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Abstract

Background We studied the characteristics of ST-elevation
myocardial infarction (STEMI) patients from a local acute
coronary syndrome (ACS) registry in order to find and build
an appropriate acute myocardial infarction (AMI) system of
care in Jakarta, Indonesia.

Methods Data were collected from the Jakarta Acute Coro-
nary Syndrome (JAC) registry 2008—2009, which contained
2103 ACS patients, including 654 acute STEMI patients
admitted to the National Cardiovascular Center Harapan
Kita, Jakarta, Indonesia.

Results The proportion of patients who did not receive reper-
fusion therapy was 59% in all STEMI patients and the majority
of them (52%) came from inter-hospital referral. The time from
onset of infarction to hospital admission was more than 12 h in
almost 80% cases and 60% had an anterior wall MI. In-hospital
mortality was significantly higher in patients who did not
receive reperfusion therapy compared with patients receiving
acute reperfusion therapy, either with primary percutaneous
coronary intervention (PPCI) or fibrinolytic therapy (13.3%
vs 5.3% vs 6.2%, p<0.001).
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Conclusion The Jakarta Cardiovascular Care Unit Network
System was built to improve the care of AMI in Jakarta.
This network will harmonise the activities of all hospitals in
Jakarta and will provide the best cardiovascular services to
the community by giving two reperfusion therapy options
(PPCI or pharmaco-invasive strategy) depending on the
time needed for the patient to reach the cath-lab.

Keywords ST-elevation myocardial infarction - System of
care - Pharmaco-invasive strategy

Introduction

Tremendous progress has been made in the management of
patients with ST-elevation myocardial infarction (STEMI)
over the last 20 years [1, 2]. Primary percutaneous coronary
intervention (PPCI) is the preferred option for treating
STEMI patients. Offering an easy, direct and fast access to
this procedure is still difficult due to geographic and structural
differences in medical services [3], especially in developing
countries. Therefore, each community should find their own
system of care of acute myocardial infarction (AMI) based on
their AMI characteristics and emergency medical services
availability.

The cardiovascular mortality rate in Indonesia is increas-
ing over the years, reaching almost 30% in 2004 compared
with only 5% in 1975 [4]. Recently, data from the National
Health Survey of Indonesia, which was performed by the
Ministry of Health, Republic of Indonesia, showed that
cerebro-cardiovascular disease is the leading cause of death
in Indonesia [5]. A 13-year cohort study in three districts in
the Jakarta province showed that coronary artery disease is
the leading cause of mortality in Jakarta, the capital city of
Indonesia [6].
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Jakarta is a big metropolitan city with its unique multi-
cultural atmosphere. About 11 million people live in Jakarta
with 15,000 people/km? of density [7]. Recently, traffic
congestion has become a serious problem in the community
and it is the most common cause of time delay for giving
acute reperfusion therapy [8].

Efforts should be made to decrease the cardiovascular
disease burden by improving primary and secondary health
care. The data from the local ACS registry are very impor-
tant. They will provide feedback and generate new ideas on
how to improve the system of care of ACS and find the most
appropriate AMI care system in Jakarta. This article will
review the system of care of STEMI patients in the real-
world situation in Jakarta, Indonesia, based on a local ACS

registry.

Patients and methods

Data were derived from the Jakarta Acute Coronary Syn-
drome (JAC) Registry database (single-centre registry) from
the year 2008-2009, which contained 2103 ACS patients,
including 654 acute STEMI patients who were admitted to the
National Cardiovascular Center Harapan Kita (NCCHK),
Jakarta, Indonesia. The NCCHK acts as a national referral
hospital with 24-h cardiovascular services including PPCI
capabilities. For PPCI cases, the interventional cardiologist
will arrive at the cath-lab in less then 30 min after the first call,
whereas cath-lab nurses and radiology staff are available 24 h
a day in the hospital. The numbers of PCI cases and operator
volume were according to the ACC/AHA guideline
recommendations.

