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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

Implications for cost effectiveness

OBJECTIVE To compare length of stay (LOS) and major adverse cardiac events
(MACE) between thrombolytic therapy and percutaneous coronary interven-
tion (PCl) 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 PCl for treating patients with STEMI.
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Thrombolytic therapy has been widely used for man-
agement of ST-elevation myocardial infarction (STEMI),” but
because of several conditions, such as in-hospital delay?
and fibrinolytic checklist,? thrombolytic therapy may not
be applied for all STEMI patients. Since 1979, percutaneous
coronary intervention (PCl) has been applied for STEMI
management,? and has been proven to have an excellent
long-term prognosis.>® Since then, PCl has been widely used
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for treating patients with STEMI. Some reports”® have shown
that PCl is more effective than thrombolytic therapy in
restoring thrombolysis in myocardial infarction (TIMI) flow,
and better than coronary artery bypass grafting (CABG).’
Although some studies have reported the benefits of PCI,
others’®2° reporting the comparison between PCl and
thrombolytic therapy by evaluating major adverse cardiac
events (MACE) including cardiac death, cardiogenic shock,
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and reinfarction?’ 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, PCl 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.?? 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 PCl 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 PCl 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 PCl 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/XI11/2015).

Statistical analysis

The comparison of LOS and MACE (heart failure, cardiogenic
shock, reinfarction, and death) between PCl 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.?-2
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 (Cl). Briefly, articles related to
the comparison of outcomes (LOS and MACE) between PCl 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 PCl 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 PCl
and thrombolytic group, and (e) mean+SD or frequencies and
percents of each variable in PCl and thrombolytic group were
extracted. The association between STEMI management and their
outcomes (LOS and MACE) was estimated by calculating pooled
OR and 95% Cl. 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. Arandom
effects model was used to calculate the OR 95% Cl 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 PCland
186 patients with STEMI treated by thrombolytic therapy
were analyzed. The mean age of the PClI 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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Table 1. Basic clinical characteristics and outcomes of patients with ST-
elevation myocardial infarction (M) treated by thrombolytic therapy or
percutaneous coronary intervention (PCI).

No Characteristics PCI Thrombolytic
(n=108) (n=186)
1 Age 55.3+9.3 59.0£10.9
2 Male 84 (77.8) 139 (74.5)
4 Anterior Ml 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)

The comparison of outcomes between PCl
and thrombolytic groups

The outcomes in the PCl and thrombolytic therapy
groups are presented in table 1 and the associations are
summarized in table 2. We found that LOS in the PCl group
was shorter than in the thrombolytic group. The frequency
of cardiogenic shock and the mortality rate were less in
the PCl group than in thrombolytic group (tables 1, 2).
Other complications, such as heart failure and reinfarction
showed no significant difference between the PCl and
thrombolytic groups.

Meta-analysis

We found several studies comparing the outcome be-
tween PCl and thrombolytic therapy for treating STEMI. Of

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

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
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16 studies, five studies were excluded after review because
the data were not sufficient for calculation of OR (95% Cl). 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,’" 1315761819 that evaluated the comparison of LOS
between PCl and thrombolytic groups. The results of the
meta-analysis indicated that LOS in the PCl group was
shorter than in the thrombolytic therapy group (OR 95%
Cl: 3.33 [1.94-5.72], p<0.0001) (tab. 3). For heart failure,
six studies including our own™292"2425 were identified, and
showed that the rate heart failure between subjects in the
PCl and thrombolytic groups was not significantly different
(OR95% CI: 1.07 [0.64-1.77], p=0.7990) (tab. 3). Six studies
including our own results,’%3->? evaluating the comparison
of cardiogenic shock between PCl and thrombolytic groups
were identified. Cardiogenic shock was not significantly
different in the PCl and thrombolytic groups (OR 95% ClI:
0.79 [0.63-1.01], p=0.0620) (tab. 3). For reinfarction, we
identified 8 studies including our own.-3151618 We found
that reinfarction was more frequent in the thrombolytic
than in PCl group (OR 95% Cl: 2.10 [1.58-2.81], p<0.0001).
Eleven studies including our own’%-"3>-20 compared the
mortality between the PCl and thrombolytic groups, show-
ing no significant difference in mortality between the two
groups (OR 95% Cl: 1.43 [0.98-2.08], p=0.0620).

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)

Y

Y

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% Cl (n=3)

Y

Y

Studies included in the
meta-analysis (n=11)

Figure 1. Flowchart of search for studies to be included in the meta-
analysis.
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Table 3. Summary of meta-analysis regarding comparison of outcomes between thrombolytic therapy and percutaneous coronary intervention

(PCI) (thrombolytic vs PCl).

