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Diagnosis of pulmonary embolism by multidetector CT
alone or combined with venous ultrasonography of the leg:
a randomised non-inferiority trial

Marc Righini*, Grégoire Le Gal*, Drahomir Aujesky, Pierre-Marie Roy, Olivier Sanchez, Franck Verschuren, Olivier Rutschmann, Michel Nonent,
Jacques Cornuz, Frédéric Thys, Cédric Petit Le Manach, Marie-Pierre Revel, Pierre-Alexandre Poletti, Guy Meyer, Dominique Mottier,
Thomas Perneger, Henri Bounameaux, Arnaud Perrier

Summary

Background Multislice CT (MSCT) combined with D-dimer measurement can safely exclude pulmonary embolism in
patients with a low or intermediate clinical probability of this disease. We compared this combination with a strategy in
which both a negative venous ultrasonography of the leg and MSCT were needed to exclude pulmonary embolism.

Methods We included 1819 consecutive outpatients with clinically suspected pulmonary embolism in a multicentre
non-inferiority randomised controlled trial comparing two strategies: clinical probability assessment and either
D-dimer measurement and MSCT (DD-CT strategy [n=903]) or D-dimer measurement, venous compression
ultrasonography of the leg, and MSCT (DD-US-CT strategy [n=916]). Randomisation was by computer-generated
blocks with stratification according to centre. Patients with a high clinical probability according to the revised Geneva
score and a negative work-up for pulmonary embolism were further investigated in both groups. The primary outcome
was the 3-month thromboembolic risk in patients who were left untreated on the basis of the exclusion of pulmonary
embolism by diagnostic strategy. Clinicians assessing outcome were blinded to group assignment. Analysis was per
protocol. This study is registered with ClinicalTrials.gov, number NCT00117169.

Findings The prevalence of pulmonary embolism was 20-6% in both groups (189 cases in DD-US-CT group and
186 in DD-CT group). We analysed 855 patients in the DD-US-CT group and 838 in the DD-CT group per protocol.
The 3-month thromboembolic risk was 0-3% (95% CI 0-1-1-1) in the DD-US-CT group and 0-3% (0-1-1-2) in the
DD-CT group (difference 0-0% [-0-9 to 0-8]). In the DD-US-CT group, ultrasonography showed a deep-venous

thrombosis in 53 (9% [7-12]) of 574 patients, and thus MSCT was not undertaken.

Interpretation The strategy combining D-dimer and MSCT is as safe as the strategy using D-dimer followed by venous
compression ultrasonography of the leg and MSCT for exclusion of pulmonary embolism. An ultrasound could be of

use in patients with a contraindication to CT.

Funding Swiss National Research Foundation, Projets Hospitaliers de Recherche Clinique (France), Pneumologie

Développement (France).

Introduction

The contemporary diagnostic approach of pulmonary
embolism is based on the combination of clinical
probability assessment of disease with sequential
diagnostic tests such as plasma D-dimer measurement,
venous compression ultrasonography of the leg, and
helical CT.** CT of the chest has emerged as a new way
to directly visualise the clot in pulmonary arteries.
First-generation single-slice spiral CT had a low
sensitivity (about 70%) for pulmonary embolism,**
restricting its use as a stand-alone test. Emergence of
multislice CT (MSCT) has renewed hope that it could
replace pulmonary angiography because of better
visualisation of the segmental and subsegmental vessels
and thinner collimation. Although the overall sensitivity
of MSCT was only 83% in the large Prospective
Investigation on Pulmonary Embolism Diagnosis II
(PIOPED II) study,’ the negative predictive value of
MSCT was 95% in patients with a low clinical probability
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of pulmonary embolism and 89% in those with an
intermediate clinical probability.

To increase the diagnostic yield, the PIOPED II study
also investigated the added value of undertaking CT
venography of the legs during the same procedure.
Although the sensitivity of the combined examination
was higher (90%) than it was with chest CT alone, the
negative predictive value was only marginally increased
(97% vs 95%).* This finding is compounded by data from
two large studies assessing MSCT." In the first, which
included 756 consecutive patients who were referred to
the emergency department for clinically suspected
pulmonary embolism,' the proportion of patients in
whom a proximal deep-venous thrombosis was detected
by venous compression ultrasonography of the leg
despite a negative MSCT was only three of 324 (0-9%
[95% CI 0-3-2-7]). In the second study,’ the 3-month
thromboembolic risk was low (1-3% [0-7-2-0]) in patients
who were left untreated because of a negative chest CT,
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Points

Risk factors
Age >65 years +1
Previous deep-venous thrombosis or pulmonary embolism +3
Surgery or fracture within 1 month +2
Active malignancy +2
Symptoms
Unilateral leg pain +3
Haemoptysis +2
Clinical signs
Heart rate (bpm)

75-94 +3

=95 +5
Pain on leg deep-vein palpation and unilateral oedema +4
Clinical probability
Low 0-3
Intermediate 4-10
High =11

bpm=beats per min.
Table 1: Revised Geneva clinical prediction rule

despite the fact that venous ultrasonography was not
undertaken.

Collectively, these results suggest that MSCT might be
safe as a stand-alone test and that the added value of venous
ultrasonography is questionable. To assess this notion, we
compared two strategies: clinical probability assessment
and either ELISA D-dimer measurement and MSCT
(DD-CT strategy) or ELISA D-dimer measurement, venous
compression ultrasonography of the leg, and MSCT
(DD-US-CT strategy).

