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Background—D-dimer has been reported to be elevated in acute aortic dissection. Potential use as a “rule-out” marker has
been suggested, but concerns remain given that it is elevated in other acute chest diseases, including pulmonary
embolism and ischemic heart disease. We evaluated the diagnostic performance of D-dimer testing in a study population
of patients with suspected aortic dissection.

Methods and Results—In this prospective multicenter study, 220 patients with initial suspicion of having acute aortic
dissection were enrolled, of whom 87 were diagnosed with acute aortic dissection and 133 with other final diagnoses,
including myocardial infarction, angina, pulmonary embolism, and other uncertain diagnoses. D-dimer was markedly
elevated in patients with acute aortic dissection. Analysis according to control disease, type of dissection, and time
course showed that the widely used cutoff level of 500 ng/mL for ruling out pulmonary embolism also can reliably rule
out aortic dissection, with a negative likelihood ratio of 0.07 throughout the first 24 hours.

Conclusion—D-dimer levels may be useful in risk stratifying patients with suspected aortic dissection to rule out aortic
dissection if used within the first 24 hours after symptom onset. (Circulation. 2009;119:2702-2707.)
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Acute aortic dissection (AD) remains a potentially cata-
strophic cardiovascular disease.1–6 Recent advancements

in imaging methods (eg, computed tomography, magnetic reso-
nance imaging) and the development of novel biochemical
diagnostic methods (eg, smooth muscle myosin heavy chain)
have made possible improved diagnosis of the disease to allow
early and optimized treatment.5–12 However, the disease at times
remains overlooked or misdiagnosed because of its relatively
uncommon nature. A diagnostic test that can reliably identify or
exclude this disease in a cost-effective and resource-efficient
manner such as a blood assay would be very useful.
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D-dimer, a fibrin fragment seen in coagulopathic disorders
and now commonly used in the diagnosis of pulmonary
embolism (PE), has recently been reported to be elevated in

acute AD.13–19 D-dimer has been suggested to be useful as a
“rule-out” diagnostic tool. Because most of the early studies
used samples from selected patients, however, investigation
of the performance of the assay in a clinically relevant
population being investigated for suspected AD is necessary
to accurately describe the usefulness of the assay.

The International Registry of Acute Aortic Dissection Sub-
study on Biomarkers (IRAD-Bio study) was established to
investigate and develop biomarkers of acute AD.20 In the present
study, we evaluated the diagnostic performance of D-dimer in
acute AD in a population suspected of having the disease.

Methods
Patients and Samples
Fourteen centers in Europe, the United States, and Japan participated
in the present study (see the Appendix in the online-only Data
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Supplement for complete list of participating centers). Institutional
review board approval was obtained. Consenting patients with a
suspicion of acute AD within the first 24 hours of symptom onset
were enrolled in a prospective manner. The suspicion of AD had to
be high enough to cause the evaluating physician to order an imaging
test to identify the presence of AD on which the subjects were
categorized. Standardized clinical data report forms were completed
for each patient with parameters developed by IRAD.2 Blood plasma
was drawn on presentation and used for measurements in the present
study.

Measurements and Analysis
D-dimer levels were measured with the commercially available
Triage D-Dimer Test (Biosite, San Diego, Calif). As analytical
methods of diagnostic performance, sensitivity, specificity, likeli-
hood ratios, and predictive values at designated cutoff levels and
receiver-operating characteristic curve analysis with area under the
curve calculations were done with Analyze-It software (version 2.03,
Leeds, UK). D-dimer levels for confirmed cases of AD were
compared with those of patient cohorts with other final diagnoses
according to type of dissection and time course from symptom onset.

Values are presented as mean�SD, 95% confidence intervals
(CIs), and percentile range as appropriate. Nonparametric Mann–
Whitney tests were used for comparison between groups.

The authors had full access to and take full responsibility for the
integrity of the data. All authors have read and agree to the
manuscript as written.

