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Introductio n n 

Bernd-Jann Sanson and Harry R. Büller 



ChapterChapter 1 

Riskss of thrombophi l i a 

Deepp venous thrombosis and pulmonary embolism are diseases that have 
beenn recognised by physicians as far back as the Middle Ages. However, the 
linkagee between the two diseases was first suggested only in 1856 by the 
Germann pathologist Virchow, who hypothesised that pulmonary emboli may 
originatee from the deep veins of the leg.1 Heavily criticised in his own time, 
thee medical community eventually, although only relatively recently, ac-
ceptedd Virchow's hypothesis. A number of studies have shown that the ma-
jorit yy of patients with symptomatic deep vein thrombosis of the leg have 
accompanyingg asymptomatic pulmonary emboli, and vice versa. Based on 
thesee studies, deep vein thrombosis and pulmonary embolism are currently 
consideredd to be one clinical entity - venous thromboembolism. 
Thee etiology of venous thromboembolism has been a topic of much research 
inn the past fift y years. Attention was initiall y primarily focussed on clinical 
conditionss that were shown to be associated with an increased risk for venous 
thromboembolism,, such as surgery, trauma, immobilisation, and pregnancy. 
Moree recently, however, haemostatic alterations leading to a disturbance in 
thee balance between fibrin formation and degradation have been under in-
vestigationn as a cause of venous thromboembolism. 

Inn 1965 Egeberg first described an inherited deficiency of antithrombin, a 
physiologicall  inhibitor of coagulation, leading to a tendency towards venous 
thrombosiss in a Norwegian family.2 He coined the term 'thrombophilia' to de-
scribee this increased risk for venous thromboembolism. The discovery of this 
firstt hereditary risk factor was quickly followed by the description of herita-
blee deficiencies of protein C and protein S. These two proteins are part of an-
otherr physiological system that downregulates thrombin formation. These 
threee deficiencies together were found to be present in approximately 5-10% 
off  consecutive patients with documented venous thromboembolism. After a 
periodd of relative silence in this research area, the past five years have been 
filledd with discoveries of new thrombophilic risk factors, such as the Factor V 
Leidenn mutation leading to activated protein C resistance, the prothrombin 
mutationn associated with an increased level of Factor II , increased levels of 
Factorr VIII , and hyperhomocysteinemia. At present a thrombophilic risk fac-
torr can be found as a causative factor in approximately 60-70% of unselected 
patientss with venous thromboembolism. 

Theree is a large amount of data concerning the relative risk for venous 
thromboembolismm in patients with these various thrombophilic abnormalities 
ass compared with the normal population. However, it remains largely un-
knownn what the true incidence of venous thromboembolism, both spontane-
ouss and risk period-related (surgery, trauma, immobilisation or pregnancy), 
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Introduction Introduction 

iss in these patients. This information is essential for adequate counselling of, 
andd therapeutic management decisions in, patients with thrombophilic ab-
normalities. . 
Anotherr unresolved issue is the risk of complications, other than venous 
thromboembolism,, associated with these defects. The association between an 
acquiredd thrombogenic disorder, lupus anticoagulant, and an increased risk 
forr poor pregnancy outcome has been well documented. I t has been hypothe-
sisedd that this is caused by fibrin formation in the placental vessels, leading 
too infarction and placental insufficiency. Whether the heritable thrombo-
philicc risk factors are also associated with such an increased risk for fetal 
losss remains unknown. Knowledge of such an association is of clinical impor-
tance,, as it may have therapeutic consequences. 

Outlin ee thesis part one 

Thee first part of this thesis entitled 'Risks of thrombophilia' addresses some 
off  the issues mentioned above. In Chapter  2 the incidence of venous throm-
boembolism,, both spontaneous and related to risk periods, was evaluated in a 
largee retrospective study of families with a deficiency of antithrombin, pro-
teinn C, or protein S or with the Factor V Leiden mutation. The relatively low 
incidencee that was found in this investigation was confirmed in a prospective 
cohortt study in asymptomatic subjects with a deficiency of antithrombin, pro-
teinn C or protein S, of which the results are described in Chapter  3. The risk 
forr recurrent venous thromboembolic complications in patients with these de-
ficiencies,ficiencies, of importance for decisions regarding the duration of anticoagulant 
therapy,, was investigated in Chapter  4. 
Inn Chapter  5 the risk for venous thromboembolism in female carriers of an 
antithrombin,, protein C or protein S defect during pregnancy and the post-
partumm period is investigated and the implications for anticoagulant pro-
phylaxiss are discussed. Chapter  6 examines the hypothesis of an increased 
riskk for abortion and stillbirth in women with one of the aforementioned defi-
ciencies.. The findings in chapter 5 and chapter 6 have led to the concept that 
theree may be a beneficial effect of prescribing anticoagulant prophylaxis in a 
subgroupp of thrombophilic women during pregnancy and the postpartum pe-
riod.. Chapter  7 describes the results of a systematic review of the safety of 
low-molecular-weightt heparins, a new category of anticoagulant drugs, dur-
ingg pregnancy. In this review both the risks for the fetus (with regard to ad-
versee outcome) as well as for the mother (with regard to complications) were 
evaluated.. In the final chapter of the first part of this thesis, Chapter  8, an 
interimm evaluation of a strategy for the optimal management, during preg-
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ChapterChapter 1 

nancyy and the postpartum period, of women considered to be at an increased 
riskk for venous thromboembolism is presented. 

Diagnost icss of pulmonary embolism 

Althoughh deep venous thrombosis of the lower extremity and pulmonary em-
bolismm are considered to be one clinical entity, the diagnostic approaches in 
patientss suspected of these diseases have developed relatively independent of 
eachh other. 
Sincee the demonstration of the lack of specificity of the clinical diagnosis of 
deepp venous thrombosis by Haeger in 1969,3 objective confirmation of the di-
agnosiss has generally been considered necessary. Venography is regarded as 
thee reference method for the diagnosis of deep venous thrombosis of the leg. 
However,, due to its drawback as an invasive technique, the need for alterna-
tive,, non-invasive diagnostic methods was quickly apparent. This led to the 
developmentt of new techniques such as impedance plethysmography in the 
1970'ss followed by compression ultrasonography, presently the mainstay for 
thee diagnosis of symptomatic deep venous thrombosis. More recently, the po-
tentiall  role of assays to detect D-dimer (degradation product of fibrin) and 
clinicall  probability models in the simplification of the diagnostic work-up of 
patientss with suspected deep venous thrombosis have been evaluated. At 
presentt several combinations of compression ultrasonography, D-dimer as-
sayss and clinical probability assessment have been prospectively validated. 
Hence,, the diagnostic approach in patients with suspected deep venous 
thrombosiss of the leg is now fully non-invasive and markedly simplified, and 
hass been shown to be cost-effective. 

Inn contrast to the rapid advances in the diagnostic management of patients 
withh suspected deep venous thrombosis, the diagnostic management of pa-
tientss with suspected pulmonary embolism has shown a slower development. 
Ass with deep vein thrombosis of the leg, it has repeatedly been shown that 
onlyy approximately one quarter to one third of patients presenting with clini-
callyy suspected pulmonary embolism actually has the disease confirmed upon 
objectivee testing. The reference test for pulmonary embolism is pulmonary 
angiography,, an invasive technique that enables the direct visualisation of 
thee pulmonary vasculature. Due to the complications associated with this 
techniquee in the years following its introduction and its limited availability, 
pulmonaryy angiography never found widespread acceptance in clinical prac-
tice.. Although the technique has been significantly improved with better 
catheterss and newer contrast media leading to an almost absence of compli-
cations,, the reluctance to use this method has remained. In 1964 perfusion 
lungg scintigraphy was introduced as a non-invasive technique for the diagno-
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siss of pulmonary embolism. Although the diagnostic value of this method was 
enhancedd by the introduction of ventilation lung scintigraphy in 1970, a ma-
jorr drawback of this technique remains the fact that 50-60% of patients has a 
non-diagnosticc scan result, thus requiring further testing (pulmonary angiog-
raphy)) to arrive at a definite diagnosis. 
Inn recent years there have been several promising developments in the area 
off  diagnostic tests for pulmonary embolism. Firstly, spiral computed tomog-
raphyy (spiral CT), a non-invasive technique for the visualisation of the pul-
monaryy vasculature, was introduced in 1992 with the expectation that it 
couldd replace conventional angiography. Secondly, analogous to deep venous 
thrombosis,, techniques such as the D-dimer assay, clinical probability mod-
els,, and compression ultrasonography are being evaluated for their utilit y in 
thee diagnostic work-up of patients with suspected pulmonary embolism. One 
off  the main problems with the introduction of these techniques has been the 
limitedd appreciation for the appropriate steps in the evaluation of new diag-
nosticc methods. This has led to the haphazard introduction of these tests in 
clinicall  practice without adequate knowledge of their proper place in the di-
agnosticc work-up of patients with clinically suspected pulmonary embolism. 

Outlin ee Thesis Part Two 

Thee second part of this thesis is entitled 'Diagnostics of Pulmonary Embo-
lism'.. In Chapter  9 guidelines for the proper evaluation of diagnostic tests 
aree discussed, analogous to those that must be followed prior to the introduc-
tionn of new medicines. The most commonly employed diagnostic techniques 
forr pulmonary embolism are thereafter critically reviewed in light of these 
guidelines.. The data presented in the remaining chapters of this thesis are 
derivedd from a large, prospective, multi-centre study in consecutive patients 
withh suspected pulmonary embolism, evaluating various diagnostic tech-
niquess in comparison with the reference tests (ANTELOPE-Study). I t has 
previouslyy been suggested that the clinical assessment of the probability of 
diseasee could guide the diagnostic process. In Chapter  10 the diagnostic ac-
curacyy of various methods for the assessment of the clinical probability (i.e. 
intuitivee and structured assessments) are compared with each other. In re-
centt years many assays for the measurement of D-dimer have been intro-
ducedd for the exclusion of venous thromboembolism. However, it is largely 
unknownn which of these assays has the best diagnostic accuracy. In Chapter 
111 three quantitative D-dimer assays are compared with each other and sub-
sequentlyy the role of the extent of the embolic disease on the accuracy of the 
testss is assessed. The negative predictive value and potential clinical utilit y 
off  a qualitative, bed-side D-dimer assay for exclusion of pulmonary embolism 
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iss examined in Chapter  12. In line with the hypothesis of venous thrombo-
embolismm being one clinical entity, investigators have suggested compression 
ultrasonographyy of the deep veins of the leg for the diagnostic work-up of pa-
tientss with suspected pulmonary embolism. However, the diagnostic utilit y of 
compressionn ultrasonography has been found to be relatively limited. In 
Chapterr  13 the accuracy of two methods of performing ultrasonography of 
thee deep veins of the leg (i.e. a limited examination of the femoral vein in the 
groinn and the popliteal vein in the knee versus an extended examination in-
cludingg the superficial femoral vein) are compared with each other. Finally, 
inn Chapter  14 the cost-effectiveness of several non-invasive diagnostic 
strategiess which have the potential for further improving and simplifying the 
diagnosticc approach in the real clinical setting are evaluated. 
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Abstract t 

Thee risk of spontaneous or risk-period related venous thromboembolism in 
familyy members of symptomatic carriers of antithrombin (AT), protein C (PC) 
orr protein S (PS) defects, as well as of the Factor V Leiden mutation is still 
undefined.. We performed a retrospective cohort study in family members 
(n=793)) of unselected patients with a documented venous thromboembolism 
andd one of these deficiencies to make an estimate of this risk. The annual in-
cidencess of total and spontaneous venous thromboembolic events in carriers 
off  AT, PC or PS defects (n=181) were 1.01% and 0.40%, respectively, as com-
paredd to 0.10% and 0.04% in non-carriers, respectively (relative risks both 
10.6).. In carriers of Factor V Leiden (n=224), the annual incidences of total 
andd spontaneous venous thromboembolism were 0.28% and 0.11%, respec-
tively,, as compared to 0.09% and 0.04% in non-carriers, respectively (relative 
riskss 2.8 and 2.5). Additional risk-periods (immobilisation, surgery and 
trauma;; oral contraceptive use; and pregnancy / postpartum period) in-
creasedd the risk of thrombosis in carriers of AT, PC and PS defects as com-
paredd to non-carriers (relative risks 8.3, 6.4 and 8.2, respectively). Oral 
contraceptivee use and pregnancy / post-partum period increased the risk of 
thrombosiss in carriers of Factor V Leiden 3.3-fold and 4.2-fold, respectively, 
whereass other risk factors had only a minor effect. 

Thesee data lend some support to the practice of screening family members of 
symptomaticc carriers of an AT, PC and PS deficiency. For family members of 
symptomaticc carriers of Factor V Leiden, screening does not seem to be justi-
fiedd except for women at a fertile age. 

14 4 



VenousVenous thromboembolism and inherited thrombophilia 

Introductio n n 

Theree is convincing evidence that a number of hereditary abnormalities of 
thee coagulation system are associated with an increased risk for both sponta-
neouss and risk-period related venous thromboembolism.114 Antithrombin 
(AT),, protein C (PC) and protein S (PS) defects and resistance to activated 
proteinn C (APC-R) due to the R506Q mutation in the gene for Factor V (Fac-
torr V Leiden) are the most widely recognised causes of hereditary thrombo-
philia.. In contrast with the extensive documentation available on the 
prevalencee of these coagulation defects in patients with established venous 
thromboembolism,, littl e is known about the incidence of venous thromboem-
bolicc events in asymptomatic family members. This information is essential 
forr the assessment whether screening families of a symptomatic carrier of a 
thrombophilicc defect should be recommended. 
Currently,, the best estimate of the incidence of venous thromboembolism in 
inheritedd AT, PC and PS deficient family members is based on a pooled 
analysiss of available cross-sectional family studies.15 In deficient subjects 
abovee the age of 15 years, the annual incidence of venous thromboembolism 
hass been reported to be approximately 2%. This figure is likely to be inflated 
duee to selective publication of families, the lack of objective diagnostic criteria 
andd non-blinded assessment in most studies. Furthermore, the influence of 
transientt risk-periods was not systematically investigated. Only one prospec-
tivee cohort study in a limited number of asymptomatic patients with PC and 
PSS deficiency has been published indicating an annual incidence of venous 
thromboembolismm of 2.5% and 3.5% for PC and PS deficient patients, respec-
tively.14 4 

Despitee the high prevalence of APC-R due to Factor V Leiden in patients 
withh thrombotic manifestations,1213 the risk of venous thromboembolism in 
familyy members of symptomatic carriers of this abnormality has been evalu-
atedd in only one retrospective study that reported an incidence of 0.45% per 
year.166 In contrast, another recent study suggests that the overall thrombotic 
riskk in carriers of Factor V Leiden is similar to that shown in carriers of PC 
defects.17 7 

We,, therefore, performed a large retrospective cohort study among unselected 
familiess in order to estimate the incidence of both spontaneous and risk-
periodd related venous thromboembolism in family members of symptomatic 
patientss with either inherited AT, PC or PS deficiency or the Factor V Leiden 
mutation.. The carrier status of the family members was determined after the 
medicall  history had been carefully recorded applying predefined criteria. 
Hence,, an appropriate group of family members who were not carriers of the 
defectss was available for comparison. 

15 5 
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Methods s 

Patients Patients 
Familyy members of unselected patients referred to the Thrombosis Units of 
thee Institute of Medical Semeiotics in Padua and the Academic Medical Cen-
terr in Amsterdam with documented venous thromboembolism and an estab-
lishedd inherited deficiency of AT, PC or PS (Padua and Amsterdam) or the 
Factorr V Leiden mutation (Padua) were enrolled in the study. Al l eligible 
subjectss were asked to provide informed consent. The probands were ex-
cludedd from the analysis. 

AssessmentAssessment of venous thromboembolism 
AA detailed medical history was obtained by an investigator unaware of the 
carrierr status of the subject. Specific attention was paid to previous risk-
periodss for venous thromboembolism (i.e. immobilisation, surgery, trauma, 
orall  contraceptive treatment, pregnancy and the postpartum period) and the 
occurrencee of venous thromboembolic events (i.e. deep vein thrombosis of the 
upperr or lower limb, pulmonary embolism, venous thrombosis at unusual 
sites).. Superficial vein thrombosis was not considered. If deemed necessary, 
patientt files were reviewed in order to confirm the venous thromboembolic 
event. . 
AA reported venous thromboembolic event was accepted as such if it had been 
confirmedd by objective diagnostic testing. For deep vein thrombosis this could 
bee compression ultrasonography, impedance plethysmography, contrast ve-
nography,, or Doppler ultrasound. For pulmonary embolism this could be 
pulmonaryy angiography or ventilation-perfusion scanning, while for throm-
bosiss at unusual sites angiography, computed tomography scanning or mag-
neticc resonance imaging were accepted diagnostic methods. In the absence of 
objectivee diagnostic testing at the time of the event, the diagnosis was ac-
ceptedd if one of the following conditions was met: 1) an abnormal compression 
ultrasoundd in the femoral or popliteal veins, and/or a venous reflux in the 
popliteall  vein at the time of inclusion18 or 2) anticoagulant treatment had 
beenn administered for at least three months after the reported event. 
Afterr recording the history, blood samples were collected into plastic syringes 
containingg 3.8% (wt/vol) sodium citrate in a ratio of 0.1:0.9 (vol/vol) antico-
agulantt to blood. 

CoagulationCoagulation assays 
Platelett poor plasma was obtained by centrifugation at 2,000 g for 20 min-
utess and stored at -80°C until it was analysed. The same materials and 
methodss and criteria for diagnosis of AT, PC and PS defects were used in 
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bothh centres as previously reported.19 Activated partial thromboplastin time 
wass measured by using ActinFS (Dade, Miami, Florida, USA) (normal range, 
111 to 14 s). Antithrombin antigen concentrations were measured using the 
Asseraplatee Antithrombin II I Ki t (Boehringer Mannheim, Mannheim, Ger-
many);; antithrombin activity was measured using Berichrom ATII I (Be-
hringwerke,, Marburg, Germany). Protein C antigen concentrations were 
measuredd with enzyme-linked immunosorbent assays (ELISA) using rabbit 
anti-proteinn C polyclonal antibody (DAKO, Glostrup, Denmark) as catching 
antibody.. Rabbit anti-protein C polyclonal horseradish peroxidase conjugated 
antibodyy (DAKO) was used as the second antibody according to the manufac-
turer'ss instructions. Protein C activity was measured using the Protein C 
Reagentt Ki t (Behringwerke, Germany). Concentrations of total and free pro-
teinn S were measured by ELISA using rabbit anti-protein S polyclonal anti-
bodyy (DAKO). The 15C4 anti-protein S monoclonal antibody (Serbio, 
Gennevilliers,, France) was used as catching antibody, and the rabbit anti-
proteinn S polyclonal horseradish peroxidase conjugated antibody (DAKO), 
dilutedd 1:1000, was used as the second antibody. The 15C4 anti-protein S 
monoclonall  antibody recognised only free protein S antigen. Protein S activ-
ityy was measured using the Protein S IL-Ki t (Instrumentation Laboratories, 
Milan,, Italy). The following reference values were used: antithrombin antigen 
concentration,, 0.80 to 1.20 U/ml; antithrombin activity, 0.80 to 1.20 U/ml; 
proteinn C antigen concentration, 0.70 to 1.30 U/ml; protein C activity, 0.70 to 
1.300 U/ml; total protein S concentration, 0.70 to 1.20 U/ml; and free protein S 
concentration,, 0.26 to 1.08 U/ml. 

Thee criteria used for the classification of AT, PC and PS defects were in ac-
cordancee with those reported in the current literature.20,21 Type I AT defects 
weree considered if concomitant low functional and immunological antithrom-
binn levels were found. Among type II AT defects (variant antithrombin) both 
defectss of the reactive site as well as those producing pleiotropic effect were 
takenn into account. Patients affected by defects of heparin binding site only 
weree excluded from this study. Type I PC deficiencies (quantitative defi-
ciency)) were identified when both antigen and activity were low. Type II 
(qualitativee deficiency) were characterised by reduced PC coagulometric ac-
tivit yy (with or without reduction of amidolytic activity) in the presence of 
normall  antigen levels. Three types of PS defects were defined, type I being 
characterisedd by low total and free PS antigen and low PS activity, type II by 
normall  total and free antigen and low PS activity (PS variant), and type II I 
byy normal or sub-normal total PS antigen and low free antigen and PS activ-
ity. . 

Thee APC resistance test has been performed on ACL 3000plus (IL, Milan, It-
aly)) according to the method previously reported.22 Briefly, fifty  microliters of 
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undilutedd plasma was incubated with 50 ul Cephotest (Nycomed Pharma, 
Oslo,, Norway) for 360 s at 37°C. Clot formation was started either by addi-
tionn of 50 ul of 33mM calcium-chloride, 25 mM Tris-HCl (pH 7.5), 50 mM 
NaCll  and 0.05% ovalbumin (aPTT-APC) or by 50 ul of the same reagent con-
tainingg also 1.0 ug/ml (final concentration) of human APC (Enzyme Research 
Laboratory,, South Bend, Indiana, USA) (aPTT+APC). An "APC sensitivity 
ratio""  (APC-SR) was calculated dividing the aPTT+APC (s) by the aPTT-APC 
(s).. The APC-SR was then normalised (n-APC-SR) to the ratio obtained with 
aa reference plasma. Resistance to APC was defined by n-APC-SR less than 
0.84.. A n-APC-SR between 0.45 and 0.70 was consistent with the presence of 
heterozygouss Factor V Leiden mutation whereas the diagnosis of a homozy-
gouss defect was made if the n-APC-SR was <0.45. Values of n-APC-SR be-
tweenn 0.70 and 0.84 are consistent with both normal individuals and 
heterozygouss patients for Factor V Leiden mutation. 

DNADNA analysis for Factor VLeiden mutation 
Highh molecular weight DNA was extracted from 5<?1 of peripheral blood using 
aa binding matrix (Biorad Lab, Hercules, CA, USA). DNA analysis was per-
formedd as previously described23 with minor modifications. Briefly, the 220 
bpp fragment of Factor V exon 10/intron 10 was amplified by PCR using 2 oli-
goprimerss (synthesised by Primm, Milan, Italy). Sequences of selected oligo-
nucleotidess were: 5'-TGCCCAGTGCTTAACAAGACCA-3' (5' x 3') and 5'-
CTTGAAGGAAAATGCCCCCATTA-3'' (3' x 5'). Taq polymerase and oligo-
primerss were added following "hot start" procedure in order to obtain im-
provedd yield and specificity. Amplification involved 36 cycles of 94°C (1 min), 
55°CC (1 min) and 72°C (1 min). Subsequently the 220 bp fragment was di-
gestedd during 16 h by 0.4 U Mnll at 37°C. Mnll digests the 220 bp fragment 
off  the normal Factor V allele in the three fragments of 37, 67 and 116 bp 
each.. The Factor V Leiden allele is cleaved in only two fragments at 67 and 
1533 bp, respectively. Finally the digestion products were separated by elec-
trophoresiss on ethidium bromide stained 2% agarose gels for 30 min at 150V. 

Analysis Analysis 
Inn a recent literature review the odds ratios for venous thromboembolism as-
sociatedd with an AT, PC or PS deficiency were similar.15 The data dealing 
withh each defect were first analysed separately and thereafter they were 
combined,, based on the data from literature including this review. Factor V 
Leidenn was considered separately. The annual incidence of the first episode of 
venouss thromboembolism (total, spontaneous or risk-period related) was cal-
culatedd in the carrier and non-carrier groups, and was expressed in incidence 
perr years. This incidence was calculated for the age groups 0 to 15, 16 to 30, 
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311 to 45, 45 to 60 and above 60 years. In addition, the annual incidence was 
calculatedd for AT, PC and PS defects separately. The relative risk for the de-
velopmentt of both spontaneous and risk-period related venous thromboem-
bolismm was calculated by dividing the incidence rate in carriers by the 
incidencee rate in non-carrier family members. The 95% confidence intervals 
andd p-values were calculated according to the normal approximation of the 
binomiall  distribution or using the exact procedure where appropriate. 

Results s 

StudyStudy population 
AA total of 844 family members, identified via 145 probands, were screened. Of 
these,, 51 were excluded for the following reasons: the presence of a double 
defectt (n=30), cancer at the time of venous thromboembolism (n=14), or re-
fusall  of consent (n=7). Among the 793 family members enrolled in the study, 
4055 (51%) were identified as carriers of inherited defects; 34 were heterozy-
gouss carriers of AT, 73 of PC, and 74 of PS defects and 224 had a Factor V 
Leidenn mutation (10 homozygous and 214 heterozygous). 
Thee demographic details are summarised in Table 1 (upper part). At the time 
off  enrolment, the mean age of the carrier and the non-carrier groups was 
similar. . 

VenousVenous thromboembolic events 
Amongg 415 individuals from families with AT, PC and PS defects, 48 (21 
males,, 27 females) had experienced at least one episode of venous thrombo-
embolism.. Of these, 42 (34 deep-vein thrombosis, 8 pulmonary embolism) 
belongedd to the group of 181 deficient subjects (AT=7; PC=8; PS=27), and 6 to 
thee group of 234 non-deficient subjects. In the deficient group, 26 (62%) of the 
venouss thromboembolic events were related to an identifiable risk-period, 
whereass 16 (38%) occurred spontaneously. In the non-deficient group, risk-
periodd related venous thromboembolism occurred in 4 subjects (67%), whilst 
22 (33%) had spontaneous venous thromboembolism. The deficient subjects 
sufferedd their first venous thromboembolism at an on average younger age 
(333 3 years; mean  SD) than their non-deficient counterparts (40 years
20)) (p>0.2). 
Amongg 378 subjects from families with the Factor V Leiden mutation, 21 had 
experiencedd at least one episode of venous thromboembolism. Of these, 17 (15 
deep-veinn thrombosis, 2 pulmonary embolism) belonged to the group of 224 
carrierss and 4 to the group of 154 non-carriers. Of the 10 homozygous sub-
jectss 1 experienced a venous thromboembolic event and of the 214 heterozy-
gouss subjects 16 experienced a venous thromboembolic event. In the carrier 
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Tablee 1. S tudy populat ion and incidence and relat ive r isk of tota l, spontane-

ouss and risk-period re la ted VTE. 

AT,, PC and PS Defects 

n=4155 (65 families) 

Factorr V Leiden 

n=3788 (80 families) 

Male/female e 

Meann age (range), y 

Totall  VTE* , n 

Observationn years 

Annuall  incidence, % 

Relativee risk (95% CI) 

Spontaneouss VTE, n 

Annuall  incidence, % 

Relativee risk (95% CI) 

VTEE associated with surgery, 

t raumaa or immobilisation, n 

Episodes,, n 

Incidencee %/period (95% CI) 

Relativee risk (95% CI) 

VTEE associated with oral 

contraceptivee use, n 

Durationn of use, y 

Annuall  incidence %, 

(95%CI) ) 

Relativee risk (95% CI) 

VTEE associated with preg-

nancyy and post-partum, n 

Pregnancies,, n 

Incidencee %/preg. (95% CI) 

Relativee risk (95% CI) 

Deficient t 

n=181 1 

80/101 1 

(ATT 12/22; PC 

39/34;; PS 29/45) 

41(2-80) ) 

40 0 

3952 2 

1.01 1.01 

Non-deficient t 

n=234 4 

123/111 1 

388 (3-83) 

5 5 

5218 8 

0.10 0 

10.66 (4.0-23.6) 

16 6 

0.40 0 

2 2 

0.04 4 

10.6(2.7-41.2) ) 

14» » 

173 3 

8.1(4.5-13.2) ) 

2* * 

220 0 

0.9(0.1-3.2) ) 

8.3(1.9-36.1) ) 

5 5 

117 7 

4.33 (1.4-9.7) 

1 1 

150 0 

0.77 (0.0-3.7) 

6.4(1.0-41.1) ) 

7 7 

169 9 

4.1(1.7-8.3) ) 

1 1 

198 8 

0.55 (0.0-2.8) 

8.22 (1.2-184) 

Carrier r 

n=224 4 

105/119 9 

422 (6-95) 

17 7 

6114 4 

0.28 8 

Non-carrier r 

n=154 4 

84/70 0 

433 (4-85) 

4 4 

4401 1 

0.09 9 

2.8(1.1-8.6) ) 

7 7 

0.11 1 

2 2 

0.04 4 

2.55 (0.6-10.6) 

5 5 

209 9 

2.44 (0.8-5.5) 

2 2 

122 2 

1.66 (0.0-5.8) 

1.3(0.3-6.4) ) 

2 2 

98 8 

2.00 (0.3-7.2) 

0 0 

65 5 

0.00 (0.0-5.5) 

3.33 (0.4-120) 

3 3 

157 7 

1.99 (0.4-5.5) 

0 0 

93 3 

0.00 (0.0-3.9) 

4.22 (0.5-148) 

**  VTE in age group above 15 years 

§§ including 2 episodes in age group < 15 yrs. 

tt including 1 episode in age group < 15 yrs. 
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group,, 10 (58.8%) had venous thromboembolism related to an identifiable 
risk-period,risk-period, whereas 7 (41.2%) exhibited spontaneous venous thromboembo-
lism.. In the non-carrier group, 2 (50%) venous thromboembolic events were 
risk-periodrisk-period related and 2 (50%) occurred spontaneously. The mean age of the 
subjectss at the time of the first thrombotic event in the carrier group (42 5 
years;; mean  SD) was similar to that in the non-carrier group (43  16 
years). . 

AnnualAnnual incidence of venous thromboembolism 
Thee annual total incidences of venous thromboembolism in relation to age 
andd defect are given in Table 2. The incidence of venous thromboembolism 
beforee the age of 15 was negligible regardless of the type of defect. Above the 
agee of 15 years, the total annual incidence was 1.01% in the AT, PC and PS 
deficientt subjects and 0.10% in the non-deficient subjects resulting in a rela-
tivee risk of 10.6 (95% CI 4.0 to 23.6). The annual incidences for the deficien-
ciess separately were 0.87%, 0.43% and 1.65% in the AT, PC and PS groups 
respectively.. For the Factor V Leiden mutation, these incidences were 0.28% 
inn carriers and 0.09% in non-carriers resulting in a relative risk of 2.8 (95% 
CII  1.1 to 8.6). 
Thee annual incidence of spontaneous venous thromboembolism above the age 
off  15 was 0.40% and 0.04% in AT, PC and PS deficient and non-deficient 
subjects,, respectively (relative risk 10.6; 95% CI 2.7 to 41.2). For the Factor V 
Leidenn these incidences were 0.11% and 0.04%, respectively (relative risk 2.5; 
95%% CI 0.6 to 10.6). 

Risk-periodRisk-period related venous thromboembolism 
Inn Table 1 (lower part) the incidence of venous thromboembolism in relation 
too the presence or absence of a defect and type of risk-period is shown. As can 
beenn seen, during risk-periods, AT, PC and PS deficient subjects had a mark-
edlyy increased risk of developing venous thromboembolism as compared to 
theirr non-deficient family members. The risk of venous thromboembolism 
wass also increased in carriers of Factor V Leiden during use of oral contra-
ceptivess and pregnancy, although not statistically significant. However, the 
increasee of risk in carriers of Factor V Leiden seemed minimal for immobili-
sation,, surgery and trauma. 
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Tablee 2. Observat ion years, total number of VTE and annual incidence shown 

perr age group. 

AT,, PC and PS Defects 

n=4155 (65 families) 

Factorr V Leiden 

N=3788 (80 families) 

Agee Groups, y Deficient t 
n=181 1 

Non-deficient t 

n=234 4 
Carrierr Non-

n=2244 carrier 

n=154 4 

<15 5 

16-30 0 

31-45 5 

46-60 0 

>60 0 

>15 5 

Observationn years 

Totall  VTE, n 

Annuall  Incidence, % 

Observationn years 

Totall  VTE, n 

Annuall  Incidence, % 

Observationn years 

Totall  VTE, n 

Annuall  Incidence, % 

Observationn years 

Totall  VTE, n 

Annuall  Incidence, % 

Observationn years 

Totall  VTE, n 

Annuall  Incidence, % 

Observationn years 

Totall  VTE, n 

Annuall  Incidence, % 

2624 4 

2 2 

0.08 8 

2115 5 

20 0 

0.94 4 

1095 5 

15 5 

1.37 7 

558 8 

3 3 

0.54 4 

184 4 

2 2 

1.09 9 

3952 2 

40 0 

1.01 1 

3251 1 

1 1 

0.03 3 

2663 3 

1 1 

0.04 4 

1643 3 

2 2 

0.12 2 

727 7 

1 1 

0.14 4 

185 5 

1 1 

0.54 4 

5218 8 

5 5 

0.10 0 

3265 5 

0 0 

0.00 0 

2754 4 

5 5 

0.18 8 

1895 5 

5 5 

0.26 6 

1053 3 

4 4 

0.38 8 

412 2 

3 3 

0.73 3 

6114 4 

17 7 

0.28 8 

2252 2 

0 0 

0.00 0 

1919 9 

1 1 

0.05 5 

1420 0 

1 1 

0.07 7 

741 1 

2 2 

0.27 7 

321 1 

0 0 

0.00 0 

4401 1 

4 4 

0.09 9 

D i s c u s s i on n 

O urr analys is provides est imates of the incidence of venous thromboembolic 

even ts,, in re lat ion to age and the exposure to r isk-periods, in family members 

off  symptomat ic pa t ien ts w i t h a thrombophi l ic defect. We observed t h at the 

22 2 



VenousVenous thromboembolism and inherited thrombophilia 

relativee risks for both spontaneous and risk-period related venous thrombo-
embolismm for carriers versus non-carriers of an AT, PC or PS defect were ap-
proximatelyy 10, while they were approximately 3 for carriers of the Factor V 
Leidenn mutation. The absolute annual incidence of venous thromboembolic 
eventss observed in family members who were carriers of the defect was lower 
thann reported in previous studies.1416 In carriers of AT, PC and PS defects 
thiss annual incidence was 1.01% and in carriers of Factor V Leiden mutation 
i tt was 0.28%. 
Inn approximately 30% of cases venous thromboembolism occurred in relation 
too immobilisation, surgery or trauma, while another 30% of cases occurred 
duringg use of oral contraceptives or pregnancy and the post-partum period. 
Thuss the annual incidence of spontaneous thromboembolic events in carriers 
off  AT, PC and PS defects and Factor V Leiden mutation was only 0.40% and 
0.11%% respectively. I t is reassuring that the estimates of annual incidence of 
venouss thromboembolism in the non-carrier family members (0.1%) were 
consistentt within the study and similar to estimates provided in the litera-
ture.16'244 Moreover, the observed relative risks for venous thromboembolism 
inn carriers versus non-carriers of AT, PC and PS defects are comparable to 
thee odds ratios reported earlier.15 Likewise, the estimate for carriers of the 
Factorr V Leiden mutation is comparable to that observed in a recent study.16 

Severall  methodological aspects of this large study in family members of 
thrombophilicc patients with more than 19,000 observation years, require 
comment.. Since one of our aims was to gain insight in the usefulness of 
screeningg of family members, probands were excluded from analysis. In addi-
tion,, we limited the potential for bias, due to the retrospective design, by 
takingg a standardised history from each participant before the carrier status 
wass assessed. Therefore, inaccuracy of identifying previous thromboembolic 
eventss applied to both the carrier and non-carrier groups, thus creating an 
unbiasedd estimate of the relative risk. Moreover, we used a priori defined 
stringentt criteria to diagnose a previous episode of venous thromboembolism. 
Thiss might explain the lower estimates, in comparison to some earlier re-
ports.9'25-26 6 

Whatt are the implications of our results for the approach to asymptomatic 
familyy members of probands with a venous thromboembolic event and a de-
fectt of AT, PC, PS or the Factor V Leiden mutation? Potential benefits for an 
identifiedd carrier include counselling for signs and symptoms of venous 
thromboembolismm (aimed at enabling rapid referral when they occur), the use 
off  continuous prophylaxis (aimed at preventing spontaneous events), coun-
sellingg for risk-periods (aimed at a lower threshold for starting thrombopro-
phylaxis,, or avoiding these risk periods). Unfortunately, the efficacy of these 
measuress is unknown and currently the approach wil l have to be based on 
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incidencee data and the appraised efficacy of measures taken. Moreover, based 
onn the difference in relative risks between AT, PC and PS defects and Factor 
VV Leiden mutation, i t is likely that the answers wil l differ for these condi-
tions. . 
Forr AT, PC, and PS defects screening of family members seems warranted 
basedd on the high risks of venous thromboembolism associated with risk-
periods.. Counselling could lead to the avoidance (or informed acceptance) of 
thee risk associated with use of oral contraceptives (4.3% per year), and the 
usee of prophylaxis during pregnancy and post-partum period. In addition, 
benefitt could be obtained by adequate prophylaxis during periods of immobi-
lisation,, surgery or trauma, even if the type of period is generally regarded as 
associatedd with only a low risk for venous thromboembolism. Currently, 
basedd on the low absolute risk of spontaneous venous thromboembolism, 
theree seems to be no basis for the continuous use of any accepted prophylactic 
regimen. . 

