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Length of stay and major adverse  
cardiac events 
Comparison between percutaneous coronary 
intervention and thrombolytic therapy 
in patients with ST-elevation myocardial 
infarction 
Ιmplications for cost effectiveness

OBJECTIVE To compare length of stay (LOS) and major adverse cardiac events 

(MACE) between thrombolytic therapy and percutaneous coronary interven-

tion (PCI) in patients with ST-elevation myocardial infarction. METHOD A 

retrospective study was conducted at Aisyiyah Hospital from January 2014 to 

December 2017. Data on the revascularization method and outcome related 

to LOS and MACE were extracted from the medical records. Multiple logistic 

regression was used to assess the relationship between revascularization 

method and LOS, and MACE. In addition, a meta-analysis was conducted 

to summarize relevant findings from other regions. RESULTS A total of 294 

patients with ST-elevation myocardial infarction (STEMI) between January 

2014 and December 2017 were enrolled in this study. Of these, 186 patients 

were treated with thrombolytic therapy and 108 patients were treated with 

PCI. The findings showed that thrombolytic therapy was associated with 

increased risk of longer LOS, cardiogenic shock, and death compared with 

PCI. In addition, the meta-analysis showed that thrombolytic therapy was 

related with increased risk of prolonged LOS and reinfarction. CONCLUSIONS 

The higher LOS and MACE observed in the thrombolytic group means that 

thrombolytic therapy is associated with greater morbidity and incurs higher 

costs than PCI for treating patients with STEMI.
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Thrombolytic therapy has been widely used for man-

agement of ST-elevation myocardial infarction (STEMI),1 but 

because of several conditions, such as in-hospital delay2 

and fibrinolytic checklist,3 thrombolytic therapy may not 

be applied for all STEMI patients. Since 1979, percutaneous 

coronary intervention (PCI) has been applied for STEMI 

management,4 and has been proven to have an excellent 

long-term prognosis.5,6 Since then, PCI has been widely used 

for treating patients with STEMI. Some reports7,8 have shown 

that PCI is more effective than thrombolytic therapy in 

restoring thrombolysis in myocardial infarction (TIMI) flow, 

and better than coronary artery bypass grafting (CABG).9 

Although some studies have reported the benefits of PCI, 

others10–20 reporting the comparison between PCI and 

thrombolytic therapy by evaluating major adverse cardiac 

events (MACE) including cardiac death, cardiogenic shock, 
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and reinfarction21 showed conflicting results. Moreover, 

MACE is thought to have a role in cost effectiveness, and 

until now, the difference in cost effectiveness between PCI 

and thrombolytics is still open to controversy. These issues 

are directly related to the health insurance and sometimes 

may affect the treatment options.

Recently, health insurance has been widely used to 

coverage health costs. Under these conditions, health 

insurance may also have a role in determining the treat-

ment options for the patients. In Indonesia, there is an 

assumption (health insurance-related assumption) that, 

evaluated by the costs, thrombolytic therapy is more ef-

ficient than PCI for treating patients with STEMI. For this 

reason, in some hospitals, PCI is limited. The total cost 

expenditure, however, for the disease is determined not 

only by the cost of primary therapy, but also the cost of 

treating future complications.22 In this context, length of 

stay (LOS) and MACE should be considered. Our present 

study aimed, therefore, to investigate the comparison of 

LOS and MACE between PCI and thrombolytic therapy in 

the treatment of patients with STEMI. In addition, because 

studies concerning such comparisons were still under-

reported, we also performed a meta-analysis to combine 

and compare findings from other regions. 

MATERIAL AND METHOD

Study design and patients

A retrospective study was conducted in the Aisyiyah Hos-

pital, Malang, Indonesia. The target population was all patients 

with STEMI who were treated with either PCI or thrombolytic 

therapy in the Aisyiyah Hospital from January 2014 to December 

2017. We used the total sampling method. The patient inclusion 

criteria were (a) suffered from STEMI, (b) aged over 18 years, and 

(c) treated with PCI or thrombolytic therapy. Patients with one of 

the clinical conditions: (a) renal dysfunction (creatinine ≥1.5 mg/

dL), (b) hepatic disorder, (c) concomitant inflammatory disease, 

(d) neoplastic disease, (e) systemic disorder, (f ) acute or chronic 

infectious disease, and (g) hematological disorder were excluded. 

Data on gender, age, diagnosis, infarct location, arrhythmia, 

hypertension, diabetes mellitus (DM), heart failure, cardiogenic 

shock, reinfarction, and mortality and LOS were extracted from the 

medical records. Our study was approved by an Internal Review 

Board (no 23/KM/RSIA/XII/2015). 

Statistical analysis

The comparison of LOS and MACE (heart failure, cardiogenic 

shock, reinfarction, and death) between PCI and thrombolytic 

therapy was analyzed using multiple logistic regression with the 

enter method. All significance tests were two tailed and p-value of 

less than <0.05 was considered statistically significant. The Statisti-

cal Package for Social Sciences (SPSS), v. 17.0 software (SPSS Inc, 

Chicago, IL) was used to analyze the data. 