Results
Patient Demographics and Baseline Data
Two hundred twenty patients were enrolled in this prospec-
tive multicenter study, including 87 cases of radiographically
proven acute AD and 133 control subjects with an initial
suspicion of AD but a different final diagnosis, which
included myocardial infarction (MI), angina, PE, or other
uncertain diagnoses. Of the 87 AD cases, 53 (61%) were
male, and there were 64 and 23 cases of type A and B
dissections, respectively. Of the 133 non-AD cases, there
were 46, 37, and 5 cases of MI, angina, and PE, respectively,
and 45 cases with uncertain diagnoses. Of these control cases,
92 patients were male.

Patient demographics and baseline data are shown in Table
1. D-dimer levels were elevated in acute AD at 3213�1465
ng/mL (median, 3310 ng/mL) and 3574�1430 ng/mL (me-
dian, 3902 ng/mL) for types A and B, respectively. These
were �4.9-fold, 10.7-fold, 1.2-fold, and 5.1-fold higher than
levels for MI (1459�1650 ng/mL; median, 694 ng/mL),
angina (760�974 ng/mL; median, 319 ng/mL), PE
(2452�1891 ng/mL; median, 2765 ng/mL), and other uncer-
tain diagnosis (1399�1511 ng/mL; median, 676 ng/mL),
respectively.

Diagnostic Performance
The area under the curve on receiver-operating characteristics
curve analysis for all 87 AD patients within 24 hours of
symptom onset versus all control subjects was 0.84 (95% CI,
0.78 to 0.89) and 0.81 (95% CI, 0.72 to 0. 90), 0.93 (95%
CI, 0.87 to 0.98), 0.65 (95% CI, 0.36 to 0.93), and 0.82 (95%
CI, 0.73 to 0.90) versus MI, angina, PE, and other uncertain
diagnosis, respectively. Thus, D-dimer showed favorable
overall diagnostic performance compared with these condi-
tions that present with chest pain with superior performance
for angina but also was seemingly helpful for MI, other
uncertain diagnoses, and PE (see Figure 1).

Diagnostic performance at the cutoff of 500 ng/mL was
analyzed to place these findings in better perspective for
potential use in the clinic or emergency department because
this cutoff is commonly used for PE (see Table 2).21,22 At this
cutoff level, sensitivity was 96.6% (95% CI, 90.3 to 99.3) and
specificity was 46.6% (95% CI, 37.9 to 55.5) for AD patients
versus control subjects. When control subjects were subdi-
vided according to disease, specificities ranged from 20.0%
(95% CI, 0.5 to 71.6) for PE to 39.1% (95% CI, 25.1 to 54.6)
for MI, 44.4% (95% CI, 29.6 to 60.0) for uncertain diagnoses,
and 62.2% (95% CI, 44.8 to 77.5) for angina. Predictive
values as a clinical index of likelihood and the biostatistical
measure of the likelihood ratio also were analyzed. Although
predictive values are widely used from a clinical perspective,
their calculation depends on knowing the prevalence rate of

Table 1. Patient Demographics and Baseline Data for Patients Presenting Within the First 24 Hours

Diagnosis Cases (Male), n Age, y

D-Dimer, ng/mL

Mean�SD 25th Percentile 50th Percentile 75th Percentile 99th Percentile

Type A AD 64 (39) 60.6�14.8 3213�1465 2083 3310 5000 5000

Type B AD 23 (14) 60.2�12.4 3574�1430 2265 3902 5000 5000

MI 46 (36) 65.2�15.0 1459�1650 325 694 2216 5000

Angina pectoris 37 (28) 61.7�13.2 760�974 250 319 250 4337

PE 5 (2) 50.0�32.0 2452�1891 776 2765 3931 4515

Other uncertain diagnoses 45 (26) 62.2�15.4 1399�1511 250 676 2252 5000
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Figure 1. Receiver-operating characteristics curves for all
patients with acute AD vs all control subjects and each of the
control diseases.
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the disease in the tested population, in this case, patients
presenting with suspicion of AD. Because this prevalence is
poorly understood, we estimated that 1 in 4 patients (25%)
would present with AD, which was used in our calculations as
consistent with previous studies.20 The likelihood ratio, a
biostatistical measure that is not affected by prevalence, also
is shown. In general, a positive likelihood ratio of �10 is
suggestive of a good “rule-in” tool, and a negative likelihood
ratio of �0.1 is suggestive of a good rule-out tool.23 Because
positive likelihood ratios were �3 and positive predictive
values were �50%, in contrast to negative likelihood ratios of
0.07 and negative predictive values �90%, D-dimer at this
cutoff value showed favorable rule-out properties.

