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ABSTRACT

BACKGROUND

Single-detector—-row computed tomography (CT) has a low sensitivity for pulmonary em-
bolism and must be combined with venous-compression ultrasonography of the lower
limbs. We evaluated whether the use of D-dimer measurement and multidetector-row
CT, without lower-limb ultrasonography, might safely rule out pulmonary embolism.

METHODS

We included 756 consecutive patients with clinically suspected pulmonary embolism
from the emergency departments of three teaching hospitals and managed their cases
according to a standardized sequential diagnostic strategy. All patients were followed
for three months.

RESULTS

Pulmonary embolism was detected in 194 of the 756 patients (26 percent). Among the
82 patients with a high clinical probability of pulmonary embolism, multidetector-row
CT showed pulmonary embolism in 78, and 1 patient had proximal deep venous throm-
bosis and a CT scan that was negative for pulmonary embolism. Of the 674 patients
without a high probability of pulmonary embolism, 232 (34 percent) had a negative
D-dimer assay and an uneventful follow-up; CT showed pulmonary embolism in 109
patients. CT and ultrasonography were negative in 318 patients, of whom 3 had a definite
thromboembolic event and 2 died of possible pulmonary embolism during follow-up
(three-month risk of thromboembolism, 1.7 percent; 95 percent confidence interval,
0.7 to 3.9). Two patients had proximal deep venous thrombosis and a negative CT scan
(risk, 0.6 percent; 95 percent confidence interval, 0.2 to 2.2). The overall three-month
risk of thromboembolism in patients without pulmonary embolism would have been
1.5 percent (95 percent confidence interval, 0.8 to 3.0) if the D-dimer assay and multi-
detector-row CT had been the only tests used to rule out pulmonary embolism and ultra-
sonography had not been performed.

CONCLUSIONS

Our data indicate the potential clinical use of a diagnostic strategy for ruling out pulmo-
nary embolism on the basis of D-dimer testing and multidetector-row CT without lower-
limb ultrasonography. A larger outcome study is needed before this approach can be
adopted.
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OMPUTED TOMOGRAPHY (CT) IS IN-

creasingly being used as the main thoracic

imaging technique in suspected pulmonary
embolism.** First-generation single-detector—row
helical CT scanners have a 90 percent specificity but
only a 70 percent sensitivity for pulmonary embo-
lism.>"® In series in which venous-compression ul-
trasonography of the lower limbs and single-detec-
tor—row helical CT were performed in all patients
with clinically suspected pulmonary embolism,”>°
the proportion of patients with deep venous throm-
bosis despite findings on CT that were negative for
pulmonary embolism was 6 to 9 percent. The im-
plication of this finding is that lower-limb ultraso-
nography must be combined with CT to improve the
overall diagnosticyield. In two recent outcome stud-
ies, >0 patients without a high clinical probability
of pulmonary embolism who were left untreated on
the basis of negative findings on single-detector CT
and lower-limb compression ultrasonography had
alto 2 percentrisk ofa thromboembolic event with-
in three months, a finding that is similar to that for
patients who were left untreated after pulmonary
angiography showed no abnormalities.*

The advent of multidetector-row CT scanners
has improved the visualization of the segmental and
subsegmental pulmonary arteries.>*3 This devel-
opment has raised the possibility that pulmonary
embolism might be safely ruled out without the use
of lower-limb venous ultrasonography, at least in
patients without a high probability of pulmonary
embolism — a change in strategy that could save
both money and other resources. If that hypothesis
were true, the diagnosis of deep venous thrombo-
sis in a patient with clinically suspected pulmonary
embolism and negative findings on multidetector-
row CT should be uncommon, and the three-month
risk of thromboembolism in patients with a nega-
tive multidetector-row CT scan should be low.

Therefore, we conducted a prospective study to
assess whether a strategy of D-dimer measurement
and multidetector-row CT, without the use of lower-
limb ultrasonography, might safely rule out pulmo-
nary embolism in patients admitted to the emergen-
cy department for clinically suspected pulmonary
embolism.