Methods

Study setting

The study was designed as a multicentre, randomised,
prospective, non-inferiority trial. Data were collected from
Jan 10, 2005 to Aug 30, 2006, at six participating medical
centres that serve as general and teaching hospitals
(Switzerland: Centre Hospitalier Universitaire Vaudois,
Lausanne; Geneva University Hospital, Geneva. France:
Hépital Européen Georges-Pompidou, Paris; CHU Angers,
Angers; CHU de la Cavale Blanche, Brest. Belgium: Saint
Luc University Hospital, Brussels). All patients provided
written informed consent before enrolment. The study
was approved by the ethics committees of the Geneva and
Lausanne University Hospitals for Switzerland, of the
Brest University Hospital for France, and of Saint-Luc
University Hospital for Brussels.

Patients

Consecutive patients who presented to the emergency
department of the participating institutions were eligible if
they had a clinical suspicion of pulmonary embolism,
defined as acute onset of new or worsening shortness of
breath or chest pain without another obvious cause. In the

2684 screened patients, 865 (32%) were excluded from the
study because of a contraindication to CT (known allergy
to iodine contrast agents or at risk for allergic reaction
[n=72]); impaired renal function, defined as a creatinine
clearance below 30 mL/min, as calculated by the
Cockcroft-Gault formula (173); pregnancy (35); age less
than 18 years (10); anticoagulant therapy in progress (144);
diagnosis of pulmonary embolism already established
before admission (143); unavailability for follow-up (7); in-
ability to give informed consent (197); refusal to participate
in the study (77); and other reasons (7). Hence, 1819 patients
were included in the trial and randomly assigned.

Procedures
After assessment of the clinical probability of pulmonary
embolism with the revised Geneva score (table 1),° eligible
patients were randomly assigned to one of two diagnostic
strategies: either ELISA D-dimer measurement and CT
(DD-CT strategy) or ELISA D-dimer measurement, venous
compression ultrasonography of the leg, and MSCT
(DD-US-CT strategy). Inclusion and exclusion criteria and
the intervention in the reference strategy (DD-US-CT)
were similar to that used in a previous study, confirming
the safety of the reference strategy.' Figure 1 shows the
compared strategies. Randomisation was undertaken in
computer-generated blocks, with ablock size of 6, 8, or 10
selected at random, and with stratification according to
centre. The allocation sequence was generated in Geneva
(coordinating centre). The randomisation assignments
were concealed in opaque numbered envelopes that were
opened by investigators at each site only after the
patient-consent form had been signed and the clinical
probability of pulmonary embolism had been established.
In the DD-US-CT strategy, D-dimer was measured only
in patients with a low or intermediate clinical probability
(0-3 and 4-10 points on the revised Geneva score,
respectively). In these patients, pulmonary embolism was
ruled out by a negative D-dimer test without further testing.
When the D-dimer concentration was greater than
500 ng/mL, the next test we did was venous compression
ultrasonography of both legs, and patients with a proximal
deep-venous thrombosis were given anticoagulant drugs
without further testing. Patients without proximal deep-
venous thrombosis proceeded to MSCT and were treated if
MSCT was positive for pulmonary embolism. Patients
with a negative MSCT were not given anticoagulant drugs.
Patients with a high clinical probability of pulmonary
embolism (=11 points) had ultrasonography as the initial
test, followed by MSCT when negative for proximal
deep-venous thrombosis, and were treated if MSCT
showed a pulmonary embolism. In case of a negative
MSCT, they proceeded to ventilation-perfusion (V/Q) scin-
tigraphy or pulmonary angiography, or both. V/Q scan or
pulmonary angiography was also deemed necessary in
case of a non-conclusive MSCT for technical reasons or in
case of isolated subsegmental pulmonary embolism,
irrespective of the clinical probability. Patients with a
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normal V/Q scan were not treated, and those with a high
probability V/Q scan were given anticoagulant therapy.’
Patients with a non-diagnostic V/Q scan proceeded to
pulmonary angiography.

The DD-CT strategy was similar to the DD-US-CT

ultrasonography of both legs. Therefore, patients with a
raised D-dimer concentration and those with a high
probability of pulmonary embolism in whom D-dimer
was not measured proceeded directly to MSCT. In
patients with a low or an intermediate clinical probability

strategy apart from the omission of venous and abnormal D-dimer, a normal MSCT ruled out
Clinical probability assessment (revised Geneva score)
Randomisation
DD-US-CT group DD-CT group
Clinical probability Clinical probability
828 low/intermediate 27 high 815 low/intermediate 23 high
ELISA D-dimer ELISA D-dimer
281 D-dimer <500 ng/mL 547 D-dimer =500 ng/mL 280 D-dimer <500 ng/mL 535 D-dimer =500 ng/mL
no treatment no treatment
v
509 no DVT 38DVT 15DVT 12 no DVT
treatment treatment
A 4 A A
‘ o] ‘
v 3 } ! l
112 PE 379 no PE 18 non- 4 no PE or non- 8 PE 160 PE 361 no PE 14 non- 4 no PE or non- 19 PE
treatment no treatment conclusive conclusive treatment treatment no treatment conclusive conclusive treatment
V/Q and/or PA V/Q and/or PA
18 no PE 4 PE 17 no PE 1PE
no treatment treatment no treatment treatment

