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ABSTRACT

Background: Coronary artery disease is one of the most common causes of death in the world. 
The outcome of patients with ST-elevation myocardial infarction is influenced by many fac-
tors, and the time elapsed from symptom onset to diagnosis and reperfusion have a critical 
role in this regard. Aim: The aim of this study was to investigate the differences in the diag-
nosis-to-needle times of patients with STEMI presenting to the hospital during and outside 
of working hours, and the effect of this relationship on in-hospital clinical events. Methods: 
This retrospective study analyzed the data of 50 patients admitted for emergency primary 
percutaneous coronary intervention. We assessed pain onset-to-diagnosis times and diag-
nosis-to-needle times, and evaluated their relationship with troponin values at admission 
and after 48 h. Results: The mean age of the patients was 55.64 ± 13.72 years. In total, 60% 
of the patients presented outside of working hours. Mean patient delay time from the onset 
of chest pain to seeking medical help was 2.64 ± 2.47 h. Mean troponin values were 4.39 ± 
5.26 ng/ml at admission and 36.50 ± 12.95 ng/ml after 48 h. Mean post-angiography ejection 
fraction values were 47.36 ± 6.53%. We found a statistically significant difference in the pain 
onset-to-diagnosis and diagnosis-to-needle times of patients who presented to the hospital 
during and outside of working hours. We found a positive correlation between diagnosis-
to-needle times and the troponin values of patients, and a statistically significant differ-
ence between pain onset-to-diagnosis times of patients who presented during and outside of 
working hours (p < 0.05). Although the relationship between the diagnosis-to-needle time 
and troponin elevation after 48 h was strong (97%), the relationship between pain onset-to-
diagnosis time and troponin elevation after 48 h was weak (8%), suggesting that the duration 
of surgical intervention is much more important than the time until the first medical contact. 
Conclusions: In this study, there was a statistically significant difference in the pain onset-
to-diagnosis and diagnosis-to-needle times of patients who presented to the hospital during 
and outside of working hours.
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INTRODUCTION

Coronary artery disease (CAD) is one of the most com-
mon causes of death in the world. Generally, CAD is de-
fined clinically as acute coronary syndrome (ACS). ACS is 
characterized by symptoms and clinical manifestations of 
acute myocardial ischemia, and occurs as a result of dis-
ruption of the integrity of the atherosclerotic plaque in the 
coronary artery.1 The clot formed on the atherosclerotic 
plaque impairs the coronary blood flow to varying degrees. 
However, varying degrees of coronary spasm may accom-
pany clot formation.2 These changes in the atherosclerotic 
plaque of the coronary artery may lead to ST-elevation 
acute myocardial infarction (STEMI), non-ST-elevation 
acute myocardial infarction (NSTEMI), or unstable an-
gina pectoris.3 ACS is a general abbreviation for all clinical 
symptoms associated with acute myocardial ischemia, in-
cluding unstable angina pectoris, Q-wave myocardial in-
farction (with ST elevation), and non-Q-wave myocardial 
infarction (non-ST elevation). 

Age, sex, diabetes mellitus, laboratory findings, smok-
ing, and hypertension are important prognostic determi-
nants in patients with ACS. Age over 70 years negatively 
affects prognosis, and CAD and concomitant disease are 
more common in the elderly. As far as sex-related dif-
ferences are concerned, the prognosis of acute myocardial 
infarction is worse in women.4 Well-known risk factors for 
ACS include age, sex, ethnicity, smoking, diabetes mel-
litus, hypertension, alcohol consumption, obesity, fam-
ily history, physical inactivity, and dietary habits. Some 
of these factors, such as smoking, diabetes mellitus, diet, 
and physical inactivity, are modifiable.5 Although their 
presence may lead to ACS, the persistence of these risk 
factors in the subsequent clinical follow-up adversely af-
fects the prognosis.6 

Although there are many similarities in the clini-
cal presentation of different types of ACS, there are also 
some key differences, for example in the time from the 
onset of chest pain to the time of presentation.7 Despite 
the similarities and differences regarding the effect of age 
and sex, as well as the morbidity and mortality of patients 
with STEMI and NSTEMI, the number of relevant studies 
is very limited.8