METHODS

PATIENTS
Consecutive patients who presented to the emer-
gency department were eligible if there was a suspi-

cion of pulmonary embolism, which was defined
as acute onset of new or worsening shortness of
breath or chest pain without another obvious cause.
Among the 1014 screened patients, 185 (18 percent)
were excluded from the study for the following rea-
sons: a contraindication to CT (i.e., a known allergy
to iodine contrast agents or a risk of allergic reac-
tion) (7 patients); impaired renal function, defined
as a creatinine clearance below 30 ml per minute,
as calculated by the Cockcroft-Gault formula* (38);
pregnancy (7); ongoing anticoagulant therapy for a
reason other than venous thromboembolism (38);
adecision not to participate in the study (41); inabil-
ity to give informed consent (15); a life expectancy of
less than three months (9); a diagnosis that had been
made before admission (3); unavailability for fol-
low-up (10); hospitalization in another institution
for more than 24 hours before admission (3); inabil-
ity to undergo CT because of hemodynamic insta-
bility (3); transfer to another facility (1); absence of
peripheral venous access (1); and other reasons (9).

Another 73 patients (7.2 percent) were excluded
because of the following violations in study proto-
col: clinical probability was not assessed (14 pa-
tients); diagnostic tests were not performed, includ-
ing D-dimer measurement (4), ultrasonography
(15), CT (8), and angiography (7); tests were inad-
equately performed despite a negative D-dimer test
(2); a decision was made by the physicians in charge
to prescribe anticoagulants, despite the absence of
pulmonary embolism according to the study crite-
ria (5); or the diagnosis was not confirmed accord-
ing to study criteria in patients whose CT scan was
inconclusive for technical reasons (17) or because of
the presence of isolated subsegmental pulmonary
embolism (1). Hence, the final study cohort consist-
ed of 756 patients (75 percent of the screened pop-
ulation).

STUDY DESIGN

The study was designed as a prospective manage-
ment trial with a three-month follow-up. Data were
collected from August 1, 2002, to November 30,
2003, at three participating medical centers that
serve as general and teaching hospitals (Geneva
University Hospital, Geneva; Angers University
Hospital, Angers, France; and Hopital Européen
Georges-Pompidou, Paris). The study was approved
by the ethics committees of Geneva University Hos-
pital and Angers University Hospital, and all pa-
tients provided written informed consent before
they were enrolled.
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Before any other test was administered, patients
underwent clinical evaluation in the emergency de-
partment by the physicians in charge with the use
of the Geneva score.>®*>® The Geneva score is
based on seven variables: age, previous deep venous
thrombosis or pulmonary embolism, recent sur-
gery, heart rate, the partial pressure of arterial oxy-
gen, the partial pressure of arterial carbon dioxide,
and the findings on chest radiography (e.g., band
atelectasis or hemidiaphragm elevation). It allows
the classification of patients into three categories
of clinical probability of pulmonary embolism
(low, intermediate, or high), corresponding to an
increasing prevalence of pulmonary embolism. As
previously described,®¢ the physicians in the
emergency department could override the score by
clinical judgment in case of disagreement. Clinical
judgment was also used when the Geneva score
could not be computed because of the unavailabil-
ity of arterial-blood gas measurements while the
patient was breathing ambient air.

Sequential noninvasive tests were then per-
formed and stratified according to the clinical prob-
ability of pulmonary embolism (Fig. 1). In patients
without a high clinical probability (i.e., either a low
or intermediate probability), we measured plasma
D-dimer levels by enzyme-linked immunosorbent
assay (ELISA) and ruled out pulmonary embolism in
patients with a level below the cutoff value of 500 pg
per liter. Patients with a D-dimer level of 500 pg per
liter or above underwent proximal venous-compres-
sion ultrasonography of the lower limbs and mul-
tidetector-row CT. CT that was positive for pulmo-
nary embolism or ultrasonography that showed a
deep venous thrombosis warranted anticoagulant
treatment, whereas such therapy was withheld in
patients in whom both tests were negative. In pa-
tients with a high clinical probability of pulmonary
embolism, we did not obtain a D-dimer measure-
ment, since the D-dimer test is negative in less than
10 percent of such patients and the probability of
pulmonary embolism is still 12 to 23 percent when
the test is negative in the subgroup that has a 65 to
80 percent prevalence of pulmonary embolism.*”

