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Acute Myocardial Infarction
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Introduction: Acute aortic dissection (AAD), acute pulmonary embolism (PE) and acute myocardial infarc-
tion (AMI) are all emergent diseases with acute chest pain. However, it is sometimes difficult to diagnose
these diseases by symptoms, ECG changes and/or cardiac biomarkers, especially immediately after onset.
Because these diseases are all thrombogenic diseases, we considered that D-dimer could be helpful to dif-
ferentiate these diseases. The purpose of this research was to define the D-dimer value for discrimination
between AAD, PE and AMI.

Methods: Plasma D-dimer values of a consecutive series of 35 AAD, 22 PE and 206 AMI patients on admis-
sion were analyzed retrospectively.

Results: The D-dimer values of patients with AAD (32.9 = 66.7 pg/ml, p<0.001) and PE (28.5 + 23.6 ug/
ml, p<0.001) were significantly higher than those of AMI patients (2.1 = 3.7 pg/ml). A cutoff value of 5.0 pg/
ml was effective in distinguishing AAD and PE from AMI, with a sensitivity of 68% and a specificity of 90%.
Conclusions: Our study showed the possibility that D-dimer could enable faster diagnosis and treatment of
AAD, PE and AMI patients. We expect that the D-dimer test will be used more often for screening patients
with possible AAD, PE or AMI in the emergency room. We would recommend contrast computed tomogra-
phy first, not coronary angiography, in a patient with a D-dimer level higher than 5.0 pug/ml using our diag-

nostic kit.

cute aortic dissection (AAD), acute
A pulmonary embolism (PE) and

acute myocardial infarction (AMI)
are all significant diseases with high mortal-
ity. Obviously, rapid diagnosis, followed by
appropriate treatments, is required.! How-
ever, it is sometimes difficult to differentiate
these diseases by symptoms, ECG changes
and/or cardiac biomarkers, especially imme-
diately after onset. To make a definite di-
agnosis of these diseases, we use more ad-
vanced imaging studies. Contrast com-
puted tomography (CT) is widely used to
get a definite diagnosis of AAD and PE,
whereas AMI is finally diagnosed by coro-
nary angiography (CAG), often followed
by percutaneous coronary intervention.’

Because these imaging studies are inva-
sive, time consuming and expensive, it is
important to decide whether we should
choose contrast CT or CAG first to distin-
guish AAD and PE from AMI. Therefore,
before beginning invasive imaging stud-
ies, performing a simple and quick diag-
nostic procedure would present significant
advantages. Troponin is one of the useful
biomarkers to detect AMI and D-dimer
has been known to be helpful to exclude
PE.>* Although there are few biomark-
ers to detect AAD, there have been only
a few reports, including one systemic re-
view, that used D-dimer in acute aortic
dissection.””

AAD, PE and AMI are all thrombo-
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genic diseases. A coagulation cascade is activated in
these diseases via the extrinsic pathway. Although
D-dimer is a product of plasmin fibrinolysis of cross-
linked fibrin, whether D-dimer could help to differ-
entiate these three diseases has not yet been proper-
ly elucidated. We considered that the D-dimer value
could be related to the amount of fibrin formation. '
We therefore searched for a cutoff point for D-dimer
levels to distinguish AAD and PE from AMI. This
would allow us to make a better choice of final inva-
sive imaging studies and hence make a quicker defi-
nite diagnosis.

Methods
Patients

From December 2005 to February 2008, we studied
D-dimer values of a consecutive series of 35 AAD, 22
PE and 206 AMI patients and analyzed those results
retrospectively. Patients with cardiopulmonary arrest
were excluded. Definite diagnoses of AAD and PE
were confirmed by contrast CT and those for AMI
were confirmed by CAG and subsequent elevation of
troponin T.

Biochemical analysis

Blood for the examination of D-dimer levels was
drawn in the emergency room as soon as possible. In
about 90% of patients this was done within 24 hours
from the onset of symptoms. The mean time from on-

Table 1. Patient characteristics.

set to blood draw was 13.7 hours. For the quantitative
determination of D-dimer in sodium citrate plasma, a
Latex-enhanced turbidimetric test (LIAS AUTO D-di-
mer neo, Sysmex corporation, Hyogo, Japan) was used
(upper limit of normal 1.0 pg/ml). D-dimer values were
obtained within 20 minutes of blood sampling.

