
Articles
The Lancet Regional
Health - Southeast
Asia 2024;26: 100418

Published Online xxx

https://doi.org/10.
1016/j.lansea.2024.
100418
Distribution of catheterisation laboratories in Indonesia
2017–2022: a nationwide survey
Farizal Rizky Muharram,a Chaq El Chaq Zamzam Multazam,b Wigaviola Socha Harmadha,b Andrianto Andrianto,c,∗ Senitza Anisa Salsabilla,c

Iwan Dakota,d Hananto Andriantoro,d Doni Firman,d Maya Marinda Montain,d Radityo Prakoso,d and Dilla Anggraenid

aDepartment of Global Health and Social Medicine, Harvard Medical School, Boston, MA, USA
bNational Heart and Lung Institute, Imperial College London, London, UK
cFaculty of Medicine, Airlangga University, Soetomo General Hospital, Surabaya, Indonesia
dDepartment of Cardiology and Vascular Medicine, Faculty of Medicine, University of Indonesia, National Cardiovascular Centre
Harapan Kita, West Jakarta, Indonesia

Summary
Background Geographical terrains of Indonesia pose a major hindrance to transportation. The difficulty of trans-
portation affects the provision of acute time-dependent therapy such as percutaneous coronary intervention (PCI).
Also, Indonesia’s aging population would have a significant impact on the prevalence of acute coronary syndrome
in the next decade. Therefore, the analysis and enhancement of cardiovascular care are crucial. The catheterisation
laboratory performs PCI procedures. In the current study, we mapped the number and distribution of
catheterisation laboratories in Indonesia.

Methods A direct survey was used to collect data related to catheterisation laboratory locations in July 2022. The
population data was sourced from the Ministry of Home Affairs. The recent growth of catheterisation laboratories
was examined and evaluated based on geographical areas. The main instruments for comparing regions and changes
throughout time are the ratio of catheterisation laboratories per 100,000 population and the Gini index (a measure of
economic and healthcare inequality. Gini index ranges from 0 to 1, with greater values indicating more significant
levels of inequality). Regression analysis was carried out to see how the number of catheterisation laboratories was
affected by health demand (prevalence) and economic capacity (Gross Domestic Regional Product [GDRP] per
Capita).

Findings The number of catheterisation laboratories in Indonesia significantly increased from 181 to 310 during
2017–2022, with 44 of the 119 new labs built in an area that did not have one. Java has the most catheterisation
laboratories (208, 67%). The catheterisation laboratory ratio in the provinces of Indonesia ranges from 0.0 in West
Papua and Maluku to 4.46 in Jakarta; the median is 1.09 (IQR 0.71–1.18). The distribution remains a problem, as
shown by the high catheterisation laboratory Gini index (0.48). Regression shows that distribution of catheterisation
laboratories was significantly affected by GDRP and the prevalence of heart disease.

Interpretation The number of catheterisation laboratories in Indonesia has increased significantly recently, however,
maldistribution remains a concern. To improve Indonesia’s cardiovascular emergency services, future development
of catheterisation laboratories must be better planned considering the facility’s accessibility and density.
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Introduction
Indonesia has entered a new population growth phase,
and its demographic distribution will shift to an older
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population in the next ten years.1,2 It is estimated that
the population will increase by 6–7% from 2020 to 2030,
with the elderly population (>45 years old) increasing by
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Research in context

Evidence before this study
According to earlier studies, accessibility to catheterisation
laboratories is critical as it reduces the time taken by acute
coronary syndrome (ACS) patients to receive care. Indonesia is
the fourth-largest nation by population and the largest
archipelagic country in the world. Unfortunately, the number
of catheterisation laboratories in Indonesia (nationwide) was
never examined or mentioned in any previous research
articles that we could find. In the current study, we tried to
map the catheterisation laboratories in Indonesia to
encourage planning of laboratories in strategic locations.

Added value of this study
This study provides data on the number of catheterisation
laboratories, primary geographic distribution, catheterisation
laboratory-to-population ratio, and evolution over the
previous five years in Indonesia. To ensure equity access,

Indonesia needs government policies that initiate
catheterisation laboratory distribution and strategic
placement, especially in areas with lower economic capacity.

