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Summary. The study objective was to determine
the specificity and sensitivity of plasma concentra-
tions of D-dimer, a fibrin degradation product, as
a marker for ongoing thrombotic and thrombolyt-
ic events in pulmonary embolism. A prospective
study was performed in 74 patients with suspected
pulmonary embolism who appeared in the emer-
gency room with dyspnea and/or chest pain.

The presence of pulmonary embolism was es-
tablished by positive findings either in pulmonary
angiography or lung scan. D-dimer concentrations
were determined in all patients. In 11 patients with
positive pulmonary angiography, D-dimer concen-
trations were monitored for 612 days.

D-dimer concentrations were determined by a
guantitative enzyme-linked immunoassay. Plasma
probes of 26 patients (16 with/10 without positive
pulmonary angiography) were reassayed with a
semiquantitative latex agglutination assay. D-
dimer levels were significantly higher in patients
with pulmonary embolism (>1000 ng/mL in 41
out of 43) than in those without (<1000 ng/mL
in all 21 patients) (p <0.01).

The sensitivity and specificity for the ELISA
were found to be 95% and 100%, respectively, for
establishing the diagnosis of pulmonary embolism.
In the latex assay the values were 81% and 60%,
respectively.

It is concluded that in patients with dyspnea
and/or chest pain, determination of D-dimer in
plasma by ELISA adds a valuable tool to the non-
invasive diagnostic procedure for pulmonary em-
bolism. From the time-course of D-dimer values
we conclude that this assay might be valuable up
to at least 6 days after symptom onset. The assay,

Abbreviations : apPE = angiographically proven pulmonary em-
bolism ; hpPE = highly probable pulmonary embolism; imPE =
highly improbable pulmonary embolism; rPE =pulmonary em-
bolism ruled out; pPE = possible pulmonary embolism

however, is unreliable in malignancies or after sur-
gery.
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Pulmonary embolism is one of the most frequently
underdiagnosed of acute serious disorders [8]. This
is because the pattern of signs, symptoms, and lab-
oratory data are often deceivingly nonspecific [7,
21]. However, rapid diagnosis and treatment are
required, since failure in the diagnosis and treat-
ment of acute pulmonary embolism increases mor-
tality considerably [2, 8]. On the other hand, exclu-
sion of suspected minor pulmonary embolism is
of equal importance because unjustified anticoagu-
lant therapy bears life-threatening risks, too [6].
Pulmonary angiography is accepted as the gold
standard for the diagnosis of pulmonary embolism,
but it is a time-consuming and invasive procedure
with its own risks, and requiring specialized equip-
ment and personnel. Thromboembolic events are
either often obscured or mimicked by other dis-
eases, such as chronic obstructive pulmonary dis-
ease and pleuritis. The specificity of isotope lung
scan is low in these patients. Thus, especially in
these patients, it is often difficult to decide who
should be submitted to pulmonary angiography.
In order to circumvent these problems, several lab-
oratory tests have been suggested in the search for
the noninvasive diagnosis of pulmonary embolism,
but none of them has reached clinical relevance
[21, 23]. Recently, a monoclonal ELISA and a la-
tex agglutination assay have been developed which
may indicate an active fibrin clot lysis [12, 20].
Therefore, in a prospective study we examined the
value of the D-dimer ELISA and latex agglutina-
tion assay for the diagnosis of thromboembolism.



J. Lichey et al.: D-Dimer in Pulmonary Embolism
Subjects and Methods

The study was undertaken in four hospitals of the
Free University of Berlin. Patients who appeared
in the emergency room with dyspnea and/or chest
pain were considered for participation in the study.
Patients suffering from non-thromboembolic dis-
eases such as myocardial infarction, bronchial
asthma, pneumothorax, or hyperventilation-syn-
drome, which could be clearly diagnosed by physi-
cal examination (e.g., bilateral wheezing in the
presence of a history of bronchial asthma), ECG
(e.g., typical S-Tsegment elevation), and chest X-
ray (e.g., partial or total collapse of the lung) were
excluded from further diagnostic procedures fol-
lowing our protocol and did not participate in the
study.

