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Impact of D-dimer level on 
postinterventional coronary flow 
and in-hospital MACE in ST-segment 
elevation myocardial infarction

Since the introduction of catheter-based 
reperfusion strategies, a great improve-
ment has been achieved in the survival of 
patients presenting with ST-segment el-
evation myocardial infarction (STEMI) 
[1, 2]. Increasing data show that prima-
ry percutaneous coronary intervention 
(PCI) is the most successful and rapid 
way of reperfusion in STEMI [3]. How-
ever, in some of patients with STEMI, pri-
mary PCI may fail to restore microvascu-
lar and myocardial reperfusion because 
of distal microembolization known as the 
no-reflow phenomenon [4].

D-dimer is a specific product of fibrin 
degradation that results from the activa-
tion of thrombin, activated factor XIII, 
and plasmin [5]. Presence of D-dimer in 
plasma is indicative of thrombus forma-
tion. In patients with STEMI, it has been 
shown that preinterventional thrombus 
burden in the infarct-related artery (IRA) 
is an independent predictor of no-reflow 
[6, 7, 8].

Since intracoronary thrombosis plays 
a key role in the pathogenesis of STE-
MI, measurement of D-dimer, a marker 
of thrombosis and hypercoagulable state, 
may provide valuable information in this 
direction. We considered that the D-di-
mer value could be related to the amount 
of fibrin formation [9]. Although the pre-
dictive value of D-dimer for cardiovascu-
lar mortality in STEMI has been shown 
previously, the way in which the mortality 
increases needs to be clarified. Therefore, 
in this study we aimed to investigate the 
predictive value of serum D-dimer con-

centration in predicting postinterven-
tional no-reflow and in-hospital major 
adverse cardiovascular events (MACE) 
in patients with STEMI.

Patients and methods

Between September 2012 and July 2013, 
294 patients with STEMI presented to 
the emergency department of Kayseri 
Education and Research Hospital. A to-
tal of 266 consecutive patients (137 male, 
mean age 64±10 years) presenting with 
STEMI within the first 12 h of symptom 
onset were prospectively included in this 
study and 28 patients were excluded ac-
cording to exclusion criteria. Inclusion 
criteria were: (1) presentation within 12 h 
of symptom onset and ECG findings con-
sistent with acute STEMI (1 mm ST ele-
vation in two contiguous limb leads or 
2 mm in precordial leads or new-onset 
left bundle brunch block); (2) total oc-
clusion of the infarct-related artery at the 
time of intervention. All enrolled partici-
pants were treated with primary PCI. Ex-
clusion criteria were: (1) TIMI 1 or great-
er flow of the IRA on initial angiogra-
phy; (2) saphenous vein graft occlusion; 
(3) presentation with cardiogenic shock 
or cardiac arrest; (4) patients with normal 
coronary arteries; (5) patients with cor-
onary anatomy favorable for emergency 
coronary artery by-pass grafting surgery. 
Patients with known congestive heart fail-
ure, previous deep venous thrombosis or 
pulmonary emboli history, malignancy, 
advanced liver and kidney disease, and 

patients on oral anticoagulants were also 
excluded. Patients were divided into two 
groups based on the postintervention-
al Thrombolysis In Myocardial Infarc-
tion (TIMI) flow grade score. Postinter-
ventional TIMI grades 0, 1, or 2 were de-
fined as no-reflow (group 1) [10, 11]. An-
giographic success was defined as TIMI 3 
flow (group 2). In patients with postint-
erventional TIMI grade 3 flow, the myo-
cardial blush grade (MBG) was also ana-
lyzed. MBG of the infarct region was clas-
sified as follows: 0= no myocardial blush 
or contrast density; 1= minimal myocar-
dial blush or contrast density; 2= myocar-
dial blush or contrast density that exists 
to a lesser extent and its clearance is re-
duced compared with noninfarct-related 
coronary artery; and 3= normal myocar-
dial blush or contrast density comparable 
with that obtained during angiography 
of a contralateral or an ipsilateral nonin-
farct-related coronary artery. Adequate 
tissue reperfusion was defined as MBG 2 
or 3 after PCI. Patients were then divid-
ed into two groups according to MBGs. 
Patients with MBG 0 and 1 were defined 
as having poor myocardial blush and pa-
tients with MBG 2 and 3 were defined as 
having good myocardial blush.

