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Abstract
Background 
We have previously shown that older thrombus is associated with a statistically signifi-
cant 2-fold higher long-term mortality in ST-segment elevation myocardial infarction 
(STEMI) patients after primary percutaneous coronary intervention (pPCI). We evalu-
ated whether the addition of the presence of older thrombus to a multimarker model 
would result in increased predictive power for 1-year mortality in STEMI patients.

Methods
The study population consists of STEMI patients treated with thrombus aspiration 
during pPCI at our institution. Patients were included if aspirated thrombus material 
could histopathologically be classified according to thrombus age and laboratory meas-
urements of at least one biomarker (cardiac troponin T, glucose, N-terminal pro-brain 
natriuretic peptide, estimated glomerular filtration rate, and C-reactive protein) was 
available. The additional prognostic value of the presence of older thrombus beyond 
multiple biomarkers and established clinical risk factors was evaluated using multi-
variate Cox regression models.

Results
Serum biomarker concentrations were similar between patients with fresh and older 
thrombus. Sixty patients (7%) died within 1 year. The presence of older thrombus 
remained strongly associated with mortality at 1-year after multivariable adjust-
ment for multiple biomarkers and established clinical risk factors. Addition of older 
thrombus to either a model including established clinical risk factors and biomarkers 
or a model including solely biomarkers resulted in significant increases in the discrimi-
native value, as evidenced by net reclassification improvement and integrated discrimi-
native improvement.

Conclusions 
The presence of older thrombus provides independent complementary informa-
tion to a multimarker model including established clinical risk factors and multiple 
biomarkers for predicting 1-year mortality in STEMI patients treated with pPCI and 
thrombus aspiration. 
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Introduction
Acute ST-segment elevation myocardial infarction (STEMI) is commonly caused by 
a thrombotic occlusion of a large epicardial coronary artery precipitated by athero-
sclerotic plaque disruption. Autopsy studies on the histopathology of coronary plaque 
progression have demonstrated that the occlusive atherothrombotic event is often the 
final stage of repeated plaque ruptures, which predominantly occur clinically silent.1-3 
We have previously reported similar findings from our thrombectomy experience in 
STEMI patients. Lytic or organized changes in aspirated atherothrombotic material, 
indicating thrombus age of more then one day, were observed in approximately 50% 
of STEMI patients presenting within 12 h after onset of symptoms.4, 5 Furthermore, 
we have recently demonstrated that the presence of these older thrombi are associated 
with a 2-fold higher long-term mortality after primary percutaneous coronary inter-
vention (pPCI) with thrombus aspiration.6 
Risk stratification is an important and integral part of the management of patients 
with an acute coronary syndrome. Accurate assessment of risk is important for identi-
fication of patient subsets who may warrant a different treatment approach in order to 
optimize patient outcomes. A number of clinical risk scores, based on demographic, 
electrocardiographic, and PCI-related variables, have been developed.7-10 In addition, 
several biomarkers, such as cardiac troponin T (cTnT), C-reactive protein (CRP), 
N-terminal pro-brain natriuretic peptide (NT-pro-BNP), glucose, and creatinine or 
estimated glomerular filtration rate (eGFR) have been associated with prognosis in 
patients with STEMI.11-15 Recently, Damman et al. showed that multiple admission 
biomarkers improved the prediction of mortality in STEMI patients treated with pPCI.16

This study aims to investigate whether the presence of older thrombus in aspirated 
material of STEMI patients used in combination with a multimarker model including 
established clinical risk factors and multiple biomarkers would give further prognostic 
information with regard to 1-year mortality. 

