1+2 

concentrationss started levelling off and results from other studies indicate that in 

mostt cases a maximum is reached within three weeks after abrupt warfarin 

withdrawall (3,4,7). Therefore, taken together these findings indicate that after 

warfarinn withdrawal there appears to be a transient hypercoagulable state, which 

appearss not to be different between the two withdrawal groups. These observations 

aree in agreement with those of Palareti and associates (3). 

D-dimerr levels increased also approximately four fold in the abrupt withdrawal 

groupp (0.10 to 0.44 mg/L), while those in whom warfarin was discontinued gradually 

thiss was less pronounced (0.11 to 0.29 mg/L). Although a statistically significant 

differencee for the maximum D-dimer levels between the two groups was not 

observed,, the time to the maximum D-dimer level (corresponding with the slope for 

eachh individual patient) was significantly shorter in the abrupt withdrawal group 

(p=0.04)) (Figure 1). The discrepancy between D-dimer and F1+2 in the two 

withdrawall groups is not fully understood. Given the similarities in thrombin 

generationn as reflected by F1+2, the sharper rise of D-dimer concentrations 

observedd in the abrupt withdrawal group are more likely a reflection of an efficient 

fibrinolyticc activity rather than an expression of more fibrin formation. 

Ourr study is to small to determine the clinical relevance of changes in these 

markerss on recurrent venous thromboembolism. Only two recurrent venous 

thromboembolicc events occurred during the follow-up period, one patient in each 

studyy group. Interestingly both had high D-dimer levels and moderately elevated 

F1+22 levels, shortly after discontinuation of warfarin therapy (Figure 2 and 3). Since 

itt is known from other studies that clustering of thromboembolic events occurs within 

weekss after cessation of warfarin therapy, it may be useful to prospectively 

documentt the predictive value of increased D-dimer concentrations after cessation 
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off warfarin therapy for the risk of recurrent venous thromboembolism (11). This 

conceptt is supported by the observations in two other small studies which also 

foundd some predictive power of increased D-dimer concentrations (3,7). However, 

onee other large study, designed to analyse the potential use of F1+2 for 

identificationn of individuals at risk for recurrent venous thromboembolism, concluded 

thatt this monitoring was not helpful (6). D-dimer concentrations in that study were 

nott determined. 

Ourr follow-up findings suggest that high D-dimers may be caused by an 

underlying,, often occult, malignancy (Figure 2). In four patients cancer was 

diagnosedd (two recurrences and two de novo) of which no signs were present either 

att the onset of the venous thromboembolic event or at the time of warfarin 

withdrawal.. Another patient died because of known active cancer. All these patients 

hadd a D-dimer level of at least 0.82 mg/L and constituted the highest levels 

measuredd in the total study group. Although most of these patients also had 

elevatedd F1+2 levels after warfarin withdrawal, the discriminative power to indicate a 

possiblee complicated follow-up was less useful with F1+2 concentrations (Figure 3). 

Thiss interesting observation of D-dimer as a possible marker of underlying malignant 

diseasee should be tested in a larger cohort of patients who discontinue warfarin 

therapyy for an episode of venous thromboembolism. 

Inn conclusion, this study indicates the potential for a hypercoagulable state, which 

wass not prevented by tapering the warfarin dose. D-dimer, measured 2 to 3 weeks 

afterr warfarin withdrawal might be an important tool to identify patients at risk for 

recurrentt venous thromboembolism and/or for the presence of an underlying 

malignancy. . 
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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 chapte r 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. 

Chapte rr  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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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 chapte r 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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Inn Chapte r 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 chapte r 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 chapte r 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 chapte r 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 

118 8 



Summary Summary 

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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Inleidin g g 

Hett proefschrift behandelt in het eerste gedeelte (hoofdstuk twee tot en met vijf) 

diversee vraagstukken betreffende het onderzoek dat nodig is om de diagnose 

"veneuzee thrombo-embolie" te stellen en in het tweede gedeelte (hoofdstuk zes tot 

enn met acht) verschillende aspecten van de behandeling van deze ziekte. Voordat 

ingegaann kan worden op de resultaten van dit proefschrift, is het noodzakelijk 

algemenee informatie te verschaffen omtrent de term veneuze thrombo-embolie en 

naderr in te gaan op de gangbare manier van diagnose stellen en behandeling. 