Figure 1: Diagnostic work-up of the study population

CT findings were considered to be non-conclusive in case of technical problems and if the only finding was isolated subsegmental pulmonary embolism. Numbers shown correspond to the number of
patients included in the per-protocol analysis. DD-US-CT=ELISA D-dimer measurement, venous compression ultrasonography of the leg, and MSCT. DD-CT=ELISA D-dimer measurement and MSCT.
DD=D-dimer. US=proximal venous compression ultrasonography of the leg. MSCT=multislice CT. DVT=proximal deep venous thrombosis. PE=pulmonary embolism. V/Q=ventilation-perfusion lung

scintigraphy. PA=pulmonary angiography.

www.thelancet.com Vol 371 April 19, 2008




Articles

1346

| 2684 assessed for eligibility |

865 excluded
A 4

| 1819 randomised

916 DD-US-CT strategy

903 DD-CT strategy

45 protocol violations
2 no DD test
22noUS
8 no MSCT
13 no V/Q or angiography

A 4

5 allocated strategy not received
11 inclusion despite exclusion criteria

2 allocated strategy not received
7 inclusion despite exclusion criteria
56 protocol violations
3 no DD test
7 no MSCT
13 no V/Q or angiography
33 additional US or V/Q

v

| 855 per-protocol population

£ v

v

| 838 per-protocol population

l A 4

| 177 PE confirmed | | 678 no PE |

| 180 PE confirmed | | 658 no PE |

1 lost to follow-up
28 anticoagulants for reason
other than VTE

A4

A4

649 patients with complete follow-up
and no anticoagulants

v

1 lost to follow-up
30 anticoagulants for reason
other than VTE

A4

A 4

627 patients with complete follow-up
and no anticoagulants

+

3-month VTE risk: 2/649 Difference

0-3% (95% C1 0-1-1-1%)

0-0% (95% C1-0-9 to 0-8)

3-month VTE risk: 2/627
0-3% (95% C1 0-1-1-2%)

Figure 2: Trial profile for the per-protocol analysis

DD-US-CT=ELISA D-dimer measurement, venous compression ultrasonography of the leg, and CT. DD-CT=ELISA D-dimer measurement and CT. DD=D-dimer.
US=proximal venous compression ultrasonography of the leg. MSCT=multislice CT. PE=pulmonary embolism. VTE=venous thromboembolism.

V/Q=ventilation-perfusion lung scintigraphy. PA=pulmonary angiography.

pulmonary embolism, and these patients were not given
anticoagulant therapy.

We assessed clinical probability (table 1) before the
realisation of any specific test for pulmonary embolism.*
Plasma D-dimer was assayed by an automated quantitative
analyser (rapid ELISA assay, Vidas DD, BioMérieux,
Marcy-I'Etoile, France).” B-mode venous compression
ultrasonography of both legs was undertaken within 24 h
after admission by a trained staff member who was
blinded to the results of the clinical probability
assessment. The examination consisted of a real-time
B-mode examination of the common femoral and
popliteal veins. The criterion for diagnosis of deep-venous
thrombosis was incomplete compressibility of a proximal
deep vein."

The protocol for MSCT consisted of an assessment of
the pulmonary arteries up to and including the
subsegmental vessels. Patients were examined while
holding their breath or breathing shallowly, depending on
the degree of dyspnoea. A clot was considered present if
contrast material outlined an intraluminal defect or if a

vessel was totally occluded by low-attenuation material.
We wused only multidetector-row CT (number of
detectors 16-64). The acquisition parameters for MSCT
were injection of a total volume of 100-120 mL of
non-ionic contrast material (iodine concentration
300-350 mg/mL) with a power injector at 3-5 mL per
second; imaging 9-20 seconds after initiation of the
contrast-material injection on the basis of bolus tracking;
collimation 0-625 mm or 1-25 mm with a pitch
of 0-9-1-75, 120 KV, and 115-260 mA/s; and
0-6-0-8 second per gantry rotation, allowing
reconstruction of images that were 0-625 or 1-25 mm
thick at 0-6-1-0 mm intervals. For patients who were
obese, slice thickness was sometimes increased to
2-5 mm. MSCTs were interpreted by staff radiologists as
part of their daily clinical work. Previous studies have
described the technique for undertaking and interpreting
lung scanning and pulmonary angiography.™"

All patients underwent follow-up at 3 months. Both
patients and physicians in charge of these patients were
instructed to go back to see the investigators or telephone
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| 2864 assessed for eligibility |

A

————p| 865 excluded
y

| 1819 randomised

916 DD-US-CT strategy

903 DD-CT strategy

|4 withdrew consent

1 died before test was undertaken

2 withdrew consent

A4

| 911 intention-to-diagnose population

l A 4

A 4

| 901 intention-to-diagnose population

L A 4

| 189 PE confirmed | | 722 no PE | | 186 PE confirmed | | 715 no PE |

4 lost to follow-up
P 32 anticoagulants for reason
other than VTE

2 lost to follow-up
40 anticoagulants for reason
other than VTE

v

A4

686 patients with complete follow-up
and no anticoagulants

v

A 4

673 patients with complete follow-up
and no anticoagulants

v

3-month VTE risk: 2/686 Difference

0-3% (95% Cl 0-1-1-1%) 0-0% (95% C1-0-8 to 0-8) 0-3% (95% Cl 0-1-1-1%)

3-month VTE risk: 2/673

Figure 3: Trial profile for the intention-to-diagnose analysis

PE=pulmonary embolism. VTE=venous thromboembolism. DD-US-CT=ELISA D-dimer measurement, venous compression ultrasonography of the leg, and CT.