Meta-analysis

A meta-analysis was performed to assess the association 

between STEMI management and outcome (LOS and MACE). The 

meta-analysis approach was adapted from our previous studies.23–28 

The inclusion criteria for meta-analysis were: (a) retrospective 

studies; (b) prospective studies; (c) cross-sectional studies; (d) 

randomized-controlled trials (RCTs); (e) controlled before-and-

after studies; (f ) cross-over studies; (g) investigating the associa-

tion between STEMI management and outcomes related to LOS 

and MACE; and (h) providing sufficient data for calculating ods 

ratio (OR) 95% confidence interval (CI). Briefly, articles related to 

the comparison of outcomes (LOS and MACE) between PCI and 

thrombolytic for treating STEMI were searched on PubMed and 

Embase up to September 20th, 2017. For the search strategy, we 

used the combination of the following key-words: (ST elevation 

myocardial infarction or STEMI) and (reperfusion or percutane-

ous coronary intervention or PCI or thrombolytic or fibrinolytic) 

and (outcomes or length of stay or LOS or major adverse cardiac 

events or MACE). The publication languages were limited to Eng-

lish. For each study, information related to: (a) first author name; 

(b) publication year; (c) country of origin; (d) sample sizes of PCI 

and thrombolytic group, and (e) mean±SD or frequencies and 

percents of each variable in PCI and thrombolytic group were 

extracted. The association between STEMI management and their 

outcomes (LOS and MACE) was estimated by calculating pooled 

OR and 95% CI. The significance of pooled ORs was determined by 

Z-tests (p<0.05 was considered statistically significant). A Q-test was 

performed to evaluate whether heterogeneity existed. A random 

effects model was used to calculate the OR 95% CI if heterogeneity 

existed (p<0.10) otherwise a fixed effects model was used. Egger’s 

test was used to assess publication bias (p<0.05 was considered 

statistically significant). Comprehensive Meta-analysis (CMA) (CMA, 

New Jersey, USA), v. 2.0 software was used to analyze the data.

RESULTS

Characteristics of patients

A total of 108 patients with STEMI treated with PCI and 

186 patients with STEMI treated by thrombolytic therapy 

were analyzed. The mean age of the PCI group was 55.3 

(±9.3) years, and of the thrombolytic group 59.0 (±10.9) 

years (tab. 1). Other demographic and clinical characteristics 

of the patients such as gender, infarct location, hyperten-

sion, DM and arrhythmia are presented in table 1. 
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The comparison of outcomes between PCI  
and thrombolytic groups 

The outcomes in the PCI and thrombolytic therapy 

groups are presented in table 1 and the associations are 

summarized in table 2. We found that LOS in the PCI group 

was shorter than in the thrombolytic group. The frequency 

of cardiogenic shock and the mortality rate were less in 

the PCI group than in thrombolytic group (tables 1, 2). 

Other complications, such as heart failure and reinfarction 

showed no significant difference between the PCI and 

thrombolytic groups.

Meta-analysis

We found several studies comparing the outcome be-

tween PCI and thrombolytic therapy for treating STEMI. Of 

16 studies, five studies were excluded after review because 

the data were not sufficient for calculation of OR (95% CI). A 

flowchart of the literature search for studies to be included 

in the meta-analysis is depicted in figure 1. 

We found seven papers, including our own re-

sults,11,13,15,16,18,19 that evaluated the comparison of LOS 

between PCI and thrombolytic groups. The results of the 

meta-analysis indicated that LOS in the PCI group was 

shorter than in the thrombolytic therapy group (OR 95% 

CI: 3.33 [1.94–5.72], p<0.0001) (tab. 3). For heart failure, 

six studies including our own15,20,21,24,25 were identified, and 

showed that the rate heart failure between subjects in the 

PCI and thrombolytic groups was not significantly different 

(OR 95% CI: 1.07 [0.64–1.77], p=0.7990) (tab. 3). Six studies 

including our own results,10,13–15,19 evaluating the comparison 

of cardiogenic shock between PCI and thrombolytic groups 

were identified. Cardiogenic shock was not significantly 

different in the PCI and thrombolytic groups (OR 95% CI: 

0.79 [0.63–1.01], p=0.0620) (tab. 3). For reinfarction, we 

identified 8 studies including our own.10–13,15,16,18 We found 

that reinfarction was more frequent in the thrombolytic 

than in PCI group (OR 95% CI: 2.10 [1.58–2.81], p<0.0001). 

Eleven studies including our own10–13,15–20 compared the 

mortality between the PCI and thrombolytic groups, show-

ing no significant difference in mortality between the two 

groups (OR 95% CI: 1.43 [0.98–2.08], p=0.0620). 

Figure 1. Flowchart of search for studies to be included in the meta-
analysis.

Table 1. Basic clinical characteristics and outcomes of patients with ST-
elevation myocardial infarction (MI) treated by thrombolytic therapy or 
percutaneous coronary intervention (PCI).

