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Introduction 

In patients with acute myocardial infarction (AMI), mortality 
can be minimized only by rapid diagnosis and early treatment. 
The treatment guidelines developed as a result of numerous 
randomized controlled studies emphasize the importance of 
restoration of blood supply to the occluded vessel as early as 
possible in patients with ST-segment elevation myocardial 
infarction (STEMI) (1, 2). One of the key aspects of myocardial 
salvage is to shorten the duration of total ischemia in primary 
percutaneous coronary interventions (PCI). Any delay from 
symptom onset to treatment is associated with an increase in 
microvascular obstruction, which further increases the infarct 
size and mortality (3, 4). In addition, time frames in the manage-
ment of patients with non-ST segment elevation myocardial 
infarction (NSTEMI) have been described according to their risk 
categories (2). AMI treatment strategies and logistic details, 
including the use of emergency medical service (EMS), may also 
affect the time delays from symptom onset to treatment. 
Therefore, knowing the factors affecting time delays can pro-
vide information about which areas to focus on at the country 
level. In this study, we aimed to identify the factors associated 
with delays from symptom onset to treatment that would be the 
focus of improvement efforts in patients with AMI using the data 
of national AMI registry in Turkey (TURKMI).

Methods

TURKMI (clinicaltrials.gov NCT04241770) is a 15-day snap-
shot registry that enrolled all consecutive patients with acute MI 
in Turkey. The rationale and design of the TURKMI registry have 
been described in detail previously (5, 6). All the patients were 
prospectively enrolled between November 01 and November 15, 
2018, from 50 cardiology clinics representing the 12 Eurostat-
Nuts Statistical Regions of Turkey proportional to Turkey’s 2018 

census (7). All the centers were capable of 24/7 service for pri-
mary PCI. The study protocol was reviewed and approved by the 
Ethics Committee of University of Health Sciences, İstanbul 
Mehmet Akif Ersoy Thoracic and Cardiovascular Surgery 
Training and Research Hospital (No: 2018-46 and Date: 
09/10/2018). Written informed consent was obtained from all the 
participants.

Diagnosis of MI was based on the third universal definition of 
MI (8), and the details are given elsewhere (5, 6). Men and 
women aged ≥18 years were prospectively enrolled if they ful-
filled the following inclusion criteria: (1) were hospitalized within 
48 hours of the onset of symptoms of the index event, (2) had a 
final (discharge) diagnosis of acute MI, either STEMI or NSTEMI, 
with positive troponin levels, and (3) had signed an informed 
consent. Patients unwilling or unable to consent were excluded. 
For this analysis, patients who had had an AMI in the other wards 
(in-hospital AMI, n=51) of the study centers were excluded. 

The study population received routine clinical assessment 
with standard medical care currently performed in routine clini-
cal practice. According to the TURKMI protocol, prescriptions of 
drugs and indications of diagnostic/therapeutic procedures 
were left to the participating cardiologists to decide (5). As this 
was an observational protocol, the patients did not receive any 
experimental intervention or treatment as a consequence of 
their participation. 

All the patients were examined in detail with regard to the 
time elapsed at each step from symptom onset to initiation of 
treatment. The recorded timings were symptom onset time, pre-
hospital EMS calling time, time taken by EMS to reach the 
patients, time of admission to hospital, and time of first coronary 
treatment initiation (first balloon inflation). Time delays were 
calculated from symptom onset to EMS call, from EMS arrival to 
hospital arrival, from symptom onset to hospital arrival, and time 
delay between the 2 hospitals. The door to balloon time (D2B) 
was calculated as the time elapsed from the arrival of a patient 
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with STEMI in the emergency room until the time that a bal-
loon was inflated in the culprit coronary artery. Total ischemic 
time (TIT) was defined as the time from symptom onset to the 
first intracoronary therapy (first balloon inflation) for patients 
with STEMI. All time delays in patients with NSTEMI were also 
calculated with regard to the risk level classified in accordance 
with ESC guidelines (2). 

