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PRELIMINARY
COMMUNICATION

Diagnostic Accuracy of a Bedside D-dimer
Assay and Alveolar Dead-Space
Measurement for Rapid Exclusion
of Pulmonary Embolism
A Multicenter Study
Jeffrey A. Kline, MD
Elizabeth G. Israel, MD, DVM, MS
Edward A. Michelson, MD
Brian J. O’Neil, MD
Michael C. Plewa, MD
David C. Portelli, MD

IN 1997, KLINE ET AL1 SUGGESTED

that the combination of a normal
D-dimer assay result and a normal
alveolar dead-space fraction could

safely exclude the diagnosis of pulmo-
nary embolism (PE) in emergency de-
partment (ED) patients. In a study of
170 patients at 1 center, this test com-
bination was 100% sensitive and 65%
specific for the diagnosis of PE. The ra-
tionale for the combined use of the D-
dimer assay and alveolar dead-space
fraction hinges on the concept that an
abnormal D-dimer measurement sug-
gests the presence of intravascular
thrombus, and an elevated alveolar
dead-space measurement suggests the
presence of pulmonary vascular ob-
struction.

Alveolar dead-space volume occurs
in areas of the lung that are ventilated
but not perfused and that contain a very
low partial pressure of carbon dioxide
(PCO2). Exhaled dead-space volume di-
lutes the total amount of carbon diox-
ide (CO2) in exhaled breaths relative to
the arterial partial pressure of CO2

(PaCO2). Therefore, the alveolar dead-

space volume can be estimated by si-
multaneously measuring carbon diox-
ide in exhaled breaths and the PaCO2.
The previous study used a lower sen-
sitivity latex D-dimer assay2,3 and used
the end-tidal CO2 (measured with stan-
dard capnometry) with PaCO2 to esti-
mate the alveolar dead-space fraction.
In our study, from the multicenter

Rapid Exclusion of Pulmonary Embo-
lism (REPE) collaborative, we used a
whole blood D-dimer assay (Simpli-
RED, Agen Inc, Brisbane, Australia), the

Author Affiliations are listed at the end of this article.
Corresponding Author and Reprints: Jeffrey A. Kline,
MD, Department of Emergency Medicine, Carolinas
Medical Center, Charlotte, NC 28232-2816 (e-mail:
jkline@carolinas.org).

Context A previous study suggested that the combination of a normal D-dimer as-
say and normal alveolar dead-space fraction is a highly sensitive screening test for pul-
monary embolism (PE).

Objective To determine if the combination of a normal alveolar dead-space frac-
tion (volume of alveolar dead space/tidal volume �20%) and a normal whole-blood
agglutination D-dimer assay can exclude PE in emergency department (ED) patients.

Design Prospective, noninterventional study conducted in 1998-1999. Study data
were obtained prior to standard testing for PE, consisting of radionuclide lung scan-
ning or contrast-enhanced computed tomography and 6-month follow-up plus se-
lective use of venous ultrasonography and pulmonary angiography. Imaging studies
were interpreted by blinded observers.

Setting Six urban teaching hospitals in the United States.

Patients A total of 380 hemodynamically stable ED patients aged 18 years or older
with suspected acute PE.

Main Outcome Measures Sensitivity and specificity for PE with a positive test de-
fined as having either alveolar dead-space fraction or D-dimer assay results abnormal.
Alveolar dead-space fraction was determined by subtracting airway dead space from
physiological dead space (determined using the modified Bohr equation) and D-
dimer assay, assayed at bedside using 20 μL of arterial blood.

Results Pulmonary embolism was diagnosed in 64 patients (16.8%), of those 20 had
an abnormal D-dimer assay result, 3 had an abnormal alveolar dead-space fraction,
40 had abnormal results in both, and 1 had normal results for both tests. The sensi-
tivity for diagnosis of PE was 98.4% (95% confidence interval [CI], 91.6%-100.0%).
Among the 316 patients without PE, both D-dimer and dead-space results were nor-
mal in 163, for a specificity of 51.6% (95% CI, 46.1%-57.1%). Posterior probability
of PE with normal results on both tests was 0.75% (95% CI, 0%-3.4%).

Conclusion In this multicenter study of ED patients, a normal D-dimer assay result
plus a normal alveolar dead-space fraction was associated with a low prevalence of PE.
JAMA. 2001;285:761-768 www.jama.com
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most extensively studied D-dimer as-
say,2 and volumetric capnometry with
PaCO2.4 Volumetric capnometry simul-
taneously measures expired CO2 and
breath volume, which can be used with
the PaCO2 to make a more precise quan-
titation of the alveolar dead-space frac-
tion than can be made with conven-
tional capnometry.5 We hypothesized
that use of these 2 minimally invasive
bedside tests could exclude the diag-
nosis of PE with a high degree of
certainty in a prospective multicenter
trial.

