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Introduction

Primary percutaneous coronary intervention (PCI) is 
a lifesaving treatment for acute coronary syndromes, 
particularly ST-elevation myocardial infarction 
(STEMI). It is used to reopen blocked arteries and thus 
restore blood flow to the heart [1]. In many patients a 
stent is inserted into the artery during primary PCI to 
reduce the chance of the dangerous blockage recur-
ring. There is indisputable scientific evidence that 
myocardial revascularization in patients with acute 
forms of coronary artery disease reduces mortal-
ity, the recurrence of heart attack, and risk of stroke 
as compared with the previous standard therapies 
(pharmacological treatment, including thrombolytic 
therapy for STEMI) [2]. Initiating this treatment rap-
idly – ideally within 2 hours of an STEMI – is key to 
preventing long-term damage to the heart [3]. Patient 
access to PCI differs considerably between European 
countries, ranging from around 5 to 92% [4]. The 
accessibility of STEMI patients in Egypt to this 
lifesaving treatment is not yet known. Additionally, 
the lack of organized primary PCI networks means 
fewer patients overall receive some form of reperfu-
sion therapy, which results in poor prognosis.

Registry studies and surveys have been conducted 
in Egypt for STEMI and non-STEMI patients [5], 
but a description of the whole process, including the 
onset of acute episodes, the consequent changes in 
clinical conditions, and the management strategies, 

is not available. A survey able to capture all the rel-
evant clinical information regarding patients with 
STEMI, including the attack onset, symptoms, and 
time and strategy of management, together with 
the full medical history of the patient, would ena-
ble us to improve our knowledge of the risks, bur-
dens, obstacles, and outcomes regarding real-world 
patients with this clinical condition.

This study aims to identify the mean time to primary 
PCI (door to balloon time) for STEMI patients and 
thus assess the percentage of primary PCI for STEMI 
patients and its success rate in Egypt. It also aims to 
evaluate different patterns of treatment for STEMI 
patients by the assessment of treatment modality rates 
for thrombolytic therapy or PCI (balloon dilation and/
or stenting). Further objectives include the evaluation 
of the organization of primary PCI management across 
Egypt and how the recommendations of the most 
recent European guidelines regarding pharmacologi-
cal and nonpharmacological treatments are adopted in 
clinical practice, and finally to what extent their appli-
cation can impact patient outcomes.

Method

Observational Study

A long-term prospective, cross-sectional, mul-
ticenter registry study of patients presenting to 
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cardiac centers in Egypt was designed. The registry 
study was conducted at eight governorates in Egypt, 
and included 17 centers/hospitals: eight public hos-
pitals, eight university hospitals, and one nongov-
ernmental organization.

Standard treatment of patients was by the diagnos-
tic and therapeutic interventions routinely performed 
in each center for patients presenting with signs and 
symptoms of myocardial infarction. Drug prescrip-
tions and indications to perform diagnostic/therapeutic 
procedures were left to the participating cardiologist’s 
decision. No specific protocols or recommendations 
for evaluation, management, and/or treatment were 
proposed during this observational study.

The inclusion criteria for enrolled patients were as 
follows: patients with diagnosed myocardial infarc-
tion, according to the clinical judgment of the par-
ticipating centers’ responsible cardiologist, either 
with ST elevation or without ST elevation, admit-
ted to the catheterization laboratory or not admitted, 
treated with thrombolytic therapy or by intervention, 
or admitted for an acute episode in the participating 
center during the enrollment period. The only exclu-
sion criterion was age younger than 18 years.

Patients were free to withdraw from the study 
at any time without giving a reason. Patients were 
advised if they requested to withdraw from the 
study, at any time during the trial, then this would 
have no negative consequences.

Because the study was fully observational, a for-
mal sample size was not calculated. However, a 
sample of 1000 enrolled patients was estimated as 
the minimum number to fulfill the level of quality 
for assessment at a national level.

Site and Patient Selection

Selection of each participating city or governorate was 
done by our targeting a sample of hospitals of differ-
ent levels of complexity from which patients were 
recruited according to the inclusion criteria and exclu-
sion criterion focusing on capturing a broad spectrum 
of myocardial infarction patients so as to build up a 
network of centers representing the Egyptian reality.