These patients thus proceeded directly to CT and
lower-limb ultrasonography. Patients in whom ei-
ther test was positive were treated, but those with a
high clinical probability and negative findings on
both CT and ultrasonography proceeded to pulmo-
nary angiography, and their cases were managed
accordingly. The results of CT scanning were
deemed inconclusive if technical problems (i.e., in-
sufficient contrast enhancement of the pulmonary
arteries or motion artifacts) precluded a definitive
interpretation. Patients with isolated subsegmen-
tal pulmonary embolism (defined as CT evidence of
embolism in a single subsegmental vessel) were
also considered to have had an inconclusive CT,
since the positive predictive value of that finding
is low (25 percent in the Evaluation du Scanner
Spiralé dans "Embolie Pulmonaire [ESSEP] study®).
Patients with an inconclusive CT result proceeded
to ventilation—perfusion lung scanning or pulmo-
nary angiography. Ventilation—perfusion scanning
confirmed pulmonary embolism in the case of a
high-probability pattern®® and ruled it out when
the result was normal®® or of low probability in a
patient with a low clinical probability of pulmo-
nary embolism and an absence of proximal deep
venous thrombosis.?° In all other instances, venti-
lation—perfusion scanning was followed by pulmo-
nary angiography for final adjudication.

DIAGNOSTIC STUDIES

Plasma D-dimer was assayed by an automated
quantitative analyzer (rapid ELISA assay, Vidas DD
Exclusion, BioMérieux).?* Lower-limb B-mode ve-
nous-compression ultrasonography was performed
within 24 hours after admission by trained staff
blinded to the results of CT. The examination con-
sisted of a real-time B-mode examination of the
common femoral and popliteal veins. The criterion
for diagnosing deep-vein thrombosis was incom-
plete compressibility of the vein.??

The protocol for multidetector-row CT consist-
ed of an evaluation of the pulmonary arteries up to
and including the subsegmental vessels. The pa-
tients were examined during a breath hold or shal-
low breathing, depending on the degree of dyspnea.
A clot was considered present if contrast material
outlined an intraluminal defect or if a vessel was to-
tally occluded by low-attenuation material. Four-
slice multidetector-row CT was used in 89 percent
of the patients, including all the patients in Angers
and Paris and 81 of 137 patients (59 percent) in
Geneva; the remaining 56 patients in Geneva were

N ENGL J MED 352;17 WWW.NEJM.ORG APRIL 28, 2005

Downloaded from www.nejm.org on November 23, 2009 . For personal use only. No other uses without permission.

Copyright © 2005 Massachusetts Medical Society. All rights reserved.



MULTIDETECTOR-ROW CT IN SUSPECTED PULMONARY EMBOLISM

"21|0qUIS0QLUOAY} J] PUE ‘LUSI|OqUIS0q
-woay3 snouan 3| A ‘Buiuueds uoisnpiad—uonejauan /A Aydeidouosesyn uoissaidwiod quiij-1amol sn “Aydesdowioy paandwiod mou-101a3apINW | ‘wisijoquis Aleuownd sajousp 3d

*Apnis ay3 ui ssadoud onsouseiq ay3 Suizewwng peyd moj4 °T ainsi4

0 ‘sjuans 3] jo aSe
-uadiad ‘34 wouy A|gis
-sod syjeap ( !sjuana
31 [BIBsUOU UM 0
‘sjue|ngeodijue ou
SuinIaDal pue sjuand
JLouyIm Z (3L

410y j0u) sjuendeodnue
Suiaia2a1 T ‘dn-mojjoy
01150| syuanted o
‘dn-mo||oy ow-¢ 1y

4

sjue|nSeodijue ou
Buiniedal ‘weidoiSue
aA11e3aU Y1M SJudlled €

0 ‘siuans 3] jo ade
-uadiad ‘34 wou A|qis
-sod syjeap  ‘sjuana
31 [eagguou UM 0
‘sjue|ndeodiue ou
Suinadal pue sjuana
JLouyum T {(ILA

10 j0u) sjuendeodnue
Suiaiada1 ¢ ‘dn-mojjoy
01150] sjuaited
‘dn-mo||oj ow-¢ 1y

0 ‘siuans 3] jo ade
-uadiad ‘34 wouy A|q1s
-sod syjeap () ‘sjuans
31 [egjuOU UM Q
‘sjuendeodijue ou
SuInIadal pue sjuans
3L ouyIm g H(ILA