For all patients, the initial diagnosis was made based on
the history of typical chest pain and the finding of ST-
segment elevation on the initial ECG. Time to hospital
admission was defined as the time between the onset of
chest pain and admission to the emergency department
(ED) of NCCHK. All information on demographic charac-
teristics, medical history including physical examination
and treatment options were collected from a standardised
ACS registry form.

Acute adjunctive therapy was given in the ED using the
doses recommended by the ESC and ACC/AHA guidelines.

Statistical methods

Continuous data are presented as mean =+ standard deviation
or median if the distribution is abnormal. Categorical vari-
ables are presented as number and percentages. Chi-square
test is used to evaluate differences between two variables.
P-value<0.05 was considered significant. All statistical
analysis was performed using statistical package.

Results

There were 9634 patients admitted to the ED in the year
2009, and ACS was diagnosed in 3402 patients (35%). A
valid and complete database was observed and 2103 patients
were eligible for analysis (Fig. 1).

The mean age of the ACS patients was 57.6+£10.2 years,
of which 77.7% were male and Javanese was the most
common race affected (31.5%). Hypertension was the most
common risk factor (66%). Most of patients came to the ED
by themselves. The characteristics of STEMI patients are
listed in Table 1.

STEMI patients without reperfusion therapy

A subanalysis was performed in STEMI patients not receiving
reperfusion therapy. The most common source of referral for
these patients was inter-hospital referral (52%), and almost
80% of them reached our hospital with the onset of infarction
already more than 12 h (Table 2).

In-hospital mortality was significantly higher among
patients who did not receive reperfusion therapy compared
with patients who received acute reperfusion therapy, either
by PPCI or fibrinolytic therapy (13.3% vs 5.3% vs 6.2%;
p<0.001) (Fig. 2).

Changes in in-hospital mortality

In 2007, the ACS mortality was 6.6% and decreased to 4.1%
in 2009, probably due to the more invasive approach in the
moderate- to high-risk ACS patient. The Ministry of Health
of Indonesia greatly contributes by making a PCI package
free of charge for poor people, and this effort has increased
the number of PCIs in the hospital (2005 elective PCls and
276 primary PCIs) in the year of 2010.

Consecutive ACS
N=2103

L P

STEMI NsTEMI | | UAP
| N=654(L1%) | | N=622 29.6%) | | N=827(39.3%)

Mo reperfusion
N=379 (59%)
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Fig. 1 Patient distribution from the Jakarta Acute Coronary Syndrome
registry NSTEMI Non-ST elevation myocardial infarction, UAP unsta-
ble angina pectoris
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Table 1 Characteristics of STEMI patients (N=654)

Variable Description

Location of STEMI, N (%)
- Anterior 388 (60%)
- Non-anterior 266 (40%)

Killip class, N (%)

-1 439 (70%)

-1I 171 (24%)

- 11 22 (3%)

-1V 17 (3%)
Onset of infarction, N (%)

-<12h 317 (49%)

->12h 337(51%)
Door-to-needle time, (minute ) 38 (10-333)
Door-to-balloon time, N (%)

- <90 min 87 (44%)

->90 min 107 (55%)

- Overall median (minute) 95

Door-to-needle time was presented as median (minimal-maximal)

Discussion

Improvement in the system of care of AMI is one of the
major efforts to decrease the mortality among ACS patients.
The JAC registry data showed that Jakarta should build its
own AMI system of care, especially for STEMI patients.
This is because most STEMI patients (59%) did not receive
reperfusion therapy and almost 80% of the patients pre-
sented very late (>12 h). It was shown that the patients not
receiving reperfusion therapy had an almost two and a half
fold increase of in-hospital mortality compared with patients
who did receive reperfusion therapy (Fig. 2).