METHODS
Patient Enrollment

Patients were enrolled during 1998-
1999 at 6 urban academic EDs: Caro-
linas Medical Center, Charlotte, NC,
July 15, 1998, to August 1, 1999; Barnes
Hospital, St Louis, Mo, November 21,
1998, to May 17, 1999; Detroit Medi-
cal Center and Affiliated Hospitals,
Detroit, Mich, September 15, 1998, to
April 20, 1999; St Vincent Mercy Medi-
cal Center, Toledo, Ohio, October 24,
1998, to August 16, 1999; Northwest-
ern Memorial Hospital, Chicago, Ill,
May 27, 1999, to November 22, 1999;
and Henry Ford Hospital, Detroit, Mich,
October 5, 1998 to April 10, 1999. The
institutional review boards at each cen-
ter approved the study protocol.

Patients were prospectively enrolled
during times the investigators or study
associates were available. All patients
were ED patients older than 18 years
who were not transferred from another
medical care facility. Patients were eli-
gible for enrollment when the ED phy-
sician had suspected PE enough to or-
der a pulmonary vascular imaging study.
Eligible patients did not have to pre-
sent with specific historical or physical
findings classically associated with PE.
Patients were not preselected based on
results of a prior D-dimer test or on the
results of any other objective test for PE.
Exclusion criteria were clinical signs of
circulatory shock (systolic blood pres-
sure �90 mm Hg, base deficit �−4 mEq/
L), inability to breathe room air and
maintain pulse oximetry reading of at
least 90%, or inability to cooperate with

volumetric capnometry measurement
and D-dimer collection.

Dead Space and
D-dimer Measurement
Study associates were notified of po-
tential candidates when an ED physi-
cian ordered a lung vascular imaging
study. Study associates included this ar-
ticle’s 6 authors, 6 emergency medi-
cine residents, 2 registered nurses, 2 res-
piratory therapists, and 3 medical
students. After written informed con-
sent was obtained, each subject was en-
rolled, and all measurements were com-
pleted at the bedside prior to the
completion of pulmonary vascular im-
aging. Clinical and demographic data
were assessed using a computerized da-
tabase (Access, Microsoft Corp, Red-
mond, Wash). This database, consist-
ing of 75 fields, recorded historical,
physical, and risk-factor data to allow
pretest clinical probability stratifica-
tion. Associates were not given any spe-
cific instructions regarding how these
data would be used for risk stratifica-
tion.

After the patient had been breath-
ing room air for 5 minutes and while
seated in a semi-Fowler position, volu-
metric capnograms and arterial blood
were collected. Patients breathed
through a snorkel-like rubber mouth-
piece with an airtight seal to the CO2-
flow sensor (Novametrix Medical Sys-
tems, Wallingford, Conn) and wore
nostril-occluding nose-clips to ensure
that their entire inspiratory and expi-
ratory volume crossed the flow sen-
sor. Spontaneous tidal respirations were
captured and analyzed by a commer-
cially available device (CosmoPLUS!,
Novametrix Medical Systems). In ad-
dition to measuring standard time-
based capnograms, this instrument can
also measure multiple respiratory pa-
rameters, including tidal volume (VT),
mixed-expired CO2 (PECO2), and air-
way dead-space volume (VDSaw), the
latter of which is determined from the
method described by Fletcher and
Jonson.6 Respiratory parameters were
output via serial connection from the
capnograph to a portable computer

(Monorail Corp, Atlanta, Ga), which
was equipped with software (Cosmo-
PLUS! for Windows) that permits real-
time viewing of CO2-flow capnograms
on the computer screen, and digital ar-
chiving of all respiratory data. We have
previously shown that volumetric cap-
nograms can be obtained with mini-
mal interobserver variability using this
technique.7 Volumetric capnograms
were recorded for 2 minutes.

Within 5 minutes of collecting the
volumetric capnograms, arterial punc-
ture was performed in an anesthetized
radial artery to obtain at least 1.0 mL
of arterial blood in a syringe contain-
ing lyophilized heparin lithium. Twenty
microliters of arterial blood was then
pipetted from the blood gas syringe for
D-dimer analysis, and the remaining
blood sample was immediately sub-
jected to blood gas analysis. D-dimer
testing was performed at the bedside us-
ing a whole-blood agglutination assay
(SimpliRED). Briefly, 10 μL of arterial
blood was pipetted into each test well,
the reagents were added and mixed, and
the test well was read after 2 minutes
by holding it in front of a radiographic
view box to inspect for agglutination.
The same study associate who col-
lected the capnometry data inter-
preted the D-dimer assays. The D-
dimer interpretation was performed and
recorded before the alveolar dead-
space fraction or arterial blood gas
results were available. All study asso-
ciates received a standardized, 90-
minute training session on these meth-
ods before starting patient enrollment.
Additionally, all study associates viewed
the same training videotape for the as-
say, and each had a copy of a booklet
of 10 standard photographs (supplied
by the manufacturer) to assist in de-
ciding 1 of 3 results: strong-positive,
weak-positive, or negative agglutina-
tion. Both strong-positive and weak-
positive test interpretations were con-
sidered abnormal.

