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ABSTRACT

Background: Primary percutaneous coronary intervention (PPCI) is the treatment of choice for acute ST elevation myocardial in-
farction (STEMI). In Argentina, a country with a large area and suboptimal reperfusion times, the pharmacoinvasive (PI) strategy 
might be considered.
Methods: ARGEN-IAM-ST is a national prospective, multicenter, and observational registry that includes STEMI patients with less 
than 36 hours of progression. The PI strategy usage and its associated variables were defined.
Results: In this registry, 4788 patients were analyzed, of which 88.56% underwent PPCI, 8.46% received thrombolytics with positive 
reperfusion (TL+), and only 2.98% received PI strategy.
Median and interquartile range (IQR) of total ischemia time were lower in patients receiving TL+ (165 min, IQR 100-269) and PI 
(191 min, IQR 100-330) than in patients undergoing PPCI (280 min, IQR 179-520), p <0.001.
No differences in intra-hospital mortality were observed: 4.9% in the PI strategy group, 5.2% in the TL+ group and 7.8% in the PPCI 
group (p = 0.081). No differences in major bleeding events were observed.
It was observed that 57% of the TL+ patients met the criteria for high cardiovascular risk, but they did not receive PI strategy, as 
recommended.
Conclusions: Only 3 out of 100 reperfused STEMI patients received PI strategy. Its administration is not systematically associated 
to high cardiovascular risk.
Despite the under-usage, it remains an option to be considered due to its total ischemia time lower than in the PPCI, with no in-
crease in clinically significant bleedings.

Key words: Myocardial infarction – ST-elevation myocardial infarction – Mortality – Reperfusion – Thrombolytics - Angioplasty

RESUMEN

Introducción: La angioplastia primaria (ATCp) es el tratamiento de elección para el infarto agudo de miocardio con elevación del 
segmento ST (IAMCEST). En nuestro país, de tanta extensión territorial y con tiempos a la reperfusión subóptimos, la estrategia 
farmacoinvasiva (Finv) podría considerarse.
Material y métodos: El ARGEN-IAM-ST es un registro prospectivo, multicéntrico, nacional y observacional. Se incluyen pacientes 
con IAMCEST dentro de las 36 horas de evolución. Se definió en el mismo la utilización de Finv y las variables asociadas.
Resultados: Se analizaron 4788 pacientes de los cuales en el 88,56 % se realizó ATCp, en el 8,46 % trombolíticos con reperfusión 
positiva (TL+), y solo en un 2,98% Finv.
La mediana y rango intercuartílico (RIC) del tiempo total de isquemia fueron menores en aquellos que recibieron TL+ (165 min, 
RIC 100-269) y los que fueron a Finv (191 min, RIC 100-330) que en aquellos que fueron a ATCp (280 min, RIC 179-520), p<0,001.
No existieron diferencias en mortalidad intrahospitalaria, en el grupo Finv 4,9%, 5,2% en el grupo TL + y en el grupo ATCp 7,8% 
(p= 0,081). No hubo diferencias en término de sangrados mayores.
Se observó que un 57% de los pacientes con TL+ reunían características de alto riesgo, y no recibieron Finv acorde a lo recomendado 
Conclusiones: Solo 3 de cada 100 pacientes con IAMCEST que se reperfunden reciben Finv. Su implementación no está ligada en 
forma sistemática al alto riesgo de eventos.
Pese a esta subutilización, por presentar un menor tiempo total de isquemia que la ATCp, sin aumento en los sangrados
clínicamente relevantes persiste como una opción a considerar en nuestra realidad.

Palabras clave: Infarto de miocardio - Infarto de miocardio con elevación del ST - Mortalidad - Reperfusión - Trombolíticos - Angio-
plastia
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INTRODUCTION
Cardiovascular diseases, particularly acute myocar-
dial infarction (AMI), are the first mortality cause in 
our country and worldwide. Its acknowledgement and 
the standardization of treatment has a great effect on 
reducing associated morbimortality. (1-4)

In 2015, the Argentine Society of Cardiology (SAC) 
and the Argentine Federation of Cardiology (FAC) 
launched ARGEN-IAM-ST, the National Registry of 
ST elevation myocardial infarction (STEMI) to reveal 
the delays in the diagnosis and treatment of this dis-
ease, and the treatment modalities.

