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      Abstract


      Background


      We investigated the prognostic value of pre-procedural Thrombolysis in Myocardial Infarction (TIMI) flow for major adverse cardiac events (MACE) and cardiovascular death (CVD) using Korean registry data in ST-elevation myocardial infarction patients underwent primary percutaneous coronary intervention.


      Methods


      Between October of 2005 and May of 2013, a total of 16,843 patients were registered. Of these, 8,428 patients (mean age 62.8 years) were enrolled. Depending on pre-procedural TIMI flow, we divided into 2 groups by TIMI flow 0-2 vs. 3.


      Results


      During follow-up (median 350 days), 938 (11.1%) of MACE and 488 (5.8%) CVD occurred. Pre-procedural TIMI 3 flow group showed high event rates in ≤ 30 day MACE (3.5% vs. 5.9% p = 0.001), ≤ 30 day CVD (2.4% vs. 4.8%, p = 0.001), 1-year MACE (9.4% vs. 11.4% p = 0.047) and 1-year CVD (3.8% vs. 6.1% p = 0.002). In the multivariate Cox regression analysis, pre-procedural TIMI 0-2 flow was not an independent predictor of ≤ 30 day MACE, ≤ 30 CVD, 1-year MACE, and 1-year CVD.


      Conclusion


      The pre-procedural TIMI 0-2 flow is not independent predictor of ≤ 30 day MACE and ≤ 30 day CVD, 1-year MACE, and 1-year CVD.
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      Introduction


      In patients with acute myocardial infarction (MI), it would be mandatory to rapidly perform reperfusion therapy for coronary artery involved in MI. This is an essential procedure to reduce the occurrence of myocardial injury and to lower the mortality, which is also effective in protecting cardiac muscles, preserving the left ventricular function and improving a clinical prognosis [1]. Recent studies have shown that primary coronary intervention (PCI) is effective in reducing the mortality, recurrent myocardial infarction and complications of stroke as compared with the thrombolytic therapy. The former has been performed more frequently than the latter [2].


      According to the conventional Thrombolysis in Myocardial Infarction (TIMI) flow grading system, the degree of pre- or post-procedural perfusion on coronary angiography is classified as grade 0-3. To date, multiple studies have been conducted to examine the relationship between TIMI flow grading system and clinical outcomes. These showed that pre- or post-procedural TIMI flow are key prognostic factors in patients with ST-segment elevation MI (STEMI). Moreover, it has also been shown that TIMI flow grade 3 is evidence demonstrating successful treatment outcomes of reperfusion therapy [3-8].


      Given the above background, we conducted this study to examine the prognostic value of pre-procedural TIMI flow for ≤ 30 days mortality, 1-year mortality and major adverse cardiac events (MACEs) using the Korea Acute Myocardial Infarction Registry (KAMIR) and the Korean Registry of Myocardial Infarction (KorMI) data in patients with STEMI.


      Subjects and Methods


      Study population


      The KAMIR and the KorMI, are Korean prospective, open, observational, multicenter on-line registry designed to reflect the "real-world" practice for Asian patients presenting with acute MI. Both these registries were supported by the Korean Working Group of Acute Myocardial Infarction. The aims and protocols of the registries have been published elsewhere [9, 10]. The data from the KAMIR and KorMI were merged to maximize statistical power. The KAMIR and the KorMI are investigating the risk factors of mortality in AMI and establishing the universal management for the prevention of AMI with support of Korean Circulation Society since Nov 2005. The 41 participating hospitals are capable of primary percutaneous coronary intervention (PCI). This study included age, sex, body mass index, initial symptom, vital sign, Killip class, symptom, onset time, ambulance arrival time, first medical contact time, transfer time from first hospital to the primary PCI centers, door to needle time, door to balloon time, each risk factors, past regular medication, co-morbidities, electrocardiographic locations of MI, initial treatment strategy, drugs, angiographic findings, in-hospital complication, medical therapy in hospital and 1, 6, 12 month follow-up major adverse cardiac event (cardiac death, reinfarction, re-PCI, coronary artery bypass graft) and so on. Data are collected by the attending physician and trained clinical research coordinators though a web-based case report form in the clinical data management system [11]. In these study, the data from patients diagnosed with STEMI were extracted from the database (Figure 1).