10y j0u) sjuendeodnue
Buinanai @ ‘dn-moj|oy
01 350| sjuaited
‘dn-mo||o} ow-¢ 1y

4

4

(6°€=£°0 ‘1D %56)

£'T ‘s1uans 3] jo ade
-quadiad ‘39 wouy A|q1s
-sod syjeap z {sjuans
31 [ErgjuoU yum ¢
‘sjue|ndeodnue ou
SuInIadal pue sjuand
3L 0ou yum £87 {(31A
1oy j0u) sjuendeodnue
Buinianal 4z ‘dn-mojjoy
01150] sjuaned g
‘dn-mo||o} ow-¢ 1y

(£'2-0 ‘1D %56)

0 ‘sjuans 3] jo ade
-uadsad ‘34 wou A|qis
-sod syjeap ( ‘sjuana
31 [egjUOU YyUM
‘sjuejndeodijue ou
Suinadal pue sjuana
31 ou yum 0zz {(3LA
10y j0u) sjuendeodnue
Bu1a192a1 T ‘dn-mojjo}
01 150| sjuaijed 7
‘dn-mo||oj ow-¢ 1y

4

mucm_smeu_uEm

Buinedal ‘wesdoiSue
msod yim quaied |

sjue|n3eoodijue ou
Suiaiadas {5 annedau
pue 34 jo A1ijiqeqoud
O/A Mmo| yum juaiied T

sjue|ngeodnue ou 3ul
-A13231 ‘S aA1jESaU pue
3d 40 Anjiqeqoid O/A
MO| YHIM  pUE S}|Nsai
|[ELIOU Y1IM SIUDIIE] f

sjuendeodijue Suiniadal
SN anisod yum 1 pue
3d 30 Anjiqeqoid O/A
31y yam sudtied ¢

4

4

3d [ewuawdasqns
pale|os! yim sjusiled 7

pue | D aAnedau
YUM s1udlE] €

yum 13 aaisod
YuMm sjualied 8/

Aydei3oi3ue
Kreuowng
sjue|ngeodijue sjue|ngeod
Suinadal fsn aAn -1ue Suiniadal
SN aanedau -1sod 1noy1im Jo ‘SN aAsod

pue | D aAnnedau
Yum Jualied T

t

4

4

_ ueas Bunj O/A _

4

suoseal
|e31uyd9] 10j sjualled TT

4

w“—cm_JWNOu_“—:m

sjue|ngeod

w“—:m_zwwou_wcm

4

4

4

Ajiqeqoud [eoiuip
31y ynm syuaied zg

4

1D aAIsnpuodul
UM sjudtied €1

Buindal ‘s a1}
-1sod Jnoyum Jo
yim 3 aaysod

UMM sjudlied 60T

-13ue 3uiniedal
‘sn annisod
pue | aAnnedau
Yum suaned ¢

ou uiaiedal
‘S aAizedau
pue D aAnedau
Ysm sjualied 8T¢

{

¢ 4

4

1931/81 00§ = Jowip-a
VSIT3 Yyim sjusined zyy

4

sjue|ngeodiue ou Juinladal
4ay/8r 00§ > Jawip-a
VSI13 Yyiim sjusiied ¢e¢¢

4

Ajiqeqoud [eaiulpd sjeipaw
-13]U1 1O MO| Y1IM SIUBNed /9

)

3d Jo Ajiqeqoud edtuyd

passasse

i

papnjoul sjuaited 95/

SUOI1E|OIA
|020104d Yum sjualied €/
B1ID}LID paulyap
-24d yum sjuaned 681
papn|oxa sjuaied g5z

¢

4

119 syusled $T0T |

1763

17 WWW.NEJM.ORG APRIL 28, 2005

N ENGL J MED 352

Downloaded from www.nejm.org on November 23, 2009 . For personal use only. No other uses without permission.

Copyright © 2005 Massachusetts Medical Society. All rights reserved.



The NEW ENGLAND JOURNAL of MEDICINE

Table 1. Characteristics of the 756 Patients in the Study.