Seventy-four patients (35 men, 39 women; aged
from 20 to 84 years, mean age 59.2) who did not
meet the exclusion criteria were enrolled in the
study according to the following protocol. Each
patient was examined on the day of referral by
a consulting physician. Clinical history and physi-
cal findings were evaluated and recorded. In each
of these patients an ECG and a two-view chest
X-ray were performed. The patients were submit-
ted to an additional four-view lung perfusion scan
with technetium-99M-labeled macroaggregated al-
bumin. If lung scans were negative we refrained
from performing further diagnostic procedures for
pulmonary embolism. In case of a positive lung
scan, with segmental or larger lung scan perfusion
defects, or an indecisive lung scan, in which scinti-
graphic defects match abnormalities on the chest
X-ray [10], contrast venography and arterial blood
gas analysis were performed. No venography was
performed if immediate pulmonary angiography
was necessary or indecisive lung scans were ob-
tained in combination with low clinical probability
for pulmonary embolism.

A selective pulmonary angiography was per-
formed within 24 h after admission in 24 patients
having no contraindication for thrombolytic or
long-term anticoagulant therapy. Pulmonary an-
giography was also performed when contraindica-
tion for anticoagulant therapy existed or if surgical
therapy was contemplated (as in venous interrup-
tion), but a diagnosis of pulmonary embolism
could not be established sufficiently without an-
giography (indecisive or indeterminate lung scan).
Pulmonary angiography was not performed when
results would not have affected therapy; thus, anti-
coagulation would in any event be indicated for
deep-vein thrombosis.

Briefly, the decision-making process for diag-
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nostic procedures was performed mainly as de-
scribed by Reilly [19].

On the basis of the diagnostic procedures listed
above, patients were assigned to the following sub-
groups irrespective of the results of fibrin D-dimer
degradation product determination:

1. Angiographically proven pulmonary embo-
lism (apPE, n=24): vascular cut-offs or intralu-
minar filling defects were present on pulmonary
angiograms.

2. Highly probable pulmonary embolism
(hpPE, n=19): segmental or larger lung scan per-
fusion defects in the presence of a normal chest
X-ray and when, additionally, deep-vein thrombo-
sis was shown by contrast venography.

3. Highly improbable pulmonary embolism
(imPE, n=17): presence of a normal lung scan.

4. Pulmonary embolism ruled out (tPE, n=4):
presence of a normal pulmonary angiogram.

5. Possible pulmonary embolism (pPE, n=10):
segmental or larger lung scan perfusion defects in
the presence of an abnormal chest X-ray or subseg-
mental defects in the presence of a normal chest
X-ray and deep-vein thrombosis shown by venog-
raphy or, alternatively to venography (in 4 pa-
tients), acute right ventricular strain as shown by
ECG or hypoxia confirmed by arterial blood gas
analysis. Since pulmonary embolism was uncertain
in these patients, the current study does not evalu-

Table 1. Frequency of concomitant diseases in patient groups
included in the study

Disease Patient group

apPE  hpPE imPE rPE
Recurrent thrombo- 7 5 2 3
embolic event
Chronic obstructive 2 1 1
lung disease
Pneumonia 1 1 1 1
Pleuritis 4 1
Chronic heart failure 3 5 5 1
Coronary artery disease 3 3 6
Functional heart complaints 1 1
Arterial hypertension 1 6 2
Diabetes mellitus 1 4
Malignancy
(operated, no metastasis)
Malignancy 1
(not operated)
Surgery 1
(<3 weeks before admission)
Surgery 2 2

(>3 weeks before admission)

apPE: angiographically proven pulmonary embolism; hpPE:
highly probable; imPE: improbable; rPE: pulmonary embolism
ruled out
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ate patients classified as “possible pulmonary em-
bolism™.