DD-CT=ELISA D-dimer measurement and CT.

them in case of recurrent symptoms of the respiratory
system or legs. At the end of follow-up, all patients
included in the study were interviewed by telephone by
one of the study coordinators who was blinded to the
study group. Patients were asked to disclose all
health-related events since their hospital discharge (any
consultation with a physician, admission to hospital,
change of treatment, investigation, or haemorrhagic
complication). The family physician was contacted
whenever a possible event was disclosed by the interim
history, and charts were reviewed if a patient was
readmitted to hospital for any cause or died during
follow-up. The follow-up and assessment of the outcome
in our study was similar to that used in a previous study,
confirming the safety of the reference strategy.’

The primary outcome was the proportion of venous-
thromboembolic events in the 3-month follow-up period
in each group in patients who were left untreated on the
basis of the exclusion of pulmonary embolism by the
diagnosticstrategy. Diagnoses of venous thromboembolic-
events during follow-up were established on the basis of
abnormal results on ultrasonography for deep-venous
thrombosis, and on the basis of V/Q lung scan showing a
high-probability pattern or CT or angiography showing
intraluminal defects for pulmonary embolism. Deaths
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were adjudicated as related, possibly related, or unrelated
to pulmonary embolism. Death was judged to be related
to pulmonary embolism if it was confirmed by autopsy,
or if it followed a clinically severe pulmonary embolism,
either initially or after a recurrent event that was
objectively confirmed. Death in a patient who died
suddenly or unexpectedly was classified as possibly
related to pulmonary embolism. Unrelated deaths were
due to an obvious cause other than pulmonary embolism.
Three independent experts who were blinded to the
allocation group adjudicated the outcome events.

We calculated the mean cost per patient of diagnostic
testing for both diagnostic strategies. Tests included in this
analysis were D-dimer measurement, venous compression
ultrasonography of the leg, MSCT, V/Q lung scan, and
pulmonary angiography. We did not include in the analysis
costs of testing for alternative diagnoses in patients in
whom pulmonary embolism was excluded, costs of
treatment, and costs of hospital stay for patients who were
admitted. We did the analysis between randomisation and
until a final diagnosis was obtained. We used direct costs
of the year 2007 from the institutions that participated in
the study. Costs in Euros (€) and in Swiss Francs (CHF)
were converted in US dollars as follows: €1=US$1-44;
CHF1=US$0-74.
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Statistical analysis

In a recent study,' the rate of thromboembolic events
during a 3-month follow-up in patients who were left
untreated on the basis of a low or intermediate clinical
probability, absence of deep-venous thrombosis on a
4-point proximal ultrasonography, and a negative
multidetector CT was 1-3% (95% CI 0-5-3-1). Thus, we
assumed a 3-month thromboembolic event rate of 1-5% in
the DD-US-CT group. We postulated that the strategy
using MSCT without ultrasonography (DD-CT) would be
non-inferior to the combined strategy. To be regarded as
non-inferior, we stated that the 3-month thromboembolic
risk in the DD-CT group should not be higher than the
usually reported upper limit of the CI for diagnostic
strategies for pulmonary embolism (about 3%).* We
calculated that a study with 810 patients per group would
have an 80% power with a one-sided type error of 0-05 to
reject the hypothesis that the thromboembolic event-rate
in the DD-CT group would be 1-5% higher than that in the
DD-US-CT group (3% vs 1-5%).

In accordance with good statistical practice, we did not
compare the groups statistically at baseline.” We undertook
two sets of analyses for both outcome and cost. The main
analysis was per-protocol to avoid favouring the non-
inferiority hypothesis.” In that analysis, all patients who
were included wrongly (n=25) or whose diagnostic work-up
did not strictly adhere to the study protocol (n=101) were
not included. We also did an intention-to-diagnose analysis
in which we analysed all patients in their original ran-
domisation group (including crossovers), apart from those
who withdrew consent or died before diagnostic tests could
be undertaken. We used the Newcombe method,” as

DD-US-CT group (n=911) DD-CT group (n=901)

Men

Age (years)

Personal history of VTE
Familial history of VTE

Active malignancy

Surgery within 1 month

Contraceptive use

Hormone replacement therapy

Chest pain

Dyspnea

Syncope

Haemoptysis

Heart rate (bpm)

Respiratory rate (bpm)

Symptoms of DVT

Clinical signs of DVT

Varicose veins

Data are number (%) or mean (SD). DD-US-CT=ELISA D-dimer measurement, venous compression ultrasonography of
the leg, and CT. DD-CT=ELISA D-dimer measurement and CT. VTE=venous thromboembolism. DVT=deep-venous
thrombosis. bpm=beats per min.

