
ABSTRACT
Introduction: This study aimed to determine the mean time for diagnosis of acute ST-segment elevation 
myocardial infarction (STEMI) for both working hours (WHs) and non-WHs (NWHs) during the period that 
a smartphone application was in use to aid the speed of diagnosis and any significant difference in diagnosis 
times during NWHs with and without use of the application.

Patients and Methods: In this retrospective study, 174 patients who had been diagnosed with STEMI and 
transferred for primary percutaneous coronary intervention between January 2013 and April 2014 were 
recruited. During this period, the hospital used a smartphone application to aid diagnosis during NWHs. In 
addition, 58 patients who were diagnosed with STEMI during NWHs between January 2012 and November 
2012, either by a cardiologist called to the emergency department or an electrocardiography being sent to the 
cardiologist’s e-mail from a hospital computer, were enrolled.

Results: After the smartphone application was used, patients were diagnosed in a mean time of 7.9 ± 1.7 min 
during WHs, whereas STEMI was diagnosed in a mean time of 8.2 ± 1.4 min during NWHs. There was no 
statistically significant difference in diagnosis times between WHs and NWHs (p= 0.143). However, before 
the application was used, the mean time for the diagnosis of STEMI was 18.0 ± 3.1 min during NWHs, and 
consequently, there was a significant difference in STEMI diagnosis times during NWHs before and after the 
application began to be used (p< 0.001).

Conclusion: The application of smartphones, especially during NWHs at non-percutaneous coronary 
intervention-capable centres, can significantly reduce delays in STEMI treatment, which can result in 
improved short- and long-term clinical outcomes.
Key Words: ST elevation myocardial infarction; electrocardiography; smartphone application; percutaneous 
coronary intervention 

Türkiyede Primer Perkütan Koroner Girişim Yapılamayan Merkezlerde 
Akut ST-Segment Elevasyonlu Miyokart İnfarktüsünün Erken Tanısı 
Üzerine Akıllı Telefon Teknolojisinin Etkisi
ÖZET
Giriş: Bu makalenin amacı akıllı telefon kullanılan dönemde çalışma ve çalışma dışı saatleri (ÇDS)’nde akut 
ST-elevasyonlu miyokart infarktüsü (STEMİ)’nün ortalama tanı süresini belirlemektir. Ayrıca uygulama var-
lığı ve yokluğunda ÇDS’deki tanı zamanları arasında önemli farklılık olup olmadığına bakılacaktır.

Hastalar ve Yöntem: Bu retrospektif çalışmaya Ocak 2013-Nisan 2014 tarihlerinde STEMİ tanısı konup primer 
perkütan koroner girişim (PKG) için transfer edilen 174 hasta alındı. Bu periyotta, hastanede ÇDS’de akıllı 
telefon kullanılmaktaydı. Ayrıca Ocak 2012-Kasım 2012 tarihlerinde ÇDS’de kardiyoloğun acile çağırılması 
veya hastane bilgisayarından kardiyoloğa elektronik posta ile elektrokardiyografi gönderilmesi yoluyla STEMİ 
tanısı konan 58 hasta alındı.

Bulgular: Uygulamanın kullanılmaya başlanılması sonrası çalışma sırasında hastaların tanı süresi ortalama 
7.9 ± 1.7 dakikaydı. ÇDS’de STEMİ tanısı ortalama 8.2 ± 1.4 dakika olarak saptandı. Çalışma ve ÇDS ara-
sında tanı zamanlarında fark görülmedi (p= 0.143). Uygulamanın kullanılmaya başlanması öncesi ÇDS’de 
STEMİ tanı süresi 18.0 ± 3.1 dakikaydı. ÇDS’de uygulama başlangıcı öncesi ve sonrası arasında STEMİ tanı 
süresi açısından anlamlı fark saptandı (p< 0.001).

Sonuç: Akıllı telefon uygulamalarının özellikle PKG yapılamayan merkezlerde ÇDS’de kullanılması STEMİ 
tedavisindeki gecikmeyi azaltarak kısa ve uzun dönem klinik sonuçlarda iyileşme sağlayabilir.
Anahtar Kelimeler: ST-elevasyonlu miyokart infarktüsü; elektrokardiyografi; akıllı telefon uygulaması; 
perkütan koroner girişim
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INTRODUCTION

Coronary artery disease is the most frequent cause of death, 
killing more than 7 million people worldwide in a year(1). Acute 
coronary syndrome (ACS) refers to any group of symptoms 
attributed to obstruction of the coronary arteries. ACS occurs 
most often as ST elevation myocardial infarction (STEMI) 
(30%), non-STEMI (NSTEMI) (25%), or unstable angina 
(38%)(2). Acute STEMI usually occurs when a thrombus settles 
on a ruptured atheromatous plaque and occludes an epicardial 
coronary artery.