The frequency of concomitant diseases in the
different patient groups is shown in Table 1. Blood
samples for fibrin D-dimer degradation product
determination were taken on the day of admission
(day 1) from all patients who were included in the
study at the time they underwent lung scanning.
This means that blood specimens were obtained
from these patients between 3 and 12 h after onset
of symptoms, depending on the time of admission
to the hospital. Eleven patients with proven pulmo-
nary embolism were able to be followed up for
D-dimer determination on day 1 (day of hospital
admission), days 3, 6, 9, and 12, since they were
not receiving fibrinolytic therapy.

Blood samples (10 mL) were collected in poly-
styrene tubes containing 1 ml sodium citrate
(0.11 M and 250 KIU aprotinin. Blood was imme-
diately centrifuged and the plasma stored at
—35° C until assayed.

Fibrin D-dimer degradation product determina-
tion was performed by a quantitative enzyme-im-
munoassay (ELISA D-dimer, Boehringer Mann-
heim, FRG) and by a latex agglutination assay
(D-Dimer-Test, Boehringer Mannheim, FRG) as
described earlier [20].

Values were obtained from a standard curve of
D-dimer. The curve was linear over the range of
10-10000 ng/mL. Values over 5000 ng/mL were
expressed as > 5000 ng/mL. Samples of 16 patients
with proven pulmonary embolism (apPE) and 10
without (imPE) were reassayed by the semiquanti-
tative latex agglutination assay. It is considered
positive when macroscopic agglutination occurs
after 3 min. When no agglutination is seen in the
undiluted sample, the D-dimer concentration is
<500 ng/mL. We used sample dilutions (glycine
buffer, pH 8.2) of 1:1, 1:4,1:8, 1:16, and 1:32.

The Kruskal-Wallis test was used to test for
overall equality of means in all groups. Multiple
pairwise comparisons were carried out with the use
of the Mann-Whitney test. The time-related course
of D-dimer concentrations was tested by means
of Friedman’s two-way analysis of variance. A dif-
ference is described as significant if the p value
is less than 0.05. For the evaluation of sensitivity
and specificity, the diagnostic subgroups “apPE”
and “hpPE” were considered as “pulmonary em-
bolism present” (considered as true positive), the
groups “im PE”* and “rPE” as “pulmonary embo-
lism absent” (considered as true negative). The
group of “possible pulmonary embolism”™ of
course was not included in statistical analysis be-
cause it was not completely diagnosed.
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Fig. 1. D-dimer plasma concentrations in patients with angio-
graphically proven pulmonary embolism (apPE), highly prob-
able pulmonary embolism (hpPE), highly improbable pulmo-
nary embolism (imPE), and pulmonary embolism ruled out
(rPE). Horizontal bars =medians; broken line = cutoff level

Results

All but one patient in the group of angiographi-
cally proven and highly probable pulmonary em-
bolism (apPE and hpPE, pulmonary embolism
present) showed D-dimer plasma levels above
1000 ng/m1, whereas none in the group of highly
improbable and ruled out pulmonary embolism
(imPE and rPE, pulmonary embolimsm absent)
reached the cutoff level of 1000 ng/mL level
(Fig. 1).

There was a significant difference between the
D-dimer values of group apPE and hpPE on one
hand and group imPE and rPE on the other (p <
0.01). But there was none between group apPE
and hpPE or between group imPE and rPE.

Thus, the specificity of the diagnosis of pulmo-
nary embolism was 100% and the sensitivity was
95%.

In the follow-up of D-dimer plasma levels which
could be obtained in 11 patients up to the 6th day,
in 10 patients up to the 9th day, and in 9 patients
up to the 12th day, all but two were still above
1000 ng/mL (Fig. 2).
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Fig. 2. Time-course of D-dimer plasma concentrations in eleven
individual patients with pulmonary embolism. Horizontal
bars =medians; broken line = cutoff level

The best discrimination between patient groups
with the latex agglutination assay was obtained
when used in a dilution of 1:16; 13 out of 16 pa-
tients with proven pulmonary embolism showed
a macroscopic agglutination, and 6 out of 10 with-
out, a negative one. Thus, the sensitivity and speci-
ficity were 81% and 60%, respectively.