Subanalyses According to Type of Dissection and
Time Course
To further characterize diagnostic performance and associa-
tion with clinical parameters, subanalyses according to type
of dissection and time course relative to symptom onset were
done.

According to dissection type, analysis of the 64 cases of
type A dissection versus all control subjects showed areas
under the curve of 0.83 (95% CI, 0.77 to 0.89) and 0.80 (95%
CI, 0.71 to 0.89), 0.92 (95% CI, 0.86 to 0.98), 0.63 (95% CI,
0.33 to 0.93), and 0.81 (95% CI, 0.72 to 0.90) versus MI,
angina, PE, and other uncertain diagnoses, respectively.
Analysis of the 23 cases of type B dissection versus all
control subjects showed areas under the curve of 0.85
(95% CI, 0.77 to 0.93) and 0.82 (95% CI, 0.72 to 0.93),
0.93 (95% CI, 0.85 to 1.00), 0.69 (95% CI, 0.42 to 0.96),
and 0.83 (95% CI, 0.73 to 0.94) versus MI, angina, PE, and
other uncertain diagnoses, respectively.

Analysis of time course was done first with box plot
analysis according to time from onset (time windows of 0 to

6, 6 to 12, and 12 to 24 hours). Inspection of the box plots
showed distinct temporal trends. Patients with AD demon-
strated marked elevations that were 5- to 10-fold greater than
in control subjects in the initial 6 hours (see Figure 2). Patient
demographics and baseline data for patients presenting within
the first 6 hours of onset are shown in Table 3.

Analysis of the diagnostic performance of D-dimer within
the first 6 hours of symptom onset showed that the area under
the curve for the 23 AD cases versus the 31 control cases was
0.94 (95% CI, 0.86 to 1.00). Subanalyses against each of the
control groups, albeit limited in accuracy because of the small
number of cases of each disease in this time window, was
0.96 (95% CI, 0.89 to 1.00), 0.94 (95% CI, 0.87 to 1.00), 0.97
(95% CI, 0.90 to 1.00), and 0.88 (95% CI, 0.69 to 1.00)
versus MI, angina, PE, and other uncertain diagnoses, respec-
tively. Subanalysis according to type of dissection was not
done because there were only 4 cases of type B dissection in
this window.

Diagnostic performance at the cutoff level of 500 ng/mL
was further analyzed for this early presentation subgroup (see
Table 4). At this cutoff level, D-dimer had a sensitivity of
95.7% (95% CI, 78.1 to 99.9) and a specificity of 61.3%
(95% CI, 42.2 to 78.2) for identifying AD. The negative
likelihood ratio during this time window was 0.07. Thus,
D-dimer at this cutoff value showed consistently favorable
rule-out properties. Of interest, owing to the marked differ-
ence in D-dimer levels for dissection compared with other
diseases in the initial 6-hour time window, a cutoff level of
�1600 ng/mL showed a positive likelihood ratio of 12.8 at
1684 ng/mL, which suggests that the test also may be used to
identify patients with a high probability/likelihood of AD.
Subanalyses according to control disease and dissection type
also were done, but their accuracy is limited by the number of
cases in each subgroup.

Table 2. Diagnostic Performance of D-Dimer for Patients Presenting Within the First 24 Hours at the Cutoff of 500 ng/ml

AD and Control Sensitivity, % Sensitivity 95% CI Specificity, % Specificity 95% CI PLR NLR PPV NPV