Our hospital has used personal technology, especially 
smartphones, to speed up the diagnosis of patients with suspected 
heart symptoms in the emergency department (ED) during non-
working hours (NWHs). Since late 2012, we have been using 
a common smartphone messenger application to send pictures 
of patients’ electrocardiograms (ECGs) for cardiologist review, 
saving the time it would take a cardiologist to reach the ED. 
This approach enables us to begin treating heart-attack patients 
within the time frame when emergency care is most likely to 
be successful. Every minute a patient waits for the emergency 
doctor to arrive and study their ECG increases the risks, and this 
period can be especially longer during NWHs. In our hospital, 
when a patient complains of chest pain or any other cardiac-
related symptom, an emergency doctor takes an ECG and sends 
the image to the cardiologist on call. Before our hospital began 
to use this system, either a cardiologist had to be called to the 
ED from home or the ECG had to be sent to the cardiologist’s 
email from an ED computer. This process resulted in delays 
because the ECGs had to be scanned and transferred to the ED 
computer.

The early provision of therapy, particularly of reperfusion 
therapy, is critical to its benefit(3). Thus, the minimisation of 
delays is associated with improved outcomes. If the reperfusion 
therapy is primary percutaneous coronary intervention (PCI), 
the goal should be a delay of ≤ 90 min from first medical 
contact (FMC) to passage of the wire into the culprit artery, 
and in high-risk cases with large, anterior infarcts and in early 
presenters within 2 h, this delay should be ≤ 60 minutes(4,5). 
Both randomised studies and registries have indicated that long 
delays before primary PCI are associated with worse clinical 
outcomes. From randomised trials, it was calculated that PCI-
related delays of 60-110 min may even mitigate the benefit of 
mechanical intervention(6).

This study aimed to determine the contributions of 
smartphones to the ED treatment of patients with acute STEMI 
in centres not capable of PCI during NWHs.

PATIENTS and METHODS

Study Population
This study was conducted at a secondary state hospital in 

Turkey. To select the study population, we looked at patients’ 
files and selected patients who had been diagnosed with STEMI 

and transferred for primary PCI between 1st January 2013 and 
30th April 2014. During this period, 174 patients were admitted 
to our hospital’s ED with chest pain and diagnosed with STEMI. 
Of these, 108 subjects-50 during working hours (WHs) and 58 
during NWHs-were diagnosed with STEMI between 1th January 
2012 and 30th November 2012, which was the period before the 
hospital began to use the messenger application.

Study Protocol
The present study was an observational, retrospective study 

at a single centre. All the patients’ ECGs were taken after they 
were admitted. STEMI patients were divided into two groups: 
1) during WHs, defined as 8.00 am to 5.00 pm on Mondays 
through Fridays, and 2) during NWHs, defined as 5.00 pm to 
8.00 am on Mondays through Fridays and weekends. During 
WHs, cardiologists are called to the ED. In contrast, after 
1st January 2013, during NWHs, ED doctors would send the 
ECG image to the cardiologist on call through a smartphone 
application. Before use of this application, STEMI had to be 
diagnosed during NWHs by a cardiologist who was called to the 
ED from home or by the ECG being sent to the cardiologist’s 
e-mail from an ED computer. In this study, the diagnosis time of 
STEMI was defined as the time that the cardiologist reviewed 
the ECG from his/her WhatsApp messenger application on 
their smartphone and diagnosed or arrived at the ED and 
assessed the ECG regarding STEMI. Moreover, the diagnosis 
time was defined as the time interval between admission of the 
patients to ED and the diagnosis of STEMI by a cardiologist.

For this study, ST-segment elevation in acute myocardial 
infarction was measured at the J point, was found in two 
contiguous leads, and was defined as being ≥ 0.25 mV in men 
of age < 40 years, ≥ 0.2 mV in men of ≥ 40 years, or ≥ 0.15 mV 
in women in leads V2-V3 and/or ≥ 0.1 mV in other leads, in 
the absence of left ventricular (LV) hypertrophy or left bundle 
branch block (LBBB)7.