Table 2 Characteristics of STEMI patients without reperfusion therapy
(N=271)

Variables Description, N (%)

Source of referral

- Walk in/ ambulance 85 (31%)
- Primary physician 11 (4%)
- Inter-hospital 140 (52%)
- Intra-hospital 35 (13%)
Onset of infarction

-<12h 57 (21%)
->12h 211 (78%)

Location of infarction
- Anterior 179 (66%)

- Non-anterior 92 (34%)

@ Springer

P<0.001
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Fig. 2 In-hospital mortality of STEMI patients

How to build the AMI system of care in Jakarta?

The Joint statement of AHA STEMI/PCI focused update
recommendation has recommended (Class I) that each com-
munity should develop an appropriate STEMI system of
care [9], and the system of care of AMI is different between
countries based on local health medical service availability.
For example, models of STEMI systems of care include that
in Vienna with its city-wide system of care [10], France with
the famous SAMU-nationwide system [11], Minneapolis
[12] and Mayo clinic [13] with their regional system of care.
Although they have some differences in the protocol, all of
the systems are using a pharmaco-invasive approach.

Before choosing which strategy could be used for the
AMI system of care in Jakarta, it is important to know the
problems in the real-world cardiovascular services in
Jakarta, and we have observed some time delays and problems
identified in daily practice, such as:

— Patient delay, such as lack of awareness of cardiac
symptoms, fear of hospitals and financial problems;

— Delay in making an early diagnosis and treatment in
primary hospital/clinic;

— Transportation delay due to traffic congestion;

—  Lack of collaboration between hospitals and doctors;

— Lack of ambulance organisation.

To improve the system of care, a multidisciplinary ap-
proach is needed to solve the problem, and for that reason, a
seminar was held on 22 July 2010, attended by the Governor
of Jakarta, General Secretary of the Ministry of Health of the
Republic of Indonesia, all the stakeholders, and directors of
all hospitals in Jakarta. The emergency team from National
Cardiovascular Center Harapan Kita Hospital introduced the
idea of building a Jakarta Cardiovascular Care Unit Network
System. An agreement was made, and all bodies are highly
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motivated to build the AMI system of care based on the
consideration that is described below.

Considerations for choice of reperfusion therapy

Randomised controlled trials (RCTs) have shown the supe-
riority of PPCI over fibrinolysis treatment by reducing the
incidence of major adverse cardiac events (MACE) (8% vs
14%). Overall, there is about a 40% reduction in ischaemic
events with PPCI compared with lytic treatment [2], but real
life may be different from RCTs, and old trials have com-
pared PPCI with stand-alone fibrinolytic treatment. Al-
though the benefit of PPCI was seen in transfer patients in
the DANAMI study [14], there was an under-use of PCI in
post-fibrinolytic patients, in which the number of rescue
PCIs was only 1.9%.

The benefit of fibrinolytic treatment is highest if it is done
early after an infarction, as shown by Boersma, by the
golden hour of thrombolysis. Within the first three hours
after an infarction many lives could be saved reaching 60
lives-saved per 1000 treated patients if the time delay of
treatment is no more than one hour [15]. Furthermore,
Juliard et al. have shown that the longer the door-to-
thrombolysis time, the higher the mortality will be (6.7%
vs 1.8%, p<0.05) [16].

The importance of time delay is also apparent in
PPCI [17, 18]. Nallamothu et al. showed that for every
10 min PCl-related time delay (defined as difference
between door-to-balloon and door-to-needle time), there
will be a 0.94% decrease in mortality benefit (p=0.006),
and there is no benefit if the delay is more than 62 min
[19]. Furthermore, Pinto [20] and Betriu [21] showed that
multivariate adjusted odds of death were the same for fibrino-
lytic therapy and PCI, when the PCl-related delay was
114 min (95% CI 96-132 min; p<0.001). Time delay is very
crucial and time to reperfusion is as important for PCI as it is
for fibrinolysis.