Implications of all the available evidence
Our study identified regions in Indonesia with limited access
to essential cardiac services. The findings would allow
policymakers to strategically direct investments and
implement policies in underserved areas, which would thereby
decrease the time taken for commencing treatment in ACS
patients and potentially reduce mortality rates. Additionally,
our findings related to the changes in laboratory distribution
over the past five years would help policymakers to evaluate
the impact of previous initiatives and plan future resources
more effectively. This would ensure equitable access to cardiac
care for all citizens regardless of economic status and enhance
health outcomes at national level.
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up to 30%, a rate four times greater than that of the
general population. This will lead to an increase in the
incidence of cardiovascular disease, particularly acute
coronary syndrome.3–5

Acute Coronary Syndrome (ACS) is a life-threatening,
noncommunicable disease. Its effective treatment de-
pends upon specific and general infrastructure. Specific
infrastructure includes health facilities with specialised
equipment (catheterisation laboratories), and public
infrastructure (roads, ambulances, referral systems)
supports access to these facilities.6–8 Primary Percuta-
neous coronary intervention (PCI) is still the gold stan-
dard in treating ACS, as evidenced by reduced mortality
and morbidity in patients receiving this treatment.
However, the efficacy of primary PCI depends upon
symptoms-to-needle and door-to-needle time criteria.9–11

As the world’s largest archipelago country, Indonesia
has the burden of a growing population, transportation,
and accessibility problems. The sea is a barrier between
islands, separating their populations and making it
harder for health facilities to cover their people.12,13 In
this paper, we will describe the growth, number, ratio,
and distribution of catheterisation laboratories (cath
labs) in Indonesia with the expectation of providing a
basis for procurement policy.14–16

Methods
This cross-sectional study used geospatial information
systems (GIS) for descriptive analysis. We gathered the
data on the cath lab facilities, road networks, population,
and demographic boundaries and analysed them using
Network Analysis. This study was conducted in July
2022 divided into two phases: data collection and data
analysis. In this research, we focused on infrastructure,
such as the road network and cath lab facility. This pa-
per does not discuss other factors that may affect the
time needed to reach the nearest facility, such as the
cardiac emergency system, human resources available to
perform PCI, and the national referral system.

Cath lab facility data
Open-source data for cath labs were unavailable;
therefore, we conducted a primary survey from the data
of hospital instruments from the Ministry of Health,
Indonesia (Kementerian Kesehatan). These data were
cross-checked using a primary survey of the regional
heart association data and online data mining sourced
from hospital facilities’ websites and news of cath lab
openings from trusted media. After the primary data
were finished, the data was cross-checked with the data
from the Ministry of Health, the Indonesian Heart
Association, and the Indonesia National Health In-
surance. The data collection process is illustrated in
Fig. 1. First, we collected comprehensive data on hos-
pitals in Indonesia and determined whether they offer
cath lab. If a hospital did not have a cath lab, we clas-
sified it as a “non-eligible hospital” and removed it
from our mapping. Data that did not match our sour-
ces or was ambiguous was further checked by con-
tacting the hospital or the regional heart association.

The hospital data were excluded if discrepancies
occurred during crosschecking. The final data related to
cath labs reflected the situation in Indonesia as of June
2022. Some facilities, especially tertiary and referral
hospitals, may have more than one cath lab. Information
on the cath labs in every hospital was unavailable pub-
licly. Considering this limitation, we counted the num-
ber of hospitals with a cath lab. Existing hospital data
was also analysed temporally based on when the PCI
facility started operating. Data collection ran from
February to June 2022. Facilities opening after data
collection were not included.
www.thelancet.com Vol 26 July, 2024
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Fig. 1: Data collection process related to catheterisation laboratories (Cath lab).
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Population and administrative data
The population data were obtained from the geospatial
information system (GIS) data of the Ministry of Inter-
nal Affairs. The most recent population estimates were
from June 30, 2022. GIS data contain both population
and administrative data. Indonesia’s administration
level is divided into provinces, districts, and subdistricts.
Province is the first administrative-level term, and
Indonesia has 34 provinces. The second administrative
level is the district, divided into urban (Kota) and rural
(Kabupaten). Indonesia had 416 rural and 98 urban
areas in 2022. In addition, we group the province data
into five islands: Sumatra, Java, Kalimantan, Bali-Nusa,
Sulawesi, and Maluku-Papua. The cath labs are also
grouped into public and privately owned hospitals.