Forr carriers of the Factor V Leiden mutation the situation is more compli-
cated.. A lower absolute risk of venous thromboembolism is present in com-
parisonn to carriers of the other defects. As a consequence, benefits of 
screeningg family members for this defect are likely to be more modest. The 
incidencee of venous thromboembolism related to pregnancy and post-partum 
periodd was 1.9% in our analysis and 2.1% in another cohort.16 Likewise, the 
incidencess of venous thromboembolism during use of oral contraceptives were 
2.0%% per year and 0.5% per year, respectively. In the absence of further evi-
dence,, the decision to screen female family members for Factor V Leiden mu-
tationn is largely dependent on the appraised usefulness of counselling in each 
particularr situation. For immobilisation, surgery and trauma the risk of ve-
nouss thromboembolism was only marginally increased. Accordingly, in-
creasedd emphasis on thromboprophylaxis during such periods might not be 
necessaryy in these individuals. 

Inn summary, we observed a low absolute annual incidence of spontaneous 
thromboembolicc events in carriers of AT, PC and PS defects and Factor V 
Leidenn mutation of 0.40% and 0.11% respectively. The absolute risks of 
thromboembolicc events associated with risk-periods was relatively high for 
carrierss of AT, PC and PS defects and lower for carriers of the Factor V Lei-
denn mutation. Therefore, the results of this study lend some support to the 
practicee of screening systematically the family members of symptomatic car-
rierss of AT, PC and PS defects who are older than 15 years. In contrast, 
screeningg of family members of index cases who are carriers of Factor V Lei-
denn is probably not justified, in view of the low absolute risk of venous 
thromboembolism.. A possible exception could be made for female family 
memberss at a fertile age, who might reconsider the use of oral contraceptive 

24 4 



VenousVenous thromboembolism and inherited thrombophilia 

treatmentt and could be carefully followed for signs and symptoms of venous 

thromboembolismm during pregnancy. Although we believe that these conclu-

sionss are based on the best data available so far, confirmative, preferentially 

prospectivee studies of asymptomatic carriers of AT, PC and PS defect, as well 

ass of carriers of Factor V Leiden mutation are necessary. In addition, analy-

siss of the cost effectiveness of screening in these situations and the develop-

mentt of generally accepted guidelines on the management of identified 

carrierss during risk-periods should be stimulated. 
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Abstract t 

Deficienciess of antithrombin, protein C and protein S are associated with an 
increasedd risk of venous thromboembolism. The objective of this study was to 
prospectivelyy assess the incidence of venous thromboembolism in nontreated 
asymptomaticc subjects with such a deficiency. We conducted a prospective 
cohortt study in asymptomatic family members of unselected patients who 
presentedd with a venous thromboembolic event and who were found to have a 
deficiencyy of antithrombin, protein C or protein S. No anticoagulant prophy-
laxiss was given to the study participants, except during risk periods for ve-
nouss thromboembolism. All venous thromboembolic events were diagnosed 
byy objective diagnostic tests. A total of 208 individuals with a mean age of 37 
yearss (range, 15 to 79) were included in the study. A total of 611 patient ob-
servationn years was obtained. Nine venous thromboembolic events occurred, 
resultingg in an annual incidence of 1.5% (95% confidence interval [CI] , 0.7 to 
2.8)) for the 3 deficiencies combined. Five of these events occurred spontane-
ously,, resulting in an annual incidence of spontaneous venous thromboembo-
lismm of 0.8% (95% CI, 0.3 to 1.9) For antithrombin, protein C and protein S 
deficienciess separately, this figure was 1.6%, 1.0% and 0.4%, respectively. 
Thirty-fourr subjects experienced a total of 40 risk periods during which 4 ve-
nouss thromboembolic events occurred (10% per risk period). We conclude that 
thee use of continuous anticoagulant prophylaxis seems not warranted in 
asymptomaticc individuals with a deficiency of antithrombin, protein C or pro-
teinn S. During risk periods for venous thromboembolism, adequate antico-
agulantt prophylaxis is necessary. 

28 8 



VenousVenous thromboembolism and inherited thrombophilia 

Introductio n n 

Thrombophiliaa is a term used to describe an inherited tendency toward ve-
nouss thromboembolism. Deficiency of the anticoagulant antithrombin was 
thee first inherited risk factor for venous thromboembolism discovered in 
1965.11 After this, deficiencies of the naturally occurring anticoagulants pro-
teinn C and protein S were described as causes of inherited thrombophilia.23 

Inn recent years, several other thrombophilic risk factors have been discov-
ered,, the most common of which are the Factor V Leiden and the prothrom-
binn 20210A gene mutations.45 There is ample evidence that deficiencies of 
antithrombin,, protein C and protein S are associated with an increased risk 
off  venous thromboembolism.67 Over the years, many family studies have re-
portedd on the risk of venous thromboembolism in such subjects. However, the 
reportedd incidences in these studies are considered to be overestimations of 
thee true incidence due to the fact that they may have been prone to selection 
andd publication bias. A further disadvantage of previous studies is that the 
diagnosiss of venous thromboembolic events was made primarily on clinical 
grounds,, which is known to be highly unspecific,8 thus adding to the overre-
portingg of venous thromboembolism. Until recently, perhaps the most reliable 
figuresfigures on the incidence of venous thromboembolism in subjects with a defi-
ciencyy of either antithrombin, protein C or protein S were those reported in a 
revieww analysis of the available literature, which reported an incidence of a 
firstfirst thromboembolic event in asymptomatic subjects of approximately 3% 
perr year for these 3 thrombophilic defects combined.9 An earlier smaller pro-
spectivee study in 44 asymptomatic individuals with a deficiency of protein C 
orr protein S reported an incidence of spontaneous venous thromboembolism 
off  1.4% per year.10 In a recent retrospective study in 181 previously asymp-
tomaticc deficient subjects, an incidence of spontaneous venous thromboem-
bolismm of only 0.4% per year was found.11 In that study, the incidence of a 
firstfirst venous thromboembolic event related to surgery, trauma or immobilisa-
tionn was 8.1% per risk period, and the incidence during pregnancy and the 
postpartumm period was 4.1% per pregnancy.12 The screening of patients with 
aa venous thromboembolic event for thrombophilic factors, and subsequently 
theirr family members, has led to the recognition of an increasing number of 
asymptomaticc individuals with a thrombophilic defect. However, it has re-
mainedd unclear what the appropriate clinical approach should be in these in-
dividuals.. For clinical decisions regarding the use of anticoagulant 
prophylaxiss in these asymptomatic individuals with antithrombin, protein C 
orr protein S deficiency, reliable incidence figures of venous thromboembolism 
inn the various clinical situations are needed. The decision whether these in-
dividualss should receive anticoagulant prophylaxis must be made by balanc-
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ingg the risk of developing a venous thromboembolic complication, either 
spontaneouslyy or risk period-related, against the risk and severity of bleeding 
complicationss associated with the use of anticoagulant prophylaxis. This 
clinicall  dilemma has led to the design of the present study of which the objec-
tivee was to prospectively assess the incidence of venous thromboembolism 
(bothh spontaneous and risk period-related) in nontreated asymptomatic sub-
jectss with a deficiency of antithrombin, protein C or protein S. 

Material ss and methods 

StudyStudy subjects 
Al ll  patients presenting to the participating centres with a documented period 
off  venous thromboembolism were screened for deficiencies of antithrombin, 
proteinn C, and protein S. The presence of a deficiency was confirmed by test-
ingg on two separate occasions. Patients with a deficiency of antithrombin (ex-
cludingg heparin binding defect cases), protein C or protein S served as index 
patientss for the study. The patients were not tested for other prothrombotic 
statess such as the Factor V Leiden mutation, the prothrombin mutation or 
hyperhomocysteinemia,, as these were not known at the time of the start of 
thee study. All participating centres are referral hospitals for the local com-
munityy for the diagnostics of venous thromboembolism. The patient popula-
tionss seen in the centres are therefore representative of typical patients with 
venouss thromboembolism. 

Familyy members of the index patients above the age of 15 years were con-
tactedd and were asked to participate. In first instance, only first-degree rela-
tivess were contacted. If these were not available, second-degree relatives 
weree asked to participate. A detailed medical history was obtained from these 
familyy members with specific attention being paid to the occurrence of prior 
venouss thromboembolic events. Hereafter, the deficiency status of these fam-
il yy members was determined. Those subjects who were found to be deficient 
uponn 2 consecutive determinations with a minimum interval of 1 month and 
whoo reported no prior venous thromboembolism in their medical history were 
eligiblee for inclusion in the study. A prior venous thromboembolic event was 
consideredd to have occurred if it had been confirmed by objective diagnostic 
methodss or if anticoagulant therapy had been instituted for a minimum of 3 
monthss after a clinical diagnosis. Exclusion criteria were the presence of a 
combinedd inhibitor deficiency and the known presence of an active malig-
nancy.. Informed consent was obtained from all study participants. Inclusion 
forr the study was performed between April 1993 and July 1997, follow-up 
wass completed in October 1997. 
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StudyStudy design 
Inn this prospective cohort study, no continuous anticoagulant prophylaxis 
wass given to the included subjects. During a risk period for the occurrence of 
venouss thromboembolism, the use of anticoagulant prophylaxis was encour-
aged,, however, the decision to do so and the regimen used was left to the dis-
cretionn of the treating physician. The definition of a risk period was surgery, 
trauma,, prolonged immobilisation (> 7 days), pregnancy and the postpartum 
period.. The use of oral contraceptives was discouraged, but not prohibited. Its 
usee was recorded. Follow-up was performed every 6 months, either by a visit 
too the study centre or by telephone contact. At this time, attention was paid 
too the occurrence of signs or symptoms possibly indicating the presence of a 
venouss thromboembolic event. The occurrence of risk periods in the past pe-
riodriod was also recorded. 
Att the start of the study, all subjects were instructed to present with any 
symptoms,, which could indicate the presence of a venous thromboembolism 
(e.g.. swelling, pain or redness of the leg; acute shortness of breath, chest 
pain,, hemoptysis). In such a condition, a clinical assessment was made and 
diagnosticc tests were performed when deemed appropriate. Both the study 
subjectss and their general practitioners received written information con-
cerningg the implications of the observed deficiency and the advice to strongly 
considerr anticoagulant prophylaxis during a risk period. The study protocol 
wass approved by the medical ethical committees in the participating centres. 

LaboratoryLaboratory assays 
Bloodd samples were collected into plastic syringes containing 3.8% (wt/vol) 
sodiumm citrate in a ratio of 0.1:0.9 (vol/vol) anticoagulant to blood. Platelet 
poorr plasma was obtained by centrifugation at 2,000 g for 20 minutes and 
storedd at -80°C until it was analysed. The same materials and methods for 
thee diagnosis of antithrombin, protein C and protein S defects were used in 
alll  centres. Antithrombin antigen concentrations were measured using the 
Asseraplatee Antithrombin II I Ki t (Boehringer Mannheim, Mannheim, Ger-
many),, and antithrombin activity was measured using Berichrom ATII I (Be-
hringwerke,, Marburg, Germany). Protein C antigen concentrations were 
measuredd with enzyme-linked immunosorbent assays (ELISA) using rabbit 
antiproteinn C polyclonal antibody (DAKO, Glostrup, Denmark) as catching 
antibody.. Rabbit antiprotein C polyclonal horseradish peroxidase (HRP)-
conjugatedd antibody (DAKO) was used as the second antibody diluted 1:1,000 
inn the ELISA buffer. Protein C activity was measured using the Protein C 
Reagentt Ki t (Behringwerke). Concentrations of total and free protein S were 
measuredd by ELISA using rabbit antiprotein S polyclonal antibody (DAKO) 
andd the 15C4 antiprotein S monoclonal antibody (Serbio, Gennevilliers, 
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France)) as catching antibodies, respectively. Rabbit antiprotein S polyclonal 
HRP-conjugatedd antibody (DAKO), diluted 1:1,000, was used as the second 
antibody.. The 15C4 antiprotein S monoclonal antibody recognised only free 
proteinn S antigen whereas PS-C4bp complexes were not detected. A calibra-
tionn curve for free protein S antigen was obtained by dilution of pooled nor-
mall  plasma, which contained by definition 100% of free protein S antigen. 
Therefore,, the level of free protein S antigen in patients' plasma was ex-
pressedd as the percentage of the free instead of the total protein S antigen 
presentt in pooled normal plasma. Protein S activity was measured using the 
Proteinn S IL-Ki t (Instrumentation Laboratories, Milan, Italy). 
Thee following reference values were used: antithrombin antigen concentra-
tion,, 80% to 120%; antithrombin activity, 80% to 120%; protein C antigen 
concentration,, 70% to 130%; protein C activity, 70% to 130%; total protein S 
concentration,, 70% to 120%; free protein S concentration, 70% to 120%; and 
proteinn S activity 70% to 130%. The criteria used for the classification of anti-
thrombin,, protein C and protein S defects were in accordance with those re-
portedd in the current literature.13 

DNAA analysis for the Factor V Leiden mutation and the 20210A prothrombin 
variantt were performed in those patients who became symptomatic during 
follow-upp using previously described methods.14'15 In the same group of pa-
tients,, levels of homocysteine, as well as the presence of antiphospholipid an-
tibodies,, were determined according to previously reported methods.16'17 

Outcomes Outcomes 
Thee primary outcome was the occurrence of an objectively documented ve-
nouss thromboembolic event. This was defined as any of the following: (1) deep 
veinn thrombosis of the leg or of the arm, documented by either contrast ve-
nographyy or compression ultrasonography; (2) pulmonary embolism docu-
mentedd either by a high-probability ventilation-perfusion scan or by 
pulmonaryy angiography; and (3) objectively documented thrombosis of deep 
veinss elsewhere in the body. A venous thromboembolic event was categorised 
ass being either spontaneous or secondary to a risk period. A spontaneous ve-
nouss thromboembolism was defined as a thrombotic event occurring without 
aa predisposing risk period. A secondary venous thromboembolism was de-
finedfined as an event occurring during or within a 3-month period after a risk pe-
riod. . 

StatisticalStatistical analysis 
Thee annual incidence of spontaneous venous thromboembolism and its 95% 
confidencee interval (CI) were calculated for the total study population and for 
thee individual deficiencies separately. The incidence of risk period-related 
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venouss thromboembolism and its 95% CI were calculated. The occurrence of 
riskk period-related venous thromboembolism was related to the type of risk 
periodd and whether anticoagulant prophylaxis had been used. 

Results s 

Subjects Subjects 
Ninety-fourr unrelated patients with an objectively documented venous 
thromboembolismm and a deficiency of antithrombin (n=24), protein C (n=30), 
orr protein S (n=40) served as index patients in this study. From these 94 
families,, 841 family members were identified as potentially eligible for par-
ticipationn in the study. In total, 106 subjects were not interviewed or tested 
forr their deficiency status due to refusal in 49 cases and nonavailability of the 
subjectt in 57 cases (eg, living abroad, contact not able to be established). The 
remainingg 735 subjects (mean, 8 per index patient; range 0 to 18) were inter-
viewedd and their blood was tested for the presence of the relevant thrombo-
philicc defect. Eighty-seven (11.8%; mean, 1 per index patient; range, 0 to 3) of 
thesee subjects reported a prior episode of venous thromboembolism and were 
excludedd from the study. Twenty of these subjects came from families with an 
antithrombinn deficiency, 27 from families with a protein C deficiency, and 40 
fromm families with a protein S deficiency. Of the remaining 648 subjects, 208 
weree found to be deficient and were included in the study. Forty-five subjects 
hadd an antithrombin deficiency (type I or II) , 93 a protein C deficiency (type I 
orr II) , and 70 a protein S deficiency (type I or III) . None exhibited protein S 
variantss (type II defects). Ninety-five of these subjects were male and 113 
weree female. The mean age of the subjects at the time of their inclusion in 
thee study was 37 (range, 15 to 79) years (Table 1). 

Tablee 1. Baseline characteristics of the asymptomatic deficient subjects in-
cludedd in the study. 

Deficiencyy No. Antigen %, Activity %, Average age 

(male/female)) mean  SD mean  SD (range), years 

Antithrombinn 45(23/22) 64.8  14.3 54.6  11.4 37(15-71) 

Proteinn C 93(47/46) 56.1  14.4 46.7  7.8 36(15-79) 

ProteinSS 70(25/45) 55.5  18.8*  40.1  14.2 39(15-74) 

49.99  6.5* 

Totall  208 (95/113) 37 (15-79) 

**  Protein S total antigen; t Protein S free antigen 
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ObservationObservation years 
AA total of 611 patient observation years were obtained, 125 years in the anti-
thrombin-deficientt group, 204 years in the protein C-deficient group, and 282 
yearss in the protein S-deficient group. The average duration of observation 
perr subject was 3 years (range, 0.3 to 4.5 years). Nine venous thromboembolic 
eventss occurred during the course of the study, 5 in the antithrombin- defi-
cientt group and 2 in both the protein C- and protein S-deficient groups. The 
overalll  annual incidence of venous thromboembolism was 1.5% (95% CI, 0.7 
too 2.8). 

SpontaneousSpontaneous events 
AA total of 5 spontaneous venous thromboembolic events occurred. This results 
inn an annual incidence of 0.8% per year (95% CI, 0.3 to 1.9) when the 3 defi-
ciencyy groups are combined. Two of these events occurred in the antithrom-
bin-deficientt group (1.6% per year; 95% CI, 0.2 to 5.8); 2 in the protein C-
deficientt group (1.0% per year; 95% CI, 0.1 to 3.5); and 1 in the protein S-
deficientt group (0.4% per year; 95% CI, 0.3 to 1.9). All of these patients were 
female,, none of whom were taking oral contraceptives or hormone replace-
mentt therapy at the time of their thrombosis. The average age of the subjects 
att the time of the thromboembolic event was 60 years (range, 42 to 69 years). 
Fourr patients had proximal deep vein thrombosis, while the fift h presented 
withh a nonfatal pulmonary embolism (Table 2). Two patients presented with 
minimall  complaints during a routine follow-up visit and were found to have 
deepp vein thrombosis on ultrasonography. 

RiskRisk period-related events 
Thirty-fourr of the 208 subjects experienced a total of 40 risk periods. Eleven 
off  these risk periods were surgery, 11 were a trauma, 4 were immobilisation, 
99 were pregnancies, and 5 were other types of risk periods. Anticoagulant 
prophylaxiss was administered by the treating physician during 22 of these 
riskk periods. Fifteen subjects received low-dose unfractionated heparin, 2 
low-dose,, and 3 high-dose low-molecular-weight heparin, and 3 subjects re-
ceivedd oral vitamin K antagonists (international normalised ratio [INR], 2 to 
3)) as prophylaxis during the risk period. Eight women used oral contracep-
tivess for variable times during the study for a total duration of 18 years. 
Thesee women had chosen to continue the use of oral contraceptives despite 
beingg informed of the potential risk of venous thromboembolism. None of 
themm developed a venous thromboembolism. 
Fourr venous thromboembolic events occurred during or within 3 months of a 
riskk period (Table 3). This results in an overall incidence of 10.0% per risk-
periodd (95% CI, 2.8 to 23.7%). One event occurred in a protein S-deficient 
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Tablee 3. The number of risk periods and whether anticoagulant prophylaxis 
wass used, the number of risk period related venous thromboembolic events 
andd the incidence per risk period. 

Typee of risk 

period d 

Pregnancyy and 

postpartum m 

Trauma a 

Surgery y 

Immobilisation n 

Other r 

Total l 

Total l 

no. . 

9 9 

11 1 

11 1 

4 4 

5 5 

40 0 

1 1 

No.. with 

prophylaxis s 

7 7 

4 4 

9 9 

1 1 

1 1 

22 2 

Riskk period-

relatedd VTE 

1* * 

3 3 

0 0 

0 0 

0 0 

4 4 

Incidence e 

%/period d 

11.1 1 

27.3 3 

0.0 0 

0.0 0 

0.0 0 

10.0 0 

**  Event occurred under anticoagulant prophylaxis 

womann 1 day postpartum while receiving low-dose unfractionated heparin 
prophylaxis.. The remaining 3 events occurred in antithrombin-deficient sub-
jectss who received no anticoagulant prophylaxis for their risk period. During 
thee 22 risk periods in which anticoagulant prophylaxis was administered 1 
eventt occurred, resulting in an incidence of 4.5% per risk period, while 3 
eventss (16.7%) occurred during the 18 risk periods in which no form of anti-
coagulantt prophylaxis was given. The average age of the subjects at the time 
off  the risk period-related venous thromboembolic event was 41 years (range, 
244 to 66) (Table 2). 
Al ll  subjects who developed a venous thromboembolic event during the study 
weree evaluated for the presence of multiple genetic risk factors. None were 
foundd to be carriers of the Factor V Leiden mutation or the prothrombin 
20210AA gene mutation, or have hyperhomocysteinemia, antiphospholipid an-
tibodies,, or dysfibrinogenaemia. 

Discussion n 

Thiss large prospective cohort study was designed to assess the incidence of 
bothh spontaneous and risk period-related venous thromboembolism in 
asymptomaticc deficient family members of patients who have presented with 
aa venous thromboembolism and a deficiency of antithrombin, protein C or 
proteinn S. The observed incidence of spontaneous venous thromboembolism 
inn the total group was 0.8% per year (95% CI, 0.3% tol.9%). The incidence of 
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spontaneouss venous thromboembolism in the 3 deficiency groups separately 
showss a relatively large variation (antithrombin, 1.6% per year; protein C, 
1.0%% per year; and protein S, 0.4% per year). Therefore, it could be ques-
tionedd whether it is correct to group these 3 thrombophilic defects into 1 
category.. I t must be noted, however, that the incidence found in all 3 groups 
falll  within each others 95% confidence limit s and that similar odds ratios for 
thee occurrence of venous thromboembolism have been reported for these 3 
thrombophilicc defects.9 This study has been limited to the deficiencies of anti-
thrombin,, protein C, and protein S, as these were the only known inherited 
riskk factors at the start of this study. Furthermore, these deficiencies carry a 
significantlyy greater risk for venous thromboembolism than the Factor V 
Leidenn mutation.9-18 

Thee observed incidence of 0.8% per year of spontaneous venous thromboem-
bolismm is lower than was calculated based on the published family studies. 
Thesee earlier estimates of the incidence are likely to be inflated because 
thesee family studies were prone to selection bias and relied primarily on 
clinicall  diagnoses of venous thromboembolism. In this study, selection bias 
wass prevented by including index patients independent of their family his-
tory.. Patients with a previous episode of venous thromboembolism were ex-
cluded.. However, a broad range of subjects remained in the study with a 
relativelyy low average age. It could be argued that exclusion of the 87 pa-
tientss with a history of thrombosis would bias the current analysis toward a 
lowerr incidence of first thrombotic events. However, in the retrospective 
analysiss of a subset of the same families, in which these cases were the out-
comee event, even a lower incidence was observed.11 The on average relatively 
highh age of the patients at the time of the thrombotic events in this study, 
whichh is still lower than in large prospective cohort studies of unselected pa-
tientss with venous thromboembolism, 1921can be attributed to its prospective 
design.. Retrospective studies, as previously performed, naturally tend toward 
collectionn of many observation years and thus events in the younger age 
groups.. In this study, all venous thromboembolic events were diagnosed by 
meanss of objective diagnostic methods. The determination of deficiency 
statuss was performed, as in most laboratories, by measurement of functional 
plasmaa concentrations and not by genetic determination. 
Thee observed incidence of spontaneous venous thromboembolism is also 
slightlyy lower than that reported in a small prospective study of asympto-
maticc protein C- and protein S-deficient subjects by Pabinger et al.10 (1.4% 
perr year), but as mentioned, is slightly higher than that which we found in 
thee previous retrospective study (0.4% per year).11 A possible explanation for 
thiss difference in the observed incidence is that because proper information 
wass provided systematically to (potential) participants, the subjects were 
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madee aware of the signs and symptoms of venous thromboembolism. More-
over,, we performed objective diagnostic testing when complaints occurred. 
Therefore,, it is possible that thrombotic events were diagnosed, which would 
otherwisee have passed unnoticed. However, the observed incidences in this 
studyy and our retrospective study fall within each others 95% confidence 
limits. . 
Clinicall  conditions such as surgery, immobilisation, trauma, pregnancy and 
thee postpartum period, as well as the use of oral contraceptives, are well-
recognisedd risk periods for the occurrence of venous thromboembolism. Pa-
tientss with a deficiency of anti thrombin, protein C, or protein S, and 1 of 
thesee clinical conditions are at an increased risk in comparison to the normal 
population.. In the present study, the incidence of risk period-related venous 
thromboembolismm in the subjects who received anticoagulant prophylaxis 
wass 4.5% as compared with 16.7% in the group who did not receive prophy-
laxis.. Limitations in the observations concerning risk period-related venous 
thromboembolismm in this prospective study are the relatively small number 
off  risk periods during the observation period and the nonuniform approach 
concerningg anticoagulant prophylaxis. However, because it is likely that anti-
coagulantt prophylaxis was not given in the presumed lower risk situations, 
thee incidence of thrombosis without prophylaxis is probably an underestima-
tionn of the true incidence and that likewise the effect of prophylaxis is under-
estimated. . 

However,, on the basis of the high incidence of venous thromboembolism re-
latedd to risk periods found in this study (10%), in which both patients and 
physicianss were aware of the implications of the presence of a deficiency, it is 
warrantedd to stress the importance of prophylactic strategies in asympto-
maticc deficient individuals during risk periods. It remains unknown whether 
duringg such risk periods higher dosages of anticoagulation are required, 
whetherr the prophylaxis should be continued for a longer period of time, and 
whetherr there should be a lower threshold for the administration of anti-
coagulantt prophylaxis in comparison to patients without a thrombophilic de-
fect. . 

Whatt are the implications of this study for decisions concerning the continu-
ouss use of anticoagulant prophylaxis in asymptomatic carriers of a deficiency 
off  antithrombin, protein C or protein S? When considering the use of long-
termm prophylactic anticoagulation, in particular vitamin K antagonists, the 
benefitss of the use of these agents must be carefully weighed against the risk 
off  bleeding complications associated with their use. The annual incidence of 
seriouss bleeding during the use of therapeutic dosages of vitamin K antago-
nistss is approximately 2%, while that of fatal bleeding complications is ap-
proximatelyy 0.25% per year.19-20 These incidences clearly increase with age. 
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Wee have found an annual incidence of a first spontaneous thrombotic event 

inn the 3 deficiencies combined of 0.8%. In this study, no fatal venous throm-

boembolicc events occurred, however, it has been estimated that 5% of venous 

thromboembolicc events may be fatal.21 Taking these various factors into con-

sideration,, the annual incidence of spontaneous fatal venous thromboembo-

lismm would be 0.04% in asymptomatic deficient individuals. If these 

assumptionss are used on the upper limi t of the 95% confidence interval of the 

incidencee (1.9%), we find an annual incidence of spontaneous fatal venous 

thromboembolicc events of 0.10%. Based on these assumptions, the use of con-

tinuouss anticoagulant prophylaxis seems not warranted in asymptomatic in-

dividualss with a deficiency of antithrombin, protein C, or protein S. 

References s 

1.. Egeberg O. Inherited antithrombin deficiency causing thrombophilia. Thromb Diath 

Haemorrhh 1965; 13:516-530. 

2.. Broekmans AW, Veltkamp JJ, Bertina RM. Congenital protein C deficiency and ve-

nouss thromboembolism. A study in three Dutch families. N Engl J Med 1983; 309:340-

344. 344. 

3.. Comp PC, Esmon CT. Recurrent venous thromboembolism in patients with a partial 

deficiecyy of protein S. N Engl J Med 1984; 311:1525-1528. 

4.. Bertina RM, Koeleman BPC, Koster T, et al. Mutation in blood coagulation factor V 

associatedd with resistance to activated protein C. Nature 1994; 369:64-67. 

5.. Poort SR, Rosendaal FR, Reitsma PH, Bertina RM. A common genetic variation in the 

3'-untranslatedd region of the prothrombin gene is associated with elevated plasma pro-

thrombinn levels and an increase in venous thrombosis. Blood 1996; 88:3698-3703. 

6.. Lane DA, Mannucci PM, Bauer KA, et al. Inherited thrombophilia: part 1. Thromb 

Haemostt 1996; 76:651-662. 

7.. Lane DA, Mannucci PM, Bauer KA, et al. Inherited thrombophilia: part 2. Thromb 

Haemostt 1996; 76:824-834. 

8.. Landefeld CS, McGuire E, Cohen AM. Clinical findings associated with acute proximal 

deepp vein thrombosis: a basis for quantifying clinical judgement. Am J Med 1990; 

88:382-388. . 

9.. van den Belt AGM, Prins MH, Huisman MV, Hirsh J. Familial thrombophilia: a review 

analysis.. Clin Appl Thromb Hemost 1996; 2:227-236. 

10.. Pabinger I, Kyrle PA, Heistinger M, Eichinger S, Wittmann E, Lechner K. The risk of 

thromboembolismm in asymptomatic patients with protein C and protein S deficiency: a 

prospectivee cohort study. Thromb Haemost 1994; 71:441-445. 

11.. Simioni P, Sanson BJ, Prandoni P, et al. Incidence of venous thromboembolism in 

familiess with inherited thrombophilia. Thromb Haemost 1999; 81:198-202. 

39 9 



ChapterChapter 3 

12.. Friederich PW, Sanson BJ, Simioni P, et al. Frequency of pregnancy-related venous 

thromboembolismm in anticoagulant factor-deficient women: implications for prophy-

laxis.. Ann Intern Med 1996; 125:955-960. 

13.. Michiels JJ, Hamulyak K Laboratory diagnosis of hereditary thrombophilia. Semin 

Thrombb Hemost 1998; 24:309-320. 

14.. Simioni P, Scudeller A, Radossi P, et al. "Pseudo homozygous" activated protein C re-

sistancee due to double heterozygous factor V defects (factor V Leiden mutation and 

typee I quantitative factor V defect) associated with thrombosis: report of two cases be-

longingg to two unrelated kindreds. Thromb Haemost 1996; 75:422-426. 

15.. Simioni P, Tormene D, Manfrin D, et al. Prothrombin antigen levels in symptomatic 

andd asymptomatic carriers of the 20210A prothrombin variant. Br J Haematol 1998; 

103:1045-1050. . 

16.. Simioni P, Prandoni P, Burlina A, et al. Hyperhomocysteinemia and deep-vein throm-

bosis.. A case-control study. Thromb Haemost 1996; 76:883-886. 

17.. Zanon E, Saracino MA, Simioni P, et al. Prevalence of antiphospholipid antibodies and 

lupuss anticoagulant in juvenile patients with objectively documented deep-vein 

thrombosis.. Clin Appl Thromb Hemost 1996; 2:69-73. 

18.. Middeldorp S, Henkens CMA, Koopman MMW, et al. The incidence of venous throm-

boembolismm in family members of patients with factor V Leiden mutation and venous 

thrombosis.. Ann Int Med 1998; 128:15-20. 

19.. Schulman S, Granqvist S, Holmström M, et al. and the Duration of Anticoagulation 

Triall  Study Group. The duration of oral anticoagulant therapy after a second episode 

off  venous thromboembolism. N Engl J Med 1997; 336:393-398. 

20.. Palareti G, Leali N, Coccheri S, et al. Bleeding complications of oral anticoagulant 

treatment:: an inception-cohort, prospective collaborative study (ISCOAT). Lancet 

1996;; 348:423-428. 

21.. Prandoni P, Lensing AWA, Cogo A, et al. The long-term clinical course of acute venous 

thrombosis.. Ann Intern Med 1996; 125:1-7. 

40 0 



Chapterr  4 

Recurrencee of venous thromboembolism 

inn patients wit h familia l thrombophili a 

Angeliquee G.M. van den Belt, Bernd-Jan Sanson, Paolo Simioni, 
Paoloo Prandoni, Harr y R. Büller, Antonio Girolami , 
Marti nn H. Prins 

ArchivesArchives of Internal Medicine 1997; 157:2227-2232 



ChapterChapter 4 

Abstract t 

Treatmentt of patients with deep vein thrombosis and an antithrombin or pro-
teinn C or S deficiency is based on case reports and personal experience. The 
objectivee of this study was to systematically assess the risk of recurrence of 
venouss thromboembolism after a first venous thromboembolic episode in pa-
tientss with these deficiencies. For this purpose, a literature review and a ret-
rospectivee family cohort study were performed. For the literature review, the 
annuall  incidence of a first recurrent venous thromboembolism was assessed 
forr each deficiency by dividing the number of venous thromboembolic events 
byy the number of years at risk. For the family cohort study, 1- and 5-year 
cumulativee incidences of first recurrence were calculated based on medical 
historiess taken in relatives of consecutive patients in whom venous thrombo-
embolismm and a deficiency were diagnosed. For the literature review, the an-
nuall  incidence of a first recurrent venous thromboembolism in patients with 
antithrombinn or protein S deficiency ranged from 13% to 17% and 14% to 
16%,, respectively. For the family cohort study, the 1- and 5-year cumulative 
incidencess of recurrent venous thromboembolism were 10% (95% CI, 1%-19%) 
andd 23% (95% CI, 10%-36%), respectively. Warfarin sodium (Coumadin) pro-
phylaxiss was associated with 2 venous thromboembolic events in 141 years at 
riskk (1.4% per year), in constrast with 19 events in 709 years at risk (2.7% 
perr year) without prophylaxis (difference, -1.3%; 95% CI, -3.5% to 1.0%). In 
conclusion,, the annual incidence of recurrent venous thromboembolism is 
highh during the first years following a first episode, but seems to decline 
thereafter.. Therefore, our results challenge current practice of prescribing 
lifelongg warfarin therapy after a first or second episode of venous thrombo-
embolismm in patients with antithrombin, protein C or S deficiency. 
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Introductio n n 

Inn 1965, Egeberg described an inherited thrombophilic condition related to a 
deficiencyy of the natural anticoagulant antithrombin.1 Since then, many 
otherr biochemical abnormalities of the hemostatic system resulting in a ten-
dencyy for thrombosis have been described.2 A recent systematic review con-
firmedfirmed the association between the occurrence of venous thromboembolism 
andd deficiencies of antithrombin, protein C and protein S.3 The annual inci-
dencee of venous thromboembolism in asymptomatic carriers of an antithrom-
binn or protein C or S deficiency estimated herein and in 2 other studies,4-5 

variedd from 9 to 30 per 1000 patients per year. Approximately half of these 
episodess were preceded by surgery, trauma or childbirth. Hence, the low an-
nuall  incidence of a first spontaneous thrombotic episode of 5 to 15 per 1000 
patientss per year suggests that continuous use of anticoagulant prophylaxis 
iss not routinely indicated, since the risks for major and fatal bleeding associ-
atedd with warfarin sodium (Coumadin) therapy (at an international normal-
isedd ratio of 2-3) are 20 to 30 and 4 events, respectively, per 1000 patients per 
year.6 6 

Inn contrast, prophylactic strategy in deficient patients who have experienced 
11 or more episodes of venous thromboembolism is based on clinical experience 
ratherr than on empirical data on the long-term risk for recurrence, since this 
riskrisk has not been evaluated, and the benefits of warfarin therapy are specu-
lative.. To increase our knowledge of the risk for recurrent venous thrombo-
embolismm in patients with a prior episode and a deficiency of antithrombin, 
proteinn C or S, we performed 2 studies. First, a systematic literature review3 

wass performed to summarise evidence concerning these deficiencies available 
inn published family studies. Second, a retrospective family cohort study4 in 2 
Europeann centres was conducted in relatives of probands with these deficien-
cies. . 

Subjectss and methods 

LiteratureLiterature review 
AA MEDLINE search (January 1, 1965 to December 31, 1992) was performed 
too retrieve all clinical articles on hereditary antithrombin, protein C and S 
deficiencies.. For this search, the keywords were antithrombin, protein C, pro-
teinn S, thrombosis, and etiology. In addition, the reference lists of pertinent 
articless and review articles were scanned, and a computer-assisted search of 
CurrentCurrent Contents was used to retrieve the most recent articles. Articles were 
reviewedd independently by 2 of us (A.G.M.V. and M.H.P.). Discrepancies 
weree discussed to arrive at a unanimous decision. 
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Articless reporting on antithrombin and protein C and S deficiencies were eli-
giblee for inclusion in our study if the following criteria were fulfilled: the re-
portt presented 1 or more probands with thrombotic disease and 1 of the 3 
deficiencies;; the presence of the deficiency was assessed in family members 
independentt of a history of thrombotic disease; a history of thrombotic dis-
easee was assessed in all available family members; and a thorough and sys-
tematicc search for recurrent venous thromboembolism was implicitly 
performed.. A family was excluded if more than 1 biochemical deficiency was 
found. . 