408 (44-8%) 410 (457%)
593 (18-6) 59:5(18-8)
166 (18-2%) 171 (19-0%)
129 (14-2%) 121 (13-5%)
74 (8-1%) 72 (8:0%)
48 (53%) 59 (6:5%)
45 (5-0%) 44 (4-9%)
33(3-6%) 30(33%)
632 (69-5%) 604 (67-2%)
659 (72-4%) 642 (71-3%)
186 (20-5%) 206 (22:9%)
43 (47%) 47 (5:2%)
86-6 (18-8) 88:3(203)
206 (6-4) 20-7(6:3)
124 (13-6%) 116 (12:9%)
88 (9-7%) 96 (10-7%)
206 (22:7%) 180 (20-1%)

Table 2: Characteristics of included patients
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implemented on the Confidence Interval Analysis software
programme (version 2.1.2),* to compute a 95% CI on the
difference of proportions. We used a two-sided CI
approach.

This study is registered with ClinicalTrials.gov, number
NCT00117169.

Role of the funding source

The sponsors of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report. The corresponding author had full access to all
the data in the study and had final responsibility for the
decision to submit for publication.

Results

Figures 2 and 3 show the trial profile in the per-protocol
and intention-to-diagnose populations, respectively. During
the study period, 1819 patients with clinically suspected
pulmonary embolism were randomly assigned: 916 in the
DD-US-CT group and 903 in the DD-CT group. Six patients
withdrew consent and one died before any test could be
undertaken, leaving 1812 patients in the intention-to-diag-
nose analysis. Table 2 shows the baseline characteristics of
the two groups. In the intention-to-diagnose population,
the overall prevalence of pulmonary embolism was 20-6%
(189 cases in DD-US-CT group and 186 in DD-CT group)
and did not differ between the two groups (p=0-74).

The proportions of patients who were excluded because
of a diagnostic work-up that was not in accordance with
study protocol were much the same between both groups
(45/916 [4-9%)] in the DD-US-CT group and 56/903 [6-2%)]
in the DD-CT group; p=0-23). Therefore, 855 patients
were in the per-protocol population in the DD-US-CT
group and 838 in the DD-CT group. Figure 1 details the
diagnostic work-up in these patients. With only
venous-thromboembolic events that were objectively
confirmed and fatal events regarded as related to
pulmonary embolism considered, the 3-month thrombo-
embolic risk in patients who were left untreated on the
basis of the exclusion of pulmonary embolism by the
diagnostic strategy (primary outcome) was two of 649
(0-3%1[95% CI 0-1-1-1]) in the DD-US-CT group and two
of 627 (0-3% [0-1-1-2]) in the DD-CT group, as analysed
per protocol (figure 2). The difference in the 3-month risk
between the two strategies was 0-0% (-0-9 to 0-8).
Recurrent events were identical in the two groups: one
non-fatal pulmonary embolism and one proximal deep-
venous thrombosis in each group. Addition as
unfavourable outcomes of all deaths possibly related to
pulmonary embolism did not change the results: the
3-month risk was six of 649 (0-9% [0-4-2-0]) in the
DD-US-CT group and three of 627 (0-5% [0-2-1-4]) in the
DD-CT group (difference —0-4% [-1-6 to 0-6]).

In the intention-to-diagnose analysis, patients who had
one or more exclusion criteria or in whom the diagnostic
work-up was not in accordance with study protocol were
classified according to diagnosis at discharge. The 3-month
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thromboembolic risk in the DD-CT group was not worse
than that of the DD-US-CT—two of 673 (0-3% [0-1-1-1])
versus two of 686 (0-3%[0-1-1-1]; absolute difference 0-0%
[-0-8 to 0-8]; figure 3).

22 patients allocated to the DD-US-CT group did not
have a venous compression ultrasonography of the leg
(two with a high and 20 with an intermediate/low clinical
probability). Conversely, 32 patients in the DD-CT group
had an ultrasound (one with a high and 31 with an inter-
mediate/low clinical probability). All had a negative
MSCT and two had a proximal deep-venous thrombosis
and were given anticoagulant drugs. If we consider these
two patients as failures of the DD-CT strategy, the
thromboembolic risk at 3 months increased to 0-6%
(0-2-1-6), but the strategy remained non-inferior to the
DD-US-CT strategy.

Table 3 shows the contribution of the various tests in
both groups of the study. The proportion of negative
D-dimer results was much the same in both groups of the
study (table 3), and follow-up was uneventful in all these
patients in either group (data not shown). In the DD-US-CT
group, compression ultrasonography of the legs showed a
deep-venous thrombosis in 53 of the 177 patients
(30% [24-37]) who were diagnosed as having pulmonary
embolism. Hence, the diagnostic yield of ultrasonography
in patients with a raised D-dimer concentration or a high
clinical probability was 53 of 574 (9% [7-12]). Ultrason-
ography was positive in 30 of 464 patients (7% [4-6-9-1])
without signs and symptoms of deep-vein thrombosis
compared with 23 of 110 patients (21% [14-4-29-5]) with
such findings. In the 299 patients whose MSCT showed a
pulmonary embolism, the most proximal-clot level was
the main pulmonary artery in 77 (26%), the lobar artery in
117 (39%), the segmental artery in 98 (33%), and the
subsegmental level in seven (2%). Of the 1079 patients
who underwent MSCT in the per-protocol population,

3 (3%) had an inconclusive MSCT (30 for technical
reasons and three because of the presence of an isolated
subsegmental image).