Characteristic
Age —yr
Male sex — no. (%)

Risk factors for venous thromboembolism
— no. (%)

Family history of venous thrombo-
embolism7

Previous venous thromboembolism
Known heart failure

Stroke

Chronic obstructive lung disease
Surgery within past 1 mo

Bed rest (>48 hr) within past 1 mo

Lower-limb plaster cast within past
1mo

Cancer

Current hormone-replacement therapy
Current oral-contraceptive use
Current pregnancy or post partum

Symptoms of pulmonary embolism
—no. (%)

Dyspnea
Chest pain
Syncope or malaise
Recent cough
Unilateral lower-limb pain
Hemoptysis
Clinical findings
Central temperature — °C

Respiratory frequency
— breaths per min

Heart rate — beats per min
Systolic blood pressure — mm Hg

Chronic venous insufficiency
—no. (%)

Varicose veins — no. (%)

Signs of deep venous thrombosis
—no. (%)%

Distention of neck veins — no. (%)

Value*
60+19
302 (40)

37.3+0.8
2116

88+20
138+24
97 (13)

122 (16)
72 (10)

42 (6)

* Plus—minus values are means +SD.

T A family history of venous thromboembolism was de-
fined as the presence of the disorder in at least one first-

degree relative.

1 Signs of deep venous thrombosis were unilateral calf
edema and pain on palpation of the deep veins.

examined by 16-slice multidetector-row CT. The ac-
quisition parameters for multidetector-row CT were
injection of a total volume 0f 100 to 120 ml of non-
ionic contrast material (iodine concentration, 300
to 350 mg per milliliter) with a power injector at 3 to
5 ml per second; imaging 9 to 20 seconds after ini-
tiation of the contrast-material injection; scanning
performed at 1.0 to 1.3 mm per section with a pitch
of1.25 t0 1.75, 120 kV, and 115 to 260 mA; and re-
construction of images at 0.6-to-0.8-mm intervals.
For obese patients, slice thickness was sometimes
increased to 2.5 mm. The technique for performing
and interpreting lung scanning and pulmonary an-
giography has been described elsewhere.?324

OUTCOMES
The main outcome was the proportion of patients
with proximal deep venous thrombosis and negative
findings on CT. The secondary outcome was an esti-
mate of the three-month risk of thromboembolism
if lower-limb ultrasonography had not been per-
formed — in other words, the sum of the proportion
of patients with deep venous thrombosis and nega-
tive CT results and of the three-month risk of throm-
boembolism among patients in whom pulmonary
embolism was considered to have been ruled out
by the initial diagnostic workup and anticoagulant
therapy was not administered during follow-up.

Diagnoses of venous thromboembolic events
during follow-up were established with the usual
criteria— for deep venous thrombosis, on the ba-
sis of abnormal results on ultrasonography; and
for pulmonary embolism, ventilation—perfusion
scanning showing a high-probability pattern or
CT or angiography showing pulmonary embolism.
Deaths were adjudicated as definitely caused by pul-
monary embolism, definitely unrelated to pulmo-
nary embolism, or possibly due to pulmonary em-
bolism. A three-month risk of thromboembolism
of 4 percent (upper limit of the 95 percent confi-
dence interval) was considered acceptable, as in pre-
vious outcome studies.*®?>2° Three independent
experts adjudicated the outcome events.

THREE-MONTH FOLLOW-UP

Patients were followed up by their family physicians
and were interviewed by telephone by one of the
study coordinators at the end of the follow-up peri-
od. 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 the hospital for any cause.
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STATISTICAL ANALYSIS

The exact 95 percent confidence intervals for pro-
portions were calculated from the binomial distri-
bution with use of the Confidence Interval Analysis
software program.

RESULTS

STUDY POPULATION

The 756 patients had a mean (£SD) age of 6019
years, and 60 percent were female. The characteris-
tics of the patients are shown in Table 1. The overall
prevalence of pulmonary embolism in this cohort
was 26 percent (194 of 756 patients).

DIAGNOSTIC WORKUP
The diagnostic workup is detailed in Figure 1, and
the respective diagnostic yield of the criteria used in
this series is summarized in Table 2.