Published analysis show that 88.5% of STEMI pa-
tients received reperfusion therapy, but the adminis-
tration time is far from ideal. (5) Only 35% of patients 
underwent primary percutaneous coronary interven-
tion (PPCI) with a door-to-balloon time lower than 90 
minutes. (6)

Some possible causes are the transfer to centers 
with hemodynamic services, the large distances to 
those centers, the lack of networks for diagnosis and 
treatment of STEMI and the lack of diffusion of warn-
ing guidance in population, all of which lead to con-
sultation delays. At the same time, AMI diagnosis is a 
challenge in centers without on-call cardiologists.

In this context, the pharmacoinvasive (PI) strate-
gy, defined as that in which a PCI is performed within 
the first 24 hours in patients who received fibrino-
lytic treatment and progressed with positive reperfu-
sion criteria, has shown benefits in the STREAM (7) 
study on the prevention of reinfarction and recurrent 
ischemia, and reduction of infarction size, but no de-
crease in mortality in relation to PPCI at 30 days and 1 
year. (8,9) In recent European registries with a longer 
follow-up period (3-5 years), a difference in mortality 
in favor of the PI strategy has been established com-
pared to patients who waited more than 120 minutes 
to access to a PPCI. The longer the door-to-balloon 
time for these patients, the better the observed ben-
efit on mortality in favor of the PI strategy. (10,11)

Therefore, the PI strategy may be considered valid 
in the context of large distances and multiple centers 
without hemodynamic resources to decrease reperfu-
sion times using coordinated care networks.

The difference between door-to-needle and door-
to-balloon times is a key factor to determine the suc-
cess of the PI strategy, (12,13) as observed in said Eu-
ropean registries.

However, the usage rate of this strategy in our 
country is low, (5) despite the fact that it is indicated 
by the Argentine Consensus Statement for ST-eleva-
tion acute coronary syndrome in a subgroup of pa-
tients defined as “high-risk” if they meet at least 1 of 
the following criteria: (14)
•	 Heart rate >100 bpm
•	 Systolic blood pressure <100 mm Hg
•	 Extensive AMI
•	 Inferior AMI with right ventricle involvement
•	 Previous AMI

•	 Left ventricular ejection fraction <35%
•	 Killip and Kimball ≥ II 
•	 Complete left bundle-branch block

Therefore, the purpose of this study was to exam-
ine the distinctive characteristics of the PI strategy in 
our country and its correlation with the patient’s risk 
(selective pharmacoinvasive strategy).

METHODS
ARGEN-IAM-ST is a national prospective, multicenter, ob-
servational, and transversal registry. (15)

It includes STEMI patients with less than 36 hours of 
progression, and, to date, 6775 patients have been enrolled. 
This analysis included 5989 patients enrolled up to May 
2022.

We performed a descriptive analysis of the characteristics 
of the population treated with the PI strategy, the reported 
times to treatment, its indication and the results obtained, 
and compared it to PPCI and thrombolysis with positive rep-
erfusion criteria (TL+). We also analyzed its indication in 
relation to patient’s risk according to the SAC Consensus 
criteria on STE-ACS. Patients who were not reperfused and 
those treated with rescue PPCI, or other late reperfusion 
types were excluded. 

Statistical analysis 
Qualitative variables are shown as frequencies and percent-
ages with their corresponding confidence intervals (CI 95%). 
For quantitative variables, means ± standard deviation 
(SD) or median and interquartile range (IQR) were used ac-
cording to its distribution. The analysis of qualitative vari-
ables was performed with the chi-square test or the Fisher 
test, as applicable; the analysis of continuous variables was 
performed with the t-test or Kruskall-Wallis test for non-
matched data or through the analysis of variance (ANOVA), 
as applicable. For the analysis, Stata 13.0® was used and a 
p-value <0.05 was considered significant.