Fromm each eligible report, we extracted information on the type of defect, 
eachh family member with a deficiency and a first episode of venous thrombo-
embolism,, age at time of publication, age at onset of thrombosis, and length 
off  follow-up after the first episode. Furthermore, the occurrence, number and 
timingg of recurrent thromboembolic events were recorded. Recurrence status 
wass classified as present, absent or unknown (if status was not reported or 
reportedd as unknown). 
Iff  ages were not specifically mentioned, data were extracted from the pre-
sentedd survival curve(s). Otherwise the ages were estimated, as previously 
reported,, by review of the pedigree, with a 20- and 25-year interval between 
generations,, and a 1- and 2-year interval between siblings.3 

Forr each type of deficiency, the annual incidence of recurrent venous throm-
boembolismm for patients at risk was calculated by dividing the number of pa-
t ientss with a recurrent event by the total length of follow-up. 
Sincee we included only studies in which a systematic search for recurrent ve-
nouss thromboembolism was implicitly performed, patients with unknown re-
currencee status were treated in the analysis as not having suffered a 
recurrence.. For all patients, the time from the first episode of venous throm-
boembolismm until the first recurrence or end of follow-up was estimated using 
thee age at the time of the first episode and the age at the time of the first re-
currencee or the (estimated) age at the end of follow-up. Since duration of fol-
low-upp was not specified in some patients, a conservative estimate (upper 
limit )) of the annual incidence of recurrent venous thromboembolism was cal-
culatedd by assigning 0 in all patients with unknown duration of follow-up. A 
lowerr limi t was assessed using the observed median in patients with a re-
portedd follow-up time for patients with a missing follow-up time. This re-
sultedd in a range for the annual incidence of the risk for recurrent venous 
thromboembolism. . 

FamilyFamily cohort study 
Thee study subjects were family members of consecutive patients presenting 
too 1 of the 2 participating centres and in whom venous thromboembolism and 
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aa deficiency of antithrombin or protein C or S was diagnosed. A medical his-
toryy was obtained in consenting relatives, with specific attention to episodes 
off  venous thromboembolism. The investigator who took the history (B.J.S. or 
P.S.)) was unaware of the deficiency status of the study subjects. An episode of 
venouss thromboembolism was counted only if it had been confirmed using 
objectivee methods (for deep vein thrombosis, using ultrasound, impedance 
plethysmography,, or venography; for pulmonary embolism, using pulmonary 
angiographyy or ventilation-perfusion scan) or anticoagulant treatment had 
beenn administered for at least 3 months in patients with clinically suspectd 
(undocumented)) venous thromboembolism. 
Afterr recording the history, blood samples were collected to determine the de-
ficiencyficiency status of the subject. Blood samples (20mL) were collected using 
venipuncturee with 21-gauge butterfly infusion sets in a plastic syringe con-
tainingg 3.8% (weight-volume) sodium citrate in a volume ratio of 0.1:0.9 (an-
ticoagulant-blood).. Platelet-poor plasma was obtained by centrifugation at 
2,0000 g for 20 minutes and stored at -80° Celsius until it was analysed. Anti-
thrombinn antigen concentrations were measured using the Asseraplate Anti-
thrombinn II I Ki t (Boehringer Mannheim, Mannheim, Germany) and 
antithrombinn activity was measured using Behrichrom ATII I (Behringwerke, 
Marburg,, Germany). Protein C antigen concentrations were measured with 
enzyme-linkedd immunosorbent assay with rabbit anti-protein C polyclonal 
(DAKO,, Glostrup, Denmark) as catching antibody. Rabbit anti-protein C 
polyclonall  horseradish peroxidase conjugated antibody (DAKO) was used as a 
secondd antibody according to the instructions of the manufacturer. Protein C 
activityy was measured using the FP Protein C Reagent-Kit (Behringwerke). 
Concentrationss of total and free protein S were measured using en-
zyme-linkedd immunosorbent assay, with rabbit anti-protein S polyclonal an-
tibodyy (DAKO). The 15C4 anti-protein S monoclonal antibody (Serbio, 
Gennevilliers,, France) was used as catching antibody, and the rabbit 
anti-proteinn S polyclonal horseradish peroxidase conjugated antibody 
(DAKO),, diluted 1:1000, was used as a second antibody. The 15C4 
anti-proteinn S monoclonal antibody recognised only free protein S antigen. 
Proteinn S activity was measured using the Protein S IL-Ki t (Instrumentation 
Laboratories,, Milan, Italy). 

AA subject was considered deficient if after repeated tests 1 month apart, sub-
normall  values were measured in the relevant laboratory test for that family. 
Thee following reference values were used: antithrombin antigen concentra-
tion,, 0.80 to 1.20 U/mL; antithrombin activity, 0.80 to 1.20 U/mL; protein C 
antigenn concentration, 0.70 to 1.30 U/mL; protein C activity, 0.70 to 1.30 
U/mL;; total protein S concentration, 0.70 to 1.20 U/mL; free protein S con-
centration,, 0.26 to 1.08 U/mL. The criteria used for the classification of anti-
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thrombin,, protein C and protein S deficiencies are in accordance with re-
portedd criteria.7 

Forr all patients, the time from the first episode of venous thromboembolism 
untill  the first recurrence or end of follow-up was estimated using the ages at 
firstfirst episode and first recurrence or time of screening. 
Sincee the number of patients with each deficiency was small, the groups were 
combined.. The cumulative incidence and its 95% confidence interval (CI) 
weree calculated according to the Kaplan-Meier method. 

MultipleMultiple recurrent venous thromboembolic events and prophylaxis 
Forr both studies, the total number of recurrences during follow-up and the 
intervall  between subsequent episodes were described for all patients (ex-
cludingg probands) with at least 1 recurrence. In the family cohort study, peri-
odss in which patients received warfarin therapy were recorded. Therefore, 
thee annual incidence of recurrences with and without warfarin therapy could 
bee estimated. The first 3 months of follow-up after an event were not in-
cludedd in the calculation of total years with and without oral anticoagulation. 
Thee difference in annual incidences and 95% CI were calculated using the 
normall  approximation to the binomial distribution. 

Results s 

LiteratureLiterature review 
Inn 31 of the 58 potentially eligible studies,1864 a systematic search for recur-
rencee was performed (17 studies with antithrombin deficiency;1'2843 8 with 
proteinn S deficiency;4855 and 6 with protein C deficiency5964). The number of 
patientss with a deficiency reported in these studies and their status with re-
gardd to the presence of (recurrent) venous thromboembolic episodes are pre-
sentedd in Figure 1. 
Thee observed years of follow-up and annual incidence rates of recurrent ve-
nouss thromboembolic episodes are given in the Table. For patients with a 
proteinn C deficiency, an annual incidence could not be assessed, since follow-
upp time was reported in only 1 patient. For patients with antithrombin or 
proteinn S deficiency, annual incidence ranged from 13% to 17%. 
Thee number of patients with multiple recurrences is presented in the Table. 
Thee interval between 2 episodes of venous thromboembolism varied widely in 
patientss with antithrombin and protein S deficiencies. In both groups, the 
timee between 2 episodes ranged from 1 to about 20 years. In the literature 
review,, no treatment data were available, and it was not possible to system-
aticallyy discern spontaneous from secondary thrombosis. 
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Figuree 1. Presence of first and recurrent venous thromboembolism (VTE) in 
patientss with antithrombin or protein C or S deficiency in the literature re-
view.. Mean age at first VTE was 26 years for patients with antithrombin de-
ficiency,ficiency, 29 years for patients with protein S deficiency, and 35 years for 
patientss with protein C deficiency. 

Antithrombi nn deficienc y 
noo recurrenc e 

(n=!4 ) ) 

att  least I recurrenc e 
(n-38) ) 

unknow nn recurrenc e statu s 

177 studies ( I 3 type I, and 4 type 2 ) 
1455 persons with deficiency ( 122 and 23, respectively ) 

Protei nn S deficienc y 
noo recurrenc e 

(n=4) ) 

att  least 1 recurrenc e 
(n=2l) ) 

88 studies 
unknow nn recurrenc e statu s 

(n=4) ) 
500 persons with deficiency 

Protei nn C deficienc y 
noo recurrenc e 

(n=7) ) 

att  least I recurrenc e 
(nn = 28) 

66 studies 
933 persons with deficiency 

unknow nn recurrenc e statu s 
(n=l5) ) 
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Table.. Recur rent venous thromboembolic episodes in pa t ien ts w i t h ant i throm-

binn and prote in S deficiency. 

Antithrombinn Protein S 

deficiencyy deficiency 

(nn = 57) (n = 29) 

Followw up time* 

Withh recurrent venous 

thromboembolism m 

No.. of patients with reported 

follow-upp time 

Mediann (range), y 

Withoutt recurrent venous 

thromboembolism m 

No.. of patients with reported 

follow-upp time 

Mediann (range), y 

Totall  reported follow-up time, y 

Annuall  incidence of recurrences, 

No.. (%)t 

Lowerr limi t 

Upperr limit 

Episodess during follow-up, 

No.. of patients 

>1 1 

1 1 

Unspecified d 

**  Indicates years at risk for recurrence. 

tt Indicates number of recurrences/number of years at risk. The annual incidence of recurrent 

venouss thromboembolism could not be estimated for protein C deficiency. 

FamilyFamily cohort study 
Amongg 181 patients with a deficiency, only 42 patients had suffered 1 or more episodes 

off  venous thrombembolism. Therefore, the 3 deficiencies were combined for the analysis. 

Dataa on patients included in the family cohort study and their status with regard to the 

presencee of (recurrent) venous thromboembolic episodes are summarized in Figure 2. 

Eightt (47%) of the 17 patients with a spontaneous first thromboembolic episode had a 

recurrence,, as did 7 (28%) of the 25 patients with a secondary first thromboembolic epi-

sode.. The cumulative incidence of recurrent venous thromboembolism was 10% (95% 

CI,, 1%-19%) after 1 year and 23% (95% CI, 10%-36%) after 5 years. This in-

166 17 

1 ( 0 - 4 1)) 2 ( 0 - 1 2) 

5 ( 0 - 3 5)) 8 . 5 ( 1 - 3 2) 

2255 130 

38/282(13.5)) 21/155(13.5) 

38/225(16.9)) 21/130(16.2) 

244 9 

66 8 

88 4 
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Figuree 2. Presence of first and recurrent venous thromboembolism (VTE) in 
patientss with antithrombin or protein C or S deficiency in the family cohort 
study.. Of the 15 patients with a recurrent episode(s), 4 had received warfarin 
sodiumm (Coumadin) therapy. Sixty-five families, including 181 persons with a 
deficiency,, were included in the study. Mean age at first VTE was 33 years. 
Totall  follow-up time was 599 years (median, 9.5 years). 

noo VTE 

noo recurrenc e 
(n=27) ) 

att  least I recurrenc e 
(n=l5 ) ) 

dicatess a decline in the yearly incidence of recurrent venous thromboembo-
lismm after the first years following initial treatment. 
Onlyy 3 of the 27 patients without a recurrent event had received long-term 
warfarinn therapy until the time of observation (4-13 years). 
Tenn of a total of 31 recurrences occurred during the standard 3 months of 
warfarinn therapy following a thromboembolic episode. At least 8 of the 15 pa-
tientss at risk for further recurrences received 1 or more courses of prolonged 
orall  anticoagulation therapy. During the 141 years of prophylactic warfarin 
therapy,, 2 further events (1.4 % per year) occurred, while 19 recurrences oc-
curredd in the 709 years at risk in the absence of prolonged warfarin therapy 
(2.77 % per year) (difference, -1.3 percentage points in favour of warfarin ther-
apy;; 95 % CI, -3.5 to 1.0). 

Comment t 

Assessmentt of the true risk for recurrent venous thromboembolism in pa-
tientss with antithrombin or protein C or S deficiencies is difficult , due to the 
relativelyy low prevalence, approximately 7% to 10%, of these disorders among 
patientss with venous thromboembolism and the lack of prospective long-term 
follow-upp studies. Therefore, 2 approaches - a retrospective family cohort 
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analysiss and a literature review - were used to estimate the risk for recurrent 
venouss thromboembolism after a first episode in patients with antithrombin 
orr protein C or S deficiency. 
Inn the family cohort study, the 1- and 5-year cumulative incidences were 10% 
andd 23%, respectively. The annual incidence of recurrent venous thromboem-
bolismm showed a decline after the first years following the initial treatment 
fromm 10% to approximately 3%. The annual incidence of recurrences during 
follow-upp without warfarin therapy was 2.7% compared with 1.4% with pro-
longedd warfarin prophylaxis. This is a difference of -1.3 percentage points in 
favourr of warfarin therapy. In the literature review, annual incidence rates 
weree estimated based on 2 assumptions regarding duration of follow-up. This 
resultedd in an annual incidence of a first recurrent venous thromboembolism 
off  13% to 17% in patients with antithrombin deficiency and 14% to 16% in 
patientss with protein S deficiency. Although the estimates from the literature 
revieww and family cohort study have been derived using different methods, 
whichh hampers their comparison, the recurrence rate in the literature review 
seemss to be higher. This can be explained by several factors. First, there are 
differencess in treatment and methods of diagnosis of venous thromboembo-
lismm during the years reviewed. Whereas none of the patients in our family 
cohortt study had their first episode before the introduction of heparin sodium 
andd warfarin therapies, over 15% of first episodes in the literature review oc-
curredd during the years preceding the introduction of effective treatment. In 
addition,, during the last decades, warfarin therapy has been largely im-
proved.. Furthermore, whereas recurrent deep vein thrombosis was a clinical 
diagnosiss in virtually all patients in the literature review, approximately 50% 
off  patients in our family cohort study had an objective diagnosis of their re-
currentt disease. As the clinical diagnosis is known to be nonspecific,6566 and 
treatmentt has been shown to reduce recurrence rates by 50%,67-68 the esti-
matess in the literature review are likely to be higher than currently expected. 
Selection,, reporting, and publication bias in family reports published in peer-
reviewedd journals, missing data on duration of follow-up, conservative as-
sumptionss used to estimate the person-years at risk, and the fact that pa-
tientss in these reports with a less impressive history are likely to be 
describedd in less detail may have further contributed to the discrepancy be-
tweenn the estimates based on the literature review and family cohort study. 
Inn contrast, the risk for recurrence in our family cohort analysis could have 
beenn underestimated, since recurrent thromboembolic events were not as-
sessedd prospectively. 

Notwithstandingg their dissimilarities, both approaches show that the number 
off  recurrences during a lifetime vary between individual patients, and the in-
tervall  between 2 subsequent episodes of venous thromboembolism can be 
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veryy long without continuous prophylactic treatment. The estimated inci-
dencee of a first recurrence and decline in the recurrence rate after the first 
yearss following initial treatment in the family cohort study compares well 
withh the results of a recent prospective cohort study69 in which many patients 
receivedd warfarin therapy for 3 months. A 5-year cumulative incidence of re-
currencee among patients with these deficiencies of approximately 30% was 
reported,, which is slightly higher than the estimated 23% in our family co-
hortt analysis. Recurrence rate declined to approximately 3% per year. The 
50%% reduction in the number of events with warfarin therapy (from 2.7% to 
1.4%% per year) compares well with data from the literature as well.6768 

Basedd on the initial family reports, physicians may have been inclined to pre-
scribee lifelong warfarin therapy after a first or recurrent venous thromboem-
bolicc episode. Our data suggest that the use of warfarin therapy for 1 to 3 
yearss following a thromboembolic event may be justified, but that lifelong use 
certainlyy seems inappropriate in view of the reported risks for major bleeding 
off  2% to 3% per year. This recommendation is based on the assumption of a 
50%% reduction in the occurrence of venous thromboembolic events with war-
farinn therapy, which, during 100 patient-years of treatment, would prevent 4 
thromboticc events during the early years after a thrombotic episode and in-
ducee 2 major bleeding episodes. Thereafter, warfarin therapy would prevent 
11 to 2 thrombotic events during 100 patient-years of treatment and induce 2 
majorr bleeding events. 

Ideally,, such a management recommendation should be evaluated in a prop-
erlyy designed, prospective, randomised, controlled clinical trial in patients 
withh thrombophilia. However, based on the time and effort required to com-
pletee such a study, the use of clinical decision analysis may provide in an 
earlierr stage a more formal basis for the management recommendation in 
symptomaticc patients with hereditary thrombophilia. Such an analysis 
shouldd take into account that the risk for recurrence is not constant and 
shouldd include the incidences of fatal venous thromboembolic events and 
majorr and fatal bleeding associated with warfarin therapy. 
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Abstract t 

I tt has been reported that women with an inherited deficiency of antithrombin, 
proteinn C, or protein S have an increased risk for developing venous thrombo-
embolicc disease during pregnancy and the postpartum period. However, because 
thee available data on risk are flawed, it is difficult to define a rational, effica-
cious,, and safe policy about prophylaxis for venous thromboembolism in these 
women.. The objective of this study was to determine the frequency of venous 
thromboembolismm during pregnancy and the postpartum period in women with 
heritablee deficiencies of anticoagulant factors. The design of the study was that 
off  a retrospective cohort study performed in university outpatient clinics in the 
Netherlandss and Italy. 129 otherwise asymptomatic female family members of 
patientss with a history of venous thromboembolism and an established defi-
ciencyy of antithrombin, protein C or protein S participated in the study. A medi-
call  history, with specific attention to episodes of venous thromboembolism and 
obstetricc history, was taken. The anticoagulant factor status of the study par-
ticipantss was determined. If a patient had an episode of venous thromboembo-
lism,, subsequent pregnancies in that patient were not analysed. Of the 129 
womenn who participated in the study, 60 had anticoagulant factor deficiency 
andd 69 did not. In the nondeficient group, 198 pregnancies occurred; 1 of these 
(0.5%)) was complicated by an episode of venous thromboembolism during the 
postpartumm period. In the deficient group, 169 pregnancies occurred; 7 of these 
(4.1%)) were complicated by an episode of venous thromboembolism during the 
thirdd trimester of pregnancy (2 pregnancies [1.2%]) and the postpartum period 
(55 pregnancies [3.0%]). The risk for venous thrombembolism was increased 
eightfoldd in deficient women compared with nondeficient women (hazard ratio, 
8.00 [95% CI, 1.2 to 184). We conclude that anticoagulant factor-deficient women 
havee an increased risk for venous thromboembolism during pregnancy and the 
postpartumm period. Although data from an appropriate randomised clinical trial 
aree lacking, the frequency of venous thromboembolism seen in deficient women 
mightt justify the use of anticoagulative prophylaxis during the third trimester 
off  pregnancy and the postpartum period. 
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Introductio n n 

Deepp venous thrombosis is an important, although relatively infrequent, prob-
lemm during pregnancy and the postpartum period. Pulmonary embolism, a 
much-dreadedd complication of deep venous thrombosis of the leg, is one of the 
mostt frequent causes of maternal illness and death.1-2 

Amongg women in the general population between 20 and 40 years of age, the 
annuall  frequency of deep venous thrombosis is 0.18A.3 In other observational 
studies,477 the frequency of venous thromboembolism has varied from 0.13A. to 
0.7XX during pregnancy and from 0.61X to 2.3X during the postpartum period. 
Thesee findings indicate that the risk for venous thromboembolism might be 
increasedd only moderately during pregnancy but that it is clearly enhanced 
duringg the postpartum period. However, the absolute frequencies during both 
off  these periods remain low. 
Inn contrast, in women who have an inherited deficiency of a naturally occurring 
anticoagulantt - antithrombin, protein C or protein S - it has been reported that 
pregnancyy and the postpartum period are associated with a greatly increased 
riskk for venous thromboembolism.811 During pregnancy, the observed frequency 
off  venous thromboembolism per woman per pregnancy varied from 12% to 48% 
inn antithrombin-deficient women and from 2% to 8% in protein C-deficient 
women;; no thrombosis was seen in protein-S deficient women. During the post-
partumm period, the following frequencies were seen: 28% to 47% in antithrom-
bin-deficientt women, 11% to 20% in protein C-deficient women, and 14% in 
proteinn S-deficient women. 
However,, the usefulness of these data for clinical decision making is limited 
becausee the studies that produced the data lacked appropriate control groups 
andd included many patients who were identified because they presented with 
venouss thrombosis, either associated with or unrelatedd to pregnancy. In addi-
tion,, most of the identified thrombotic events were diagnosed on the basis of 
clinicall  findings only, which are known to be nonspecific, particularly during 
pregnancy.122 Hence, the frequencies reported previously are likely to be overes-
timates. . 
Ass a result, the best approach to anticoagulative prophylaxis for venous throm-
boembolismm in anticoagulant factor-deficient women during pregnancy and the 
postpartumm period is actively debated. Advocated regimens range from surveil-
lancee combined with noninvasive tests for deep venous thrombosis only to pro-
phylaxiss with therapeutic doses of heparin and oral anticoagulants throughout 
pregnancyy and the postpartum period 13>14 combined with intravenous admini-
strationn of the lacking proteins. 
Alsoo debated are the maternal and fetal adverse effects associated with the use 
off  heparin and oral anticoagulants during pregnancy. The administration of 
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coumarinss during pregnancy may cause embryopathy,15 and the use of heparin 
hass been associated with osteoporosis, which may result in bone fractures.1617 

Bothh of these drugs may also induce hemorrhagic complications, especially 
duringg delivery.1518 

Becausee the lack of accurate clinical data on the frequency of venous thrombo-
embolismm contributes to a wide variation in clinical practice regarding this 
event,, physicians obviously need better information about the frequency of 
venouss thromboembolism in anticoagulant factor-deficient women. We therefore 
soughtt to determine the frequency of venous thromboembolism during preg-
nancyy and the postpartum period among otherwise asymptomatic women with 
aa deficiency of antithrombin, protein C or protein S. We investigated all female 
familyy members of probands known to have a deficiency of one of these factors 
andd assessed the frequency of pregnancy-related venous thromboembolism in 
thiss group. The deficiency status of the female family members was determined 
onlyy after a careful, structured history was obtained. The female family mem-
berss found to be nondeficient were used as a representative control group. 

Methods s 

Patients Patients 
Femalee members of 69 families that had a documented deficiency of antithrom-
bin,, protein C, or protein S were investigated. The study participants were 
identifiedd through the family trees of unselected patients who had an objective 
diagnosiss of venous thromboembolism and were referred to the participating 
centress (Academic Medical Center, Amsterdam, the Netherlands; Institute of 
Medicall  Semeiotics, Padua, Italy). These probands were excluded from further 
study. . 
Al ll  of the women were interviewed by an investigator blinded to anticoagulant 
factor-deficiencyy status. A medical history, with attention to episodes of venous 
thromboembolismm and to events in the obstetric history (such as pregnancy, 
childbirth,, and postpartum periods), was obtained from each participant. An 
episodee of venous thromboembolism was considered to have occurred only if it 
hadd been documented by objective tests (ultrasonography, impedance plethys-
mographyy or venography for deep venous thrombosis; ventilation-perfusion lung 
scanningg or pulmonary angiography for pulmonary embolism) or if it had been 
clinicallyy diagnosed and the patient had been treated with anticoagulative drugs 
forr at least 3 months. If a patient reported having had a venous thromboembolic 
event,, further medical information was sought and reviewed by one of the inves-
tigatorss to establish the methods that had been used to diagnose the event. 
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VenousVenous thromboembolic events 
AA venous thromboembolic event was considered to be pregnancy related if it 
occurredd during pregnancy or within 3 months after childbirth. Episodes of 
pregnancy-relatedd venous thromboembolism were classified according to the 
periodd in which they occurred: first trimester of pregnancy, second trimester of 
pregnancy,, third trimester of pregnancy, puerperium ([7 days after delivery), 
andd the remaining postpartum period. If a patient had an episode of venous 
thromboembolism,, all subsequent pregnancies were excluded from the analysis 
too avoid risk enhancement and because anticoagulative prophylaxis is often 
givenn after such an episode. 

LaboratoryLaboratory assays 
Afterr the history was recorded, blood samples were collected for the determina-
tionn of anticoagulant factor status. Blood samples (20mL) were collected by 
venipuncturee with 21-gauge butterfly infusion sets into a plastic syringe con-
tainingg 3.8% sodium citrate; the ratio of the volume of anticoagulant to the 
volumee of blood was 0.1:0.9. Platelet-poor plasma was obtained by using cen-
trifugationn at 2,000 g for 20 minutes and was stored at -80°C until it was ana-
lysed. . 
Antithrombinn antigen concentrations were measured using the Asseraplate 
Antithrombinn II I  Ki t (Boehringer Mannheim, Mannheim, Germany); anti-
thrombinn activity was measured using Berichrom ATII I (Behringwerke, Mar-
burg,, Germany). 
Proteinn C antigen concentrations were measured with enzyme-linked immuno-
sorbentt assays (ELISA) using rabbit anti-protein C polyclonal antibody (DAKO, 
Glostrup,, Denmark) as catching antibody. Rabbit anti-protein C polyclonal 
horseradishh peroxidase conjugated antibody (DAKO) was used as the second 
antibodyy according to the manufacturer's instructions. Protein C activity was 
measuredd using the Protein C Reagent Ki t (Behringwerke). 
Concentrationss of total and free protein S were measured by ELISA using rabbit 
anti-proteinn S polyclonal antibody (DAKO). The 15C4 anti-protein S monoclonal 
antibodyy (Serbio, Gennevilliers, France) was used as catching antibody, and the 
rabbitt anti-protein S polyclonal horseradish peroxidase conjugated antibody 
(DAKO),, diluted 1:1000, was used as the second antibody. The 15C4 anti-protein 
SS monoclonal antibody recognised only free protein S antigen. Protein S activity 
wass measured using the Protein S IL-Ki t (Instrumentation Laboratories, Milan, 
Italy). . 

AA participant was considered to be deficient if repeated tests done 1 month apart 
showedd values that were subnormal for the protein deficiency in that par-
ticpant'ss family. The following reference values were used: antithrombin antigen 
concentration,, 0.80 to 1.20 U/mL; antithrombin activity, 0.80 to 1.20 U/mL; 
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proteinn C antigen concentration, 0.70 to 1.30 U/mL; protein C activity, 0.70 to 
1.300 U/mL; total protein S concentration, 0.70 to 1.20 U/mL; and free protein S 
concentration,, 0.26 to 1.08 U/mL. The criteria used to classify antithrombin, 
proteinn C, and protein S deficiencies accord with those reported in the current 
literature.19 9 

Activatedd partial thromboplastin time and prothrombin time were determined 
inn an effort to exclude vitamin K deficiency. Activated partial thromboplastin 
timee was measured by using ActinFS (Dade, Miami, USA) (normal range, 25 to 
366 seconds); prothrombin time was measured by using Thromboplastin IS 
(Dade)) (normal range, 11 to 14 seconds.). During the time of the laboratory 
investigation,, none of the study participants were pregnant or in the postpartum 
period.20-23 3 

Thee participants were categorised according to deficiency status into a nondefi-
cientt group and a deficient group. The deficient group was further subdivided 
accordingg to specific deficiency. 

StatisticalStatistical analysis 
Inn each group, the frequency of venous thromboembolism was calculated by 
dividingg the number of pregnancy-related venous thromboembolic episodes by 
thee total number of recorded pregnancies and by the total number of women. 
Thee percentages of deficient and nondeficient women who had thromboembolic 
episodess were compared using the Fisher exact test. Using a Cox model, we 
calculatedd the hazard ratio (and its mid-p corrected 95% CI) for pregnancy-
relatedd venous thromboembolism in deficient women compared with nondefi-
cientt women (SAS, Inc., version 6.11, Cary, North Carolina). The P values were 
calculatedd by using the exact log-rank test. For this purpose, a pregnancy was 
regardedd as the unit of time and women who had not had a venous thromboem-
bolicc event by the end of their last pregnancy were considered to be censored. 

Resul ts s 

Off  the female members of the 69 families, 282 women were potentially eligible 
forr the study. Of these, 52 could not be contacted because they lived abroad 
(n=12)) or had lost contact with the family (n=40). Twenty others refused to 
participate.. Thus, 210 women were interviewed. Of these, 129 had been preg-
nantt at least once. Sixty-nine participants (53%) were nondeficient and 60 (47%) 
weree deficient (13 had antithrombin deficiency, 19 had protein C deficiency, and 
288 had protein S deficiency). Mean age at the time of first childbirth was 25 
yearss (range, 16 to 40 years) in the nondeficient group and 26 years (range, 17 
too 43 years) in the deficient group. Similar findings were obtained separately in 
thee groups with deficiency of antithrombin, protein C and protein S. 
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Thee 129 women who participated in the study had a total of 367 qualifying 
pregnanciess (pregnancies that occurred before a thrombotic event occurred). In 
thee nondeficient group, 198 pregnancies (54%) were recorded; 169 pregnancies 
(46%)) were recorded in the deficient group. Thirty-three pregnancies were re-
cordedd in the antithrombin-deficient group, 60 were recorded in the protein C-
deficientt group, and 76 were recorded in the protein S-deficient group. 
Inn eight cases, pregnancy or the postpartum period was associated with an 
episodee of venous thromboembolism (Table 1). In three of these eight cases, the 
diagnosiss had been established by objective testing; in the other five cases, the 
diagnosiss had been made on the basis of clinical signs and symptoms and had 
beenn followed by at least 3 months of anticoagulative drug therapy. One of the 
1988 pregnancies (0.5%) in the nondeficient group was complicated by an episode 
off  venous thromboembolism, whereas thromboembolism occurred in 7 of 169 
pregnanciess (4.1%) in the deficient group (1 of 33 pregnancies in the antithrom-
bin-deficientt group [3.0%], 1 of 60 pregnancies in the protein C-deficient group 
[1.7%],, and 5 of 76 pregnancies in the protein S-deficient group [6.6%]). Thus, 
overall,, 1 of the 69 women in the nondeficient group (1.5% [95% CI, 0.0% to 
7.8%])) and 7 of the 60 women in the deficient group (11.7% [CI, 4.8% to 22.6%]) 
hadd an episode of pregnancy-related venous thromboembolism (P=0.02 for the 
difference).. In the deficient group, 2 episodes of venous thromboembolism oc-
curredd during pregnancy, resulting in a frequency of 1.2% of pregnancies, and 
fivefive episodes occurred during the postpartum period, resulting in a frequency of 
3%% of pregnancies. The risk for venous thromboembolism during pregnancy and 
thee postpartum period was increased eightfold in deficient women compared 
withh nondeficient women (hazard ratio, 8.0 [CI, 1.2 to 184]; P < 0.03). The as-
sumptionss underlying the Cox model were met, and no observations had an 
undulyy high influence on the model. The occurrence of a first thromboembolic 
eventt in consecutive pregnancy and postpartum periods is shown in Table 2. 
Inn the single nondeficient patient (patient 1; Table 1) with deep venous throm-
bosis,, the event occurred during immobilisation that resulted from a fracture of 
thee pelvic bone that occurred during childbirth. This patient was treated with 
heparinn and oral anticoagulants. She had several more subsequent episodes of 
venouss thromboembolism. 

Thee one antithrombin-deficient patient with deep venous thrombosis (patient 
2)) had this event during the third trimester of pregnancy. Three weeks later, 
shee had a stillbirth at 38 weeks of pregnancy. Two years after that event, the 
patientt had a recurrent period of deep venous thrombosis. In the one protein C-
deficientt patient who had deep venous thrombosis (patient 3), the event occurred 
duringg the third trimester of pregnancy and was followed by pulmonary embo-
lismm 3 days later. Al l five of the protein S-deficient patients who had venous 
thromboembolismm (patients 4 to 8) had this event during the postpartum 
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Tablee 2. Occurrence of thromboembolic events during pregnancies. 

Pregnancyy Women without anticoagulant Women with anticoagulant 

factorr deficiency factor deficiency 

n/n* * 

1st t 

2nd d 

3rd d 

4th h 

5th h 

6th h 

7th h 

8th h 

0/69 9 

0/60 0 

0/37 7 

1/19 9 

0/8 8 

0/3 3 

0/1 1 

0/1 1 

2/60 0 

3/49 9 

1/27 7 

0/15 5 

0/9 9 

176 6 

0/3 3 

--

**  Values are number of thromboembolic events/number of pregnancies 

period;; two of these episodes (those in patients 4 and 7) occurred during the 
puerperium.. Two of the patients (patients 2 and 7, who were deficient in protein 
CC and protein S, respectively) had several episodes of recurrent deep venous 
thrombosis. . 

Discussion n 

Wee sought to obtain a more accurate understanding of the frequency of venous 
thromboembolismm during pregnancy and the postpartum period in anticoagulant 
factor-deficientt women who had not previously had an episode of venous throm-
boembolism. . 
Venouss thromboembolism was seen, overall, in 4.1% of pregnancies in antico-
agulantt factor-deficient women; two episodes (1.2%) occurred during the third 
trimester,, and five episodes (3.0%) occurred during the postpartum period. 
Overalll  frequencies for women with specific deficiencies were 3.0% of pregnan-
ciess for women with antithrombin deficiency, 1.7% of pregnancies for women 
withh protein C deficiency, and 6.6% of pregnancies for women with protein S 
deficiency.. The estimated overall hazard ratio of 8.0 (CI, 1.2 to 184) for venous 
thromboembolismm during pregnancy among deficient women compared with 
nondeficientt women is close to 1) the odds ratios (9.8 to 13.7) for all cases of 
venouss thromboembolism reported in a literature review24 that included avail-
ablee cross-sectional family studies and 2) the odds for venous thromboembolism 
outsidee of pregnancy and the postpartum period that have been found in other 

65 5 



ChapterChapter 5 

studiess of families with anticoagulation factor deficiencies.25 27 However, the 
absolutee frequencies are substantially lower than those reported earlier, which 
weree 12% to 48% in antithrombin-deficient women, 2% to 8% in protein C-
deficientt women, and 0% in protein S-deficient women during pregnancy and 
28%% to 47% in antithrombin-deficient women, 11% to 20% in protein C-deficient 
women,, and 14% in protein S-deficient women during the postpartum period. 
Thee most likely explanation for this discrepancy is the avoidance of selection 
biass in our study. We accomplished this by excluding the probands from the 
analysiss and including participants in the study before deficiency status or 
historyy of previous thrombotic events was known. Similar studies in women 
withh Factor V Leiden mutation are currently being done, but the data from 
thesee studies are not yet available. 

Severall  important methodological issues in our study warrant comment. In the 
groupp with anticoagulant factor deficiency, three thromboembolic episodes had 
beenn diagnosed with objective tests and the other four (as well as the single 
episodee in the nondeficient group) had been diagnosed on the basis of clinical 
groundss alone. This method of diagnosis was used because, in most patients, the 
diagnosiss had been established before objective diagnostic testing was generally 
available.. Because it has been shown that the clinical diagnosis of venous 
thromboembolismm is inaccurate, especially during pregnancy, the low frequen-
ciess found in our study could be overestimates. However, the relative risk can 
bee considered accurate and realistic because we included an appropriate control 
groupp and determined the deficiency status of participants only after the medi-
call  history was taken. Moreover, because our study was retrospective, our re-
sultss could have been biased by the presence of undetected excess mortality in 
thee deficient group (that is, some women at high risk for thromboembolism may 
nott have survived to become pregnant). However, recent reports 28,29 have not 
shownn excess mortality among anticoagulant factor-deficient persons. 
Too what extent do our results help physicians decide whether to administer or 
withholdd anticoagulative prophylaxis during pregnancy and the postpartum 
periodd in asymptomatic women with a deficiency of antithrombin, protein C or 
proteinn S ? The observed overall frequency of pregnancy-related symptomatic 
venouss thromboembolism - 4.1% - is low relative to previously reported frequen-
ciess per pregnancy, but it is similar to the frequency of symptomatic venous 
thromboembolismm that was seen in patients having hip surgery who had not 
receivedd anticoagulative prophylaxis.30-31 

Givenn the efficacy of subcutaneous low-molecular-weight heparin in the preven-
tionn of deep venous thrombosis in patients having major surgery,32 prophylaxis 
withh this agent could be advocated for pregnant, anticoagulant factor-deficient 
womenn who have not previously had venous thromboembolism. Such an ap-
proachh is likely to avoid the reported hemorrhagic complications during child-
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birthh that are associated with high-dose unfractionated heparin,1518 provided 
thatt the low-molecular-weight heparin therapy is discontinued in a timely 
mannerr before delivery. 
Intrinsicc to the decision about administering anticoagulative prophylaxis during 
pregnancyy is the selection of a proper time to start this prophylaxis. In our 
study,, venous thromboembolism primarily occurred during the postpartum 
period;; this agrees with data reported earlier.1011 Ginsberg and colleagues, who 
studiedd pregnant women with deep venous thrombosis whose deficiency status 
wass not assessed, reported an equal distribution of venous thromboembolism 
overr all trimesters of pregnancy.33 Currently available data suggest that the 
highestt prophylactic effectiveness would be obtained with the use of anticoagu-
lativee prophylaxis around the period of childbirth. Because the prevention of 
venouss thromboembolism throughout the entire pregnancy would necessitate 
thee administration of anticoagulants for a much longer period, the added benefi-
ciall  effect, expressed as episodes of venous thromboembolism prevented per 
monthh of treatment, would be relatively small. The therapeutic option of using 
prophylacticc dosages of low-molecular-weight heparin around the time of deliv-
eryy is considered valid because it is assumed that the risk for major hemorrhagic 
complicationss associated with the use of low-molecular-weight heparin during 
thee third trimester of pregnancy and the postpartum period is similar to the 1% 
riskk seen in patients having hip surgery.32 However, one might argue that if this 
drugg is administered for a period longer than the third trimester and the post-
partumm period combined, this risk for major hemorrhage wil l be higher and thus 
mayy outweigh the benefits of treatment. Given this consideration, the alterna-
tivee strategy of surveillance combined with noninvasive tests for deep venous 
thrombosiss (watchful waiting) throughout pregnancy may constitute an option 
too be considered. 

