
Address for correspondence: Dr. Meral Kayıkçıoğlu, Ege Üniversitesi Tıp Fakültesi,
Kardiyoloji Anabilim Dalı, Bornova 35100 İzmir-Türkiye

Phone: +90 532 412 34 89  E-mail: meral.kayikcioglu@gmail.com
Accepted Date: 25.11.2019  Available Online Date: 13.02.2020

©Copyright 2020 by Turkish Society of Cardiology - Available online at www.anatoljcardiol.com
DOI:10.14744/AnatolJCardiol.2019.57522

Original Investigation 169

 Mustafa Kemal Erol,  Meral Kayıkçıoğlu1,  Mustafa Kılıçkap2

Department of Cardiology, Şişli International Kolan Hospital; İstanbul-Turkey
1Department of Cardiology, Faculty of Medicine, Ege University; İzmir-Turkey

2Department of Cardiology, Faculty of Medicine, Ankara University; Ankara-Turkey

Rationale and design of the Turkish acute myocardial infarction 
registry: The TURKMI Study

Introduction

As death occurs in one half of cases within few hours fol-
lowing the symptoms onset, mortality can only be minimized 
with rapid diagnosing and treatment of acute myocardial infarc-
tion (MI) (1-4). Current treatment guidelines emphasize the im-
portance of blood flow restoration to the jeopardized myocar-
dium as early as possible with subsequent effective prevention 
measures and attainment of treatment goals (5, 6). However, 
the implementation of the recommended guidelines is not easy. 
Many countries have created national/international MI or acute 
coronary syndrome registries to identify the extent to which the 
guideline recommendations have been implemented in clinical 
practice (4, 7, 8).

In general, registries are helpful in collecting data rapidly 
and efficiently (9). They allow an analysis of a specific disease 
under real-life conditions. Moreover, registries may also provide 
a perspective of the acute MI management at a country level 
and also may allow a comparison of the results with larger refer-
ence populations that may lead to an improvement in the quality 
and consistency of practice (10). Indeed, many countries have 
revised their national health policies according to the problems 
encountered in their national MI registries. Furthermore, by re-
peating their national acute MI database registrations every 2 or 
5 years, many countries may have an opportunity to continuously 
revise their health policies to capture the updated standards.

In Turkey, such a nationwide acute MI registry is currently 
unavailable. The only national acute MI study (TUMAR) (11) re-
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flecting the country's population distribution was conducted 
in 1998/1999 when the acute coronary interventions were not 
widely available. Moreover, treatment guidelines and treatment 
modalities all have been improved since that time with more ag-
gressive targets. To fill this gap, a nationwide registry, TURKMI, 
will be conducted to provide an insight into the real-life manage-
ment of patients with acute MI in cardiology centers in Turkey.

Methods

TURKMI (clinicaltrials.gov NCT04241770) is designed as a na-
tional, multicentric, observational study, and it has two parts. The 
first (and the main) part has a cross-sectional study design and 
is planned to assess the primary objective of how patients with 
acute MI are currently managed in Turkey, and to obtain their 
clinical characteristics. Also, determining of differences and dis-
parities in the presentation, management, and outcomes of acute 
MI by age and gender was planned as a part of primary endpoint. 
The second part of the TURKMI study has a cohort design, and it 
includes the follow-up of at least 2 years to assess the risk and 
predictors of cardiovascular (CV) events as secondary endpoints.

Study protocol has been reviewed and approved by the 
Ethics Committee of University of Health Sciences, İstanbul 
Meh-met Akif Ersoy Thoracic and Cardiovascular Surgery 
Training and Research Hospital (No: 2018-46; Date: 09.10.2018). 
Written informed consent will be obtained from all participants.