Blood samples for D-dimer analysis 
were obtained during the initial evalua-
tion of patients in the emergency depart-
ment and all measurements were per-
formed 15 min after blood collection by 
using a commercial D-dimer assay (MDA 
immunoturbidimetric assay; Organon 
Teknika). Blood sampling for D-dimer 
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measurement was made before adminis-
tration of clopidogrel, heparin, or GP IIb/
IIIa inhibitor. Total cholesterol, triglycer-
ide, and low-density lipoprotein (LDL) 
levels were also measured using an Olym-
pus AU-640 analyzer (Mishima Olympus 
Co. Ltd, Shizuoka, Japan). All patients re-
ceived 300 mg aspirin, 600 mg clopido-
grel, and 5,000 IU of unfractionated hep-
arin in the catheterization laboratory be-
fore intervention. Transthoracic echocar-
diography was performed on all patients 

to evaluate left ventricular ejection frac-
tion (LVEF) immediately after primary 
PCI in the coronary care unit.

Selective coronary angiography and 
primary PCI were performed using the 
standard Judkins technique (Siemens 
Artis Zee Floor, Munich, Germany) by 
experienced interventional cardiologists 
who carry out an average of more than 
75 PCI/year. Coronary angioplasty was 
performed via a femoral approach using 
standard 6- or 7-Fr guiding catheters. Af-

ter visualizing the left and right coronary 
arteries, 150 μg nitroglycerine was selec-
tively injected into the IRA to rule out a 
possible coronary spasm. Only bare-met-
al stents with or without balloon predila-
tation were used in this study. Glycopro-
tein IIb/IIIa inhibitors were used in the 
coronary care unit as per the operator’s 
discretion after primary PCI. Digital an-
giograms were analyzed after procedures 
for the classification of TIMI flow grade 
and blush grades by two independent, 
experienced interventional cardiologists, 
blinded to the laboratory results. A pos-
tinterventional TIMI flow grade of less 
than 3 was defined as no-reflow. Electro-
cardiograms were obtained before and af-
ter 60 min of PCI to assess ST-segment 
resolution.

MACE was defined as nonfatal MI, in-
stent thrombosis, and in-hospital mortal-
ity during hospitalization. Nonfatal MI 
was defined as a new rise of more than 
20% in cardiac biomarkers accompanied 
with recurrent chest pain and/or ischemic 
ECG changes. In-stent thrombosis was 
defined as angiographically documented 
total occlusion of the IRA.

All analyses were carried out using 
SPSS 15.0 for Windows (SPSS Inc., Chi-
cago, Ill., USA). Continuous variables are 
given as mean ± standard deviation; cat-
egorical variables are defined as percent-
ages. The variables were analyzed using 
the Kolmogorov–Smirnov test to deter-
mine whether or not they were normal-
ly distributed. An independent-samples t 
test was used to compare continuous vari-
ables between the two groups. Nonpara-
metric values were compared with the 
Mann–Whitney U test. The chi-square 
test was used to compare categorical data. 
The effects of different variables on no-
reflow and in-hospital MACE were cal-
culated using univariate analyses for each 
variable. The variables for which the un-
adjusted p value was less than 0.10 in lo-
gistic regression analysis were identified 
as potential risk markers and included 
in the full model. We reduced the mod-
el using backward elimination multivar-
iate logistic regression analyses, and we 
eliminated potential risk markers using 
likelihood ratio tests. A receiver opera-
tor characteristic (ROC) curve was con-
structed to determine the predictive val-

