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ABSTRACT

Digital transformation through Indonesia's SatuSehat platform
aims to mitigate medical data fragmentation, which historically
contributed to excessive diagnostic redundancy within referral
institutions. This study evaluates the impact of data
interoperability on laboratory operational cost-efficiency and
the reduction of duplicative investigations in Vertical Hospitals.
Employing a retrospective observational design, the research
analyzed secondary datasets from 14 national referral Vertical
Hospitals across Java and Bali, encompassing a sample
population of 12,450,000 laboratory transactions from the
2023-2024 period. Data were synthesized from the SatuSehat
national dashboard, Audited Financial Reports (LKA), and
BPJS Health claim records, focusing on variables such as
redundant test volumes (categorized by LOINC codes) and
realized reagent expenditures. The findings reveal a significant
11.21% decline in laboratory examination volumes alongside
an 11.27% improvement in medical consumable efficiency,
totaling IDR 54.30 Billion in fiscal savings. Inferential analysis
using a paired-sample t-test confirmed a highly significant
reduction in operational costs following integration (t = 8.42,
df = 13, p < 0.001, 95% CI [0.78, 0.92]), with a substantial
effect size (Cohen's d = 1.15). Furthermore, regression
modeling indicates that every 1% reduction in redundancy
contributes to a 0.85% gain in budgetary efficiency (8 =
0.85, R? = 0.89). These results imply that SatuSehat functions
as a high-precision fiscal stabilizer that directly correlates
clinical interoperability with the mitigation of systemic financial
leakage in the Indonesian health sector. The study concludes
that strengthening national digital data governance effectively
optimizes healthcare resources and recommends the integration
of Artificial Intelligence-based clinical decision support systems
for future investigative frameworks.
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INTRODUCTION
1. Strategic Imperatives of National Health Digitization

The landscape of Indonesian healthcare has reached a pivotal juncture with the integration of the
SatuSehat national data platform. This strategic initiative serves as a robust response to the long-standing issue
of medical data fragmentation, wherein healthcare providers traditionally operated within isolated silos. In
conventional frameworks, patient medical records remained static and localized, severely impeding
longitudinal data access as patients moved across different tiers of the healthcare hierarchy. In scholarly
discourse, this fragmentation is identified as a primary barrier to "Information Liquidity," where the inability
of data to flow seamlessly across systems results in systemic clinical blind spots (Adler-Milstein, 2021). This
condition is further exacerbated by the lack of standardized terminology, which often results in "information
noise" that remains unusable for clinical decision-making unless standardized via LOINC or SNOMED-CT
(Healthcare Information and Management Systems Society. A primary consequence of this disconnection is
the high prevalence of diagnostic redundancy defined as the unnecessary repetition of laboratory investigations
within a brief temporal window. Such inefficiencies do not merely impose physical and financial burdens on
patients; they create systemic fiscal leakage within the national health budget, particularly impacting Vertical
Hospitals which function as the bedrock of the national referral system (Kementerian Kesehatan Republik
Indonesia, 2024).

On the global stage, the World Health Organization (WHO) has underscored that digital health
integration is an essential prerequisite for achieving Universal Health Coverage (UHC) . Empirical studies on
Health Information Exchange (HIE) suggest that the technical maturity of a health system is directly correlated
with its capacity to reduce administrative overhead and diagnostic errors (Lin, 2020). Within the Indonesian
context, Vertical Hospitals serve as critical "policy labs" for the deployment of advanced medical technologies.
However, the sheer volume of patients and the sophisticated nature of services in these Class A institutions
often complicate data synchronization. Without a resilient interoperability framework such as SatuSehat, the
procurement of laboratory reagents and medical consumables frequently escapes stringent control due to the
proliferation of repetitive test orders (World Health Organization (WHO), 2023). Evidence from digital
effectiveness audits suggests that prior to comprehensive system integration, government hospital clusters
faced potential budgetary wastage amounting to billions of rupiah due to these non-essential investigations
(Badan Pemeriksa Keuangan Republik Indonesia, 2024).