Ethical considerations
The protocol was approved by the SAC Ethics Commit-
tee and registered at clinicaltrials.gov under the number 
NCT2458885.

RESULTS
As of May 2022, a total of 5989 patients were enrolled, 
of which 4788 were analyzed after excluding patients 
who were not reperfused and those who underwent 
rescue angioplasty or other types of late revasculari-
zation. 

Within this group, only 143 patients underwent PI 
strategy as reperfusion therapy (2.98%), whereas most 
patients were treated with PPCI (n = 4240, 88.56%), 
and the remaining 405 patients (8.46%) with TL+.

Characteristics are described in Table 1.
Patients who underwent PI strategy were signifi-

cantly younger, more frequently smokers, and less hy-
pertensive than those who underwent PPCI. Median 
(IQR) time from onset of pain to consultation was 90 
min (48-180), higher than the group that only received 
fibrinolytics (60 min) and lower than the PPCI group 
(115 min) (p <0.001) (Table 2).

Median door-to-needle time in the PI strategy 

PHARMACOINVASIVE STRATEGY IN ARGENTINA. ARGEN-IAM ST REGISTRY / Mauro Rossi Prat et al.



ARGENTINE JOURNAL OF CARDIOLOGY / VOL 91 Nº 3 / JUNE 2022176

In our analysis, no significant differences were ob-
served in mortality as regards the adopted reperfusion 
strategy. When considering the subgroup of patients 
who underwent PPCI with more than 120 minutes of 
door-to-balloon time, while no significant differences 
were observed in intra-hospital mortality, develop-
ment of cardiogenic shock and heart failure, there was 
a trend favoring the PI strategy.

Bleeding rate in the PI strategy group was 7.6%, 
with a significant difference compared to PPCI, 2.5%. 
However, this difference was due to minimal bleedings 
rather than major ones (Table 3).

No significant differences were observed when 
choosing the reperfusion strategy according to pa-
tient’s clinical risk. Out of the enrolled patients, 58% 
met the criteria for high clinical risk and 49% of them 
were transferred for reperfusion treatment, mainly 
PPCI (73%), while only 3% received PI strategy.

At the same time, within the group of TL+ pa-
tients, more than a half was transferred to other fa-

group was 45 min (IQR 30-90), while door-to-balloon 
time in the PPCI group was 98 min (IQR 53-180) (p 
<0.01).

A lower total ischemic time (TIT) was observed in 
patients who received thrombolytics, with a median 
(IQR) of 165 min (100-269), and in those who under-
went PI strategy (191 min, IQR 100-330) compared to 
PPCI patients (280 min, IQR 179-520), p <0.001.

Based on the above data, there are 89 minutes 
of difference in total ischemic time (TIT) in favor of 
patients who received PI strategy compared to those 
treated with PPCI.

It is worth noting that analysis of PPCI door-to-
balloon time includes 38% of patients who required 
referral to PPCI, and a remaining 62% who had a 
consultation in centers with hemodynamics services 
(Table 1). If we analyzed the TIT of the 38% of the pa-
tients who were transferred, the median TIT was 435 
minutes (260-778), therefore the difference in time to 
PI strategy would be 244 minutes in this group.