The Clinical Research Form

The clinical research form (CRF) (supplementary 
data) was created by the scientific committee and 

given to the participating centers as an electronic 
version with login username and password for each 
participating center/hospital. The CRF was com-
pleted with use of the original hospital documents 
for each patient and which included the diagno-
sis, investigations, and treatment strategies. It also 
included the “door to balloon time” and the “first 
medical contact to balloon time,” where “door” 
corresponds to the admission time and “balloon” 
merged variables, including the time of admission 
to the catheterization laboratory, admission for pri-
mary PCI to catherization laboratory time, and the 
time of coronary balloon angioplasty.

Follow-up

A follow-up visit by the patients 3, 6, and 9 months 
after the initial admission was arranged to collect 
information on morbidity and mortality. If it was 
impossible for the patient to reach the clinical center 
for logistic reasons, the follow-up clinical visit was 
replaced by a phone call.

Ethics Approval and Consent

The study was performed in compliance with 
the requirements of the Ethics Committee of the 
Faculty of Medicine of Alexandria University. Full 
regulatory approval was granted under IRB number 
00007555-FWA NO: 00015712.

All patients provided written informed consent to 
participate in the study before being recruited. The 
patient information sheet detailed the aims, method, 
potential risks, and anticipated benefits of the study, 
and these were further explained by an investigator. 
The patient signed the consent form to indicate that 
the information had been explained and understood. 
The patient was given a copy of the informed con-
sent form for information. The original copy of the 
informed consent form was kept in a confidential 
file in the investigators’ center.

Training and Education

Educational meetings were conducted with the 
investigators involved in the registry study to 
update the guidelines and training on the CRF data 
entry, after which a consent form was signed by 
each center approving its participation according 
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to the given terms and conditions. Usernames and 
passwords were sent confidentially to each center 
to start the enrollment. Meetings between key 
decision makers throughout Egypt (e.g., leading 
interventional cardiologists, Minister of Health, 
ambulance service managers, medical device and 
pharmaceutical companies, and the telecommuni-
cation industry) were held to support the execution 
of the registry study.

Auditing Process

Periodically, the participating centers were selected 
for monitoring on the basis of the risk strategy (e.g., 
number of patients enrolled, high number of data 
management queries) through onsite visits, which 
were performed by trained monitors. Confirmation 
of the accuracy of filling in the CRF in comparison 
with the original documents for randomly selected 
patients and verification of the signed informed 
consent forms was carried out.

Variables and Evaluation Criteria

Data were evaluated as follows: population charac-
teristics (total population); population characteris-
tics by sex; patient distribution; treatment strategy 
(total population); treatment strategy by sex; treat-
ment strategy by year; success rate (complete revas-
cularization) according to the strategy.

Safety Evaluation

Adverse Events

Any adverse event observed as a result of the thera-
peutic strategy used (interventional or medical) was 
recorded in the CRF.

Serious Adverse Events and Other 
Significant Adverse Events

A document for serious adverse events was created 
and given to all centers to be filled in and submitted 
within 24 hours of their appearance.

Pharmacovigilance

Drug safety was monitored by recording adverse 
drug reactions in the follow-up period. Serious 

adverse events were to be recorded anytime in the 
follow-up period.

Statistical Analysis

Results were compared with use of the chi square 
test or Fisher’s exact test as appropriate for cat-
egorical variables and the Mann-Whitney U test or 
independent samples t test for continuous variables 
as appropriate. P > 0.05 was considered significant.

Results

The registry period was 40 months, including the 
follow-up period. Seventeen centers/hospitals 
in eight governorates participated, and the total 
number of patients enrolled was 1661, of which 
1650 patients were analyzed; the remaining 
11 patients did not have STEMI and were thus 
excluded from the study. Patients who missed 
their follow-up visit dates by 1 week were con-
tacted by telephone.

Patient Distribution and Types of 
Hospitals/Centers Involved in the Study

The centers and hospitals that participated in the study 
were either public or private with a catheterization 
laboratory working 24 hours for the whole week, a 
catheterization laboratory not working 24 hours per 
day or not working for the whole week, or no cath-
eterization laboratory. The number and percentage 
of patients admitted to the centers and hospitals of 
the above-mentioned categories are given in Figure 
1 and in Table 1 in the supplementary material.
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Patient Data and Baseline Characteristics

In 2014, 480 STEMI patients were enrolled, 
227 were enrolled in 2015, 231 were enrolled in 
2016, and 712 were enrolled in 2017. All numbers 
given were analyzed as no withdrawals occurred 
during the study. The age, risk factors, and family 
history of the patients are shown in Table 2 in the 
supplementary material.