The PCI centre was informed by the cardiologist in terms of 
the diagnosis and clinical status of the STEMI patients. Hence, 
the patient was immediately taken to the catheter laboratory. 
This study investigated the mean time to diagnose STEMI both 
during WHs and NWHs after our hospital began to use the 
smartphone application. In addition, the study looked for any 
significant differences in diagnosis times in the NWHs group 
before and after use of the application began.

This study excluded patients admitted to the ED between 
1st December 2012 and 30th December 2012 and who were 
diagnosed with STEMI because this period was a time of 
transition to using the smartphone application. In addition, the 
study excluded patients who had STEMI but who were not 
transferred for PCI because of special conditions.

Statistical Analysis
Descriptive statistics are presented herein as the mean ± 

SD for continuous variables and as numbers and percentages 
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for categorical variables for comparing groups. Variables were 
checked using the Shapiro-Wilk test to determine whether the 
variables showed a normal distribution. Homogeneity of the 
variances was analysed using the Levene test. An independent 
samples t-test was used to compare two groups of data that 
fitted a normal distribution. The Mann-Whitney U test was 
used to compare non-normally distributed data. An overall 5% 
type-I error level (95% confidence interval) was used to infer 
statistical significance and a two-sided p value of < 0.05 was 
considered significant. Statistical analyses were performed 
using the statistical package for social sciences version 15 
(SPSS Inc.; Chicago, IL, USA).

RESULTS

Between January 2013 and April 2014, the ratio of impels 
for STEMI to all impels was 22.98%. During this period, STEMI 
was diagnosed in 174 patients (122 men and 52 women). The 
number of patients diagnosed with STEMI during WHs was 70 
and during NWHs was 104.

Between January 2012 and November 2012, the ratio 
of impels for STEMI to all impels was 23.16%. During this 
period, 108 patients were diagnosed with STEMI. The number 
of patients diagnosed with STEMI during WHs was 50 and 
during NWHs was 58. During WHs, 78% were males, while 
during NWHs, 83% were males. The mean age of STEMI 
patients during WHs (57 ± 14) was not significantly different 
than that during NWHs (59 ± 11) (p> 0.254).

Between January 2013 and April 2014, patients admitted to 
the ED with STEMI were diagnosed in a mean time of 7.9 ± 
1.7 min during WHs. In these patients, STEMI was diagnosed 
by a cardiologist in the ED. During NWHs, the mean time for 
diagnosis was 8.2 ± 1.4 min, and STEMI was diagnosed after 
an emergency doctor sent the ECG image to the cardiologist on 
call using the smartphone application. There was no significant 
difference in diagnosis time between WHs and NWHs (p> 
0.05) (Table 1), indicating that transmitting patients’ ECGs to 
cardiologists’ smartphones during NWHs caused no delay in 
diagnosis (Table 2).

However, from January 2012 to November 2012, the mean 
time to diagnose STEMI was 9.0 ± 1.5 min during WHs and 
18.0 ± 3.1 min during NWHs, indicating a significant difference 
in diagnosis time between WHs and NWHs (p< 0.001). During 
this time period, STEMI was diagnosed during NWHs either 
by a cardiologist being called to the ED from home or by 
the ECG being sent to the cardiologist’s e-mail from an ED 
computer. This caused significant delays in diagnosis during 
NWHs compared with that during WHs (Table 1).

In addition, this study investigated any difference in 
diagnosis times during NWHs before (NWH2) and after 
(NWH1) our hospital began to use the smartphone application. 
There was a significant difference between these two groups, 
with the application shortening the time to diagnosis (p< 0.001).

DISCUSSION

The main findings of the present study were as follows: 
1) The diagnosis time for acute STEMI was similar between WHs 
and NWHs when using the smartphone messenger application. 
2) A significant difference in STEMI diagnosis times before and 
after this application began to be used was found.

STEMI is a clinical syndrome defined by characteristic 
symptoms of myocardial ischaemia in association with persistent 
ECG ST elevation and a subsequent release of biomarkers of 
myocardial necrosis. Diagnostic ST elevation in the absence of 
LV hypertrophy or LBBB is defined by the European Society 
of Cardiology/ACCF/AHA/World Heart Federation Task Force 
for the Universal Definition of Myocardial Infarction as new ST 
elevation at the J point in at least two contiguous leads of ≥ 2 mm 
(0.2 mV) in men or ≥ 1.5 mm (0.15 mV) in women in leads V2-
V3 and/or of ≥ 1 mm (0.1 mV) in other contiguous chest leads 
or limb leads(8). New or presumably new LBBB is considered a 
STEMI equivalent. In addition, ST depression in two or more 
precordial leads (V1-V4) may indicate transmural posterior 
injury; multilead ST depression with coexistent ST elevation 
in lead aVR has been described in patients with left main or 
proximal left anterior descending artery occlusion(9). At present, 
STEMI accounts for approximately 25%-40% of all myocardial 
infarction presentations(10).