No Characteristics PCI 

(n=108)

Thrombolytic 

(n=186)

1 Age 55.3±9.3 59.0±10.9

2 Male 84 (77.8) 139 (74.5)

4 Anterior MI 59 (54.5) 98 (52.7)

5 Inferior MI 44 (40.9) 78 (41.9)

6 Hypertension 33 (30.6) 60 (32.3)

7 Diabetes mellitus 15 (13.6) 28 (14.9)

8 Arrhytmia 15 (13.6) 28 (14.9)

Outcomes

1 Length of stay 3.1±1.9 6.0±2.5

2 Heart failure 54 (50.0) 96 (51.6)

3 Cardiogenic shock 39 (36.4) 24 (13.0)

4 Reinfarction 5 (4.5) 5 (2.5)

5 Death 5 (4.5) 18 (9.9)

Note: Data are presented as mean±SD or frequencies (percentages) 

Table 2. Summary of odds ratio (OR) and 95% confidence interval (CI) 
regarding outcomes between thrombolytic therapy and percutaneous 
coronary intervention (PCI) (thrombolytic vs PCI). 

No Parameters OR 95% CI p

1 Length of stay 2.46 1.74–3.49 <0.0001

2 Heart failure 0.55 0.17–1.73 0.3030

3 Cardiogenic shock 0.15 0.04–0.57 0.0060

4 Reinfarction 1.55 0.06–42.05 0.7950

5 Death 29.98 2.29–92.49 0.0100

Potential relevant papers were 
identified through PubMed 
and Embase up to September 
20th, 2017 (n=7,277) 

Papers were excluded because of 
obvious irrelevance after reading 
the titles and or abstracts (n=7,261) 

Potential relevant papers were 
included for further review in 
full text (n=16)

Papers were excluded because of 
reviews (n=2)
Papers were excluded because of 
not providing sufficient data for 
calculation of OR with 95% CI (n=3) 

Studies included in the  
meta-analysis (n=11) 
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As evidence of heterogeneity was found for LOS 

(p<0.0001; I2=95.41), heart failure (p=0.0590; I2=52.98), 

reinfarction (p=0.0270; I2=55.70), and mortality (p<0.0001; 

I2=82.45), data were analyzed using the random effect 

model. Heterogeneity was not found for cardiogenic shock 

(p=0.1240; I2=42.11) and therefore, we analyzed the data 

using the fixed effect model. No publication bias could be 

detected (p<0.05).

DISCUSSION

LOS is often regarded as an indicator of efficiency and 

has been found to be closely correlated with medical costs29 

and quality assessment.30 Data from our hospital showed 

that the thrombolytic therapy group showed a two-fold 

longer LOS compared with the PCI group (tab. 2). Our results 

thus suggest that PCI was better than thrombolytic therapy 

as assessed from LOS. However, our hospital is type C and 

therefore, such data had a tendency to be considered as 

low level of evidence. Because of this, we collected seven 

other studies evaluating the comparison between PCI 

and thrombolytic therapy correlated with LOS. Of these, 

six studies showed that PCI was significantly associated 

with lower LOS; other showed no significant association. 

We combined our data with other data from all over the 

world using meta-analysis and found that the PCI group 

had lower LOS than the thrombolytic therapy group. Our 

results were consistent with several reports which revealed 

that PCI was significantly associated with reduced LOS, and 

most of the reports defined less than two days or 48 hours 

as an ideal LOS after PCI.30–32 However, the revasculariza-

tion method by either PCI or thrombolytic is not the only 

factor influencing LOS. Many factors must be considered, 

including age, payment classification, source of referral, 

specialty of doctor, and ethnic group.33 

Prolonged LOS has been widely known to be correlated 

with total costs. Some studies found that longer LOS had 

a dominant impact on the total costs,34–36 while others 

showed otherwise.37,38 There is a tendency for the total cost 

of prolonged LOS to be commonly incurred in the cases 

treated in the intensive care unit (ICU),39,40 as in STEMI. In 

the evaluation of the cost effectiveness, therefore although 

the treatment cost for PCI is relatively higher than that for 

thrombolytic therapy, the longer LOS after thrombolytic 

therapy should be taken into account.

Cardiogenic shock, defined as state of end-organ hy-

poperfusion due to cardiac failure,41 is the leading cause 

of death in patients hospitalized for STEMI.42 Overall, car-

diogenic shock occurs in 3% to 20% of patients with myo-

cardial infarction (MI) treated either by PCI or thrombolytic 

therapy,43 although thrombolytic therapy has been con-

sidered to reduce cardiogenic shock in STEMI patients.44 

In our study, however, the incidence of cardiogenic shock 

was significantly greater in the thrombolytic therapy than 

in the PCI group. This finding was supported by Hasdai and 

colleagues45 who reported that cardiogenic shock was a 

common complication of STEMI after thrombolytic therapy, 

with an incidence of 5% to 8%, lower than in our data and 

meta-analysis. The management of cardiogenic shock has 

been widely established including strict monitoring in the 

ICU and the use of intra-aortic balloon pump (IABP).46 It has 

been reported that the management of cardiogenic shock 

is very expensive;47–49 thus, because thrombolytic therapy is 

associated with increased risk of cardiogenic shock, its cost 

effectiveness needs to be reconsidered. The meta-analysis 

from six studies, including a total of 1,960 patients treated 

by PCI and 2,049 patients on thrombolytic therapy showed 

no significant difference in the incidence of cardiogenic 

shock between PCI and thrombolytic groups. Concerning 

heart failure, the results from both our hospital data and the 

meta-analysis showed no significant association between 

heart failure and revascularization method. 