Statistical analysis

All statistical analyses were performed using Graph-
pad Prism 4.0 for Windows (GraphPad Software Inc.,
USA). Continuous variables were presented as mean
+ SD, whereas categorical variables and frequencies
were shown as percentages. Comparisons between
the groups were made using the chi-square test for
categorical variables, while analyses of variance for
continuous variables were done using Welch’s t-test
and Kruskal-Wallis test with Dunnett’s post hoc anal-
ysis as appropriate.

Results

Baseline characteristics of AAD, PE and AMI pa-
tients, and D-dimer levels were collected and com-
pared (Table 1). The proportions of males with AAD
and AMI were larger than those with PE (63% and
73% vs. 32%, respectively). There were more dia-
betes mellitus patients with AMI than AAD and PE
(44% vs. 15% and 14%), and more patients suffering
from shock with AAD and PE than with AMI (17%
and 23% vs. 2%). The D-dimer levels of the AAD
(32.9 = 66.7 pg/ml, p<0.001) and PE patients (28.5

AAD (n=35) PE (n=22) AMI (n=206) p
Age (yrs) 71.4 = 11.0 675 =177 69.1 =143 NS
Male/female 22/13 7/15 151/55 p<0.05
BMI (kg/m?) 227 +42 223+42 245 %40 NS
Serum creatinine (mg/dl) 1.14 = 0.47 1.08 = 1.07 1.1+13 p<0.05
Hypertension 31 (94%) 7 (32%) 135 (66%) p<0.05
Diabetes mellitus 5 (15%) 3 (14%) 89 (44%) p<0.05
WBC (/ul) 9597 + 3357 9355 + 3110 9397 + 3319 NS
CRP (mg/dl) 1.86 + 4.26 4.10 = 4.68 1.6 £3.8 NS
CK (TU/dl) 96.5 + 49.4 83.4 £372 430 = 730 p<0.05
LDL (mg/dl) 113 = 36 116 = 36 111 = 38 NS
Shock 6 (17%) 5 (23%) 5 (2%) p<0.05
Smoking 12 (34%) 5 (23%) 88 (43%) NS
Atrial fibrillation 1 (3%) 3 (14%) 26 (13%) NS
D-dimer (ug/ml) 32.9 £ 66.7 28.5 £23.6 21=x37 p<0.05

AAD - acute aortic dissection; CRP — C-reactive protein; CK — creatine kinase; LDL - low-density lipoprotein; PE — acute pulmonary embolism;

AMI - acute myocardial infarction.
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+ 23.6 ug/ml, p<0.001) were significantly higher than
those of the AMI patients (2.1 = 3.7 ug/ml) (Figure
1). In addition, we compared the D-dimer values be-
tween the AAD/PE group and the AMI group (Fig-
ure 2). The D-dimer levels of AAD/PE patients (31.2
+ 54.0 ug/ml, p<0.001) was also significantly higher
than those of AMI patients (2.1 = 3.7 pg/ml).

The receiver operating characteristic analysis yield-
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Figure 1. Comparison of D-dimer among AAD, PE and AMI
groups. Values are mean = SD. Statistical analysis was done us-
ing the Kruskal-Wallis test with Dunnett’s post hoc analysis. AAD
— acute aortic dissection; PE — acute pulmonary embolism; AMI —
acute myocardial infarction.
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Figure 2. Comparison of D-dimer between the AAD/PE group
and the AMI group. Values are mean + SD. Statistical analysis
was done using Welch’s t-test. Abbreviations as in Figure 1.

ed an optimal cutoff value to distinguish AAD/PE
from AMI of 5.0 ug/ml for D-dimer, with a sensitivity
of 68.4% and a specificity of 90.3% (Figure 3).

We measured serial D-dimer levels in several pa-
tients with AAD and examined three representative
cases (Figure 4a). D-dimer gradually decreased in the
communicating type while tending to be relatively low
in the non-communicating type. In one case, D-dimer
once decreased and then increased at day 5 after re-
canalization of the non-communicating aortic dissec-
tion. We also examined serial D-dimer measurements
in three representative cases with PE (Figure 4b). D-
dimer levels gradually declined after heparin infusion
and only once increased further and then decreased
suddenly in a patient who had intravenous tissue-type
plasminogen activator (tPA) treatment followed by
heparin infusion. In an elderly patient without treat-
ment, D-dimer remained at high levels after admis-
sion. As for AMI, we examined the D-dimer of two
patients serially (Figure 4c). Both were low, as nor-
mal, and had no peak after admission and treatment
with percutaneous coronary angioplasty.