In the real-world practice in Indonesia, it is difficult
to do PPCI in all patients with a door-to-balloon (DTB)
time less than 90 min. Data from the Dutch National
Cardiovascular Data Registry (NCDR) registry showed
that only 57.9% of patients achieve a DTB of <90 min
[22], and data from the US National Registry of Myo-
cardial Infarction (NRMI) % analysis showed that only
4.2% patients had a DTB <90 min [23]. Data from the
Global Registry of Acute Coronary Events (GRACE) registry
showed the mean DTB time and pre-hospital delay were 75
and 120 min in the year 2000-2001, but in the recent years
(2005-2006) it is longer (80 and 133 min) [24]. Recent data
from the European registry showed that the first medical
contact to balloon inflation time varied from 69 to 177 min
[25]. All these real-world data show that it is difficult to

achieve an appropriate DTB time as recommended by the
ESC and AHA guidelines.

Gibson [26] showed the risk of early recurrent MI
following thrombolysis was higher in the non-PCI group
compared with the PCI group (4.5% vs 1.6%, p<0.001).
This analysis suggested that fibrinolysis should not be used
as a stand-alone procedure, and it should be followed by
routine angioplasty.

To determine how early an “early” angioplasty should be
in post-fibrinolytic patients, the decision should be based on
the result of the fibrinolytic treatment. In case of a failed
fibrinolysis, immediate rescue PCI is the best option as
shown in the REACT trial [27]. For a successful fibrinoly-
sis, routine early invasive approach within 1.6 to 15.7 h after
fibrinolytic treatment showed a significantly lower ischae-
mic event rate compared with a selective invasive approach,
as shown by CAPITAL AMI, CARESS-AMI, TRANSFER-
AMI, SIAM and GRACIA-1 trials [28]. Overall compari-
son of pharmaco-invasive strategies including both res-
cue PCI and routine PCI with stand-alone fibrinolysis
showed a 50% reduction in the risk of combined car-
diovascular ischaemic events. These data suggest that
routine angioplasty should be done within the first
24 h after successful fibrinolytic treatment and immedi-
ately in failed fibrinolysis.

Reperfusion strategies for STEMI patients

The role of PCI in an early onset of infarction could be
divided into primary PCI, pharmacological reperfusion in
combination with PCI (pharmaco-invasive strategy) and
rescue PCI after failed pharmacological reperfusion.

The pharmaco-invasive strategy is defined as giving
pharmacological reperfusion (fibrinolytic agent) with an
invasive strategy/PCI backup [29]. It means that all patients
who receive fibrinolytic therapy should be referred to hos-
pitals capable of performing PCI for either rescue PCI in
case of failed fibrinolytic, or elective PCI within 3-24 h in
successful fibrinolytic cases.

Primary PCI as recommended by guidelines can not be
performed in all STEMI patients in Jakarta and neither can it
work perfectly in a city with a well-organised cardiovascular
emergency network system due to several limitations. Time
delay is central for decision making in choosing reperfusion
therapy, whether bringing the patient to the treatment (bring-
ing the patient to PPCI) or bringing the treatment to the
patient (giving an intravenous fibrinolytic agent in the pre-
hospital setting) [3]. A wise approach, therefore, may be
combining the two strategies, by giving fibrinolytic therapy
as soon as possible in the pre-hospital setting and immedi-
ately referring the patient to a hospital capable of
performing PCI for either immediate or elective coronary
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angiography within 3-24 h. Nowadays, the pharmaco-
invasive strategy is widely adopted throughout the world.
In Jakarta, the pharmaco-invasive strategy looks feasible
and can be applied for an AMI system of care.

Therapeutic strategies for AMI in Jakarta

Some initiatives that should be undertaken are:
1. Pre-hospital setting:

a. Automated External Defibrillators (AED) and
Basic Life Support (BLS) should be introduced
in the community. This needs collaboration be-
tween the Indonesian Heart Association, the In-
donesian Heart Foundation and the Government
of Jakarta;

b. Pre-hospital ECG activation is needed for an early
accurate diagnosis;

c. A patient transfer protocol and destination protocol
should be designed.