All calculations were performed
within a computer algorithm embed-
ded in a computer spreadsheet (Excel 97
visual basic macro, Microsoft Corp), ap-
plied to the stored capnometry breath

D-DIMER AND DEAD SPACE IN PULMONARY EMBOLISM
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data. Prior to dead-space calculations,
respiratory data were processed with a
macro designed to eliminate breaths with
erroneously recorded data (ie, usually
the first 5-6 breaths that were recorded
as having a mixed-expired CO2 of 0, or
breaths with 0 phase 2 slopes on the
flow-CO2 capnogram). The mean of all
remaining breaths obtained during the
2-minute period was computed for each
patient, and mean data were used to cal-
culate VADS/VT. The alveolar dead-
space fraction (VADS/VT) was calcu-
lated in 2 steps. First, the physiological
dead-space fraction (VDSphys/VT) was
calculated from the Enghoff8 modifica-
tion of the Bohr equation:

VDSphys/VT =
PaCO2 − PECO2

PaCO2

Second, because the VDSphys/VT mea-
sures the fraction of each tidal volume
that is wasted on alveolar and airway
deadspace(ie,VDSphys=VADS+VDSaw),
the airway dead-space fraction was sub-
tracted from VDSphys/VT to yield the
alveolar dead-space fraction, multi-
plied by 100%:

VADS/VT = (VDSphys/VT − VDSaw/VT)
�100%

Normal alveolar dead-space fraction was
defined as VADS/VT of 20% or less.1 For
simplicity hereafter, VADS/VT is referred
to as dead space.

Diagnosis and Exclusion
of Pulmonary Embolism
Radiographic examinations used for the
standard criteria were interpreted by ra-
diologists who were unaware of study re-
sults. All subjects underwent at least 1
pulmonary vascular imaging proce-
dure, either a ventilation-perfusion scin-
tillation lung scan (V· /Q̇ scan) or a con-
trast-enhanced helical computed
tomography (CT) scan of the chest. The
V· /Q̇ scans and helical CT scans were ini-
tially interpreted at each study site by
board-certified nuclear medicine radi-
ologists or by radiologists with special-
ization in body CT imaging, respec-
tively. The V· /Q̇ scans were interpreted
according to established criteria.9 The
V· /Q̇ read as either normal or high prob-

ability were considered diagnostic for the
absence or presence of PE, respectively.

For subjects with nondiagnostic V· /Q̇
scans (low, intermediate, or indeter-
minate probability), the decisions to or-
der further imaging was at the discre-
tion of the attending physician who was
not aware of study results. Subjects with
nondiagnostic V· /Q̇ scans and higher
suspicion for PE, including all sub-
jects with intermediate probability V· /Q̇
scans, underwent bilateral lower-
extremity venous duplex ultrasonog-
raphy. A subject with a nondiagnostic
V· /Q̇ scan and sonographic evidence of
deep venous thrombosis was diag-
nosed with PE. Subjects with nondiag-
nostic V· /Q̇ scans, no deep venous
thrombosis, but with a high clinical
probability of PE underwent pulmo-
nary angiography.

Results of pulmonary angiography
were considered diagnostic. Contrast-
enhanced helical CT scans of the chest
were performed using local image ac-
quisition protocols. Helical CT scans
were interpreted using standard crite-
ria for PE (presence of an intraluminal
filling defect or vascular occlusion).10

The final reading dictated by the radi-
ologist was used to determine whether
the CT was positive or negative for PE.

Subjects with no evidence of PE on
their CT scans underwent additional
testing if the clinical suspicion for PE
remained high. All subjects were fol-
lowed up by telephone call approxi-
mately 6 months later and asked a struc-
tured set of questions regarding their
state of health, presence of continuing
chest pain or dyspnea, and whether they
had been diagnosed with PE or deep ve-
nous thrombosis since study enroll-
ment. Subjects were considered to be
free of PE when, at follow-up, the sub-
ject reported the same or better state of
health and had no interval diagnosis of
PE or deep venous thrombosis. For sub-
jects who died during the 6-month fol-
low-up period, PE was diagnosed if
death occurred during the hospitaliza-
tion attendant to the time of study en-
try in a subject without a normal V· /Q̇
scan or normal pulmonary angiogram
result; subjects were deemed as nega-

tive for PE if autopsy results were nega-
tive for PE or if death occurred more
than 3 months after study entry in a
subject with a known end-stage dis-
ease and with no autopsy performed.