Table 3. Summary of meta-analysis regarding comparison of outcomes between thrombolytic therapy and percutaneous coronary intervention 
(PCI) (thrombolytic vs PCI).

Outcomes Number  

of studies

Model PCI Thrombolytic OR 95% CI pH pE p

n Values n Values

Length of stay 7 Random 8,131 9.4±2.6 17,219 11.3±3.4 3.33 1.94–5.72 <0.0001 0.6780 <0.0001

Heart failure 6 Random 1,687 117 (6.9) 1,827 190 (10.4) 1.07 0.64–1.77 0.0590 0.4240 0.7990

Cardiogenic shock 6 Fixed 1,960 189 (9.6) 2,049 183 (8.9) 0.79 0.63–1.01 0.1240 0.2770 0.0620

Reinfarction 8 Random 12,427 286 (2.3) 21,528 984 (4.6) 2.10 1.58–2.81 0.0270 0.2620 <0.0001

Death 11 Random 12,627 581 (4.6) 21,729 1884 (8.7) 1.43 0.98–2.08 <0.0001 0.4520 0.0620

Note: Data are presented as mean±SD or frequencies (percentages)

OR: Ods ratio, CI: Confidence interval, pH: p heterogeneity, pE: p Egger
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Reinfarction is defined as reocclusion of the infarct 

artery occurring within 28 days of an incident, or recurrent 

MI, and should be considered when ST-elevation of >0.1 

mV reoccurs or a new pathognomonic Q wave appears, on 

at least at two contiguous leads, particularly when associ-

ated with ischemic symptoms for 20 minutes or longer.50 

One study reported that reinfarction was more common 

after PCI,51 while another study showed the reverse.52 After 

Figure 2. Forest plot regarding the association between revascularization method and their outcomes. (A) Length of stay; (B) Heart failure; (C) 
Cardiogenic shock; (D) Reinfarction; (E) Death.
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thrombolytic therapy, the incidence of reinfarction was 

reported in 5% to 30% of patients, but clinical reinfarction 

was documented in only 4% of patients.53 The data from 

our hospital revealed that the incidence of reinfarction was 

4.5% after PCI and 2.5% after thrombolytic therapy, but this 

difference was not significant. Combining our results with 

data from other studies using meta-analysis, we found that 

reinfarction was more common after thrombolytic therapy 

(4.6%) than after PCI (2.3%). In the STEMI guidelines, the 

suggested management for reinfarction after thrombolytic 

therapy is PCI.54 Therefore, evaluated from the cost effective-

ness viewpoint, because reinfarction was observed more 

frequently in thrombolytic therapy, the use of thrombolytic 

therapy over PCI to treat patients with STEMI needs to be 

reconsidered.

Although our meta-analysis data showed no significant 

correlation between revascularization method and mor-

tality, the findings from our hospital data revealed that 

thrombolytic therapy was associated with increased risk of 

death compared with PCI. It is recognized that mortality in 

STEMI is dominantly caused by cardiogenic shock and or 

reinfarction, as confirmed by studies that reported the high 

mortality rate of cardiogenic shock44,55 or reinfarction53,56 

in the setting of STEMI. Our study showed that, compared 

with PCI, thrombolytic therapy had an increased risk of 

cardiogenic shock and reinfarction. Moreover, PCI has been 

shown to decrease the mortality rate in STEMI patients.43 

This may explain the higher mortality rate after thrombo-

lytic therapy versus PCI in our series. The revascularization 

method is not the only factor influencing the mortality in 

patients with STEMI, and other factors, including such as 

age, DM, and previous MI need to be addressed to prevent 

or decrease STEMI mortality.57 

In our study thrombolytic therapy was associated with 

increased LOS, cardiogenic shock, and death, and the 

meta-analysis showed that thrombolytic therapy was cor-

related with longer LOS and reinfarction. It is well known 

that increasing the odds of having these various condi-

tions (prolonged LOS, reinfarction, cardiogenic shock, 

and death) is correlated with the higher cost of hospital 

care. Therefore, although it may appear that the cost of 

thrombolytic therapy is lower, the costs incurred in treating 

these complications after thrombolytic therapy are high. 

Based on our results, there is a tendency for the treatment 

of patients with STEMI, evaluated from the cost possibility, 

thrombolytic therapy may, in the long run, require higher 

additional costs than PCI. For the organization of cardiol-

ogy services in preparing the guidelines for treatment of 

STEMI, we highly recommend considering the cost factor. 

Thus, various issues related to costs and health insurance 

may be minimized.

This study has several strengths. Firstly, the findings 

of reduced LOS, reinfarction, and mortality were robust 

across the PCI group. Second, the data from our hospital, 

supported by meta-analysis of 11 studies, strengthened 

the level of evidence. However, this study has also several 

important limitations. Firstly, this study was a retrospective. 

To reach a better level of evidence, further studies with 

a randomized controlled trial (RCT) design are required. 

Second, because this was a restrospective study, we only 

retrieved data from medical records. We could not evalu-

ate the covariates which may have a role but were not in 

the medical record. Third, because of the regulations in 

our hospital, we could not compare the total cost specifi-

cally. Fourth, in the meta-analysis, most of the collected 

studies also were retrospective. Further studies including 

only RCT are required to derive conclusions with a higher 

level of evidence.