The median age of the men and women in the 
study was 56 and 60 years, respectively, showing 
no significant difference between the sexes.

Obesity, diabetes, hypertension, and hypercholes-
terolemia were evaluated as prognostic and risk fac-
tors, and it was found that the rates for women were 
significantly higher than those for men: 54.8% of 
women were obese versus 33.4% of men; 69.5% of 
women had diabetes versus 42.6% of men; 67.7% 
of women had hypertension versus 47.8% of men; 
and 58.9% of women had hypercholesterolemia 
versus 42.1% of men.

On the other hand, the picture was reversed con-
cerning smoking, where the proportion of non-
smoker men was significantly lower than that of 
nonsmoker women, being 17.4 and 79.7%, respec-
tively. Also, the proportion of current smokers 
was significantly higher for men (74.9%) than 
for women (18.1%). A family history of coro-
nary artery disease was more frequent in women 
(25.4%) than in men (20.4%): see Table 3 in the 
supplementary material.

Table 1 Treatment Strategy for Total Population.

Treatment strategy  Number  Percentage

Immediate transfer for 
primary PCI

 1198  72.6

Fibrinolysis + immediate 
transfer for PCI

 40  2.4

Fibrinolysis + secondary 
transfer for PCI

 186  11.3

No reperfusion in 
acute stage (medical 
treatment + revaluation

 226  13.7

PCI, percutaneous coronary intervention.

Table 2 Treatment Strategy for Total Population Analyzed According to the Year.

 
 

Immediate 
transfer for 
primary PCI

 
 

Fibrinolysis +  
immediate 
transfer for PCI

 
 

Fibrinolysis +  
secondary 
transfer for PCI

 No reperfusion in 
acute stage (medical 
treatment + revaluation

n  %  % n  %  n  %

2014 (n = 480)  464b  96.6%  3a  0.7%  13a  2.6%  01  0.0%
2015 (n = 227)  224b  98.5%  01  0.0%  2a  1.0%  1a  0.5%
2016 (n = 231)  231a  100%  01  0.0%  01  0.0%  01  0.0%
2017 (n = 712)  710b  99.7%  2a  0.3%  01  0.0%  01  0.0%

Values in the same row not sharing the same superscript are significantly different at P < 0.05 in the two-sided test of equality for 
column proportions.

Table 3 Rate of Treatment Success (Complete Revascularization) According to the Strategy.

Strategy used  
 
 

Complete revascularization

No  
 

Yes

n  % n  %

Immediate transfer for primary PCI  417a  34.9  779b  65.1
Fibrinolysis + immediate transfer for PCI  22a  57.8  17b  42.2
Fibrinolysis + secondary transfer for PCI  108a  58.5  77b  41.5
No reperfusion in acute stage (medical treatment + revaluation  103a  45.4  123b  54.6

Values in the same row not sharing the same superscript are significantly different at P < 0.05 in the two-sided test of equality 
for column proportions. Cells with no superscript are not included in the test. The tests assume equal variances.
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Evaluated Data

No missing data were observed in the CRF as it was 
designed in a way that its submission will not be 
completed unless all fields have been filled in.

Treatment Strategies

Treatment Strategy for the Total  
Population

The number of patients who were immediately 
transferred for primary PCI was 1198 (72.6%), 
while 40 underwent fibrinolysis and immediate 
transfer for PCI (2.4%) and 186 underwent fibrinol-
ysis and secondary transfer for PCI (11.3%). The 
number of patients for whom no reperfusion was 
performed in the acute stage but who instead were 
subjected to medical treatment and revaluation was 
226 (13.7%); see Table 1.