Hett hart pompt het bloed via de slagaderen naar de weefsels, zoals spieren en 

organen.. Daar worden zuurstof en andere bestanddelen uit het bloed gehaald en 

afvalstoffenn zoals kooldioxide aan het bloed toegevoegd, waarna het bloed via de 

aderenn in het lichaam uiteindelijk de longen passeert om weer zuurstof op te nemen 

enn kooldioxide kwijt te raken. Daarna kan het zuurstofrijke bloed weer via het hart de 

slagaderenn worden ingepompt en kan de cyclus zich weer herhalen. Deze 

zogenaamdee bloedsomloop kan alleen goed functioneren als het buizensysteem 

vann aderen en slagaderen, de bloedvaten, goed doorgankelijk is. Het 

buizensysteemm kan beschadigd raken, door bijvoorbeeld een ongeval, waarna er 

eenn bloeding zal kunnen ontstaan. Om ervoor te zorgen dat het bloedverlies beperkt 

blijftt beschikt ons lichaam over een stollingssysteem. Het stolsel zal het gat in het 

bloedvatt dichten. Nadat het bloedvat is genezen, de wond in het bloedvat is hersteld 

mett een nieuwe wand, moet het stolsel weer worden opgelost door ons 

ontstollingssysteemm zodat het vat weer doorgankelijk wordt. 

Helaass kan er ook een stolsel (thrombus) ontstaan in een van onze bloedvaten 

zonderr dat dit tot doel heeft een lek in het buizensysteem te voorkomen. Wanneer 

ditt in een grote ader in het been ontstaat spreken we van een trombosebeen. 

Doordatt de ader is afgesloten door een stolsel kunnen klachten ontstaan van 

roodheid,, pijn, zwelling en koorts. Bij de helft var. de patiënten met een 

trombosebeenn zal een stukje van het stolsel afbrokkelen en via het buizensysteem 

inn de longen terechtkomen. Hier blijft dit stolsel steken, met als gevolg dat een stukje 

vann de long geen bloed meer krijgt, immers het bloedvatsysteem in de long is 

gedeeltelijkk door het stolsel afgesloten. We spreken dan van een longembolie. Een 

patiëntt hoeft hiervan geen verschijnselen te hebben, we noemen het dan een 

asymptomatischee longembolie. Als een patiënt wel symptomen krijgt, kunnen deze 

bestaann uit pijn op de borst, kortademigheid, soms bloed ophoesten, koorts en 
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angstgevoelens.. Het al dan niet krijgen van symptomen hangt onder andere af van 

dee grootte en het aantal afgebrokkelde stolsels, de plaats waar het in de longen blijft 

stekenn en de algemene conditie van de patiënt. Het geheel van trombose in de 

aderenn (venen) en de longembolie noemen we veneuze thrombo-embolie. 

Hett hebben van een veneuze thrombo-embolie kan gevaarlijk zijn, omdat een 

afsluitingg van een gedeelte van het bloedvatstelsel van de long tot gevolg heeft dat 

dee mogelijkheid om zuurstof op te nemen vermindert. Hierdoor kan er in het bloed 

eenn te laag zuurstofgehalte ontstaan. Dit is één van de redenen voor het ontstaan 

vann het gevoel van kortademigheid. Als nu een groot gedeelte van de bloedvaten 

vann één of beide longen is afgesloten door stolsels, wordt het steeds moeilijker om 

voldoendee zuurstof op te nemen en kan er een situatie ontstaan waarbij andere 

organenn minder goed kunnen functioneren. Bovendien kan, als geen behandeling 

wordtt gestart, er vanuit het stolsel in de bloedvaten van bijvoorbeeld been of 

bekkengebiedd opnieuw een stukje losschieten waardoor er wederom een gedeelte 

vann de longvaten zal worden afgesloten. Om dit te voorkomen is het belangrijk dat 

sneii met de adequate behandeling wordt gestart. Deze behandeling wordt vaak al 

gestartt voordat het zeker is of een patiënt daadwerkelijk een trombosebeen of 

longemboliee heeft. Dit heeft als reden dat het stellen van de diagnose longembolie 

niett altijd eenvoudig is. 