We recorded no difference in the rates of adverse events
between the two study groups. Overall, few adverse
events that were related to the undertaking of the MSCT
occurred in the study. Three patients presented with
contrast medium extravasation injury but had only mild
and transient oedema (one in the DD-CT strategy, two in
the DD-US-CT strategy). Three patients had a cutaneous
rash which did not need treatment (one in DD-US-CT,
two in DD-CT). We recorded no anaphylactic reaction or
Quincke oedema. One patient (DD-CT) had severe
nausea and vomiting at the time of CT scan.
Contrast-induced nephropathy due to CT angiography
was not systematically searched for by repeated
measurement of creatinine. However, we noted no cases
of acute renal failure or of patients requiring
haemodialysis. In patients given anticoagulant treatment
for confirmed pulmonary embolism, four major
bleedings (two intracranial haemorrhages [one in DD-CT
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DD-US-CT group DD-CT group
(n=855) (n=838)
Pulmonary embolism diagnosed
Total 177 (20-7%) 180 (21:5%)
Low or intermediate clinical probability
Proximal deep-venous thrombosis on ultrasonography 38 (21:5%) .
Positive MSCT 112 (63-3%) 160 (88-9%)
Inconclusive MSCT 4(2:3%) 1(0-6%)
High probability V/Q scan 1(25%) .
Positive pulmonary angiogram 3(75%) 1(100%)
High clinical probability
Proximal deep-venous thrombosis on ultrasonography 15 (8-5%) .
Positive MSCT 8 (4-5%) 19 (10-6%)
Pulmonary embolism excluded
Total 678 (79:3%) 658 (78-5%)
Low or intermediate clinical probability
Negative D-dimer 281 (41-4%) 280 (42:5%)
Negative MSCT* 379 (55-9%) 361 (54-9%)
Inconclusive MSCT 14 (2:1%) 13 (2:0%)
Normal V/Q scan 6 (42:9%) 3(231%)
Low probability V/Q scan 8 (57-1%) 5(38:5%)
Normal pulmonary angiogram 5(38:5%)
High clinical probability
Negative MSCT* and normal V/Q scan 4 (0-6%) 3(0-4%)
Inconclusive MSCT* and normal V/Q scan 1(0-2%)
Data are number (%). DD-US-CT=ELISA D-dimer measurement, venous compression ultrasonography of the leg, and
CT. DD-CT=ELISA D-dimer measurement and CT. MSCT=multislice CT. V/Q=ventilation-perfusion lung scintigraphy. *In
the DD-US-CT group, all patients with a negative MSCT also had a negative leg compression ultrasonography.
Table 3: Diagnostic contribution of tests in each group in the per-protocol analysis

and one in DD-US-CT], two digestive bleedings needing
transfusion [one in DD-CT and one in DD-US-CT]), and
five minor bleedings (one thigh haematoma [DD-CT],
one flank haematoma [DD-CT], three haemorrhoidal
bleedings [two in DD-US-CT, one in DD-CT]) were
reported. One patient not receiving anticoagulant treat-
ment developed a cerebral aneurysm rupture with conse-
quent intracranial haemorrhage (DD-CT).

In the per-protocol analysis, we recorded 37 deaths in the
DD-US-CT group. 14 patients with a confirmed pulmonary
embolism died because of recurrent confirmed pulmonary
embolism (n=2), probable recurrent pulmonary embo-
lism (4), possible recurrent pulmonary embolism (1),
cancer (5), cardiovascular disease (1), and other reasons (1).
23 patients without pulmonary embolism died because of
possible pulmonary embolism (4), cancer (12), haemor-
rhagic complications (2), respiratory disease (3), and other
reasons (2). We recorded 22 deaths in the DD-CT group.
Seven patients with confirmed pulmonary embolism died
(recurrent confirmed PE [2] and cancer [5]). 15 patients
without pulmonary embolism died of possible recurrent
pulmonary embolism (1), cancer (7), cardiovascular
disease (3), respiratory disease (2), and other reasons (2).

Comparison of the mean cost per patient confirmed that
the DD-CT strategy was 24% (95% CI 19-30) less expensive
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Intention to diagnose*
All (n=1812)

France (n=867)
Belgium (n=249)
Switzerland (n=696)
Per protocol

All (n=1693)

France (n=807)
Belgium (n=230)
Switzerland (n=656)

Data are mean (95% Cl). DD-US-CT=ELISA D-dimer measurement, compression ultrasonography of the leg veins, and CT.
DD-CT=ELISA D-dimer measurement and CT. *The intention-to-diagnose analysis takes into account all tests undertaken
in each strategy, including those that were done in violation of the study algorithm (for instance, venous ultrasound
done inthe DD-CT group). The mean cost per patient was calculated from direct costs in the various study centres.

DD-US-CT group DD-CT group Mean difference
248 (235 t0 260) 194 (184t0204) 53 (37t0 70)
228 (216 t0 240) 153 (14310 162) 76 (60to 91)
147 (128 to 166) 143 (128 to 159) -3(-28t021)
309 (282 to 336) 264 (243t0284) 45 (11t0 79)
246 (23310 259) 187 (177 t0 197) 59 (43t076)
228 (215t0241) 146 (137to 156) 82 (66t0 98)
147 (126 to 167) 140 (124 to 156) -7 (-32t019)
304 (276 t0333) 252 (232t0272) 52 (18t0 87)

Table 4: Mean cost (US$) per patient for both diagnostic strategies in per-protocol and
intention-to-diagnose analyses
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in the per-protocol analysis and 21% (17-27) less expensive
in the intention-to-diagnose analysis than was the
DD-US-CT strategy, including costs for venous
ultrasonography of the leg (table 4).