Treatment Strategies for the Total 
Population Analyzed according to Sex

The number of male and female patients who were 
immediately transferred for primary PCI was 921 
(74.2%) and 275 (67.5%), respectively, while the 
number who underwent fibrinolysis and immedi-
ate transfer for PCI was 28.1 (2.3%) and 11 (2.6%), 
respectively, and the number who underwent 
fibrinolysis and secondary transfer for PCI was 127 
(10.3%) and 58 (14.4%), respectively. The number 
of patients in whom no reperfusion was performed 

in the acute stage but who instead were subjected to 
medical treatment and revaluation was 162 (13.1%) 
and 64 (15.6%), respectively, where the number of 
men subjected to all treatment strategies mentioned 
was significantly higher than the number of women 
(P < 0.001) except for fibrinolysis + immediate trans-
fer for PCI, for which there was no significant dif-
ference between the two sexes (Figure 2 and Table 
4 in the supplementary material).

Treatment Strategies for the Total 
Population Analyzed according  
to the Year

The number of patients in 2014, 2015, 2016, and 
2017 who were immediately transferred for pri-
mary PCI was 464 (96.6%), 224 (98.5%), 231 
(100%), and 710 (99.7%), respectively, while the 
number who underwent fibrinolysis and immedi-
ate transfer for PCI was 3 (0.7%), 0 (0%), 0 (0%), 
and 2 (0.3%), respectively, and the number who 
underwent fibrinolysis and secondary transfer for 
PCI was 13 (2.6%), 2 (1%), 0 (0%), and 0 (0%), 
respectively. The number of patients in whom no 
reperfusion was performed in the acute stage but 
who instead were subjected to medical treatment 
and revaluation was 0 (0%), 1 (0.5%), 0 (0%), and 
0 (0%), respectively, where the strategy of imme-
diate transfer for PCI was significantly more fre-
quent than all other strategies through the 4 years 
of enrollment (Table 2).

A B10.30% Total = 1238 14.4%

2.4%

15.6%

67.5%

2.30%

13.10%

Total = 408

Immediate transfer for pPCI

No reperfusion in acute stage (medical treatment + revaluation)

Fibrinolysis + immediate transfer
Fibrinolysis + secondary transfer

Immediate transfer for pPCI
No reperfusion in acute stage (medical treatment + revaluation)

Fibrinolysis + immediate transfer

Fibrinolysis + secondary transfer

74.2 %

Figure 2: Treatment Strategies: (A) for Men; (B) for Women. pPCI, Primary percutaneous coronary intervention.
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Rate of Treatment Success (Complete 
Revascularization) According to the 
Strategy

The success of each treatment strategy was analyzed 
according to the occurrence of complete revascular-
ization. The success rate of immediate transfer for 
primary PCI was 65.1% (779 patients) versus 34.9% 
(417 patients) where revascularization was not com-
plete, while the success rate of fibrinolysis plus 
immediate transfer for PCI was 42.2% (17 patients) 
versus 57.8% (22 patients) and the success rate of 
fibrinolysis plus secondary transfer for PCI was 
41.5% (77 patients) versus 58.5% (108 patients). 
The success rate for no reperfusion in the acute stage 
(medical treatment and revaluation) was 54.6% (123 
patients) versus 45.4% (103 patients). The complete 
revascularization (success) rates were significantly 
higher for all strategies mentioned (Table 3).

Door to Balloon Time and First Contact to 
Balloon Time

Door to Balloon Time and First Contact to 
Balloon Time for the Total Population

The time was evaluated according to the minimum, 
25th percentile, median, 75th percentile, and maximum 
time. Analysis of data was done according to the 
period 2014–2015 versus 2016–2017, which showed 
a highly significant decrease in the time taken from 
door to balloon and from first contact to balloon in 
2016–2017 compared with 2014–2015 (P < 0.001). 
This result was mostly obvious for the 75th percen-
tile, where the door to balloon time was decreased 
from 90 minutes to 60 minutes and the first contact 

to balloon time was decreased from 120 minutes to 
87 minutes in 75% of the enrolled population across 
the two periods analyzed (Table 4).

Door to Ballon Time and First Contact to 
Balloon Time according to Sex

The time was evaluated for men and women accord-
ing to the minimum, 25th percentile, median, 75th 
percentile, and maximum time.

