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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%. 

177 7 



ChapterChapter 14 

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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