Cath lab ratio and Gini index
To measure and compare the cath lab maldistribution,
we compared the ratio of the cath lab per population
between areas and used the Gini index as an inequality
measurement. The ratio was defined as the number of
cath labs per one million population in a designated
area. The Gini index is a widely recognised measure of
economic and healthcare inequality. The Gini Index
ranges from 0 to 1, with greater values indicating more
significant levels of inequality. UNICEF defines the Gini
index as <0.2 corresponds to ideal income equality,
0.2–0.3 corresponds to relative equality, 0.3–0.4 corre-
sponds to a substantial income gap, 0.4–0.5 corresponds
to a high-income disparity, and above 0.5 corresponds to
severe income inequality. The Gini index was measured
at the inter-province level.

The Lorenz curve plots the cumulative percentages of
total income received against the cumulative number of
recipients, starting with the poorest individual or
household. The Gini coefficient is calculated using the
area between the Lorenz curve and the line of perfect
equality. The Gini index was calculated using R in
www.thelancet.com Vol 26 July, 2024
RStudio’s “dineq” package by René Schulenberg.17,18 The
Gini coefficient can be calculated using the formula:

G= 1−∑n

i=1(Yi+1 +Yi)(Xi+1 − Xi)
Where Yi and Xi are the cumulative proportions of

total income and population, respectively.19,20

Inferential analysis
To determine possible variables that might have corre-
lation or causation on the cath lab ratio, we conducted
the correlation analysis as an initial step to determine
the magnitude and direction of the relationship between
the variables of interest. We use the prevalence of heart
disease as a predictor of the demand aspect of the
population; we controlled with the Gross Domestic
Regional Product per Capita (GDRP) purchasing power
parity (PPP) as the economic capacity factor supporting
the demand. The study employs the prevalence of heart
disease from the Indonesia Basic Health Survey 2018 as
a substitute for the incidence rate to determine the need
for cath lab procurement. The Heart disease definition
included all types of heart disease diagnosed by a doctor.
The better variable might be the incidence rate of
ischemic heart disease. However, incidence data on the
population were not available. The incidence data ob-
tained from hospital records in low-income and middle-
income countries (LMICs) may not accurately represent
the disease burden as it might be under-reporting due to
the patient barrier to the hospital.21 GDRP data were
taken from the National Statistic Agency in 2022.

Afterward, we performed multivariate linear regres-
sion analysis to ascertain the impact of different pre-
dictors on the cath lab ratio. Two models were created:
one model utilised ‘natural coefficients’, and the other
utilised ‘standardized coefficients’. Standardization was
accomplished by converting the variables into z-scores,
representing the number of SDs away from the mean of
3
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a particular value. This process involved subtracting the
mean and dividing by the SD for each independent var-
iable. This approach enables us to discern which pre-
dictors have the most substantial relative impact on the
cath lab ratio, irrespective of the units of measurement,
thus providing a clearer understanding of the predictors’
importance in the model.22 The models are shown below:

Cath lab Ratio= β0 + β1 × Prevalence Rate + β2 × Cath

GDRP PPP + ∈

Role of the funding source
The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. The corresponding author had full
access to all the data in the study and was final
responsible for the decision to submit it for publication.

Results
Cardiologist and cath lab distribution
Java boasts the highest number of cardiologists and cath
labs in Indonesia, with 981 cardiologists and 208 cath
labs. While the regions with the least resources are
Maluku, which has only six cardiologists and two cath
labs, and Papua, which has four cardiologists and one
cath lab (Table 1).

Table 1 shows the number of cardiologists by prov-
ince. DKI Jakarta has the highest number of cardiolo-
gists, with 327, followed by East Java with 229 and West
Java with 209. The lowest number is in the provinces of
West Papua and North Maluku, with two cardiologists
each, followed by Central Sulawesi with three and
Maluku with four. The highest density of cardiologists
in Indonesia’s islands is found in Bali, with 12.1 cardi-
ologist per million, followed by Java Island with 6.47 and
Sulawesi with 5.43. According to the density of cardi-
ologists, DKI Jakarta has the most with 29.2, followed by
West Sulawesi with 18.7 and DI Jogjakarta with 13.1.
Central Sulawesi has one cardiologist, Papua has 0.9,
and NTT has 0.6 for the lowest density.