Tab. 1  Baseline characteristics a

  Group 1 (TIMI 0–2 flow)
n=63

Group 2 (TIMI 3 flow)
n=203

p value

Age (years) 64±10 63±9 0.097

Gender (male, %) 39 (62%) 130 (64%) 0.766

Diabetes (n, %) 19 (30%) 44 (22%) 0.172

Hypertension (n, %) 13 (20%) 59 (29%) 0.143

Smoking (n, %) 26 (41%) 38 (19%) 0.001

Body mass index (kg/m2) 25±3 26±4 0.416

Blood glucose (mg/dl) 105±36 104±41 0.978

Creatinine (mg/dl) 1.1±0.8 1.0±0.3 0.066

Total cholesterol (mg/dl) 178±35 187±46 0.054

LDL cholesterol (mg/dl) 121±36 120±42 0.894

Triglyceride (mg/dl) 152±55 163±82 0.353

Peak CK-MB (U/l) 74±17 51±12 <0.001

White blood cell (× 103/μl) 11.9±2.7 10.3±2.8 <0.001

Hemoglobin g/l 13.9±1 14.1±1 0.915

Platelet (× 103/mm3) 238±70 256±68 0.050

Previous medications      

– Aspirin (n, %) 10 (16%) 27 (13%) 0.677

– Beta blocker (n, %) 12 (19%) 48 (23%) 0.494

– ACE-I (n, %) 15 (23%) 46 (22%) 0.865

– Statin (n, %) 8 (13%) 22 (11%) 0.654

LVEF (%) 38±9 45±9 <0.001

Infarct-related artery      

– LAD (n, %) 33 (52%) 103 (50%) 0.864

– CX (n, %) 17 (27%) 63 (31%) 0.638

– RCA (n, %) 13 (20%) 37 (19%) 0.814

D-dimer level (μg/l) 686±236 418±164 <0.001

Stent length (mm) 21±4 17±3 <0.001

Time to intervention (min) 172±67 156±68 0.093

Gp IIb-IIIa antagonist (n, %) 21 (35%) 30 (15%) 0.001

ST-segment resolution (%) 36.7 73.5 <0.001

In-hospital MACE (n, %) 20 (31%) 17 (8%) <0.001

– Nonfatal MI (n, %) 9 (14%) 8 (4%) 0.001

– In-stent thrombosis (n, %) 11 (17%) 6 (3%) <0.001

– In-hospital mortality (n, %) 6 (9%) 5 (3%) 0.021
ACE-I angiotensin-converting enzyme inhibitors, BMI body mass index, CKMB creatine kinase myocardial 
band, Gp glycoprotein, LDL low-density lipoprotein, LAD left anterior descending, CX circumflex artery, RCA 
right coronary artery, LVEF left ventricular ejection fraction, MACE major advanced cardiovasculary events, MI 
myocardial infarction, TIMI thrombolysis in myocardial infarction, WBC white blood cell. a Data are expressed as 
mean ± standard deviation for normally distributed data and percentage (%) for categorical variables
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ue of D-dimer on no-reflow and in-hos-
pital MACE. A two-tailed p value of <0.05 
was considered significant.

Results

After primary PCI, TIMI grade 3 flow 
was achieved in 203 patients (130 male, 
mean age 63±9 years) and in 63 patients 
(39 male, mean age 64±10 years) no-re-
flow (< TIMI grade 3 flow) occurred. Of 