Study population
The screened population will consist of all consecutive pa-

tients presenting with suspected acute MI in the participating 
hospitals. Men and women aged ≥18 years will be enrolled if 
they fulfil the following inclusion criteria: 1) being hospitalized 
within 48 hours from the onset of symptoms of the index event; 
2) had a final (discharge) diagnosis of acute MI [either ST el-
evation MI (STEMI) or non ST elevation (NSTEMI)] with positive 
troponin levels, and 3) signed informed consent. Patients unwill-
ing or unable to consent will be excluded. To facilitate consecu-
tive enrolment, all patients hospitalized at each participating site 
with acute MI will be recruited consecutively during the same 2 
consecutive weeks (15 days).

The diagnosis of MI will be made when the level of troponin 
is elevated and at least one of the following criteria are pres-
ent (12): symptoms compatible with myocardial ischemia, new 
or presumed new significant ST-T wave changes or left bundle 
branch block (LBBB) detected on 12-lead ECG, or a new patho-
logical q-wave on ECG (12). A ST elevation consistent with MI 
will be defined as a new ST elevation at the J point in at least two 
contiguous leads with the cut-off value of ≥0.1 mV in all leads 
except V2 and V3 where the cut-off values were ≥0.2 mV in men 
≥40 years; ≥0.25 mV in men <40 years, or ≥0.15 mV in women (12). 
In patients who meet the MI criteria, STEMI will be diagnosed 
if the ST elevation criteria or a new or presumed new LBBB is 
present; otherwise NSTEMI will be diagnosed. Posterior STEMI 

will be diagnosed if the ST depression in leads V1-V3 is accom-
panied by the ST elevation in inferior and/or lateral leads, or a 
total or near total lesion is found in the right coronary artery or 
circumflex artery in patients who undergo coronary angiography.

All enrolled patients will undergo routine clinical assessments 
and receive the standard medical care, currently performed in 
routine clinical practice. Drug prescription and indications to 
perform diagnostic/therapeutic procedures will be left to partici-
pating cardiologists’ decision. As an observational protocol, pa-
tients will not receive any experimental intervention or treatment 
as a consequence of their participation in the study. Patients will 
not receive additional visits other than a routine follow-up.

Sampling and selection of the centers
Based on the European Union nomenclature of territorial units 

for statistics classification (EuroStat NUTS), Turkey has 12 regions 
(13). The number of people aged ≥18 years living in each region 
was obtained from the 2018 report of the Turkish Statistical Insti-
tute (www.turkstat.gov.tr). Sampling weights were calculated pro-
portionally to the population of each EuroStat NUTS region. Fifty 
centers were planned to be included in the study, and these cen-
ters were selected from the regions according to their sampling 
weight (Fig. 1). In each region, percutaneous coronary interven-
tion (PCI)-capable hospitals were selected. In this selection, the 
patient load (i.e., the representativeness) was given the priority.

This study was planned primarily for descriptive purposes, 
namely patients’ characteristics, their clinical properties, man-
agement from the symptom onset to hospital discharge, and out-
come. Therefore, instead of calculating the number of patients 
required, we a priori planned to include 50 centers due to bud-
get restrictions, and then distributed them proportionally to the 
population of each region.

Before the enrollment, all centers attended to 2 investiga-
tors meeting, conducted to educate the attendees and raise the 
awareness on the study protocol including inclusion criteria, 
study procedures, and especially an importance of enrollment 
of all consecutive patients for the given 15 days. In case of an 
increased enrolling rate of all consecutive patients, centers and 
enrollments will be followed on a daily basis, and centers not 
enrolling will be warned and/or motivated for proper enrollment 
via a social media communication platform (WhatsApp Group) 
continually. Moreover, no extra investigational laboratory mea-
surement or procedure will be conducted other than the routine 
care of acute coronary syndromes.

Definitions and outcomes
Diabetes mellitus is defined as the fasting plasma glucose 

level of ≥126 mg/dL, a history of diabetes diagnosis/treatment, or 
glycated hemoglobin (HbA1c) ≥6.5% where available.