Clinical Probability Assessment
To help quantitate the pretest clinical
probability for PE, a clinical probabil-
ity score was calculated post hoc using
a modification to a system previously re-
ported by Susec et al.11 This system con-
siders 5 symptoms (dyspnea, chest pain,
syncope, hemoptysis, anxiety), 6 risk fac-
tors (previous PE or deep venous throm-
bosis, malignancy or other hypercoagu-
lable state, total body or limb immobility
for more than 48 hours, recent surgery
requiring general anesthesia, pregnant
or postpartum status, obesity) and 4
signs (respiratory rate �22/min, heart
rate �100/min, PaO2 �80 mm Hg while
breathing room air, and unilateral leg
swelling). Those considered low-risk had
the combination of 2 or fewer symp-
toms, 1 or no risk factor(s), and 1 or no
sign(s). Those considered high-risk had
2 or more elements in each category. All
other patients were considered at mod-
erate risk for PE. When study associ-
ates filled out the clinical database, they
were not aware of this scoring system.

Retrospective Survey of Eligible
Patients Who Were Not Enrolled
A retrospective search of medical rec-
ords was performed at each institution
to locate records of ED patients who un-
derwent V· /Q̇ scanning or contrast-
enhanced helical CT examination dur-
ing the study enrollment period but who
were not recruited. The chief objective
of this portion of the study was to col-
lect demographic and diagnostic data on
intent-to-study patients for compari-
son with subjects enrolled in REPE to
identify potential selection bias. Each in-
stitution identified a number of intent-
to-study patients equal to the number of
subjects actually enrolled at that site.

Statistical Analysis
A positive criterion standard was PE de-
fined by the parameters described above.
A positive diagnostic test was defined as
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either an abnormal D-dimer assay re-
sult or an abnormal dead-space result,
or both the D-dimer and dead space re-
sults abnormal. Continuous data were
compared with a 2-tailed unpaired t test
and proportions were compared with a
95% confidence interval (CI) for differ-
ences.12 The 95% CIs calculated for the
positive predictive value and for 100
negative predictive value were applied
to the calculated posterior probability
positive and negative, respectively. Di-
agnostic indexes, likelihood ratios (LRs),
and posterior probabilities were calcu-
lated from standard equations.13 For
sample-size calculation, based on pre-
vious work1 and a similar study,14 we es-
timated that the pretest prevalence of PE
would be 15% to 20% and that the LR
negative for the test combination would
be lower than 0.05. Therefore, at least
400 patients would be required to gen-
erate a negative posterior probability less
than 1.0% with an upper limit of the 95%
CI less than 4.0%.15

RESULTS
During the enrollment period at each
institution, approximately 1384 ED pa-

tients underwent pulmonary vascular
imaging procedures in total. From this
group, 401 (28.9%) were enrolled. Out
of the 401, required data were not ob-
tained in 21 (no arterial blood gas in
9, no pulmonary vascular imaging in 8,
and software failure leading to com-
plete data loss in 4). The final study
sample comprised 380 subjects. None
of the 21 patients who were excluded
were diagnosed with PE. The mean
(SD) age of the 17 excluded patients was
55 (16) years; 14 were women. At cen-
ters where arterial blood gas testing was
available in the ED, both the D-dimer
assay and the dead-space measure-
ment were completed in less than
30 minutes by study associates who
were fully trained (mean [SD], 16 [7]
minutes).

Pulmonary embolism was diag-
nosed in 64 subjects and excluded in
316 (16.8% pretest probability of PE).
TABLE 1 summarizes the criteria used
to diagnose or exclude PE. Pulmonary
vascular imaging studies included V· /Q̇
scanning in 349 subjects, contrast-
enhanced CT in 40, and pulmonary an-
giography in 42. The most frequent cri-

terion for diagnosis of PE was the high
probability V· /Q̇ scan, whereas the most
frequent criterion for exclusion of PE
was the low-probability V· /Q̇ scan in a
subject without evidence to suggest
deep venous thrombosis, no pulmo-
nary angiography, and a negative fol-
low-up report. Telephone follow-up
was successful in 96% (165/171) of sub-
jects in the latter group, and none of the
6 subjects who were not reached by
telephone had a death certificate filed
or was diagnosed with PE or deep ve-
nous thrombosis at the same hospital
of study entry during the follow-up in-
terval. Fourteen subjects died during
the follow-up period: 8 who had PE and
6 who did not. Among the 8 deceased
subjects with PE, 6 had the diagnosis
of PE confirmed prior to death and 2
subjects died during attendant hospi-
tal stay after a nondiagnostic V· /Q̇ scan.
Both were awaiting more definitive im-
aging procedures at the time of death.
Both had documented respiratory dis-
tress prior to cardiac arrest with pulse-
less electrical activity. No autopsy was
performed in either subject, appar-
ently because of advanced age (80 and
85 years). Among the 6 deceased sub-
jects without PE, 1 had an autopsy that
showed no evidence of PE and the re-
maining 5 died more than 3 months af-
ter enrollment (4 with end-stage can-
cer, 1 during coronary artery bypass
graft surgery).