There are several factors that affect the care of patients 
with ACS in the emergency department. These include 
the triage of patients, ECG recording and evaluation time, 
initiation time of emergency service treatment protocols, 
consultation times, and the distance of the angiography 
laboratory from the emergency department. Chest pain, 
shortness of breath, palpitations, and similar symptoms, 

which may be among the main complaints of patients with 
ACS, are evaluated as category 1 within the framework of 
triage rules. Patients presenting with these and similar 
symptoms should be monitored in the emergency depart-
ment triage area without waiting, and their 12-lead ECG 
should be performed. The time from the patient’s admis-
sion to the evaluation of the 12-lead ECG is defined as the 
door-to-ECG time. In its 2006 guidelines, the American 
Heart Association recommended the door-to-ECG time 
to be less than 10 min.9 Based on this recommendation, 
a 2009 study reported that door-to-ECG times were re-
duced from 14 min to 10 min.10 After the ECG is evaluated 
by emergency medicine specialists, the coronary angiog-
raphy team is activated by reaching the consultant car-
diologist via the in-hospital telephone system. This time 
interval, defined as the activation time in our study, was 
shortened to an average of 7.5 min in a study published in 
2009.11 Another factor affecting the door-to-balloon time 
is arrival to the angiography laboratory. Important factors 
affecting this time are the meeting time of the angiogra-
phy team, especially during non-working hours, whether 
or not the laboratory is being used for another case during 
working hours, and the distance between the emergency 
unit and the laboratory. According to the 2017 guidelines 
of the European Society of Cardiology on STEMI,12 the di-
agnosis of STEMI should be made before the hospital door. 
In the selection of the reperfusion strategy, minute 0 of 
the diagnosis (ST elevation or equivalent on ECG) was ac-
cepted as the starting point of the reperfusion strategy. 
The term ‘first medical contact’ has been removed from 
the guideline, as it does not contribute to the diagnosis 
time. It is recommended to start the chronometer after the 
diagnosis of STEMI is established on the electrocardio-
gram. To accelerate the diagnosis, the ECG should be per-
formed in properly equipped ambulances, and an experi-
enced team that can provide fibrinolytic therapy should 
be available to accelerate the treatment. The term ‘door-
to-balloon time’ was removed and replaced with the term 
‘needle transition from diagnosis’. Time for needle pas-
sage in the pPCI center should be less than 60 min to de-
crease mortality and morbidity.

In this study, we aimed to evaluate the clinical char-
acteristics of patients with STEMI who presented to the 
emergency department, and to assess how STEMI treat-
ment strategies can be carried out in accordance with the 
guidelines, to draw attention to these problems and to 
raise the awareness. We also aimed to investigate diag-
nosis-to-needle times and the relationship between the 
working hours of the emergency unit personnel and the 
duration of pPCI.
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MATERIAL AND METHODS

We carried out a retrospective analytical study at the de-
partments of cardiology and emergency medicine, be-
tween October and November 2023. The study included 
patients admitted to the emergency department and hos-
pitalized in the cardiological intensive care unit with the 
diagnosis of ACS. Cases with ST-segment elevation were 
studied according to the classification of ACS. The diagno-
sis of ACS was made by evaluating the clinical presenta-
tion, ECG findings, and laboratory findings.

We analyzed the data of 50 patients who had been ad-
mitted to the catheter laboratory for emergency pPCI. We 
investigated whether there was a relationship between 
the working hours of the physician who established the 
clinical diagnosis by performing the first evaluation of the 
patient in the emergency department and the patient’s di-
agnosis-to-needle time, and the effect of this relationship 
on in-hospital clinical events. The demographic char-
acteristics of the patients and the results of in-hospital 
complications were obtained from the epicrisis informa-
tion. Angiography images were obtained from the catheter 
laboratory records of the patients. The time of admission 
to the emergency department was accessed from the hos-
pital registry system. The pain onset-to-diagnosis time 
was determined based on the time elapsed from the onset 
of symptoms to the admission of the patient to the emer-
gency department, the duration of ECG evaluation, and 
the time elapsed from establishing the diagnosis of AMI 
to informing the personnel in the catheterization labora-
tory. The diagnosis-to-needle time was determined based 
on the arrival of the cardiology resident physician to the 
emergency room to evaluate the patient, the time of ar-
rival of the patient to the laboratory after the prepara-
tion of the catheter laboratory and team, the time required 
for catheterization, and the time of diagnosis of TIMI 3 or 
best possible flow was.