Regarding cath labs, Java, Bali, and Sumatra have the
greatest densities of 1.37, 1.17, and 0.96, respectively. The
province with the highest cath lab density is DKI Jakarta,
with 4.46 cath labs per million, North Kalimantan came
in second with 2.93, and The Riau Island came in third
with 1.99. The lowest values were recorded in East Lesser
Sunda (0.19 cath lab per million), Papua (0.23), West
Papua (0), and North Maluku (0).

Cath lab growth
The number of cath labs in Indonesia increased
significantly from 2017 to 2022. Within six years, 129
new cath lab facilities were added. Increasing the total
cath labs from 181 to 310 further contributed to
71.3% of the total cath lab growth. The owner
distribution of the cath lab is still dominated by pri-
vate hospitals, which own 54% of the facilities. 62
private hospitals have had new cath labs in the last six
years, whereas public hospitals added 67 (Table 2).
The distribution of the cath lab location are shown in
Fig. 2.

In 2018 and 2019, the growth rate was up to 33 cath
labs per year. When the COVID-19 pandemic occurred,
the cath lab growth in Indonesia decreased, dropping
to 19 cath labs in 2020 and 21 in 2021. However, we
saw an upward trend in 2022 with 16 new cath labs
opening in first half of the year. Java Island still dom-
inates cath lab growth, contributing 81 new facilities
(62.3% of the total cath labs). Java was followed by
Sumatra with 26 new cath labs (20%), Kalimantan with
10 (7.7%), and Sulawesi with nine (6.9%). There have
been no new cath labs in Papua, Bali, and Nusa in the
past six years (Table 2).

Table 3 shows that within five years, there were 44
new cath labs in districts that previously had no cath lab
at all. That is, one-third of the new cath labs were built
in districts that did not have one. This increased the
districts covered by cath labs from 83 to 113 (21.9% of
the total districts). Public-owned hospitals made up the
majority of new cath labs in these areas, with 31 of the
44. Most of the new cath labs in new districts were built
in 2018. After that, the number of cath lab additions in
new areas decreased (Fig. 3).

Gini index of cath lab distribution
The density of cath labs in Indonesia ranges from 0.0 in
West Papua and Maluku to 4.46 in Jakarta; the median
is 1.09 (IQR 0.71–1.18) (Fig. 4). The wide range of
densities shows area disparities. The wide range of ra-
tios with the Gini index (Fig. 5). Our analysis shows that
the Gini index in 2022 was 0.48. Gini index decreased
compared to 2017 (0.54 to 0.48), indicating a more equal
distribution in the latter year. However, this 0.06 point
decrease in Gini index is less synchronized with an in-
crease of up to 72.7% in the number of cath lab.

Impact of heart disease prevalence and regional
GDP on cath lab ratio
The Spearman’s rho was performed because the cath
lab was not normally distributed. Correlation analysis
revealed a strong positive association between the
prevalence rate of the population with heart disease
and the cath lab ratio, with a correlation coefficient (ρ)
of 0.59, which is statistically significant (P < 0.0001).
Correlation with GDRP has shown a higher statisti-
cally significant coefficient (0.73, P < 0.0001). As
shown in the scatter plot (Fig. 6), some areas might
be outliers, such as DKI Jakarta and North Kali-
mantan, with a higher cath lab ratio than the expected
prevalence of heart disease; otherwise, central Sula-
wesi has a lower cath lab ratio than expected preva-
lence and GDRP.
www.thelancet.com Vol 26 July, 2024
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Island and province Population Number Ratio

Cardiologist Cath labs Cardiologista Cath labsa Prevalence of
heart disease (%)