The mode of hospital arrival including by self-transport, by 
ambulance, or by transfer from another hospital without primary 
PCI capability were also recorded in detail. Patients who were 
admitted to emergency departments by their own facilities with-
out EMS were accepted as self-transported. 

Statistical analysis 
All analyses were performed using Statistical Package for 

Social Sciences (SPSS), version 18.0 for Windows (SPSS Inc., 
Chicago, USA) and R software version 3.6.3 (R Foundation for 
Statistical Computing, Vienna, Austria), and a p value of <0.05 
was considered significant. Continuous variables were pre-
sented as mean ± standard deviation or median (interquartile 
range) depending on whether they had normal distribution or not 
and compared using the t test or Mann-Whitney U test, where 
appropriate. Categorical variables were presented as frequency 
and percentage and compared using the Pearson chi-squared 
test or Fisher exact test. Linear regression analysis was used to 
determine the factors associated with the time delays and con-
ducted for STEMI and NSTEMI separately. The dependent vari-
able was the time from symptom onset to balloon inflation (TIT) 
for STEMI, and the time from symptom onset to hospital arrival 
for NSTEMI, as urgent reperfusion is not needed in all patients 
with NSTEMI in contrast to patients with STEMI. Patients diag-
nosed with MI during their hospitalization period for other rea-
sons were excluded as the time variable did not represent the 
general population. Because of the violation of linear regression, 
logarithmic transformation was applied to dependent variables, 
and the log-transformed variables were used in the analyses. 
For ease of interpretation, regression analysis output was pre-
sented as “percent change in delay” in one category compared 

with the baseline category for categorical variables and per one 
unit change in independent continuous variables. The cities 
where the study centers were located were used as a cluster 
variable; therefore, clustered robust standard errors were calcu-
lated. Restricted cubic spline with 5 knots was used to assess 
the nonlinear relationship between the time variable and age. An 
age of 55 years was used as the reference point for analyzing 
the nonlinear relationship. Moreover, to compare the time delay 
between patients with STEMI and NSTEMI, log-transformed 
time from symptom-onset to hospital arrival was used as a 
dependent variable, and diagnosis (STEMI or NSTEMI) was mod-
eled as an independent variable along with other independent 
variables, which included age, sex, history of coronary artery 
disease (CAD), hypertension, diabetes, family history of CAD, 
and arrival type (EMS use, self-transport, or transfer from 
another hospital). As more than one symptom might be present 
in a patient, the symptom was not included in the model because 
of the violation of the independence assumption.

Results 

A total of 1930 patients with AMI [1195 (62%) NSTEMI and 
735 (38%) STEMI] were recruited. The mean age was 62±13 
years, and 26.1% were women. Table 1 shows the baseline clini-
cal characteristics of the study population. The depicted sub-
groups in Table 1 are patients with NSTEMI, STEMI, and patients 
with STEMI admitted within 12 hours of symptoms. 

Mode of hospital admission
Evaluation of the mode of admission to the study cities 

revealed that only 11.8% arrived by EMS ambulance, 49.5% by 
self-transport, and 38.6% were transferred from another emer-
gency cardiology/medical service without PCI facilities, and 
2.6% of the patients were transferred from other wards in the 
same hospital or transferred because of postoperative myocar-
dial infarction [39 patients (3.3%) in the STEMI group and 12 
patients (1.6%) in the STEMI group].

When only the admissions to PCI capable hospitals are taken 
into consideration, only 222 of the 1153 patients (19.3%) arrived 
at the emergency department by EMS ambulance (this propor-
tion was 13% in NSTEMI and 29.7% in STEMI) and 80.7% by 
self-transport.