Patients with a High Clinical Probability

of Pulmonary Embolism

CT scanning showed a pulmonary embolism in 78
of the 82 patients (95 percent) who had a high clin-
ical probability of pulmonary embolism; 37 of these
78 patients had proximal deep venous thrombosis
(47 percent; 95 percent confidence interval, 37 to
58). Only one patient had proximal deep venous
thrombosis and negative findings on CT, and that
patient was treated. The other three patients had
negative findings on both ultrasonography and CT,
and subsequent angiography was negative in all
three.

Patients without a High Clinical Probability
of Pulmonary Embolism
Among the 674 patients without a high clinical
probability of pulmonary embolism, the D-dimer
level was below 500 pg per liter in 232 patients (34
percent; 95 percent confidence interval, 31 to 38).
The remaining patients proceeded to CT and venous
ultrasonography. CT showed pulmonary embolism
in 109 patients, of whom 36 also had a deep venous
thrombosis (33 percent; 95 percent confidence in-
terval, 25 to 42), and they all were treated. CT scan-
ning and ultrasonography were negative in 318 pa-
tients. Two patients with negative CT scans had a
proximal deep venous thrombosis (0.6 percent; 95
percent confidence interval, 0.2 to 2.2) and were
treated.

Among 13 patients, the CT scan was considered
inconclusive, according to the study criteria. In 11

N ENGL J MED 352;17 WWW.NEJM.ORG

Table 2. Yield of the Diagnostic Criteria Used in the Series.*

Clinical Probability

Diagnostic Criterion of Pulmonary Embolism

Not High High
no. of patients (%)

Presence of pulmonary embolism

CT positive 109 (95) 78 (99)
CT negative, DVT on ultrasonography 2(2) 1(1)
CT inconclusive
Technical reasonsT 3(3) —
Isolated subsegmental pulmonary 1(1) —
embolismi:
All patients 115 79
Absence of pulmonary embolism
p-Dimer level <500 pg/liter 232 (42) —
CT negative, no DVT on ultrasonography 318 (57) —
Angiogram negative — 3 (100)
CT inconclusive
Technical reasons9| 8 (1) —
Isolated subsegmental pulmonary 1(<1) —
embolism§
All patients 559 3

* CT denotes multidetector-row computed tomography, and DVT deep venous
thrombosis. Percentages may not sum to 100 because of rounding.

i Two patients had ventilation—perfusion scans showing a high probability of
pulmonary embolism, and one patient had deep venous thrombosis on ultra-
sonography.

I Angiography in this patient showed an isolated subsegmental pulmonary em-
bolism.

9 Four patients had normal ventilation—perfusion scans, and four patients had a
low clinical probability of pulmonary embolism, low-probability ventilation—
perfusion scans, and negative findings on ultrasonography.

§ This patient had a low clinical probability of pulmonary embolism, a low-prob-
ability ventilation—perfusion scan, and negative findings on ultrasonography.

patients, the scan was technically inadequate for
interpretation. Further testing established pulmo-
nary embolism in three patients and ruled it out in
eight patients, who were not treated (Fig. 1 and Ta-
ble 2). In the other two patients, CT revealed an iso-
lated subsegmental embolus. One of these patients
—who had a low clinical probability of pulmonary
embolism, a low-probability ventilation—perfusion
lung scan, and no proximal deep venous thrombo-
sis — was not treated, whereas the other was treat-
ed with anticoagulants on the basis of a positive an-
giogram. The overall proportion of patients (both
those without a high probability of pulmonary em-
bolism and those with a high probability) who had
deep venous thrombosis and negative findings on
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Table 3. Anatomical Distribution of Pulmonary Emboli Visualized by CT,
According to the Most Proximal Level of the Pulmonary Arterial Tree.*

Most Proximal Level

Not High High Total
no. of patients (%)
Main pulmonary artery 30 (28) 30 (38) 60 (32)
Lobar level 31 (28) 34 (44) 65 (35)
Segmental level 37 (34) 11 (14) 48 (26)
Multiple subsegmental levels 11 (10) 3(4) 14 (7)
Any level 109 78 187

Clinical Probability of Pulmonary Embolism

s

* CT denotes multidetector-row computed tomography.

1766

CT was 3 0f 324 (0.9 percent; 95 percent confidence
interval, 0.3 to 2.7).