Inn conclusion, the risk for venous thromboembolism during pregnancy and the 
postpartumm period is increased in women with a deficiency of antithrombin, 
proteinn C or protein S compared with women without these deficiencies. On the 
basiss of the absolute risk for venous thromboembolism in the period surrounding 
childbirth,, we suggest that anticoagulant factor-deficient patients should receive 
anticoagulativee prophylaxis with low-molecular-weight heparin during the third 
trimesterr and postpartum period. In the absence of data from randomised trials, 
however,, these recommendations must be considered tentative. Such trials are 
neededd to convert this preliminary advice into a well-defined, evidence-based 
guideline. . 
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Abstract t 

Hereditaryy deficiencies of the naturally occurring anticoagulants are well-
recognisedd conditions predisposing to recurrent venous thromboembolism. 
Sincee thrombotic phenomena have been implied as a cause of abortion and 
stillbirth,, we hypothesised that these deficiencies increase the risk of fetal 
demise. . 

AA group of 129 female subjects who had been pregnant at least once and who 
hadd a family member with documented venous thrombosis associated with a 
deficiencyy of AT, PC or PS was studied. We first assessed the obstetric his-
toryy and subsequently determined the deficiency status. In the 60 deficient 
subjectss 42 (22.3%) of the 188 pregnancies resulted in miscarriage or still-
birthh as compared to 23 (11.4%) of the 202 pregnancies in the 69 non-
deficientt subjects. The relative risk of abortion and stillbirth per pregnancy 
forr deficient women as compared to non-deficient women was 2.0 (95% CI 1.2-
3.3). . 
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Introductio n n 

Antithrombinn (AT), protein C (PC), and protein S (PS) are naturally occur-
ringring inhibitors of coagulation. The function of AT is the blocking of the bio-
logicc activity of mainly the serine protease thrombin and factor X.1 Activated 
PCC degrades activated co-factors VII I and V and may also stimulate fibri-
nolysiss by suppressing the level of the fast-acting inhibitor of plasminogen 
activator.22 PS functions as a co-factor for PC.3 

Ann inherited deficiency of one of these proteins has been associated with an 
increasedd risk of developing venous thromboembolism.4 Pregnancy also 
causess a hypercoagulable state due to increased synthesis of coagulation fac-
tors,, venous stasis and release of tissue thromboplastins. Normally, the 
plasmaa anti-coagulant system of AT, PC, and PS counters this tendency, but 
inn congenital deficiencies this protection may be decreased,5 leading to a po-
tentiallyy greater risk of developing thrombosis.6 

I tt has been suggested that thrombosis in decidual blood vessels may lead to 
fetall  demise and subsequent abortion or stillbirth.7 Recently it has been 
shownn in an animal model that the absence of thrombomodulin, a pivotal 
proteinn in the activation of PC, leads to failure of the embryo to survive mid-
gestation.88 Therefore we hypothesised that the risk of fetal demise might be 
increasedd in female subjects heterozygous for one of the thrombophilic condi-
tionss mentioned above. In the normal population, the incidence of intrauter-
inee fetal death is 10-15% per pregnancy.9 Currently the incidences of abortion 
andd stillbirth in women with a deficiency of AT, PC or PS are unknown. In 
thiss study, we assessed the incidences of abortion and stillbirth in AT-, PC-, 
orr PS-deficient women as compared to that in an appropriate control group of 
non-deficientt women. 

Pat ientss and methods 

Wee included 210 female family members of unselected male and female pa-
tientss with documented venous thromboembolism and an established defi-
ciencyy of either AT, PC or PS in the study. A medical history with specific 
attentionn to the obstetric history (pregnancies, childbirth and obstetric com-
plicationss such as abortion and stillbirth) was taken by an investigator un-
awaree of the deficiency status of the subject. An abortion was defined as 
beingg the loss of the fetus after the 8th week but before the 25th week since 
thee first day of the last menstruation. A stillbirth was defined as being the 
intrauterinee fetal death after a pregnancy duration of more than 24 weeks. 
Afterr recording of the history, blood was drawn for determination of the defi-
ciencyy status of the subject. AT, PC and PS levels were determined by com-
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merciallyy available tests: AT antigen: Polyclonal Anti-ATII I Antibodies, 
Stago,, France; AT activity: Berichrom-ATIII, Behringwerke, Marburg, Ger-
many;; PC antigen: Asserachrom, Behring AG, Mannheim, Germany; PC ac-
tivity :: COAMATIC-protein C-kit, Chromogenics, Mölndal, Sweden; PS: 
E.L.I.S.A.,, Dako ITK Diagnostics, Denmark. A subject was considered defi-
cientt if after repeated testing, one month apart, subnormal values were found 
usingg the following reference ranges: AT antigen: 0.80- 1.20 U/ml; AT activity 
0.80-1.200 U/ml; PC antigen: 0.70-1.30 U/ml; PC activity: 0.70-1.30 U/ml; PS 
total:: 0.70-1.20 U/ml; PS free: 0.26-1.08 U/ml. The activated partial thrombo-
plastinn time (APTT) and the prothrombin time (PT) were also determined at 
thiss time to exclude a vitamin K deficiency; APTT: ActinFS, Dade, Switzer-
landd (n: 24-36 s); PT: Thromboplastin IS, Dade, Switzerland (n: 10-14 s). 

Resul ts s 

Off  the 210 women, 129 had been pregnant at least once. Of them, 60 (46.5%) 
weree found to be deficient: AT (13 subjects; 21.7%); PC (19 subjects, 31.7%); 
PSS (28 subjects; 40.6%). The other 69 (53.5%) women were non-deficient. In 
total,, there were 188 pregnancies in deficient subjects and 202 in non-
deficientt subjects. The number of pregnancies and the proportion that ended 
inn either miscarriage or stillbirth per pregnancy per group is shown in Table 
1. . 

Tablee 1. The number of pregnancies and the proportion per pregnancy that 
endedd in either abortion or stillbirth in deficient and non-deficient women. 

Non-deficientt All deficient AT PC PS 

Pregnanciess 202 188 36 61 91 

Abortionss and 23 42 10 17 15 

stillbirths s 

11.4%% 22.3% 27.8% 27.9% 16.5% 

Inn the non-deficient group 20 abortions and 3 stillbirths occurred in the 202 
pregnancies.. The total risk of fetal demise was therefore 11.4% per preg-
nancy.. In the 188 pregnancies which took place in the deficient group 36 
abortionss and 6 stillbirths occurred. The total risk in this group was therefore 
22.3%% per pregnancy. The relative risk of abortion and stillbirth in deficient 
womenn as compared to non-deficient women is 2.0 (95% CI 1.2 to 3.3 
p<0.003).. The differences are more marked among subjects with an AT or PC 
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deficiencyy (relative risk 2.5), as compared to subjects with a PS deficiency 
(relativee risk 1.5), although all are well within the range of the overall 95% 
CI.. Repeated abortions occurred in 10 of the 60 deficient women as compared 
too 5 of the 69 non-deficient women. 
Inn the non-deficient group 8 of the 202, and in the deficient group 8 of the 188 
pregnanciess were complicated by a premature onset of labour, i.e. onset of la-
bourr before the 36th week of gestation. Hypertension developed during 6 
pregnanciess in the non-deficient group and during 7 pregnancies in the defi-
cientt group. Two pregnancies in the non-deficient group and 3 in the deficient 
groupp were complicated by a period of pre-eclampsia. In the non-deficient 
groupp one case of diabetes of gravidity was recorded while none were re-
cordedd in the deficient group. 

Discussion n 

Wee have studied female family members of patients who had presented to us 
withh documented deep-vein thrombosis and an established deficiency of ei-
therr AT, PC or PS. The proportion of pregnancies that ended in an abortion 
orr in a stillbirth observed in the non-deficient group was well within the 
rangee known for the normal population. We observed a statistically signifi-
cantt and clinically important increase of this proportion among deficient fe-
malee subjects. Although due to the retrospective character of this study a 
systematicc search for other causes of abortion and stillbirth was not per-
formed,, it is reasonable to assume that these are equally distributed among 
thee groups. Among the normal population a relatively small proportion of 
spontaneouss abortions and stillbirths is attributed to primary thrombotic 
phenomenaa within the placenta vessels.9 We hypothesise that the increase in 
fetall  demise among deficient females could be explained by an increase of 
thesee thrombotic events, although the exact pathophysiology as well as the 
therapeuticc consequences remain unknown. 
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Abstract t 

Unfractionatedd heparin (UFH) remains the anticoagulant of choice during 
pregnancy.. Low-molecular-weight heparins (LMWH) are an attractive alter-
nativee to UFH due to their logistic advantages and their association with a 
lowerr incidence of osteoporosis and HIT. We reviewed all published clinical 
reportss concerning the use of LMWH during pregnancy. In addition, partici-
pantss of an international interest group contributed a cohort of pregnant 
womenn treated with LMWH. Pregnancies were divided into two groups; those 
withh and those without maternal comorbid conditions. The number of ad-
versee fetal outcomes and the occurrence of maternal complications were 
evaluatedd in the two groups. In the group of women with comorbid conditions 
(n=290),, 13.4% of the pregnancies were associated with an adverse fetal out-
come.. In contrast, in the group of women without comorbid conditions 
(n=196),, 3.1% were associated with an adverse outcome, which is comparable 
too that seen in the normal population. We conclude that LMWH appear to be 
aa safe alternative to unfractionated heparin as an anticoagulant during 
pregnancy. . 
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Introductio n n 

Antithromboticc therapy during pregnancy is used for the treatment and pro-
phylaxiss of venous thromboembolic disease, for the treatment and prevention 
off  systemic embolism associated with valvular heart disease and/or mechani-
call  heart valves, and for the prevention of fetal growth retardation and preg-
nancyy loss in patients with antiphospholipid antibodies.1-2 Since antithrom-
boticc agents have the potential to produce complications in both the mother 
andd fetus, their use during pregnancy raises concerns. 
Coumarinn derivatives can cause embryopathy which consists of nasal hypo-
plasiaa and/or stippled epiphyses after in utero exposure during the first tri-
mesterr of pregnancy, and CNS abnormalities that can occur after exposure 
duringg any trimester.3-4 Neonatal infant hemorrhage is a possibility if couma-
rinn derivatives are administered to the mother near term. Therefore, unfrac-
tionatedd heparin has emerged as the anticoagulant of choice in this setting, 
sincee this agent does not cross the placenta5 and its efficacy and safety are 
welll  recognized in the prevention and treatment of venous and arterial 
thromboembolicc disease.68 In a systematic review of the literature it was 
shownn that adverse fetal/infant outcomes occurred to a far lesser extent in 
womenn exposed to unfractionated heparin as compared to those who received 
coumarinn derivatives.9 The findings suggested that heparin therapy in preg-
nancyy is associated with an adverse fetal/infant outcome rate that is similar 
too that observed in "normal" pregnancies. However, treatment with unfrac-
tionatedd heparin has serious drawbacks including osteoporosis,1011 and hepa-
rinrin induced thrombocytopenia, which may be complicated by venous or 
arteriall  thromboembolic complications.12-13 A previous study has shown that 
symptomaticc fractures of the vertebrae may occur in up to 2.2% of pregnant 
womenn treated with unfractionated heparin.14 Long term exposure to unfrac-
tionatedd heparin has also been shown to be associated with asymptomatic de-
creasee in bone density.10 In addition, treatment with unfractionated heparin 
att therapeutic levels, either by continuous intravenous infusion or twice daily 
subcutaneouss injections, requires laboratory monitoring and dose adjust-
mentss on a regular basis. 

Basedd on an equal efficacy and safety profile, low-molecular-weight heparins 
havee replaced unfractionated heparin in the prophylaxis and treatment of pa-
tientss with venous thromboembolism.15 Compared to unfractionated heparin, 
low-molecular-weightt heparins have the advantage of an increased half-life 
andd improved bioavailability.1617 Therefore, low-molecular-weight heparins 
cann be administered subcutaneously once-daily, with a dose based on body-
weightt only, without the necessity of laboratory monitoring and dose-
adjustments.. Furthermore, these agents have been shown to be associated 
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withh a substantially lower incidence of heparin induced thrombocytopenia 
andd osteoporosis.1820 As with unfractionated heparin, low-molecular-weight 
heparinss do not cross the placental barrier.21'22 

Inn contrast to the numerous clinical studies comparing low-molecular-weight 
heparinss with unfractionated heparin in various clinical conditions, the 
evaluationn of these fractions in pregnancy has been limited to small case se-
ries.. The reluctance to perform proper comparative studies has created un-
certaintyy about the value of low-molecular-weight heparin for pregnant 
patientss who require antithrombotic therapy. We therefore performed a sys-
tematicc review to evaluate the potential role of low-molecular-weight hepa-
rinss in pregnancy. 

Methods s 

DataData collection 
Wee have aimed to identify all clinical reports that addressed the use of low-
molecular-weightt heparin during pregnancy by electronic searching of Med-
linee and Embase, and by hand-searching relevant journals. Furthermore, 
studiess were searched through personal communications with colleagues and 
companiess manufacturing low-molecular-weight heparin. In addition, an in-
ternationall  interest group was formed during the 1997 conference of the In-
ternationall  Society on Thrombosis and Haemostasis consisting of experts in 
thee field of anticoagulation and pregnancy. These experts contributed un-
publishedd cohorts of women treated with low-molecular-weight heparin dur-
ingg pregnancy. The identified articles and unpublished cohorts were reviewed 
andd assessed for inclusion based on predetermined criteria by two independ-
entt investigators. The eligibility criteria were administration of low-
molecular-weightt heparin antepartum without the concomitant use of an-
otheranticoagulantt agent and adequate reporting of fetal/infant outcome. 

Definitions Definitions 
Pregnanciess were divided in two groups; those with and those without ma-
ternall  comorbid conditions.9 Maternal comorbid conditions were defined as 
thosee conditions which are considered to be potentially associated with ad-
versee pregnancy outcomes. These include women with antiphospholipid anti-
bodiess or other autoantibodies, with previous fetal loss, with pre-eclampsia, 
andd with other serious conditions independently associated with a poor preg-
nancyy outcome. Women treated with low-molecular-weight heparin because 
off  a history of (venous) thromboembolism or an acute thromboembolic event 
andd those receiving low-molecular-weight heparin for prevention of systemic 
embolismm in relation with valvular heart disease or mechanical heart valves 
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weree not considered to be at a high risk for adverse pregnancy outcomes. 
Pregnancyy outcomes were considered adverse if conceptus death occurred 
(abortion,, stillbirth, or neonatal death), if a congenital malformation was pre-
sent,, if the delivery was premature (less than 37 weeks of gestation), or if 
neonatall  outcome was otherwise poor. Premature deliveries in which the in-
fantss ultimately suffered no permanent deformities or disabilities were fi-
nallyy classified as successful pregnancy outcomes. Reports were excluded 
fromm the analysis if the aforementioned maternal conditions and pregnancy 
outcomess could not be related to each other. 
Thee occurrence of venous thromboembolic complications, thrombocytopenia, 
osteoporosiss and haemorrhagic episodes was noted. Haemorrhagic episodes 
weree classified as clinically important or minor, according to international 
criteria.. Also the type of low-molecular-weight heparin, its dosage (divided in 
low,, intermediate and high dose), performance of dose adjustments and over-
alll  duration of therapy were extracted. Low dose treatment was defined as 
beloww 75 anti-Xa units/kg per day, intermediate dose as between 75 and 150 
anti-Xaa units/kg per day and high dose treatment as greater than 150 anti-
Xaa units/kg per day. These dosages correspond roughly to prophylactic, me-
diumm and therapeutic dosages. 

StatisticalStatistical analysis 
Iff  multiple pregnancies were reported in a single patient, only the first preg-
nancyy was considered for the analysis. The analysis was performed for all 
pregnanciess combined and for pregnancies with and without maternal 
comorbidd conditions separately with the aim of identifying clinically impor-
tantt adverse fetal/infant outcomes caused by low-molecular-weight-heparin. 
Sincee the selected maternal comorbid conditions were independently associ-
atedd with an adverse pregnancy outcome, the main analysis was confined to 
thee subgroup of women without such conditions. Confidence intervals based 
onn the binominal approximation to the normal distribution were calculated 
wheree indicated. 

Results s 

AA total of 486 pregnancies in which low-molecular-weight heparin was ad-
ministeredd as the sole anticoagulant agent were identified from 21 different 
studiess (Table 1). Of these, 11 were published reports2333 (203 pregnancies) 
andd 10 were cohorts (283 pregnancies) for which data were provided by the 
participantss of the international interest group. Of the total group, most were 
receivingg low-molecular-weight heparin because of a history of previous ve-
nouss thromboembolic disease (n=149), or the presence of auto-antibodies 
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Tablee 1. Published reports and cohorts supplied by participants of the inter-
nationall  interest group, type and dosage of LMWH, fixed dose or intention to 
adjust,, number of pregnancies with and without maternal comorbidity. 

Reference/ / 
cohortt centre 

Publishedd reports 
Gillisetal.,, 1992 
Griss et al., 1995 
Kisss et al., 1995 
Nelson-Piercyy et al., 1997 
Theunissenn et al., 1995 
Leee et al., 1996 
Bodaa et al., 1996 
Melissarii  et al., 1992 
Heligrenn et al., 1996 
Huntt et al., 1997 
Laskinetal.,, 1997 

Cohorts s 
Rambamm Medical Center, 
Haifa,, Israel 
Shebaa Medical Center, Tel 
Aviv ,, Israel 
Altaii  Medical University, 
Moscow,, Russia 
Catholicc University of 
Louvain,, Belgium 
Academicc Medical Center, 
Amsterdam, , 
Thee Netherlands 
Universityy Medical 
School,, Debrecen, 
Hungary y 
St.. Emeric Hospital, 
Budapest,, Hungary 
Universityy Hospital, 
Maastricht, , 
Thee Netherlands 
Slotervaartt Hospital, 
Amsterdam, , 
Thee Netherlands 
Gentoftee Hospital, 
Hellerup,, Denmark 

Typee of 
LMWH H 
used d 

enoxaparin n 
enoxaparin n 
enoxaparin n 
enoxaparin n 
nadroparin n 
nadroparin n 
nadroparin n 
dalteparin n 
dalteparin n 
dalteparin n 
reviparin n 

enoxaparin n 

enoxaparin n 

nadroparin n 

nadroparin n 

nadroparin n 

nadroparin n 

nadroparin n 

nadroparin n 

nadroparin n 

tinzaparin n 

Dosage e 
LMWH H 

Low w 
Low w 
Low w 
Low w 
Low w 
High h 
Low w 
Low w 
Low w 
Intermediate e 
Low w 

Low/ / 
Intermediate e 
Low w 

Low/ / 
Intermediate e 
Low/ / 
Intermediate e 
High h 

Low w 

Intermediate e 

Intermediate/ / 
High h 

Low w 

Low w 

Fixedd dose/ 
intentionn to 
Adjust t 

Fixed d 
Fixed d 
Fixed d 
Fixed d 
Fixed d 
Adjust t 
Fixed d 
Adjust t 
Adjust t 
Adjust t 
Fixed d 

Fixed d 

Fixed d 

Fixed d 

Fixed d 

Adjust t 

Fixed d 

Fixed d 

Fixed d 

Fixed d 

Fixed d 

Pregnancies s includedd in 
analysis s 

nn with 
maternal l 

comorbidity y 

0 0 
16 6 
1 1 
15 5 
14 4 
0 0 
0 0 
6 6 
0 0 
14 4 
43 3 
109 9 

32 2 

22 2 

77 7 

41 1 

0 0 

0 0 

1 1 

2 2 

0 0 

6 6 

181 1 

nn without 
maternal l 

comorbodity y 

1 1 
0 0 
0 0 
46 6 
0 0 
1 1 
7 7 
3 3 
22 2 
14 4 
0 0 
94 4 

8 8 

16 6 

10 0 

9 9 

18 8 

10 0 

6 6 

7 7 

5 5 

13 3 

102 2 
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Tablee 2. Indication for LMWH use during pregnancy in subgroups with and 
withoutt maternal comorbidity, number of adverse fetal/infant outcomes. 

Pregnanciess associated with maternal comorbid conditions 

Indicationn for LMWH use n Adverse fetal/infant outcomes, n 

Auto-antibodiess 163 27 

Unexplainedd (recurrent) fetal loss 93 10 

Pre-eclampsiaa 28 0 

Miscellaneouss conditions 6 2 
Totall  290 39 (13.4%, 9.5-17.4%) 

Pregnanciess not associated with maternal comorbid conditions 

Indicationn for LMWH use n Adverse fetal/infant outcomes, n 

Previouss venous thromboembolism 

Acutee venous thromboembolism 

Thrombophilia a 

Previouss arterial thromboembolism 

Mechanicall  heart valves 

Miscellaneouss conditions 

Total l 

149 9 

19 9 
14 4 
8 8 
3 3 
3 3 

196 6 66 (3.1% 

5 5 
0 0 
0 0 

0 0 
1 1 

0 0 
,, 1.1-6.6%) 

(n=163).. Most women in the latter group had a history of (recurrent) fetal 
losss and/or previous venous thromboembolic disease. The remainder of the 
patientss received low-molecular-weight heparin because of unexplained (re-
current)) fetal loss (n=93), pre-eclampsia (n=28), acute venous thromboem-
bolicc disease (n=18), the presence of a thrombophilic defect without a history 
off  venous thromboembolic disease (n=15), a history of arterial thromboem-
bolicc disease (n=8), mechanical heart valves (n=3) and miscellaneous condi-
tionss (n=9). The following low-molecular-weight heparin products were 
administered:: nadroparin (n=208), enoxaparin (n=157), dalteparin (n=59), 
reviparinn (n=43) and tinzaparin (n=19). 

AdverseAdverse fetal/infant outcomes 
Off  the 486 pregnancies, 41 resulted in conceptus death (1st trimester: 23; 2nd 

trimester:: 15; 3r d trimester: 3) and 38 in prematurity. Premature birth was 
associatedd with an unhealthy outcome in 4 cases. Congenital malformations 
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weree not observed. Therefore, adverse pregnancy outcomes, excluding 
healthyy prematurity, occurred in 45 (9.3%; 95 CI, 6.8 to 12.2%) of the 486 
pregnancies.. Of all pregnancies, 290 (60%) were associated with maternal 
comorbidd conditions and 196 (40%) were not (Table 2). 
Inn the subgroup of 290 women with comorbid conditions, adverse fetal/infant 
outcomess occurred in 39 (13.4%; 95% CI, 9.5 to 17.4%), of which 20, 14 and 1 
weree conceptus deaths in the first, second and third trimesters, respectively. 
Thee four unhealthy premature births occurred in this subgroup. Low-
molecular-weightt heparin was administered in low doses in 156 women and 
inn intermediate doses in 134 women. None of the women in this subgroup re-
ceivedd high doses. Treatment with low-molecular-weight heparin was initi -
atedd during the first trimester in 138 (48%) cases, during the second in 108 
(37%)) cases and during the third in only 31 (11%) cases. The trimester in 
whichh treatment was started could not be ascertained in the remaining 13 
pregnanciess (4%). No relation was found between adverse fetal/infant out-
comess and exposure (i.e. duration and dosage) to low-molecular-weight hepa-
rinn (Table 3). 

Tablee 3. Dosages of LMWH, trimester in which treatment was started and 
adversee fetal/infant outcomes for pregnancies with and without maternal 
comorbidd conditions. 

Maternall  comorbidity No maternal comorbidity 

Trimesterr Pregnancies Adverse Pregnancies Adverse 

Startt outcomes outcomes 

LMWH H 

Dosagee LMWH 

Loww Dose 

Intermediatee Dose 

Highh Dose 

I I 

II I 

II I I 

Unknown n 

I I 

II I 

II I I 

Unknown n 

I I 

II I 

II I I 

59 9 

73 3 

11 1 

13 3 

79 9 

35 5 

20 0 

--
--
--
. . 

144 (24%) 

55 (7%) 

188 (23%) 

11 (3%) 

11 (5%) 

400 3 (8%) 

33 3 

7 7 

24 4 

233 1 (4%) 

366 1 (3%) 

7 7 

2 2 

199 1 (5%) 

2 2 

3 3 
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Inn contrast, unsuccessful pregnancy outcomes occurred to a far lesser extent 
inn the 196 women without a comorbid condition. In this subgroup, 6 concep-
tuss deaths occurred (1st trimester: 3; 2nd trimester: 1; 3r d trimester: 2), for an 
overalll  incidence of adverse fetal/infant outcomes of 3.1% (95% CI, 1.1 to 
6.6%).. No premature births with an unhealthy outcome or neonatal deaths 
occurred.. Low-molecular-weight heparin was administered in low doses in 
1044 women, in intermediate doses in 68 women, and in high doses in the re-
mainingg 24 women. Treatment was started during the first trimester in 82 
(42%)) women, whereas 71 (36%) and 17 (9%) women started to use low-
molecular-weightt heparin during the second and third trimester, respec-
tively.. Of the remaining 26 pregnancies (13%) the trimester in which treat-
mentt was started could not be ascertained. The adverse events that did occur 
inn this subgroup appear not to be related to exposure to low-molecular-weight 
heparinn (Table 3). 

Osteoporosis Osteoporosis 
Symptomaticc heparin induced osteoporosis was observed in a single woman 
whoo presented with vertebral fractures after exposure to high dosages of low-
molecular-weightt heparin for a total period of 36 weeks. Bone density was as-
sessedd in three studies using dual-photon x-ray absorptiometry of the hip and 
thee lumbar spine. In the first study,32 the occurrence of subclinical osteoporo-
siss in 28 pregnancies exposed to low to moderate doses of enoxaparin admin-
isteredd for a minimum of two trimesters was compared to matched non-
pregnantt controls. Osteoporosis, defined as bone density more than 1 stan-
dardd deviation below that of controls, was found in approximately one third 
off  pregnancies and was spontaneously reversible in all cases after delivery. 
Inn a second study,24 comparable bone densities were found in 9 postpartum 
womenn treated with low doses of low molecular weight heparin from the first 
trimesterr onward as compared to age-matched non-pregnant women. In a 
thirdd study,33 bone density was measured before starting and upon comple-
tionn of therapy in 43 women treated with low doses of low molecular weight 
heparinn throughout pregnancy. No decrease in bone density was demon-
strated. . 

OtherOther outcomes 
Treatmentt with low-molecular-weight heparin was associated with only 3 
(0.6%,, 95% CI, 0.1 to 1.8%) thromboembolic complications in the total group 
off  486 women. These three women all had had a previous venous thrombo-
embolicc event, two had a thrombophilic condition and one had antiphospho-
lipi dd antibodies. One received low doses and two received intermediate doses 
off  low-molecular-weight heparin. 
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Low-molecular-weightt heparin treatment was well tolerated in most women. 
Allergicc reactions to these agents were observed in 3 (0.6%) cases and con-
sistedd of diffuse skin reactions which led to the cessation or change of treat-
ment.. Heparin induced thrombocytopenia was not observed. Clinically 
importantt haemorrhagic complications did not occur, whereas minor bleeding 
wass observed in 13 (2.7%, 95% CI, 1.4 to 4.5 %) women. 

Discussion n 

Inn this systematic review we addressed the relationship between the use of 
low-molecular-weightt heparin in pregnancy and the occurrence of adverse fe-
tal/infantt outcomes. In a previous study in which a comparable evaluation 
wass performed in women treated with unfractionated heparin it was shown 
thatt adverse fetal/infant outcomes in women without comorbid conditions (i.e. 
3.6%)) occurred to a similar extent as in the general population.9 

Thiss is consistent with our observed rate of adverse outcomes in women 
withoutt comorbid conditions (3.1%) and implies that the use of low-
molecular-weightt heparin is not associated with adverse fetal/infant out-
comes.. The high rate of adverse fetal/infant outcomes observed in the total 
groupp of women treated with low-molecular-weight heparin can be accounted 
forr by the presence of maternal comorbid conditions including auto-
antibodies,, pre-eclampsia and previous unexplained (recurrent) fetal loss 
whichh are all independently associated with adverse outcomes. Thus, abor-
tionn and stillbirth occurred at a notably higher rate (13.4%) in the group of 
womenn with comorbid conditions than in women without such conditions 
(3.1%). . 

Thee long-term use of low-molecular-weight heparin seems safe since compli-
cationss associated with these agents (e.g. osteoporosis, thrombocytopenia, 
bleeding)) occurred infrequently. The risk of osteoporosis seems of no to minor 
importancee in women exposed to low to moderate doses of low-molecular-
weightt heparin since no fractures were observed in this group. This observa-
tionn is further supported by the studies that demonstrated no differences in 
bonee density before and after low-molecular-weight heparin treatment. De-
spitee the long-term exposure to low-molecular-weight heparin, thrombocyto-
peniaa was not observed, which contrasts with the clearly elevated risk 
associatedd with long-term treatment with unfractionated heparin.12 Finally, 
clinicallyy important bleeding did not occur during pregnancy and did not 
complicatee delivery. I t must be noted however that our study includes only 24 
(5%)) women who were treated with high doses of low-molecular weight hepa-
rin.. I t is therefore possible that treatment with high doses of low-molecular-
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weightt heparin is associated with an increased risk of bleeding complications 
andd osteoporosis. 
AA venous thromboembolic complication was observed in three (0.6%) subjects 
fromfrom the entire group. However, not all women were at an increased risk for 
thee occurrence of venous thromboembolism (i.e. those with unexplained fetal 
losss or with pre-eclampsia). These findings are consistent with those found in 
comparablee studies evaluating the use of adjusted-dose unfractionated hepa-
rinrin in high-risk pregnancies.11-14 A definitive conclusion on the effectiveness 
off  treatment with low-molecular-weight heparin can not be given due to the 
non-randomizedd design of the study and the heterogeneity of the risk of ve-
nouss thromboembolism in the population studied. However, the observations 
inn this study would seem to suggest that low-molecular-weight heparins are 
indeedd effective for thromboprophylaxis in high-risk pregnancy. A further 
limitationn in our findings, which is inherent to this type of study, is that some 
adversee effects of low-molecular-weight heparin may have been missed. How-
ever,, it seems reasonable to expect that the observations made in this study 
aree representative of the whole population of treated pregnant women. 
Basedd on this pooled analysis, we postulate that low-molecular-weight hepa-
rinn appears to be safe during pregnancy for both the fetus and the mother. 
Comparativee trials with unfractionated heparin would ideally be performed. 
However,, considering the practical advantages of low-molecular-weight hepa-
rin,rin, their efficacy in the prophylaxis and treatment of venous thromboembo-
lismm in the general population and their safety in pregnant women shown in 
thiss study, we believe that low-molecular-weight heparin is a suitable antico-
agulantt for use during pregnancy. 
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Abstract t 

Althoughh relatively infrequent, venous thromboembolism during pregnancy 
andd the postpartum period remains one of the most frequent causes of ma-
ternall  morbidity and mortality in Western societies. There are certain sub-
groupss of pregnant women who are at an even greater risk for thrombotic 
events,, namely those with a history of previous venous thromboembolism and 
thosee known to have hereditary thrombophilic defects. At present the proper 
approachh in these various subgroups remains unknown. This ongoing pro-
spectivee study aims to assess the safety of a management strategy, taking 
intoo account personal history with regard to venous thromboembolism and 
thee presence or absence of genetic thrombophilic defects. Two management 
strategiess were developed; a watchful waiting strategy in which anticoagu-
lantt prophylaxis was not administered during pregnancy but only during the 
6-weekk postpartum period, and a treatment strategy in which women re-
ceivedd therapeutic dosages of anticoagulants throughout pregnancy and the 
postpartumm period. Thus far, a total of 47 women have completed the 6 week 
postpartumm follow-up period, 28 within the watchful waiting strategy and 19 
withinn the treatment strategy. Two venous thromboembolic events were ob-
served,, 1 during pregnancy in the watchful waiting group and 1 in the post-
partumm period in the treatment group. No noteworthy adverse events, in 
particularr with regard to fetal outcome, haemorrhagic episodes or osteopo-
roticc fractures, occurred. We conclude that this standardised and individual-
isedd management approach in this heterogenous patient population appears 
acceptablee to patients and safe with regard to the risk for venous thrombo-
embolism,, without significantly increased risks of complications associated 
withh the treatment. However, it is necessary to continue to include patients 
intoo this ongoing study to optimise the confidence of these encouraging pre-
liminaryy conclusions. 
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Introductio n n 

Althoughh relatively infrequent, venous thromboembolism (i.e. deep vein 
thrombosiss or pulmonary embolism) during pregnancy and the postpartum 
periodd remains one of the most frequent causes of maternal morbidity and 
mortalityy in Western societies.1 The incidence of venous thromboembolism 
hass been shown to be approximately 0.1 to 0.7 per 1000 pregnancies and 0.6 
too 2.3 per 1000 women during the postpartum period,25 while the incidence 
off  fatal thromboembolism during these two periods is approximately 1.1 to 
2.66 per 100,000 women.6-7 I t is generally accepted that this risk for venous 
thromboembolismm is too low to justify prophylactic measures in all pregnant 
women. . 
However,, there are certain subgroups of women who are at an increased risk 
forr venous thromboembolism during pregnancy and the postpartum period. I t 
iss generally assumed that patients with a history of venous thromboembo-
lismm are at an increased risk for a recurrent episode following periods of sur-
gery,, trauma or immobilisation. Analogous to this, women with a history of 
venouss thromboembolism, regardless of whether the episode was associated 
withh pregnancy, are considered to be at an increased risk for a recurrent epi-
sodee during a following pregnancy, although exact incidence figures are 
lacking. . 
Inn recent years there has been an increasing awareness of genetic determi-
nantss of the risk for venous thromboembolism. I t is known that patients with 
aa deficiency of antithrombin, protein C or protein S, and patients with the 
Factorr V Leiden or the prothrombin mutation have an increased risk for ve-
nouss thromboembolism, both spontaneously as well as related to risk peri-
ods.8111 Women without a history of thrombosis, whom are known to have a 
deficiencyy of antithrombin, protein C or protein S, have been shown to have a 
riskk for thrombosis of approximately 1% during pregnancy and 3% during the 
postpartumm period.12 Likewise, in previously asymptomatic women with the 
Factorr V Leiden mutation this figure has been shown to be approximately 
0.4%% and 1.7%, respectively.10 Women with a history of venous thromboem-
bolismm whom are known to have a hereditary thrombophilic defect are con-
sideredd to have an even greater risk for pregnancy-related venous 
thromboembolism. . 
Onn the basis of these data it is clear that the group of pregnant women whom 
aree considered to be at an increased risk for venous thromboembolism is 
quitee heterogenous. Several subgroups can be identified when personal his-
toryy with regard to venous thromboembolism, and the presence or absence of 
hereditaryy thrombophilic defects is taken into account. The risk for preg-
nancy-relatedd venous thromboembolism is logically different in these sub-
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groups.. The lowest risk would be expected in women with a history of a sin-
glee thrombotic event and no known thrombophilic defect, while the highest 
riskk would be expected in women with a thrombophilic defect and a history of 
onee or more episodes of venous thromboembolism. At present the proper ap-
proachh in these various subgroups remains unknown. As a result, there is a 
widee variation in advocated regimens, ranging from surveillance combined 
wit hh noninvasive tests for deep vein thrombosis only, to prophylaxis with 
therapeuticc doses of anticoagulants throughout pregnancy and the postpar-
tumm period.13-14 

We,, therefore, aimed to prospectively assess, in women considered to be at an 
increasedd risk for venous thromboembolism during pregnancy and the post-
partumm period, the safety of a management strategy taking into account per-
sonall  history with regard to venous thromboembolism and the presence or 
absencee of a genetic thrombophilic defect. 

Methods s 

I nn 1996 the Department of Vascular Medicine in co-ordination with the De-
partmentt of Gynecology and Obstetrics in the Academic Medical Center in 
Amsterdam,, the Netherlands, formulated a management proposal for women 
consideredd to be at an increased risk for venous thromboembolism during 
pregnancyy and the postpartum period. This was based on the available lit -
eraturee and the clinical experience in our centre. Consecutive women with a 
historyy of venous thromboembolism and/or a known genetic thrombophilic 
defect,, whom were already pregnant or were planning to become so, were eli-
giblee for the study. 

GroupGroup definitions 
I nn line with the heterogeneity of this population, four distinctive groups were 
definedd a priori. Group 1 included women with one previous episode of ve-
nouss thromboembolism without a detectable thrombophilic defect, while 
groupp 2 consisted of women with a history of multiple episodes of venous 
thromboembolismm without a known thrombophilic abnormality. Women with 
aa history of venous thromboembolism and with a known thrombophilic defect 
weree categorised in group 3, and women with a thrombophilic defect without 
aa previous venous thromboembolic event in group 4. 
AA previous venous thromboembolic event was defined as symptomatic deep 
veinn thrombosis of the leg or arm, pulmonary embolism or venous thrombosis 
elsewheree in the body (e.g. mesenterical vein, portal vein). An event was con-
sideredd as such if i t had been confirmed by objective diagnostic tests or if the 
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patientt had been treated with anticoagulants for a minimum of three 
months. . 
Att the time of presentation, all patients were screened for the presence of the 
knownn genetic thrombophilic defects, unless this had already been performed 
att an earlier time. The following defects were determined according to previ-
ouslyy described methods: antithrombin, protein C, and protein S deficiencies, 
thee Factor V Leiden mutation and the prothrombin mutation.9'11-15 Deficien-
ciess of protein C and S were only considered present if abnormal laboratory 
valuess were found outside of pregnancy. In addition, patients were screened 
forr the presence of antiphospholipid antibodies (lupus anticoagulant and/or 
anticardiolipinn antibodies).16 Patients found to have these antibodies were 
excludedd and studied separately. 