A and B 96.6 90.3–99.3

All 46.6 37.9–55.5 1.81 0.07 37.6 97.6

MI only 39.1 25.1–54.6 1.59 0.09 34.6 97.1

Angina only 62.2 44.8–77.5 2.55 0.06 46.0 98.2

PE only 20.0 0.5–71.6 1.21 0.17 28.7 94.6

Other only 44.4 29.6–60.0 1.74 0.08 36.7 97.5

A only 96.9 89.2–99.6

All 46.6 37.9–55.5 1.81 0.07 37.7 97.8

MI only 39.1 25.1–54.6 1.59 0.08 34.7 97.4

Angina only 62.2 44.8–77.5 2.56 0.05 46.0 98.4

PE only 20.0 0.5–71.6 1.21 0.16 28.8 95.0

Other only 44.4 29.6–60.0 1.74 0.07 36.8 97.7

B only 95.7 78.1–99.9

All 46.6 37.9–55.5 1.79 0.09 37.4 97.0

MI only 39.1 25.1–54.6 1.57 0.11 34.4 96.4

Angina only 62.2 44.8–77.5 2.53 0.07 45.7 97.7

PE only 20.0 0.5–71.6 1.20 0.22 28.5 93.2

Other only 44.4 29.6–60.0 1.72 0.10 36.5 96.8

PLR indicates positive likelihood ratio; NLR, negative likelihood ratio; PPV, positive predictive value; and NPV, negative predictive value.
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We further tested the association of D-dimer levels with
status of the false lumen because ongoing communication of
the dissection with systemic blood flow may be important for
elevated levels and because false lumen patency has been
shown to be associated with outcome.24 Fifty-seven patients
had information on false lumen patency (46 patent: median,
3477 ng/mL; 11 not patent: median, 2351 ng/mL). All
dissections (P�0.18) and type A dissections (n�46; 39
patent: median, 3504 ng/mL; 7 not patent: median, 2351
ng/mL; P�0.14), but not type B dissections (n�11; 7 patent:
median, 3011 ng/mL; 4 not patent: median, 3101 ng/mL;
P�0.93), showed a slight trend for false lumen patency to be
associated with higher levels of D-dimer, but this was not
statistically significant.

Discussion
AD, although uncommon, can rapidly evolve into a cardio-
vascular catastrophe if overlooked or misdiagnosed given its
high morbidity and mortality within the initial hours after
onset. Because of its relative rarity but high lethality, it
remains a highly litigated disease with accusations of mal-
practice against treating physicians and hospitals.25 A cost-
effective and technically simple method such as a blood test
to rule out the disease would thus be welcomed by patients
and caregivers alike.

Although past studies have described the possibility of
using D-dimer as a candidate biomarker in excluding AD,
they have often used selected samples, especially for con-
trols.13–19 The present prospective multicenter study was
unique in that the entry criterion for all patients, including
control subjects, was suspicion of AD, which allowed better

estimation of assay performance in the clinical setting. In
addition, cases and controls were enrolled concurrently.

We found a favorable negative likelihood ratio of 0.07 and
negative predictive value of 95% in patients within the first
24 hours of onset at the widely used cutoff level of 500
ng/mL, suggesting that the D-dimer assay may be useful for
ruling out AD in this time window with a diagnostic perfor-
mance similar to that reported for PE. Time course analysis
showed that for patients presenting within the initial 6 hours
of symptom onset, a rule-in cutoff level of 1600 ng/mL in this
time window identifies patients with a high probability/
likelihood of AD. However, we urge caution in interpreting
these results because the present study examined only pa-
tients with suspected AD, not patients with chest pain in
general. Additionally, we enrolled only a limited number of
cases for the initial 6-hour time window (eg, PE). Compara-
bly high D-dimer levels have been reported in PE (although
the time course was not shown), so it is important not to
exclude the possibility of this disease.26 Thus, D-dimer may
be useful for ruling out AD, similar to PE, in the first 24 hours
after symptom onset and for ruling in these acute conditions
with high rates of coagulation activation (AD and PE) in the
first 6 hours from symptom onset compared with other
conditions such as ischemic heart disease as evaluated in the
present study.

The major limitation of our study lies in the sample size.
Although this present work represents one of the largest
studies to examine AD to date, the subanalyses resulted in
categorical groups which contained few cases (eg, for PE),
which limits the accuracy of the analysis. Furthermore,
because participating institutions were centers that routinely
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Figure 2. Time course box plots for D-dimer levels in patients according to time from onset.

