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ORIGINAL RESEARCH

INTRODUCTION

According to European guidelines, ST elevation acute 
myocardial infarction should be treated by immediate re-
perfusion, if diagnosed within 12 hours from the onset of 

symptoms [1,2,3,4]. The reperfusion strategy should be im-
mediate transport followed by primary PCI if possible, and 
in absence of rapid access to a cardiac catheterization labo-
ratory thrombolysis is the alternative of choice [5,6,7,8,9].
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ABSTRACT

Introduction: According to European guidelines, ST elevation acute myocardial infarction 
should be treated by immediate reperfusion, if diagnosed within 12 hours from the onset of 
symptoms. We aimed to show the impact of a well-functioning pre-existing STEMI network 
in improving the results of a national program dedicated to the invasive treatment of AMI. 
Methods: We followed the comparison between primary PCI rates and STEMI-related mor-
tality in two regions, after the introduction of a nationwide program for the interventional 
treatment of acute myocardial infarction: region A, where the territory has been appropriately 
prepared via previous organizational measures in the network, and region B, where the terri-
tory has not been previously prepared. 
Results: In 2011, one year after the initiation of the national program, a primary PCI rate of 
12.1%, a thrombolysis rate of 10.1% and a no-reperfusion treatment rate of 77.8% have been 
found in these new centers for patients arriving <12 h from symptoms onset. This has been 
reflected in a mortality of 23.07% for "early presentations" in these new centers in 2011. In 
comparison, data from the territorial hospitals of the registry (only those without cathlab fa-
cilities, similar to the new centers) showed in 2011 a 73.85% primary PCI rate, 12.09% throm-
bolysis rate and a 14.07% conservative treatment rate, reflected in a mortality of 6.81% for 
"early presentations" in the registry centers. 
Conclusions: The national strategy for reduction of STEMI related mortality via implementa-
tion of primary PCI, started in 2010, had a significant impact especially in that region where 
the territory was previously prepared with appropriate organizational efforts, including edu-
cational and logistic measures.
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In order to evaluate the situation of STEMI treatment 
in our region, a preliminary study run in 2004 in a com-
munity of approx. 1 million people from Mureș county and 
the surrounding area indicated very low rates (10%) for 
primary PCI in the community. 

To improve the situation of STEMI diagnosis and treat-
ment [10,11], a regional STEMI network has been devel-
oped since 2004 in this community and in 2010 a national 
program for interventional treatment of acute myocardial 
infarction has been initiated. 

This study aims to show the impact of a well-function-
ing pre-existing STEMI network in improving the results 
of a national program dedicated to the invasive treatment 
of AMI, comparing STEMI diagnostic, pPCI and mortality 
rates between previously network-prepared regions ver-
sus other regions where the territory has not been prop-
erly prepared via such a network. 

Methods

A regional STEMI network has been introduced in 2004 
consisting in a central base (academic hospital), which 
served as a pPCI center, and 13 territorial hospitals. 

In order to increase the number of diagnosed STEMI 
and of patients referred for pPCI, organizational activities 
have been performed by the medical team of the primary 
PCI center, such as organization of educational meetings 
or implementation of troponin determination.

At the time of network initiation in 2004, there was no 
sufficient staff available in the academic center to assure 
a non-stop intervention for STEMI cases and availability 
of trained pPCI operators was based on an on-call strategy 
and activation of a local protocol, similar to other inter-
national STEMI protocols [12,13,14]. Starting with 2006, a 
continuous on-duty line was available in the primary PCI 
center, with 6 trained pPCI operators. 

Study endpoints 

–– Primary endpoint — we followed the comparison 
between primary PCI rates and STEMI-related mortality 
in two regions, after the introduction of a nationwide 
program for the interventional treatment of acute myo-
cardial infarction: 

–– 	region A — where the territory has been appropri-
ately prepared via previous organizational measu-
res in the network;

–– 	region B — not included in the STEMI network, 
therefore a region where the territory has not been 
previously prepared. 

–– Secondary endpoint — we followed the trend of the 
number of STEMI diagnosed cases, pPCI numbers and 
type of presentation within the recommended time-
frame of 12 hours from the onset of symptoms in the 
community, from 2004 to 2011. 

Results

pPCI rates and STEMI-related mortality 
in STEMI network versus new centers

In order to underline the role of educational activities in 
the network, a separate analysis included mortality rates 
and primary PCI rates in 2011 in several centers from Ro-
mania, close to the registry network, but not included in 
this network, versus network centers.