Materials and Methods
Setting
In our institution at the time of data collection, patients with symptoms of acute 
myocardial ischemia accompanied by ST-segment elevation of ≥ 0.1 mV in two or 
more contiguous lead and presenting within 12 h after onset of symptoms were eligible 
for pPCI. All procedures were performed according to current standard procedural guide-
lines. Prior to pPCI, patients received a standard treatment of aspirin (500 mg), clopi-
dogrel (300 to 600 mg), and unfractionated heparin (5,000 IU). Glycoprotein IIb/IIIa 
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inhibitors were used at the discretion of the operator. Clopidogrel was prescribed 12 
months as per indication ACS. 
Since August 2001, thrombus aspiration has been performed when technical feasible 
as determined by the operator or routinely when thrombus aspiration was included in 
the ESC guidelines as a recommended therapy. Thrombus aspiration was performed 
through the application of three different aspiration devices: the Rescue PT system 
(Boston Scientific/Scimed, Inc, Maple Grove, Minn), the Export XT aspiration cath-
eter (Medtronic Vascular Incorporation, Santa Rosa, CA), and the ProxisTM embolic 
protection device (St. Jude Medical, St. Paul, MN). The choice of the aspiration device 
was at the discretion of the operator. In addition, since January 2005, pre-procedural 
blood samples were obtained as part of routine clinical practice. Blood samples for 
assessment of cTnT, CRP, glucose, NT-pro-BNP and plasma creatinine were drawn 
immediately after arterial puncture. All clinical variables, angiographic and procedural 
information have prospectively been collected and entered by interventional cardiolo-
gist and specialized nurses in a local catheterization laboratory database.  

Biomarkers
The blood samples were centrifuged without undue delay and biochemical analyses 
were performed. Both cTnT and NT-pro-BNP were measured using a Hitachi 
modular E-170 analyzer (Roche Diagnostics GmbH, Germany). For NT-pro-BNP, 
the analytic range extended from 50 to 35,000 ng/l. CRP was measured using an 
immunoturbidimetric assay on a Hitachi modular P-800 (Roche Diagnostics GmbH, 
Germany). Glucose and creatinine serum levels were measured with an enzymatic 
assay on a Hitachi modular P800 (Roche Diagnostics GmbH, Germany). The creati-
nine clearance (eGFR) was calculated with the Cockcroft and Gault equation.17 For 
values below the limit of detection of cTnT, NT-pro-BNP, and CRP, the lower limit 
was used for statistical analysis. 

Histopathology atherothrombotic material
Immediately after aspiration, atherothrombotic material was fixed in 10% neutral 
buffered formalin and sent to the department of cardiovascular pathology where the 
material was embedded in paraffin, serially sectioned, cut, and mounted on glass 
slides at ≥ 6 levels. The sections were studied at low and high power magnification 
after Hematoxylin and Eosin and Elastic von Gieson staining. Details of the method 
for histopathological qualification and classification of aspirated material have been 
reported previously.3, 4, 6 In brief, fresh thrombus (< 1 day) was completely composed 
of layered patterns of fibrin and intact blood cells (platelets, erythrocytes, and granu-
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locytes). Older thrombus (> 1 day) was characterized by areas of colliquation necrosis 
and karyorrhexis of granulocytes or by ingrowth of smooth muscle cells and endothe-
lial cells, with or without depositions of young connective tissue and ingrowth of capil-
lary vessels, as shown in Figure 1. The histopathological analyses were performed by an 
experienced cardiovascular pathologist (AvdW) while blinded to the baseline character-
istics, admission serum levels of the biomarkers, and clinical outcomes.

Study population
The study population was selected from the cohort of consecutive STEMI patients 
treated with adjunctive thrombus aspiration during pPCI within 12 h after onset of 
symptoms at our institution between March 1, 2005 and January 1, 2011. For the 
current analysis, we included the patients for whom aspirated thrombus material could 
histopathologically be classified according to thrombus age and laboratory measure-
ments of one biomarker or more were available. For patients who underwent multiple 
pPCIs with thrombus aspiration during the study period, only the first intervention 
was included in the analysis. We excluded STEMI patients treated with pPCI for early 

Figure 1. Histological thrombus age classification.
A: fresh thrombus (< 1 day), characterized by layer 
buildup of fibrin and intact blood cells (platelet, 
erythrocytes and inflammatory cells.
B and C: older thrombus (> a day), characterized by 
homogenization of structural elements or colliqua-
tion necrosis and karyorrhexis of granulocytes(B) or 
by ingrowth of smooth muscle cells with or without 
deposition of young connective tissue or ingrowth of 
capillary vessels (C).
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stent thrombosis (< 30 days) (n = 23). In addition, patients with an overt inflamma-
tory condition or recent infection (e.g., acute or chronic systemic infection, autoim-
mune disease, or recent [< 1 month] surgical procedure) were excluded from the 
analyses for CRP (n = 55).