ManagementManagement strategies 
Patientss categorised in either group 1 or group 4 were managed according to 
thee so-called 'watchful waiting strategy*. This entails an approach by which 
noo anticoagulant treatment is given throughout pregnancy. However, pro-
phylacticc anticoagulant treatment is administered during the postpartum pe-
riodd for a total of 6 weeks. This consisted of either prophylactic dosages of 
low-molecular-weightt heparin (once-daily 0.3 ml nadroparin calcium s.c.) or 
orall  vitamin K antagonists (INR range 2 to 3). At entry and regularly at 1- to 
2-monthh intervals during the entire pregnancy, a compression ultrasonogra-
phyy of both legs was performed. Furthermore, patients were advised on the 
signss and symptoms of deep vein thrombosis and pulmonary embolism and 
theree was a low threshold for objective diagnostic tests in case of symptoms. 
Patientss categorised in either group 2 or group 3 were managed according to 
thee 'treatment strategŷ in which they received therapeutic dosages of low-
molecular-weightt heparin (twice-daily nadroparin calcium s.c; weight-
adjusted:: <50 kg, 3800 IU; 50-70 kg, 5700 IU; >70 kg, 7600 IU) throughout 
pregnancy.. Anti-Xa measurements were performed regularly (1- to 2-month 
intervals)) with the intention to adjust the dosage, if necessary, to maintain 
ann anti-Xa level of between 0.3 and 0.8 U/ml. At the initiation of (spontane-
ous)) labour or at the time of preparation for a cesarian section, administrati-
onn of the low-molecular-weight heparin was temporarily interrupted. After 
delivery,, and after adequate hemostasis was achieved in the opinion of the 
treatingg physician, anticoagulant treatment with low-molecular-weight he-
parinn was reinitiated. Anticoagulant treatment was continued for a total pe-
riodd of 6 weeks with either therapeutic dosages of low-molecular-weight 
heparinn (as above) or oral vitamin K antagonists. 
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OutcomeOutcome measurements 
Thee primary outcome of the study was the occurrence of symptomatic, objec-
tivelyy documented venous thromboembolism during pregnancy or the post-
partumm period (period of 6 weeks following delivery) in both the watchful 
waitingg group and the treatment group. Other outcomes were fetal status, 
thee occurrence of bleeding episodes, symptomatic osteoporotic fractures and 
otherr complications during pregnancy and the postpartum period. The inci-
dencee of adverse events was calculated for both treatment groups and 95% 
confidencee intervals (CI) were calculated where appropriate. 

Resul ts s 

Thuss far, a total of 47 women have completed the 6 week postpartum follow-
upp period. The average age of the women at the time of inclusion was 30 ye-
arss (range 20 to 40 years). Of the 47 women, 36 (77%) had previously expe-
riencedd a venous thromboembolic event. The average time that had passed 
betweenn the previous episode and the beginning of the current pregnancy 
wass 7 years (range 1 to 16 years). Most of the women (29) had a history of 
onlyy one venous thromboembolic event, while 6 had experienced 2 previous 
events.. The remaining woman had had 4 episodes of thrombosis. Upon scree-
ning,, 30 (64%) of the 47 women were found to have a hereditary thrombophi-
li cc defect (Table 1). One woman was found to be heterozygous for both the 
Factorr V Leiden and the prothrombin mutation. None of the women were 
foundd to have an antithrombin deficiency. Of the 17 women without a throm-
bophilicc defect, 15 had had one previous venous thromboembolic event, while 
thee remaining 2 in this group had experienced multiple episodes of venous 
thromboembolism.. Nineteen of the 30 women with a thrombophilic defect 
hadd experienced at least one venous thromboembolic event (Table 1). 
Groupss 1 and 2 therefore consisted of 15 and 2 women, respectively, while 
groupss 3 and 4 consisted of 19 and 11 women, respectively. After all risks had 
thoroughlyy been explained, two women in group 3 preferred the watchful 
waitingg above the treatment strategy. Therefore, a total of 28 women were 
managedd according to the watchful waiting strategy and a total of 19 accor-
dingg to the treatment strategy. The trimester of pregnancy in which the pa-
tientss were included in the study is shown in Table 2. 

WatchfulWatchful waiting strategy 
Inn the 28 women managed according to this strategy, 1 (3.6%, 95% CI 0.1 to 
18.4%)) venous thromboembolic event occurred during pregnancy. This event 
occurredd in a 29-year old woman without a thrombophilic defect whom 10 ye-
arss prior to the current pregnancy developed a pulmonary embolism post-
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Tablee 1. Number of women with a thrombophilic defect and the number of 
whomm had a previous venous thromboembolic event. 

Proteinn C deficiency 
Proteinn S deficiency 
Factorr V Leiden mutation 
Prothrombinn mutation 

Numberr of women, n 

3 3 

11 1 

15* * 
2* * 

Numberr of women with 

previouss VTE, n 

2 2 

6 6 

10 0 

1 1 

Total l 30 0 19 9 

**  One patient had a combined defect 
VTEE = venous thromboembolic event 

Tablee 2. Trimester of pregnancy in which the patients were included in the 
study. . 

Strategy y 1st t 

Trimesterr of inclusion 
2nd d 3rd d 

Watchfull  waiting 
Treatment t 

11 1 
13 3 

10 0 
4 4 

operatively.. During the second trimester of pregnancy she suffered a left-
sidedd ankle fracture for which she received a plaster cast. No anticoagulant 
prophylaxiss was instituted. Two weeks after the fracture she developed com-
plaintss of left leg tenderness. Compression ultrasonography showed thrombo-
siss in the popliteal vein. During the remainder of her pregnancy and 
postpartumm she was treated with therapeutic dosages of low-molecular-
weightt heparin. She recovered uneventfully and experienced no bleeding epi-
sodes. . 
Onee patient had a miscarriage at 8 weeks gestation. The remaining 27 wo-
menn went on to have healthy children. During delivery, three women (11%) 
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hadd blood loss that amounted to more than 500 ml.; none required blood 
transfusionn or surgical intervention. No venous thromboembolic events oc-
curredd during the postpartum period (0%, 95% CI 0-12%). There were no ha-
emorrhagicc complications during the postpartum period and no symptomatic 
osteoporoticc fractures occurred. 

TreatmentTreatment strategy 
Off  the 19 women in the treatment strategy, none (0%, 95% CI 0-18%) devel-
opedd a venous thromboembolic event during pregnancy. One patient had a 
miscarriagee during the second trimester, while all other pregnancies were 
carriedd to term. Complications, other than complaints of haematomas and 
tendernesss at the injection site of the low-molecular-weight heparin in the 
majorityy of patients, did not occur during pregnancy. Two patients gave birth 
byy means of a caesarean section for which spinal anaesthesia was given. No 
bleedingg complications occurred in these two patients. However, three women 
(17%)) experienced blood loss during delivery that exceeded 500 ml, of whichh 1 
requiredd a transfusion with two units of packed red cells. 
Onee venous thromboembolic event (5.6%, 95% CI 0.1 to 27.3%) occurred 
duringg the postpartum period. This event occurred in a 28-year old woman 
withh the Factor V Leiden mutation and a history of deep vein thrombosis in 
thee right leg. A caesarean section was performed at 38 weeks gestation be-
causee of fetal distress. One month after delivery she returned to the hospital 
withh an infected hematoma surrounding the operation wound necessitating 
surgicall  intervention for which treatment with low-molecular-weight heparin 
wass temporarily interrupted. The following day she developed symptoms of 
deepp vein thrombosis in the right leg, which was objectively documented with 
compressionn ultrasonography. She recovered uneventfully and is currently 
usingg long-term anticoagulation with vitamin K antagonists. 
Noo other serious complications were observed, in particular there were no se-
riouss haemorrhagic complications and no women developed symptomatic os-
teoporoticc fractures. 

D iscuss ion n 

Thiss ongoing prospective study in a cohort of women considered to be at an 
increasedd risk for venous thromboembolism during pregnancy and the post-
partumm period evaluates a standardised and individualised management ap-
proachh in this heterogenous patient population. The individualised approach 
iss based on personal history of the patient with regard to previous venous 
thromboembolismm and the presence or absence of genetic thrombophilic de-
fects. . 
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Thee so-called 'watchful waiting' strategy, in which treatment with antico-
agulantss is withheld during pregnancy and administered only during the 
postpartumm period, and in which surveillance for the development of deep 
veinn thrombosis by means of compression ultrasonography is offered, seems 
too be acceptable to patients and safe with respect to the risk of venous 
thromboembolismm in women with a single episode of thrombosis without a 
thrombophilicc defect as well as in asymptomatic carriers of a thrombophilic 
defect.. In this group, 1 woman out of 28 developed a venous thromboembolic 
eventt during pregnancy. However, this event was observed in a patient who 
hadd an additional risk factor for thrombosis, namely an ankle fracture with 
plasterr cast immobilisation, and who did not receive anticoagulant prophy-
laxis,, the correctness of which could be questioned. These encouraging find-
ingss obviously need to be interpreted with great caution because this 
preliminaryy analysis includes only 28 women and the limit s of the 95% confi-
dencee interval for venous thromboembolic complications are very wide. 
Inn the framework of this strategy, we used routine anticoagulant prophylaxis 
withh low-molecular-weight heparin or oral vitamin K antagonists during the 
postpartumm period for a total of 6 weeks, since we reasoned that the risk for 
venouss thromboembolism is significantly higher during the postpartum pe-
riodriod as compared to that during pregnancy. It can be argued whether this is 
actuallyy necessary given the low absolute risk. However, such an approach 
requiress further prospective validation with regard to acceptability by pa-
tientss and safety with regard to the risk for venous thromboembolism. 
Inn the group of women considered to be at a high risk for venous thromboem-
bolismm during pregnancy and the postpartum period, because of a history of 
multiplee episodes of venous thromboembolism without a thrombophilic de-
fect,, or a history of thrombosis in the presence of a genetic thrombophilic de-
fect,, the 'treatment' stategy, in which therapeutic dosages of anticoagulant 
treatmentt were administered throughout the entire pregnancy and postpar-
tumm period was evaluated. This strategy seems safe and effective in pre-
ventingg venous thromboembolism without significantly increased risks for 
complicationss associated with the treatment. The incidence of bleeding sur-
roundingg delivery in the treated group was comparable to that in the watch-
full  waiting group, although again this assumption is based on a small 
numberr of patients. The single thrombotic episode in this group occurred in a 
womann in whom the anticoagulant prophylaxis was interrupted 1 month 
postpartumm because of an infected hematoma that required surgical inter-
vention.. This observation may support the necessity of continuing antico-
agulantt prophylaxis for a period of 6 weeks postpartum in this patient group. 
Inn conclusion, we formulated two strategies for the management of pregnant 
womenn considered to be at an increased risk for venous thromboembolism. 
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Ourr aim was to enlarge the group of women in which an expectative (i.e. 

watchfull  waiting) strategy could be safely used. In more than half of the pa-

tientss seen at our referral centre this approach was followed. These women 

aree spared the nuisance of daily injections with low-molecular-weight hepa-

rin.. In the remaining patients we estimated that the risk of venous thrombo-

embolismm was too high, and therefore therapeutic dosages of anticoagulants 

weree given. We wil l continue to include patients into this ongoing study to 

optimisee the confidence of these encouraging preliminary conclusions. 
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Abstract t 

I nn contrast to the development of new drugs, strict guidelines for the devel-
opmentt of new diagnostic methods do not exist. A diagnostic test can be made 
availablee without proper evaluation of its clinical utility , which can lead to its 
prematuree introduction and inappropriate use. In this review suggestions are 
madee regarding the criteria that should be met during the various phases of 
developmentt of new diagnostic techniques. We suggest that a new diagnostic 
testt should only be implemented in routine clinical use after all phases of de-
velopmentt have been properly performed with good results. Several diagnos-
ticc tests for pulmonary embolism (pulmonary angiography, ventilation-
perfusionn scintigraphy, D-dimer assays, and spiral computed tomography), 
andd the studies evaluating them, are thereafter reviewed. We conclude that 
att present pulmonary angiography and ventilation-perfusion scintigraphy 
aree the only properly evaluated diagnostic tests for pulmonary embolism. Al-
thoughh new developments, such as D-dimer assays and the spiral CT scan 
aree certainly promising, further studies are needed to determine their real 
valuee and safety in the diagnostic work-up of patients suspected of pulmo-
naryy embolism. 
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Introductio n n 

Inn the development of new therapeutic regimens, physicians and government 
healthh agencies enforce very stringent criteria that must be met before they 
cann be used in clinical practice. A new compound must always successfully 
passs through several study phases before it can be registered. In sharp con-
trastt with these strict guidelines for the development of new drugs, the ne-
cessityy of which few wil l doubt, are the requirements for the evaluation of 
neww diagnostic methods. No guidelines exist which regulate their develop-
ment.. Therefore, a diagnostic test can be made available clinically without 
detailedd and proper evaluation of its clinical utility . This often leads to the 
prematuree introduction and inappropriate or even potentially harmful use of 
neww diagnostic techniques. We would therefore argue that it is necessary to 
establishh guidelines for the development of diagnostic tools, analogous to 
thosee for the development of therapeutic regimens. 

Inn this review suggestions wil l first be made regarding the criteria that 
shouldd be met in the various phases of development. The importance of 
properr evaluation of new diagnostic tests before their implementation in 
clinicall  practice wil l then be illustrated by analysing several available diag-
nosticc tests for pulmonary embolism. We wil l however start with a brief 
backgroundd about the diagnostic problem in pulmonary embolism. 

Diagnosticc methods for  pulmonary embolism 

Thee prevalence of pulmonary embolism in patients in which the diagnosis is 
consideredd has been shown to be only 25-30%.x-2 In view of this, i t has become 
generallyy recognised that objective testing for the confirmation or rejection of 
thee diagnosis is mandatory. This is necessary due to on the one hand the 
highh rate of morbidity and mortality associated with untreated pulmonary 
embolism,33 and on the other hand the undesirability of unnecessary treat-
mentt with long-term anticoagulants in patients without the disease. Ideally, 
theree would be a simple and readily available 'gold-standard' diagnostic test 
onn the basis of which treatment could be implemented in case of an abnormal 
testt result or safely withheld in case of a normal test result. 
However,, the reality with regard to the diagnosis of pulmonary embolism, as 
forr most diseases, is far from this ideal situation. A strategy in which several 
diagnosticc tests are combined in a sequential fashion is therefore necessary. 
Theree are many diagnostic tests available, which have been advocated for use 
inn the diagnostic work-up of patients with clinically suspected pulmonary 
embolism.. In the following we wil l focus on 4 of these, pulmonary angiogra-
phy,, ventilation-perfiision scintigraphy, D-dimer tests and spiral CT scan. 
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Wee wil l discuss the studies that have been performed evaluating these tests 
andd on which their current status in routine clinical practice is based. In ad-
dition,, we wil l analyse whether they satisfy the criteria for proper evaluation 
off  a new diagnostic method. 

Phasess in Dru g Development 

Afterr the initial pre-clinical research, the development of a new drug in-
tendedd for medical use is characterised by 4 subsequent phases of develop-
ment.. Phase 1 studies evaluate the safety and pharmacokinetics and 
dynamicss of a new drug usually in healthy volunteers. In phase 2 studies the 
drugg is administered to the intended patient group. In these studies the dose-
responsee relationships, efficacy, metabolism and further pharmacokinetic 
andd dynamic characteristics of the drug are determined. After these first two 
phasess of drug development have been successfully passed, randomised clini-
call  trials can take place (phase 3) comparing the new compound with the 
standardd treatment or placebo, whichever is appropriate. Only after a drug is 
provenn to have a beneficial effect above that of the standard treatment, may 
i tt be registered for routine clinical use. Even after registration, a phase 4 en-
sues,, in which the long-term safety of the new drug is evaluated. 

Suggestedd phases in the development of new diagnostic tests 

Inn analogy to the phases of the evaluation of a new drug, the following 3 
phasess in the development of new diagnostic tests could be envisioned. In 
phasee 1 the procedures surrounding the test need to be standardised and the 
criteriaa for a normal and an abnormal test result need to be defined, using for 
examplee receiver-operator curve analysis. In addition the inter- and intraob-
serverr variability of the test should be assessed. Ideally, the development of 
thee diagnostic test wil l pass into the next phase only after all these aspects 
havee been adequately investigated. Phase 2 would then consist of studies in 
whichh the diagnostic accuracy of the new test is evaluated in a large group of 
consecutivee patients with a suspicion of the disease for which the test is in-
tended.. The outcomes of the new test must be blindly and independently 
comparedd with the results of the gold standard test for the relevant disease. 
Thee sensitivity, specificity and positive and negative predictive values of the 
testt can then be determined. In case of insufficient accuracy, one might need 
too return to phase 1 to re-evaluate the test procedures and the definition of 
normall  and abnormal results. 

Onlyy after the requirements of both phases 1 and 2 have been adequately 
met,, the development process can advance into phase 3 in which the role of 
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thee new test in the diagnostic process is evaluated. In this phase of develop-
mentt management studies are performed, in which therapeutic decisions are 
madee based on the result of the new diagnostic test. A new diagnostic test 
shouldd only be implemented in routine clinical use after all three phases of 
developmentt have been properly performed with good results. 

Pulmonaryy angiography 

Att present pulmonary angiography is regarded as the gold standard diagnos-
ticc test for pulmonary embolism. There are generally accepted standardised 
proceduress for the performance of the test and criteria for a normal and an 
abnormall  test result have been formulated.45 Furthermore, the observer 
variabilityy of the test has been assessed and has been found to be minimal.6-7 

Assessmentt of the sensitivity and specificity is not possible since pulmonary 
angiographyy is itself the reference method. The ability of pulmonary angiog-
raphyy to confirm or exclude pulmonary embolism is, however, considered to 
bee high. Several studies in patients who underwent pulmonary angiography 
forr the suspicion of acute pulmonary embolism have shown that it is safe to 
withholdd anticoagulant treatment from those patients who have a normal 
testt result.812 In a total of 840 patients with suspected pulmonary embolism 
andd a normal pulmonary angiogram, anti-coagulant therapy was withheld 
andd patients were followed-up for a minimum of 3 months. The overall inci-
dencee of recurrent pulmonary embolism was 1.9% (95% CI, 1.4% to 3.2%) and 
thee incidence of fatal pulmonary embolism was 0.3% (95% CI, 0.09% to 
1.08%).. On the basis of these studies it is deemed safe to consider pulmonary 
embolismm excluded in case of a normal pulmonary angiography and proven in 
casee of an abnormal result. 

Ventilation-perfusionn scintigraphy 

Ventilation-perfusionn scintigraphy is the most widely used first line diagnos-
ticc test when pulmonary embolism is suspected. The criteria for the interpre-
tationn of lung scans have been a matter of debate for many years. The most 
clinicallyy applicable classification is that of three categories. These are: 1) a 
normall  perfusion scan on basis of which pulmonary embolism is excluded; 
2)2) a high probability lung scan, defined as one or more defects of at least 
segmentall  size with associated local normal ventilation, which strongly indi-
catess the presence of emboli; and 3) the remaining lung scan results which 
aree considered to be non-diagnostic.1 The interobserver variability of ventila-
tion-perfusionn scintigraphy using the various classifications has been inves-
tigatedd in several studies and has been found to be acceptable.1317 
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Numerouss studies have compared lung scintigraphy with pulmonary angiog-
raphy.. 1-2,8,18-25 The overall positive predictive value of a high-probability lung 
scann has been shown to be 88% (95% CI, 84% to 91%). This is generally con-
sideredd to be enough evidence to accept the diagnosis of pulmonary embo-
lism.. However, pulmonary embolism cannot be considered proven or excluded 
onn the basis of a non-diagnostic lung scan. Studies have shown that the 
prevalencee of angiographically proven pulmonary embolism is approximately 
25%% in patients with such a scan result. 1.2,8,12,18-25 Further diagnostic investi-
gationn is therefore warranted in these patients. 

Managementt studies using ventilation-perfusion scintigraphy in the clinical 
work-upp of patients suspected of having pulmonary embolism have been per-
formed.26288 In these studies a normal perfusion lung scan was used to reject 
thee diagnosis and anticoagulant treatment was withheld. In a total of 693 pa-
tientss with a normal perfusion lung scan in whom anticoagulants were with-
heldd 0.3% (95% CI, 0.2% to 0.4%) suffered a thromboembolic event during a 
follow-upp period of at least 3 months. Hence, it is deemed safe to withhold 
anticoagulantss in patients with a normal perfusion lung scan. 

D-dimer r 

Inn recent years the measurement of D-dimer, a degradation product of fibrin, 
hass been suggested for use in the diagnostic work-up of patients with clini-
callyy suspected pulmonary embolism. Absence of an elevated concentration of 
D-dimerr has been suggested to have a high negative predictive value for ve-
nouss thromboembolism. As a result, numerous D-dimer tests (quantitative 
andd qualitative) have been developed which are now widely commercially 
available. . 

Properr evaluation of the interassay and intra- and interobserver variation 
hass only been performed for the minority of the available D-dimer tests. The 
studiess which have been performed have shown that this variation is rather 
high.29.300 Several D-dimer tests have been compared to a gold standard diag-
nosticc method to determine the accuracy of the tests, albeit often in non-
consecutivee series of patients. The high sensitivity and moderate specificity 
off  the D-dimer assays seem to qualify the test as potentially useful for the 
exclusionn of venous thromboembolism. However, the sensitivity of D-dimer 
testss varies widely among the studies, ranging from 61% to 100% and data is 
stilll  limited.3!-32 The cut-off values of the D-dimer assays can be varied so as 
too increase the sensitivity leading however to a decrease in specificity, which 
couldd limi t the clinical usefulness. When a receiver operator curve (ROC) 
analysiss is performed, the various quantitative D-dimer assays appear to be 
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nearlyy identical.33-34 The determination of optimal cut-off values for the indi-
viduall  D-dimer assays is therefore essential. 
Too date, three management studies have evaluated the use of D-dimer inte-
gratedd in a diagnostic strategy in combination with other non-invasive tests, 
suchh as ventilation-perfusion lungscanning and clinical decision rules.3537 In 
thiss setting management with D-dimer assays seems safe and cost-effective.38 

However,, one needs to interpret these data with great caution. The use of D-
dimerr assays within a strategy combined with other diagnostic tests seems 
safe,, while the exclusion of pulmonary embolism on basis of a normal D-
dimerr test alone seems unjustified. 

Spirall  computed tomography 

Spirall  computed tomography (Spiral CT) is a relatively new diagnostic tech-
niquee for patients with suspected pulmonary embolism, first described in 
1992.399 In one study the interobserver agreement has been found to be rela-
tivelyy high (kappa 0.77).40 However, this does not appear to be true for pul-
monaryy emboli that are confined to the subsegmental arteries. In addition, 
noo accepted criteria for normal and abnormal test results have been formu-
lated.. The first study that compared spiral CT with angiography was per-
formedd in 42 patients and found a sensitivity of 100% and a specificity of 
96%.399 There have been many subsequent studies comparing spiral CT with 
angiographyy or lung scintigraphy.39"48 The overall sensitivity and specificity 
aree 91% (95% CI, 87% to 94%) and 93% (95% CI, 90% to 96%), respectively. 
However,, the sensitivity varies from 54% to 100 % and the specificity from 
67%% to 100% in these studies. This can in part be explained by differences in 
patientt selection in the various studies, the higher sensitivities and specifici-
tiess generally being found in the studies with highly selected patient groups. 
Furthermore,, different criteria for the diagnosis of pulmonary embolism and 
variouss procedures for the performance of the test were used. 
Onee management study implementing the spiral CT in the diagnostic work-
upp of patients suspected of pulmonary embolism has been performed.49 In 
thiss study a recurrence rate of venous thromboembolism of 5.5% (95% CI, 
1.3%% to 9.7%) during a follow-up period of 3 months was found in patients 
withh a normal spiral CT and a normal ultrasound. This finding illustrates 
thee fact that a normal spiral CT scan appears to be inappropriate to refute 
thee diagnosis of pulmonary embolism and that subsequent testing should be 
initiatedd to safely exclude the disease. 
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Discussion n 

Thee introduction of a new diagnostic test is usually accompanied by a great 
amountt of enthusiasm concerning the potential indications for its use. A new 
testt is often presented as an improvement in the diagnostic arsenal. This all 
too frequently results in the wide acceptance and large-scale implementation 
off  a new diagnostic test directly following its introduction. This often occurs 
withoutt adequate foundation on properly performed studies. However, after 
thee initial enthusiasm, the limitations and the true value in clinical practice 
oftenn become clear. In the past this has often resulted in the almost complete 
disappearancee of new and initiall y promising tests from the diagnostic ar-
mamentarium.. One may assume that with proper evaluation these tests 
couldd have been found valuable within the proper setting. As example of the 
problemss associated with the introduction of new diagnostic methods we 
havee assessed 4 tests currently available for the diagnosis of pulmonary em-
bolismm using the suggested guidelines for the proper evaluation of diagnostic 
tests. . 

Pulmonaryy angiography, presently considered the gold-standard method, has 
beenn evaluated quite extensively throughout the various phases mentioned 
earlier.. Both the role in the diagnostic work-up of a patient with suspected 
pulmonaryy embolism and the consequences of its result are known. Ventila-
tion-perfusionn scintigraphy has also been shown to be of use in the diagnosis 
off  pulmonary embolism. With the performance of proper studies in compari-
sonn to pulmonary angiography and numerous clinical follow-up studies, the 
valuee and limitations of the test have become clear. Both pulmonary angiog-
raphyy and ventilation-perfusion scintigraphy have therefore been properly 
evaluatedd according to the suggested guidelines and are well-established di-
agnosticc methods. 

Whenn considering the evaluation of D-dimer assays, it is apparent that all 
phasess of development have been traversed for some of the available assays. 
However,, there are also some troubling aspects in the development of this 
test.. Not all of the assays have been properly evaluated in phase 1 and 2 
studies,, and the results of the studies that have been performed should not 
bee directly extrapolated to other D-dimer assays. Furthermore, a wide spread 
inn the sensitivity and specificity has been found between studies, further 
complicatingg the choice of an optimal cut-off point. Optimal cut-off levels for 
eachh individual D-dimer assay need to be determined. The observation that 
thee ROC curves of the various quantitative D-dimers are nearly identical 
wouldd seem to support this. The management studies that have so far been 
performedd show promising results. Use of the D-dimer within certain diag-
nosticc strategies appears safe and cost-effective. However, further studies are 
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warrantedd before the widespread use of D-dimer assays in routine clinical 
practicee is justified. The use of a D-dimer assay as a single test for the exclu-
sionn of pulmonary embolism, a practice that is gaining ground, is certainly 
nott founded on adequate studies. 
Whenn the studies evaluating spiral CT scanning are critically assessed, one 
mustt conclude that the phases of development have been passed in a less or-
derlyy fashion. Firstly, consensus does not exist concerning the optimal 
methodd of performance of the test. Furthermore, accepted criteria by which 
thee presence or absence of pulmonary embolism can be evaluated are yet still 
lacking.. This translates to the wide variation found in the performance of the 
testt when compared to pulmonary angiography and ventilation-perfusion 
scanning.. A more important cause of this variation is however that these 
comparisonss were not consistently performed in representative groups of pa-
tientss with suspected pulmonary embolism. This can be seen by the wide 
rangee of the prevalence of pulmonary embolism in the various studies (33% -
88%).. The only management study which has so far been performed using 
spirall  CT scanning in the management of patients with suspected pulmonary 
embolismm by Ferretti et al., has shown disappointing results (recurrence rate 
5.4%,, upper 95% CI 9.7%).49 Further phase 1 studies in which methodology 
andd criteria are standardised, and phase 2 studies in which spiral CT scan-
ningg is compared with pulmonary angiography or ventilation-perfusion scin-
tigraphyy are therefore needed before further management studies or 
implementationn in routine clinical practice should occur. 
Inn conclusion, at present pulmonary angiography and ventilation-perfusion 
scintigraphyy are the only properly evaluated diagnostic tests for pulmonary 
embolism.. Although there are many new developments in this field, such as 
D-dimerr assays and the spiral CT scan which are certainly promising, fur-
therr studies are needed to determine their real value and safety in the diag-
nosticc work-up of patients suspected of pulmonary embolism. 
Thee diagnostic tests for pulmonary embolism exemplify the problems often 
surroundingg the introduction of new tests. Due to the initial enthusiasm, a 
neww test is often implemented in clinical use before proper evaluation has oc-
curred.. Studies are also often performed without adequate data from earlier 
phasess of development. We would suggest that guidelines for the proper 
evaluationn of diagnostic tests before their implementation in routine clinical 
practicee are necessary. The criteria that need to be met by consecutive phases 
off  development need to be generally accepted and implemented. 
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Abstract t 

Recentt studies have suggested that both the subjective judgement of a physi-
ciann and standardised clinical models can be helpful in the estimation of the 
probabilityy of the disease in patients with suspected pulmonary embolism 
(PE).. We performed a multi-centre study in consecutive in- and outpatients 
withh suspected PE to compare the potential diagnostic utilit y of these meth-
ods.. Of the 517 study patients, 160 (31%) were classified as having PE. Of 
thesee patients, 14% had a low probability as estimated by the treating physi-
cian,, while 25 to 36% were categorised as having a low clinical probability 
withh the use of two previously described clinical models. The objectively con-
firmedd prevalence of PE in these three low probability categories was 19%, 
28%% and 28%, respectively. The three methods yielded comparable predictive 
valuess for PE in the other probability categories. We conclude that a physi-
cian'ss clinical judgement alone and two standardised clinical models, al-
thoughh comparable, perform disappointingly in categorising the pre-test 
probabilityy in patients with suspected PE. 
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Introductio n n 

Thee introduction of objective testing for the diagnosis of pulmonary embolism 
datess to the early 1970's. Before this time the diagnosis was usually based on 
clinicall  signs and symptoms alone. The systematic use of objective methods 
revealedd that the clinical diagnosis of pulmonary embolism was highly inac-
curate,, with only one third of patients with a clinical suspicion actually hav-
ingg the disease.1-2 Based on these observations, it was recommended that 
clinicall  signs and symptoms only be used for raising the suspicion of pulmo-
naryy embolism, after which the objective diagnostic work-up needed to be 
implemented. . 
Inn recent years there has been a revived interest in the potential role of clini-
call  judgement in the diagnosis of pulmonary embolism. The PIOPED investi-
gatorss showed that clinicians were able to categorise patients, with a 
reasonablee degree of accuracy, into groups with a low, moderate and high 
probabilityy of the disease using clinical judgement alone.3 Perrier and col-
leaguess have recently shown that such a probability estimate appears clini-
callyy useful in selecting a subgroup of patients in which further diagnostic 
testingg can be withheld after a non-diagnostic ventilation-perfusion lung-
scan.44 A potential drawback of the estimate is that it is subjective and may 
thereforee show variation depending on experience and training of the physi-
ciann which may hamper its generalisabiliy. 
Wellss and colleagues recently developed a clinical model that uses informa-
tionn from the medical history and physical examination in a structured algo-
rithmm in order to come to a classification of the probability of pulmonary 
embolism.55 This model was subsequently simplified to a limited number of 
questions.66 These investigators suggested that it appears safe to withhold 
furtherr diagnostic testing in patients with a non-diagnostic scan and a low or 
moderatee probability according to the clinical model.5 The presumed advan-
tagee of the clinical models over the clinical probability estimate is that they 
mayy have less observer variability due to the fact that they are based on de-
fined,fined, relatively objective clinical findings (e.g. dyspnea, pleuritic chest pain, 
heartt rate, leg symptoms) and history. 

Beforee either the clinical probability estimate or the clinical models can be 
widelyy advocated for routine clinical practice, it is necessary that the utilit y 
off  these methods be confirmed. In addition, it is well known that most of the 
availablee diagnostic techniques are unable to detect smaller subsegmental 
pulmonaryy emboli, which may have a different natural history regarding 
mortalityy and risk of recurrence, than larger emboli. Whether this is also 
truee for the clinical rules is unknown. 
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Thee objective of this multi-centre study was to assess and compare the accu-
racyy and variability of both the clinical probability estimate by the attending 
physiciann as performed in the PIOPED study and by Perrier and colleagues, 
andd the two clinical models previously described by Wells and colleagues, in a 
largee series of consecutive patients with clinically suspected pulmonary em-
bolism.. Furthermore, we investigated the segmental or subsegmental local-
isationn of pulmonary emboli in patients categorised as having a low 
probability. . 

Methods s 

Patients Patients 

Sixx Dutch teaching hospitals participated in a large-scale study, which as-
sessedd various diagnostic methods for pulmonary embolism. From May 1997 
throughh March 1998 consecutive in- and outpatients presenting with clini-
callyy suspected pulmonary embolism were potentially eligible. Patients were 
excludedd if they were younger than 18 years of age, were pregnant, had an 
indicationn for acute thrombolytic therapy, had already undergone objective 
diagnosticc testing for venous thromboembolism, or if there was an expected 
inabilityy to complete the diagnostic protocol within 48 hours of presentation. 
Thee latter applied to patients presenting during holidays and long weekends 
whenn not all diagnostic facilities were in operation. The Institutional Review 
Boardss of all centres approved the study protocol and informed consent was 
obtainedd from all participants. 

ClinicalClinical probability and clinical models 
Uponn referral, the attending physician was asked to give an estimate of the 
clinicall  probability of pulmonary embolism based on information from the 
medicall  history, physical examination and if available chest X-ray, ECG and 
bloodgass analysis. This was done on a visual analogue scale of 0 to 100 per-
cent.. Directly after inclusion, the study physician obtained all relevant in-
formationn for the models on signs and symptoms and the medical history 
usingg a standardised case record form. After conclusion of the study, the re-
sultt (low, moderate or high probability) of both clinical models was calculated 
fromm the obtained information, as described by Wells and colleagues. 
Briefly,, the simplified model contains seven variables: 1) clinical symptoms of 
deepp vein thrombosis (3.0 points), 2) cancer (1.0 point), 3) heart rate > 100 
b.p.m.. (1.5 points), 4) immobilisation or surgery in the previous 4 weeks (1.5 
points),, 5) previous deep vein thrombosis and/or pulmonary embolism (1.5 
points),, 6) hemoptysis (1.0 point), 7) no alternative diagnosis for the pre-
sentingg chest symptoms (3.0 points). Patients scoring less than a total of 1.5 
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pointss were assigned a low, those with between 2 and 6 points a moderate, 
andd those with more than 6 points a high probability for pulmonary embo-
lism.6 6 

Thee extended clinical model consists of an algorithm by which the presence of 
severe,, typical or atypical symptoms according to pre-defined criteria, the 
considerationn of an alternative diagnosis, and the presence of established risk 
factorss for venous thromboembolism together results in a classification of a 
low,, moderate or high probability of pulmonary embolism.5 A slightly modi-
fiedfied version of this model was performed since the original contains informa-
tionn concerning the blood oxygen saturation and the ECG, which were not 
collectedd in this study. Besides disregarding these two variables, the model 
wass performed according to the same methods as Wells and colleagues. This 
modificationn can theoretically lead only to an underestimation of the prob-
abilityy derived from the model. 

DiagnosticDiagnostic investigations 
AA six-view perfusion lung scintigraphy was performed within 24 hours of re-
ferrall  using 50-100 MBq of  99mTechnetium-labeled macroaggregates of albu-
min.. If at least one segmental or larger perfusion defect was seen, ventilation 
scintigraphy,, using 81mKrypton gas, was performed. Ventilation-perfusion 
scanss were interpreted by two experienced nuclear medicine physicians using 
aa lung segment reference chart.7 In case of disagreement, the interpretation 
off  a third was decisive. Lung scans were reported as being normal (no perfu-
sionn defects), high probability (at least one segmental or larger perfusion de-
fectt with local normal ventilation), or non-diagnostic (ventilation-perfusion 
defectss not qualifying as high probability) according to previously described 
criteria.88 Pulmonary angiography was indicated within 24 hours of the lung-
scann in all patients with a non-diagnostic result. Angiography was performed 
usingg standard techniques and was interpreted according to accepted crite-
ria.9-100 Agreement by two independent radiologists on the result was re-
quired.. If there was no consensus, a third radiologist was consulted whose 
judgementt was decisive. In all patients with a non-diagnostic or high-
probabilityy ventilation-perfusion lung scan, spiral computed tomographic 
(CT)) angiography was performed as previously described.11 In the case of a 
high-probabilityy lung scan and a normal spiral CT scan, pulmonary angiog-
raphyy was performed. 