Hett  stelle n van de diagnos e veneuz e thrombo-emboli e 

Hoee wordt een diagnose veneuze thrombo-embolie gesteld? Indien een patiënt 

klachtenn heeft passende bij een trombosebeen wordt allereerst een echografie van 

dee aderen in het been en bekken gemaakt. Dit is een betrouwbaar en niet belastend 

onderzoek.. Veelal kan hiermee de diagnose trombosebeen worden gesteld of 

verworpen.. De diagnose longembolie is minder eenvoudig met zekerheid te stellen. 

Ondankss dat een longembolie ontstaat door afbrokkeling en losschieten van een 

(deell van een) stolsel elders, is dit stolsel elders in het lichaam, met name als de 

patiëntt geen klachten heeft van bijvoorbeeld het been, vaak niet aantoonbaar. Het 

onderzoekk is er dan op gericht om de bloedvaten in de longen op directe of indirecte 

wijzee af te beelden. Hiervoor bestaan een aantal mogelijkheden. Meestal is de 

eerstee stap van het onderzoek een perfusiescan van de longen, op de afdeling 

nucleairee geneeskunde Bij dit onderzoek wordt een kleine hoeveelheid radioactief 

gemerktee vloeistof in een ader in de elleboog ingespoten. Deze vloeistof wordt met 
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hett bloed naar de longen vervoerd waar het zich verdeelt over de longen. Die 

verdeling,, welke normaliter gelijkelijk is over beide longen, kan dan met een speciale 

cameraa zichtbaar worden gemaakt. Dit onderzoek geeft dus aan of ergens de 

longdoorbloedingg verminderd is, bijvoorbeeld door de aanwezigheid van een 

bloedstolsel.. Een normale perfusiescan sluit de aanwezigheid van een longembolie 

uit.. Dit komt in ongeveer 20-30% voor van de patiënten die zich presenteren met 

eenn vermoedelijke longembolie. Indien de perfusiescan afwijkt van het normale 

patroon,, wat behalve door stolsels in de longen ook door andere ziekten kan worden 

veroorzaaktt zoals infectie of kanker, wordt de perfusiescan vaak aangevuld met een 

ventilatiescan.ventilatiescan. Dit is een andersoortige longscan waarbij de patiënt lucht moet 

inademenn waarin kleine hoeveelheden radioactief gas zijn vermengd, welke zich via 

dee luchtpijpjes normaal gesproken ook gelijkelijk over de longen verdelen. Bij een 

klassiekk beeld van een longembolie is in een gedeelte van de longen de 

perfusiescann afwijkend, immers, de radioactieve stof vervoerd via het bloed, komt 

niett in een gedeelte van de long vanwege het stolsel, welke het bloedvat afsluit. De 

ventilatiescann is ter plekke van het defect op de perfusiescan echter normaal, omdat 

hett luchtwegsysteem niet is aangedaan. Dit klassieke beeld vertoont maar ongeveer 

20%% van de patiënten die zich presenteren met een vermoedelijke longembolie. Een 

anderee uitslag van de longscan als normaal of klassiek beeld komt dus in de overige 

50-60%% van de gevallen voor, waarvan ongeveer een kwart bij ander aanvullend 

onderzoekk toch een longembolie blijkt te hebben. Longscans geven dus niet altijd 

uitsluitsell over de aan- of afwezigheid van een longembolie. Een ander nadeel is dat 

mett name de ventilatiescan in veel ziekenhuizen niet dagelijks kan worden verricht. 