Follow-up and outcome 
Information about baseline characteristics, procedural characteristics, and angiographic 
characteristics was abstracted from the local electronic database. Patients were surveyed 
at 1 year after pPCI using a mailed questionnaire. The main outcome measure for the 
current analysis was all-cause mortality at 1-year. Information on vital status and time 
of death was obtained from the national population registry (Dutch Central Bureau of 
Statistics) and verified until May 1, 2011. 

Statistical analysis
Normally distributed, continuous variables are expressed as mean (± SD). Other 
continuous variables are given as median value with interquartile range. A comparison 
of continuous variables was done using the Student’s t test or the Mann-Whitney U 
analysis, as appropriate. Categorical variables are expressed as frequency with percent-
ages and were compared using Fischer’s Exact test. Follow-up was censored at May 
1, 2011 or at one year, whichever came first. In case of emigration, follow-up was 
censored at the date of moving abroad (n = 6). If a patient could not be identified in 
the national population registry, censoring was at the day of last contact (n = 4). Six 
patients without any clinical contact after hospital discharge were excluded from the 
survival analyses.
The association between the presence of older thrombus and 1-year mortality was 
investigated with the use of Cox regression models: univariate models of the presence 
of older thrombus and single biomarkers, a multivariate model including thrombus 
age and biomarkers, and a multivariate model including thrombus age and the 
biomarkers NT-pro-BNP, glucose, and eGFR. The final multivariate Cox proportional-
hazard model (multimarker model) constructed to assess the additional prognostic 
value of the presence of older thrombus included older thrombus, the biomarkers 
NT-pro-BNP, glucose and eGFR, and the established prognostic factors derived from 
the TIMI score (age, body weight [body mass index], history of diabetes and hyper-
tension, systolic blood pressure, heart rate, anterior STEMI and total ischemic time 
[symptom onset to arterial puncture]).18 The cutoff values of the serum biomarkers 
were based on the cutoff values recently described by Damman et al. in a large 
consecutive STEMI population from our institution.16 Furthermore, based on these 
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cutoff values they defined a multimarker risk score, which we used by constructing 
Kaplan-Meier cumulative event curves. Cumulative event rates were estimated with 
the Kaplan-Meier method and compared with the log-rank test. 
The incremental value for the presence of older thrombus in improving the risk classifi-
cation afforded by the model including multiple biomarkers and established prognostic 
factors was tested by calculating the respective c-statistics and further by estimating 
the categoryless net reclassification improvement (NRI) and integrated discrimination 
improvement (IDI).19, 20 To calculate the categoryless NRI, we combined the numbers 
of improved and worsened probabilities for patients who die within 1 year and patients 
who survive. Through the IDI, we directly compared the mean difference in probability 
between models with and without the presence of older thrombus. 
For all analyses, p Values of less than 0.05 from two-sided tests were considered to 
indicate statistical significance. Statistical analysis was performed with the Statistical 
Package for Social Sciences software (SPSS 16.0 for Windows, SPSS Inc, Chicago, IL). 
The authors of this manuscript have certified that they comply with the Principles of 
Ethical Publishing in the International Journal of Cardiology.21

Results
Population
From March 1, 2005 to January 1, 2011, 1,442 individual STEMI patients were 
treated with adjunctive use of thrombus aspiration during pPCI within 12 h after 
onset of symptoms. First, we excluded 23 patients with early stent thrombosis, and 
then excluded 555 patients in whom aspirated thrombotic material could not be classi-
fied according to thrombus age (no material or insufficient material) and an additional 
17 patients because of missing biomarkers. In the remaining patients, all biomarkers 
were available. The baseline characteristics of both the 870 included patients and the 
572 excluded patients are shown in Table 1. The mean age was 61 ± 13 years, and 
24% were women. Included patients were older, had a more-frequent history of PCI, 
and presented more often with pre-procedural thrombolysis in myocardial infarction 
graded 0-1 flow as compared with excluded patients. Angiographic variables were 
available in 491 patients. Multivessel disease was present in 25.7% of the included 
patients (37.2% of the excluded, P=0.01). Chronic total occlusions were present in 
8.4% of the included patients (9.6% of the excluded, P=0.65). With regard to the 
serum biomarkers, NT-pro-BNP was significantly lower in the included patients (116 
[50-367] versus 154 [62-541]; p < 0.0001). We identified the presence of only fresh (< 
1 day) thrombus in 545 patients (62.6%) and the presence of older thrombus  