Timings 
The timings at each period from symptom onset to treatment 

were calculated for 1879 patients after exclusion of patients 
with in-hospital MI. The median time delay between the onset of 
pain (symptom) and EMS call was 52.5 (15–180) min. This dura-
tion was significantly longer in patients with NSTEMI than in 
those with STEMI [77.5 (15–290) min vs. 32.5 (15–120), respec-
tively, p=0.024] (Table 1). Median time delay between the EMS 
call and the arrival of EMS ambulance was 15 (10–20) min, and 
there was no significant time difference between patients with 
STEMI and those with NSTEMI. The median time from symptom 
onset to arrival at the hospital was 120 (60–360) min. This time 

• Time delays from symptom onset to treatment are 
extremely important in the management of AMI affecting 
the overall mortality and morbidity.

• TURKMI study revealed that an important proportion of 
patients presenting with AMI get PCI treatment later than 
the time proposed in the guidelines.

• The use of EMS for admission is extremely low in Turkey. 
• Patient-related factors, that is, underuse of EMS and 

longer time from symptom to EMS call seem to be the 
major factors leading to the prolonged duration of isch-
emia (time to treatment) during the course of AMI

HIGHLIGHTS
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gap was significantly longer in patients with NSTEMI than in 
those with STEMI [165 (60–420) min vs. 90 (45–220), respectively, 
p=0.001]. When transferred from centers without PCI capability, 
the patients lost a median time of 172.5 (99–300) min between 
hospitals. This time delay was significantly longer in patients 
with NSTEMI than in those with STEMI [237 (121–390) min vs. 
120 (64–180), respectively, p=0.001) (Table 1). 

In patients with STEMI, the median D2B time was 36 (25–63) 
min, and the median time delay between symptom onset and 
balloon inflation time (TIT) was 195 (115–330) min. The median 
TIT was significantly prolonged from 151 (90–285) min to 250 
(165–372) min in patients transferred from non-PCI centers com-
pared with those not transferred (Table 1).

In patients with STEMI who were admitted to the hospital 
within the first 12 hours of symptom onset, the median D2B time 
was 35 (25–60) min, and the median time loss between symptom 

onset and balloon inflation, namely the TIT, was 185 (111–295) 
min (Table 1). The median TIT was significantly shorter in 
patients who underwent PCI in the first hospital compared with 
patients who were referred to a second hospital for PCI [141 
(90–240) min vs. 243 (170–336), respectively, p=0.001]. 

Coronary angiography was performed in 93.4% and PCI in 
75% of the study population at index hospitalization. The propor-
tions of coronary angiography and PCI were significantly higher 
in patients with STEMI vs. patients with NSTEMI (98.8% vs. 
90.4%, p<0.001; and 94.4% vs. 60.2%, p<0.001, respectively). 
Fibrinolytic therapy was administered to only 13 (1.8%) patients 
with STEMI.

In patients with STEMI who underwent primary PCI, TIT was 
less than 60 min in 5.7%, less than 90 min in 18.1%, and less than 
120 min in 28.2% of the patients (Table 2). The median TITs from 
the onset of symptoms to balloon inflation were less than 60 min 

Table 1.  Baseline characteristics, mode of hospital arrival, and time delay at each step from symptom onset to treatment of the study 
population of TURKMI population 

Total NSTEMI STEMI

STEMI patients 
admitted within 12 
hours of symptoms P value*

n 1930 1195 735 643 -

Age, years (mean±SD) 62±13 63±13 60±14 60±14 <0.001

Female patients, n (%) 504 (26.1) 343 (28.7) 161 (21.9) 136 (21.9) <0.001

History of CAD disease, (MI and/or CABG and/or 
PCI) n (%)

550 (28.5) 418 (35) 132 (18) 114 (18.4) <0.001

Mode of hospital admission, n (%)

Admission to Emergency Department directly (self-
transport)

931 (49.5) 625 (54.1) 306 (42.3) 272 (43.8) <0.001

By Ambulance 222 (11.8) 93 (8) 129 (17.8) 113 (18.2)

Transfer from other hospital 726 (38.6) 438 (37.9) 288 (39.8) 258 (38.0)

Other** 51 (2.6) 39 (3.3) 12 (1.6) -

Time delays (min); Median (Q1–Q3) 