Hett aanvullende onderzoek wat dient te worden verricht wanneer de longscan 

geenn duidelijkheid verschaft, kan bestaan uit een echografie van de benen. Zoals 

reedss beschreven kan er een asymptomatische trombose aanwezig zijn. Indien ook 

bijj dit onderzoek geen harde aanwijzingen voor een stolsel wordt gevonden, dient 

eenn longangiografie te worden gemaakt op de afdeling radiologie. Bij dit onderzoek 

wordtt een dun slangetje via een ader in de lies opgeschoven naar de longslagader 

enn wordt door dit slangetje contrastmiddel gespoten. Tijdens het inspuiten van 

contrastt worden röntgenfoto's gemaakt waarop de longslagaders en eventuele 

bloedstolselss zichtbaar zijn. Op deze manier kan met grote zekerheid de diagnose 

longemboliee worden bevestigd of verworpen. Het nadeel van de longangiografie is 

dee tamelijk lange tijd die nodig is om het onderzoek te verrichten, alsmede de 
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belastingg voor de patiënt. Bovendien zijn extra faciliteiten en expertise van een 

ervarenn radioloog nodig, welke niet in elk ziekenhuis aanwezig zijn. De kans op 

complicatiess bij het onderzoek is, mits in ervaren handen gelegd, klein. 

Uitt bovenstaande is hopelijk duidelijk geworden, dat het aantonen van een 

longemboliee vaak geen eenvoudige aangelegenheid is. In het eerste deel van dit 

proefschrift,, hoofdstukken 2 tot en met 5, wordt onderzoek beschreven 

voortgekomenn uit problemen in de dagelijkse praktijk bij de diagnostiek van 

longembolieën. . 

Hoofdstu kk 2 behandelt de problemen rond de ventilatiescan. Zoals eerder 

beschrevenn is dit een aanvullend onderzoek, welke meestal noodzakelijk wordt 

geachtt indien afwijkingen zijn gevonden op de perfusiescan. Aangezien de 

ventilatiescann in veel ziekenhuizen niet dagelijks kan worden verricht, kan het twee 

tott vier dagen duren voordat dit onderzoek is voltooid. Al die tijd is het onzeker of de 

patiëntt een longembolie heeft en wordt de patiënt meestal in het ziekenhuis 

behandeldd alsof de ziekte aanwezig is. Als na twee tot vier dagen blijkt dat de 

patiëntt geen longembolieën heeft, dan is de patiënt onnodig aan de risico's van de 

behandelingg blootgesteld. Indien de combinatie van perfusiescan en ventilatiescan 

geenn definitief uitsluitsel heeft kunnen geven, dient er alsnog aanvullend onderzoek 

plaatss te vinden; de vertraging moge U duidelijk zijn. Een mogelijke oplossing is het 

gebruikk van de gewone röntgenfoto van de longen. Met alleen een röntgenfoto van 

dee longen kan de diagnose longembolie niet worden uitgesloten of met zekerheid 

wordenn gesteld. De mogelijkheid om de ventilatiescan te vervangen door een 

gewonee röntgenfoto van de longen was onvoldoende onderzocht. De gewone 

röntgenfotoo is altijd snel beschikbaar en het is een eenvoudig onderzoek. Bij 389 

opeenvolgendee patiënten, die werden onderzocht in verband met een vermoedelijke 

longembolie,, werd dit concept onderzocht. Geconcludeerd werd dat in de 

meerderheidd van de gevallen de combinatie van de röntgenfoto en perfusiescan 

hetzelfdee resultaat opleverde als de combinatie van ventilatiescan en perfusiescan. 

Indienn dit ook door anderen kan worden bevestigd, zal invoering hiervan leiden tot 

eenn verkorting van het diagnostisch traject. 