In 2011, one year after the initiation of the national 
program, a primary PCI rate of 12.1%, a thrombolysis rate 
of 10.1% and a no-reperfusion treatment rate of 77.8% 
have been found in these new centers for patients arriv-
ing <12 h from symptoms onset. This has been reflected in 
a mortality of 23.07% for "early presentations" in these 
new centers in 2011. In comparison, data from the territo-
rial hospitals of the registry (only those without cathlab 
facilities, similarly to the new centers) showed in 2011 a 
73.85% primary PCI rate, a 12.09% thrombolysis rate and 
a 14.07% conservative treatment rate, reflected in a mor-
tality of 6.81% for "early presentations" in the registry 
centers (Figures 1 and 2). 

Data of the new centers are approximately similar with 
those recorded in the territorial hospitals from the regis-
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try in 2006, when the rate of reperfusion treatment was 
18.13% and mortality was 19.46% in patients presenting 
<12 h from symptoms onset. 

Evolution of the number of STEMI cases

As a result of an increasing capacity to diagnose STEMI 
cases, the total number of STEMI cases enrolled in the 
registry has been increasing continuously after the first 
3 years — from 440 STEMI/year diagnosed in 2004, 411 
in 2005 and 452 in 2006, to 503 in 2007, 667 in 2008, 
1024 in 2009, 1103 in 2010 and 1.299 STEMI cases di-
agnosed in 2011. This represents a 2.95-fold increase 
in the number of STEMI cases/year from 2004 to 2011 
(Figure 3). 

Type of presentation

Only 48.14% of the total population of the registry present-
ed to the hospital in the first 12 hours after symptoms onset.

The rate of presentations <12 h from symptoms onset 
during the 8 years of the registry increased from 43.88% in 
2004 to 48.82% in 2011 in the territorial hospitals (Figure 
4), while in the PCI center, from a rate of 40.74% STEMI 
patients presented in time (<12 h) in 2004, the percentage 
of presentations <12h reached 62.28% in 2011. 

A separate analysis of the PCI center data, after ex-
cluding the cases sent from the territory via emergency 
system and arrived <12h (which represent the majority of 
presentations <12 h in 2011), and considering only direct 
presentations to the academic hospital (direct transport 
with the ambulance from patient home to the hospital or 
spontaneous presentation to the emergency room), shows 
a rate of only 52.04% for presentations <12 h from symp-
toms onset for patients with STEMI in a large, academic 
city in 2011 (Figure 5). 

In the territorial hospitals in 2004 only 43.88% of 
STEMI patients presented to the hospitals in the first 12 
hours from symptoms onset, with a slight improvement 
to 48.82% in 2011. In the academic center only 40.74% of 
STEMI patients presented before <12 h from symptoms 
onset to the hospital in 2004, while in 2011 a rate of early 
presentation of 62.28% has been achieved. 

Primary PCI numbers 

A total number of 1.070 primary PCIs have been performed 
from the beginning of the registry in the pPCI center rep-
resenting the central base of the STEMI network. Primary 
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PCI number in the PCI center increased from 21 in 2004 
to 379 in 2011, with the most significant increase in 2009 
(increase of 60.34% compared with the previous year) — 
Figure 6.

Adding to these figures those pPCI performed in the 
secondary pPCI center in the last years, we reached a 
number of 1.451 pPCI for the whole duration of the study 
in both PCI centers.

At the beginning of the registry in 2004, from the to-
tal number of primary PCIs in the central unit of the 
registry, 95.24% were represented by direct presenta-
tions to the PCI hospital and only 4.76% have been sent 
from the territorial hospitals, while in 2011 51.98% of 
primary PCI cases arrived from the territorial hospitals 
(Figure 7).