From symptom onset to EMS call 52.5 (15–180) 77.5 (15–290) 32.5 (15-120) 30 (15–85) 0.024

From EMS call to EMS arrival 15 (10–20) 15 (10–20) 15 (10–20) 15 (10–20) 0.923

From EMS arrival to hospital arrival 36 (30–59) 39.5 (25–56.5) 35 (30–59) 35 (30–59) 0.868

From symptom onset to hospital arrival 120 (60–360) 165 (60–420) 90 (45–220) 78 (40–175) <0.001

From the arrival to the first hospital to the second 
hospital min

172.5 (99–300) 237 (121–390) 120 (64–180) 119 (60–180) <0.001

Door-to-balloon time - - 36 (25–63) 35 (25–60) -

From symptom onset to study center arrival 220 (90–480) 299 (120–600) 150 (70–302) 2–258 <0.001

Total ischemic time (overall) 195 (115–330) 185 (111–295) <0.001

Total ischemic time (for patients directly admitted 
to PCI capable hospitals)

151 (90–285) 141 (90–240) <0.001

Total ischemic time (for patients transferred to PCI 
capable hospitals from other hospitals)

250 (165–372) 243 (165–336) <0.001

*P value for comparison of all patients with STEMI and NSTEMI. P value for comparison of l STEMI patients those admitted within 48 hours vs 12 hours of symptom onset
**Includes hospitalized patients in the index hospital for surgery or other reasons
(Timings at each period from symptom onset to treatment were calculated for 1,879 participants after exclusion of patients with in-hospital MI). MI - myocardial infarction, CABG - 
coronary artery bypass grafting, EMS - emergency medical service, STEMI - ST elevation MI, NSTEMI - non-ST elevation MI, PCI - percutaneous coronary intervention
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in 8.5%, less than 90 min in 25.4%, and less than 120 min in 37.8%  
of patients who were initially admitted to a PCI-capable hospital. 
However, TIT was less than 60 min in 1.2%, less than 90 min in 
6.5%, and less than 120 min in 13.1% of the patients transferred 
from non-PCI centers, thereby denoting an important time gap.

With regard to patients with NSTEMI, 29.6% were classified 
according to the ESC guideline criteria (8) as low risk, 34.5% as 
moderate risk, 32.7% as high risk, and 3.2% as very high risk on 
admission. Table 3 summarizes the frequencies of coronary 
angiography and/or revascularization and the time frames in 
patients with NSTEMI according to the risk categories. Among 
the patients with NSTEMI, coronary angiography was performed 
in 91.9% with very high risk, 88.7% with high risk, 88.3% with 
moderate risk, and 94.5% with low risk. Therefore, 90.4% of all 
patients with NSTEMI underwent coronary angiographic evalu-
ation during the in-hospital period. PCI was performed in 62.2% 
of patients with low risk, 57.1% with moderate risk, 60.3% with 
high risk, and 73.0% with very high risk (p=0.195). Among 
patients with NSTEMI with very high-risk, only 7 (24.1%) under-
went coronary angiography within the guideline-recommended 
timeframe of <2 hours of admission. Meanwhile, only 64.7% of 
the patients with NSTEMI with high risk underwent coronary 

angiography within the first 24 hours of admission, and 92% of 
patients with moderate risk underwent coronary angiography 
within 72 hours of hospital admission. 

Descriptive comparison revealed that the use of EMS ambu-
lance in patients in TURKMI was not associated with age; sex; 
living in metropolitan municipalities; history of coronary artery 
disease (CAD), diabetes, or hypertension; and familial history of 
CAD (Table 4). As expected, only the admission symptoms of 
chest pain, syncope, or cardiac arrest were associated with 
increasing use of ambulance. 