2. In-hospital setting: the mission of the strategy is to
reduce time delays for reperfusion therapy and in-
crease the use of reperfusion therapy in STEMI
patients.

3. Post-discharge state: a secondary prevention program is
needed.

A suggested model for an AMI system of care in Jakarta is
shown in Fig. 3. A patient with chest pain will either come

JAKARTA CCU NETWORK SYSTEM
A PATIENT WITH CHEST PAIN

General physician/hospital/clinic Callambulance

~

| Controlled by Govemment of Jakarta |

Satellite Hospitals belonging to
JAKARTA CCU NETWORK

Fig. 3 Suggested model of AMI system of care in Jakarta (Jakarta
Cardiovascular Care Unit Network System) CCU Cardiovascular Care
Unit
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to the primary hospital/primary physician, clinic and/or call
an ambulance through the hotline. Twelve-lead ECG record-
ing will be transmitted immediately to be evaluated by the
cardiologist on duty (through the heart line) and the diag-
nosis is made followed by choice of reperfusion therapy.
Primary PCI is preferred if:

1. Estimated door-to-balloon time is less than 90 min,
2. Fibrinolytic therapy is contraindicated.

If not, fibrinolytic therapy will be given (streptokinase 1.5
million unit or alteplase 100 mg, intravenously) in the ED/
primary hospital or during transportation. The patient will be
referred to the nearest PCI-capable hospital that belongs to the
Jakarta CCU Network. An evaluation will be made in the
receiving centre, including physical examination and 12-lead
ECG. Rescue PCI will be done immediately in case of failed
fibrinolytic and elective coronary angiography/PCI within 3—
24 h for successful fibrinolytic treatment.

Of note:

—  The ambulance network is coordinated by the government
of Jakarta

— If possible, PPCI patients will be transferred directly to
the cath-lab (bypassing the ED or PCI hospital);

— The hotline number is the direct line ambulance tele-
phone number (118), and there are 44 ambulance units
spread out in Jakarta and organised centrally;

— ECG transmission will be by internet service

— The heart line is the receiving centre telephone number
in the National Cardiovascular Center Harapan Kita
Hospital and is manned 24 h a day.

Study limitation

The data were collected from a single-centre registry and the
coverage of ACS patients for analysis was 62% from all
ACS admissions. However, since our hospital is the only
national cardiac referral hospital in Jakarta and daily expe-
rience matches the characteristics of STEMI patients as
reported above, the reported data should be representative
for all ACS patients admitted to the ED.

Conclusions

Analysis of the JAC registry showed a proportion of patients
currently not receiving reperfusion therapy of 59% of all
STEMI patients; the majority of them (52%) were from
inter-hospital referrals. The time from onset of infarction to
hospital admission was more than 12 h in almost 80% cases.

Network organisation is central to optimising patient care
at the acute stage of an MI and there is a strong need to build
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a well-organised cardiovascular care unit network system in
Jakarta. This involves a multidisciplinary approach that
should give an appropriate diagnosis and initial treatment
with rapid and safe transport to a PCI-capable hospital.

A pharmaco-invasive strategy looks feasible in which
fibrinolytic therapy will be given in pre-hospital setting if
the expected time to transfer for PCI is delayed, followed by
coronary angiography/angioplasty.

A multidisciplinary team approach is the best way to design
anetwork, harmonising the activities of all hospitals in Jakarta
that will give the best cardiovascular services to the commu-
nity by providing two reperfusion therapy options (PPCI or
pharmaco-invasive strategy) depending on the time needed for
the patient to reach the cath-lab. And last, but not least, the
effectiveness of the system should be monitored by recording
simple quality indicators in ongoing registries.
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