Inn hoofdstu k 3 wordt een nieuwe bloedtest, de SimpliRED D-dimeer test. 

onderzochtt bij de diagnostiek van longembolieën. Met deze test wordt in het bloed 

gekekenn naar afbraakproducten van bloedstolsels. Deze test meet afbraakproducten 

vann stolsels. Helaas kan de test ook afwijkend zijn bij andere ziekten, zoals een 
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infectie.. Een normale test zou dus kunnen bijdragen tot het uitsluiten van een 

longembolie,, terwijl een afwijkende test onvoldoende bewijs is om de diagnose 

longemboliee met zekerheid te stellen. Uit ons onderzoek bleek dat bij een normale 

testt niet de gebruikelijke bovenbeschreven onderzoeken achterwege gelaten 

kunnenn worden, aangezien bij 10% van de patiënten met een bewezen longembolie 

dee bloedtest een normale uitslag gaf. De test is wel nuttig bij patiënten waarbij de 

combinatiee van longperfusie en -ventilatie aangeeft dat er twijfel bestaat over de 

aanwezigheidd van een longembolie. Hierbij kan bij een normale bloedtest, in de 

meerderheidd van de gevallen, verder onderzoek alsmede behandeling voor een 

longemboliee achterwege worden. 

Inn hoofdstu k 4 wordt onderzocht of er oorzaken kunnen worden gevonden die 

verklarenn waarom in sommige gevallen de SimpliRED bloedtest een normale uitslag 

geeft,, terwijl toch van een bewezen longembolie sprake is. In een 

samenwerkingsverbandd met verschillende klinieken werden alle gegevens van 

patiëntenn verzameld, waarbij dit fenomeen van een onterechte normale bloedtest 

werdd gevonden. Die gegevens werden vergeleken met die van patiënten met een 

bewezenn longembolie en een SimpliRED bloedtest die wel afwijkend was, de 

zogenaamdee controlegroep. Met name werd gekeken naar die eigenschappen 

waarbijj op theoretische gronden een onterecht normale bloedtest zou kunnen 

wordenn verwacht. Het bleek dat patiënten, waarbij de test werd afgenomen terwijl ze 

reedss behandeld werden met anti-stolling medicijnen, meer kans hadden op een 

onterechtt normale bloedtest. Dit was ook het geval bij patiënten waarbij de klachten 

all meer dan 10 dagen duurden voordat de test werd afgenomen. Helaas waren er in 

dee controlegroep ook veel patiënten met deze twee genoemde eigenschappen en 

well een terecht afwijkende bloedtest. Het was dus niet mogelijk om kenmerken te 

vindenn die ons in staat zouden stellen patiënten te identificeren, die dienen te 

wordenn uitgesloten van onderzoek met de SimpliRED bloedtest. 

Hoofdstu kk 5 beschrijft het onderzoek naar de effecten van anti-stolling 

gedurendee de eerste twee tot vier dagen van behandeling. Zoals reeds eerder 

vermeld,, is het niet in elk ziekenhuis mogelijk dagelijks longscans te maken. 

Theoretischh zouden gedurende deze periode de stolsels in grootte en aantal kunnen 

verminderenn of zelfs geheel oplossen. Een initieel duidelijk beeld van een 

longembolie,, indien de longscan op de eerste dag zou zijn verricht, zou dus kunnen 

veranderenn in een twijfel geval waardoor de patiënt onnodig extra onderzoeken zou 
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moetenn ondergaan. Bij normalisering van de longscan na 2-4 dagen therapie zou bij 

dee patiënt zelfs een onjuiste conclusie worden getrokken, namelijk de afwezigheid 

vann longembolieën als oorzaak van de klachten. Het onderzoek toont aan dat er 

nauwelijkss verandering in deze korte periode optreedt. Hoewel bij voorkeur de 

diagnostiekk zo snel mogelijk moet worden afgerond, leidt uitstel van de longscan, 

terwijll patiënt al gestart is met de behandeling, niet tot veranderingen in het 

diagnostischh of therapeutisch beleid. 

Dee behandelin g van de veneuz e thrombo-emboli e 

Inn hoofdstu k 6 wordt een overzicht gegeven van de huidige behandelingsvormen 

vann een patiënt met een veneuze thrombo-embolie. De behandeling is er op gericht 

omm het stollen van het bloed tegen te gaan. Hierdoor kan een al aanwezig stolsel 

niett verder aangroeien en neemt de kans op het losschieten van stukjes van dat 

stolsell (emboliseren) af. Deze zogenaamde anti-stollingstherapie kan bestaan uit 

eenn medicament (heparine) welke via een infuus in het bloed gebracht wordt. 