In conclusion, our hospital study indicates that com-

pared with PCI, thrombolytic therapy is associated with 

increased risk of prolonged LOS, cardiogenic shock, and 

death. Our meta-analysis reveals evidence that thrombolytic 

therapy is associated with increased risk of longer LOS and 

reinfarction. Our results suggest that thrombolytic therapy, 

evaluated from LOS and MACE, may incur higher additional 

costs for treating patients with STEMI.
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ΠΕΡΙΛΗΨΗ

Η διάρκεια της νοσηλείας και τα μείζονα ανεπιθύμητα καρδιακά συμβάματα μεταξύ της διαδερμικής 

στεφανιαίας παρέμβασης και της θρομβόλυσης σε ασθενείς με ισχαιμία μυοκαρδίου και ανάσπαση  

του ST: επιπτώσεις στη σχέση κόστους/αποτελεσματικότητας
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Αρχεία Ελληνικής Ιατρικής 2019, 36(4):494–502

ΣΚΟΠΟΣ Η σύγκριση της διάρκειας νοσηλείας (ΔΝ) και των μείζονων ανεπιθύμητων καρδιακών συμβαμάτων (ΜΑΚΣ) 

ανάμεσα στη θρομβολυτική θεραπεία (ΘΛΘ) και στη διαδερμική στεφανιαία παρέμβαση (ΔΣΠ). ΥΛΙΚΟ-ΜΕΘΟΔΟΣ 

Μια αναδομική μελέτη διεξήχθη στο Νοσοκομείο Aisyiyah από τον Ιανουάριο του 2014 έως τον Δεκέμβριο του 2017. 

Τα δεδομένα από τη μέθοδο επαναγγείωσης και τα αποτελέσματα σχετικά με τη ΔΝ και τα ΜΑΚΣ αντλήθηκαν από τα 

ιατρικά αρχεία. Η μέθοδος που εφαρμόστηκε προκειμένου να εκτιμηθεί η συσχέτιση ανάμεσα στη μέθοδο επαναγ-

γείωσης αφ’ ενός με τη ΔΝ και αφ’ ετέρου με τα ΜΑΚΣ ήταν η πολλαπλή λογιστική παλινδρόμηση (multiple logistic 

regression). Επί πλέον, διενεργήθηκε μετα-ανάλυση προκειμένου να πραγματοποιηθεί η σύνοψη των ευρημάτων από 

άλλες περιοχές. ΑΠΟΤΕΛΕΣΜΑΤΑ Συνολικά, 294 συμβάματα με οξύ έμφραγμα του μυοκαρδίου και ανάσπαση του 

ST (ST-elevation myocardial infarction, STEMI) μεταξύ Ιανουαρίου του 2014 και Δεκεμβρίου του 2017 συμπεριλήφθη-

καν στην παρούσα μελέτη. Μεταξύ αυτών, οι 186 ασθενείς αντιμετωπίστηκαν με ΘΛΘ και οι 108 με ΔΣΠ. Τα ευρήμα-

τα της μελέτης αυτής ανέδειξαν ότι η ΘΛΘ σχετίστηκε με υψηλότερο κίνδυνο για μεγαλύτερη ΔΝ, καρδιογενές shock 

και θνητότητα. Επί πλέον, η μετα-ανάλυση που ακολούθησε ανέδειξε ότι η ΘΛΘ συσχετίστηκε με αυξημένο κίνδυνο 

παρατεταμένης ΔΝ και υποτροπής του STEMI. ΣΥΜΠΕΡΑΣΜΑΤΑ Η μεγαλύτερη ΔΝ και τα συχνότερα ΜΑΚΣ που πα-

ρατηρήθηκαν στην ομάδα των ασθενών με θρομβόλυση υποδεικνύουν ότι για τη ΘΛΘ πιθανόν να απαιτείται μεγα-

λύτερο κόστος απ’ ό,τι με τη ΔΣΠ όσον αφορά στην αντιμετώπιση των ασθενών με STEMI.

Λέξεις ευρετηρίου: Αποτελεσματικότητα κόστους, Διαδερμική στεφανιαία παρέμβαση, Έμφραγμα μυοκαρδίου, Θρομβόλυση 