203 patients with postinterventional TI-
MI grade 3 flow, the MBG was 0 in 3 pa-
tients, 1 in 29 patients, 2 in 41 patients, 
and 3 in 162 patients. There were no sig-
nificant differences between groups in 
terms of age, gender, history of diabe-
tes, hypertension, and body mass index. 
Smoking was more frequent in the no-
reflow group (41–19%, p=0.001, . Tab. 
1). Hemoglobin, total cholesterol, low-
density lipoprotein (LDL) cholester-

ol, triglyceride levels, and platelet count 
were also similar in patients with pos-
tinterventional TIMI grade 3 flow and 
no-reflow. Admission LVEF (45±9% vs. 
38±9%, p<0.001) was significantly high-
er in patients with TIMI grade 3 flow 
than in patients with no reflow. White 
blood cell (WBC) count (11.9±2.7×103/μl–
10.3±2.8×103/μl, p<0.001), peak CKMB 
level (74±17 U/l–51±12 U/l, p<0.001), and 
D-dimer levels were significantly higher 
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Abstract
Objective.  Preintervention thrombus bur-
den in the infarct-related artery is an inde-
pendent predictor of no-reflow and adverse 
outcomes in coronary artery disease. The role 
of D-dimers in the acute phase of ST-elevated 
myocardial infarction (STEMI) during primary 
percutaneous coronary intervention (PCI) has 
not been fully elucidated. We aimed to inves-
tigate the predictive value of serum D-dimer 
levels on the outcome of patients with STEMI.
Methods and results.  A total of 266 consec-
utive patients presenting with STEMI with-
in the first 12 h of symptom onset were in-
cluded in this study. Patients were divid-
ed into two groups based on the postinter-
ventional Thrombolysis In Myocardial Infarc-

tion (TIMI) flow grade score. Postinterven-
tional TIMI grades of 0, 1, or 2 were defined 
as no-reflow (group 1) and angiographic suc-
cess was defined as TIMI 3 flow (group 2). D-
dimer levels were significantly higher in pa-
tients with postinterventional no-reflow 
than in patients with postinterventional TIMI 
grade 3 flow (686±236 μg/ml–418±164 μg/
ml, p<0.001). Multivariate logistic regression 
analysis showed that D-dimer level was an 
independent predictor of postintervention-
al no-reflow (OR: 1.005; 95% CI: 1.003–1.007; 
p<0.001) and in-hospital major adverse car-
diovascular events (MACE; OR: 1.002; 95% 
CI: 1.000–1.004; p=0.029). Receiver opera-
tor characteristics analysis provided a cut-off 

value of 549 μg/ml for D-dimer for predict-
ing no-reflow with an 83% sensitivity and an 
81% specificity, and 544 μg/ml for predicting 
in-hospital MACE with a 69% sensitivity and a 
67% specificity.
Conclusion.  In conclusion, D-dimer lev-
els measured on admission may be an inde-
pendent predictor of no-reflow, which is also 
a predictor of adverse outcomes in patients 
with STEMI.

Keywords
D-dimer · ST-segment elevation myocardial 
infarction · Primary percutaneous coronary 
intervention · TIMI flow grade · Major adverse 
cardiovascular events

Einfluss des D-Dimer-Spiegels auf den postinterventionellen Koronarfluss und 
MACE während des stationären Aufenthalts bei ST-Strecken-Hebungs-Infarkt

Zusammenfassung
Ziel.  Die prävinterventionelle Thrombuslast 
in der vom Infarkt betroffenen Arterie stellt 
einen unabhängigen Prädiktor des No-Re-
flow-Phänomens und ungünstiger Ereignisse 
bei koronarer Herzkrankheit dar. Die Rolle des 
D-Dimers in der akuten Phase des ST-Streck-
en-Hebungs-Infarkts (STEMI) bei primärer 
perkutaner Koronarintervention (PCI) ist noch 
nicht vollständig geklärt. Ziel der Studie war 
es, den prädiktiven Wert der D-Dimer-Serum-
spiegel für den Verlauf bei Patienten mit STE-
MI zu untersuchen.
Methoden und Ergebnisse.  Insgesamt wur-
den 266 Patienten mit STEMI, die sich inner-
halb der ersten 12 h nach Beginn der Symp-
tome vorstellten, konsekutiv in die Studie 
aufgenommen. Die Patienten wurden gemäß 
ihrem postinterventionellen Grad des Blut-
flusses nach TIMI („thrombolysis in myocar-
dial infarction“) in 2 Gruppen aufgeteilt. Ein 