Anatomical Distribution of Emboli

The anatomical distribution of the pulmonary em-
boli, according to the most proximal vessel that was
affected and to the clinical probability category, is
detailed in Table 3.

FOLLOW-UP AND OUTCOMES

Pulmonary Embolism Ruled Out

by Initial Diagnostic Workup

In all 4 patients lost to follow-up (0.5 percent of the
entire cohort of 756), pulmonary embolism had
been ruled out by the initial diagnostic workup; 2 pa-
tients without a high clinical probability of pulmo-
nary embolism had a negative D-dimer assay, and
2 patients had negative findings on CT and lower-
limb ultrasonography. During follow-up, 35 of the
562 patients in whom pulmonary embolism had
been ruled out received anticoagulation therapy for
reasons other than venous thromboembolism (atri-
al fibrillation or flutter, 26 patients; cardiomyopa-
thy, 2; and other indications, 7), leaving 523 patients
for the assessment of the three-month thromboem-
bolic risk. There were no thromboembolic events
among the 220 patients with a normal D-dimer level
who did not receive anticoagulation therapy (0 per-
cent; 95 percent confidence interval, 0 to 2.7). Of the
patients without a high probability of pulmonary
embolism who had negative findings on CT scan-
ning and ultrasonography, three patients had a
thromboembolic event, and 2 of the 26 deaths in
this group were adjudicated as possibly due to pul-
monary embolism (Table 4). Therefore, the three-
month risk of thromboembolism among the 292
patients who did not receive anticoagulation thera-

N ENGL J MED 352;17 WWW.NEJM.ORG

py during follow-up was 1.7 percent (95 percent
confidence interval, 0.7 to 3.9). The overall three-
month risk of thromboembolism among the 523
patients who did not have pulmonary embolism and
were not receiving treatment was 1.0 percent (95
percent confidence interval, 0.4 to 2.2). With the
addition of the three patients with proximal deep
venous thrombosis and negative findings on CT
scanning, the maximum three-month risk of throm-
boembolism would have been 1.5 percent (95 per-
cent confidence interval, 0.8 to 3.0) if ultrasonog-
raphy had not been included in the diagnostic
workup. There were 24 deaths that were not related
to venous thromboembolism in this group, which
were caused by cancer (18 patients), respiratory fail-
ure (3), septic shock (2), and cardiac disease (1).

Pulmonary Embolism Indicated by Initial

Diagnostic Workup

Four of the 194 patients with pulmonary embolism
(2.1 percent; 95 percent confidence interval, 0.9 to
4.5) had recurrentvenous thromboembolism. There
were 11 deaths (5.7 percent; 95 percent confidence
interval, 3.2t09.9) from cancer (5), septic shock (2),
recurrent pulmonary embolism (2), initial pulmo-
nary embolism (1), and an indeterminate cause (1).

DISCUSSION

This study shows that the proportion of patients
with proximal deep venous thrombosis despite neg-
ative findings on multidetector CT is very low (0.9
percent; 95 percent confidence interval, 0.3 to 2.7).
Therefore, the improvement of the overall detection
rate of pulmonary embolism by venous ultrasonog-
raphy was marginal in this series, and the three-
month thromboembolic risk in patients left untreat-
ed if pulmonary embolism had been ruled out on
the sole basis of a negative multidetector CT scan
would have been 1.5 percent (95 percent confidence
interval, 0.9 to 2.7), similar to that of pulmonary
angiography** and other recent outcome stud-
ies.?19:2%,26 This raises the possibility that the use
of ELISA measurement of plasma D-dimer levels
and multidetector CT scanning might safely rule out
pulmonary embolism in patients without a high
probability of pulmonary embolism without per-
forming lower-limb ultrasonography. Since ultra-
sonography is costly and labor-intensive and not
all centers have access to the technique, forfeiting
ultrasonography would possibly reduce costs. It
would also mean that small centers with equipment
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Embolism Was Initially Ruled Out.*

Table 4. Thromboembolic Events during the Three-Month Follow-up among Five Patients in Whom Pulmonary

Patient Risk Factors for VTE

89-Yr-old woman None

74-Yr-old woman Bed rest

57-Yr-old woman Cancer

45-Yr-old woman Cancer, bed rest

79-Yr-old man

Initial Diagnostic Workup

Intermediate clinical probabil-  Left ventricular failure Day 24: pulmonary
ity, positive b-dimer test,
negative US and CT