References

1. HOFFMEISTER HM, SZABO S, KASTNER C, BEYER ME, HELBER U, KA-

ZMAIER S ET AL. Thrombolytic therapy in acute myocardial in-

farction: Comparison of procoagulant effects of streptokinase 

and alteplase regimens with focus on the kallikrein system 

and plasmin. Circulation 1998, 98:2527–2533

2. CHOI JC, KANG SY, KANG JH, KO YJ, BAE JM. Are in-hospital delays 

important obstacles in thrombolytic therapy following acute 

ischemic stroke? J Clin Neurol 2007, 3:71–78

3. KALISH SC, GURWITZ JH, KRUMHOLZ HM, AVORN J. A cost-effec-

tiveness model of thrombolytic therapy for acute myocardial 

infarction. J Gen Intern Med 1995, 10:321–330

4. GRÜNTZIG AR, SENNING A, SIEGENTHALER WE. Nonoperative 

dilatation of coronary-artery stenosis: Percutaneous trans-

luminal coronary angioplasty. N Engl J Med 1979, 301:61–68

5. KADEL C, VALLBRACHT C, BUSS F, KOBER G, KALTENBACH M. Long-

term follow-up after percutaneous transluminal coronary an-

gioplasty in patients with single-vessel disease. Am Heart J 

1992, 124:1159–1169

6. GRUENTZIG AR, KING SB 3rd, SCHLUMPF M, SIEGENTHALER W. 

Long-term follow-up after percutaneous transluminal coro-

nary angioplasty. The early Zurich experience. N Engl J Med 

1987, 316:1127–1132

7. GOFF SL, MAZOR KM, TING HH, KLEPPEL R, ROTHBERG MB. How 

cardiologists present the benefits of percutaneous coronary 

interventions to patients with stable angina: A qualitative 

analysis. JAMA Intern Med 2014, 174:1614–1621

8. ROTT D. Advantage of percutaneous coronary intervention 

over medical therapy in angina relief and the placebo effect. 

J Am Coll Cardiol 2005, 45:327–328

9. SINGH AK. Percutaneous coronary intervention vs coronary 

artery bypass grafting in the management of chronic stable 

angina: A critical appraisal. J Cardiovasc Dis Res 2010, 1:54–58

10. ARMSTRONG PW, GERSHLICK AH, GOLDSTEIN P, WILCOX R, DAN-

AYS T, LAMBERT Y ET AL. Fibrinolysis or primary PCI in ST-seg-

ment elevation myocardial infarction. N Engl J Med 2013, 

368:1379–1387

11. AVERSANO T, AVERSANO LT, PASSAMANI E, KNATTERUD GL, TERRIN 

ML, WILLIAMS DO ET AL. Thrombolytic therapy vs primary percu-

taneous coronary intervention for myocardial infarction in pa-

tients presenting to hospitals without on-site cardiac surgery: 



REVASCULARIZATION METHODS AND OUTCOMES RELATED TO COST EFFECTIVENESS 501

A randomized controlled trial. JAMA 2002, 287:1943–1951

12. BOERSMA E; PRIMARY CORONARY ANGIOPLASTY VS THROMBOLY-

SIS GROUP. Does time matter? A pooled analysis of randomized 

clinical trials comparing primary percutaneous coronary in-

tervention and in-hospital fibrinolysis in acute myocardial in-

farction patients. Eur Heart J 2006, 27:779–788

13. DE BOER MJ, HOORNTJE JC, OTTERVANGER JP, REIFFERS S, SURYAPRA-

NATA H, ZIJLSTRA F. Immediate coronary angioplasty versus in-

travenous streptokinase in acute myocardial infarction: Left 

ventricular ejection fraction, hospital mortality and reinfarc-

tion. J Am Coll Cardiol 1994, 23:1004–1008

14. GRINES CL, BROWNE KF, MARCO J, ROTHBAUM D, STONE GW, O’KEEFE 

J ET AL. A comparison of immediate angioplasty with throm-

bolytic therapy for acute myocardial infarction. The Primary 

Angioplasty in Myocardial Infarction Study Group. N Engl J 

Med 1993, 328:673–679

15. GLOBAL USE OF STRATEGIES TO OPEN OCCLUDED CORONARY AR-

TERIES IN ACUTE CORONARY SYNDROMES (GUSTO IIB) ANGIOPLAS-

TY SUBSTUDY INVESTIGATORS. A clinical trial comparing primary 

coronary angioplasty with tissue plasminogen activator for 

acute myocardial infarction. N Engl J Med 1997, 336:1621–1628

16. RIBICHINI F, STEFFENINO G, DELLAVALLE A, FERRERO V, VADO A, 

FEOLA M ET AL. Comparison of thrombolytic therapy and pri-

mary coronary angioplasty with liberal stenting for inferior 

myocardial infarction with precordial ST-segment depression: 