Hypertension is defined as the presence of resting systolic 
blood pressure ≥140 mm Hg, or diastolic blood pressure ≥90 mm 
Hg on at least two occasions, or a history hypertension diagno-
sis/treatment.



Erol et al.
TURKMI Study

Anatol J Cardiol 2020; 23: 169-75
DOI:10.14744/AnatolJCardiol.2019.57522 171

Hypercholesterolemia is defined as fasting total cholesterol 
≥200 mg/dL or LDL cholesterol ≥130 mg/dL or treatment with 
any lipid-lowering drug, without other underlying conditions 
that increase cholesterol, such as hypothyroidism or pregnancy. 
Dyslipidemia is defined as total cholesterol ≥200 mg/dL (or LDL 
cholesterol ≥130 mg/dL), and/or serum triglycerides ≥150 mg/
dL, and/or HDL cholesterol <40 mg/dL in men or <50 mg/dL in 
women, or diagnosis/treatment of dyslipidemia.

Atrial fibrillation is defined if irregular RR intervals without 
distinct P waves on ECG, or similar rhythm lasting >30 seconds 
on Holter records, or a history of atrial fibrillation are present.

Chronic kidney disease is defined as an estimated glomeru-
lar filtration rate of <60 mL/min/1.73.

Peripheral arterial disease is defined as prior peripheral ar-
terial revascularization, or a previous diagnosis of peripheral ar-
tery disease, or limb claudication along with consistent physical 
examination findings, or ultrasonographic or angiographic find-
ings of severe arterial disease of peripheral arteries including 
carotid arteries.

A family history of premature CAD was defined as a history of 
MI, PCI, or coronary bypass surgery in any first-degree relatives 
aged <55 for males and <65 years for females.

Following assessments will be made during the follow-up:
1. Death (CV or other reasons), non-fatal MI, stroke, coronary 

or peripheral revascularization, emergency department visit 
due to chest pain or dyspnea; hospitalization for heart failure 
will be assessed at the 1st month and then every 6 months 
until the 2nd year.
The cause of death will be classified as CV, non-CV, or un-

determined cause. The classification will be based on a hierar-
chy depending on the accessibility: In the first step, the cause of 

death will be based on the decision of the cardiologists who are 
taking care of the patients if death occurred during the index 
admission or at any admission to the cardiology department. In 
case of problems regarding other organ systems, a shared de-
cision with the cardiologist and their colleagues (neurologist, 
neurosurgeon, pulmonologist, etc.) will be used. If a consensus 
cannot be reached, the data will be assessed by a steering com-
mittee. In the second step, the reason of death will be based on 
hospital records if the physicians cannot be reached. In the third 
step, the cause of death will be determined using the national 
death record system if the above steps cannot be accessed. 
2. Risk factors will be assessed at each visit to estimate wheth-

er modifiable risk factors reach the target levels provided by 
the current European Society of Cardiology (ESC) guidelines.

Baseline and follow-up data
Investigators will collect the data and complete electronic 

case report forms (CRFs) for each patient. The steering com-
mittee developed the initial CRF, which was subsequently final-
ized for the field use after pilot testing in five of the participat-
ing centers. Table 1 summarizes the variables to be collected at 
baseline and at each visit. The baseline information will include 
patient demographic characteristics, medical history, presenting 
symptoms, clinical characteristics, duration of prehospital delay 
at each step from the time of onset of acute symptoms to ob-
taining medical care, electrocardiographic findings, use of car-
diac medications, and previous interventional procedures. Each 
patient’s hospital course will be recorded to ascertain medical 
or interventional treatments, as well as in-hospital cardiac and 
extra cardiac outcomes during the index admission. All medi-
cations including doses used before (on admission), in-hospital 

Figure 1. Involved centers across the EuroStat NUTS region

n=1930
# of centres: 50
# of provinces: 34
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Table 1. Data planned to be collected in the TURKMI registry