postinterventioneller TIMI-Grad von 0, 1 oder 
2 wurde als No-Reflow-Phänomen (Gruppe 1) 
und ein angiographischer Erfolg als TIMI-
Fluss von 3 definiert (Gruppe 2). Bei Patienten 
mit postinterventionellem No-Reflow-Phäno-
men waren die D-Dimer-Werte signifikant 
höher als bei Patienten mit postinterventio-
nellem Fluss von TIMI-Grad 3 (686±236 μg/
ml–418±164 μg/ml; p<0,001). Die multivari-
ate logistische Regressionsanalyse ergab, 
dass der D-Dimer-Spiegel ein unabhän-
giger Prädiktor für ein postinterventionelles 
No-Reflow-Phänomen (OR: 1,005; 95%-KI: 
1,003–1,007; p<0,001) und für größere uner-
wünsch te kardiovaskuläre Ereignisse („ma-
jor adverse cardiovascular events“, MACE) 
während des stationären Aufenthalts (OR: 
1,002; 95%-KI: 1,000–1,004; p=0,029) war. 
Nach der Receiver-operating-characteristics-
Analyse ergab sich ein D-Dimer-Grenzwert 

von 549 μg/ml, um ein No-Reflow-Phänomen 
mit einer Sensitivität von 83% und einer Spe-
zifität von 81% vorherzusagen, und ein D-
Dimer-Grenzwert von 544 μg/ml, um MACE 
während des stationären Aufenthalts mit ei-
ner Sensitivität von 69% und einer Spezifität 
von 67% vorherzusagen.
Schlussfolgerung.  Fazit ist, dass der bei Auf-
nahme bestimmte D-Dimer-Spiegel mögli-
cherweise ein unabhängiger Prädiktor für ein 
No-Reflow-Phänomen ist, welches auch ei-
nen Prädiktor für unerwünschte Ereignisse 
bei Patienten mit STEMI darstellt.

Schlüsselwörter
D-Dimer · ST-Strecken-Hebungs-Infarkt · 
Primäre perkutane Koronarintervention · 
TIMI-Fluss-Grad · Größere unerwünschte 
kardiovaskuläre Ereignisse
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in patients with no-reflow than in patients 
with TIMI grade 3 flow (686±236 μg/
ml–418±164 μg/ml, p<0.001, . Tab. 
1, . Fig. 1). In patients with poor pos-
tinterventional myocardial blush (MBG 
0–1), the D-dimer level was significant-
ly higher than in  those with good pos-
tinterventional myocardial blush (MBG 
2–3; 678±206–430±122 μg/ml, p<0.001, 
. Fig. 2). The D-dimer level was signifi-
cantly correlated with time from onset of 
symptoms to PCI (r=0.268, p=0.001), in-
dicating the impact of thrombus age on 
D-dimer level.

Stent length (21±4–17±3 mm, p<0.001) 
and glycoprotein IIb-IIIa inhibitor ad-
ministration rate (35–15%, p=0.001) were 
significantly higher in patients with no-
reflow. In-hospital MACE occurred in 20 
(31%) patients in the no-reflow group and 

17 (8%) patients in the TIMI grade 3 flow 
group (p<0.001). The mean luminal di-
ameter of the IRA was 3.23±0.5 for LAD 
occlusions, 2.91±0.4 for LCX occlusions, 
and 2.87±0.4 for RCA occlusions.

