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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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Introduction 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 Drug 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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