Aangezienn hiervoor opname in een ziekenhuis noodzakelijk is, en omdat frequent de 

dosiss moet worden aangepast aan de hand van bloedafnames, werd gezocht naar 

eenn ander soort heparine. Een verbetering bleek de zogenaamde laag moleculair 

gewichtt heparine te zijn. Deze kan onder de huid worden ingespoten, heeft een 

langee werkingsduur en behoeft geen bloedcontrole (dit in tegenstelling tot de 

"normale"" heparine die, ook indien onder de huid ingespoten, korter werkt en 

waarvoorr toch bloedcontrole noodzakelijk blijft bij de behandeling van een veneuze 

thrombo-embolie).. Patiënten met een trombosebeen kunnen op deze manier zelfs 

thuiss worden behandeld. Voor patiënten met een longembolie lijkt behandeling met 

dezee nieuwe heparine ook veilig. Naast heparine wordt gestart met tabletjes 

(acenocoumaroll = Sintrom® of fenprocoumon = Marcoumar®) die de aanmaak van 

stollingsfactorenn in de lever afremmen. De mate van bloedstolling dient regelmatig 

bijj de trombosedienst te worden gecontroleerd. Te veel anti-stolling leidt tot een 

verhoogdd bloedingrisico en te weinig kan terugkeer of uitbreiding van de trombose 

tott gevolg hebben. Meestal kan na vijf tot zeven dagen de heparine worden gestopt, 

waarnaa de behandeling alleen met bovengenoemde tabletjes wordt gecontinueerd. 

Indienn er heel veel stolsels in de longen zijn geschoten kan de functie van de 

longenn dusdanig zijn verminderd dat er levensgevaar kan optreden. Dan is de 

combinatiee van heparine en tabletjes niet voldoende. Deze stoffen remmen wel de 
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aanmaakk en losschieten van stolsels, maar het oplossen van het stolsel gebeurt 

doorr stolsel oplossende eiwitten die het lichaam zelf produceert. Dit gaat bij 

patiëntenn met een sterke achteruitgang van de longen te langzaam. Vroeger werden 

bijj deze categorie patiënten met spoed de stolsels operatief verwijderd. Dit brengt 

eenn groot risico op complicaties met zich mee en kan zelfs het overlijden van de 

patiëntt ten gevolge hebben. Tegenwoordig wordt deze categorie patiënten in het 

algemeenn behandeld met stolsel oplossende medicijnen (fibrinolytica). De reden dat 

niett alle patiënten met een veneuze thromboembolie met deze fibrinolytica worden 

behandeldd is het risico van ernstige, soms levensbedreigende bloedingen. In 

ontwikkelingg zijn technieken waarbij via een ader een slangetje (catheter) wordt 

opgeschovenn tot aan het stolsel in de longen, waarna deze met instrumenten op de 

tipp van het slangetje mechanisch, en vaak gecombineerd met daar ter plekke 

toegediendee fibrinolytica, wordt verwijderd. 

Inn hoofdstu k 7 worden de effecten van invoering van een heparine 

doseringsschemaa beschreven. Zoals reeds besproken moet de dosis van de 

"gewone"" heparine op basis van bloeduitslagen regelmatig worden aangepast, 

lederee arts bepaalt dan zelf de dosiswijziging. Het bleek dat de aanpassingen vaak 

niett leidden tot de gewenste mate van ontstolling. Dit was ook het geval bij dosering 

doorr ervaren artsen. Hierdoor ontstond onder- of overdosering met risico op 

uitbreidingg van het stolsel respectievelijk een verhoogd risico op een bloeding. Om 

ditt te verbeteren werd in 1992 een doseringsschema ingevoerd dat precies per 

patiëntt de hoogte van de aanvangsdosering aangaf en in welke mate, op basis van 

dee gevonden bloedcontrole, de dosering zou moeten worden aangepast. Eveneens 

werdd in het schema bepaald wanneer de volgende controle weer moest 

plaatsvinden.. De kwaliteit van heparine-therapie in 1990 en 1991, dus voor de 

invoeringg van het doseringsschema, werd vergeleken met de jaren 1993 en 1994 

waarinn werd aanbevolen dit schema te gebruiken. De resultaten lieten zien dat 

invoeringg van het schema leidde tot een duidelijke daling van het aantal patiënten 

datt met een te lage dosering werd behandeld, terwijl sterke overdosering werd 

voorkomen,, wat een laag risico op een bloeding tot gevolg had. 