There was a significant inverse cor-
relation between D-dimer level and ST-
segment resolution (r=−0.538, p<0.001). 
Multivariate logistic regression analy-
sis showed that WBC count (OR: 1.144; 
95% CI: 1.007–1.300; p=0.039), D-dimer 
level (OR: 1.005; 95% CI: 1.003–1.007; 
p<0.001), stent length (OR: 1.259; 95% 
CI: 1.139–1.391; p<0.001), time to inter-
vention (OR: 1.007; 95% CI: 1.002–1.013; 
p=0.009), and current smoking (OR: 
2.583; 95% CI: 1.152–5.789; p=0.021) were 
independent predictors of postinterven-
tional no-reflow (. Tab.  2). In addi-
tion, age (OR: 1.066; 95% CI: 1.015–1.119; 

p=0.011), left anterior descending artery 
(LAD) occlusion (OR: 2.990; 95% CI: 
1.163–7.691; p=0.023), D-dimer level (OR: 
1.002; 95% CI: 1.000–1.004; p=0.029), 
WBC count (OR: 1.190; 95% CI: 11.032–
1.371; p=0.016), LVEF (OR: 0.946; 95% 
CI: 0.904–0.990; p=0.017), and postint-
erventional no-reflow (OR: 3.231; 95% 
CI: 1.011–10.33; p=0.038) were indepen-
dent predictors of in-hospital MACE (. 
Tab. 3). Logistic regression analysis also 
revealed that the D-dimer level was an 
independent predictor of poor postint-
erventional myocardial blush (OR: 1.009; 
95% CI: 1.005–1.012; p<0.001). ROC anal-
ysis provided a cut-off value of 549 μg/ml 
for D-dimer in predicting no-reflow with 
an 83% sensitivity and an 81% specificity; 
the area under the ROC curve was 0.88 
(95% CI 0.82–0.94; p<0.001) and 544 μg/
ml for predicting in-hospital MACE with 
a 69% sensitivity and a 67% specificity, 
with the area under the ROC curve be-
ing 0.72 (95% CI 0.60–0.83; p<0.001, 
. Fig. 3).

Discussion

The present study clearly shows that in 
patients with STEMI and postinterven-
tional TIMI < grade 3 flow, D-dimer lev-
el is significantly higher than in those 
with postinterventional TIMI grade 3 
flow. Our study also shows that the D-di-
mer level at presentation may be an inde-
pendent predictor of postinterventional 
no-reflow, poor postinterventional MBG, 
and in-hospital MACE.
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STEMI is one of the leading causes of 
death globally. Excellent improvement in 
survival has been observed in the last two 
decades among patients with STEMI ow-
ing to the development of catheter-based 
reperfusion strategies [12, 13]. Substan-
tial data have demonstrated the superior-
ity of primary PCI with stents over alter-

native reperfusion strategies. However, in 
a substantial proportion of patients pre-
senting with STEMI, despite achievement 
of optimal epicardial coronary flow with 
primary PCI, microvascular reperfusion 
cannot be gained owing to the no-reflow 
phenomenon [14]. Angiographic no-re-
flow is defined as less than TIMI 3 flow 

without any arterial obstruction, dissec-
tion, or spasm on angiography [15]. Al-
though the pathophysiology of no-reflow 
has not been fully elucidated, its etiolo-
gy appears to be multifactorial. These fac-
tors include ischemic endothelial dam-
age, microvascular leukocytes and plate-
let plugging, reactive oxygen species, and 
complex interactions between leukocytes 
and platelets induced by the inflammato-
ry process. However, distal microembo-
lization is thought to be the leading pro-
cess in the occurrence of no-reflow [16]. 
There is evidence to suggest that coro-
nary microembolization caused by me-
chanical crushing and fragmentation of 
the thrombus in the culprit lesion during 
PCI is the major cause of no-reflow in 
humans [5, 17]. High thrombus burden, 
presence of floating thrombus, a longer 
time to reperfusion, an IRA >4 mm, ad-
mission mean platelet volume, high en-
dothelin-1 and thromboxane-A2 levels, 
and using thrombus aspiration have been 
shown as predictors of no-reflow [6, 18, 
19, 20]. A series of consistent data have 
clearly shown that early postinfarct com-
plications, left ventricular adverse remod-
eling, and mortality are more frequently 
observed in patients with no-reflow [21, 
22, 23]. Therefore, demonstrating the un-
derlying mechanisms of no-reflow, devel-
oping new treatment strategies, and the 
prevention of no-reflow may have an im-
portant impact on the outcome of prima-
ry PCI.