Pulmonaryy embolism was considered absent in case of a normal perfusion 
scann or a normal pulmonary angiography and present in case of a high-
probabilityy ventilation-perfusion scan or an abnormal angiography. In all pa-
tientss categorised as having pulmonary embolism, the largest vessel in which 
thrombuss was visible was scored using the angiography or the spiral CT 
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scan.. Emboli were thus divided into those visible in segmental or larger pul-
monaryy arteries and those visible only in subsegmental arteries. 

StatisticalStatistical analysis 
Thee analysis was performed in the patient group which had the diagnosis of 
pulmonaryy embolism established or refuted as defined in the protocol. The 
clinicall  probability estimates given by the treating physicians were divided 
intoo three categories: less than 20%, 20 to 80% and greater than 80%. These 
cut-offf  points were determined on the basis of previous literature.3-4 The pro-
portionn of patients with pulmonary embolism was calculated in each of the 
threee categories of the clinical probability estimates and in each of the three 
categoriess of the two clinical models. The likelihood ratio of each result cate-
goryy of the clinical probability estimate and the clinical models was calcu-
lated.. For each parameter estimate 95% confidence intervals were calculated 
accordingg to the normal approximation of the binomial distribution. Fur-
thermore,, the frequency of segmental (or larger) and subsegmental pulmo-
naryy emboli was calculated in the patients with the disease in the low 
probabilityy category according to the three methods. Finally, observer vari-
abilityy between the six centres was analysed for the three methods using the 
Chi-squaree test (SPSS 8.0). 

Resul ts s 

Patients Patients 
AA total of 1162 patients with clinically suspected pulmonary embolism were 
screened.. Of these, 179 patients were excluded for the following reasons: ex-
pectedd inability to complete the protocol within 48 hours (104), diagnostic 
testingg already performed (43), age less than 18 years (16), pregnancy (11), 
indicationn for acute thrombolytic therapy (5). A total of 983 patients were 
thereforee eligible for inclusion in the study of whom 627 (64%) gave informed 
consent. . 
Off  the 627 participants, 517 (82%) had the diagnosis of pulmonary embolism 
eitherr established or refuted as defined in the protocol. A final diagnosis was 
nott reached in the remaining 110 patients because of withdrawal of informed 
consent,, clear evidence for an alternative diagnosis for the presenting symp-
toms,, medical reasons or technical failure. The baseline clinical characteris-
ticss of the 517 study patients were similar to those of these 110 excluded 
patientss (Table 1). However, these patients were slightly older and more fre-
quentlyy had co-morbid conditions. 

122 2 



ClinicalClinical probability models in PE 

Tablee 1. Baseline clinical characteristics of the 517 patients with clinically 
suspectedd pulmonary embolism in whom a final diagnosis was obtained, as 
welll  as of the 110 excluded patients without a final diagnosis. 

Male e 

Meann age, years (SD) 

Out-patients s 

Mediann duration of symptoms, 

dayss (quartiles) 

Previouss VTE » 

Familyy history of VTE 

Risk-periodd 2 

Activee malignancy 

Symptomss of DVT3 

Studyy patients 

(n=517) ) 

2155 (42%) 

51(18) ) 

4177 (81%) 

3 (1 ,9) ) 

733 (14%) 

1055 (20%) 

1933 (37%) 

500 (10%) 

355 (7%) 

Excludedd patients 

(n=110) ) 

555 (50%) 

61(17) ) 

733 (66%) 

3(1 ,10) ) 

255 (23%) 

177 (16%) 

566 (51%) 

211 (19%) 

16(15%) ) 

11 venous thromboembolism 
22 period of immobilisation, surgery or trauma in period of 3 months before presentation 

33 deep-vein thrombosis 

Diagnosis Diagnosis 
Off  the 517 study patients, 160 (31%) were classified as having pulmonary 
embolism.. Pulmonary embolism was considered present on the basis of 39 
abnormall  pulmonary angiographies and 121 high-probability ventilation-
perfusionn scans. In the remaining 357 patients the diagnosis of pulmonary 
embolismm was rejected on the basis of a normal pulmonary angiography (144) 
orr a normal perfusion scan (213). 

ClinicalClinical probability and clinical models 
Thee performance of the clinical probability estimate as well as both clinical 
modelss in categorising the study patients is shown in Table 2. A clinical 
probabilityy estimate, as assessed by the treating physician prior to objective 
testing,, was available in 413 (80%) of the 517 study patients. In the remain-
ingg 104 patients the estimate was not obtained before the result of the ven-
tilation-perfusionn scan was known and were therefore excluded from further 
analysis.. Nearly 20% of patients were categorised as having a probability of 
greaterr than 80%. The majority of patients (67%) were considered to have a 
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Tablee 2. The number of patients within each category, the proportion with 
pulmonaryy embolism, the likelihood ratio's and their 95% confidence inter-
valss of the clinical probability estimate and the two clinical models. 

Clinicall  probability 

< 2 0% % 

200 - 80% 

> 8 0% % 

Total l 

Simplifiedd model 

Low w 

Moderate e 

High h 

Total l 

Extendedd model 

Low w 

Moderate e 

High h 

Total l 

n n 

588 (14%) 

2788 (67%) 

77(19%) ) 

413 3 

1477 (36%) 

2599 (63%) 

88 (2%) 

414 4 

600 (25%) 

1388 (58%) 

399 (16%) 

237 7 

PE E 

111 (19%) 

800 (29%) 

355 (46%) 

126(31%) ) 

411 (28%) 

788 (30%) 

33 (38%) 

1222 (29%) 

177 (28%) 

544 (39%) 

188 (46%) 

899 (38%) 

LR R 

0.53 3 

0.92 2 

1.90 0 

0.93 3 

1.03 3 

1.44 4 

0.66 6 

1.07 7 

1.43 3 

95%% CI 

0.299 - 0.99 

0.799 - 1 . 07 

1.288 - 2.82 

0.699 - 1.24 

0 .88 -1 .21 1 

0.355 - 5.92 

0.400 - 1.08 

0.866 - 1.33 

0 .80-2 .53 3 

moderatee probability (20-80%) of pulmonary embolism, while 14% were 
judgedd to have a low probability (less than 20%). The prevalence of pulmo-
naryy embolism in this latter category was 19% and the likelihood ratio asso-
ciatedd with this result was 0.53 (95% CI 0.29 - 0.99). 
Completee information for the simplified clinical model was available for 414 
(81%)) of the 517 study patients. Only 2% of these patients had a high prob-
abilityy for pulmonary embolism. While the proportion of patients in the mod-
eratee category remained approximately the same as with the clinical 
probabilityy estimate, more than one third of patients were categorised as 
havingg a low probability of pulmonary embolism with the use of the simpli-
fiedd clinical model. However, the prevalence of pulmonary embolism in this 
categoryy was 28% and the likelihood ratio of this test result was 0.93 (95% CI 
0.699 - 1.24), indicating almost no discriminatory effect. 

Thee extended clinical model was performed in a subgroup of 237 patients in 
whomm all required variables were collected. A quarter of the patients was 
categorisedd as having a low probability using this clinical model. The preva-
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lencee of pulmonary embolism in patients with this test result was 28%, while 
thee likelihood ratio of 0.66 (95% CI 0.40 - 1.08) was slightly better than that 
off  the simplified clinical model, albeit not significant. 
Too examine whether potential differences in the groups in which the various 
testss were performed were of influence on the observed performance of the 
tests,, we repeated the analysis in the subgroup of patients in whom both the 
clinicall  probability estimate and the clinical models were available. This 
analysiss showed similar results as the primary analysis (data not shown). 

EmbolusEmbolus localisation 
Inn 7 of the 11 patients with a clinical probability estimate of less than 20%, 
informationn about the localisation of the emboli was available. Six of these 
sevenn patients (86%) had emboli in segmental or larger arteries, while only 1 
patientt had subsegmental pulmonary emboli. In 38 of the 41 patients in the 
loww probability group according to the simplified clinical model, the localisa-
tionn of emboli was available. In twenty-eight (74%) of these case the emboli 
weree located in arteries of segmental or larger size. In 11 of the 12 (92%) pa-
tientss in whom the localisation was available in the low probability group as 
definedd by the extended clinical model, the disease was located in segmental 
orr larger arteries. 

ObserverObserver variability 
Amongg the 6 participating centres an important variation in the percentages 
off  patients falling into the respective categories of the studied models was ob-
served.. This despite the fact that the patient samples within the six centres 
weree fully comparable concerning relevant clinical characteristics. The pro-
portionn of patients with a clinical probability estimate of less than twenty 
percentt varied between 2% and 21%, while that of patients with a low prob-
abilityy according to the simplified clinical model ranged from 23% to 47%. 

Discussion n 

Thiss large multi-centre study demonstrates that a physician's clinical judge-
mentt alone performs comparably to two standardised clinical models in cate-
gorisingg the pre-test probability in patients with suspected pulmonary 
embolism.. However, all three methods show a disappointing performance, 
withh the discriminatory potential among the various categories being low 
(Tablee 2). Although a low probability result is relatively frequently obtained 
(inn approximately 15 to 35% of patients), the high prevalence of pulmonary 
embolismm in patients in this category, which varied from 19 to 28%, is a limi -
tationn for the clinical utility . In particular, since our analysis of the extent of 
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embolii  indicates that a large proportion of these patients have thrombi in 
segmentall  or larger arteries. 
Ourr results seem in contrast with those reported earlier for the clinical prob-
abilityy estimate and the clinical models.36 These previous studies observed a 
relativelyy low prevalence of pulmonary embolism (3 to 9%) in patients in the 
loww probability category as compared to a prevalence as high as 78% in pa-
tientss categorised as having a high probability. It is not fully clear why these 
methodss show a lower discriminatory performance in the present study. 
AA possible explanation is the difference in the reference test for the diagnosis 
off  pulmonary embolism. Our study used a strict protocol with objective diag-
nosticc tests to arrive at a final diagnosis regarding the presence or absence of 
pulmonaryy embolism, while the studies of Wells et al. and Perrier et al. also 
usedd clinical follow-up as a reference test. Although this undoubtedly is a 
usefull  measure, this could lead to an underdiagnosis of (smaller) emboli with 
aa low tendency for recurrence when untreated.12 

Anotherr source of differences in discriminatory performance is a difference in 
thee spectrum of patients studied.13 While in the present study the prevalence 
off  pulmonary embolism was 31%, this figure was only 17 and 21% in the 
studiess by Wells et al. and Perrier et al., respectively. This would seem to in-
dicatee that the spectrum of patients studied is indeed different. An influx of 
patientss with a low probability of the disease in the earlier studies, leading 
onn the one hand to a larger number of patients, and on the other hand to a 
lowerr prevalence of the disease in this category is a likely explanation. 
Thee fact that in the present study there were no clinical consequences of ei-
therr the estimate or the clinical models may also be of importance. While this 
couldd potentially lead to a less dedicated clinical probability estimate, one 
wouldd not expect this to lead to a difference in the results with the clinical 
models,, which are based on relatively objective criteria from the medical his-
toryy and physical examination. Finally, it needs to be recognised that there is 
alwayss a tendency towards overmodeling with multivariate analyses.14 The 
inclusionn of more variables in a prediction model causes it to become a reflec-
tionn of the original population and consequently less applicable in a new 
population.. Furthermore, the addition of more variables may increase the ac-
curacy,, but also results in a worse precision of the model. These factors often 
leadd to less favourable results when the model is validated. 
Thee various potential explanations do not however apply to the differences 
observedd between this investigation and the PIOPED study, which had a 
similarr prevalence, used objective diagnostic outcome assessment and did not 
attachh clinical consequences to the clinical probability estimates. 
Somee aspects of our study deserve comment. Firstly, a substantial proportion 
(15%)) of screened patients had to be excluded due to presentation at a time at 
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whichh there was an expected inability to complete the diagnostic protocol 
withinn 48 hours or because some diagnostic testing had already been per-
formed.. Furthermore, a final diagnosis of pulmonary embolism was not 
reachedd in 110 of the 627 initiall y included patients. The baseline clinical 
characteristicss of the 517 study patients are similar to those of these ex-
cludedd patients (Table 1), although the latter patients were slightly older, 
weree more often in-patients and had more accompanying disease. Neverthe-
less,, we believe the patients studied are representative for patients with sus-
pectedd pulmonary embolism seen at a large teaching hospital. 
Secondly,, we modified the extended clinical model by omitting information 
concerningg the blood oxygen saturation and ECG since these variables are 
nott routinely collected at admission. This could lead to a systematic underes-
timationn of the probability for the disease. However, i t is unlikely that this 
hass occurred, since the proportion of patients in the low probability category 
wass less than half that observed in the earlier study. Moreover, the extended 
modell  performed comparably with the simplified model, which is in line with 
thee same observation by Wells and colleagues. 

Finally,, a formal training of physicians in the participating centres in the 
performancee of the clinical probability estimate was not undertaken before 
thee start of the study. This may have influenced the accuracy of the prob-
abilityy estimate. It can also be argued, however, that this study in both cen-
tress with and without a pre-existing specialised interest in the diagnosis of 
pulmonaryy embolism, approaches the clinical reality with regard to the accu-
racyy of this method. This point of criticism does not apply to the clinical mod-
els,, for which the data were collected in a formalised manner. 
Whatt is the clinical utilit y of the probability estimate and the clinical models 
inn the diagnostic work-up of patients with suspected pulmonary embolism? 
Althoughh our findings are less positive than previous reports, these methods 
stilll  may have the potential to guide and thus simplify the diagnosis of pul-
monaryy embolism. I t is clear from the present study that they can not be 
usedd alone for the exclusion or acceptance of the diagnosis of pulmonary em-
bolism.. As suggested previously, they should be used in combination with 
otherr diagnostic tests. 

Theoretically,, there are at least two applications of these methods. The first 
iss to use them to exclude pulmonary embolism in patients who have already 
undergonee an objective diagnostic investigation, as suggested by Wells et al. 
andd Perrier et al. for patients with a non-diagnostic finding upon ventilation-
perfusionn scintigraphy. The other application would be to use the clinical 
probabilityy for example with D-dimer testing as the first step in the diagnos-
ticc work-up. One could thus envision a strategy in which patients with a low 
probabilityy of the disease and a normal D-dimer level can be spared further 
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diagnosticc investigations. The safety of such strategies needs to be properly-
evaluatedd in prospective studies before implementation in routine clinical 
practice. . 
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Abstract t 

Objectivee tests are necessary for the diagnosis of pulmonary embolism. How-
ever,, these are expensive and not readily available. D-dimer assays have 
beenn suggested as useful tests for the exclusion of the diagnosis. The objec-
tivee of this study was to investigate the diagnostic accuracy of various quan-
titativee D-dimers in patients with suspected pulmonary embolism and the 
influencee of embolus size on accuracy. Plasma D-dimer levels were measured 
usingg three commercially available assays (Tinaquant®, Vidas® and IL-
test®).. A strict protocol with ventilation-perfusion scintigraphy, pulmonary 
angiographyy and spiral CT was used to arrive at a final diagnosis. The study 
wass performed within the setting of a multicenter study in six Dutch referral 
centres. . 

Diagnosticc accuracy indices were calculated and receiver operated charac-
teristicss (ROC) analysis was performed for the D-dimer assays. Furthermore, 
thee influence of embolus size on the diagnostic accuracy was evaluated. The 
studyy population consisted of 319 consecutive in- and outpatients with clini-
callyy suspected pulmonary embolism. Using the manufacturers advised cut-
offf  values, the sensitivity and specificity were 89 and 52 % (Vidas), 82 and 63 
%% (Tinaquant), and 73 and 73 % (IL-test), respectively. Although these differ-
encess were statistically significant, no differences were found between the 
testss using ROC-analysis. There was a significant correlation between 
plasmaa D-dimer concentration and embolus size. Al l three assays showed 
significantlyy greater accuracy in excluding segmental or larger emboli than 
sub-segmentall  emboli. In conclusion, all three quantitative D-dimer tests 
showw an identical, but disappointing diagnostic accuracy. To safely exclude 
pulmonaryy embolism, D-dimer assays should be combined with other diag-
nosticc tests. The accuracy of the D-dimer assays is largely dependent on em-
boluss size. 
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Introductio n n 

Sincee the diagnosis of pulmonary embolism (PE) cannot be based on clinical 
groundss alone, objective diagnostic tests are essential to establish a definitive 
diagnosis.1"44 While lung perfusion scintigraphy is sensitive and non-invasive, 
i tt is nonspecific.5 In conjunction with ventilation scintigraphy, it yields a 
high-probabilityy result for PE in only 15-20% of cases and a non-diagnostic 
resultt remains in 40-60% of all patients.5-6 These patients need additional di-
agnosticc tests, such as pulmonary angiography. Pulmonary angiography can 
providee a definitive diagnosis, but is rarely used due to concerns about the 
riskk of complications.7-8 Furthermore, patient management is difficul t at a 
time-pointt when neither lung ventilation-perfusion (VQ) scintigraphy nor 
pulmonaryy angiography are available. Patients are then often admitted to 
hospitall  and treated with heparin until these tests can be done. This results 
inn unnecessary exposure to anticoagulants and is cost-ineffective since PE is 
foundd in only one third of patients.8 

Ann ideal diagnostic test would need to be rapid, inexpensive and simple and, 
inn order to select patients safely in whom further testing is unnecessary, its 
sensitivityy should approach 100%. An attractive candidate could be the 
measurementt of D-dimer, a specific degradation product of cross-linked fibrin 
thatt is formed by the endogenous fibrinolytic system. The level of D-dimer in 
plasmaa is almost always increased in patients with acute PE or DVT. Thus, it 
hass been suggested that a normal level of D-dimer measured with an en-
zyme-linkedd immunosorbent assay (ELISA) may accurately exclude PE.910 

Althoughh promising results have been reported, D-dimer assays have not yet 
gainedd wide acceptance as an established test for the diagnosis of PE due to 
severall  reasons.11 Classic ELISA based assays are time-consuming, labour-
intensivee and therefore not routinely available. While many studies have in-
vestigatedd the value of rapid D-dimer assays in the diagnosis of deep venous 
thrombosiss (DVT) or in a combination of DVT and PE,1217 few studies have 
evaluatedd D-dimer assays in large groups of patients with clinically sus-
pectedd PE alone.141823 Most importantly, no previous study has investigated 
thee accuracy of fast latex- or immunofiltration based quantitative D-dimer 
assayss in comparison with a gold standard in an adequate sample of consecu-
tivee in- and outpatients with clinically suspected PE. 

Wee compared the sensitivity and specificity of three rapid quantitative D-
dimerr assays in a consecutive series of patients with clinically suspected PE, 
usingg a predefined objective 'gold standard'. In addition, the influence of em-
bolus-sizee on the diagnostic performance of these tests was determined using 
assessmentss of the largest involved pulmonary artery branch on spiral com-
puterr tomography (CT) scan and/or pulmonary angiography. Finally, we 
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evaluatedd whether the accuracy of D-dimer assay differs between inpatients 
andd outpatients. 

Methods s 

Patients Patients 
Thiss study was conducted from June 1997 through March 1998 as part of a 
largee multicenter study in six Dutch hospitals. Al l consecutive in- and outpa-
tientss with clinically suspected PE were eligible. Patients who had already 
undergonee objective diagnostic examinations for their current symptoms 
weree excluded, as were patients in whom the diagnostic work-up could not be 
initiatedd within 24 hours. Further exclusion criteria were pregnancy, age less 
thann 18 years and the immediate need for thrombolytic therapy. The study 
wass approved by the Institutional Review Boards of all participating centres 
andd informed consent was obtained from all patients. 

DiagnosticDiagnostic work-up 
Al ll  patients underwent bilateral ultrasonography of the leg veins and de-
tailedd information on symptoms and co-morbidity was recorded in a stan-
dardisedd clinical record form. Patients then underwent perfusion 
scintigraphy.. A normal perfusion scintigram excluded PE, and no further ex-
aminationss were performed. Ventilation scintigraphy and a spiral CT scan 
followedd an abnormal perfusion result. Ventilation-perfusion results were 
classifiedd as high probability for pulmonary embolism (defined as one or more 
segmentall  perfusion defects with locally normal ventilation) or non-
diagnostic.244 Pulmonary angiography was performed in patients with a non-
diagnosticc VQ-scan and in patients with a high-probability VQ-scan and a 
normall  CT scan. The maximum time span between examinations was 24 
hours.. Al l diagnostic tests were interpreted independently and without 
knowledgee of the clinical status of the patient by a panel of experts. 
Thee final diagnosis of PE was thus established by a high-probability VQ scan 
andd associated concurrent abnormal CT scan or by an abnormal pulmonary 
angiogram.. PE was excluded on the basis of a normal perfusion scan or a 
normall  pulmonary angiogram. To ascertain the largest involved branch of 
thee pulmonary artery, CT scans and pulmonary angiograms of patients with 
thee final diagnosis PE were reviewed by three experienced radiologists. Pa-
tientss were categorised according to the largest pulmonary vessel in which 
PEE was visible: central (main pulmonary trunk, left or right pulmonary ar-
tery,, lobar artery), segmental or sub-segmental artery. 

Forr lung perfusion scintigrams Technetium-99m macro-aggregated albumin 
particless were used and images were obtained from six directions. When per-
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fusionn defects were observed, ventilation scintigraphy was performed using 
Krypton-81mm gas. Pulmonary angiography was performed using a digital 
subtractionn technique, with a catheter positioned selectively in the left and 
rightt pulmonary artery. The complete runs were scored on the viewing sta-
tion.. Spiral CT angiography was performed during a 32 seconds single breath 
hold.. If patients were very dyspneic, scanning was performed during shallow 
breathing.. Each scan was scored on a viewing station. 

PlasmaPlasma collection and D-dimer assays 
Priorr to or within 24 hours after the start of heparin therapy, venous blood 
wass drawn using standard 4.5-ml citrate Vacutainer® tubes (Becton Dickin-
son,, Franklin Lakes NJ, United States). These were centrifugated at 4° Cel-
siuss for 15 minutes at 2500 G. Plasma was then aliquoted into Sarsted 2 ml. 
tubes,, snapfrozen and stored at -80° Celcius. Quantitative D-dimer meas-
urementss were performed on samples, which had been thawed only once, 
usingg the Tinaquant assay (Boehringer Mannheim GmbH, Mannheim, Ger-
many),, Vidas assay (bioMérieux SA, Marcy-l'Etoile, France) and IL-test D-
dimerr assay (Instrumentation Laboratory, Barcelona, Spain), according to 
thee manufacturer's instructions. 
Tinaquantt D-dimer, an immunoturbidimetric assay for quantitative in vitro 
determinationn of fibrin degradation products (D-dimer and X-Oligomers) was 
carriedd out on a Hitachi system. The manufacturers advised cut-off value for 
thee Tinaquant assay is 0.5 ug/ml. Vidas D-dimer assay is a fast quantitative 
ELISAA method automated on a Vidas immunoanalyzer. D-dimer concentra-
tionss higher than 1000 ng/ml were obtained after manual dilution (1/10) of 
thee sample. The manufacturer's advised cut-off value is 500 ng/ml. The IL -
testt is an automated latex enhanced immunoturbidimetric assay for the 
quantitativee determination of D-dimer in plasma on IL Coagulation Systems 
(Instrumentationn Laboratory, Barcelona, Spain). The manufacturers advised 
cut-offf  value is 255 ng/ml. 

Too avoid possible bias, technicians were not aware of patient identity and 
otherr test results. The results of the D-dimer measurements were not made 
knownn to the interpreters of the different diagnostic tests in this study. 

Statistics Statistics 
Thee sensitivity and specificity of the D-dimer assays were calculated using 
thee cut-off value advised by the respective manufacturers and the gold stan-
dardd diagnosis. 
Receiverr operated characteristics (ROC) analysis was used to evaluate the 
accuracyy of the D-dimer assays irrespective of the manufacturer supplied cut-
offf  value. The area under the ROC-curve (AUC) was used as an objective 
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measuree for the performance of the test irrespective of the cut-off value. 
ROC-analysiss was performed using the ROCKIT-software package (C.E. 
Metz,, Chicago, United States). The cut-off values to obtain a sensitivity of 
95%% were then calculated. 
ROCC analyses were performed to ascertain the accuracy of the D-dimer as-
sayss for sub-segmental PE and for segmental or larger PE and to ascertain 
thee accuracy of D-dimer assays for inpatients and outpatients separately. 

Resul ts s 

Patients Patients 

Duringg the course of this study, 807 consecutive patients with clinically sus-
pectedd PE were referred to the study centres. By applying the predefined ex-
clusionn criteria, 677 patients were eligible for inclusion in this study (Table 
1).. Informed consent was obtained from 440 of the 677 patients (65.0%). In 70 
off  the 440 patients no final diagnosis could be made according to our strict 
studyy criteria (Table 1). Plasma was obtained and processed adequately in 
3199 of the remaining 370 patients. The Tinaquant, Vidas and IL-assay were 
performedd in 313, 289 and 249 samples, respectively. 

Tablee 1. Consecutive patients screened for the ANTELOPE-Study. 

Patientss screened 807 

Excludedd Age < 18 years 11 

Pregnancyy 7 

Indicationn for immediate thrombolytic therapy 4 

Objectivee diagnostic work-up already started 24 

Elsewhere e 

Logisticc or technical reasons (weekend, holidays) 84 

Eligiblee patients 677 

Informedd consent 440 

Diagnosiss according to study protocol 370 

Numberr of patients in which plasma was obtained 319 
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Thee mean age of the study population was 50.0 years (SD 18.0 years) and 189 
(59%)) of the 319 patients were female. Of the 319 patients, 256 (80%) were 
initiall yy seen on outpatient basis; the remaining 63 (19.7%) were inpatients 
andd had developed symptoms of PE during their stay. There were no differ-
encess in clinical characteristics between included and excluded patients. 

D-dimerD-dimer assays 
Usingg the manufacturers advised cut-off values, sensitivity and specificity for 
PEE diagnosis were 82% and 63% (Tinaquant), 89% and 52% (Vidas) and 73% 
andd 73% (IL-test) respectively. The differences in sensitivity and specificity 
betweenn the D-dimer assays were statistically significant (Chi2-test, P< .001) 
(Tablee 2). However, ROC-analysis showed almost identical curves for the 
threee assays (Figure 1). Consequently, the area under the ROC curve (AUC), 
aa value for the accuracy of a test irrespective of the cut-off value, did not dif-
ferr significantly between these assays (AUC 0.79 for Tinaquant, AUC 0.79 for 
Vidass and AUC 0.78 for IL-test, Area test). Thus, the intrinsic capability of 
thesee three assays to exclude PE proved to be similar and was critically de-
pendentt on the chosen cut-off value. I t could be argued that, in order for D-
dimerr assays to safely replace perfusion scintigraphy as an initial test, a sen-
sitivityy of at least 95% is obligatory. Using ROC-analysis on our data, the 
cut-offf  value to obtain a sensitivity of 95 % should be 0.15 ug/ml for Tinaq-
uant,, 250 ng/mL for Vidas and 135 ng/ml for IL-test. With these cut-off val-
ues,, the corresponding specificities then drop to 19% for Tinaquant, 29% for 
Vidass and 23% for the IL-test. If the sensitivity had been set at higher values 
thann 95%, corresponding specificities would have been even lower. 

Tablee 2. Accuracy values of D-dimer assays using the manufacturer's advised 

cut-offf  values. 

Assayy (cut-off value) Sensitivity Specificity NPV PPV 

Tinaquant®® 82% (81/99) 63% (135/214) 88% (135/153) 51% (81/160) 

(0.55 ug/mL) 
Vidas®® 89% (80/90) 52% (103/199) 91% (103/113) 45% (80/176) 

(5000 ng/mL) 
IL-test®® 73% (55/75) 73% (127/174) 86% (127/147) 54% (55 /102) 

(2555 ng/mL) _ __ 
NPVV = Negative Predictive Value 
PPVV = Positive Predictive Value 
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Figuree 1. ROC-curves of D-dimer assays in total patient population. 
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InfluenceInfluence of embolus size on assay performance 
Thee analysis of the results of the D-dimer assays in subgroups of patients are 
basedd on ROC curves and AUC rather than on sensitivities and specificities 
derivedd from arbitrary cut-off values. Figure 2 depicts the mean D-dimer con-
centrationn measured in subgroups categorised according to the largest in-
volvedd pulmonary artery branch. The mean concentration of plasma D-dimer 
measuredd with Tinaquant and Vidas was shown to increase almost exponen-
tiallyy in accordance with the size of the largest embolus present; this was less 
apparentt with the IL-test. 
Thee influence of embolus size on the accuracy of the D-dimer assays is shown 
inn figure 3, which shows the ROC-curves of the assays in patients with PE in 
aa segmental or larger artery (Tinaquant AUC=0.80, Vidas AUC=0.81 and IL-
testt AUC=0.77). Both Vidas and Tinaquant performed significantly better 
thann IL-test, Area-test P=0.01, while there was no significant difference in 
performancee between Vidas and Tinaquant. In patients with PE in a solitary 
sub-segmentall  artery (Tinaquant AUC=0.54, Vidas AUC=0.51 and IL-test 
AUC=0.58)) there were no significant differences. 

Figuree 2. Mean concentration of D-dimer stratified according to largest in-
volvedd pulmonary artery. 
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Figuree 3. ROC-curves of D-dimer assays showing the influence of embolus 
sizee on the accuracy. 
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InfluenceInfluence of patient referral on assay performance 
Whenn the study population was divided into in-patients and out-patients and 
ROC-analysess were performed in these subgroups (shown in figure 4), no 
significantt differences in the accuracy of these assays were found, although 
theree was a trend to a higher accuracy in outpatients for all assays: Tinaq-
uantt AUCin-Patients=0.69 and AUCout-patient^O.79, Area-test, P=0.19; Vidas AU-
Cin-Patient8=0.711 and AUCOut-Patiente=0.80, Area-test, P=0.24; IL-test AUCm-

Patients=0.688 and AUCout-patients=0.78, Area-test, P=0.26. As shown in figure 4, 
inn the relevant range of cut-off values where sensitivity is greater than 80%, 
differencess between assays were negligible. 

Discussion n 

Thiss study, using well-defined criteria for PE, has revealed several important 
issuess with respect to D-dimer testing in patients with PE. Using the cut-off 
valuess chosen by the manufacturer, sensitivities ranged from 73% to 89% for 
thee three widely advocated quantitative D-dimer assays, with corresponding 
negativee predictive values of 86% to 91%. In our view these sensitivities, 
whichh are well below those reported for perfusion-scintigraphy and pulmo-
naryy angiography, make D-dimer tests unsuitable for use as a sole test to ex-
cludee PE. If the sensitivities of these assays were set at 95%, the 
correspondingg specificities would drop to low values, ranging from 19% to 
23%.. This would significantly limi t the clinical utilit y of these tests, since 
thenn only a small proportion of patients can be spared further invasive test-
ing. . 
Thee only study that has studied a D-dimer test in a large group of patients 
versuss pulmonary angiography is well in agreement with our findings with a 
reportedd sensitivity and specificity of 93% (95% confidence limit s 82 to 99%) 
andd 25% (95% CI 18 to 33%).9 Our results are in contrast with those of an 
earlierr study with respect to the Vidas D-dimer assay. De Moerloose et al 
evaluatedd the Vidas D-dimer test in 195 patients with clinically suspected PE 
andd found a sensitivity and specificity of 100 and 38% respectively.18 These 
valuess for sensitivity and specificity can not be fitted on the ROC curve for 
thee Vidas D-dimer assay derived from our study. A possible explanation for 
thiss discrepancy might be found in a different outcome definition. In their 
studyy the diagnosis of PE was rejected based on a normal perfusion scan or 
thee combination of a low clinical probability and a negative D-dimer result. It 
iss possible that small emboli, which were diagnosed in our study, might have 
beenn missed in their study, which could have resulted in an overestimation of 
thee sensitivity of the Vidas D-dimer assay. 
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Figuree 4. ROC-curves of D-dimer assays showing the influence of in- versus 
out-patientt status on the accuracy. 
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Indeed,, this possible explanation for the observed differences in sensitivity 
seemss to be confirmed by this study in which we compared the size of the 
emboluss with both the levels of D-dimer and the accuracy of the three assays. 
Thee 'largest pulmonary vessel involved' correlates well with the plasma D-
dimerr concentration and is thus related to total thrombus-load. We found 
goodd to excellent accuracy of all three D-dimer assays for segmental-sized 
andd larger PE. The accuracy for smaller emboli, however, was shown to be 
lesss than satisfactory and sub-segmental emboli were easily missed by all 
threee assays at all acceptable cut-off values. I t should be noted that in our 
seriess a 19% prevalence of sub-segmental PE was observed, which is well in 
thee range found in previous studies (6% to 30%).25>26 The clinical relevance of 
suchh small sub-segmental emboli is not yet firmly established. 
Thiss study consisted of a strict diagnostic protocol in a wide spectrum of con-
secutivee patients with independent blinded adjudication. While the rigid pro-
tocoll  reduced the number of patients in which a final diagnosis could be 
established,, it did not lead to differences in clinical characteristics, such as 
age,, sex and co-morbidity, between included and excluded patients. Further-
more,, the clinical characteristics of the included patients and the prevalence 
off  PE are both comparable to those found in other studies. 
Wee found no difference in accuracy of the three tested D-dimer assays, when 
appliedd in out-patients and in-patients. There was a trend towards higher ac-
curacyy in out-patients. However, these differences were negligible in the 
rangee of relevant cut-off values. The observed sensitivities and specificities of 
thee tested D-dimer assays appear to be valid in all patients with clinically 
suspectedd PE and should not be limited to out-patients only. 
Wee conclude that none of these quantitative D-dimer assays is suitable as a 
solee test to exclude PE at the manufacturers advised cut-off values and that 
thee diagnostic accuracy is comparable between all assays. ROC-analysis fur-
therr demonstrates that, in order to achieve a high sensitivity of more than 
95%% for all PE, specificity would drop to an impractical low level of around 
20%% for all three assays. As an alternative initial diagnostic approach, a D-
dimerr assay might be combined with assessment of clinical probability for 
thee exclusion of PE. It is, however, essential that prospective studies wil l con-
firmfirm the safety of such an approach. 
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Abstract t 

Thee SimpliRED®, a rapid whole blood D-dimer test, is potentially clinically 
usefull  in the diagnostic work-up of patients with suspected pulmonary em-
bolismm (PE). However, studies have reported a wide range in its sensitivity. 
Inn a prospective multi-centre study, we evaluated the diagnostic accuracy of 
thee SimpliRED test in a large cohort of consecutive patients with suspected 
PE.. The sensitivity of the test for the total study population was 80% (95% CI 
74-86),, with a specificity of 62% (95% CI 56-67). Although the study popula-
tionss in the various centres were fully comparable, important centre differ-
encess for the accuracy of the SimpliRED were observed. These results show 
thatt adequate training and monitoring of the technique and interpretation of 
thee test is necessary to attain a high enough sensitivity that is clinically use-
ful.. We further conclude that the SimpliRED D-dimer can not be used as a 
solee test for the exclusion of PE. 

146 6 



RapidRapid whole blood D-dimer assay in PE 

Introductio n n 

Inn recent years it has become increasingly clear that D-dimer assays poten-
tiallyy have an important role in the diagnostic work-up of patients with clini-
callyy suspected pulmonary embolism. Numerous studies have shown that D-
dimerr assays have a high negative predictive value, and hence may be useful 
inn the exclusion of the disease.1 Although there are various techniques for 
performingg a D-dimer assay, only the rapid assays, which can be performed 
withinn a short time frame, are considered to be clinically useful due to the 
acutee nature of the disease. However, before broad implementation of D-
dimerr assays can take place in clinical practice, several important aspects 
needd to be clarified. 
Att present there are as many as 10 different rapid D-dimer assays available 
andd i t remains unclear which of these assays have the best diagnostic accu-
racy.. Not only has a relatively large variation been found in the sensitivity 
andd specificity between the various assays, but also the observations for the 
individuall  assays have not been consistent in the multitude of studies.2 These 
differencess can largely be explained by the use of different cut-off values in 
thee various studies and furthermore by differences in study methodology and 
patientt selection. So far, many of the studies were performed under optimal 
conditionss for the performance of the D-dimer assay, i.e. batch-wise at the 
endd of the study. Furthermore, subgroup analyses may be important in the 
assessmentt of these tests as the diagnostic accuracy of the D-dimer assays 
mayy vary between different categories of patients, such as for example in in-
andd outpatients. A final aspect that requires attention is the determination of 
thee optimal position of the D-dimer assay in conjunction with other diagnos-
ticc procedures in patients with suspected pulmonary embolism. 
Thee SimpliRED test is a rapid whole blood D-dimer assay. The advantage of 
thiss method above others is that it can be performed bed-side, with the result 
beingg known within several minutes, without the need for specialised labora-
toryy equipment. Several studies have shown that the SimpliRED is poten-
tiallyy clinically useful in the diagnostic work-up of patients with suspected 
deep-veinn thrombosis or pulmonary embolism.3'4 Although this test has been 
demonstratedd to have a good to excellent interobserver variability,5 studies 
havee reported a wide range in the sensitivity (50 to 100%).4-6 As the Sim-
pliREDD is a qualitative D-dimer assay, these differences can not be explained 
byy a variation in the cut-off value, as is plausible for the quantitative assays. 
Withinn the framework of a prospective six-centre study, we were able to 
evaluatee the diagnostic accuracy of the SimpliRED test in a large cohort of 
consecutivee patients with clinically suspected pulmonary embolism. The effi-
ciencyy of this test in the exclusion of pulmonary embolism was evaluated in 
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thee entire cohort as well as for both in- and outpatients. In addition, we as-
sessedd the variation in the diagnostic accuracy among the centres. 