According to regression analysis, there was a nonlinear, 
significant relationship between age and time delay (TIT) in 
patients with STEMI (p=0.006). The upper panel in Figure 1 
shows a nearly flat line up to 50–55 years of age and then 
increases with age. There were no significant sex differences in 
terms of delay (Table 5). TIT tended to be lower (8.5%) in patients 
with a history of CAD (p=0.077). Although statistically nonsignifi-
cant, patients with diabetes mellitus had 4.7% increase in TIT 
compared with those without (p=0.233), and patients with a fam-
ily history of CAD had 5.5% lower TIT compared with those 
without (p=0.190). The most important factor in TIT was the 
mode of arrival; patients who were transported from a center 

Table 2. Timing of revascularization in patients with STEMI*

STEMI patients*
Patients directly admitted 

to a study center
Patients transferred from 

centers without PCI capability P value

n 631 386 245

Overall TIT (median (IQR)  
(min–max)

195 (115–330) 151 (90–285) 250 (165–372) <0.001

TIT ≤60 min 36 (5.7) 33 (8.5) 3 (1.2) <0.001

TIT ≤90 min 114 (18.1) 98 (25.4) 16 (6.5) <0.001

TIT ≤120 min** 178 (28.2) 146 (37.8) 32 (13.1) <0.001
*In-hospital MIs were excluded.
**Guideline-recommended time.
For all analysis in this table, patients admitted to study centers from other wards in the same institution were excluded
TIT- total ischemic time, STEMI - ST elevation myocardial infarction. 

Table 3. Proportion of patients who underwent coronary angiography and/or revascularization and time frames of revascularization in 
patients with NSTEMI

Very-high risk High risk Moderate risk Low risk All P value

n (%) 37 (3.2) 380 (32.7) 401 (34.5) 344 (29.6) 1162 -

Coronary angiography, n (%) 34 (91.9) 337 (88.7) 354 (88.3) 325 (94.5) 1050 (90.4) 0.018

PCI [All]*, n (%) 27 (73.0) 229 (60.3) 229 (57.1) 214 (62.2) 699 (60.2) 0.195

PCI [CAG]*, n (%) 27 (79.4) 229 (68) 229 (64.7) 214 (65.8) 699 (66.6) 0.328

Angiography time after hospital 
arrival, n (%)**

<2 h 7 (24.1) 36 (12.7) 38 (13.2) 35 (13.6) 116 (13.5) 0.395

<24 h 16 (55.2) 183 (64.7) 162 (56.3) 158 (61.5) 519 (60.6) 0.197

<72 h 28 (96.6) 268 (94.7) 265 (92.0) 242 (94.2) 803 (93.7) 0.501

≥72 h 1 (3.4) 15 (5.3) 23 (8.0) 15 (5.8) 54 (6.3) 0.501
* [All] corresponds to the proportion among all the patients in that category, and [CAG] corresponds to the patients who underwent CAG
** In patients whose arrival time to the study hospital and the time of coronary angiography is known
Gray cells correspond to guideline-recommended timeframe 
NSTEMI - non-ST elevation myocardial infarction, PCI - percutaneous coronary intervention, CAG - coronary angiography
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without PCI capability to a hospital with PCI capability had 23.3% 
higher TIT than those who were brought directly to a PCI-
capable hospital by EMS ambulance (p<0.001). In addition, 
patients who arrived at a PCI-capable hospital using self-trans-
port (without calling EMS) had 5.4% increase in TIT than those 
who were brought to these hospitals by EMS ambulance 
(p=0.074). 

In patients with NSTEMI, age was not a significant predictor 
of time delay (p=0.280 for linear relationship, Table 6). Although a 
shallow, U-shaped relationship was observed in Figure 1 (lower 
panel), the nonlinear relationship was not significant (p=0.547). 
In patients with NSTEMI, the only significant factor associated 
with time delay was the mode of hospital arrival (Table 6). 

Patients who were transferred from another hospital to the 
study center (PCI-capable center) had a 60% delay (p<0.001), 
and those who self-transported had a 12% delay (p=0.058) on 
arrival at the PCI-capable center than those brought by ambu-
lance. Patients with high or very high-risk characteristics had 
6.6%, but not significant, earlier presentation than those with 
moderate or low-risk characteristics (p=0.251). 