Patients with STEMI typically do not seek medical care for 
approximately 1.5-2 h after symptom onset, and there has been 
little change in this interval over the past 10 years(11,12). One 
of the reasons patients may delay seeking care is because their 
symptoms differ from those of a heart attack as they do not present 
dramatically with severe, crushing chest pain(13). Although more 
than 98% of the U.S. population is covered by the 911 service(14), 
U.S. patients with STEMI often do not call an EMS or 911 and 
are thus not transported to the hospital by ambulance. A 2011 
observational study found that EMS transport was used for 
only 60% of 37.643 patients with STEMI(15), although patients 
with possible ischaemic symptoms should be transported to 
the hospital by ambulance rather than by friends or relatives. 
The use of pre-hospital ECGs, particularly when coupled 
with the communication of STEMI diagnosis and preferential 
transport to a PCI-capable hospital, has been shown to result in 
rapid reperfusion times and excellent clinical outcomes(16-18). 
However, unfortunately, in Turkey, public ED (112) ambulances 
do not have 12-lead ECG machines. Therefore, patients do not 
receive ECGs until they are admitted to the ED. This means that 
STEMI patients are diagnosed in EDs, and if the hospital is PCI 
capable, are then taken to the catheter laboratory. However, if 
they are initially taken to a non-PCI-capable centre, they must be 
transferred to a PCI-capable one.

Reperfusion therapy should be administered to all eligible 
STEMI patients who have had symptom onset within the first 12 
h(19,20). Primary PCI is the recommended method of reperfusion 
when it can be performed in a timely manner by experienced 
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operators(20-22). Immediate transfer to a PCI-capable hospital 
for primary PCI is the recommended triage strategy for STEMI 
patients who initially arrive at or are transported to a non-
PCI-capable hospital, with an FMC-to-device time system 
goal of ≤ 120 min(21-24). In the absence of contraindications, 
fibrinolytic therapy should be administered to STEMI patients 
at non-PCI-capable hospitals when the anticipated FMC-to-
device time at a PCI-capable hospital exceeds 120 min because 
of unavoidable delays(19,25,26). However, our hospital does not 
use fibrinolytic therapy because of its proximity to PCI-capable 
centres.

Any regional medical system must seek to enable the 
rapid recognition and timely reperfusion of STEMI patients as 
systemic delays to reperfusion are correlated with higher rates of 
mortality and morbidity(27-30). Consideration should be given to 
the development of local protocols that allow preregistration and 
direct transport to the catheterisation laboratory of a PCI-capable 
hospital (bypassing the ED) for patients who do not require 
emergent stabilisation upon arrival.

Several trials have suggested the benefit of transferring 
STEMI patients from a non-PCI-capable hospital to a PCI-
capable one for primary PCI(23,31). In many communities, a 
significant percentage of STEMI patients who present initially 
to a non-PCI-capable hospital cannot physically be transferred 
to a PCI-capable one and achieve an FMC-to-device time 
treatment goal of ≤ 90 min. A DANAMI-2 trial showed that a 
reperfusion strategy involving the transfer of STEMI patients 
from a non-PCI-capable hospital to a PCI-capable one for 
primary PCI was superior to the use of fibrinolysis at the 
referring hospital, primarily because of a reduction in the rate 
of reinfarction in the group treated with primary PCI(21,23). 
In that study, the average first door-to-device time delay was 
approximately 110 min(23). Efforts are needed to reduce the 
delay between arrival to and transfer from a non-PCI-capable 
hospital (door-in-door-out). Among a subset of 14.821 patients 
in the NCDR ACTION-GWTG registry, the median door-in-
door-out time was 68 min (interquartile range, 43-120 min). 
A door-in-door-out time of ≤ 30 min, achieved in only 11% of 
patients, was associated with shorter delays to reperfusion and 
a lower in-hospital mortality rate(32).