Intermediate clinical probabil- Anxiety and hyper-
ity, positive b-dimer test,
negative US and CT

Intermediate clinical probabil- Pain and hyperventi- Day 11: upper ex-
ity, positive b-dimer test, lation
negative US and CT

Intermediate clinical probabil- Bronchopneumonia  Day 89: sudden
ity, positive p-dimer test, death
negative US and CT

History of VTE, COPD Intermediate clinical probabil- Left ventricular failure Day 2: sudden death
ity, positive p-dimer test,
negative US and CT

Initial Diagnosis Follow-up

embolism

Day 13: proximal
ventilation DVT

tremity DVT

%

“ VTE denotes venous thromboembolism, US lower-limb venous-compression ultrasonography, CT multidetector-row

computed tomography, DVT deep venous thrombosis, and COPD chronic obstructive pulmonary disease.

to perform multidetector CT but not venous ultra-
sonography could safely work up patients with sus-
pected pulmonary embolism without a referral.

The advent of an imaging technique allowing the
visualization of very small peripheral emboli***3
raises the concern of overdiagnosis. In this study,
we could not calculate the false positive rate of mul-
tidetector-row CT since scans showing pulmonary
embolism were not verified by other tests. Never-
theless, the anatomical distribution of emboli in the
pulmonary arterial tree (Table 3) was similar to that
in our previous series conducted with the use of sin-
gle-detector CT,” except for the presence of multi-
ple subsegmental clots in 7 percent of patients. That
proportion is similar to that of the landmark Pro-
spective Investigation of Pulmonary Embolism Di-
agnosis study, which showed subsegmental emboli
in 6 percent of patients with the use of pulmonary
angiography.*® Isolated subsegmental emboli were
identified in only 2 of the 191 patients with CT evi-
dence of venous thromboembolism (1.0 percent),
as compared with 12 of 290 patients in the ESSEP
study.® The overall prevalence of pulmonary embo-
lism in this cohort (26 percent) has only slightly
risen as compared with a previous multicenter
study from our group (23 percent).'® Therefore,
our findings do not support the fear that multide-
tector CT technology entails a substantial risk of
overdiagnosis.

This series adds to the body of data on the perfor-

mance of an already well-validated ELISA D-dimer
assay in suspected pulmonary embolism.*®?>27 No
thromboembolic event occurred during the follow-
up period in the 220 patients with a normal D-dimer
test who were left untreated throughout. Hence,
pooled data from our two previous studies?®?* and
this series provide a precise estimate of the three-
month thromboembolic risk in patients in whom
pulmonary embolism is ruled out on the basis of a
normal D-dimer test: 0 of 643 patients (0 percent;
95 percent confidence interval, 0 to 0.4).

Our study has some limitations. First, generali-
zation of our findings might be a concern, since 25
percent of screened patients were excluded. How-
ever, the characteristics of the patients who were in-
cluded in this cohort are representative of those
among patients admitted to emergency departments
for suspected pulmonary embolism in all recent se-
ries.'®2>26:28 Moreover, none of the 73 patients
who were excluded because of protocol violations
(7 percent) who had negative findings on CT scan-
ning had a thromboembolic event during follow-up.
Second, this series is not a true outcome study, since
venous ultrasonography was performed in all pa-
tients with an abnormal D-dimer level, and those
with deep venous thrombosis and negative findings
on CT were treated with anticoagulant therapy. Our
results should be confirmed in a proper outcome
study in which the decision to withhold anticoagu-
lation would be made on the basis of negative find-
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ings on multidetector-row CT alone in patients with
an abnormal D-dimer level.

In summary, our study shows that the proportion
of patients with deep venous thrombosis despite
negative findings on multidetector-row CT scanning
is below 1 percent and that ruling out pulmonary
embolism with the use of D-dimer measurement
and multidetector CT would entail a three-month
thromboembolic risk of around 1.5 percent. This
raises the possibility that such a strategy might be
safe in patients who are admitted to emergency cen-
ters for suspected pulmonary embolism, a hypoth-
esis that should now be evaluated in a proper out-
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