      
        Figure 1: The study flow chart of the patients: We analyzed a total of 16,843 patients who were registered with the KAMIR and KorMI. Patient with STEMI (< 12 hr) who didn't receiving primary PCI were excluded. Patients with missing outcome data or no TIMI flow data were also excluded. Finally, Patients divided two group according to the pre-procedural TIMI flow: Pre-procedural TIMI flow 0-2 group (n = 7,309) and pre-procedural TIMI flow 3 group (n = 1,119).

        AMI: Acute Myocardial Infarction; KAMlR: Korea Acute Myocardial Infarction Registry; KorMI: Korean Registry of Myocardial Infarction; STEMI: ST Elevation Myocardial Infarction; PCI: Percutaneous Coronary Intervention; TIMI: Thrombolysis in Myocardial Infarction. View Figure 1

      


      A total of 16,843 patients were registered with the KAMIR and KorMI Between October of 2005 and May of 2013. Inclusion criteria for the current study are as follows:


      1. The patients with STEMI.


      2. The patients who underwent coronary angiography and primary PCI within 12 hours of the onset of symptoms.


      Patient with STEMI (< 12 hr) who didn't receive primary PCI were excluded. Patients with missing outcome data or no TIMI flow data were also excluded. Finally, Patients divided two groups according to the pre-procedural TIMI flow: Pre-procedural TIMI flow 0-2 group (n = 7,309) and pre-procedural TIMI flow 3 group (n = 1,119).


      The current study was approved by the Institutional Review Board (IRB) of our medical institution. Informed consent was waived due to the retrospective nature of the current study. The present study was conducted according to the ethical guidelines of the 1975 Declaration of Helsinki as reflected in a prior approval by the institution's human research committee.


      Patient assessment


      Depending on pre-procedural TIMI flow, we divided our clinical series of patients into the two groups: The TIMI 0-2 group and the TIMI 3 group. Then, we compared 1-month MACE, 1-year MACE and 1-month cardiovascular death (CVD) 1-year CVD between the two groups. MACE was defined as the death of any cause, the recurrence of MI, target lesion revascularization (TLR), target vessel re-vascularization (TVR), CABG (coronary artery bypass grafting).


      Classification of coronary angiography findings


      Coronary angiography findings were graded based on the ACC/AHA (American College of Cardiology/American Heart Association) classification system [12]. This is also associated with the complexity of the lesions. Blood flow on coronary angiography was evaluated based on the TIMI flow [13]. TIMI flow 0,1,2,3 are defined as follows:


      1. TIMI flow grade 0: No contrast flow.


      2. TIMI flow grade 1: Small amount of flow but incomplete opacification of distal vessel.


      3. TIMI flow grade 2: Slowed distal filling but full opacification of distal vessel.


      4. TIMI flow grade 3: Prompt anterograde flow and rapid clearing.


      Statistical analysis


      Continuous variables were expressed as mean ± SD (SD: standard deviation) or the median and interquartile range, and they were compared using the independent t test or Mann-Whitney U test between the two groups. Categorical variables were compared with Pearson's Chi-square or Fisher's exact tests between the two groups. Cox regression analysis was performed to identify independent predictors of 1-year MACE and CVD and ≤ 30 days MACE and ≤ 30 days CVD. Event-free survival curves for MACE were plotted according to the Kaplan-Meier method, and statistical differences were tested using the log-rank test. All tests were two-sided, and a p-value of < 0.05 was considered statistically significant. Statistical analysis was done using the SPSS version 18.0 (SPSS, Inc., Chicago, IL).


      Results


      Baseline and clinical characteristics


      A total of 8,428 patients were enrolled in the current study. The mean age of the patients was 62.8 ± 13.5 years old. The proportion of the female patients was 25.3%. Clinical characteristics depending on the pre-procedural TIMI flow of coronary artery were summarized in (Table 1).