STATISTICAL ANALYSIS

Statistical analysis was carried out using SPSS 25.0 (IBM 
Corp). The raw scores for all measures were converted 
to z-scores to examine the outliers. Then, the outliers 
at the scale level were evaluated and the normality as-
sessment was performed. Categorical variables were ex-
pressed as numbers or percentages, and continuous vari-
ables were expressed as mean ± standard deviation. In the 
comparison of continuous variables, normal distribution 
was examined with the Kolmogorov–Smirnov test. The 
chi-squared or Fisher’s exact test were used to compare 

categorical variables. Continuous data consisting of inde-
pendent measurements and showing normal distribution 

TABLE 1.  Sociodemographic and clinical characteristics

%

Smoking

Yes 60

No 40

Diabetes mellitus

Yes 20

No 80

Hypertension

Yes 20

No 80

History of coronary artery disease

Yes 20

No 80

Type of myocardial infarction

Anterior 48

Inferior 48

Lateral 4

Localization of the culprit lesion

CX, mid region 6

LAD, mid region 24

LAD, osteal region 2

LAD, proximal 6

LAD, proximal region 14

LAD-SAFEN proximal region 2

RCA, pre-crux 2

RCA, distal region 4

RCA, mid region 20

RCA, proximal 6

RCA, proximal region 10

RCA, proximal and crux region 2

RCA, proximal and distal region 2

Contrast nephropathy

Not developed 96

Developed 4

Patient’s time of arrival

Out of working hours 60

During working hours 40

TABLE 2.  Evaluation of diagnosis-to-needle time

Mean ± SD

Onset of pain-to-diagnosis time (h) 2.64 ± 2.47

Post-angiography ejection fraction (%) 47.36 ± 6.53

Baseline troponin (ng/ml) 4.39 ± 5.26

Control troponin after 48 h (ng/ml) 36.50 ± 12.95

Troponin increase (ng/ml) 32.10 ± 13.09
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were analyzed using the independent t-test. Pearson’s 
correlation test was used to analyze the direction and in-
tensity of the relationship between two variables, and a p 
value below 0.05 was considered statistically significant.

RESULTS

The study included 50 patients aged between 30 and 84 
years, of which 40 (80%) were male and 10 (20%) were 
female. In total, 20% of the patients (n = 10) had a first-

degree relative with a history of CAD at an early age (<55 
years in male patients and <65 years in female patients). 
We found acute inferior myocardial infarction in 24 pa-
tients (48%), hypertension in 10 patients (20%), and dia-
betes mellitus in 10 patients (20%). The majority of pa-
tients (n = 30, 60%) were smokers. The mean age of the 
patients was 55.64 ± 13.72 years, and 60% had presented 
to the hospital out of working hours. Contrast-induced 
nephropathy syndrome was observed in only two patients 
(4%) (Table 1).

TABLE 3.  Relationship between the localization of the culprit lesion and post-angiography ejection fraction

Localization of the culprit lesion n Post-angiography 
ejection fraction (%)

p value

LAD mid regiona 12 44.50 ± 7.65 0.017*

LAD proximal regionb 7 43.29 ± 8.30 0.035&

(difference between a and c)

RCA mid regionc 10 52.20 ± 3.99 0.034&

(difference between b and c)

* One-way analysis of variance
& Post-hoc Tukey test

TABLE 4.  The relationship between diagnosis-to-needle times according to working hours

During working hours  
(n = 20)

Outside of working hours  
(n = 30)

p value

Frequency % Frequency %

Male 13 65 25 83.3 0.210*

Female 7 35 5 16.6

Age 58.89 ± 12 53.62 ± 14 0.205**

Smoking

Yes 11 55 19 63.3 0.594*

No 9 45 11 36.7

Onset of pain-to-diagnosis time (h) 1.87 ± 0.99 3.12 ± 2.97 0.043**

Diagnosis-to-needle time (min) 29.89 ± 6.12 37.31 ± 6.43 0.000**

Baseline troponin (ng/ml) 5.04 ± 5.98 3.98 ± 4.84 0.974**

Control troponin after 48 h (ng/ml) 28.77 ± 12.76 41.29 ± 10.71 0.001**

Troponin increase 23.73 ± 11.93 37.30 ± 11.04 0.000**

Post-angiography ejection fraction (%) 50.39 ± 4.57 45.48 ± 6.91 0.011**

Diabetes mellitus 

Yes 3 15 7 23.3 0.334*

No 17 85 23 76.7

Hypertension

Yes 5 25 5 16.6 0.210*

No 15 75 25 83.4

* Fisher’s exact test
** Independent samples t-test
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The average length of patient delay from the onset of 
chest pain to seeking medical help was 2.64 ± 2.47 h. Mean 
troponin value was 4.39 ± 5.26 ng/ml on admission 36.50 
± 12.95 ng/ml after 48 h. Mean ejection fraction after an-
giography was 47.36 ± 6.53% (Table 2).