National 269,648,234 1446 310 5.36 1.15 1.5

Lesser Sunda 10,713,122 18 4 1.68 0.37

West Nusa Tenggara 5,308,887 15 3 2.8 0.57 0.9

East Nusa Tenggara 5,404,235 3 1 0.6 0.19 0.7

Bali 4,285,815 52 5 12.1 1.17 1.3

Java 151,629,504 981 208 6.47 1.37

DKI Jakarta 11,207,822 327 50 29.2 4.46 1.9

Di Yogyakarta 3,671,818 48 7 13.1 1.91 2

Central Java 36,947,166 111 27 3 0.73 1.6

West Java 47,161,961 209 53 4.4 1.12 1.6

East Java 41,002,289 229 49 5.6 1.2 1.5

Banten 11,638,448 57 22 4.9 1.89 1.4

Kalimantan 16,641,765 60 16 3.61 0.96

North Kalimantan 681,766 2 2 2.9 2.93 2.2

East Kalimantan 3,770,038 24 6 6.4 1.59 1.9

West Kalimantan 5,475,380 17 2 3.1 0.37 1.3

South Kalimantan 4,078,949 12 3 2.9 0.74 1.3

Central Kalimantan 2,635,632 5 3 1.9 1.14 1.3

Maluku 3,167,532 6 2 1.89 0.63 1.5

Maluku 1,870,414 4 2 2.1 1.07 1.5

Maluku Utara 1,297,118 2 0 1.5 0 1.1

Papua 5,419,011 6 1 1.11 0.18

Papua 4,272,391 4 1 0.9 0.23 0.9

West Papua 1,146,620 2 0 1.7 0 1.2

Sulawesi 19,715,820 107 18 5.43 0.91

Gorontalo 1,193,241 5 1 4.2 0.84 2

Central Sulawesi 3,012,499 3 1 1 0.33 1.9

North Sulawesi 2,657,940 26 4 9.8 1.5 1.8

South Sulawesi 8,933,926 41 10 4.6 1.12 1.5

West Sulawesi 1,447,712 27 1 18.7 0.69 1.5

Southeast Sulawesi 2,470,502 5 1 2 0.4 1.4

Sumatra 58,075,665 216 56 3.72 0.96

Riau Island 2,012,496 7 4 3.5 1.99 1.5

Lampung 9,087,213 13 6 1.4 0.66 1.2

Riau 6,015,023 16 7 2.7 1.16 1.1

West Sumatra 5,448,684 41 5 7.5 0.92 1.6

Jambi 3,534,933 12 2 3.4 0.57 0.9

Bengkulu 2,019,339 5 1 2.5 0.5 1.3

Aceh 5,301,202 21 6 4 1.13 1.6

South Sumatra 8,281,587 11 7 1.3 0.85 1.2

North Sumatra 14,938,770 82 16 5.5 1.07 1.3

Bangka Belitung Island 1,436,418 8 2 5.6 1.39 1.5

aRatio per 1,000,0000 population.

Table 1: The distribution of Indonesian catheterisation laboratories (cath labs) and cardiologists within major islands and provinces.

Articles
The regression analyses were conducted to under-
stand the effect of the prevalence of heart disease and
GDRP (PPP) per capita on the Cath lab ratio and con-
trolling both variables to confirm whether independent
confounds each other or independently (Table 4). Model
1 yielded an adjusted R-squared of 0.664, explaining
www.thelancet.com Vol 26 July, 2024
approximately 66.4% of the variability in the Cath lab
Ratio. Within this model, both Prevalence and GDRP
were found to be significantly associated with lab Ratio
with P = 0.003 and P < 0.0001, respectively. Both vari-
ables are independently affecting the Cath lab ratio.
Standardization furthered this investigation to compare
5
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Island group or region Cath lab number in the end of the year (+growth in that year) Percentagea

≤2017 2018 2019 2020 2021 Half 2022

All cath lab number (Growth) 181 221 (+40) 254 (+33) 273 (+19) 294 (+21) 310 (+16) 71.27%

National insurance-covered 87 108 (+21) 120 (+12) 129 (+9) 135 (+6) 139 (+4) 59.77%

Sector

Public-owned 80 99 (+19) 115 (+16) 125 (+10) 134 (+9) 142 (+8) 77.5%

Private-owned 101 122 (+21) 139 (+17) 148 (+9) 160 (+12) 168 (+8) 66.34%

Island group

Bali Nusa 8 8 8 8 8 9 (+1) 12.5%

Java 127 159 (+32) 178 (+19) 188 (+10) 201 (+13) 208 (+7) 63.78%

Kalimantan 6 7 (+1) 11 (+4) 14 (+3) 15 (+1) 16 (+1) 166.67%

Maluku 1 1 1 1 2 (+1) 2 100%

Papua 1 1 1 1 1 1 0%

Sulawesi 9 10 (+1) 13 (+3) 14 (+1) 14 18 (+4) 100%

Sumatra 30 36 (+6) 43 (+7) 47 (+4) 53 (+6) 56 (+3) 86.67%

aThe percentages shown above depict the increased growth in the quantity of cath labs from 2017 to halfway of 2022.