Li proefschrift.indd   97 03-09-14   15:35



98

Chapter 6

Table 1. Baseline Characteristics of the Study Population and Excluded Patients

Data are presented as absolute n (%), mean ± SD, or median (interquartile range). Data available in * 
1186 patients, † 1358 patients, ‡1404 patients, § 1410 patients, || 1272 patients, ¶ 1327 patients, # 1402 
patients, ** 1307 patients, †† 1413 patients, ‡‡ 1402 patients.
TIMI = Thrombolysis In Myocardial Infarction; NT-pro-BNP = N-terminal pro-brain natriuretic peptide; 
eGFR = estimated glomerular filtration rate; CRP = C-reactive protein.

Li proefschrift.indd   98 03-09-14   15:35



99

Thrombus age, multiple biomarkers, and outcome in STEMI patients

Table 2. Serum Biomarkers Stratified by The Presence of Older Thrombus 

 Abbrevations as in Table 1.

Table 3. Univariable Associations Between the Presence of Older Thrombus, Serum Biomarkers 
and 1-year Mortality 

Data available in * 857 patients, † 862 patient, ‡ 844 patients, § 815 patients, || 848 patients.
CI = confidence interval. Other abbreviations as in table 1.
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(> 1 day) was identified in 325 patients (37.4%). The patients with fresh thrombus 
and older thrombus had comparable serum biomarker concentrations (Table 2). 
There was no difference in total ischemic time between old (3.4 hours) and fresh (3.3 
hours) thrombus (P=0.31).

Outcomes
A total of 60 patients died (7%) within 1 year. Table 3 shows the unadjusted hazard 
ratios for death of the presence of older thrombus and the biomarkers cTnT, glucose, 
NT-pro-BNP, eGFR, and CRP. The presence of older thrombus was identified as being 
associated with 1-year mortality, with a hazard ratio (HR) of 2.35 (95% confidence 
interval [CI], 1.40 to 3.94; p = 0.001). In addition, all 5 serum biomarkers were 
univariably related to 1-year mortality and death rates increased significantly with 
increasing levels.  
The multivariate analyses are shown in Table 4. After adjustment for serum 
biomarkers, the presence of older thrombus remained a significant predictor for 1-year 
mortality with a HR of 1.9 (95% CI, 1.08 to 3.32; p = 0.03). In addition, eGFR, a 
cTnT of 0.24 μg/l or more, and a glucose of 10 mmol/l or more were significantly 
associated with 1-year mortality. When adjusted for the established risk factors and 
the biomarkers glucose, NT-pro-BNP, and eGFR, the presence of older thrombus was 
still strongly associated with mortality at 1 year (HR, 2.81; 95%CI, 1.45 to 5.43; p = 
0.002). In addition, in this adjusted multimarker model, eGFR, glucose of 10 mmol/l 
or more, and NT-pro-BNP of 600 or more were associated with an increased mortality 
hazards of 3.14, 8.22, 2.94, and 3.12 respectively. Table 5 shows the incremental value 
of the presence of older thrombus to predict 1-year mortality. When the presence of 
older thrombus was added to the multimarker model including the established risk 
factors and the serum biomarkers glucose, NT-pro-BNP, and eGFR the c-statistics 
increased from 0.72 to 0.74. The presence of older thrombus significantly contributed 
to the categoryless NRI (p < 0.01). Further, Table 5 shows the IDI of adding the pres-
ence of older thrombus to the multimarker model, which was again significant (p = 0.04).
Unadjusted Kaplan-Meier survival curves for the low-, intermediate-, and high-risk 
patients, stratified by the presence of older thrombus, are illustrated in Figure 2. At 1 
year, the estimated event rate of death was 36.4% in the high-risk patients with older 
thrombus and 14.2% in high-risk patients without older thrombus, which was significantly 
different (p = 0.007). Both in the low- and intermediate-risk patients the risk of death 
was similar between the patients with and without older thrombus (p = 0.29 and p = 0.92).   
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Figure 2. Kaplan-Meier Mortality Curves for the risk groups, stratified by the presence of older thrombus.
Caption – High-risk group = multimarkerscore > 6; intermediate-risk group = multimarkerscore 5 or 6; 
and low-risk group = multimarkerscore ≤ 4. Fresh thrombus = thrombus age < 1 day; older thrombus = 
thrombus age > 1 day. Solid line = Older thrombus; striped line = Fresh thrombus. Shown are Kaplan-
Meier estimates.
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Discussion
We evaluated whether the addition of the presence of older thrombus provided in 
increased predictive power for 1-year mortality in STEMI patients treated with pPCI 
and thrombus aspiration when added to a model including established clinical risk 
factors and multiple biomarkers (glucose, NT-pro-BNP, and eGFR) would result. 
In our study population, the presence of older thrombus was a strong independent 
predictor of mortality after adjustments for serum biomarkers cTnT, glucose, NT-pro-
BNP, eGFR, CRP, and established clinical risk factors. Moreover, adding the presence 
of older thrombus age to either a model including established clinical risk factors and 
biomarkers or to a model including solely biomarkers resulted in significant increases 
in the discriminative value, as evidenced by the categoryless NRI and IDI.