In men, the door to balloon time was 5.00, 25.00, 
50.00, 150.00, and 1425.00 minutes, respectively, 
while the first contact to balloon time was 5.00, 
45.00, 70.00, 240.00, and 1435.00 minutes, respec-
tively. In women, the door to balloon time was 5.00, 
30.00, 60.00, 135.00, and 1410.00 minutes, respec-
tively, while the first contact to balloon time was 
5.00, 45.00, 65.00, 260.00, and 1430.00 minutes, 
respectively.

There was no significant difference between the 
two sexes (Table 5 in the supplementary material).

Mortality

Mortality was evaluated at the hospital and at 3, 6, 
and 9 months. It was found that 2.8% of patients died 
in hospital and 4% had died at 3 months, 0.5% had 
died at 6 months, and 0.6% had died at 9 months of 
follow-up (Table 6 in the supplementary material).

Safety Evaluation

No adverse events were reported. No serious adverse 
events were reported, only errors in the electronic 
CRF submissions.

Table 4 Door to Balloon Time and First Contact to Balloon Time for the Total Population.

Year Minimum 25th 
percentile

Median 75th 
percentile

Maximum

Door to 
balloon 
time (min)

2014–2015 5 30 60 90 1050
2016–2017 5 25 50 60 1400
P (Mann-
Whitney U test)

<0.001 First medical 
contact to 
balloon time 
(min)

2014–2015 10 45

60 120 1415 2016–2017 10 30
60 87 1430 P (Mann-

Whitney U test)
<0.001

The door to balloon time and first medical contact to balloon time P values are from nonparametric testing (selected because of 
skewness of data) using the Mann-Whitney U test for pairwise comparisons (e.g., 2014–2015 vs. 2016–2017).
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Discussion

Initiating appropriate treatment for STEMI patients 
rapidly – ideally within 2 hours of an STEMI – is 
key to preventing long-term damage to the heart. 
The study aimed to identify the mean time to pri-
mary PCI (door to balloon time and first medical 
contact to balloon time) for STEMI patients and to 
identify the percentage of primary PCI for STEMI 
patients and its success rate.

In our study the mean age of the STEMI patients 
was 57 years, which is lower than the mean age of 
STEMI patients in other studies published in devel-
oped countries, but is more or less equal to that of 
STEMI patients in studies published in developing 
countries. This could be attributed to the high prev-
alence of diabetes, dyslipidemia, obesity, and smok-
ing in Egypt despite the public health effort done to 
limit tobacco use and control body weight.

We believe that the phrase “every minute of delay 
counts” should be brought into perspective, so in our 
study we estimated the first medical contact to bal-
loon time, which revealed that focusing on shortening 
the time to treatment from the first medical contact 
or the symptom onset and not only after the arrival 
of the patient at the hospital is a necessity. This was 
also recommended by other studies [6–8] showing 
that each 30 minutes of delay from symptom onset 
is associated with a relative risk for death at 1 year.

The results of this study demonstrated a significant 
shortening of the time from the first contact with the 
patient by a medical service (first contact to balloon 
time) or the time from admission of the patient to a 
hospital until primary PCI (door to balloon time) in 
2016–2017 compared with 2014–2015, which were 
included in this study and also in a similar study we 
conducted in 2011 concerning the Egyptian population 
[5]. The median door to balloon time was 50 minutes 
in 2016–2017 and 60 minutes in 2014–2015 versus 
70 minutes in 2011 as shown in the previous study 
[5], while the median first contact to balloon time 
was 60 minutes in 2016–2017 and 2014–2015 versus 
320 minutes in 2011 [5]. This improvement is believed 
to be attributed to the patient education campaigns 
held throughout the study period, which focused on 
raising patients’ awareness of the importance of the 
time between the first symptom they experience and 
seeking medical advice, and which was done through 