      
        Table 1: Baseline characteristics according to the TIMI flow. View Table 1

      


      Clinical characteristics were not significantly different between pre-procedural TIMI 0-2 group and pre-procedural TIMI 3 group. In the laboratory and hemodynamic data, pre-procedural TIMI 0-2 group was shown elevated CK-MB level, higher Killip class, and more decreased left ventricular ejection fraction (LVEF) compared with pre-procedural TIMI 3 group. In the medication data, uses of antiplatelet agent, beta-blocker, angiotensin receptor blocker (ARB) and angiotensin converting enzyme inhibitor (ACEi) at admission were also tended to be lower in pre-procedural TIMI flow 0-2 group when compared with pre-procedural TIMI 3 group.


      Coronary angiographic findings


      Of the 8,428 patients, 7,309 (86.7%) patients showed pre-procedural TIMI flow 0-2 and 658 (7.8%) patients showed post-procedural TIMI flow 0-2. From an aspect of the pre-procedural TIMI flow, culprit lesion and multi-vessel disease were not different in both groups, but type B2/C lesions were more often in the pre-procedural TIMI 0-2 group (Table 2).


      
        Table 2: Coronary angiographic characteristics according to the TIMI flow. View Table 2

      


      Correlations between clinical outcomes and the pre-procedural TIMI flow


      We compared clinical outcomes depending on the pre-procedural TIMI flow. Median clinical follow-up was 350 days (interquartile range [IQR], 113-385). During clinical follow-up, a total of 938 (11.1%) MACE occurred, including 488 (5.8%) CVD. There were higher event rates in ≤ 30 day MACE, ≤ 30 day CVD, 1-year MACE, 1-year all-cause death, 1-year CVD in pre-procedural TIMI 0-2 group compared with pre-procedural TIMI 3 group. Following comparisons based on the pre-procedural TIMI flow in the patients who excluded ≤ 30 day MACE and ≤ 30 day CVD, however, the incidence of MACE and CVD were not different between the pre-procedural TIMI 0-2 group and the pre-procedural TIMI 3 group (Table 3).


      
        Table 3: Comparison of various clinical outcomes according to the pre-procedural TIMI flow. View Table 3

      


      The Kaplan-Meier survival curve for ≤ 30 day CVD showed significant increase of CVD events in pre-procedural TIMI flow 0-2 group compared to pre-procedural TIMI flow 3. However, the CVD after 30 days was not different according to pre-procedural TIMI flow grade (0-2 vs. 3) (Figure 2).


      
        Figure 2: The Kaplan-Meier survival curve for CVD according to pre-procedural TIMI flow. Kaplan-Meier survival curve for CVD between pre-procedural TIMI flow 0-2 vs. 3. There were significant differences in CVD events between pre-procedural TIMI flow grades (0-2 vs. 3) during ≤ 30 days. However, the CVD after 30 days was not different between pre-procedural TIMI flow grades (0-2 vs. 3). View Figure 2

      


      We analyzed that the pre-procedural TIMI 0-2 flow could predict clinical outcomes in STEMI patients underwent primary PCI using Cox regression analysis. In univariate Cox regression analysis, pre-procedural TIMI flow 0-2 flow was predictor for ≤ 30 day MACE, ≤ 30 day CVD, 1-year all-cause death and 1-year CVD, but it was not independent predictor in multivariate analysis (Table 4).


      
        Table 4: Unadjusted and adjusted hazard ratio for pre-procedural TIMI 0-2 flow vs. pre-procedural TIMI 3 flow. View Table 4

      


      We also evaluated the clinical outcomes by dividing the pre-procedural TIMI flow 0-1 vs. 2 vs. 3 in supplement tables. However, the results also did not show improved clinical outcomes in pre-procedural TIMI 3 group compared with TIMI 0-1 group (Supplement Table 1, Supplement Table 2, Supplement Table 3 and Supplement Table 4).


      Discussion


      Our results showed that the pre-procedural TIMI 0-2 flow was not important predictors of ≤ 30 day MACE, ≤ 30 day CVD, 1-year MACE, 1-year CVD in STEMI patients who underwent primary PCI.


      According to previous studies, prompt reperfusion of coronary artery involved in the MI was effective in reducing the occurrence of MI as well as the mortality in patients with STEMI. It has also been reported that both pre- and post-procedural TIMI flow are a key prognostic indicator [14-16].