  Demographics Medical ECG Current status including Laboratory

   background parameters lab, treatment etc. evaluation

Baseline • Date of visit • Patient history • LBBB, RBBB • Presenting symptom • Troponin
  • Date of birth    (CV comorbidities,  • Rhythm • Date of hospitalization • Peak troponin
  • Gender    cardiac operations/ • AV block • Emergency call • FBG, HbA1c
  • Literacy    procedures) • ST-segment • Smoking status • Lipids (LDL, HDL, TG)
  • Occupation • Concomitant diseases    elevation • Time-to-onset of symptoms • Liver enzymes,
  • Marital status • CV risk factors • ST-segment • Diagnosis of hospitalization • TSH
        • Hypertension    depression • Coronary angiography • WBC
        • Hyperlipidemia • T-wave inversion • Primary PCI • Hemoglobin
        • Diabetes mellitus  • Elective PCI • Hematocrit
        • Obesity  • CABG • Platelet count
        • Smoking  • IABP • Creatinine
        • Menopause  • Pacemaker/ICD
        • Menstruation details  • ECMO
        • Alcohol abuse  • Ventilator
        • Stress
        • Intermittent claudication
        • Oral contraceptive use
        • Family history of CVD
        • Family history of
          premature CVD
  Physical Echocardiography Reperfusion Medical Treatment In-Hospital Outcomes

  Examination parameters Treatment

  • Waist circumference   • On admission all doses • Total mortality
  • Height/weight   • In hospital medication • CV mortality
  • Blood pressure   • Discharge treatment • Non-cardiac mortality
  • Heart rate    • Adverse events

Visit 1 • Physical  • ECG findings • Treatment Laboratory evaluation
(1st month)    examination   • Adverse Events      • LDL
  • Blood pressure   • CV and non-CV outcomes      • TG
           • HDL 
           • FBG, HbA1c

Visit 2 • Physical • Echocardiography • ECG findings • Treatment Laboratory evaluation
(6th month)    examination parameters  • Adverse events      • LDL
  • Blood pressure   • CV and non-CV outcomes      • TG
           • HDL
           • FBG, HbA1c

Visit 3 • Physical • Echocardiography • ECG findings • Treatment Laboratory evaluation
(12th month)    examination    parameters  • Adverse events      • LDL
  • Blood pressure   • CV and non-CV outcomes      • TG
           • HDL
           • FBG, HbA1c

Visit 4 • Physical • Echocardiography • ECG findings • Treatment Laboratory evaluation
(24th month)    examination    parameters  • Adverse events      • LDL
  • Blood pressure   • CV and non-CV outcomes      • TG
           • HDL
           • FBG, HbA1c

CVD - cardiovascular disease; LDL - low-density lipoprotein; HDL - high-density lipoprotein; TSH - thyroid-stimulating hormone: FBG- fasting blood glucose; TG- triglyceride; 
WBC - white blood cell; LBBB - left bundle branch block; RBBB - right bundle branch block; PCI - percutaneous coronary intervention; CABG - coronary artery bypass graft; 
IABP - Intra-aortic balloon pump; ICD - implantable cardioverter-defibrillator; ECMO - extra-corporeal membrane oxygenation
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and at discharge will be recorded. All available laboratory values 
including the lipid profile, fasting blood sugar, creatinine, white 
blood cell count, hemoglobin, hematocrit, platelet count, triglyc-
eride, HbA1c, thyroid-stimulating hormone, and troponin will also 
be recorded. ECG, echocardiography, and coronary angiography 
results will be recorded and uploaded to the electronic data cap-
ture program.

Follow-up outcome measures are planned to be collected at 
the 1st, 6th, 12th, and 24th month. Data collection for the follow-up 
will be conducted and retrieved via electronic medical record 
system. If medical records cannot be reached, then data will be 
collected by phone calls. In cases lost to follow-up, patient out-
comes will be retrieved via the national death record system. 
At each follow-up visit, information on the current health sta-
tus, comorbidities, medication regimens, smoking status, alcohol 
consumption, and any interim cardiac and non-cardiac events 
will be recorded (Table 1).