Discussion

Our study suggests that D-dimer could help to speed
the diagnosis and treatment of AAD, PE and AMI
patients, because the D-dimer value can be obtained
within 20 minutes of admission to the emergency
room. D-dimer in AAD/PE was significantly higher
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Figure 3. Calculation of optimal cutoff value between the AAD/
PE group and the AMI group by receiver operator characteristic
curve analysis. AUC — area under the receiver operator character-
istic curve. Other abbreviations as in Figure 1.
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Figure 4. Serial D-dimer of representative (a) AAD, (b) PE and
(c) AMI patients. Abbreviations as in Figure 1.

than in AMI. The cutoff D-dimer value of 5.0 pg/ml
could be a useful tool to distinguish between AAD/
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PE and AMI, with an adequate sensitivity of 68.4%
and a high specificity of 90.3%. From a clinical point
of view, D-dimer values above 5.0 pg/ml suggest that
patients with acute chest pain could have AAD or
PE and should be sent for contrast CT first, rather
than CAG, to get a definite diagnosis. A higher sen-
sitivity (88%) but with a lower specificity (75.0%)
can be achieved by using an additional cutoff value
of 2.0 ug/ml, which is also clinically useful. As men-
tioned above, D-dimer is the degradation product of
cross-linked fibrin; it is therefore suggested that the
D-dimer level could be proportional to the amount of
generated fibrin'” and could be higher in larger vessel
thrombosis.

We were able to demonstrate the effectiveness of
our findings in an emergency case. A patient suffering
from obstructed right coronary artery ostium due to
acute aortic dissection, categorized as AAD, was ad-
mitted to our hospital. In this case, the D-dimer value
was 70.0 ug/ml, which was far higher than the 5.0 pg/
ml cutoff level. This value allowed us to send the pa-
tient to contrast CT first, rather than emergent CAG,
in spite of an apparent ST elevation on the ECG. This
step resulted in a significant saving in time and re-
sources compared to current standard procedures. In
addition, any attempt to administer intravenous tPA
for AMI would have been risky.

Some reports have discussed the usefulness of D-
dimer in the diagnosis of AAD and PE.>*%*!1 How-
ever, with the exception of a few studies,>”!? D-dimer
has not been reported to differentiate these thrombo-
genic diseases. Hazui et al investigated the discrimi-
nation between only AAD and AMI using D-dimer,
and found similar results to ours.!> Eggebrecht et al
showed the elevation of D-dimer in both AAD and
PE compared to AMI and non-cardiac chest pain in
a smaller group than ours.> Although their results
were mostly consistent with ours, they reported lower
D-dimer than those in our studies, such as 2.2 ug/ml
in AAD, 1.5 pg/ml in PE and 0.17 pg/ml in AMI pa-
tients. These differences could be due to the different
measuring equipment used. Even though they mea-
sured with a latex-enhanced turbidimetric test, they
used a different machine with an upper limit of nor-
mal (0.25 ug/ml) which was lower than ours (upper
limit of normal 1.0 pg/ml). Suzuki et al used a cutoft
value of 0.5 pg/ml, lower than the 5.0 pg/ml cutoff of
our study.’ This difference was also due to the mea-
suring machine and/or the criterion that they used to
enroll patients with suspected AAD, i.e. not all acute
chest pain syndrome patients.
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Study limitations

There could be several factors influencing the D-di-
mer value in addition to the amount of generated
thrombus. The proportion of shock state patients in
the AAD and PE groups was more than in the AMI
groups (17% and 32% vs. 2%). The shock state could
elevate D-dimer because of the activation of systemic
inflammation. Although diabetes mellitus and atrial
fibrillation could increase D-dimer levels,'*!* the D-
dimer of our AMI patients was lower, despite a large
number of diabetic patients. Our results might have
been affected by other unknown existing factors, such
as silent deep vein thrombosis,'> malignancies,'® and
so on. Although this study was not analyzed serially
by time from onset, we would expect D-dimer val-
ues to change throughout the time course.” Our study
was a retrospective study and focused on only three
thrombogenic diseases: AAD, PE and AMI. A pro-
spective study is needed, which will enroll a larger
number of patients with acute chest pain.

Conclusions

Our study suggests that D-dimer could enable faster di-
agnosis and treatment of AAD, PE and AMI patients.
We expect that D-dimer tests will be used more often
for screening patients with possible AAD, PE or AMI
in the emergency room. We would recommend contrast
CT first, not CAG, in a patient with a D-dimer value
higher than 5.0 ug/ml using our diagnostic kit.
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