The presence of older thrombus
Previously we have demonstrated that the presence of older thrombus is associated 
with increased long term mortality, independently of conventional clinical risk factors.6 
As demonstrated in Figure 2, our current data further show that the predictive value 
for 1-year mortality of the presence of older thrombus is independent of both clinical 
risk factor and the established biomarkers for cardiac mortality. The fact that differ-
ence in mortality occurs within the first weeks and sustains over time, could suggest 
that embolization of distal microvessels may play an important role in this early 
myocardial dysfunction. Indeed, it has been demonstrated that among patients with 
successful recanalization following myocardial infarction, inadequate perfusion could 
be observed in 25% of the cases despite a normal flow in the epicardial artery, mainly 
due to microvascular obstruction followed by small areas of  myocardial ischemia.21, 22 
Our results did not show any correlation between the presence of older thrombus and 
admission serum levels cardiac troponin, but it could be that troponin releases during 
previous (silent) ischemic episodes may have been too low to be detected. 
Alternatively, the presence of older thrombus may also contribute to myocardial 
dysfunction through platelet mediated pro-inflammatory activities. In animals models 
the pivotal role of platelets during reperfusion injuries as pro-inflammatory cells 
has been recognized, through interaction with inflammatory cells and the release of 
chemotactic factors.23, 24 Moreover, platelets are capable to produce various MMPs 
and modulate production of these proteinases from inflammatory cells, with potential 
detrimental effects on myocardium.25 
Recently, we identified neutrophil extracellular traps (NETs) in the thrombus mate-
rial of AMI patients, especially in the lytic stages of thrombus evolution. NETs are 
extracellular fibrils composed of DNA released from neutrophil granulocytes, known 
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to facilitate thrombus progression. Hypothetically, a high content of NETs in the 
thrombus material could indicate an increased thrombogenic state which may affect 
the clinical outcome of such patients.26

Pathophysiological mechanism
The explanation why the presence of older thrombus predicts mortality remains 
elusive. The association with increased mortality and the absence of cardiac troponin 
elevation suggests that the presence of older thrombus is not related to ischemic pre-
conditioning, as this would act in a protective manner. The presence of older thrombus 
was not related to infarct size, TIMI-flow grade post-procedure or the incidence of 
angiographic distal embolization. Yet it is conceivable that although angiographic 
distal embolization at the end of the procedure was similar, fresh thrombus and 
fragile platelet plugs could dissolve in the following hours, whereas pieces of organ-
ized thrombus dislodged by the aspiration catheter embolizing downstream blocks the 
distal vessels for a longer period of time, negatively affecting reperfusion at the tissue 
level. It is also possible that parts of organized thrombus propagate along the vessel, 
resulting in a larger thrombus burden after stenting, more residual thrombus and 
perhaps more plaque protrusion that are undetected with angiography. In addition, 
the organization of thrombus over time with secondary thrombotic vessel occlusion 
may be associated with disturbed vessel healing, impaired endothelial regeneration and 
increased platelet aggregability associated with poor prognosis.    