Err is al geruime tijd duidelijkheid omtrent de duur van de heparinebehandeling. 

Zowell de duur van de anti-stollings met tabletjes, als de wijze waarop de Sintrom® 

moett worden gestaakt, is echter nog onderwerp van discussie. Bij het stoppen van 

dee anti-stollende behandeling valt de bescherming weg, zodat er weer een kans op 
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terugkeerr van de ziekte ontstaat. Levenslang doorgaan brengt echter een 

permanentt risico op bloedingen met zich mee. De manier van stoppen, abrupt 

versuss afbouwen in 2 weken, is het onderwerp van de studie bij 37 patiënten, 

beschrevenn in hoofdstu k 8. Abrupt stoppen, thans de gebruikelijke manier, zou 

theoretischh kunnen leiden tot doorschieten van een verlaagde stoilingsactiviteit naar 

eenn verhoogde stoilingsactiviteit. Afbouwen in twee weken zou dit mogelijk kunnen 

voorkomen.. De mate van versterkte stoilingsactiviteit kunnen we thans in het 

laboratoriumm via bloedonderzoek op een nauwkeurige manier bepalen. Onderzoek 

vann deze twee manieren van beëindiging van sintromitis behandeling, liet zien dat 

eenn aantal patiënten een verhoogde stoilingsactiviteit ontwikkelden. Er werd echter 

geenn duidelijk verschil in mate van stoilingsactiviteit tussen beide manieren van 

sintomitiss beëindiging gevonden. Bij de poliklinische observatie, gedurende 18 tot 31 

maandenn na het stoppen van de anti-stollingstabletten, werd twee maal een 

terugkeerr van de veneuze thrombo-embolie geconstateerd en vier keer de diagnose 

kankerr gesteld. Reeds lang is bekend dat er een kans op terugkeer op veneuze 

thromboemboliee is en dat kanker een onderliggende oorzaak kan zijn voor het 

ontstaann van een veneuze thromboembolie. Het is echter niet goed mogelijk die 

categoriee patiënten er bij een eerste episode van een veneuze thrombo-embolie uit 

tee lichten. Een opmerkelijke bevinding van onze studie is dat de patiënten die 

maandenn later een recidief ontwikkelden, of bij wie later de diagnose kanker werd 

gesteld,, behoorden tot de categorie met de sterkst verhoogde stoilingsactiviteit 

haddenn van de hele groep, vastgesteld ongeveer 2 weken na het stoppen van de 

sintromitis.. Onderzoek bij een grote groep patiënten met een eerste episode van 

eenn veneuze thrombo-embolie moet bevestigen of deze relatie inderdaad aanwezig 

is. . 
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Dankwoord Dankwoord 

Hett onderzoek, beschreven in dit proefschrift, kon alleen maar worden voltooid 
doorr de bijdrage van vele personen. Een poging in dit dankwoord iedereen 
persoonlijkk te bedanken zou leiden tot vele bladzijden gevuld met namen, waarbij 
ongetwijfeldd een aantal personen worden vergeten. Ik hoop, dat alle personen 
waarmeee ik in de afgelopen jaren heb samengewerkt, reeds tijdens die periode mijn 
dankbaarheidd hebben gevoeld. Zo niet, dan mijn oprechte excuses hiervoor. 

Zonderr iemand te kort te willen doen, wil ik toch een aantal in het bijzonder 
noemen. . 

Mijnn promotor, professor Büller. "Waarde" Harry, de data die ik in de Zwolse 
periodee heb verzameld zijn onder jouw hoede tot rijping gekomen. Een promotor met 
jouww toewijding is een zegen voor elke promovendus. 