Clinical Characteristics
of Enrolled Patients
TABLE 2 shows the clinical character-
istics of the study population. The only
significant differences between sub-
jects with and without PE were that
those with PE were older and less likely
to report a sensation of dizziness. When
the explicit clinical probability assess-
ment was applied to subjects with PE,
13 were classified as low risk, 45 as
moderate risk, and 6 as high risk.
Among subjects without PE, 102 were
classified as low risk, 192 as moderate
risk, and 22 as high risk.

When the respiratory data from sub-
jects with PE were compared with sub-
jects without PE, several differences

Table 1. Summary of Criteria Used to Diagnose Pulmonary Embolism (PE)*

PE Diagnosis Criteria No. of Patients

Exclusion
Normal V· /Q̇ scan 65

Negative helical computed tomography result
confirmed by 2 radiologists, no clinical or
sonographic evidence of deep venous
thrombosis, and negative follow-up result
at 6 months

32; Concomitant V· /Q̇ scans: 8 low,
1 moderate, and 3 indeterminate
probability

Low-probability V· /Q̇ scan and negative
follow-up result

171; 45 with negative lower extremity
venous ultrasound examination

Indeterminate V· /Q̇ scan, no clinical or sonographic
evidence of deep venous thrombosis, and negative
follow-up result

20

Pulmonary angiography negative for PE 27

Death within 1 month of study entry with negative
autopsy results for PE

1

Inclusion
High-probability V· /Q̇ scan 25

Contrast-enhanced helical chest computed tomography
read as positive for PE

6

Pulmonary angiography positive for PE 15

Nondiagnostic V· /Q̇ scan and diagnosed deep venous
thrombosis

10

Nondiagnostic V· /Q̇ scan and death during hospitalization
with suspicion for PE

2

Nondiagnostic V· /Q̇ scan and follow-up result that found
a new diagnosis of PE or deep venous thrombosis

6

*V· /Q̇ indicates ventilation-perfusion.
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were observed. Those with PE had a
lower arterial oxygen tension than those
without PE (mean [SD], 73.5 [19.9] vs
79.9 [20.7] mm Hg, respectively;
P=.03) and lower oxygen saturation
(94.3% [4.2%] vs 95.6 [4.6%], respec-
tively; P=.04). Larger differences were
observed for end-tidal CO2 tension
(30.6 [6.9] vs 36.1 [6.3] mm Hg, re-
spectively; P�.001) and VADS/VT

(23.9% [12.7%] vs 13.5% [9.5%], re-
spectively; P�.001). These data sug-
gest that the ventilation-perfusion mis-
match caused by acute PE had a greater
impact on indices of CO2 elimination
than indices of oxygenation.

Diagnostic Performance of the
D-dimer and the Dead Space
The D-dimer assays and the dead-
space measurements were both nor-
mal in 164 (43%) of 380 subjects and
were both abnormal in 66 subjects
(17%). In 150 subjects (40%), only 1
test was abnormal, including 52 sub-
jects (14%) with only an abnormal
dead-space measurement and 98 (20%)
with only an abnormal D-dimer assay
result.

Amongthe64subjectswithPE,63had
at least 1 abnormal test result, leading
to a sensitivity of 98.4% (95% CI, 91.6%-
100%) (TABLE 3). The test results for the
64 subjects with PE included 20 sub-
jects with an abnormal D-dimer assay
result, 3 with an abnormal dead-space
fraction, and 40 with both tests with
abnormal results (ie, 63 true-posi-
tives), and 1 with both tests normal (ie,
1 false-negative).Amongthe316patients
without PE, 163 had both tests normal,
leading to a specificity of 51.6% (95%
CI, 46.1%-57.1%) for this test combi-
nation. Thus, if both the D-dimer assay
and the dead space had normal results,
the negative predictive value for PE was
99.4% (95% CI, 96.6%-100%). The
LR negative (LR− = [1 − sensitivity]/
specificity)ofbothtestsnormalwas0.03.
Therefore, if the D-dimer assays and
dead-space measurements were both
normal in a population with a pretest
probability of PE equal to that of sub-
jects enrolled in REPE (16.8% [95% CI,
13.1%-20.6%]), the posterior probabil-

ity of PE would be 0.75% (95% CI,
0%-3.4%). With the LR− equal to 0.03,
the posterior probability of PE with both
testsnormalwouldreach1.0%inanindi-
vidual from a population with a pretest
probability of PE equal to 25%.