Acute myocardial infarction (AMI) is 
the result of occlusive coronary throm-
bosis, owing to the exposure of blood to 
atherosclerotic plaque contents. In the 
setting of STEMI, a growing thrombus 
subsequently limits or completely blocks 
coronary blood flow. Limbruna et al. [24] 
showed that high thrombus burden at the 
site of the IRA is predictive of distal em-
bolization, which is accepted as the lead-
ing cause of no-reflow. During primary 
PCI, fragmentation of epicardial coro-
nary thrombus into microspheric embol-
ic particles of different sizes leads to ob-
struction in the microvascular coronary 
circulation [25]. In experimental obser-
vations, over 50% of obstructions of cor-
onary capillaries by microspheres have 
been shown to lead to irreversible de-
crease in myocardial blood flow [26].

Tab. 2  Effects of multiple variables on no-reflow in univariate and multivariate logistic re-
gression analyses

Variables Unadjust-
ed OR

95% CI p 
value

Adjusted 
ORa

95% CI p value

Age 1.014 0.985–1.044 0.346      

Creatinine 1.641 0.863–3.122 0.131      

WBC count 1.202 1.088–1.329 <0.001 1.144 1.007–1.300 0.039

Hemoglobin 0.991 0.837–1.173 0.915      

D-dimer 1.005 1.004–1.007 <0.001 1.005 1.003–1.007 <0.001

LAD occlusion 1.068 0.606–1.881 0.820      

Stent length 1.305 1.194–1.426 <0.001 1.259 1.139–1.391 <0.001

Time to intervention 1.007 1.003–1.012 0.001 1.007 1.002–1.013 0.009

BMI 0.969 0.898–1.045 0.415      

Diabetes 1.607 0.852–3.031 0.143      

Hypertension 0.574 0.286–1.154 0.119      

Smoking 3.051 1.653–5.633 <0.001 2.583 1.152–5.789 0.021
OR odds ratio, CI confidence interval, BMI body mass index, LAD left anterior descending artery, WBC white 
blood cell. a Adjusted for age, WBC count, hemoglobin, D-dimer, LAD occlusion, stent length, time to interven-
tion, and smoking

Tab. 3  Effects of multiple variables on the in-hospital MACE in univariate and multivariate 
logistic regression analyses