Immediate and long-term results of a randomized study. J Am 

Coll Cardiol 1998, 32:1687–1694

17. RICHLING N, HERKNER H, HOLZER M, RIEDMUELLER E, STERZ F, 

SCHREIBER W. Thrombolytic therapy vs primary percutaneous 

intervention after ventricular fibrillation cardiac arrest due to 

acute ST-segment elevation myocardial infarction and its ef-

fect on outcome. Am J Emerg Med 2007, 25:545–550

18. STENESTRAND U, LINDBÄCK J, WALLENTIN L; RIKS-HIA REGISTRY. 

Long-term outcome of primary percutaneous coronary in-

tervention vs prehospital and in-hospital thrombolysis for 

patients with ST-elevation myocardial infarction. JAMA 2006, 

296:1749–1756

19. WALLACE EL, KOTTER JR, CHARNIGO R, KUVLIEVA LB, SMYTH SS, 

ZIADA KM ET AL. Fibrinolytic therapy versus primary percuta-

neous coronary interventions for ST-segment elevation my-

ocardial infarction in Kentucky: Time to establish systems of 

care? South Med J 2013, 106:391–398

20. ZIJLSTRA F, DE BOER MJ, HOORNTJE JC, REIFFERS S, REIBER JH, 

SURYAPRANATA H. A comparison of immediate coronary an-

gioplasty with intravenous streptokinase in acute myocardi-

al infarction. N Engl J Med 1993, 328:680–684

21. CLAEYS M, VRINTS CJ, BOSMANS J, CONRAADS V, KRUG B, BLOCKX 

PP ET AL. Clinical outcome of patients with an uncomplicated 

myocardial infarction: Effect of revascularization. Acta Cardi-

ol 1996, 51:331–345

22. WILLIAMS R, VAN GAAL L, LUCIONI C. Assessing the impact of 

complications on the costs of type II diabetes. Diabetologia 

2002, 45(Suppl 1):S13–S17

23. FAJAR JK, ANDALAS M, HARAPAN H. Comparison of Αpgar scores 

in breech presentations between vaginal and cesarean deliv-

ery. Ci Ji Yi Xue Za Zhi 2017, 29:24–29

24. FAJAR JK, AZHARUDDIN A. The association between interleu-

kin 6 −174 G/C gene polymorphism and the risk of osteopo-

rosis: A meta-analysis. J Taibah Univ Med Sci 2016, 12:212–220

25. FAJAR JK, HERIANSYAH T, ROHMAN MS. The predictors of no re-

flow phenomenon after percutaneous coronary intervention 

in patients with ST elevation myocardial infarction: A meta-

analysis. Indian Heart J 2018; doi: https://doi.org/10.1016/ 

j.ihj.2018.01.032

26. FAJAR JK, TAUFAN T, SYARIF M, AZHARUDDIN A. Hip geometry 

and femoral neck fractures: A meta-analysis. J Orthop Trans-

lat 2018, 13:1–6

27. FAJAR JK. The β fibrinogen gene G-455A polymorphism in 

Asian subjects with coronary heart disease: A meta analysis. 

Egypt J Med Hum Genet 2017, 18:19–28

28. ROHMAN MS, FAJAR JK, KUNCAHYO BH, YUNITA L, SIDARTA EP, 

SAKA PNB ET AL. Angiotensin-converting enzyme (ACE) I/D 

and bradykinin B2 receptor T/C genes polymorphism in pa-

tients with ACE inhibitors-related cough. Egypt J Med Hum 

Genet 2018, 19:307–313

29. HUNG LC, HU YH, SUNG SF. Exploring the impact of intravenous 

thrombolysis on length of stay for acute ischemic stroke: A 

retrospective cohort study. BMC Health Serv Res 2015, 15:40

30. KALUSKI E, ALFANO D, RANDHAWA P, PALMARO J, JONES P, ROMANO 

K ET AL. Length of hospital stay after percutaneous coronary 

interventions. J Cardiovasc Nurs 2008, 23:345–348

31. CHIN CT, WEINTRAUB WS, DAI D, MEHTA RH, RUMSFELD JS, ANDER-

SON HV ET AL. Trends and predictors of length of stay after pri-

mary percutaneous coronary intervention: Α report from the 

CathPCI registry. Am Heart J 2011, 162:1052–1061

32. CHAMBERS CE, DEHMER GJ, COX DA, HARRINGTON RA, BABB JD, 

POPMA JJ ET AL. Defining the length of stay following percu-

taneous coronary intervention: Αn expert consensus docu-

ment from the Society for Cardiovascular Angiography and 

Interventions. Endorsed by the American College of Cardiol-

ogy Foundation. Catheter Cardiovasc Interv 2009, 73:847–858

33. LIU Y, PHILLIPS M, CODDE J. Factors influencing patients’ length 

of stay. Aust Health Rev 2001, 24:63–70

34. CAREY K. Hospital length of stay and cost: A multilevel mod-

eling analysis. Health Services & Outcomes Research Method-

ology 2002, 3:41–56

35. NDIR A, CISSE A, NADIELE LP, DIA BADIANE NM, NDOYE B. Length 

of stay and mean cost of patients’ hospitalization with health-

care-associated infections acquired in a national hospital in 

Senegal. BMC Proc 2011, 5(Suppl 6):O17

36. ERNST FR, CHEN E, LIPKIN C, TAYAMA D, AMIN AN. Comparison of 

hospital length of stay, costs, and readmissions of alteplase 

versus catheter replacement among patients with occluded 

central venous catheters. J Hosp Med 2014, 9:490–496

37. TAHERI PA, BUTZ DA, GREENFIELD LJ. Length of stay has mini-

mal impact on the cost of hospital admission. J Am Coll Surg 

2000, 191:123–130

38. DeRIENZO C, KOHLER JA, LADA E, MEANOR P, TANAKA D. Demon-

strating the relationships of length of stay, cost and clinical 

outcomes in a simulated NICU. J Perinatol 2016, 36:1128–1131

39. DASTA JF, McLAUGHLIN TP, MODY SH, PIECH CT. Daily cost of an 

intensive care unit day: The contribution of mechanical ven-



502 J.K. FAJAR et al

...................................................................................................................................................

tilation. Crit Care Med 2005, 33:1266–1271

40. EVANS J, KOBEWKA D, THAVORN K, D’EGIDIO G, ROSENBERG E, KY-

EREMANTENG K. The impact of reducing intensive care unit 

length of stay on hospital costs: Evidence from a tertiary care 

hospital in Canada. Can J Anaesth 2018, 65:627–635

41. REYNOLDS HR, HOCHMAN JS. Cardiogenic shock: Current con-

cepts and improving outcomes. Circulation 2008, 117:686–697

42. HOCHMAN JS, SLEEPER LA, WEBB JG, SANBORN TA, WHITE HD, TAL-

LEY JD ET AL. Early revascularization in acute myocardial infarc-

tion complicated by cardiogenic shock. SHOCK Investigators. 