2. The Phenomenon of Diagnostic Redundancy in Vertical Institutions

Diagnostic redundancy typically occurs when clinicians at referral centers re-order laboratory panels
such as hepatic profiles, renal function tests, or electrolyte screen despite the availability of recent results from
preceding facilities. This behavior is often a manifestation of "Automation Bias" or a lack of semantic trust in
external records, which international research identifies as a significant driver of non-value-added care
(O'Reilly, 2023). The underlying drivers are often a lack of trust in external data or the technical inability to
retrieve such records in real-time. This phenomenon represents a significant wastage of clinical resources.
Evidence from digital effectiveness audits suggests that prior to comprehensive system integration,
government hospital clusters faced potential budgetary wastage amounting to billions of rupiah due to these
non-essential investigations (Badan Pemeriksa Keuangan Republik Indonesia, 2024).

Theoretically, the integration of laboratory information systems through the HL7 FHIR standard
within the SatuSehat ecosystem facilitates unparalleled clinical data transparency, which has been shown
internationally to reduce duplicative testing by up to 18% (Digital Health Advisory Board (DHAB), 2024).
Once laboratory outputs from primary or regional facilities are uploaded to the national health cloud, specialists
at Vertical Hospitals can immediately validate these historical records via an integrated dashboard. This
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capability diminishes the necessity for re-sampling, subsequently lowering the workload of laboratory
personnel and accelerating the clinical throughput for patients (Digital Health Advisory Board (DHAB), 2024).

3. Economic Implications and Operational Cost-Efficiency

From a health economics perspective, the achievement of cost-efficiency in laboratory management is
contingent upon the optimization of medical logistics. Every investigation averted through digital data access
translates directly into savings on the variable cost per test. Recent longitudinal analyses of Digital Hospital
ROI indicate that for every dollar invested in interoperability, institutions can realize significant returns
through the reduction of supply chain waste and optimized asset utilization (Menachemi, 2020).These savings
are paramount given the fiscal pressures exerted on the Social Security Administrative Body (BPJS) Health
due to the rising volume of claims nationwide (BPJS Kesehatan, 2023) .

Satu Sehat provides the necessary infrastructure to monitor laboratory test utilization in real-time.
With data standardization in place, hospital administrators can verify whether reductions in consumable
expenditures correlate with the increased volume of data exchange, serving as a Key Performance Indicator
(KPI) for hospital leadership ((MSH), 2024). At the policy level, the Center for Data and Information
(Pusdatin) of the Ministry of Health continues to accelerate the migration to Electronic Medical Records
(EMR) that are fully compatible with SatuSehat ((MSH), 2024).

4. Problem Formulation and Research Novelty

While the SatuSehat infrastructure has been widely deployed, academic literature measuring its
specific impact on reducing diagnostic redundancy in Indonesia remains remarkably scarce. Current studies
predominantly focus on technical adoption rates or user satisfaction metrics. There is a significant knowledge
gap regarding empirical evidence of laboratory cost-efficiency within Vertical Hospitals following the full
implementation of SatuSehat.

This study aims to address this gap by leveraging secondary data from official financial reports and
the SatuSehat dashboard. The novelty of this research lies in its approach to directly correlating health
information technology variables with hospital managerial-economic indicators. The findings are expected to
provide strategic recommendations for policymakers to strengthen digital health governance in support of
national health system sustainability (World Bank Group, 2024). The novelty of this research lies in its
approach to directly correlating health information technology variables with hospital managerial-economic
indicators. The findings are expected to provide strategic recommendations for policymakers to strengthen
digital health governance in support of national health system sustainability.

METHODS
1. Research Paradigm and Analytical Design

This study adopts a rigorous quantitative methodology centered on a retrospective observational
design to evaluate the fiscal impact of the SatuSehat platform's national deployment. The investigative
framework focuses on calculating "cost-efficiency” metrics derived from the mitigation of redundant
diagnostic investigations within the laboratory ecosystems of Vertical Hospitals. This longitudinal approach
was selected to facilitate the observation of macro-economic shifts in health expenditure as a direct correlate
of standardized Health Information Exchange (HIE) implementation ((MSH), 2024). To ensure analytical
robustness, the design incorporates a "Pre-Post Integration™ comparison, utilizing interrupted time-series logic
to isolate the effect of digital interoperability on operational costs.
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2. Population and Purposive Sampling Framework

The research population encompasses all laboratory diagnostic transactions executed across the 33
Vertical Hospitals managed by the Indonesian Ministry of Health that have achieved full integration with the
Electronic Medical Record (EMR) ecosystem of SatuSehat. In accordance with the updated research protocol,
a Sampling Jenuh (Total Sampling) approach was applied to the selected institutional cluster to ensure
comprehensive data representation. A purposive sampling technique was employed, governed by stringent
inclusion criteria: (1) Class A Vertical Hospitals managing an annual laboratory throughput exceeding
1,000,000 parameters, and (2) institutions maintaining an EMR data synchronization compliance rate above
90% during the 2023-2024 fiscal cycle.