Table 2: Indonesia hospital with catheterisation laboratory (cath lab) growth from 2017 to 2022.
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the impact of independent variables. When comparing
GDRP to prevalence, GDRP is shown to have a higher
standardization coefficient (0.63 vs. 0.34) and low
P-value (<0.0001 vs 0.003).
Fig. 2: The map of catheterisation laboratory (cath labs) distribution
hospitals, and blue by private hospitals. The table in lower right show
The post-diagnostic showed heteroskedasticity in
model 1 (Breusch–Pagan test P value > 0.05). As shown
in the correlation plot, both Jakarta and North Kali-
mantan have been shown as outliers. The explanation
in Indonesia, the red dot represents cath lab owned by public
s the distribution between the major islands in Indonesia.

www.thelancet.com Vol 26 July, 2024
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Hospital sector Additional cath lab per year Cumulative
addition

2018 2019 2020 2021 2022

Public +9 +7 +5 +4 +6 31

Private +5 +1 +3 +2 +2 13

Total +14 +8 +8 +6 +8 44

Cumulative District-
covereda

83 91 99 105 113

aDistrict-covered refers to the number of districts in Indonesia with at least one hospital with cath lab (among total of 514 districts in the whole country).

Table 3: Expansion of catheterisation laboratory facilities (cath labs) in previously unserved districts.

Articles
for this outlier is that Jakarta is the capital province of
Indonesia. North Kalimantan is a newly expanded
province with the smallest population. Areas with very
high-density populations concentrated in one place
characterise these two provinces. We performed model
2, where both provinces were excluded; model 2 showed
higher adjusted R-squared (0.678) and removed heter-
oscedasticity. In model 2, the P-value of the heart dis-
ease prevalence coefficient was changed to borderline
(0.07).
Discussion
Acute coronary syndrome in LMICs
According to the Global Burden Disease Study 2019,
ischemic heart disease cases have been increasing in
almost all provinces, with up to 66% increase in preva-
lence number and 36.5% in prevalence rate over twenty
years.23,24 The number will continue to rise as the
Indonesian population ages. In the next ten years, one-
third of the population will be aged over 45, resulting in a
higher prevalence of ACS.25 In LMICs, ST-elevation
myocardial infarction (STEMI) is one of the most preva-
lent presentations of ACS. Over 60% of hospitalisations for
ACS are due to STEMI in India, and 80% in China.26–29
Fig. 3: The density map of catheterisation laboratories

www.thelancet.com Vol 26 July, 2024
ACS, particularly STEMI, requires prompt interven-
tion and coordination of systems. Creating efficient sys-
tems in resource-constrained contexts is challenging.
Successful solutions from more developed countries
cannot simply be transferred. The challenges include a
lack of accessible PCI facilities in urban areas, a shortage
of specialists, and inadequate emergency medical services.
These structural issues hinder timely and effective care for
ACS patients. Indonesia is lagging in this respect, and
cath lab utilisation is suboptimal. Often, the 24-h service is
unavailable, and providers do not respond quickly to car-
diac emergencies. Most LMICs in the WHO Southeast
Asian Region, especially Indonesia, only provide 24-h
rescue or primary PCI at the tertiary or national level.16,25

A study in Jakarta, the capital of Indonesia, found
that between 2007 and 2013, PCI procedures increased
from 24% to 35%, and non-reperfusion patients
decreased from 67.1% to 62.8%. Maintaining the
expansion of PCI procedures is important as the overall
STEMI mortality rate has decreased from 11.7% to
7.5%. Increased cath lab utilisation indicates progress.
However, the problems in other regions of Indonesia
are unquestionably worse than in the capital. Especially
in regions with no cath labs or where their number and
accessibility are limited.30,31
(cath labs) per population in Indonesia in 2022.