Should we emergently revascularize occluded coronaries for 

cardiogenic shock. N Engl J Med 1999, 341:625–634

43. CHOU TM, AMIDON TM, PORTS TA, WOLFE CL. Cardiogenic shock: 

Thrombolysis or angioplasty? J Intensive Care Med 1996, 

11:37–48

44. LEVINE GN, HOCHMAN JS. Thrombolysis in acute myocardial in-

farction complicated by cardiogenic shock. J Thromb Throm-

bolysis 1995, 2:11–20

45. HASDAI D, CALIFF RM, THOMPSON TD, HOCHMAN JS, OHMAN 

EM, PFISTERER EM ET AL. Predictors of cardiogenic shock after 

thrombolytic therapy for acute myocardial infarction. J Am 

Coll Cardiol 2000, 35:136–143

46. VAN DIEPEN S, KATZ JN, ALBERT NM, HENRY TD, JACOBS AK, KAPUR 

NK ET AL. Contemporary management of cardiogenic shock: 

A scientific statement from the American Heart Association. 

Circulation 2017, 136:e232–e268

47. EDMONDS CH, HIBBS CW. Costs of intraaortic balloon pump-

ing. Cardiovasc Dis 1977, 4:437–440

48. TAN SS, BAKKER J, HOOGENDOORN ME, KAPILA A, MARTIN J, PEZZI 

A ET AL. Direct cost analysis of intensive care unit stay in four 

European countries: Applying a standardized costing meth-

odology. Value Health 2012, 15:81–86

49. PUYMIRAT E, FAGON JY, AEGERTER P, DIEHL JL, MONNIER A, HAUW-

BERLEMONT C ET AL. Cardiogenic shock in intensive care units: 

Evolution of prevalence, patient profile, management and out-

comes, 1997–2012. Eur J Heart Fail 2017, 19:192–200

50. TUBARO M, VRANCKX P, PRICE S, VRINTS C. The ESC textbook of 

intensive and acute cardiovascular care. 2nd ed. Oxford Uni-

versity Press, New York, 2015

51. WHITE HD, REYNOLDS HR, CARVALHO AC, PEARTE CA, LIU L, MARTIN 

CE ET AL. Reinfarction after percutaneous coronary interven-

tion or medical management using the universal definition 

in patients with total occlusion after myocardial infarction: 

Results from long-term follow-up of the Occluded Artery Tri-

al (OAT) cohort. Am Heart J 2012, 163:563–571

52. KERNIS SJ, HARJAI KJ, STONE GW, GRINES LL, BOURA JA, YERKEY 

MW ET AL. The incidence, predictors, and outcomes of early 

reinfarction after primary angioplasty for acute myocardial 

infarction. J Am Coll Cardiol 2003, 42:1173–1177

53. BARBASH GI, BIRNBAUM Y, BOGAERTS K, HUDSON M, LESAFFRE E, 

FU Y ET AL. Treatment of reinfarction after thrombolytic ther-

apy for acute myocardial infarction: An analysis of outcome 

and treatment choices in the global utilization of streptoki-

nase and tissue plasminogen activator for occluded coro-

nary arteries (gusto I) and assessment of the safety of a new 

thrombolytic (assent 2) studies. Circulation 2001, 103:954–960

54. O’GARA PT, KUSHNER FG, ASCHEIM DD, CASEY DE Jr, CHUNG MK, 

DE LEMOS JA ET AL. 2013 ACCF/AHA guideline for the man-

agement of ST-elevation myocardial infarction: A report of 

the American College of Cardiology Foundation/American 

Heart Association Task Force on Practice Guidelines. Circula-

tion 2013, 127:e362–e425

55. BATES ER, TOPOL EJ. Limitations of thrombolytic therapy for 

acute myocardial infarction complicated by congestive heart 

failure and cardiogenic shock. J Am Coll Cardiol 1991, 18:1077–

1084

56. RIVERS JT, WHITE HD, CROSS DB, WILLIAMS BF, NORRIS RM. Rein-

farction after thrombolytic therapy for acute myocardial in-

farction followed by conservative management: Incidence 

and effect of smoking. J Am Coll Cardiol 1990, 16:340–348

57. AHUMADA M, CABADÉS A, VALENCIA J, CEBRIÁN J, PAYÁ E, MO-

RILLAS P ET AL. Reinfarction as a complication of acute my-

ocardial infarction. PRIMVAC Registry data. Rev Esp Cardiol 

2005, 58:13–19

Corresponding author: 

  J.K. Fajar and T. Heriansyah; School of Medicine, Syiah Kuala 

University, Banda Aceh, 23111, Indonesia

  e-mail: gembyok@gmail.com; teuku_hery@unsyiah.ac.id