Discussion

This randomised, multicentre, non-inferiority trial has
shown that a strategy combining ELISA D-dimer
measurement and MSCT was non-inferior to a similar
strategy using D-dimer followed by venous compression
ultrasonography of the leg and MSCT for exclusion of
pulmonary embolism. The 3-month thromboembolic risk
in both groups of the study was similar to that recorded in
patients who were left untreated on the basis of a negative
pulmonary angiography.” The study included a large
number of patients covering a wide range of presentations
of suspected pulmonary embolism and their characteristics,
and risk factors were comparable with those of other
multicentre studies."***

The prevalence of pulmonary embolism that we recorded
was similar to that of a European trial"** and to that of the
recent North American PIOPED II study.’ Therefore, we
believe that our findings can be applied to a broad
population with suspected pulmonary embolism, and they
lend support to the hypothesis that a negative MSCT or
ELISA D-dimer measurement safely excludes pulmonary
embolism in patients with a low or intermediate clinical
probability of pulmonary embolism.

Two previous prospective management studies'? reported
3-month thromboembolic risks less than 1-5% when a
strategy based on assessment of clinical probability,
D-dimer, and helical CT was used. In the first study,' which
included 756 consecutive patients referred to the emergency
department with a clinical suspicion of pulmonary
embolism, all patients with either a high clinical probability
or a non-high clinical probability and a positive ELISA
D-dimer test had both a leg ultrasound and an MSCT.! The
proportion of patients in whom a proximal deep-venous

thrombosis was detected on ultrasound, despite a negative
MSCT, was only three of 324 (0-9% [95% CI 0-3-2-7)),
suggesting that the added value of ultrasonography was
very low. Moreover, the 3-month thromboembolic risk in
patients not given anticoagulant drugs would have been
only 1-5% (0-8-3-0) if the D-dimer assay and MSCT had
been the only tests that were used to exclude pulmonary
embolism and ultrasonography had not been undertaken.
In a Dutch study,” all patients who were classified as likely
to have pulmonary embolism by the dichotomised Wells’
score and those with a positive D-dimer test underwent a
chest CT (90% of MSCT). The 3-month thromboembolic
risk in patients who were left untreated because of a
negative CT was low (1-3% [0-7-2-0]). Collectively, these
results suggest that a strategy combining ELISA D-dimer
test and MSCT might be safe. However, these studies were
notrandomised and investigators of both studies suggested
that this type of diagnostic strategy should be compared
with diagnostic strategies for suspected pulmonary
embolism that are well validated.

In this study, we assessed clinical probability with the
revised Geneva score, which was initially derived in a
cohort of patients in whom a diagnostic algorithm for
pulmonary embolism? was assessed and retrospectively
validated in a distinct cohort testing another strategy.' The
derivation and retrospective validation were published
together.* Noteworthy, patients in the validation cohort
originated largely from centres that were different from
those of the derivation sample. Although this validation
was not prospective, we believed that the data were robust
enough to allow use of the revised Geneva score as the
assessment instrument in this randomised study. Since
the method was used in both study groups, it could not
bias the finding that one strategy was non-inferior to the
other. The revised Geneva score has been recently
retrospectively validated in an independent cohort of
300 consecutive patients.” This study showed that it
retained the same accuracy as in the derivation and
retrospective validation samples. Moreover, it had a
diagnostic accuracy that was comparable with that of the
Wells score, which was also assessed in that trial.

The results of our study accord with those from the
prospective Christopher study,” but both trials have a few
differences in design. First, our randomised trial assessed
the clinical usefulness of ultrasonography of leg veins in
an MSCT-based diagnostic strategy for pulmonary
embolism. Because the Christopher study was an outcome
study, and although the 3-month thromboembolic risk was
acceptable in patients who were left untreated on the basis
of a negative MSCT, the investigators could not exclude
that the risk might have been even lower if they had
undertaken an ultrasound in patients who had a negative
MSCT. Our results compared these two strategies directly
and showed no difference in outcome.

Second, by contrast with the Christopher study, we
considered that a negative MSCT (or a negative MSCT and
a negative leg ultrasound in the DD-US-CT group) did not
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safely exclude pulmonary embolism in patients who had a
high clinical probability, since the negative predictive value
of MSCT is expected to be lower in these patients than in
those with a low or intermediate clinical probability. This
notion is supported by the results of the recent PIOPED II
study in which six of the 15 patients with a high clinical
probability and a negative MSCT had a pulmonary
embolism.’ In our cohort, additional testing did not
disclose a pulmonary embolism in the seven patients with
a high dlinical probability and a negative MSCT. Moreover,
clinicians were reluctant to follow protocol in that situation
and they undertook no further tests or incomplete tests in
the remaining 19 patients with high clinical probability
and a negative MSCT, of whom 18 were not treated and
had an uneventful follow-up. In the Christopher study,”
patients with a negative MSCT were not treated irrespective
of their clinical likelihood of pulmonary embolism, and
the overall 3-month thromboembolic risk was acceptable.
Therefore, from our data we are unable to make a firm
recommendation for the most effective diagnostic
algorithm for patients with a high clinical probability of
pulmonary embolism.