A smartphone is a mobile phone with more advanced 
computing capability and connectivity than phones with basic 
features. Early smartphones typically combined the features of 
a mobile phone with those of another popular consumer device, 
such as a personal digital assistant, a media player, a digital 
camera or a GPS navigation unit. Modern smartphones include 
all of those features plus the features of a touchscreen computer, 
including web browsing, Wi-Fi and third-party applications. 
Messenger applications are cross-platform, mobile-messaging 
applications that allow users to exchange messages without 
having to pay for a short message service. Such applications 
enable users to send and receive location information, images, 
video, audio and text messages in real time to individuals and 

groups at no cost. For suspected medical cases, practitioners 
can use smartphone messaging applications to share ECGs with 
specialists.

In Turkey, the knowledge of ECGs in medical personnel 
other than cardiologists is very inadequate. Therefore, diagnosing 
STEMI is a significant problem. In addition, during NWHs, 
the delays in receiving primary PCI that are experienced by 
patients who initially present at non-PCI-capable centres worsen 
the prognosis of those patients. Misdiagnosis or delays occur 
frequently if there is no cardiologist present at the hospital. There 
are two ways to prevent this. One is the greater education of 
practitioners about ECGs. The other is enabling practitioners to 
consult with cardiologists about ECGs by means of smartphone 
applications. The second option is easier, more suitable and 
more cost-effective for Turkey. In this case, if the hospital does 
not have a cardiologist, it can send the ECG to a cardiologist at 
another hospital. A cardiologist can evaluate the ECG from any 
location, including from home, and if there is STEMI, the patient 
can be transferred for primary PCI without delay.

The present study found no difference in diagnosis times 
between WHs and NWHs. Another benefit of using such an 
application is preventing impels caused by initial misdiagnosis at 
non-PCI-capable hospitals. Some hospitals without cardiologists 
send patients to our hospital for the diagnosis of NSTEMI. 
Before the use of smartphone applications, 30%-35% of these 
patients were diagnosed with STEMI in our hospital and sent 
to PCI-capable centres for primary PCI. However, there were 
significant delays until a true diagnosis was made. Our hospital 
has remediated this situation by using smartphone consultations 
regarding ECGs before taking patients with suspected NSTEMI 
for impellation, and if there is STEMI, we offer to transfer the 
patient to a PCI-capable hospital directly. In one case example, 
a specialist wanted us to accept a patient in our non-PCI-capable 
hospital for coronary care, but thanks to the use of a smartphone 

Table 1. Diagnosis times for WH1 and NWH1 in the period between 
January 2013 and April 2014 and WH2 and NWH2 in period 
between January 2012 and November 2012

Category Mean time (min) N Std. deviation

WH1 7.9 70 1.7

NWH1 8.2 104 1.4

WH2 9.0 50 1.5

NWH2 18.0 58 3.1

NWH: Non-working hours, WH: Working hours.

Table 2. Comparison between WHs and NWHs in the period of 
January 2013 and April 2014

 N  Z  P

WHs  70
-1.467 0.143

NWHs  104

NWH: Non-working hours, WH: Working hours.
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messenger application, our cardiologist was able to see the 
patient’s ECG and diagnose acute inferior myocardial infarction 
with bradycardia instead. Therefore, the patient was transferred 
to a PCI-capable centre directly rather than to our hospital, 
avoiding a probable delay before appropriate treatment.

Study Limitations
This study was performed using a relatively limited number 

of patients. In addition, the patients’ door-to-balloon times were 
not known. Furthermore, the time from admission to ED to ECG 
varied and may have depended on the severity of the symptoms. 
For example, elderly female patients or diabetics may have 
fewer symptoms, and their ECGs might not have been taken 
immediately.

CONCLUSION

We demonstrated a significant difference in diagnosis 
times during NWHs between before and after the smartphone 
messenger application began to be used in patients with 
STEMI. The use of such applications may minimise delays 
and improve clinical outcomes in this setting. In addition, the 
use of smartphone messenger applications can assure that the 
catheterisation laboratory is prepared while the ambulance 
transfer is occurring, so that the patient can be transferred directly 
to the catheterisation laboratory table upon arrival.

The present study showed that during the NWHs, the direct 
transmission of a 12-lead ECG by a smartphone messenger 
application from an ED to a cardiologist’s smartphone was 
extremely beneficial. In addition, during NWHs, the use of 
an appropriate smartphone application may indirectly lead to 
a reduced infarction size and limited reduction of the ejection 
fraction by decreasing the diagnosis time for acute STEMI.
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