Several observations suggested that
the measured dead space was greater in
subjects who had larger or more se-
vere PE. First, the dead space was sig-
nificantly greater in subjects with a high
probability V· /Q̇ scan (mean [SD], 26.0%
[11.4%]) compared with patients with
other V· /Q̇ readings (13.9% [9.4%]). Sec-
ond, subjects with PE who died within
a month of study entry had a signifi-
cantly higher dead-space measure-
ment (n=8, 33% [13%]) compared both
with subjects with PE who survived
(n=56, 23% [13%]) and with subjects
without PE who died during the fol-
low-up interval of causes other than PE
(n=6, 11% [10%]). Only 1 deceased

subject with PE had a history of intrin-
sic lung disease that might have caused
nonspecific elevation of the dead space.

Characteristics of Patients
Who Were Not Enrolled
A random sample of 401 charts of pa-
tients who underwent a V· /Q̇ scan
(n=355) or a contrast-enhanced heli-
cal CT of the chest (n=46) but who were
not enrolled in REPE was reviewed for
pertinent information. This retrospec-
tive comparison group comprised 84
men (21%) and 317 women (79%). The
mean (SD) age of this group was 49 (16)
years. Pulmonary embolism was diag-
nosed or excluded based on criteria es-
tablished in Table 1 for the diagnosis of
PE, except that no follow-up was per-
formed. With those criteria, 48 (12.0%,
95% CI, 8.8%-15.1%) of 401 patients
were diagnosed with PE during their
hospital stay. These data indicate that

Table 2. Clinical Characteristics of Subjects With and Without Pulmonary Embolism (PE)*

Characteristics

Subjects
Diagnosed With PE

(n = 64)

Subjects Without
PE Diagnosed

(n = 316)

Age, mean (SD), y† 55.6 (16.9) 49.2 (16.2)

Men, % 24 (37.5) 89 (28.2)

Systolic blood pressure, mean (SD), mm Hg 136 (23) 141 (20)

Heart rate, mean (SD), beats/min 90.3 (16.5) 88.2 (20)

Body weight, mean (SD), kg 92.1 (38.7) 88.5 (26.2)

Symptoms Reported

Pleuritic chest pain 25 (35.9) 144 (45.5)

Substernal chest pain 11 (17.2) 111 (35.1)

Dyspnea 52 (81.2) 245 (77.5)

Hemoptysis 5 (8.0) 14 (4.4)

Syncope 3 (4.8) 14 (4.4)

Dizziness† 10 (15.6) 97 (30.7)

Anxiety 12 (18.7) 91 (28.7)

Predisposing Conditions and Comorbid Conditions

Previous DVT or PE 15 (23.4) 76 (24.1)

Malignancy 15 (23.4) 44 (13.9)

Recent surgery or trauma 12 (18.8) 34 (10.7)

Immobility 13 (20.3) 52 (16.4)

Estrogen therapy 10 (15.6) 35 (11.1)

Pregnant or postpartum 1 (1.6) 9 (2.8)

Coronary artery disease 14 (21.8) 35 (11.0)

Congestive heart failure 9 (14.0) 31 (9.8)

COPD/asthma 13 (20.3) 84 (25.9)

Cigarette use 23 (35.9) 119 (37.6)

*Data are presented as number (percentage) unless otherwise indicated. DVT indicates deep venous thrombosis; COPD,
chronic obstructive pulmonary disease.

†Significantly different between groups by unpaired t test for continuous variables or 95% confidence intervals for proportions.
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subjects enrolled in the REPE study were
similar demographically but had a
slightly higher prevalence of PE com-
pared with patients not enrolled.

COMMENT
Evaluation of patients with suspected
acute PE is a challenge for clinicians who
practice in acute care settings. Avail-
able methods of pulmonary vascular im-
aging often require hours to perform,
add substantial cost to the evaluation,
and expose the patient to ionizing ra-
diation. Moreover, pulmonary vascu-
lar imaging tests may not be available
quickly 24 hours per day in many fa-
cilities. Several recent studies have sug-
gested that the D-dimer assay can be
used together with other clinical infor-
mation to exclude the diagnosis of pul-
monary embolism.2,16-18 In the REPE
study, we investigated the utility of a
rapid D-dimer assay, together with a bed-
side measurement of alveolar dead space
to evaluate patients with suspected acute
PE in 6 urban EDs.