The use of MSCT as the main diagnostic imaging
technique raises two other issues. New generation CT
scans are able to visualise subsegmental and
sub-subsegmental arteries,” and therefore diagnosis of
small peripheral and clinically insignificant clots that
might be left untreated could be a concern. Indirect
evidence exists—mainly from the gap between accuracy
and outcome studies—that many small peripheral clots
are clinically insignificant and might be left untreated.”
Indeed, if that were not the case, the uneventful follow-up
in patients who were left untreated because of a negative
MSCT would be difficult to explain given that the sensitivity
of MSCT is only 83% according to the PIOPED II study.’
In our study, only three patients in the per-protocol analysis
had an isolated subsegmental pulmonary embolism. Six
additional patients had a similar finding but were not
included in the per-protocol analysis because they had no
further explorations. Hence, isolated subsegmental
pulmonary embolism remained a rare finding, and MSCT
does not seem to entail the risk of overdiagnosing
pulmonary embolism. Furthermore, MSCT was
non-conclusive for technical reasons in around 3% of
patients in both groups of the study, confirming that MSCT
is better than single-detector CT, which has a rate of
inconclusive results between 4% and 10%.° But there were
also a number of protocol violations, indicating that
clinicians are reluctant to undertake further tests after
MSCT. Many physicians probably do not recognise that the
probability of pulmonary embolism after a non-conclusive
MSCT remains the same as the pretest probability, which
might be an important target for education.

What was the diagnostic yield of compression
ultrasonography of leg veins in the DD-US-CT group? Our
results show that ultrasound is no longer required as a
safety net for the identification of clots that might have
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been missed by MSCT. Nevertheless, an abnormal
ultrasonography indicating deep-venous thrombosis
occurred for about a tenth of patients who could have been
spared a CT scan, which would be favourable in those with
a contraindication to CT. Ultrasound showed a proximal
deep-venous thrombosis in 30% of patients who were
classified as having a pulmonary embolism, which is
consistent with previous studies,” and in 9% of patients
with a raised D-dimer concentration or a high clinical
probability. Thus, the number needed to test—ie, the
number of patients in whom an ultrasound should be
undertaken to diagnose one clot and avoid an MSCT—is
around 11. Patients with symptoms and signs of
deep-venous thrombosis were almost four times as likely
to have a positive ultrasound as were asymptomatic
patients (20-9% vs 6-5%; OR 3-8 [95% CI 2-1-6-9]).

We have undertaken a model-based cost-effectiveness
analysis comparing four different diagnostic strategies,
which included or excluded venous compression
ultrasonography of the leg.” This real-life study showed
that the strategy including ultrasonography of the leg veins
is about 20% more expensive than are other methods, even
in the intention-to-diagnose analysis in which all tests
including those that were not necessary according to
protocol were considered (table 4). Therefore, our data do
not support the routine use of ultrasound. However,
ultrasonography might still be an attractive alternative in
patients with renal failure or those who have an allergy to
contrast dye, especially in the presence of symptoms and
signs of deep-venous thrombosis.

Our study has some limitations. First, the exclusion
rate (32%) in eligible patients might seem high, but the
exclusion criteria were straightforward and most of those
who were excluded had a contraindication to MSCT.
However, we acknowledge that chronic renal failure and
an allergy to contrast dye are relative contraindications,
and that many of the excluded patients had an MSCT
outside the study is possible. However, there is no reason
to believe that the diagnostic yield and in particular the
risk of a false negative MSCT would have been higher in
that group than in those who we included. Second, since
the population consisted of outpatients and the prevalence
of cancer was only 8%, our results might not be directly
applicable to suspected pulmonary embolism in patients
admitted to hospital or those with cancer. Third, the
adherence to the proposed diagnostic strategy was high
in both groups (around 95%). Nevertheless, we recorded
a number of protocol violations, especially in patients
with a high clinical probability and a negative MSCT and
those with a non-conclusive result irrespective of clinical
probability. Fourth, almost all patients with high clinical
probability had a pulmonary embolism and were given
anticoagulant drugs, and those with a negative MSCT or
an ultrasonography and MSCT combination were further
investigated to rule out pulmonary embolism. Therefore,
our study design does not allow any conclusion about the
safety of withholding anticoagulant drugs in such
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patients on the basis of a negative MSCT alone.
Furthermore, 32 (8%) of the 396 patients with a negative
MSCT in the DD-CT group had a leg ultrasound, and
deep-venous thrombosis was recorded in two. These
patients might constitute a particular subgroup in which
clinicians were uncomfortable with ruling out pulmonary
embolism by MSCT alone because of prominent
symptoms or signs of deep-venous thrombosis. However,
the frequency of symptoms and signs of deep-venous
thrombosis in that subgroup did not differ from those in
the entire cohort, and thus that explanation is unlikely.
Finally, we limited our cost analysis to diagnostic tests
and we did not measure other resources that were used
by patients who were randomly assigned to the competing
management strategies. Although our results show that
the costs of diagnostic testing are lower in the simpler
DD-CT strategy than in the DD-US-CT strategy, we
cannot affirm that this finding translates into significant
overall cost savings.

In summary, we conclude that ultrasound is not needed
to rule out pulmonary embolism when MSCT is used. An
ultrasound could still be of interest in patients with a
contraindication to MSCT, although it would allow avoiding
that test in only one of every 11 patients.
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