AMI: acute myocardial infarction; CABG: coronary artery bypass grafting; CKD: chronic kidney disease; DM: diabetes; DLP: dyslipidemia; HTN: hyper-
tension; PI: pharmacoinvasive strategy; PPCI: primary percutaneous coronary intervention; SD: standard deviation; TL+: thrombolyzed with positive 
reperfusion criteria.

p

Male

Age (mean ± SD)

HTN 

DM

Smoking status

DLP

Previous AMI

Previous PCI

Previous CABG

Previous stroke

Peripheral vascular disease

CKD

High-risk patients

Patient referred from another center

104

58 ± 11

74

28

94

47

14

47

-

-

-

-

93

109

222

58 ± 10

230

68

238

3

48

77

6

-

-

-

231

227

2756

61 ± 12

2459

975

1780

1865

466

1229

50

8

8

1

2586

1611

73

52

20

66

33

10

33

65

76

55

57

17

59

33

12

19

1,7

57

56

65

58

23

42

44

11

29

1.2

0.2

0.2

0.01

61

38

<0.001

0.001

0.007

0.002

<0.001

<0.001

0.779

0.017

0.241

0.810

0.782

0.901

0.126

0.001

Table 1. Patients’ characteristics

PI 
(n = 143)

TL+
(n = 405)

PPCI 
(n = 4,240)

n n n% % %

*: For the PI strategy group and the TL group, this time corresponds to door-to-needle time. For the PPCI group, this time corresponds to door-to-
balloon time.
Times are expressed in minutes with median and interquartile range (IQR).
PI: pharmacoinvasive strategy; PPCI: primary percutaneous coronary intervention; TL+: thrombolyzed with positive reperfusion criteria.

p

Time from pain to consultation

Time to reperfusion (needle-balloon)*

Total ischemia time

Patients with pain-consultation time >120 min, n (%)

90 (48-180)

45 (30-90)

191 (100-330)

68 (48%)

60 (30-150)

65 (35-127)

165 (100-269)

251 (62%)

115 (50-240)

98 (53-180)

280 (179-520)

2586 (61%)

<0.001

<0.001

<0.001

0.2

Table 2. Analysis of times as per the strategy used

PI (n=143) TL+ (n= 405) PPCI (n=4240)
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cilities, and a similar proportion (57%) of patients met 
the criteria for high risk. None of these two variables 
affected the PI strategy selection. 

DISCUSSION 
PI has a class I-A indication in the European guide-
lines for myocardial infarction (16) and the American 
guidelines recommend it with a class II indication and 
level of evidence B, although the concept of transfer-
ring all thrombolyzed patients to a center with hemo-
dynamics is not prioritized. (17) Our national guide-
lines indicate it with a class I-B recommendation, 
especially in patients at high clinical risk, based on the 
risk criteria presented in the CARESS-IN-AMI study. 
(18) However, usage rate of this strategy is very low 
(below 3%) and has not changed since the beginning of 
this registry. If we only consider reperfused patients, 
there is also no difference in the usage rate of the PI 
strategy in relation to the total sample (only 3% high-
risk patients received pharmacoinvasive strategy). 
Delays associated with the intrahospital care system 
due to multiple barriers are predictors of poor progno-
sis in patients with coronary syndrome. (19)

As regards the times, previous data obtained in our 
registry show that the TIT of a patient transferred 
to another center for a primary angioplasty is 350 
minutes, more than double compared to patients that 
might initiate a therapy with thrombolytics in their 
center of origin (50 minutes door-to-needle and 170 
minutes TIT)). (20)

In our analysis, door-to-needle time for the PI 
strategy group was 45 minutes, with 191 minutes of 
TIT, a difference of 244 minutes compared to the TIT 
of a patient who required a transfer for PPCI.

Considering this data and what has been observed 
in international registries, PI therapy might have an 
important role in our population.

When analyzing possible reasons for this under-
usage, we observed there is a high percentage (56%) of 
thrombolyzed patients with positive criteria who are 

transferred to tertiary healthcare centers; however, 
they do not receive pharmacoinvasive therapy. This 
evidences that access to a potential transfer would not 
be a barrier hindering access to PI strategy.

In addition, acknowledgement of high-risk pa-
tients does not affect decision-making. Just over a 
half of the patients met high-risk criteria, and 49% 
of them required transfer to be reperfused, especially 
with PPCI. These patients might benefit from a PI 
strategy. 