7
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Fig. 4: Boxplot of catheterisation laboratory (cath lab) and cardiologist ratio distribution among all provinces in Indonesia.
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Number and growth of cath labs in Indonesia
In the last five years, the number of cath labs in
Indonesia has increased by up to 40% (129 new cath
labs). This impressive progress will help prepare for the
population shift expected in the next ten years. Our
study found that the pandemic slowed cath lab growth
by up to 50% in 2020 and 2021. This is understandable
as the fiscal might focus on the pandemic. However, the
Ministry of Health must compensate by accelerate cath
lab growth over the next decade to meet demand. Java
Island has 81 new cath labs, two-thirds of the total.
Sumatra Island has 26. Papua Island has one cath lab
and has not had a new one in five years. According to
“The Inverse Care Law,” good medical or social
care availability varies inversely with population
Fig. 5: The Lorenz Curve and Gini index of the catheterisat
requirements. The province of West Java, with 53, has
the most cath labs in Indonesia, but this is only 1.12
cath labs per million population. The European Asso-
ciation of Percutaneous Cardiovascular Interventions
(EAPCI) suggests that there should be one catheter-
isation laboratory for every 450,000 to 600,000 in-
dividuals, or alternatively, 1.67 to 2 cath laboratories for
everyone million people. The cath lab ratio in Indonesia
increased from 0.68 to 1.14 per million people.32 How-
ever, with a population of 272 million, Indonesia re-
quires a minimum of 450 cath labs to satisfy the
recommended standards.33

The other concern is 24-h cath lab services, which
remain low in Indonesia. We could not extract the data of
facilities which provide uninterrupted service (perform
ion laboratory (cath lab) and cardiologist distribution.

www.thelancet.com Vol 26 July, 2024
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Fig. 6: The scatterplot of the catheterisation laboratory (cath lab) ratio to the percentage of population with heart disease (panel a) and
GDRP per Capita 2022 (panel b).
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PCI 24 × 7). Previous study from EAPCI showed capac-
ities of different countries on 24-h service catheterisation
laboratories, with the lowest rate on their report was
Egypt (0.2 per million), and the highest rate in Poland
and Belgium (>4 per million). Only a few hospitals in
Egypt had cath labs that offer 24-h cardiac emergency
care, which further affected the low rates of primary PCI
and structural cardiac interventions in Egypt.33 In 2014,
Jakarta had only one national referral hospital that pro-
vided 24-h service for primary PCI covered by national
health insurance. The data of hospitals that can handle
PCI around the clock and the data of hospitals that are
Independent variable Cath lab ra

Model 1 (n

Natural Coe
(P-value)

Percentage of population with heart disease (prevalence) 2018 8.36E-02 (0

Gross Domestic Regional Product (PPP) per capita 2022 2.37E-05 (3

Constant −2.77E-01 (

Multiple R-squared 0.6843

Adjusted R-squared: 0.664

F-statistic: 33.6 on 2 a

P-value: <0.0001

Residual standard error 0.049 on 3

Shapiro–Wilk normality test 0.92697 (0

Breusch–Pagan test 11.79 (0.00

Statistical significance codes (P-value): ‘***’ <0.001; ‘**’ <0.01; ‘*’ <0.05. DF: degrees o

Table 4: Impact of heart disease prevalence and regional GDP on catheterisa
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covered by national health insurance systems is limited
despite the important factors of showing effective
coverage both in timeliness and effective coverage when
developing the STEMI network.18,34

In the aspect of cath lab owner, both public and pri-
vate hospitals have expanded their numbers and distri-
bution of cath labs. Private hospitals slightly dominated,
owning 54% of the cath labs. However, public hospitals
are leaders in the procurement process in the new district
that previously did not have a cath lab. Among the 44
districts which got covered by a new cath lab in 2022,
public hospitals provide service to 31 districts. Private
tio (dependent variable)

= 34) Model 2 (n = 32)

fficient Standardized Coefficient
(P-value)

Natural Coefficient
(P-value)

Standardized Coefficient
(P-value)

.00389) ** 0.34 (0.00389) ** 3.426e-02 (0.0726) 0.21 (0.0726)

.04e-06) *** 0.63 (3.04e-06) *** 2.082e-05 (6.06e-07) *** 0.72 (6.06e-07) ***

1.98e-06) *** −7.39E-17 (1.00) −1.850e-01 (7.33e-06) *** −5.666e-16 (1.00)

0.6989

0.6782

nd 31 DF 33.66 on 2 and 29 DF

<0.0001

1 DF 0.5797 on 31 DF 0.02954 on 29 DF 0.5673 on 29 DF

.0287) * 0.98146 (0.8407)

2753) ** 0.95432 (0.6205)

f freedom.

tion laboratory (cath lab) ratio.
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hospitals have been shown to provide complementary
services to districts that have established cath labs before.
Construction of new cath labs is important as it will
expand the coverage to a greater extent.