When all the patients with STEMI and NSTEMI were com-
bined and adjusted for age; sex; history of CAD, hypertension, 

Table 4. Comparison of patients admitted to hospital by ambulance or self-transport

n=1879 Self-transport EMS use Total P value

Age, years (mean ± SD) 62±13 60±14 62±13 0.098

Female patients, n (%) 228 (24.5) 67 (30.2) 295 (25.6) 0.081

Type of MI NSTEMI 625 (67.1) 93 (41.9) 718(62.3) <0.001

STEMI 306 (32.9) 129 (58.1) 435 (37.7)

Living in metropolitan municipality 669 (75.1) 165 (74.3) 864 (74.9) 0.815

History of CAD (MI and/or CABG and/or PCI) 295 (31.7) 65 (29.3) 360 (31.2) 0.487

Known hypertension 469 (50.4) 110 (49.5) 579 (50.2) 0.825

Known diabetes 323 (34.7) 74 (33.3) 397 (34.2) 0.701

Admission symptom Dyspnea 148 (15.9) 40 (18) 188 (16.3) 0.442

Syncope 14 (1.4) 11 (5) 25 (2.2) 0.004

Chest pain 894 (96) 206 (92.8) 1100 (95.4) 0.039

Palpitation 36 (3.9) 12 (5.4) 48 (4.2) 0.302

Cardiac arrest 12 (1.3) 13 (5.9) 25 (2.2) <0.001

Family history of CAD 81 (8.7) 27 (12.2) 108 (9.4) 0.112
P value for comparison of NSTEMI and all STEMI patients.
CAD - coronary artery disease, EMS - emergency medical service, MI - myocardial infarction, CABG - coronary artery bypass grafting, STEMI - ST elevation MI, NSTEMI - non-ST 
elevation MI, PCI - percutaneous coronary intervention

Table 5. Factors associated with time delay in patients with ST-
elevation myocardial infraction (data for age given in Fig. 1)

Percent change in total 
ischemic time, Mean (95% CI) P value

Male 0.59 (–6.73 to 8.49) 0.875

History of CAD –8.48 (–17.09 to 1.03) 0.077

History of hypertension 1.36 (–6.18 to 9.49) 0.725

History of diabetes 4.67 (–3.03 to 12.99) 0.233

Family History of CAD –5.52 (–13.33 to 2.99) 0.190

Arrival (reference EMS call)

Transported from other 
hospital

23.27 (15.24 to 31.86) <0.001

Self-transport 5.40 (–0.54 to 11.69) 0.074
Negative values correspond to lower total ischemic time.
CAD - coronary artery disease, EMS - emergency medical service

Table 6. Factors associated with time delay in patients with Non-ST 
elevation myocardial infarction 

Percent change in time 
delay, Mean (95% CI) P value

Age 0.15 (–0.13 to 0.42) 0.280

Male 0.10 (–5.9 to 6.49) 0.973

History of CAD 0.85 (–5.28 to 7.37) 0.785

History of hypertension 1.77 (–4.14 to 8.04) 0.555

History of diabetes 1.48 (–3.77 to 7.02) 0.577

Family History of CAD –2.40 (–10.02 to 5.86) 0.547

Arrival (reference EMS call)

Transported from other 
hospital

60.03 (43.16–78.9) <0.001

Self-transport 12.05 (–0.41 to 26.08) 0.058

Risk category (ref: low-
moderate risk)

High-very high risk –6.62 (–17.13 to 5.22) 0.251
Negative values correspond to earlier presentation.
CAD - coronary artery disease, EMS - emergency medical service
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and diabetes; family history of CAD; and arrival type, patients 
with STEMI had a 37.3% earlier presentation to the hospital than 
those with NSTEMI (–37.3%, 95% confidence interval −-43.4% 
and –30.6%; p<0.001) as expected.

Discussion

The baseline evaluation of the TURKMI study revealed that 
an important proportion of patients presenting with AMI within 
the 48 hours of symptom onset get PCI treatment later than the 
time proposed in the guidelines, and the use of EMS for admis-
sion is extremely low in Turkey. 