Table 3. Patient Demographics and Baseline Data for Patients Presenting Within the First 6 Hours

D-Dimer, ng/mL

Diagnosis Cases (Male), n Age, y Mean�SD 25th Percentile 50th Percentile 75th Percentile 99th Percentile

Type A AD 19 (13) 58.7�13.6 3282�1606 2322 3722 4800 5000

Type B AD 4 (2) 66.6�12.3 4760�480 4760 5000 5000 5000

MI 9 (7) 59.0�23.7 402�181 250 264 560 687

Angina pectoris 14 (12) 56.0�14.8 606�584 250 250 250 1715

PE 2 (1) 41.9�59.3 513�372 382 513 645 771

Other uncertain diagnoses 6 (6) 47.4�16.5 1011�1628 250 287 588 4136
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care for AD, the diagnostic rate and prevalence of the disease
as described are likely higher than seen in general clinical
practice. Another limitation of the present study is that our
entry criterion was suspicion of AD (which is reflected in the
high prevalence) and not chest pain per se, which limits the
generality of our findings in attempts to extend the interpre-
tations to patients with chest pain in general. We also provided
subgroup analysis according to type of disease (types A and B)
and control disease (MI, angina, and PE), which are categorical
populations for analytical purposes that would not exist sepa-
rately in practice but were thought important to address given
that the dissection types have consistently been analyzed sepa-
rately (ie, past IRAD analyses2,5,6,24,27) because of their different
clinical presentation, management, and outcomes and the sub-
group analysis according to control disease to better place our
present analysis into perspective for comparison with past
findings such as for PE.15,19

Issues specific for AD should also be taken into account in
interpretations of D-dimer levels. Lack of false lumen pa-
tency will likely result in lower levels, as our data suggest.
Intramural hematoma, a distinct subentity that shows bleed-
ing limited to the vessel wall with lack of communication
with the aortic lumen but also shows an outcome similar to
AD, may not show elevations.27 D-dimer levels may be
elevated in chronic stages of AD in which the coagulatory
response is activated because of the thrombotic process in the
false lumen. Thus, elevated levels may be seen in patients
with underlying chronic dissection but unrelated chest pain.
The role of D-dimer in these specific pathologies remains to
be addressed in future studies.

D-dimer is currently the only commercially available test
that can be used for the biochemical diagnosis of AD.28 The
assay is widely used in the evaluation of patients with
suspected PE, which also may present with sudden onset of
chest pain and/or dyspnea, clinical symptoms also seen in
patients with AD. A D-dimer blood test could assist the
clinician when stratifying patients presenting with chest pain
within 24 hours of onset to rule out both PE and AD to decide
whether to subject the patient to further diagnostic testing
such as an imaging procedure or to refer to a tertiary center
when imaging (eg, computed tomography, magnetic reso-
nance imaging) is not readily available. We believe that
patients with levels greater than this cutoff level should
undergo further diagnostic testing.

We believe that the accumulated evidence is now sufficient
to suggest that routine use of D-dimer testing is helpful in risk
stratifying patients with suspected acute AD. Sensitivity,

specificity, and predictive values will undoubtedly vary
according to the type, extent, and time from presentation
among patients with AD. Thus, further studies are needed to
clarify the best way to integrate D-dimer testing in patients
with various prior probabilities of acute AD.

Sources of Funding
Biosite provided funding for the study, along with grants from the
Mardigian Foundation and from an anonymous donor to IRAD.

Appendix
The International Registry of Acute Aortic
Dissection Substudy on Biomarkers (IRAD-Bio)
Investigators
Co-Principal Investigators: Kim A. Eagle (University of Michigan,
Ann Arbor, MI); Alessandro Distante (Istituto Scientifico Biomedico
Euro Mediterraneo (ISBEM), Brindisi, Italy); Toru Suzuki (The
University of Tokyo, Tokyo, Japan).