We found no statistically significant relationship be-
tween the age and sex of the patients and ejection frac-
tion measurements. The localization of culprit lesions (the 

mid region of the left anterior descending artery (LAD), 
the proximal region of the LAD, and the mid region of the 
right coronary artery (RCA)) and post-angiography ejec-
tion fraction values were significantly different. The re-
gion with the highest post-angiography ejection fraction 
values was the mid region of the RCA (Table 3).

We found a statistically significant difference between 
the post-angiography ejection fraction values of patients 

FIGURE 1.  Relationship between diagnosis-to-needle time and troponin values after 48 h

FIGURE 2.  Relationship between pain onset-to-diagnosis time and troponin values after 48 h
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who presented during and outside of working hours (p < 
0.05). We also found a positive correlation between the 
diagnosis-to-needle time, pain onset-to-diagnosis time, 
and the troponin values of patients presenting to the hos-
pital during and outside of working hours (Table 4).

The correlation between diagnosis-to-needle time, 
post-angiography ejection fraction values, pain onset-to-
diagnosis time, and troponin values after 48 h was also 
statistically significant (p < 0.05).

DISCUSSION

Despite advances in the treatment of ACS, it still remains 
an important cause of mortality and morbidity in devel-
oped countries and is an increasingly serious problem.13 

Several studies have compared STEMI presentation 
times and loss times, and diabetes mellitus, hypertension, 
and ischemic heart disease were found more frequently in 
patients with STEMI.14–16 

The patients included in this study presented similar 
sociodemographic characteristics and risk factors to the 
cases described in the literature. We found statistically 
significant differences in the pain onset-to-diagnosis and 
diagnosis-to-needle times of patients who presented to 
the hospital during and outside of working hours. In addi-
tion, we observed differences in the time elapsed between 
the diagnosis and the surgical intervention, the most im-
portant reason for this being the non-availability of a spe-
cialist physician in the emergency department outside of 
working hours, and the long time needed to reach them. 
Although the average delay in our study was higher than 
in many developed European countries, it was similar to 
some developed European countries.17,18

STEMI was diagnosed according to World Health Or-
ganization (WHO) criteria in the emergency department. 
Based on the 2004 AMI guideline of the American Society 
of Cardiology (AHA), patients presenting within the first 
3 h of pain onset were considered as early admissions, 
and patients presenting after 3 h were considered as late 
admissions.19 We found no significant differences when 
comparing the duration of admission and the presence of 
risk factors such as hypertension (p = 0.58) or CAD (p = 
0.28). Mean ejection fraction values were 64.7 ± 5.9% in 
the study of Sugeng et al.20 and 66.6 ± 6.5% in the study 
of Vugar et al.,21 compared to 47.36 ± 6.53% in our study.

The mean time between pain onset and diagnosis was 
1.87 ± 0.99 h for patients who presented to the hospital 
during working hours and 3.12 ± 2.97 h for patients who 
presented to the hospital outside of working hours (p < 
0.05). We also found a statistically significant difference 

between the diagnosis-to-needle time of patients pre-
senting to the hospital during and outside of working 
hours (p < 0.05). 

Troponin values at admission were similar in patients 
presenting during and outside of working hours but were 
significantly higher in those presenting outside of working 
hours (p < 0.05). This may be explained by the longer diag-
nosis-to-needle times of these patients. We found a posi-
tive correlation between the diagnosis-to-needle times and 
troponin values of patients, and a statistically significant 
difference (p < 0.05) between the onset of pain-to-diagno-
sis times of patients who presented to the hospital during 
and outside working hours (Figure 1 and 2).

Lower pain onset-to-diagnosis times were associated 
with lower increases in troponin levels at 48 h. However, 
this effect was not as dominant as the diagnosis-to-nee-
dle time. Although we found a strong relationship (97%) 
between the diagnosis-to-needle time and troponin ele-
vation after 48 h, the relationship between pain onset-to-
diagnosis time and troponin elevation after 48 h was weak 
(8%). This suggests that the duration of surgical interven-
tion is much more important than the time until the first 
medical contact.

Post-angiography ejection values of the patients who 
presented to the hospital during working hours were 
higher than those of patients who presented outside of 
working hours (p < 0.05).

In addition, no difference was observed in the variables 
of age, sex, smoking, diabetes mellitus, and hypertension 
between patients who presented to the hospital during 
and outside of working hours.

CONCLUSIONS

In this study, there was a statistically significant differ-
ence in the pain onset-to-diagnosis and diagnosis-to-
needle times of patients who presented to the hospital 
during and outside of working hours.
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