“Meet the Experts” public sessions in all cardiology 
conferences held in Egypt, media campaigns such as 
radio and TV advertisements, and press releases and 
social media campaigns. Furthermore, continuous 
medical education of the investigators regarding the 
updated guidelines for managing these cases as well 
as the importance of immediate transfer of patients 
for primary PCI, where more than 35 satellite meet-
ings were held for education of physicians with a total 
attendance of 3700 cardiologists. Paramedic train-
ing programs were also launched as well as several 
programs for the referral physicians. Our improved 
results were in accordance with De Luca et al. [6], 
whose results suggest that every minute of delay in 
primary angioplasty for STEMI affects 1-year mortal-
ity, even after adjustment for baseline characteristics. 
Furthermore, Terkelsen et al. [9], who evaluated the 
associations between system, treatment, patient, and 
door-to-balloon delays and mortality in patients with 
STEMI concluded that system delay was associated 
with mortality in patients with STEMI treated with 
primary PCI. In addition, the results reported by the 
American Heart Association Mission: Lifeline pro-
gram (a long-standing STEMI improvement process 
initiative) revealed that the quality of care for patients 
with STEMI was improved over time because of 
increased use of reperfusion therapy and faster times 
to treatment [10]. Therefore, all efforts should be 
made to shorten the total ischemic time, not only for 
thrombolytic therapy but also for primary angioplasty.

The statistical analysis of data in this study was 
based on the median, 25th percentile, and 75th per-
centile of the population involved, which are better 
measures of variability reflecting a more valuable 
assessment of the results. In addition, the study also 
aimed to evaluate different patterns of treatment for 
STEMI patients and to assess rates of treatment by 
medical treatment, thrombolytic therapy, or PCI (bal-
loon dilation and/or stenting). The results showed 
that different treatment strategies for STEMI patients 
were used, among which primary PCI was the strat-
egy most often used, accounting for 72.6% of the 
total treatment strategies, followed by medical treat-
ment then revaluation, with a rate of 13.7%, as well 
as thrombolytic treatment with PCI transfer, also 
with a rate of 13.7%. This was in accordance with the 
2017 European Society of Cardiology guidelines for 
the management of STEMI, which state that STEMI 
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patients should undergo primary PCI unless the 
anticipated absolute time from STEMI diagnosis to 
PCI-mediated reperfusion is more than 120 minutes, 
when fibrinolysis should be initiated immediately 
(i.e., within 10 minutes of STEMI diagnosis). In our 
study, the success rate of complete revascularization 
resulting from primary PCI relative to other revascu-
larization strategies was 65.1%.

It is worth mentioning that the percentage of primary 
PCI for STEMI patients enrolled during the study was 
72.6% compared with 5% as previously reported for 
2011 in Egypt [5]. This result revealed a highly sig-
nificant increase in use of this treatment strategy in 
Egypt within the appropriate time for rescuing STEMI 
patients and thus decreasing the morbidity rate and 
mortality associated with myocardial infarction.

Prognostic factors including age, comorbidities, the 
presence of diabetes, and previous myocardial infarc-
tion may result in differences in outcome beyond the 
stated objectives in this study. From the results we 
were also able to assess two important entries: firstly, 
the incidence of these prognostic factors, which are 
also considered as risk factors, including obesity, 
diabetes, hypertension, dyslipidemia and smoking, 
which could be further correlated to the occurrence 
of STEMI and to treatment modalities; secondly, the 
description of all results according to sex.

The sex difference was shown in several assessed 
entries, including the number of STEMI patients, 
which was significantly higher for men, while their 
age was significantly lower than that of women. In 
contrast, all prognostic/risk factors except smoking 
were significantly more frequent in women.

This study provides a database for the manage-
ment of STEMI patients in Egypt, which can be 
used to compare its situation in relation to other 
countries and also build a future strategy for improv-
ing the treatment and prognosis of STEMI patients. 
International comparisons have demonstrated sig-
nificant differences in infarct care organization and 

outcomes between countries, and national surveys 
have proven to be useful in improving the system 
and quality of care for STEMI patients [11, 12].

The limitations of this study are believed to be 
in the generalization of the results across Egypt 
although the study included 17 centers/hospitals, 
but they were located in only eight governorates out 
of 27 in Egypt. More data need to be obtained from 
more areas across Egypt, but accessibility to rural 
regions might be an obstacle.

Conclusion

This registry provided a successful tool for assess-
ing the present situation in Egypt regarding STEMI 
patients and also provided different methods for the 
improvement of implementing the best treatment 
strategy with respect to the time factor so as to give 
a better outcome for such patients.

From the registry study results we were able to 
assess the progress Egypt has achieved in the past 
few years concerning patient awareness, the appli-
cation of guidelines, and the reduction in the causes 
of system delay when compared with the results of 
the pervious registry study in 2011 and which gives 
a better understanding of future plans for superior 
outcome.
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