Effect of disease demand and economic capacity on
cath lab distribution
This study investigated the correlation between the
occurrence of heart disease, the per capita regional GDP
(GDRP PPP), and the proportion of Cath labs in different
regions. The results indicate that areas with a greater
incidence of heart disease typically have a higher pro-
portion of cath labs, which is consistent with the logical
assumption that healthcare resources, like cath labs, are
distributed based on the healthcare requirements of the
population. Additional regression models examination
further confirmed the influence of both the prevalence of
heart disease and the regional GDP per capita on the cath
lab ratio. This study confirms the complex nature of
healthcare resource allocation, which is influenced both
by health needs and economic capacity.35–37

The higher standardization coefficient for GDRP,
compared to the prevalence of heart disease, indicates
that economic factors may have a more significant in-
fluence than health needs in determining the allocation
of Cath labs.6,37 It highlights crucial factors to be
considered in healthcare policy and planning, under-
scoring the importance of balancing economic capacity
and health requirements to achieve fair distribution of
healthcare resources.

Notably, the study identified anomalies such as DKI
Jakarta and North Kalimantan, which diverge from the
anticipated distribution of Cath labs based on the prev-
alence of heart disease. These regions, distinguished by
distinct demographic and administrative characteristics,
indicate that factors other than the prevalence of dis-
eases can impact the allocation of healthcare resources.
Further studies are required to explain the outliers that
might have other factors affecting cath lab procurement
such as easier market entry for private sector to procure
cath lab or insurance coverage to DKI Jakarta and North
Kalimantan.38,39

Our study has few limitations. The analysis is based
solely on the presence of cath lab infrastructure
without assessing their operational capacity or service
provision. Some facilities, especially tertiary and
referral hospitals, may have more than one cath lab.
Information on the cath labs in every hospital was
unavailable publicly. Considering this limitation, we
counted the number of hospitals with a cath lab.
Patient-level outcomes could not be explored due to
data limitations. Furthermore, the reliance on preva-
lence data rather than incidence rates may not accu-
rately capture the immediate demand for PCI
procedures, especially in LMICs where barriers such as
limited education may lead to underutilisation of hos-
pital services. These aspects highlight the need for
cautious interpretation of the results and suggest areas
for more in-depth investigation in future research.

The increase in Indonesia’s ACS mortality rate un-
derscores the need for additional cath labs. Poland is an
interesting example of how its STEMI patient treatment
capacity was enhanced a decade ago, leading to more
competent patient outcomes compared to other Euro-
pean countries with similar economic positions.33

Research conducted by EAPCI indicates no correlation
between the number of catheterisation laboratories and
economic conditions. Greece, despite having a smaller
economy compared to Denmark, possesses a greater
number of cath labs. The responsibility for increasing
the number of cath labs lies primarily with the govern-
ment, which acts as a regulatory body overseeing policy
and decision-making in the procurement process.15,19

Indonesia should consistently monitor and record
the locations of hospitals equipped with catheterisation
laboratories by utilising a dashboard system. Geospatial
analysis conducted in Russia demonstrates positive
outcomes by showing the proportion of the population
with prompt access to cath labs and identifying regions
that still lack such facilities. Indonesia requires an ac-
curate mapping of the proportion of the population that
can access existing thrombolytic or PCI treatment
within less than 2 h. This information would be highly
valuable for procurement planning purposes.6,40–42

The ultimate objective of cath lab procurement is to
enhance patient outcomes. It is imperative to closely
monitor the factors that impact the operational effi-
ciency of cath labs in each hospital.43 Improved data on
cath lab capacity in local regions is necessary for
enhancing regulatory policy in the cath lab field.44 It is
important to analyse the healthcare expenses related to
cath labs for the regulator to assess the utilisation of cath
labs in the population. Care should be regionalised to
enhance the interconnectivity of cath labs in areas with
limited coverage.6 Further research might provide in-
formation on how existing cath labs cover the popula-
tion and how future cath lab procurement increases the
coverage, service utilisation, and health outcomes.

Indonesian ACS treatment is susceptible to its low
cath lab density. There is also significant maldistribu-
tion, accumulating at several loci. Increasing the num-
ber and distribution of cath labs with strategic
placement is needed to increase the capacity of emer-
gency cardiovascular services in Indonesia.
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