Data management
The study data will be uploaded and managed in the Open-

Clinica (OpenClinica LLC and collaborators, Waltham, MA, USA) 
hosted by Omega CRO, Ankara, Turkey. OpenClinica is an en-
crypted, secure, open-source software platform for electronic 
data capture and clinical data management. Direct remote data 
entry will be performed by the study centers. The investigators 
in the study centers will receive training on the use of the mo-
bile devices and the data collection process at the beginning of 
the study. Data will be extracted from the OpenClinica system 
into the Excel spreadsheets. These spreadsheets will then be 
compared for missing data, mismatched data or misrepresented 
data. If there are any discrepancies, a Query Discrepancy Note 
will be created about an item that seems incomplete or incor-
rect and sent to the study centers. Study centers will review that 
note and respond with information to resolve the query. Using 
this high-quality data collection system, which is associated 
with the digital platform, is beneficial in limiting the occurrence 
of data errors, which limits the number of data queries that may 
be raised after the study completion.

Statistical analysis
Categorical variables will be presented as the number and 

percentage, and compared using the chi-squared test, Fisher’s 
exact test, or the Mantel–Haenszel test between the indepen-
dent groups such as gender and risk categories. Graphical 
methods (such as histogram and probability plots) and ana-
lytical method (Komogrov–Smirnov test) will be used to assess 
whether continuous variables have a normal distribution. These 
variables were given as the mean±standard deviation or median 
and interquartile range, depending on whether they have normal 
distribution or not, and compared using an independent t-test or 
the Mann–Whitney U test. Repeated measures analysis of vari-
ance or the Friedman test will be used to assess the differences 
between the measurements taken at different time periods for 

continuous variables that have normal or non-normal distribu-
tion, respectively, logistic regression was planned to be used 
in assessing the risk factors for in-hospital cardiovascular out-
comes. The Kaplan–Meier and Cox regression analyses will be 
used for the time-to-event data analysis at the 1-year and 2-year 
follow-up. Missing values at the follow-up will be assessed in 
terms of the reason for missing, and if appropriate, they will be 
entered using a multiple imputation by a chained equation pro-
cedure, in which regression methods will be selected based on 
the type of the dependent variable. Analyses will be performed 
on the SPSS 18.0 for Windows and STATA, and a p-value of <0.05 
will be considered significant.

Discussion

The management of acute MI has been rapidly evolved dur-
ing the past decades (14, 15). Practice guidelines have also 
improved with more aggressive targets based on the results 
of randomized controlled trials. Moreover, adherence to these 
guidelines is associated with an improvement of care and a 
significant reduction of adverse clinical outcomes including MI 
mortality. However, in real life, there are significant gaps be-
tween the recommendations by guidelines and their implemen-
tation into clinical practice (15). Registries are the easiest way of 
addressing the efficacy of MI management in terms of revising 
the national health policies in real-life settings (9).

TURKMI is planned as a snapshot registry to enroll consecu-
tive patients with acute MI to evaluate the burden and variation 
of MI care and outcomes with regard to adherence to current 
practice guidelines in Turkey. Its results will provide insights to 
epidemiology, variation in treatment practice patterns, and in-
hospital, post-discharge and 2-year follow-up outcomes of pa-
tients with acute MI. It is also expected to give a global picture of 
how patients with STEMI and NSTEMI are currently managed in 
Turkey. Moreover, TURKMI findings will identify areas requiring 
further educational efforts and improved patient care.