Discussion

Our study concerning pulmonary embolism con-
firmed recent results showing elevated D-dimer
plasma concentrations in this disease [S, 9, 15, 17,
24]. However, either these were not prospective
studies, or confirmation of diagnosis concerning
pulmonary embolism was poorly characterized. In
a recent prospective study [13] a slightly lower sen-
sitivity of elevated D-dimer levels for the diagnosis
of pulmonary embolism was found — 89% vs 95%
in our study — but specificity was considerably
lower in that study at 44% vs 100%, respectively.
Unfortunately however in that study, neither the
duration of symptoms in patients with pulmonary
embolism nor the occurrence of concomitant dis-
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eases in patients without pulmonary embolism was
specified. This could help to explain the differences
in our results, since in patients with malignant tu-
mors and after operation, our data (unpublished)
and those of other workers [12, 17] show that the
D-dimer values can be as high as in thromboem-
bolic events, thus invalidating the diagnosis of pul-
monary embolism.

A prospective study published recently [3] with
design and patient characteristics similar to our
own yielded comparable results concerning sensi-
tivity and time-course of D-dimer plasma levels.
The specificity, however, was considerably lower
(39% vs 100%). This might be due to the lower
cutoff level chosen (500 vs 1000 ng/ml) as well as
to different patient selection criteria; we included
no patients with myocardial infarction, who also
can have elevated D-dimer levels (see Table 1).

Other diseases and situations show only slight
elevations of D-dimer levels, such as unstable coro-
nary artery disease [16], pregnancy [11], and possi-
bly liver diseases [15]. Elevations as high as in pul-
monary embolism are found in arterial embolism
[24] and deep-vein thrombosis [15]. However,
there should be no problem in discriminating both
situations clinically from pulmonary embolism.

Patients with suspected thromboembolism often
have coexisting cardiopulmonary diseases such as
chronic obstructive lung disease. Diagnosis in these
patients may be difficult because physical signs are
of little value and lung scans may be difficult to
interpret [1], and in some only pulmonary angiog-
raphy offers diagnostic accuracy [14]. Thus, one
would run potential risks associated with perform-
ing this procedure too often. On the other hand,
this technique is not available in all hospitals.
Thus, in those patients the D-dimer ELISA assay
is a suitable test which would appear to justify
anticoagulant therapy without the need for pulmo-
nary angiography. Another group of patients pre-
senting differential diagnostic problems are those
with pleuritic chest pain. In an earlier study in
young adults presenting with pleuritic chest pain,
a high percentage turned out to be caused by pul-
monary embolism [4]. In such patients lung scan
is only helpful when it is negative, thus ruling out
pulmonary embolism. Even the existence of fever
does not rule out pulmonary embolism [18]. Our
results indicate that the D-dimer assay may be able
to discriminate between pulmonary embolism and
pleuritic chest pain of other origin, though further
studies in this group of patients are necessary.

A further favorable condition of the D-dimer
assay is offered by our finding that in most patients
with pulmonary embolism, even after 12 days the
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D-dimer levels are above the cutoff of 1000 ng/mL.
Thus, this assay seems to be of diagnostic value
even for patients appearing late after a throm-
boembolic event.

In summary, the D-dimer ELISA is a valuable
noninvasive test for patients with pulmonary em-
bolism who present with dyspnea and/or chest pain
provided that no malignancy is present and no sur-
gery has been performed within two weeks.
Though this test, when performed in a larger pa-
tient population [3], may not reach the specificity
of angiography, it is useful in the decision as to
who should be submitted to angiography. This is
of special interest since most of the lung scans car-
ried out are inconclusive in establishing or ruling
out the diagnosis of pulmonary embolism [22].

The more rapid D-dimer latex agglutination
test, which can be performed within 5-10 min, has
a poor specificity of 60%. Its sensitivity of 81%
may make it a valuable screening test, especially
in hospitals with limited laboratory capacity or
without angiographic facilities. However, a simpler
and more rapid ELISA would be desirable in emer-
gency situations.
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