The time from the onset of symptoms to the EMS call was 
almost one hour for NSTEMI and half an hour for STEMI in the 
TURKMI population. As this period completely depends on the 
patient’s ability to realize the severity of the problem, it is obvi-
ous that this long time gap can only be reduced by increasing 

public awareness of early recognition of the signs and symp-
toms of AMI.

Another important finding that should be interpreted was the 
low rate of ambulance use in the TURKMI study. Almost half the 
patients were admitted to the study centers by self-transport, 
whereas only a small proportion (11.8%) called EMS. The low 
use of EMS may be the probable explanation of the overall 37.6% 
transfer rate from non-PCI-capable centers resulting in a medi-
an of 172.5 min in inter-hospital transport. This median time loss 
during inter-hospital transport was 120 min in patients with 
STEMI, which covers the golden hours of revascularization. The 
advantages of EMS use in reducing mortality have been well 
addressed. Besides providing rapid availability of advanced car-
diac life support personnel for out-of-hospital cardiac arrest, 
EMS transports patients directly to the 24/7 PCI capable centers 
and potentially shortens the time to reperfusion therapy (9). Our 
results also revealed that the median time gap between the EMS 
call to EMS arrival at the patients’ place was only 15 min. 
Ambulance use was also lower in 2 previous Turkish registries, 
43% in the TUMAR study and 42% in the TURK-AKS, but not as 
low as in TURKMI (10, 11). TUMAR study had enrolled patients 
with AMI within 24 hours of symptom onset in 1998 and 1999 (10). 
Though not mentioned in the article, in the TURK-AKS registry, 
the mean time from symptom to hospital arrival was 130 min, 
probably denoting the enrollment of patients with an earlier 
presentation after the onset of symptoms (11). As both registries 
enrolled patients nonconsecutively, selection bias could be 
another explanation of the difference in EMS use. The frequency 
of ambulance use has a wide range in different countries. 
According to the registries, 78.9% of Japanese prefer to call 
EMS, whereas only 5% of patients with MI are admitted to car-
diac centers by EMS ambulance in Saudi Arabia (12, 13). 

However, these results are not comparable as the registries 
have different exclusion and inclusion criteria and designs.

In our study population, more patients preferred self-trans-
portation to the hospital instead of calling EMS. Moreover, age; 
sex; history of CAD, diabetes, or hypertension; and family history 
of CAD were similar between the patients who used an ambu-
lance and those who were self-transported. Only the kind of 
symptom and type of MI were different between the groups. Of 
note, we did not assess the effect of education level on the 
transport type owing to a very high number of missing values. It 
is clear that the very low rate of EMS use denotes low aware-
ness among patients on the advantages of EMS use and also 
probably the signs and risks of MI. Meischke et al. (14) have 
reported that EMS is underused because patients think that self-
transport would be faster, or because they do not perceive their 
symptoms as being life-threatening. Therefore, our results high-
light the need for an awareness campaign (public education) on 
both the signs of MI and also the importance of early arrival at 
the hospital for early revascularization, which could be afforded 
faster and safer by EMS. Public education should cover the 
importance of time for myocardial salvage and EMS as the best 
option of faster and safer transfer directly to the 24/7 PCI capa-
ble centers.