The high-risk patients present heterogeneous 
definitions and prognoses in the different studies that 
evaluated them (18,21,22). In our registry, the mortal-
ity of this subgroup of patients is higher than those 
who do not belong to the high-risk profile. This find-
ing is supported by significant differences among pa-
tients undergoing PPCI and thrombolytics. However, 
in the PI strategy group, mortality of high-risk pa-
tients is not significantly higher than that in the rest 
of patients, probably due to the number of enrolled 
patients.

Based on the foregoing, usage or non-usage of PI 
strategy seems to be explained by a random criteri-
on of certain centers that may have established this 
strategy as routine compared to centers in which this 
strategy has not been adopted.

There is a lack of benefit observed in patients with 
pain-consultation time >120 min and the absence 
of significant differences in HF and shock incidence 
during hospitalization, but still a trend favoring this 
group, indicating the strategy is safe and beneficial. 
However, the issues mentioned above may be ex-
plained by an insufficient sample of patients receiving 
PI strategy.

As a result, no clear barriers appear to be identi-
fied to increase the usage of this strategy beyond its 
diffusion. Our analysis may be relevant in this context 
where a selection bias seems to be inexistent.

Regarding the increase in bleeding, whereas a dif-
ference against the PI strategy is observed, the bigger 

HF: heart failure; PI: pharmacoinvasive strategy; PPCI: primary percutaneous coronary intervention; TL+: thrombolyzed with positive reperfusion 
criteria.

p

HF, n (%)

Cardiogenic shock, n (%) 

Mortality, n (%)

Mortality of pain-consultation time >120 min, n (%)

Mortality in high-risk patients

Major bleeding

Bleeding, %

Total

Minimal

41 (29)

24 (17)

7 (5)

4 (3)

8 (6)

1 (0.7)

7.6%

80%

109 (27)

81 (20)

21 (5.2)

27 (6.7)

33 (8.26)

6 (1.5)

3.6%

57%

1,314 (31)

932 (22)

334 (7.9)

349 (8.24)

483 (11.4)

38 (0.9)

2.5%

12.5%

0.6

0.5

0.081

0.2

0.126

0.45

0.002

Table 3. Intra-hospital events

PI (n=143) TL + (n = 405) PPCI (n = 4,240)
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risk is due to bleedings defined as minimal.
For this reason and as a first experience analyzing 

the PI strategy usage in our country, we believe the 
data obtained may be useful for planning new studies 
in order to further analyze this issue and promote the 
actual usage of this strategy in our context.

There are some limitations: ARGEN-IAM-ST reg-
istry is a study with voluntary participation; thus, it 
does not represent the overall situation in the country. 
It includes participating sites that are mostly affili-
ated to scientific associations. From another point of 
view, those non-participating low-complexity low-in-
come sites might have even more difficulties to reach 
the adequate reperfusion times, and this might result 
in larger clinical advantages by using the PI strategy. 
In addition, the number of patients who received PI 
strategy is low and this may affect the external valid-
ity of the results. However, the trend towards fewer is-
chemic complications than in the PPCI group and the 
higher risk of bleeding, but minor bleeding, should be 
highlighted. Moreover, the thrombolytic agent used in 
the vast majority of referenced registries and papers is 
tenecteplase (TNK), not available in Argentina. 

CONCLUSION
Only 3 out of 100 reperfused patients received PI 
strategy. Despite the high risk criteria to benefit from 
this strategy are established and recommended in our 
national guidelines, it is underused.

Its implementation is not systematically related to 
high-risk patients, as more than a half of patients who 
received thrombolytics have not underwent PI strat-
egy, despite having been transferred to other facilities 
and belonging to a high-risk population.

Despite the under-usage, as the TIT in the PI 
strategy group is lower than in the TPCA group, the 
PI strategy remains an option to be considered in our 
context. It has shown to be a safe strategy with no 
increase in the number of clinically significant bleed-
ing, and promising for its clinical benefits for patients 
who cannot reach adequate times for a primary an-
gioplasty.
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