Outcomes Number Model PCl Thrombolytic OR 95% Cl pH PE [
of studies n Values n Values

Length of stay 7 Random 8,131 9.4+2.6 17,219 113434 3.33 1.94-5.72 <0.0001 0.6780 <0.0001

Heart failure 6 Random 1,687 117(6.9) 1,827 190(104) 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 1 Random 12,627 581 (4.6) 21,729 1884(8.7) 143 0.98-2.08 <0.0001 0.4520 0.0620

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

OR: Ods ratio, Cl: Confidence interval, pH: p heterogeneity, pE: p Egger

As evidence of heterogeneity was found for LOS
(p<0.0001; 12=95.41), heart failure (p=0.0590; 12=52.98),
reinfarction (p=0.0270;12=55.70), and mortality (p<0.0001;
12=82.45), data were analyzed using the random effect
model. Heterogeneity was not found for cardiogenic shock
(p=0.1240; 12=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 costs?
and quality assessment.>° 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 PCl 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 PCl 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 PCl was significantly associated with reduced LOS, and
most of the reports defined less than two days or 48 hours
as an ideal LOS after PCl.>-32 However, the revasculariza-
tion method by either PCl 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.*®

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,** while others
showed otherwise.’”** 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),*% as in STEMI. In
the evaluation of the cost effectiveness, therefore although
the treatment cost for PCl 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,*' is the leading cause
of death in patients hospitalized for STEMI.#> Overall, car-
diogenic shock occurs in 3% to 20% of patients with myo-
cardial infarction (MI) treated either by PCl or thrombolytic
therapy,® although thrombolytic therapy has been con-
sidered to reduce cardiogenic shock in STEMI patients.*
In our study, however, the incidence of cardiogenic shock
was significantly greater in the thrombolytic therapy than
in the PCl group. This finding was supported by Hasdai and
colleagues* 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).* It has
been reported that the management of cardiogenic shock
is very expensive;¥~* 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 PCland 2,049 patients on thrombolytic therapy showed
no significant difference in the incidence of cardiogenic
shock between PCl 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.
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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.

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.*°
One study reported that reinfarction was more common
after PCl,*" while another study showed the reverse.”? After
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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.”> The data from
our hospital revealed that the incidence of reinfarction was
4.5% after PCl 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 PCl.**Therefore, evaluated from the cost effective-
ness viewpoint, because reinfarction was observed more
frequently in thrombolytic therapy, the use of thrombolytic
therapy over PCl 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 PCl. 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 shock*** or reinfarction®**¢
in the setting of STEMI. Our study showed that, compared
with PCl, thrombolytic therapy had an increased risk of
cardiogenic shock and reinfarction. Moreover, PCl has been
shown to decrease the mortality rate in STEMI patients.*
This may explain the higher mortality rate after thrombo-
lytic therapy versus PClin 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 Ml need to be addressed to prevent
or decrease STEMI mortality.””

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 PCl. 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 PCl 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 PCl, 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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Apxeia EAAnvIKnG latpikric 2019, 36(4):494-502

TKOMOZX H cuykplon tng Sidpkelag voonAeiag (AN) kat Twv peifovwy avemBupuntwy kapdlakwy cupapdtwy (MAKY)
avdpeoa otn BpopPoluTiky Bepareia (OAB) kat otn Stadepuikr otepaviaia mapéuBaon (AZM). YAIKO-MEOOAOX
Mia avadopikn HeAETN S1e€rixOn oto Noookopegio Aisyiyah amd tov lavoudplo tou 2014 €wg Tov Agképpto Tov 2017.
Ta dedopéva amod tn péBodo emavayyeiwong Kal Ta armoteAéopata oXeTikd pe Tn AN kat ta MAKE avtArOnkav amo ta
LaTPIKA apxeia. H péBodog mou e@apUOOTNKE TIPOKELIUEVOU VA EKTIMNOEL N cuoxéTion avdpeoa otn HéBodo emavay-
Yeiwong ag’ evog pe tn AN kat ag’ etépou pe ta MAKS Atav n moANaTmAr AoyloTikn maAivépopnon (multiple logistic
regression). Emi mAéov, SlevepyrnOnKe peTa-avAAuon TTPOKEIUEVOU VA TIPAYUATOTTOINOE N cUVOYN TWV EVPNUATWY ATTIO
AA\eg meploxéc. AMOTEAEZMATA SuVoAIKd, 294 cupdpata He o&U €u@paypa Tou puokapdiou Kal avaoTiacn Tou
ST (ST-elevation myocardial infarction, STEMI) peta&v lavovapiou tou 2014 kat Aekepfpiou Tou 2017 cUUTTEPIANPON-
KAV oTNV mapovod PEAETN. MeTa&l autwy, ot 186 acBeveic avTipeTwrTioTnKav pe OAG kat ot 108 pe AT, Ta evprjpa-
TA TNG MEAETNG AUTAG aveSelEav OTL N ONO oxeTioTnKe e LYNASGTEPO KivOuvo yia peyaAutepn AN, kapdloyevég shock
kal Ovntotnta. Emi A€oy, n peTa-avaAuon mou akoAoUBNnoe aveédelée 0TI n OAO cuoxeTIOTNKE YE auEnuévo Kivduvo
mapatetapévng AN kat urtotporrig Tou STEMI. ZYMIMEPAZMATA H peyaAvtepn AN kat ta cuxvotepa MAKS mmou ma-
patnenOnkav otnv opdda twv acBevwv pe BpopBoiuon ummodeikvuouy 6Tt yia Tn OAO mbavév va amatteitat Heya-
AUTEPO KOOTOG art’ O,TL e TN AT doov a@opd oTNV AVTIMETWTIION TwV acBevwv pe STEMI.

NEEEIG eVPETNPIOU: ATTOTEAECUATIKOTNTA KOOTOUG, AladepIKn oTepaviaia mapéupaon, Epgpaypa puokapdiov, ©@poudAuvon
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