Methods s 

Patients Patients 
Thee design of this multi-centre study, which prospectively assessed various 
diagnosticc methods for pulmonary embolism, has been described elsewhere.7 

Briefly,, from May 1997 through March 1998 consecutive in- and outpatients 
presentingg in six Dutch teaching hospitals with clinically suspected pulmo-
naryy embolism were potentially eligible. Patients were excluded if they were 
youngerr than 18 years of age, were pregnant, had an indication for acute 
thrombolyticc therapy, had already undergone objective diagnostic testing for 
venouss thromboembolism, or if there was an expected inability to complete 
thee diagnostic protocol within 48 hours of presentation. The study protocol 
wass approved by the Institutional Review Boards of all centres and informed 
consentt was obtained from all participants. 

DiagnosticDiagnostic investigations 
Ventilation-perfusionn scintigraphy and pulmonary angiography were used for 
thee diagnosis of pulmonary embolism as previously described.7 In short, lung 
scintigraphyy was performed in all patients and pulmonary angiography was 
performedd in those with a non-diagnostic scan result. The diagnosis was re-
jectedd in case of a normal perfusion scan or a normal pulmonary angiogra-
phy,, while the diagnosis was accepted in case of a high-probability 
ventilation-perfusionn scan or an abnormal angiography. 

SimpliREDSimpliRED D-dimer 
Uponn study inclusion, and prior to or within 24 hours of the start of heparin 
therapy,, the rapid whole blood SimpliRED D-dimer test (Agen Biomedical 
Ltd,, Brisbane, Australia) was performed. The test was done with capillary 
bloodd (2x10^1) drawn by fingerstick. The test is abnormal, i.e. agglutination of 
redd cells is observed within two minutes, when the concentration of D-dimer 
fragmentss is 0.20 mg/1 or above. At each centre, the test was performed by a 
limitedd number of investigators who had previously been trained in the in-
terpretationn of the SimpliRED. The test result was recorded without knowl-
edgee of the outcome of other diagnostic tests. 

StatisticalStatistical analysis 
Thee analysis was limited to patients in whom a definite diagnosis regarding 
thee presence or absence of pulmonary embolism was reached. Diagnostic ac-
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curacyy indices of the SimpliRED D-dimer test were calculated for the total 
patientt group and for in- and out-patients separately. Furthermore, these in-
dicess were calculated for the six centres separately. In addition, the exclusion 
efficiency,, defined as the proportion of all included patients with a normal 
testt result, was calculated. The 95% confidence intervals of the indices were 
calculatedd using statistical software (CIA). The sensitivity and specificity 
withinn the various sub-groups were compared using the Chi-square test and 
Fisherr exact tests were used when necessary. 

Results s 

Patients Patients 
AA total of 1162 patients with clinically suspected pulmonary embolism were 
screened,, of whom 179 (15%) were excluded due to the presence of one of the 
predefinedd criteria. Of the 983 patients who were eligible for inclusion in the 
study,, 627 (64%) gave informed consent. A final diagnosis was not reached in 
1100 of these patients because of withdrawal of informed consent, clear evi-
dencee for an alternative diagnosis for the presenting symptoms or technical 
failure.. In 20 other patients the SimpliRED test was not performed due to 
logisticc reasons. The study population therefore consisted of 497 patients of 
whomm the baseline clinical characteristics are shown in Table 1. 

Diagnosis Diagnosis 
Off  the 497 study patients, 154 (31%) were classified as having pulmonary 
embolism.. Of these 154 patients, 37 had an abnormal pulmonary angiogram 
andd 117 had a high-probability ventilation-perfusion scan. The diagnosis of 
pulmonaryy embolism was rejected in the remaining patients on the basis of a 
normall  pulmonary angiogram (136 patients) or a normal perfusion scan (207 
patients). . 

D-dimerD-dimer test 
Thee diagnostic accuracy indices of the SimpliRED test for the total group as 
welll  as for the in- and outpatients separately are shown in Table 2. The sen-
sitivityy of the test for the total study population with suspected pulmonary 
embolismm was 80% (95% CI 74-86), with a specificity of 62% (95% CI 56-67). 
Thee exclusion efficiency of the test in the total study population, i.e. the pro-
portionn of patients with a normal test result, was 49% (95% CI 44-53). 
Thee test performance was different in in-patients as compared to out-
patients,, with a higher sensitivity (p=0.08) and a lower specificity (p<0.01) in 
thee former group. Although the negative predictive values in the sub-groups 
weree comparable to each other and to the total group, the exclusion efficiency 
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Tablee 1. Baseline clinical characteristics of the 497 patients with clinically 

suspectedd pulmonary embolism. 

Male e 

Meann age, years (SD) 

Out-pat ients s 

Mediann duration of symptoms, 

dayss (quartiles) 

Previouss VTE1 

Familyy history of VTE 

Risk-period2 2 

Activee malignancy 

Symptomss of concurrent DVT3 

Studyy patients 

(n n 

206 6 

51 1 

402 2 

3 3 

72 2 

101 1 

188 8 

49 9 

35 5 

=497) ) 

(41%) ) 

(18) ) 

(81%) ) 

(1,10) ) 

(14%) ) 

(20%) ) 

(38%) ) 

(10%) ) 

(7%) ) 

11 venous thromboembolism 

22 period of immobilization, surgery or trauma in period of 3 months before presentation 

33 deep-vein thrombosis 

Tablee 2. Diagnostic accuracy indices of the SimpliRED D-dimer test for the 

totall  study population and for in- and out-patients separately. 

Total l 

In-patients s 

Out-patients s 

Prevalence e 

PE E 

(%) ) 

154/497 7 

(31%) ) 

39/95 5 

(41%) ) 

115/402 2 

(29%) ) 

Sensitivity y 

(95%% CI) 

80% % 

(74-86) ) 

90% % 

(76-97) ) 

77% % 

(69-84) ) 

Specificity y 

(95%% CI) 

62% % 

(56-67) ) 

39% % 

(27-53) ) 

66% % 

(60-71) ) 

NPV V 

(95%% CI) 

87% % 

(83-91) ) 

85% % 

(65-96) ) 

88% % 

(83-92) ) 

Exclusion n 

efficiency y 

(95%% CI) 

49% % 

(44-53) ) 

27% % 

(19-38) ) 

54% % 

(49-59) ) 

PEE = Pulmonary embolism NPVV = Negative predictive value 
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inn in-patients was 27% (95% CI 19-38) as compared to 54% (95% CI 49-59) in 

out-patients. . 
Interestingly,, although the study populations in the various centres were 
comparablee with regard to clinical characteristics at entry, comorbidity and 
prevalencee of pulmonary embolism, statistically significant and clinically im-
portantt centre differences for the accuracy of the SimpliRED D-dimer were 
observed.. The sensitivity of the test varied in the 6 centres between 96% and 
43%% (p<0.01), while the specificity varied between 80% and 39% (p<0.01). 
Thee sensitivities and specificities in the centres were inversely correlated 
withh each other. The results for the individual centres and the overall esti-
matee are shown in Figure 1. 

Figuree 1. Sensitivities and specificities of the SimpliRED test in the 6 centres 
andd for the total study population. 
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Discussion n 

Thee results of this prospective multi-centre study in a large series of consecu-
tivee patients with clinically suspected pulmonary embolism show a sensitiv-
ityy of 80% and a specificity of 62% for the SimpliRED D-dimer test. However, 
wee observed a significant and important variation among centres. The exclu-
sionn efficiency, i.e. the proportion of patients with a normal test result, in 
whomm therefore pulmonary embolism might be considered as excluded was 
approximatelyy 50%. This indicates that the SimpliRED has potential clinical 
utility ,, albeit that when used as the sole method 10 to 15% of patients may 
actuallyy have pulmonary embolism. This implies that this assay needs to be 
combinedd with other diagnostic procedures such as for example clinical prob-
abilityy estimates or clinical models to safely exclude pulmonary embolism. Of 
interestt is that in the out-patient group the exclusion efficiency was signifi-
cantlyy higher than in the in-patients. 

Thee variation in the diagnostic accuracy, which we found between the six 
centres,, is comparable to the variation reported in the literature. The sensi-
tivitiess found in these earlier studies for the SimpliRED for deep-vein throm-
bosiss or pulmonary embolism range from 50% to 100%.4>6 What are the 
potentiall  explanations for, and implications of this variation? While the dif-
ferencess between earlier studies could potentially be caused by differences in 
studyy population, it is unlikely that this is the cause of the variation found in 
thee present study. The baseline clinical characteristics, comorbidity of the pa-
tientss and the prevalence of the disease in the six centres were fully compa-
rable. . 

Therefore,, the most probable cause of the observed differences between the 
centress is a variation in the interpretation of the test. The inverse relation-
shipp we observed between the sensitivity and specificity as plotted in Figure 
1,, resulting in a Receiver Operating Characteristic (ROC)-like distribution, 
supportss the concept of the application of different subjective thresholds. In 
ourr study the test was performed in all centres by a number of investigators, 
albeitt limited. Despite the fact that these investigators were trained in the 
techniquee and interpretation of the test, there apparently remains a substan-
tiall  degree of subjectivity in designating a test as normal or abnormal. This is 
mostt likely due to a different interpretation of the so-called 'trace positives', 
whichh is dependant on the experience of the investigator. I t is known that if 
thesee 'trace positive' results are not considered as abnormal, the sensitivity 
wil ll  be negatively effected. 

Whatt are the implications of this observed variation? It seems that if the 
SimpliREDD test is performed and interpreted by a limited number of experi-
encedd personnel, for example in the setting of a diagnostic facility, it is a 
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valuablee tool in the exclusion of pulmonary embolism. However, when it is 
appliedd in a less controlled setting in which many persons perform the test 
infrequently,, the sensitivity may become unacceptably low. 
Twoo methodological aspects of our study require comment. Firstly, a large 
proportionn of screened patients was excluded from the study. This could po-
tentiallyy introduce a selection bias in our study. However, we do not believe 
thiss is the case, as the 497 study patients were fully comparable with regard 
too baseline clinical characteristics and the prevalence of pulmonary embo-
lism,, to the 627 initiall y included patients and also similar to previous stud-
ies.. Secondly, we have earlier reported much higher sensitivities for the 
SimpliREDD D-dimer for venous thromboembolism. This nicely illustrates that 
whenn the test is performed in a real clinical situation, rather than in a re-
searchh setting, the sensitivity may decrease, a phenomenon that is generally 
truee for all diagnostic tests.8 

Inn conclusion, the SimpliRED D-dimer test is potentially clinically useful in 
thee diagnostic work-up of patients with suspected pulmonary embolism. 
However,, it can not be used as a sole test for the exclusion of the disease, due 
too its relatively low negative predictive value. For the safe exclusion of the 
disease,, it is necessary to combine this test with other diagnostic methods 
suchh as clinical probability estimates or clinical decision rules. The observed 
centree differences in this study show that adequate training and monitoring 
off  the technique and interpretation of the test is necessary to attain a high 
enoughh sensitivity that is clinically useful. 
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Abstract t 

Compressionn ultrasonography of the deep veins of the legs has been advo-
catedd as an additional method in the diagnostic work-up of patients with 
clinicallyy suspected pulmonary embolism. However, the sensitivity of com-
pressionn ultrasonography has been shown to be disappointedly low. It is un-
clearr whether a more extensive imaging of the deep venous system has 
additionall  diagnostic value. We therefore compared the diagnostic accuracy 
off  a two-point compression ultrasonography (only the common femoral vein 
andd popliteal vein) with an extensive examination (from the common femoral 
veinn until the trifurcation of calf veins). Within 24 hours of presentation, con-
secutivee patients with clinically suspected pulmonary embolism underwent a 
two-pointt and an extensive compression ultrasonography. The examiner was 
unawaree of the results of lung scintigraphy and pulmonary angiography. 
Fourr hundred and seventy-nine patients underwent the two-point compres-
sionn ultrasonography. The sensitivity and specificity of this procedure were 
23%% (95% CI 19 to 26) and 98% (95% CI 96 to 99), respectively. Extensive 
compressionn ultrasonography was performed in 461 (96%) of these 479 pa-
tientss and showed comparable accuracy indices (sensitivity 25%, 95% CI 20 
too 28; specificity 97%, 95% CI 95 to 99). The observations of the two ultraso-
nographyy procedures were not significantly different when compared in the 
4611 patients who underwent both ultrasonography procedures. In conclusion, 
compressionn ultrasonography within 24 hours of presentation has a limited 
sensitivityy for the detection of thrombosis in patients with acute pulmonary 
embolism.. The diagnostic accuracy of compression ultrasonography cannot be 
improvedd by more extensive imaging of the deep venous system in this pa-
tientt category. 
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Introductio n n 

Thee conventional diagnostic tests for pulmonary embolism, such as lung scin-
tigraphyy and pulmonary angiography, have well known limitations. In many 
hospitalss both tests lack ready availability, especially outside regular office 
hours,, and there is a reluctance to perform pulmonary angiography due to its 
perceivedd invasiveness and potential complications.1-2 Therefore, it remains 
desirablee to find a readily available, non-invasive test which correctly identi-
fiesfies patients with pulmonary embolism, thereby reducing the need for lung 
scintigraphyy and invasive pulmonary angiography. 
Sincee it is has been demonstrated that most pulmonary emboli arise in the 
deepp venous system of the legs,34 i t is conceivable that compression ultraso-
nographyy of the leg veins in patients with clinically suspected pulmonary 
embolismm could provide indirect evidence for the presence of the disease. The 
detectionn of deep vein thrombosis would thus give a rationale for anticoagu-
lantt treatment without the requirement of further diagnostic tests, since in 
generall  both groups of patients are treated in a similar way with initial 
heparinisationn followed by long-term oral anticoagulant therapy. 
Twoo arguments formed the rationale for the present study. Firstly, only one 
prospectivee study has thus far evaluated the diagnostic accuracy of compres-
sionn ultrasonography on the day of presentation versus a conjoint gold stan-
dardd of lung scintigraphy and pulmonary angiography, in a large series of 
consecutivee patients with clinically suspected pulmonary embolism.5 In this 
earlierr study, compression ultrasonography involved the examination of only 
thee common femoral vein and the popliteal vein region and was shown to 
havee a low sensitivity (29%). Other studies are limited by their retrospective 
studyy design, small sample sizes or due to the absence of a blinded assess-
mentt of ultrasonography results.611 Secondly, the optimal extent to which 
thee deep venous system needs to be ultrasonographically examined in pa-
tientss with suspected pulmonary embolism is unclear. Although it has been 
firmlyfirmly  established that compression ultrasonography in patients presenting 
withh symptomatic deep vein thrombosis can be limited to examination of only 
thee common femoral vein and popliteal vein region, it is unknown whether 
thiss extent of ultrasonographic imaging is also appropriate for patients with 
suspectedd pulmonary embolism, who are usually asymptomatic for deep vein 
thrombosis.12'13 3 

Thee main objective of the present study was to determine the diagnostic ac-
curacyy of the two-point compression ultrasonography (only common femoral 
andd popliteal vein) in patients with clinically suspected pulmonary embolism. 
Inn addition, we evaluated whether an extensive compression ultrasonogra-
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phy,, from the common femoral vein until the trifurcation of calf veins, had 
additionall  diagnostic value. 

Methods s 

Patients Patients 
Thee study was performed in six teaching hospitals in The Netherlands. Be-
tweenn May 1997 and March 1998 consecutive in- and out-patients with a 
clinicall  suspicion of pulmonary embolism were potentially eligible. Patients 
weree excluded if they were younger than 18 years of age, were pregnant, had 
ann indication for acute thrombolytic therapy, had already undergone objec-
tivee diagnostic testing for venous thromboembolism or if there was an ex-
pectedd inability to complete the diagnostic protocol within 48 hours of 
presentation.. The latter applied to the small group of patients presenting 
duringg holidays and long weekends when not all diagnostic facilities were in 
operation.. The study protocol was approved by the Institutional Review 
Boardss of all hospitals and written informed consent was obtained from all 
participatingg patients. 

DiagnosticDiagnostic investigations 
AA six-view perfusion lung scintigraphy was performed within 24 hours of 
presentation,, using 100 Mbq of  99mTechnetium-labelled macro-aggregates of 
albumin.. In case of at least one segmental or larger perfusion defect, ventila-
tionn scintigraphy was performed using 81mKryptongas. The lung scans were 
interpretedd by using a lung segment reference chart,14 and were classified as 
beingg normal (no perfusion defects), high probability (at least one segmental 
orr larger perfusion defects with locally normal ventilation) or non-diagnostic 
(ventilation-perfusionn defects not meeting the criteria for high probability or 
normal).15 5 

Pulmonaryy angiography was indicated in all patients with a non-diagnostic 
lungg scan. Angiography was performed using a digital substraction tech-
nique,, with the catheter positioned selectively in the left and right pulmonary 
artery.. The angiograms were considered normal or abnormal according to 
previouslyy described criteria.1517 

Twoo distinct methods of bilateral compression ultrasonography were per-
formedd within 24 hours of presentation, by an experienced examiner unaware 
off  the outcome of the other diagnostic investigations. Initially , a two-point B-
modee compression ultrasonography was performed using a 5-10 Mhz linear 
arrayy transducer. With the patient in the supine position, the common femo-
rall  vein was located in the groin, using the adjacent artery as a reference 
point.. The popliteal vein was subsequently located in the mid-popliteal fossa 
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withh the patient in the prone position. Thereafter, an extensive B-mode com-
pressionn ultrasonography was performed by the same assessor. This proce-
duree involved examination of the superficial femoral vein and the distal 
popliteall  vein until the trifurcation of calf veins, in addition to the common 
femorall  and popliteal vein as described above. No attempt was made to visu-
alisee the calf veins. During both procedures, all veins were imaged in the 
transversee plane to assess their compressibility. Ultrasonography was con-
sideredd abnormal if a venous segment could not be completely compressed, as 
previouslyy described.12 

Thee study protocol demanded that all diagnostic investigations were per-
formedd within 48 hours of presentation. Al l lung scans and pulmonary angio-
gramss were interpreted independently by two experienced examiners. In case 
off  disagreement, the interpretation of a third examiner was considered deci-
sive.. Patients were classified as having pulmonary embolism on the basis of a 
highh probability lung scan or abnormal angiogram, while the diagnosis was 
rejectedd in case of a normal perfusion scan or angiogram. 

DataData analysis 
Thee results of the two-point and the extensive compression ultrasonography 
weree compared with the conjoint gold standard of lung scintigraphy and pul-
monaryy angiography to calculate the indices of diagnostic accuracy (sensitiv-
ityy and specificity). The corresponding 95% confidence intervals were 
calculatedd from the binomial distribution. The McNemar test for paired data 
wass used to compare observations of the two ultrasonography procedures in 
thee same patient. 

Results s 

Patients Patients 
AA total of 1162 consecutive patients with clinically suspected pulmonary em-
bolismm were screened. Of these patients, 179 were excluded on the basis of 
thee following predefined criteria: age under 18 years (16), pregnancy (11), in-
dicationn for thrombolytic therapy (5), performance of objective diagnostic in-
vestigationss prior to study entry (43), expected inability to complete the 
protocoll  within 48 hours (104). Of the 983 patients who were potentially eli-
giblee for inclusion in the study, 627 (64%) gave informed consent. A final di-
agnosiss regarding the absence or presence of pulmonary embolism was not 
reachedd in 110 of these patients because of withdrawal of informed consent, 
clearr evidence for an alternative diagnosis for the presenting symptoms or 
technicall  failure. In 38 other patients the two-point compression ultrasonog-
raphyy was not performed due to logistic reasons. The study population there-
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Tablee 1. Clinical and demographic characteristics of the 479 study patients 
andd the 627 initiall y included patients with clinically suspected pulmonary 
embolism. . 

male e 

meann age, years (SD) 

out-patients s 

mediann duration of symptoms, days 

(quartiles) ) 

previouss history of VTE 

familyy history of VTE 

risk-period* * 

activee malignancy 

symptomss of DVT 

Studyy patients 

(n=479) ) 

2000 (42%) 

52(18) ) 

3877 (81%) 

3(1,9) ) 

711 (15%) 

933 (19%) 

1799 (37%) 

466 (10%) 

266 (5%) 

Initiall yy included 

patients s 

(n=627) ) 

2700 (43%) 

533 (18) 

4900 (78%) 

3(1,9) ) 

988 (16%) 

122(19%) ) 

2499 (40%) 

711 (11%) 

433 (7%) 

VTEE = venous thromboembolism 

DVTT = deep vein thrombosis 

## period of immobilisation, surgery or trauma in period of 3 months before presentation 

foree consisted of 479 patients of whom the clinical and demographic charac-
teristicss are shown in Table 1. As shown, these characteristics are compara-
blee with those of the 627 initiall y included patients. 

DiagnosisDiagnosis of pulmonary embolism 
Off  the 479 study patients, 153 (32%) were classified as having pulmonary 
embolismm on the basis of 129 high probability lung scans and 24 abnormal 
angiograms.. The disease was excluded in 207 patients with a normal perfu-
sionn scan and 119 patients with a normal angiogram. 

Two-pointTwo-point and extensive compression ultrasonography 
Thirty-fiv ee of the 153 patients with proven pulmonary embolism had an ab-
normall  two-point compression ultrasonography (sensitivity of 23%, 95% CI 
199 to 26). Of the 326 patients without pulmonary embolism, 8 had an abnor-
mall  two-point compression ultrasonography (specificity 98%, 95% CI 96 to 
99).. An extensive compression ultrasonography was subsequently performed 
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inn 461 (96%) of the 479 study patients. The prevalence of pulmonary embo-
lismm in these 461 patients was also 32%. This extensive procedure yielded a 
comparablee sensitivity and specificity of 
25%% (95% CI 20 to 28) and 97% (95% CI 95 to 99), respectively. The observa-
tionss of the two-point and the extensive compression ultrasonography were 
nott significantly different when compared in the 461 patients who had un-
dergonee both ultrasonography procedures (p=0.18) (Table 2). Discordant ob-
servationss of the distinct procedures occurred in only 5 (1%) of these patients. 

Tablee 2. Comparison of the observations of the two-point and the extensive 
compressionn ultrasonography. 

Extensivee CUS 
abnormal l 

Two-pointt CUS abnormal 41 
Two-pointt CUS normal 4 

Totall  45 

CUSS = compression ultrasonography 

Discussion n 

Thiss large prospective study demonstrates that compression ultrasonography 
withinn 24 hours of presentation has a limited sensitivity for the detection of 
deepp vein thrombosis in patients with acute pulmonary embolism. Extending 
thee ultrasound investigation to the entire proximal venous system in these 
patientss has no additional value as compared to the two-point assessment of 
compressibility. . 
Whatt is a potential explanation for the observed low sensitivity? Studies us-
ingg venography demonstrated that 70 to 90% of patients with pulmonary 
embolismm concurrently had deep vein thrombosis, albeit 30 to 60% of these 
thrombii  were confined to the calf veins.3-4 I t is therefore plausible that both 
evaluatedd compression ultrasonography procedures are not able to detect 
thesee thrombi as well as venography. I t could be argued that compression ul-
trasonographyy of the individual calf veins might increase the sensitivity for 
thee detection of thrombosis. However, we made no attempt to visualise the 

Extensivee CUS Total 
normal l 

11 42 
4155 419 

4166 461 

161 1 



ChapterChapter 13 

calff  veins, because previous studies have shown that compression ultrasonog-
raphyy of the calf veins leads to a substantial decrease in specificity.18 

Twoo percent of the patients without pulmonary embolism had abnormal re-
sultss on compression ultrasonography. These results were considered as false 
abnormal,, since the conjoint gold standard of diagnosis, that is lung scintig-
raphyy and pulmonary angiography, firmly excluded pulmonary embolism. 
Furthermore,, the resultant specificity of 98% is identical to the previously 
reportedd specificity of compression ultrasonography for the detection of deep 
veinn thrombosis in asymptomatic patients after orthopaedic surgery.19 

Thee observed sensitivities and specificities of the two-point and the extensive 
compressionn ultrasonography are well in agreement with the accuracy indi-
cess (sensitivity 29%, 95% CI 22 to 37; specificity 97%, 95% CI 94 to 99) re-
portedd recently.5 In that study, the common femoral vein and the popliteal 
veinn until the trifurcation of calf veins were examined on the day patients 
presentedd with clinically suspected pulmonary embolism. 
Somee methodological aspects of the present study need to be addressed. 
Firstly,, i t might appear that selection bias has influenced our results, due to 
thee fact that a large proportion of the initiall y included patients were ex-
cludedd from further analysis. However, we do not believe that this has oc-
curred,, since the relevant clinical characteristics of the study population were 
comparablee with those of the initiall y included patients. These characteristics 
aree also similar to those observed in other studies. Secondly, both ultrasonog-
raphyy procedures were performed by the same assessor, which potentially 
limit ss the independence of these tests. We are aware that the interpretation 
off  the venous segments that were involved in both procedures could thus be 
influencedd by diagnostic suspicion bias. We made effort to minimise this po-
tentiall  bias by instructing the assessors to keep strictly to the protocols for 
eachh ultrasonography procedure and to fill  in a standardised assessment 
formm in which all venous segments had to be scored separately. Hence, we 
considerr our conclusions regarding the additional diagnostic value of ex-
tendingg the ultrasound investigation reliable. Finally, our findings regarding 
thee diagnostic accuracy of the two-point and the extensive ultrasonography 
proceduree are only valid for their use within 24 hours of presentation. There-
fore,, conclusions with respect to the useful extent of compression ultrasonog-
raphyy when used for serial testing cannot be made. 

Whatt is the clinical utilit y of compression ultrasonography within 24 hours of 
presentation?? Compression ultrasonography was able to detect deep vein 
thrombosiss in only 9% of our study population. The clinical utilit y in terms of 
reducingg the need for further diagnostic tests is thus limited. This conclusion 
cann be further enforced if we take into account the large number of normal 
ultrasoundd results. Furthermore, assuming that all false abnormal results 
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aree indeed no deep vein thrombosis, 19% of the patients with an abnormal 

ultrasoundd result would possibly have received unnecessary anticoagulant 

treatmentt if we had based our decision to initiate treatment on such an ab-

normall  ultrasound result. 

Wee conclude that compression ultrasonography as a single screening test has 

aa limited sensitivity for the detection of deep vein thrombosis in patients with 

suspectedd pulmonary embolism within 24 hours of presentation. The diagnos-

ticc accuracy cannot substantially be improved by more extensive imaging of 

thee deep venous system. 
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Abstract t 

Severall  new non-invasive tests, such as D-dimer measurement, clinical prob-
abilityy estimates, (serial) compression ultrasonography and spiral CT, are 
advocatedd to reduce the number of pulmonary angiograms in patients with 
clinicallyy suspected pulmonary embolism. The objective of this study was to 
comparee the effectiveness and costs of various non-invasive diagnostic 
strategiess with the standard strategy using pulmonary angiography. The de-
signn was that of a decision model comparing 3-month mortality of different 
diagnosticc strategies. The data sources used were a prospective study evalu-
atingg the accuracy and costs of various new diagnostic tests for pulmonary 
embolism,, as well as data from literature on additional diagnostic tests and 
clinicall  outcome. The target population was in- and outpatients with clini-
callyy suspected pulmonary embolism and the time horizon was 3 months. Fif-
teenn different diagnostic strategies were compared: 4 strategies with 
pulmonaryy angiography, 8 non-invasive strategies and 3 reference strategies. 
Thee outcome measures were 3-month mortality, costs, treatment rate, false 
negativee rate and the percentage of required angiograms. The diagnostic 
strategiess with the lowest expected mortalities were: spiral CT combined 
withh serial compression ultrasonography and lung scanning combined with 
seriall  compression ultrasonography (both 0.8%). The standard strategy per-
fusion-ventilationn lung scanning, ultrasonography and angiography also had 
aa low mortality (0.9%) but at higher costs. Using a combination of clinical as-
sessmentt and a D-dimer assay to rule out pulmonary embolism at entry re-
sultedd in a comparable mortality with a small reduction in costs. The 
differencess in mortality between strategies with serial ultrasonography and 
strategiess with angiography remained small even if the combined sensitivity 
off  the serial ultrasonography was decreased to 50%. In this scenario the costs 
perr patient still remained lower than that in strategies with angiography. In 
conclusionn the expected mortality of the evaluated strategies with serial ul-
trasonographyy is in the same range as that for the standard strategy with 
pulmonaryy angiography as the final test. Especially, the combination of serial 
ultrasonographyy following either a spiral CT or a non-diagnostic lung scan 
seemss promising with the potential advantage of a broader clinical applica-
bility . . 

166 6 



Cost-effectivenessCost-effectiveness of diagnostic strategies in PE 

Introductio n n 

Suspectedd pulmonary embolism, with an estimated incidence of 2 to 3 per 
10000 inhabitants annually, is a common diagnostic problem in the Western 
world.11 In only about 25 to 30% of patients suspected of having pulmonary 
embolism,, this diagnosis wil l be confirmed by objective methods. The value of 
ventilation-perfusionn lungscanning for the diagnostic work-up has been es-
tablishedd in several large studies.2-3 Nevertheless in approximately 50% of 
patientss the results of ventilation-perfusion lungscanning are inconclusive 
andd considered as a non-diagnostic lungscan. In these patients further objec-
tivee tests are needed to confirm or refute the diagnosis. The recommended 
strategyy is to perform a single compression ultrasonography in search of deep 
legg vein thrombosis, followed by a pulmonary angiography in case of a nor-
mall  result. Since ultrasonography is not a very sensitive test in this clinical 
setting,, angiography is indicated in most patients with a non-diagnostic 
lungscan.4 4 

Contraryy to these recommendations, surveys of clinical practice have shown 
thatt pulmonary angiography is frequently not performed, probably due to its 
invasivee character and lack of direct availability in many hospitals.57 Several 
neww non-invasive tests, such as d-dimer measurement, clinical probability 
estimatess and spiral CT, are advocated to reduce the number of pulmonary 
angiogramss in patients with suspected pulmonary embolism.8 Moreover, re-
centt reports have indicated that replacing angiography by serial testing for 
deepp venous thrombosis could be a safe alternative strategy in patients with 
aa non-diagnostic lungscan.910 

Wee combined the clinical results of these studies with the diagnostic per-
formancee of several tests as evaluated in a large prospective patient-based 
studyy to compare the effectiveness and costs of several non-invasive diagnos-
ticc strategies in comparison with the standard strategy using pulmonary an-
giography. . 

Methods s 

Wee created a decision model representing alternative strategies for the diag-
nosticc work-up of patients suspected of pulmonary embolism. Two sources of 
dataa formed the basis for the present analysis: Firstly, the results of a large 
prospectivee study on the sensitivity, specificity and costs of various diagnostic 
testss for pulmonary embolism, obtained in consecutive patients with clini-
callyy suspected pulmonary embolism, were used. Secondly, data for addi-
tionall  diagnostic tests and on the clinical outcomes of in the various 
diagnosticc strategies were derived from the literature. 
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Forr each strategy the 3-month mortality caused by recurrent pulmonary em-
bolism,, fatal bleeding associated with anticoagulant therapy or pulmonary 
angiographyy and costs per patient were computed. The costs per additional 
lif ee saved were calculated in comparison with a strategy in which none of the 
patientss underwent diagnostic testing nor received anticoagulant treatment 
("noo treatment"). In addition, the percentage of performed angiograms, the 
proportionn of inadequately not treated patients (false negatives), and total 
proportionn of treated patients (treatment rate) were determined. 
Inn the model a distinction was made between segmental or larger pulmonary 
embolismm and subsegmental pulmonary embolism, for the accuracy of the di-
agnosticc tests as well as the 3-month mortality rate. Furthermore, the de-
pendenciess in the diagnostic properties the tests, were also incorporated into 
thee model. 

DecisionDecision model 
Wee formulated 11 diagnostic strategies: 3 strategies with pulmonary angiog-
raphy,, 3 strategies with serial compression ultrasonography, 2 other non-
invasivee strategies and three reference strategies (no treatment, treating all 
withoutt diagnostic testing, and one perfect test). In addition the effect of a 
'triagee test', to rule out pulmonary embolism in an easy manner at the begin-
ningg of the diagnostic work-up, was examined in 4 strategies, amounting to a 
totall  of 15 different strategies analysed. Common rules applicable to each 
strategyy were: The diagnosis of pulmonary embolism was ruled out by a nor-
mall  pulmonary angiogram, a normal perfusion scan, or a normal triage test. 
Thee diagnosis of pulmonary embolism was established on the basis of an ab-
normall  angiogram, a high probability ventilation-perfusion scan, an abnor-
mall  spiral CT, or an abnormal ultrasonography of the deep leg veins. All 
otherr test results led to the next test in the strategy. The final test of a strat-
egyy was used to rule out as well as to establish the diagnosis pulmonary em-
bolism. . 

TestTest performance in the prospective study 
Detailss of this large prospective study are described elsewhere.11 Briefly, 
fromfrom May 1997 through March 1998 both in- and outpatients with a clinical 
suspicionn of pulmonary embolism were eligible for the study. A detailed clini-
call  history, physical examination, assessment of clinical probability for pul-
monaryy embolism, a D-dimer test, a compression ultrasonography and a 
ventilation-perfusionn scan were performed in all patients after obtaining in-
formedd consent. Spiral CT angiography was only performed in patients with 
ann abnormal perfusion scan. Pulmonary angiography was performed in case 
off  a non-diagnostic ventilation-perfusion (VQ) scan and whenever a high 
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probabilityy VQ-scan was followed by a normal spiral CT scan, pulmonary 
embolismm was excluded by a normal perfusion scan or a normal pulmonary 
angiography.. The diagnosis was established in case of an abnormal angiog-
raphyy or a high-probability VQ scan. All cases of pulmonary embolism (PE) 
weree reviewed to determine the level of the largest obstruction with pulmo-
naryy angiography or spiral CT into either 'subsegmental' pulmonary embo-
lism,, i.e. largest embolus found in a subsegmental pulmonary artery, or 
'segmental'' pulmonary embolism, i.e. largest embolus found in segmental or 
largerr pulmonary artery. 
Off  the 627 patients included in the study, 517 received a final diagnosis as 
describedd above. In 26 of the 517 patients with a high probability VQ scan, no 
spirall  CT or pulmonary angiography result was available. An estimation of 
thee frequency of segmental and subsegmental pulmonary embolism in these 
266 patients was made using the prevalence of segmental and subsegmental 
pulmonaryy embolism in all other patients with a high probability VQ scan. 
Basedd on this calculation, 153 (30 %) of the 517 patients had pulmonary em-
bolism,, of whom 118 had a segmental and 35 a subsegmental obstruction. 
Thee sensitivity for segmental pulmonary embolism, the sensitivity for sub-
segmentall  pulmonary embolism and the specificity for pulmonary embolism 
weree calculated for each test. For the calculation of the sensitivity of the per-
fusionn scan both a segmental and subsegmental defects were regarded as ab-
normal.. The sensitivity and specificity of the ventilation scan were calculated 
forr the subgroup of patients with a high probability or a non-diagnostic lung-
scan.. To obtain an estimation of the specificity of the spiral CT for the entire 
groupp (since a spiral CT was not performed in case of a normal perfusion 
scan)) we assumed that in these patients the spiral CT would also have been 
normal.. In addition, sensitivities and specificities of the spiral CT and ultra-
sonographyy conditional on previous test results were calculated. The sensi-
tivit yy and specificity of the 'triage test' were based on the combination of a 
clinicall  probability and a D-dimer test (Tinaquant®) requiring both a normal 
D-dimerr assay (<500 ng/ml) and a low clinical probability estimate (<20%) to 
rulee out pulmonary embolism in at initial evaluation. The tests characteris-
ticss calculated from the results of the Antelope study are listed in Table 1. 

TestTest performance from literature 
Recently,, the safety of serial testing for deep venous thrombosis in patients 
withh suspected pulmonary embolism and a non-diagnostic lungscan has been 
evaluated.9100 Wells and colleagues evaluated serial compression ultrasonog-
raphyy in 702 consecutive patients with a non-diagnostic lungscan. On day 
one,, 23 patients had an abnormal ultrasonography and in 14 of the 679 pa-
tientss who subsequently entered the serial testing protocol, consisting of re-
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Tablee 1. Results from the prospective study. 