Figure 1. Age dependent percent change in time delay in STEMI (upper 
panel) and NSTEMI (lower panel). Solid line corresponds to mean 
values and dashed lines correspond to its 95% confidence interval. Age 
of 55 years was used as reference point. Negative values denote earlier 
hospital arrival in NSTEMI and lower total ischemic time in STEMI
STEMI - ST-segment elevation myocardial infarction, NSTEMI- Non-ST-segment myocardial 
infarction
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The evaluation of time gaps in TURKMI revealed that the D2B 
time with a median of 36.5 min was quite reasonable for patients 
with STEMI. However, the overall TIT of 195 min we observed in 
the TURKMI registry was considerably longer than proposed in 
the guidelines (1). Moreover, the TIT was 100 min longer if the 
patients were transferred from another hospital. The recom-
mended timing of less than 120 min for TIT was achieved only in 
38% of patients admitted directly to primary PCI hospitals and in 
13% of those referred from a hospital without PCI capability. 
Regression analysis also revealed that the of arrival at the study 
centers was the most important factor in determining the dura-
tion of TIT, emphasizing again the need for public awareness of 
the importance of EMS call in case of AMI. Both D2B time and 
TIT show a large variability between the registries of different 
countries. For example, D2B time was reported to be 60 min in 
the Korean Registry 2018 data and 41 min in the UK-MINAP 2019 
report (15). TIT was 120 min in the UK-MINAP data and 189 min 
in the Korean Registry (16). Again, the inclusion-exclusion crite-
ria of the individual registries might have affected the observed 
wide range both in D2B time and TIT. 

Another important finding of the TURKMI registry was the 
fact that despite the median delay for transfer between hospi-
tals for patients who were transferred for PCI being 120 min, the 
use fibrinolytic therapy was very low in these patients. However, 
current guidelines recommend fibrinolytic therapy for those 
patients who cannot be treated with primary PCI within 120 min 
of symptom onset. This finding signifies the need for measures, 
including the co-organization of EMS and hospitals to shorten 
TIT according to current guidelines.

TURKMI data revealed that an important proportion of 
patients with NSTEMI are not managed according to the risk-
based approach as recommended in the current guidelines. 
Coronary angiograms were obtained within the first 2 hours of 
symptom onset in only 24.1% of the very high-risk patients and 
within the first 24 hours in 64.7% of those with high-risk. 
However, it is well known that a risk-based treatment algorithm 
in NSTEMI improves outcomes (2). Therefore, precautions are 
warranted to increase the awareness of cardiologists with 
regard to the importance of the risk-based approach in patients 
presenting with NSTEMI. Herein, we may also suggest that 
patients with NSTEMI and probably not severe symptoms pre-
ferred self-transport to hospitals leading to increased admis-
sions to centers without PCI capability, which in turn prolonged 
the time to revascularization with additional extra transfer time 
to PCI-capable hospitals.

Study limitations  
As in all MI registries, this study has inherent limitations of 

registries, as well. Lack of data about the distance each patient 
lived from the study centers might be accepted as a limitation; 
however, to take into account the effect of location, cities were 
used as a cluster variable, and clustered, robust standard errors 
were calculated in the regression analyses. TURKMI also aimed 
to evaluate only patients with AMI who were admitted to PCI-

capable centers and did not include those who died at home, 
during transportation, or in the emergency services. Another 
limitation of this study was that education level was not 
assessed in the statistical analyses because of the high number 
of missing values. In addition, the type of transfer to the first 
hospital was not taken into consideration in patients who were 
transferred from one hospital to another hospital with PCI capa-
bility.

Conclusion

The baseline analysis of time gaps of TURKMI revealed 
important information about where the management of AMI 
needs further efforts to improve the care of AMI in Turkey. 
Accordingly, patient-related factors, that is, underuse of EMS 
and longer time from symptom to EMS call seem to be the major 
factors leading to the prolonged duration of ischemia (time to 
treatment) during the course of AMI. Furthermore, the low rate 
of risk-based approach in patients with NSTEMI and the low use 
of fibrinolytic therapy in patients with STEMI who were trans-
ferred from non-PCI capable centers, despite a median delay of 
120 min between the hospitals, were other important points to 
focus on to improve the prognosis. As TURKMI represents the 
first nationwide registry of consecutively enrolled AMI patients, 
these observations should be accepted as a call to action to 
improve AMI care in Turkey. Effective community and patient 
education is necessary to resolve patient related delays to treat-
ment and increase the use of EMS. Further education of physi-
cians and establishing an effective, rapid communication system 
between the hospitals that enables the initiation of therapies 
during transport could also help in affording earlier coronary 
patency, better patient stabilization, and improved survival. 
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