We used a commercially available
whole blood agglutination D-dimer as-
say, which is supported by published di-
agnostic performance data and with
characteristics that are well suited for use
in the ED setting.2 In a recent meta-
analysis, Kline et al2 reported the diag-
nostic performance of available D-
dimer assays based on analysis with the

summary receiver operating character-
istic curve.2 The whole blood aggluti-
nation D-dimer assay demonstrated the
highest composite sensitivity and speci-
ficity of all rapid D-dimer assays. Addi-
tionally, the whole blood agglutination
assay is the most extensively studied
rapid D-dimer assay. The whole blood
agglutination D-dimer assay can be per-
formed at the bedside within minutes.
In our study, the whole blood aggluti-
nation D-dimer assay demonstrated an
overall sensitivity of 93.8% and speci-
ficity of 67.1%, leading to an LR nega-
tive that was equal to 0.09. This level of
diagnostic sensitivity suggests that a nor-
mal whole-blood D-dimer assay signifi-
cantly reduces the probability of PE, but
the findings also underscore the impor-
tance of using the D-dimer assay in con-
junction with other clinical data to safely
obviate pulmonary vascular imaging in
patients with suspected PE.19 In particu-
lar, previous studies have concluded that
the D-dimer assay can be safely used to
exclude PE only in patients at low risk
for PE by clinical probability assess-
ment.18 However, in our study popula-
tion, only 115 (30%) of 380 subjects
were considered to be at low risk for PE
by the clinical probability assessment
used in this study. Out of these 115 low-
risk subjects, 78 had a negative D-
dimer test result. Thus, if the D-dimer
assay were restricted to screening only

low-risk patients, then pulmonary vas-
cular imaging would have been avoided
in 21% of ED patients. On the other
hand, the dead-space/D-dimer combi-
nation assessment was normal in 164 of
380 subjects, suggesting that this screen-
ing strategy could have obviated pul-
monary vascular imaging in 43% of he-
modynamically stable ED patients with
suspected PE.

Observers inour study interpreted the
D-dimer test results in the ED prior to
pulmonary vascular imaging and inde-
pendent of knowledge of the calculated
alveolar dead-space fraction. The high
sensitivity was therefore not a result of
bias that could occur with knowledge of
these other results. Immediate use of
heparinized arterial blood at the bed-
side may have helped increase the sen-
sitivity of readings, because the use of
citrate-anticoagulated venous blood has
been shown to reduce the sensitivity of
the whole blood agglutination assay.20

Likewise, manufacturers have sug-
gested that warfarin sodium anticoagu-
lation may reduce the sensitivity of the
D-dimer assay (Louis Montford, NZ Dip
MLS, Agen Inc, written communica-
tion, September 20, 2000). Prior use of
warfarin was not an exclusion to study
entry. Seven subjects with PE reported
that theywere takingwarfarinat the time
of enrollment. One of these 7 had a nor-
mal D-dimer assay and a normal dead-
space measurement and was the only
false-negative case in this study.

In this study, measured alveolar dead-
space fraction functioned well as an ad-
junctive bedside test when interpreted to-
gether with the D-dimer assay. First,
when the requirement of a normal dead-
space measurement is added to a nor-
mal D-dimer assay, the sensitivity in-
creases from 93.8% to 98.4% and the
posterior probability of PE decreases to
0.75%. This posttest probability is simi-
lar to the frequency that PE is discov-
ered on a long-term follow-up basis in
patients with suspected PE and a nor-
mal V· /Q̇ scan, or a pulmonary angio-
gram that is negative for PE.21-23 Sec-
ond, assuming that PE could be excluded
when both results are normal and that
definitive pulmonary vascular imaging

Table 3. Diagnostic Performance of the Alveolar Dead-Space Fraction and D-dimer
Measurement Combined and When Each Test Is Considered Individually for Pulmonary
Embolism (PE)

No. of Patients
Diagnosed % (95% Confidence

Interval) Likelihood Ratio

With PE
Without

PE Sensitivity Specificity Negative Positive

Combined test performance
Positive result* 63 153 98.4 51.6

0.03 2.03
Negative result† 1 163 (91.6-100.0) (46.1-57.1)

Individual test performance
Abnormal alveolar

dead-space fraction
Yes 43 75 67.2 76.3

0.43 2.83
No 21 241 (52.7-77.1) (71.6-81.0)

Abnormal D-dimer
concentration

Yes 60 104 93.8 67.1
0.09 2.85

No 4 212 (84.8-98.3) (61.9-72.3)