Variables Unadjust-
ed OR

95% CI p value Adjust-
ed ORa

95% CI p value

Blood glucose 1.001 0.993–1.010 0.804      

LAD occlusion 4.133 1.812–9.428 0.001 2.990 1.163–7.691 0.023

Creatinine 1.275 0.732–2.223 0.391      

LDL cholesterol 1.004 0.995–1.012 0.398      

WBC count 1.280 1.135–1.444 <0.001 1.190 1.032–1.371 0.016

Hemoglobin 0.898 0.731–1.102 0.302      

D-dimer 1.004 1.002–1.006 <0.001 1.002 1.000–1.004 0.029

LVEF 0.937 0.902–0.975 0.001 0.946 0.904–0.990 0.017

No-reflow 5.089 2.461- 10.526 <0.001 3.231 1.011–10.33 0.038

Age 1.094 1.043–1.148 <0.001 1.066 1.015–1.119 0.011

Time to interven-
tion

1.004 0.999–1.009 0.140      

CK-MB level 1.017 0.999–1.036  0.070 0.985 0.958–1.014 0.307

Gp IIb-IIIa antago-
nist

1.750 0.785–3.901 0.171      

Diabetes 0.677 0.313–1.464 0.322      

Hypertension 1.155 0.516–2.585 0.726      

Smoking 1.675 0.787–3.556 0.181      

Men 0.818 0.402–1.664 0.579      

BMI 0.996 0.907–1.095 0.940      
OR odds ratio, CI confidence interval, BMI body mass index, LAD left anterior descending artery, LDL low-
density lipoprotein, LVEF left ventricular ejection fraction, WBC white blood cell. a Adjusted for age, creatinine, 
D-dimer, Gp IIb-IIIa antagonist, LAD occlusion, no-reflow, and WBC count
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D-dimer is a primary degradation 
product of cross-linked fibrin, an indi-
cator of ongoing fibrinolysis and the se-
verity of a hypercoagulable state. D-di-
mer is widely used in the initial evalua-
tion of patients suspected of having deep 
vein thrombosis and acute pulmonary 
embolism (PE) [27]. Moreover, sever-
al studies conducted in the past decade 
have shown that D-dimer testing might 
be helpful in the diagnosis and progno-
sis of patients with acute chest pain, un-
stable angina pectoris, and non-STE-
MI [28, 29]. However, data concerning 
the role of D-dimer testing in STEMI are 
still unclear. In a recent study, Akgul et al. 
[30] showed that 6-month cardiovascu-
lar mortality was significantly higher in 
patients with STEMI and high D-dimer 
levels on admission. They also found that 
the admission D-dimer level was an inde-
pendent predictor of 6-month cardiovas-
cular mortality. However, the association 
between high D-dimer level and cardio-
vascular mortality needs to be clarified. 
In our study, we found that admission D-
dimer level is an independent predictor of 
no-reflow, which may result in increased 
cardiovascular mortality. With this back-
ground in mind, we speculate that in pa-
tients with STEMI and high D-dimer lev-
el, postinterventional no-reflow, which 
can be predicted by high admission D-
dimer levels, is the leading cause of car-
diovascular death.

D-dimer is a reliable and sensitive in-
dex of fibrin deposition and hypercoagu-
lable state [5]. It has been suggested that 
D-dimer levels reflect a systemic pro-
thrombotic state and focal vessel wall-re-
lated fibrin formation with unstable ath-
erosclerotic plaque activity [30]. There-
fore, its presence in plasma should be in-
dicative of thrombus formation [9]. Ho-
chuli et al. [6] have shown that D-dimer 
level is associated with clot burden in pa-
tients with PE. Thrombus burden, which 
may be associated with high D-dimer lev-
els, is a well-known independent predic-
tor of slow-flow or no-reflow [31]. In our 
study, high levels of D-dimer observed 
in patients with no-reflow are probably 
a consequence and reflection of a preex-
isting high thrombus burden in the IRA.

Study limitations

Our study has some limitations. It is a 
single-center experience and represents 
a small proportion of patients. Howev-
er, our population contains homoge-
neous unselected patients with STEMI 
who underwent primary PCI within 12 h 
of symptom onset, thereby mirroring the 
real-world scenario. In our study we pre-
sented in-hospital events. Lack of follow-
up data may be a limitation for our study. 
In addition, lack of data regarding mag-
netic resonance imaging is another lim-
itation. Also, we did not evaluate high-
sensitivity C-reactive protein, other pro-
inflammatory cytokines, or markers of 
oxidative stress.

Conclusion

In conclusion, D-dimer level measured 
on admission may be a predictor of post-
interventional no-reflow and in-hospital 
MACE in patients with STEMI undergo-
ing primary PCI. More aggressive treat-
ment including thrombus aspiration 
and upstream Gp IIb/IIIa administration 
might be useful in preventing postint-
erventional no-reflow and slow-flow in 
patients with STEMI and high D-dimer 
level. However, congestive heart failure 
that is a major determinant of interme-
diate and long-term mortality in STEMI 
patients should be taken into consider-
ation as a goal of treatment in follow-up. 
Apart from their predictive value, D-di-
mer levels may be useful as a biomark-
er for stratification of risk; they provide 
valuable and timely information about 
post-PCI adverse outcomes in patients 
with STEMI and may also lead to further 
therapeutic implications.
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