Discussions

The number of STEMI patients recorded in the registry in 
2004 (440) was inferior to the European average of 800 
STEMI per million people [15,16]. Considering that Roma-
nia, due to social and nutritional factors, is the country 
with the highest cardiovascular morbidity and mortality 
in Europe, it is expected that the number of STEMI cases 
would be even higher than the European average. The low 
number of STEMI cases recorded in 2004 shows that an 
unacceptably high number of STEMI cases remained un-
diagnosed or not reported at that time. After intense orga-
nizational efforts, the situation has been changed during 
the eight years covered by this study, reaching a number 
of 1.146 STEMI per 1 million people in 2011, higher than 
the European average. This could be explained by higher 
cardiovascular morbidity and presence of risk factors in 
Romania compared with other European countries. An-
other national registry from Romania (Ro-STEMI regis-
try) reported a lower number of 450 STEMI/1 million peo-
ple in 2009 in Romania [17], compared with 965 STEMI/
million in 2009 in our data. The difference between the 
two registries could be explained by the fact that the Ro-
STEMI registry covered only main, selected hospitals and 
not the entire country, while this regional registry count-
ed the STEMI cases from all the hospitals, large and small, 
in the studied territory, including a significant number of 
cases which remained in the small territorial hospitals and 
were not sent to a main hospital. Also, by 2009 we had 
already been conducting intensive educational work in the 
territorial hospitals for five years, which led to a superior 
capacity to accurately diagnose STEMI cases in this re-
gional registry.
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The percentage of 78.64% primary PCI achieved in our 
registry in 2011, which could be considered good com-
pared with other European countries, is not representa-
tive for all Romania, only for the regional registry of the 
network. A rate of primary PCI of 5% has been reported 
by Romania in 2009 [17], which is very low compared 
to the 56.71% pPCI rate in this registry in 2009. One of 
the causes could be that this registry included only 4.5% 
from the total population of Romania, from a geographi-
cal area considered as having one of the highest level of 
education in the country for historical reasons, and the 
STEMI network in this registry was the only one in Ro-
mania at that time. 

This registry does not include any data related to those 
who died at home, did not present to the hospital, were 
not diagnosed accurately in the hospital or presented 
to the hospital after 1 week from symptoms onset. The 
GRACE registry showed a higher mortality for STEMI pa-
tients presenting without chest pain [18], and probably 
such patients remained undiagnosed in this study. 

The proper organization of the network has been re-
flected in a substantial increase in the number of patients 
diagnosed and treated for STEMI, in parallel with an in-
crease in the number of patients presenting within the 
recommended timeframe of 12 hours, as a result of inten-
sive educational activities in the network.

A significant and continuous increase in the number of 
STEMI cases was encountered during the 8 years of the 
registry. From 440 STEMI cases/year diagnosed in 2004, a 
number of 1.299 STEMI cases/year diagnosed was reached 
in 2011, which represents a 2.95-fold increase in the to-
tal number of STEMI cases. As the amount of population 
in the territory covered by the registry (circa 1 million 
people), as well as the global cardiovascular risk in this 
population [19] remained unchanged during these years, 
the only possible explanation for this significant increase 
in STEMI cases could be represented by the increase of 
ability to diagnose and report acute myocardial infarction 
cases, as a result of intensive educational activities orga-
nized in the registry network. 

Primary PCI numbers have been continuously increas-
ing from 21 cases in 2004 to 508 cases in 2011, with the 
most significant increase in 2009. 

A sub-analysis of early versus late presentations in the 
territorial hospitals and in the academic hospital has been 
performed in this study, considering the differences in 
education and culture of the two populations (predomi-
nantly rural or from small cities in the territorial hospitals 
versus population of a large city with academic environ-
ment in the primary PCI center) [20]. 

These data show that despite a superior organization of 
the emergency system in 2011, which led to quicker diag-
nosis, higher PCI referral rates and shorter transportation 
times to the PCI center, there continues to exist a lack of 
adequate educational measures addressed to the popula-
tion in order to make them aware about the symptoms 
and the risks of AMI, which leads to an unacceptable high 
number (almost 50%) of patients who call the emergency 
system or present to the hospital only after many hours 
from symptoms onset. 

Intervention of the state via a national program for 
interventional treatment of Acute Myocardial Infarc-
tion happened in 2010 and consisted in the initiation of 
a new legislation, introducing the concept of mandatory 
reperfusion strategy in the first two hours and a dedi-
cated budget for primary PCI. This intervention led to a 
further increase in primary PCI rates from 63.72% in 2010 
to 78.64% in 2011 in the registry network, which is again 
reflected in a lower global mortality rate of 6.35% in 2011 
for presenters <12 from symptoms onset. 

However, by the governmental intervention the territory 
has already been prepared for a change in the mentality of 
AMI treatment during the previous 6 years of intense or-
ganizational efforts, and the first results have already been 
recorded in 2009, 1 year before the state intervention. 

Limitations of the study

We underline that our data are representative for a re-
gion of Romania where a STEMI network was imple-
mented since 2004 and covered all the hospitals, small 
or large, who received STEMI cases in this period, while 
Romania encounters globally significantly lower primary 
PCI rates.

Conclusions

The national strategy for the reduction of STEMI related 
mortality via implementation of primary PCI, started in 
2010, had a significant impact, especially in that region 
where the territory was previously prepared with appro-
priate organizational efforts, including education and lo-
gistic measures.
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