      Stone, et al. [3] showed that the pre-procedural TIMI flow 3 was an independent determinant of good prognosis in STEMI patients. Brodie, et al. [7] conducted a study to examine the relationship between pre-procedural TIMI flow and clinical outcomes in patients with acute MI, thus reporting that the degree of pre-procedural reperfusion is a key prognostic indicator. According to this study, the 1-month mortality was significantly lower in the pre-procedural TIMI 2 or 3 flow group as compared with the TIMI 0 or 1 flow group. Giuseppe, et al. [6] also reported that there was a significant correlation between pre-procedural TIMI flow and the mortality in patients with acute MI. These authors classified patients into a high-risk group of patients (TIMI risk score ≥ 4) and a low-risk group of patients depending on the age, Killip class, reperfused MI, the time to the procedure and pre-existing cardiovascular risk factors, thus reporting that TIMI 3 flow in a high-risk group of patients is an independent prognostic factor associated with the 1-year mortality.


      Even though poor pre-procedural TIMI flow showed significant correlation to the mortality in these studies, our data showed that pre-procedural TIMI flow 0-2 was not significantly correlated with adverse clinical outcomes in all comer registry. These differences might be presumed due to several causes such as improvements in adjunctive pharmacological therapies, and advances in intervention techniques during and after PCI. Stone, et al. [3] reported that the pre-procedural TIMI flow 3 was highly associated with good prognosis in STEMI patients, but rates of glycoprotein IIb/IIIa inhibitors use were about 2.8% and 3.9% in both TIMI 0-2 and TIMI 3 groups, respectively. And the roughly estimated door to balloon time was more than 100 minutes in mean value. Unlike this study, we use the glycoprotein IIb/IIIa inhibitors about 19.3% in all patients (20.1% in pre-procedural TIMI 0-2 group and 14.0% in pre-procedural TIMI 3 group); median door to balloon time was 76 min. In Intracoronary Abciximab and Aspiration Thrombectomy in Patients With Large Anterior Myocardial Infarction (INFUSE-AMI) trial, an intracoronary bolus of the glycoprotein IIb/IIIa inhibitor abciximab was effective in reduction in 30-day infarct size [16]. Hachinohe, et al. [17] also reported that use of glycoprotein IIb/IIIa inhibitor with thrombus aspiration has a synergistic effect on clinical outcomes. These results implies that reduced embolization by use of glycoprotein IIb/IIIa inhibitor could result in improved myocardial perfusion and better clinical outcomes.


      As shown in the previous paragraph, Giuseppe, et al. [6] reported pre-procedural TIMI ﬂow grade 3 is an independent predictor of one-year survival, but they only used statins, ACE inhibitors, ticlopidine or clopidogrel to about 47%, 52%, 28% of enrolled patients. On the other hand, we prescribed statins, ARB/ACEi, and clopidogrel to 79.6%, 81.3%, and 98.2% of enrolled patients, respectively. Even though it is not possible to compare these differences directly, but it is clear that more statin, ARB/ACEi, and clopidogrel were used in the patients registered in our study. Ndrepepa, et al. [18], analyzed the association of clinical outcome depending on the final TIMI flow and pre-procedural TIMI flow in patients with acute coronary syndrome, baseline TIMI flow grade is not an independent predictor of 30-day mortality and 1-year mortality. This study was similar to our data, but performed in patients with acute coronary syndrome including non-ST-segment elevation acute myocardial infarction, unstable angina and divided pre-procedural TIMI flow 0 to 1 vs. 2 vs. 3.


      Limitations


      The current study was conducted in the patients with MI registered with the KAMIR and KorMI. But we excluded a considerable number of patients whose TIMI flow data were unavailable. TIMI flow, an indicator of the reperfusion on coronary angiography, is a subjective one based on gross examination. Information of thrombus burden was not reported in our registry. There were significant differences in baseline clinical characteristics between the two groups.


      Conclusions


      In conclusion, although pre-procedural TIMI flow 0-2 increased in the incidence of ≤ 30 day MACE, ≤ 30 day CVD, 1-year MACE and 1-year CVD in patients with STEMI underwent primary PCI, there were no significances in multivariate analysis. Effort to get post-procedural TIMI flow grade 3 regardless of the pre-procedural TIMI flow should be needed.
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