Risk stratification
Despite advances in the treatment of STEMI, subgroups of patients at high risk of 
cardiovascular ischemic events or death remain. The identification of these patients, 
by accurate risk assessment, may allow identification of patients that would benefit 
most of novel treatment strategies and adjuvant pharmacotherapy. Recently, the use 
of multi-biomarkers was shown to established risk stratification algorithms for death 
in ACS patients. Several studies demonstrated the incremental value of multiple 
biomarkers as risk predictors for death over established risk factors in STEMI 
patients.16, 22 In a previous study from our institution, Damman et al. showed that the 
combination of glucose, NT-pro-BNP, and eGFR gives additional prognostic informa-
tion on top of well-known conventional clinical risk factors for risk stratification of 
STEMI patients treated with pPCI. Moreover, a simple risk model incorporating only 
these three biomarkers was described for fast baseline risk assessment. 
In this study we showed that the addition of the presence of older thrombus to either 
model led to a substantial improvement in the discriminative value. This is evidenced 
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by statistically significant increases in categoryless NRI and IDI. However, although 
the presence of older thrombus provides additional discriminative value to the previ-
ously mentioned models, the availability of this marker is limited by time-consuming 
histopathological analysis. As shown by the cumulative mortality curves, a substantial 
number of patients die early after the index STEMI when histopathological results 
may not be available. 
The fact that the presence of older thrombus has incremental prognostic value over 
established risk factors and multiple biomarkers following STEMI suggest at least in 
part different pathophysiological pathways of prognosis. Postulated pathophysiological 
mechanisms responsible for the increased mortality associated with hyperglycemia 
are direct detrimental effects on ischemic myocardium, microvascular dysfunction, 
a prothrombotic state, increased inflammation, and an impaired myocardial glucose 
utilization.23 NT-pro-BNP is a biomarker of biomechanical stress and is determined 
by left ventricular function and extent of myocardial ischemia. Renal dysfunction, 
reflected by a creatinine clearance of less than 90 ml/min, may increase the risk of 
death by progressive renal decline and a high prevalence of coronary risk factors in 
patients with chronic kidney disease.15 However, the pathophysiological mechanism 
by which thrombus age affect prognosis in STEMI patients after pPCI remains more 
speculative. 

Clinical implications 
Our results emphasize the necessity for further research into imaging modalities for the 
detection of older thrombus age during pPCI, perhaps with optical coherence tomog-
raphy. It is conceivable that knowledge of the composition and age of the thrombus at 
the time of pPCI could help to identify patients at the highest risk for recurrent events, 
including mortality as shown in the current analysis. Strategies to enhance thrombus 
aspiration or devices tailored to remove less fragile thrombotic material may prove to 
be beneficial in such patients.

Limitations
First was the exclusion of 672 patients from our study in whom thrombus age could 
not be classified or because of missing biomarkers may have caused a selection bias. 
The study setting was a single-center referral center, which may have caused further 
selection of patients. Unfortunately, we had no information on the cause of death, 
because our analyses were restricted to information obtained from the Dutch national 
population registry. At the present time, detection of thrombus age requires histo-
pathological examination of aspirated material, because no methods exist to establish 
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thrombus age non-invasively or during pPCI. Therefore, the clinical consequences of 
our findings remain to be established.

Conclusions 
Our data demonstrate that the presence of older thrombus provides complementary 
and independent information to a multimarker model including established clinical 
risk factors and multiple biomarkers for predicting 1-year mortality in STEMI patients 
treated with pPCI and thrombus aspiration. 
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