Mijnn co-promotor, dr Van Marwijk Kooy. Beste Rien, mijn enthousiasme voor 
onderzoekk werd door jou gekanaliseerd tot een "onderzoekslijn". Jij bent voor mij het 
voorbeeldd van een perifeer werkend internist die klinische werkzaamheden met 
wetenschappelijkk onderzoek weet te combineren. 

Mijnn ouders wil ik bedanken voor de steun die ik voortdurend heb gekregen. Dat ik 
hett proefschrift in de Amsterdamse periode heb kunnen afronden, werd mede door 
julliee mogelijk gemaakt. 

Lastt but not least, mijn vrouw, Gerda. Jouw naam zou naast mijn naam op de kaft 
vann dit boekje moeten pronken. Je hebt onze kinderen grotendeels zonder hulp van 
mijj moeten opvoeden en mede daarom je carrière op de tweede plaats gezet. Dit 
alles,, omdat ik internist wilde worden in een tijd waarin geen 48 urige werkweek 
bestond,, en daarbij ook nog onderzoek deed. Door de laatste twee jaar in het AMC 
doorr te brengen werd jij nog zwaarder belast dan voorheen al het geval was. 
Gedurendee de afgelopen jaren heb ik regelmatig getwijfeld over de juistheid van de 
ingeslagenn weg. Deze twijfel werd door jou altijd weggenomen. Mijn dankbaarheid is 
niett in woorden uit te drukken. 
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Stellingenn behorende bij het proefschrift 

Clinica ll  improvement s in the managemen t of patient s wit h venou s 
thromboembolis m m 

Marcoo R de Groot, Amsterdam, 3 mei 2000 

1.. De röntgenfoto van de thorax kan in de meerderheid van de patiënten de 
ventilatiescann vervangen bij de definitie van (mis)matching van segmentale 
perfusiedefecten.. (dit proefschrift) 

2.2. Bij patiënten die zich presenteren met een vermoedelijke longembolie is het veilig 
vann anti-thrombotische therapie af te zien, indien een non-diagnostische 
longscann wordt gevonden gecombineerd met een normale SimpliRED D-dimer 
bloedd test en afwezigheid van een hoge klinische verdenking, (dit proefschrift) 

3.. Het verrichten van een longscan na twee tot vier dagen intraveneus toegediende 
heparinee therapie verandert nauwelijks de diagnostische iongscan classificatie bij 
patiëntenn met longembolieën. (dit proefschrift) 

4.4. Een heparine doserings nomogram leidt tot beter ingestelde heparine therapie en 
laagg risico op bloedingen, (dit proefschrift) 

5.. Het afbouwen van acenocoumarol aan het einde van een behandelingsperiode 
kann niet voorkomen dat bij een deel van de patiënten middels laboratorium 
onderzoekk hypercoagulabihteit wordt waargenomen, (dit proefschrift) 

6.. De wetenschapper heeft slechts waarde wanneer hij begrijpt wat hij weet. 

7.. Het behoort tot de taak der geneeskunde patiënten als originele stukken te 
behandelenn en niet als kopieën 

8.. Het beddentekort in de gezondheidszorg leidt onder andere tot slaapdeprivatie bij 
medici. . 

9.. De Nuchtere Agent: "Het scheelde maar een haartje of die misdadiger had nog 
vrijj rondgelopen". 

10.. Bejaarden die overwinteren zouden korting moeten krijgen op hun 
ziektekostenverzekering. . 

11.. In de spreekkamer van elke arts dient een computer met toegang tot het internet 
tee staan. 

12.. De scheuren, die in de aarde zijn ontstaan door recente aardbevingen, hebben 
Turkijee en Griekenland dichter bij elkaar gebracht. 

133 Een artikel bespreken met professor Büller gaat het meest efficiënt als Amerika 
slaapt. . 

14.. Een Ajacied kan niet promoveren, een ex-Ajacied kan het op verschillende 
manierenn proberen. 
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