Co-Investigators: Angela M. Mills, Judd E. Hollander (University
of Pennsylvania, Philadelphia, PA); Richard Nowak (Henry Ford
Hospital, Detroit, MI); Robert Birkhahn (New York Methodist
Hospital, Brooklyn, NY); Francis Counselman (Eastern Virginia
Medical School, Norfolk, VA); Frank Peacock (Cleveland Clinic,
Cleveland, OH); Craig Basson (Cornell University, New York, NY);
Arturo Evangelista (Hospital General Vall Hebron, Barcelona,
Spain); Carlo Rosen, Nathan Shapiro (Beth Israel Deaconess Med-
ical Center, Boston, MA); Robert Siegel (Cedars Sinai Medical
Center, Los Angeles, CA); Adam Singer (Stony Brook University
Hospital, Stony Brook, NY); Antonella Zizza, Federico Sabino,
Isabella Longo (ISBEM, Brindisi, Italy); Stefano Lagravinese, Ro-
saria Galdi, Elena Gianicolo (University of Pisa and ISBEM, Italy);
Eduardo Bossone, Enzo Sbenaglia (National Research Council
Institute of Clinical Physiology (CNR IFC), Lecce, Italy); Santi
Trimarchi, Viviana Grassi (IRCCS Policlinico San Donato, Milan,
Italy); Massimo Villani, Paolo Fellini, Silvano Fracella, Francesco
Magliari, Massimiliano Garzya (Vito Fazzi Hospital, Lecce, Italy);
Jorge Antonio Salerno Uriarte, Matteo Tozzi, Alberto Limido
(Fondazione Macchi Hospital, Varese, Italy); Luigi De Luca Tupputi
Schinosa, Vito Paradiso, Andreas Paramithiotis (Policlinico Hospi-
tal, Bari, Italy); Attilio Renzulli, Egidio Bevacqua, Barbara Impiom-
bato (Mater Domini Hospital, Catanzaro, Italy); Stefano Messina,
Saverio Rega, (Martiri di Villa Malta Hospital, Salerno, Italy);
Filippo Crea, Federica Tarantino (A. Gemelli Policlinico, Rome,
Italy); Giuseppe Di Benedetto, Antonello Panza (San Giovani di Dio
Hospital, Salerno, Italy); Giampiero Esposito, Rocco Antonio Pen-
netta (Città di Lecce Clinic, Lecce, Italy); Paolo Righini (Humanitas
Hospital, Milan, Italy); Ettore De Lorenzi (Verri Delli Ponti Hospi-
tal, Scorrano of Lecce, Italy); Giovanni De Rinaldis, Giordano
Calabrese, Pietro De Angelis (San Giuseppe Hospital, Copertino of
Lecce, Italy); Roberto Chiesa, Gloria Esposito (IRCCS S. Raffaele,
Milan, Italy); Gianfranco Ignone (A. Perrino Hospital, Brindisi,
Italy); Piergiovanni Crocco (San Giovani di Dio Hospital, Salerno,
Italy); Giuseppe Rosato, Giovanni Stanco (S.G. Moscati Hospital,
Avellino, Italy); Marcello Costantini (S. Caterina Novella Hospital,

Table 4. Diagnostic Performance of D-Dimer for Patients Presenting Within the First 6 Hours at a Cutoff of 500 ng/ml

AD and Control Sensitivity, % Sensitivity 95% CI Specificity, % Specificity 95% CI PLR NLR PPV NPV

A and B 95.7 78.1–99.9

All 61.3 42.2–78.2 2.47 0.07 45.2 97.7

MI only 55.6 21.2–86.3 2.15 0.08 41.8 97.5

Angina only 64.3 35.1–87.2 2.68 0.07 47.2 97.8

PE only 50.0 1.3–98.7 1.91 0.09 38.9 97.2

Other only 66.7 22.3–95.7 2.87 0.07 48.9 97.9

Abbreviations as in Table 2.
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Galatina of Lecce, Italy); Ernesto Lupo (SS. Annunziata Hospital,
Taranto, Italy); Jim Froehlich (University of Michigan, Ann Arbor, MI);
Daigo Sawaki, Ryozo Nagai (The University of Tokyo, Tokyo, Japan).
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CLINICAL PERSPECTIVE
Acute aortic dissection remains a challenging disease to diagnose. This uncommon disease may be overlooked, and
diagnosis typically requires imaging modalities. This prospective multicenter study evaluated 87 patients with acute aortic
dissection and compared them with patients with other diseases that presented with initial suspicion of having acute aortic
dissection. The data show that a D-dimer test with levels �500 ng/mL rules out acute aortic dissection (and pulmonary
embolism) in patients with suspicion of having this disease if used within the first 24 hours after symptom onset. This study
suggests that D-dimer could be useful in settings in which computed tomography, magnetic resonance imaging, and other
imaging tests are not readily available to rule out aortic dissection.
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