Valuess of base case analysis (%) 

Prevalencee pulmonary embolism 

Subsegmental l 

Segmental l 

Triagee test* 

Sensitivityy segmental 

Sensitivityy subsegmental 

Specificity y 

Perfusionn Scan 

Sensitivityy segmental 

Sensitivityy subsegmental 

Specificity y 

Ventilationn Scan 

Sensitivityy segmental 

Sensitivityy subsegmental 

Specificity y 

Ultrasonography y 

Sensitivityy segmental 

Sensitivityy subsegmental 

Specificity y 

Spirall  CT 

Sensitivityy segmental 

Sensitivityy subsegmental 

Specificity y 

Independent t 

29,6 6 

6,8 8 

22,8 8 

100 0 

100 0 

12 2 

98 8 

97 7 

65 5 

NA A 

NA A 

NA A 

26 6 

7 7 

97 7 

86 6 

21 1 

95 5 

Dependentf f 

abnormal abnormal 

perfusionperfusion scan 

87 7 

83 3 

84 4 

non-diagnostic non-diagnostic 

lungscan lungscan 

0 0 

20 0 

97 7 

abnormal abnormal 

perfusionperfusion scan 

86 6 

21 1 

85 5 

' ' 

abnormalabnormal perfusion 

scanscan + normal SCT 

8 8 

10 0 

99 9 

non-diagnosticnon-diagnostic lung 

scanscan + normal US 

58 8 

25 5 

86 6 

NAA is not applicable. 

**  normal if clinical assessment < 20% and D-dimer < 500 ng/ml. 

tt sensitivities and specificity were recalculated in the subgroups of patients with the test re-
sultss mentioned in the heading. 
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peatedd investigations on day 3, 7 and 14, a deep venous thrombosis was de-
tected.. During 3 months follow-up 3 symptomatic venous thromboembolic 
eventss occurred. With these results the combined sensitivity of the 3r d, 7th 

andd l é ^ d ay serial compression ultrasonography can be calculated as 14/17 
(82%). . 
Inn our analysis we used the results from the prospective study to calculate 
thee sensitivity and specificity of the first compression ultrasonography. The 
combinedd sensitivity of subsequent ultrasonographies was estimated to be 
82%.. The specificity of subsequent ultrasonographies was estimated to be 
98%% on the basis of reports on the specificity of a single compression ultraso-
nography.12'4 4 

Thee diagnostic accuracy of pulmonary angiography is difficul t to assess. Re-
cently,, some studies have demonstrated disagreement between expert read-
ers,, indicating that the accuracy is not perfect.13-14 Nevertheless, pulmonary 
angiographyy is widely accepted as the reference standard for diagnosing 
pulmonaryy embolism. Consistent with this, we assumed a sensitivity and 
specificityy of 100% for pulmonary angiography. The procedure related mor-
talityy of angiography was estimated to be 0.5%.15 

ClinicalClinical course 
Theree is hardly any empirical data on the natural course of untreated pul-
monaryy embolism. In the late 1950's one randomised controlled trial was per-
formedd in which 5 of 19 (26%) untreated patients died.16 The total mortality 
inn the anticoagulant treated group was 2/54 (4%), amounting to a relative 
riskrisk ratio of 0.14. It is to be expected that with a lower threshold for suspicion 
andd advanced medical technology for lif e support the mortality of untreated 
pulmonaryy embolism is currently lower. In a recent review the 3-month total 
mortalityy rate in patients diagnosed with pulmonary embolism and treated 
withh anticoagulants was 2.3%.17 Assuming the same relative risk of 0.14, the 
mortalityy of untreated pulmonary embolism would be 16%. There is also evi-
dencee that the mortality of subsegmental pulmonary embolism is lower.18 In 
thee present analysis we assumed the mortality of subsegmental to be 50% 
lowerr than that of segmental pulmonary embolism. Using the frequency of 
subsegmentall  pulmonary embolism from the prospective study, we estimated 
thee mortality for untreated segmental pulmonary embolism 18% and for un-
treatedd subsegmental pulmonary embolism 9%. The 3-month risk of a fatal 
bleedingg during anticoagulant treatment is 0.5% based on a weighted aver-
agee of four large trials.1922 The mortality of treated segmental pulmonary 
embolismm and subsegmental pulmonary embolism were estimated 2.3 and 
1.4%,, both percentages including a 0.5% risk of fatal bleeding. Al l base case 
valuess are listed in Table 2. 
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Tablee 2. Data from literature. 

Seriall  ultrasonography 

Sensitivity y 

Specificity y 

Angiography y 

Sensitivity y 

Specificity y 

Mortalityy angiography 

Naturall  course (mortality) 

Segmentall  PE untreated 

Segmentall  PE treated 

Sub-segmentall  PE untreated 

Sub-segmentall  PE treated 

N o PE E 

Riskk of fatal bleeding during 

t reatment t 

Basee case value (%) 

82 2 

98 8 

100 0 

100 0 

0.5 5 

18 8 

1.8* * 

9 9 

0,9* * 

0 0 

0.5 5 

Sensitivityy analysis 

30-90 0 

0 0 

26 6 

5-18 8 

0 . 5 - 1 .8 8 

PEE indicates pulmonary embolism 

**  The risk of fatal bleeding during treatment excluded 

Costs Costs 
Costss were calculated from the perspective of the healthcare system. In four 
centress participating in the study the use of resources was prospectively 
measured.. Integral costs were calculated for the relevant medical services, 
takingg into account the costs directly related to the performance of the serv-
icee (personnel, medical materials and equipment) as well as costs of the insti-
tutionall  infrastructure (laboratories and overhead). The costs of treatment 
includee the costs of 7-day hospital stay for heparin treatment, costs of 3 
monthss anticoagulant treatment, and costs for hospital admission in case of 
non-fatall  bleeding. The costs of hospital stay for diagnosis, on average 2,5 
days,, were not taken into account, as they would have no influence on the dif-
ferencee in total costs. The relevant costs are summarised in Euro's in Table 3. 
(11 Euro « 1.07 US$). 
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Tablee 3. Costs. 

Categoryy Costs per unit in Euro 

Triagee test 6 

Perfusionn scan 120 

Ventilationn scan 254 

Ultrasonographyy 47 

Seriall  ultrasonography 142 

Spirall  CT 216 

Angiographyy 598 

Costss of treatment 1628 

SensitivitySensitivity analysis 
Thee robustness of the model's results was tested by varying the value of one 
orr two variables at a time and recalculating the expected outcome. Table 2 
showss the range for which the values derived from the literature were varied. 
Thee mortality of treated and untreated subsegmental pulmonary embolism 
wass varied in conjunction, so that the relative risk of anticoagulant treat-
mentt remained constant. Some test characteristics based on data obtained in 
thee prospective study were also varied. The sensitivity and specificity of the 
triagee test were varied at the same time, to examine the minimal require-
mentss for a cost-effective triage method. The effect of the assumption of a 
normall  spiral CT in case of a normal perfusion scan was also examined by 
recalculatingg the results with a specificity of 85% for the spiral CT. This was 
thee specificity in the subgroup of patients in which the test was actually per-
formed. . 

Results s 

BaseBase case analysis 
Thee expected outcomes of the diagnostic strategies evaluated are presented 
inn Table 4. Al l strategies show a substantial reduction of the 4.7% mortality 
associatedd with no diagnostic intervention and no treatment to 1.3% or lower 
(relativee risk reduction > 70%). The ideal situation (a perfect test) for all pa-
tientss in which only patients with a pulmonary embolism are treated would 
reducee the expected mortality of patients suspected of pulmonary embolism 
too 0.6%. 
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Thee diagnostic strategies with the lowest mortality are spiral CT combined 
withh serial compression ultrasonography and VQ scan combined with serial 
compressionn ultrasonography (both 0.8%). The addition of a 'triage' test to 
rulee out pulmonary embolism at an early stage results in an equivalent mor-
talityy with a small reduction in costs. The standard strategy of VQ scan, ul-
trasonographyy and pulmonary angiography also has a low mortality if it is 
precededd by a combination of a clinical assessment and a D-dimer assay. 
Withoutt this triage test the standard strategy has a slightly higher mortality 
(0.9%)) at higher costs. The combination of perfusion scan, spiral CT and se-
rialrial compression ultrasonography also has a slightly higher mortality (0.9%) 
att lower costs than other strategies with serial ultrasonography. 
Thee mortality of the combination of spiral CT and angiography is higher 
(1.0%),, which is mainly caused by the large number of angiograms per-
formed.. The non-invasive strategy with spiral CT as final test also has a mor-
talityy of 1.0%. In case angiography is not performed after a non-diagnostic 
VQQ scan and a single normal ultrasonography the expected mortality in-
creasess from 0.9 to 1.3%. 

SensitivitySensitivity analysis 
Increasingg the mortality for untreated subsegmental and segmental pulmo-
naryy embolism from the base case values (9 and 18%) to 13 and 26% has no 
influencee on the relative order of the strategies. Decreasing the specificity of 
spirall  CT to 85% results in an increase of (incorrectly) treated patients with a 
marginall  increase in mortality of the two strategies starting with a spiral CT. 
Changingg the mortality of untreated subsegmental pulmonary embolism 
fromm 9 to 18%, resulting in equal mortality rates for subsegmental and seg-
mentall  pulmonary embolism, slightly increases the mortality of strategies 
withh serial ultrasonography to rates similar to that of strategies with angiog-
raphy.. In both sensitivity analyses the overall order of the strategies remains 
unchanged. . 
Thee difference between non-invasive and invasive strategies increases in fa-
vourr of the latter when zero mortality for angiography is assumed (base case 
valuee 0.5%). The strategy with the lowest mortality is than spiral CT fol-
lowedd by angiography (0.6%). This strategy has the disadvantage of a high 
ratee of angiograms of 75%. The standard strategy has a mortality of 0.7%. 
Thee mortality of strategies with serial ultrasonography remains the same as 
inn the base case analysis (0.8-0.9%) with lower costs than invasive strategies. 
Whenn the mortality of untreated subsegmental pulmonary embolism is 
changedd to 5% (base case value=9%), the differences between noninvasive 
andd invasive strategies increase, favouring the former. The strategy with the 
lowestt mortality is spiral CT combined with serial ultrasonography (0.7%). 
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Figuree 1. Excess mortality of Spiral CT+ serial CUS compared to the stan-
dardd strategy. 
Resultss of two-way sensitivity analysis of the combined sensitivity of subse-
quentt ultrasonographies and the mortality of untreated subsegmental PE. 
Thee diamond shows the values of the base case analysis. The lines indicate 
thresholdss of 0.1% increments in the difference in mortality between two 
strategies:: spiral CT combined with serial CUS and the standard strategy. 
Onlyy the combined sensitivity of subsequent ultrasonographies is varied. The 
sensitivityy of the first ultrasound is kept constant (Table 1). 

0.44 0.5 0.6 0.7 0.8 

Sensitivityy serial ultrasonography 
0.9 9 

Figuree 1 shows a two-way sensitivity analysis evaluating the difference in 
mortalityy between a strategy with Spiral CT in combination with serial ul-
trasonographyy and the standard strategy for various values of the mortality 
off  untreated subsegmental pulmonary embolism and the combined sensitiv-
ityy of the subsequent serial ultrasonographies. The sensitivity of the first ul-
trasonographyy is kept constant (Table 1). When the mortality of an untreated 
subsegmentall  pulmonary embolism is 5% (bottom of the graph) the expected 
differencee in mortality is smaller than 0.2% if the combined sensitivity of the 
subsequentt ultrasonographies is larger than 40%. If the mortality of an un-
treatedd subsegmental pulmonary embolism would approach that of a seg-
mentall  or larger pulmonary embolism (top of the graph) the expected 
differencee in mortality remains small as long as the combined sensitivity is 
largerr than 66%. 
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Figuree 2. Excess mortality of the standard strategy with a triage test com-
paredd to no the same strategy without a triage test. 
Resultss of two-way sensitivity analysis of the sensitivity and specificity of a 
triagee test. The diamond shows the values of the base case analysis. The lines 
indicatee thresholds of 0.1% increments in the difference in mortality between 
twoo strategies: triage test combined with the standard strategy and the stan-
dardd strategy alone. 
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Inn the base case analysis a combination of clinical assessment and a D-dimer 
assay,, to rul e out pulmonary embolism at an early stage, reduced the costs 
forr all strategies. To examine the safety of such an approach we performed a 
two-wayy sensitivity analysis, varying the sensitivity from 90-100% and speci-
ficityficity  from 0-75% examining the difference in mortality between the current 
standardd strategy with and without a triage test. The results are presented 
inn Figure 2. It shows that small differences in sensitivity cause differences in 
mortality,, whereas the specificity can be varied over a large range of values 
withoutt increasing the mortality of the strategy with a triage test signifi-
cantly.. At a specificity of 25% the difference in mortality is smaller than 0.2% 
iff  the sensitivity of the triage test is at least 94%, leading to an early exclu-
sionn of pulmonary embolism in approximately 15% of all patients and a cost 
reductionn of approximately 12%. 
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Discussion n 

Ourr analysis shows that the expected mortality of strategies with serial ul-
trasonographyy of the deep leg veins is in the same range as the mortality of 
conventionall  strategies with pulmonary angiography as the final test in pa-
t ientss with suspected pulmonary embolism. The latter approaches have the 
disadvantagess of higher costs, limited feasibility and additional morbidity as-
sociatedd with the angiography. The former however have the disadvantage of 
additionall  morbidity of recurrent pulmonary embolism due to a slightly 
higherr false negative rate. Using a triage test, consisting of a combination of 
aa D-dimer assay and a clinical probability, to rule out pulmonary embolism at 
thee initial examination can reduce the costs, without compromising the 
safetyy of the strategy. 

Sensitivityy analyses were performed to examine the robustness of our conclu-
sions.. Varying our base case values for the clinical course of untreated and 
treatedd pulmonary embolism did not change the overall order of strategies. 
Assumingg zero mortality for pulmonary angiography instead of 0.5% resulted 
inn a lower mortality for strategies with angiography in comparison with 
strategiess with serial ultrasonography. This is to be expected since the false 
negativee and false positive rates of strategies with angiography are lower 
(Tablee 4). Thus the observed mortality difference between these strategies is 
duee to the angiography related mortality. However, the differences are small 
andd the disadvantages of additional morbidity, limited feasibility and higher 
costss of strategies with angiography remain. 

Thee combined sensitivity of serial ultrasonography was based on the results 
aa single study.10 However, if in future studies this sensitivity would proof to 
bee considerably lower, our conclusions remain valid. The difference in mor-
talityy between strategies with serial ultrasonography of the legs and strate-
giess with pulmonary angiography remain small (<0.2%) provided the 
combinedd sensitivity of subsequent serial ultrasonographies is above 50%. 
Threee recent cost-effectiveness analyses have also compared several non-
invasivee diagnostic strategies with the standard strategy using angiogra-
phy.8,23,244 None of these studies made a distinction between the clinical 
coursee of segmental and subsegmental pulmonary embolism, or examined a 
combinationn of spiral CT with serial ultrasonography. In one analysis a 
strategyy of a single ultrasonography followed by a spiral CT had the lowest 
mortality,, assuming a percentage of coexisting DVT in patients with pulmo-
naryy embolism is 65%.8 In our prospective study only 28 of 128 (22%) pa-
tientss with pulmonary embolism had an abnormal ultrasonography, which is 
consistentt with the more recent literature. This and the fact that they as-
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sumedd a higher sensitivity and specificity for Spiral CT than we observed in 
thee prospective study explains most of the differences between our results. 
Hulll  and colleagues evaluated strategies with serial ultrasonography and se-
riall  impedance plethysmography using data derived from a study of patients 
whoo participated in the collaborative Prospective Investigation of Pulmonary 
Embolismm Diagnosis (PIOPED).23 In their strategies, serial non-invasive leg 
testingg was only performed in patients with an adequate cardiorespiratory 
reserve.. Patients with an inadequate reserve underwent a pulmonary angi-
ographyy after single normal non-invasive leg test. Instead of calculating the 
totall  expected mortality for each strategy they looked at the number of true 
positivess and true negatives patients of each strategy separately. They con-
cludedd that strategies with serial non-invasive leg testing cost less per cor-
rectlyy identified patient than conventional strategies with angiography, 
whichh is similar to our findings. 

Perrierr and colleagues examined the value of ultrasonography and D-dimer 
inn the diagnostic work-up of pulmonary embolism and concluded that this 
combinationn could be used before as well as after lung scanning to reduce the 
numberr of required angiograms.24 However, angiograms were still required 
inn 26% of the patients. In case non-diagnostic lungscans were subdivided into 
intermediatee and low categories this percentage could be reduced to 4%. They 
evaluatedd only one non-invasive strategy, in which intermediate lungscans 
weree treated, resulting in a very high false positive rate (24.7%). Since a ten-
dencyy exists to treat patients with pulmonary embolism longer than 3 
monthss with vitamin K antagonists, thereby increasing the burden and costs 
off  treatment, such a high false positive rate is likely to be clinically unac-
ceptable. . 

Onee of the limitations of our analysis is that we did not calculate the mor-
bidityy associated with each strategy. In these strategies the three main 
sourcess of morbidity are, non-fatal bleedings during anticoagulant treatment, 
recurrentt pulmonary embolism and severe complications of angiography. The 
degreee of morbidity of each strategy is therefore directly related to the num-
berr of treated patients, false negative patients and angiograms performed. As 
wee do report the treatment rate, the false negative rate and the number of 
angiogramss required for each strategy it is possible to assess which strategies 
havee a potential for a high morbidity rate. 

Wee also did not take into account waiting costs, which occur due to the delay 
off  the diagnosis in patients submitted for serial ultrasonography. From a so-
cietall  perspective, these are associated with lost or impaired ability to work. 
Thee costs of all strategies with serial testing would then be higher. However, 
thiss would also apply to all strategies with angiography as the latter have 
moree morbidity due to the procedure itself. 
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Theree are no empirical data on the use of serial ultrasonography in patients 
withh inadequate cardiorespiratory reserve. As the cardiorespiratory state 
wass not recorded in the prospective study it was not possible to examine the 
effectt of a different diagnostic modality for this subgroup of patients. How-
ever,, in clinical practice there will always be a small number of patients in 
whichh the physician wil l consider i t unsafe to delay diagnosis by more than 
244 hours. In that case an angiography is preferred over serial ultrasonogra-
phy,, raising the costs of such strategies with minimal changes in mortality. 
Inn general, the advantage of strategies with serial ultrasonography is that a 
largee amount of pulmonary angiographies can be avoided. However this is 
associatedd with a delay of the diagnosis in some patients and a considerable 
numberr of normal ultrasonographies. A further search for new tools is neces-
saryy for an easy exclusion of the diagnosis of pulmonary embolism in 1-day in 
alll  patients. Non-invasive diagnostic strategies with serial leg testing are 
feasible,, safe and effective in comparison with conventional strategies. Espe-
cially,, the combination of serial ultrasonography following either a spiral CT 
orr a non-diagnostic lung scan seems promising. However, more large prospec-
tivee management studies with clinical follow-up are needed before these 
strategiess are disseminated in clinical practice. 
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Ditt proefschrift bestaat uit twee delen met als gemeenschappelijk kenmerk 
klinischee studies met betrekking tot veneuze tromboembolie. Hoofdstuk 1 is 
eenn algemene inleiding waarin een overzicht wordt gegeven van de achter-
grondenn en de lij n van het proefschrift. 

Hett eerste deel van dit proefschrift heeft als onderwerp het risico van veneu-
zee trombose, zowel spontaan als gerelateerd aan risico-perioden, bij personen 
mett erfelijke trombofïlie. Verder gaat dit deel van het proefschrift in op het 
risicoo van obstetrische complicaties bij vrouwen met een trombofilie defect, 
enn de consequenties hiervan voor het beleid rondom de zwangerschap. 

Inn hoofdstuk 2 worden de resultaten van een grote retrospectieve studie be-
schrevenn die de incidentie van zowel spontane als risico-periode gerelateerde 
veneuzee tromboembolie heeft onderzocht bij 793 familieleden van ongeselec-
teerdee patiënten met veneuze trombose en een antitrombine, proteïne C of 
proteïnee S deficiëntie of de Factor V Leiden mutatie. De jaarlijkse incidentie 
vann een eerste veneuze trombose in personen met één van de deficiënties be-
droegg 1,01% (relatief risico 10,6 ten opzichte van niet-deficiënten). In dragers 
vann de Factor V Leiden mutatie was deze incidentie 0,28% (relatief risico 
2,8).. Circa 60% van de veneuze tromboembolieën vonden plaats in relatie tot 
eenn risico-periode zoals een operatie, immobilisatie, trauma, zwangerschap of 
hett gebruik van orale anticonceptie. Uit deze gegevens blijk t allereerst dat 
hett gebruik van continue antistolling met vitamine K antagonisten in de 
groepp van asympomatische personen met trombofilie, gezien de relatief lage 
incidentiee van spontane veneuze trombose, niet geïndiceerd is. Ten tweede 
lijk tt het beleid om familieleden van patiënten met een antitrombine, proteïne 
CC of proteïne S deficiëntie te screenen gerechtvaardigd. Het nut hiervan bij 
familieledenn van dragers van de Factor V Leiden mutatie is echter twijfel-
achtig. . 

Inn hoofdstuk 3 worden de bevindingen gepresenteerd van een prospectieve 
cohortt studie, waarin een groep van 208 asymptomatische personen met een 
antitrombine,, proteïne C of proteïne S deficiëntie werden gevolgd gedurende 
inn totaal 611 observatie jaren. Er traden 9 veneuze tromboembolische com-
plicatiess op (1,5% per jaar; 95% Betrouwbaarheids Interval [BI] 0,7-2,8%). De 
incidentiee van een eerste spontane veneuze trombose in deze patiëntengroep 
bedroegg 0,8% per jaar (95% BI, 0,3-1,9%). Wederom werd met name een sterk 
verhoogdd risico op veneuze tromboembolie gevonden gedurende de eerder ge-
noemdee risico-perioden (10% per risico-periode, 95% BI 2,8-23,7%). De resul-
tatenn uit deze studie bevestigen de resultaten beschreven in hoofdstuk 2. 
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Inn hoofdstuk 4 werd het risico van recidief veneuze trombose onderzocht bij 
patiëntenn met bovengenoemde deficiënties. De gegevens gebruikt voor deze 
analysee werden enerzijds verkregen uit de in hoofdstuk 2 beschreven retro-
spectievee studie, en anderzijds uit een review van de beschikbare literatuur. 
Ui tt deze literatuur review werd een jaarlijkse incidentie van recidief trombo-
see berekend van 13%-17%. De 1- en 5-jaar cumulatieve incidenties van reci-
dieff  veneuze trombose berekend vanuit de retrospectieve studie waren 
respectievelijkk 10% (95% BI 1-19%) en 23% (95% BI 10-36%). De jaarlijkse 
incidentiee van recidief trombose is dus hoog gedurende de eerste jaren na een 
eerstee veneuze trombose, maar lijk t af te nemen in de jaren hierna. Het nut 
vann levenslang voorschrijven van orale antistolling na een eerste of tweede 
veneuzee tromboembolie bij patiënten met een deficiëntie wordt hierdoor twij -
felachtig. . 

Hoofdstukk 5 gaat dieper in op het risico van veneuze tromboembolie gedu-
rendee de zwangerschap en het kraambed bij vrouwen met een antitrombine, 
proteïnee C of proteïne S deficiëntie. Er namen 129 vrouwen deel aan deze re-
trospectievee cohort studie, 60 met één van bovengenoemde deficiënties en 69 
niet-deficiënten.. Er trad 1 veneuze trombose op gedurende 198 zwanger-
schappenn in de niet-deficiënte groep (0,5%). Gedurende 169 zwangerschappen 
inn de deficiënte groep traden 7 (4,1%) veneuze tromboembolische complicaties 
op.. Het risico om een veneuze trombose te ontwikkelen gedurende de zwan-
gerschapp en het kraambed is dus achtvoudig verhoogd bij vrouwen met een 
deficiëntiee in vergelijking met vrouwen zonder een deficiëntie. Dit risico is 
mett name sterk verhoogd gedurende het kraambed (3,1%). Deze hoge inci-
dentiee van veneuze trombose lijk t het gebruik van antistolling gedurende een 
gedeeltee van de zwangerschap en het kraambed te rechtvaardigen. Prospec-
tievee studies naar de effectiviteit en veiligheid van bepaalde strategieën bij 
zwangeree vrouwen met trombofilie zijn echter noodzakelijk alvorens dit be-
leidd kan worden ingevoerd. 

Hoofdstukk 6 beschrijft de resultaten van een analyse van het risico van 
zwangerschapsverliess bij dezelfde groep vrouwen die centraal stond in hoofd-
stukk 5. In de groep van 60 vrouwen met een deficiëntie eindigden 22,3% van 
zwangerschappenn in een miskraam of doodgeboorte van het kind, terwijl in 
dee groep van 69 vrouwen zonder deficiëntie maar 11,4% van zwangerschap-
penn eindigden in een miskraam of doodgeboorte. Vrouwen met een antitrom-
bine,, proteïne C of proteïne S deficiëntie lijken dus een verhoogd risico 
(relatieff  risico 2,0; 95% BI 1,2-3,3) op een negatieve zwangerschapsuitkomst 
tee hebben ten opzichte van niet-deficiënte vrouwen. Een mogelijke oorzaak 
hiervoorr zou het optreden van trombose in het placentaire vaatbed kunnen 
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zijn.. De hypothese dat het gebruik van antitrombotica gedurende de zwan-
gerschapp dit risico zou kunnen verlagen dient prospectief geëvalueerd te 
worden. . 

I nn hoofdstuk 7 worden de resultaten van een review gerapporteerd over de 
veiligheidd van het gebruik van laag-moleculair-gewichts heparines (LMWH's) 
gedurendee de zwangerschap. 486 zwangerschappen waarbij LMWH's zijn ge-
bruiktt werden geëvalueerd ten aanzien van zwangerschapsuitkomst en ma-
ternalee complicaties. Zwangerschappen werden verdeeld in twee groepen: 
mett maternale comorbiditeit welke geassocieerd is met een negatieve zwan-
gerschapsuitkomst,, zoals antifosfolipiden antistoffen, eerder zwangerschaps-
verlies,, pre-eclampsie (n=290) en zonder maternale comorbiditeit (n=196). In 
dee groep van vrouwen met comorbiditeit waren 13,4% van de zwangerschap-
penn geassocieerd met een negatieve uitkomst (miskraam, perinatale sterfte, 
congenitalee afwijkingen, kind anderszins ongezond). In tegenstelling hiermee 
warenn maar 3,1% (95% BI 1,1-6,6%) van de zwangerschappen in de groep van 
vrouwenn zonder comorbiditeit geassocieerd met een negatieve uitkomst. Dit 
iss vergelijkbaar met de kans op een negatieve zwangerschapsuitkomst die 
wordtt gezien in de normale populatie. Het gebruik van LMWH's gedurende 
dee zwangerschap lijk t niet geassocieerd te zijn met een hoog risico op mater-
nalee complicaties zoals osteoporose of bloedingen. LMWH's zijn derhalve een 
veiligg alternatief voor ongefractioneerd heparine indien antistolling geduren-
dee de zwangerschap geïndiceerd is. 

Hoofdstukk 8 beschrijft de resultaten van een tussentijdse analyse van een 
prospectievee studie waarin de veiligheid van een beleid rondom de zwanger-
schapp in vrouwen met een verhoogd risico op veneuze tromboembolische 
complicatiess wordt geëvalueerd. Twee strategieën werden ontwikkeld; een 
'watchfull  waiting' beleid waarbij behandeling met antitrombotica wordt be-
perktt tot in het kraambed, en een 'treatment' beleid waarbij (LMW) heparine 
gedurendee de gehele zwangerschap en kraambed wordt gegeven. Afhankelijk 
vann de persoonlijke voorgeschiedenis ten aanzien van eerdere veneuze trom-
bosee en de aan- of afwezigheid van een erfelijke trombofilie defect werden 
vrouwenn volgens de ene of de andere beleidsvorm behandeld. Inmiddels zijn 
err 47 vrouwen volgens dit protocol behandeld (28 'watchful waiting' en 19 
'treatment').. Er zijn twee veneuze tromboembolische complicaties opgetreden, 
11 gedurende de zwangerschap in de 'watchful waiting' groep en 1 gedurende 
hett kraambed in de 'treatment' groep. Deze gestandaardiseerde en tevens in-
dividuelee beleidsvormen lijken acceptabel voor de patiënt, en veilig met be-
trekkingg tot de kans op veneuze tromboembolie zonder hoog risico op 
bijwerkingen. . 
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Hett tweede deel van dit proefschrift beschrijft enkele studies naar de opti-
malee diagnostiek van longembolieën. In hoofdstuk 9 worden allereerst een 
aantall  criteria besproken waaraan onderzoek rondom een nieuw ontwikkelde 
diagnostischee test zou moeten voldoen voordat het in de klinische praktijk 
kann worden geïmplementeerd. Vervolgens worden de momenteel beschikbare 
diagnostischee testen voor longembolieën kritisch geëvalueerd. De conclusie 
diee getrokken werd is dat pulmonalis angiografie en ventilatie-perfusie scin-
tigrafiee op dit moment als enige voldoende zijn onderzocht om gebruik in de 
klinischee praktijk te rechtvaardigen. Hoewel de nieuwe ontwikkelingen zoals 
D-dimeerr bepalingen en spiraal-CT scan veelbelovend zijn, is verder klinisch 
wetenschappelijkk onderzoek noodzakelijk om hun waarde in het diagnostisch 
trajectt van longembolieën te bepalen. 

Dee resultaten gepresenteerd in de resterende hoofdstukken van dit proef-
schriftt zijn afkomstig uit een groot, prospectief, multi-center studie in opeen-
volgendee patiënten met een klinische verdenking op een longembolie 
(ANTELOPE-Studie).. Hierin werden verschillende te onderzoeken diagnosti-
schee testen vergeleken met de geldende referentie testen (pulmonalis angio-
grafiee en ventilatie-perfusie scintigrafie). 

Hett is gesuggereerd dat zowel een subjectieve inschatting door de behande-
lendd arts als ook gestandaardiseerde klinische modellen behulpzaam kunnen 
zijnn bij het bepalen van de kans op ziekte in patiënten met een verdenking op 
eenn longembolie en dat deze derhalve van waarde zouden kunnen zijn binnen 
hett diagnostisch traject. Hoofdstuk 10 beschrijft een studie naar de dia-
gnostischee accuratesse van een subjectieve inschatting over de kans van het 
bestaann van een longembolie door de behandelend arts en twee eerder be-
schrevenn 'objectieve' klinische modellen. Van de 517 studie patiënten (31% 
bewezenn longembolie), hadden 14% een lage subjectieve kansschatting, en 
respectievelijkk 25% en 36% een lage kansschatting volgens de twee klinische 
modellen.. De prevalentie van objectief aangetoonde longembolieën in deze 
driee groepen was respectievelijk 19%, 28% en 28%. Concluderend, deze drie 
methodenn presteren vergelijkbaar teleurstellend in het inschatten van de 
kanss op ziekte in patiënten met een verdenking op een longembolie. 

Inn hoofdstuk 11 worden drie verschillende kwantitatieve D-dimeer bepalin-
genn met elkaar vergeleken ten opzichte van de uiteindelijke diagnose. Hoewel 
err significante verschillen zijn in de diagnostische accuratesse van de testen 
wanneerr de door de fabrikant geadviseerde afkapwaarde wordt gebruikt 
(sensitiviteitt 89%, 82% en 73%), bleek er geen verschil te bestaan tussen de 
driee testen bij ROC-analyse. Er bleek verder een significante correlatie te be-
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staann tussen plasma D-dimeer concentraties en de grootte van de embolus. 
Dee interpretatie van deze studieresultaten is dat deze drie kwantitatieve D-
dimeerr bepalingen een vergelijkbare, echter teleurstellende diagnostische ac-
curatessee hebben. Om veilig een longembolie uit te sluiten is het noodzakelijk 
omm een D-dimeer bepaling te combineren met andere diagnostische testen. 

Hoofdstukk 12 beschrijft de resultaten ten aanzien van de diagnostische ac-
curatessee van een snelle, volbloed D-dimeer bepaling. De gevonden sensitivi-
teitt was lager dan eerder gemeld, 80% (95% BI 74-86%) met een specificiteit 
vann 62% (95% BI 56-67%). Alhoewel de studie populaties in de 6 deelnemen-
dee centra vergelijkbaar waren, werden er significante centrum verschillen in 
dee diagnostische accuratesse waargenomen (range sensitiviteit 43%-96%). 
Dezee verschillen worden waarschijnlijk veroorzaakt door een variatie in de 
interpretatiee van de test. Derhalve kan worden geconcludeerd dat adequate 
trainingg van de techniek en interpretatie van de test noodzakelijk is om een 
voldoendee hoge sensitiviteit te bereiken welke klinisch bruikbaar is. Verder 
iss ook deze D-dimeer bepaling niet geschikt om als zelfstandige test longem-
bolieënn uit te sluiten. 

Compressiee echografie voor het aantonen van diep veneuze trombose in de 
benenn wordt door sommige auteurs aanbevolen als test binnen het diagnos-
tischh traject van longembolieën. Het is echter aangetoond dat voor longem-
bolieënn de sensitiviteit van de standaard compressie echografie (twee-punts 
bepalingg van vena femoralis communis en vena poplitea) laag is. In hoofd-
stukk 13 worden twee methoden van compressie echografie van de beenvaten, 
dee standaard methode en een uitgebreidere methode (vanaf de vena femora-
li ss communis tot aan de trifurcatie van de kuitvenen), met elkaar vergeleken 
inn 461 patiënten. De sensitiviteit en specificiteit van de standaard methode 
warenn respectievelijk 23% en 98%, en die van de uitgebreidere methode wa-
renn respectievelijk 25% en 97%. De diagnostische waarde van compressie 
echografiee van de beenvaten bij patiënten met een verdenking longembolie 
wordtt dus niet verbeterd door middel van de uitgebreidere methode. 

Tenslottee worden in hoofdstuk 14 een aantal niet-invasieve diagnostische 
strategieënn vergeleken met de consensus strategie (long scintigrafie, echogra-
fie,, angiografie) ten aanzien van hun effectiviteit en kosten. Een beslismodel 
werdd opgesteld waarin gebruik werd gemaakt van data uit de prospectieve 
ANTELOPE-Studiee en uit de relevante literatuur. Er werden 15 diagnosti-
schee strategieën vergeleken: 4 strategieën met pulmonalis angiografie, 8 
niet-invasievee strategieën en 3 referentie strategieën. De diagnostische stra-
tegieënn met de laagst verwachtte mortaliteit zijn spiraal CT scan gecombi-
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neerdd met seriële compressie echografie en long scintigrafie gecombineerd 
mett seriële compressie echografie (beide 0,8%). De consensus strategie heeft 
ookk een lage mortaliteit (0,9%) maar gaat gepaard met hogere kosten. De 
combinatiee van een klinische inschatting met een D-dimeer bepaling om 
longembolieënn uit te sluiten heeft een vergelijkbare mortaliteit met een klei-
nee daling van kosten. Prospectieve studies waarin gebruik wordt gemaakt 
vann deze strategieën zullen de validiteit van deze resultaten moeten bevesti-
gen. . 
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Eeniederr die betrokken is geweest bij de totstandkoming van dit proefschrift 
wi ll  ik hierbij hartelijk danken. 
Personenn die ik onverhoopt toch nog ben vergeten: ook julli e bedankt. 
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Stellingenn behorende bij het proefschrift 

Riskss of thrombophi l i a and diagnost ics of pulmonary embol ism 

1.. Het absolute risico op een spontane veneuze tromboembolie bedraagt bij 

asymptomatischee personen met een antitrombine, proteïne C of proteïne S 

deficiëntiee circa 0.40% per jaar, en bij asymptomatische dragers van de Factor 

VV Leiden mutatie circa 0.11% per jaar. (dit proefschrift) 

2.. Personen met een antitrombine, proteïne C of proteïne S deficiëntie met een 

eerstee veneuze tromboembolie hebben een risico van ongeveer 10% op het 

krijgenn van een recidief gedurende het eerste jaar en een risico van circa 23% 

hieropp gedurende de eerste vijfjaren, (dit proefschrift) 

3.. Zwangeren met een antitrombine, proteïne C of proteïne S deficiëntie hebben 

niett alleen een verhoogd risico op veneuze tromboembolie, maar ook op een 

ongewenstee zwangerschapsuitkomst in vergelijking met de normale populatie. 

(dit(dit proefschrift) 

4.. De gemiddelde arts kan met evenveel zekerheid de kans op een longembolie 

voorspellenn als omslachtige klinische modellen, (dit proefschrift) 

5.. Retrospectie is geen garantie voor een heldere blik. 

6.. Het exclusiepercentage van een studie is een directe weerspiegeling van de 

ethiekk van de onderzoeker. 

7.. Een arts met een nieuwe hamer ziet in alles een spijker. 

8.. De opleiding van een clinicus practicus is pas compleet na het zelfstandig 

verrichtenn van gedegen wetenschappelijk onderzoek. 

9.. Absence of evidence is not evidence of absence. 

10.. De herniatrogeniciteit van het meubilair op F4 maakt een goede WAO 

verzekeringg onmisbaar voor elke beginnende onderzoeker. 



11.. De snelheid van de Antelope zou menigeen verbazen. 

12.. Een probleem wordt pas verwarrend als men erover na gaat denken. 

Bernd-Jann Sanson 
233 februari 2000 
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