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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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Introduction 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-

159 9 



ChapterChapter 13 

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 
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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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