*Positive test results were based on abnormal alveolar dead-space fraction, abnormal D-dimer concentration, or both.
†Negative test results were based on normal alveolar dead-space fraction and normal D-dimer concentration.
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is required when both results are posi-
tive, the D-dimer assay plus the dead-
space test could clarify the short-term
clinical plan for 60% of all ED patients
with suspected PE. Moreover, in 13 out
of 27 subjects who were subjected to pul-
monary arteriography to rule out PE,
both tests results were normal. The use
of the D-dimer–dead-space combina-
tion might therefore lead to a net reduc-
tion in ED length of stay for patients who
are evaluated for PE and possibly re-
duce the number of pulmonary arterio-
grams required for definitive diagnosis.
Finally, the magnitude of the dead-
space measurement had some predic-
tive value of severity of PE, given that pa-
tients with PE who died during the
follow-up period had a significantly
higher dead-space measurement. We
have previously shown that the dead-
space measurement correlates with the
size of the perfusion defect and the pul-
monary arterial pressure in subjects with
PE.4 Although the dead-space measure-
ment did appear to enhance the diag-
nostic performance of the D-dimer as-
say, it shouldbeemphasized thatourdata
do not support the use of the dead space
as a sole screening test for PE, in view
of the finding that the dead-space mea-
surement was normal in almost one third
of patients with PE.

The finding of a pretest probability for
PE of 16.8% is the same as the pretest
probability reported in other recent stud-
ies of outpatients with suspected PE,18,24

but it is substantially lower than the
probabilities reported in other studies of
PE in outpatients.25 The retrospective
data in our study indicate that the sub-
jects who were enrolled in REPE had a
higher probability of PE (16.8%) com-
pared with patients who were not en-
rolled (12.0%), suggesting some selec-
tion or workup bias in the enrollment
process. However, the ratio of women
to men in the retrospective group and
the mean age were similar to the study
group. When the 401 prospectively en-
rolled subjects are added to the 401 ret-
rospective patients, the 802 total repre-
sents 58% of the total number of ED
patients (1384) who were eligible for the
study during the times of enrollment at

each hospital. The clinical probability
data indicate that 62.3% of the subjects
had a set of risk factors for PE that put
them at a moderate risk for PE and only
7.4% had a high risk for PE. All 6 study
centers were academic teaching hospi-
tals, with high-volume EDs. The find-
ings of a 16.8% pretest probability of PE
and that most patients had a moderate
risk of PE are both consistent with the
practice at teaching hospitals. Attend-
ing ED physicians in this setting are
likely to make liberal use of pulmonary
vascular imaging to work up possible PE.
At the same time, the data suggest that
the physicians exercised some degree of
restraint in ordering these imaging stud-
ies, given that only 30% of subjects had
a low risk for PE. In total, 6 out of 64
subjects had a final diagnosis of PE based
on the follow-up diagnosis of either PE
or deep venous thrombosis within 6
months after study entry. Two other sub-
jects died during hospitalization within
2 weeks of study entry; both had docu-
mented respiratory distress prior to car-
diac arrest with pulseless electrical ac-
tivity. None of these 8 subjects were
treated for thromboembolism. Thus, al-
though the physicians were judicious in
their decisions to work up PE, the fol-
low-up data indicate that the initial
evaluation for PE was not adequate in
8 (12.5%) of 64 subjects.

This study has several limitations. The
follow-up protocol was designed to rec-
ognize any situation consistent with PE
that might have clinical significance
within 6 months after study entry. This
time frame was chosen based on the con-
cept that if a negative ED evaluation can
reduce the probability of PE to less than
1% for 6 months, then such testing strat-
egy would fulfill the standard of care ex-
pected of ED physicians in most com-
munities.15,26 The follow-up criteria may
have overclassified the diagnosis of PE
in a few cases. For example, subjects
were classified as having PE if they were
diagnosed with deep venous thrombo-
sis during follow-up, even if PE was not
diagnosed (as in the case of 3 subjects).
Also, subjects with nondiagnostic V· /Q̇
scans who died during hospitalization
were considered to have PE, even if no

autopsy was performed (n=2). We rea-
soned that these subjects had to be con-
sidered to have PE for practical rea-
sons. We submit that most local
standards of care would hold an ED phy-
sician culpable for missing the diagno-
sis of PE if the physician evaluated a pa-
tient for PE but later discharged the
patient and the patient soon experi-
enced sudden death with circum-
stances strongly suggestive of PE.27 Also,
we diagnosed 6 subjects with PE on the
basis of a positive contrast-enhanced he-
lical CT scan which raises the possibil-
ity of false-positive assignment of PE in
this subgroup. When compared with an-
giography, the specificity of the helical
CT scan has been reported as low as
78%.28 Finally, the REPE study only
evaluated the diagnostic performance of
the D-dimer assay and dead-space mea-
surement compared with standard di-
agnostic criteria. Future multicenter
work will be required to determine the
safety of this test combination in ruling
out PE in other settings and patient
populations.

In summary, this study demon-
strates that the combination of a nega-
tive whole blood agglutination D-
dimer assay plus a normal alveolar
dead-space fraction was associated with
a probability of PE below 1% in this
multicenter study of ED patients. This
test combination was observed in 43%
of hemodynamically stable ED pa-
tients with suspected PE.
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