For comparison with the previous nationwide acute coro-
nary syndrome registries conducted in Turkey [the TUMAR study 
and Turkey arm of the EPICOR study (11, 16)], TUMAR study has 
enrolled a total of 3358 patients diagnosed with acute MI who 
were hospitalized in coronary intensive care units in the last 24 
hours within 24 h of symptom onset in 1998 and 1999. TUMAR 
covered 52 centers from 23 provinces for a period of 1 year. It 
was designed as a snapshot registry of 1 month, but the main 
limitation was the lack of enrolment criteria of consecutive pa-
tients. It reported an in-hospital mortality rate of 7.8%. For the 
follow-up, the mortality rate was 12% during a mean follow-up of 
18 ± 5 months. However, loss to follow-up was very high at 54%. 
As it was conducted over 20 years ago when the primary PCI 
was restricted and new treatment modalities were not available, 
its results cannot be compared with current practice. The Turkey 
arm of the EPICOR study, conducted in years 2010 and 2011, re-
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ported the data of 1034 patients hospitalized for ACS within 24 h 
of symptom onset, who had a final diagnosis of unstable angina, 
STEMI, or NSTEMI and survived to discharge from 34 centers in 
Turkey (16). It was not designed to address the epidemiology (not 
representing Turkey’s population distribution) and mortality data. 
It was rather a study to evaluate the use of new-generation anti-
platelet agents in the management of acute coronary syndromes. 

Strengths and limitations
The major strength of the present registry is that the distri-

bution of centers is determined according to the Turkey’s cen-
sus. Instead of calculating the number of patients with acute 
MI required for analysis, we preferred to select 50 centers pro-
portional to adult population in each EuroStat NUTS region and 
to obtain data from these centers within 15 consecutive days. 
One of the reasons for this preference was the assumption that 
nearly all patients with acute MI would eventually be directed 
to PCI-capable centers. Another reason was that it is easily ap-
plicable and appropriate for the aim of our study. More centers 
would have been selected to obtain a more precise estimate; 
however, we planned to include 50 centers across the country 
because of budget restrictions. This may reduce the precision of 
our analyses, but as these centers were selected proportional 
to the population of each EuroStat NUTS region in Turkey, there 
will be little concern for accuracy. Also, voluntary centers with 
primary PCI capability were selected in each region. This may 
reduce representatives in some regions. On the other hand, data 
obtained during enrollment and follow-up could not be of high 
quality if we force non-voluntary centers to enroll the patients. 
Such limitations are generally a unique feature of acute event 
registries.

Another important strength of the TURKMI registry is that 
detailed data with more than 550 variables (552 fields have to be 
filled in) will be recorded to characterize the patients, their man-
agement, and outcomes. Another strength is that we will con-
secutively enroll the patients and follow them at predefined time 
intervals prospectively. This may result in obtaining the data with 
a low bias and missingness compared to retrospective data. Of 
course, this approach may affect the participating cardiologists 
to modify their natural practice/behavior toward a more guide-
lines-concordant approach. However, to minimize this possibility, 
all centers were requested not to modify their routine therapeu-
tic approach during the registry before the initiation of patient 
enrolment.

The snapshot nature of the study is also a strength as it al-
lows a comprehensive data collection and monitoring, without 
exhausting the investigators. It also helps to enroll patients 
within the same season (time period). However, a snapshot reg-
istry enrolling patients within 15 consecutive days will preclude 
assessing the seasonal variation. Moreover, the success of a 
15-day snapshot study is enrolling all consecutive patents. To 
decrease the probability of missing enrolments, two educational 
meetings were conducted where detailed information on the im-

portance of consecutive enrolment was emphasized. Moreover, 
centers’ daily patient enrolment numbers will be monitored on-
line, and centers not enrolling sufficiently will be warned and/or 
motivated for a proper enrolment via a social media communica-
tion platform (WhatsApp group) consistently. Also, the enrolment 
period will be synchronized as the same 15 days between the 
centers to increase the likelihood of consecutive enrolments. 
Despite of all these measures, there could still be missing pa-
tients, but social media meetings and consistent contacts prob-
ably will decrease this possibility to a minimal level.

Conclusion

In conclusion, TURKMI is designed as a national registry that 
will provide the current status of clinical management of patients 
with acute MI in Turkey. Its results will guide the improvement of 
the national policy of medical care regarding MI in the country.
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