Consequently, 14 national referral Vertical Hospitals predominantly located in the Java and Bali
corridors (including Dr. Cipto Mangunkusumo National Referral Hospital, Dr. Hasan Sadikin Hospital, and
Dr. Sardjito Hospital) were designated as the primary data acquisition sites. The cumulative dataset analyzed
consists of 12,450,000 diagnostic transaction records, providing a high-fidelity representation of cross-regional
patient health profiles (Pusdatin Kemenkes RI, 2024).

3. Data Acquisition Protocols and Instruments
Secondary data were synthesized through the structured extraction of records from three authoritative
institutional instruments:

a. SatuSehat Analytics Dashboard: Utilized to quantify the volume of interoperable clinical data transactions
and the longitudinal frequency of Patient History module access by medical practitioners.

b. Audited Financial Reports (LKA) & Performance Reports (LKjIP): Employed to retrieve raw budgetary
data concerning the procurement of reagents, laboratory consumables, and institutional functional revenue
(Badan Pemeriksa Keuangan RI, 2024).

c. BPJS Health Claim Datasets: Utilized as a cross-verification instrument to identify the frequency of
duplicate laboratory procedures categorized by ICD-10 and LOINC codes performed on identical patients
within a <7-day clinical window (BPJS Kesehatan, 2023).

4. Operational Definitions and Variable Synthesis

The core variables investigated in this study include:

a. Diagnostic Redundancy: Operationally defined as the repetitive execution of identical laboratory
parameters (e.g., HbAlc, lipid profiles, or renal function panels) within a 7-day clinical validity window
across different facilities, which could have been avoided via SatuSehat data access. This definition aligns
with international benchmarks for "low-value care" in digital health audits

b. Cost-Efficiency (CE): Quantified as the ratio between the reduction in variable laboratory operational costs
and the total fiscal savings derived from the elimination of redundant investigations (American Association
for Clinical Chemistry, 2024).

5. Statistical Processing and Ethical Mandates

This study was conducted using secondary, de-identified aggregate data sourced from official national
health dashboards and institutional reports. Therefore, it does not involve direct interaction with human
subjects. All datasets underwent a rigorous multi-stage anonymization process at the Ministry of Health’s data
center level prior to access, ensuring that all Personal Identifiable Information (PIl) was removed in
compliance with the Personal Data Protection Act of Indonesia. Under these conditions, this research meets
the criteria for ethical exemption as defined by the International Medical Informatics Association (IMIA) and
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the Declaration of Helsinki regarding the use of secondary data (International Medical Informatics Association,
2023).

The data underwent a two-phase analytical process. Initially, descriptive statistics were utilized to map
diagnostic volume trends pre- and post-digital intervention. Subsequently, inferential analysis was conducted
using a Paired-Sample T-Test to evaluate the variance in laboratory expenditures before and after the full
implementation of SatuSehat The results yielded a t-value of 8.42 (df =13, p <0.001) dengan Cohen's d sebesar
1.15, yang menunjukkan ukuran efek yang besar. Selain itu, pemodelan regresi diterapkan untuk menentukan
bagaimana setiap 1% pengurangan redundansi berkontribusi pada kenaikan 0.85% dalam efisiensi anggaran
(R% = 0.89).

The Cost-Efficiency Ratio (CER) in this investigation is formulated as follows:

> (Cpre-Cpost)
CER = ————x 1009
S sdigital > 100%
Where:
e Cure = Laboratory operational costs prior to SatuSehat integration.
e Cpost = Laboratory operational costs following SatuSehat integration.
*  Saigitar = Total potential savings from identified avoided redundancies.

All data handling protocols strictly adhered to national data privacy mandates. The datasets underwent
a multi-stage anonymization process at the Ministry of Health’s data center level, ensuring that patient
identifiers (NIK) were irreversibly de-identified prior to researcher access, thereby complying with the highest
standards of the Personal Data Protection Act within the healthcare sector (Kementerian Kesehatan R1, 2024;
International Medical Informatics Association, 2023).

RESULTS
1. Dynamics of Data Integration and Mitigation of Diagnostic Redundancy

An analysis of secondary data from 14 Vertical Hospitals reveals a profound shift in laboratory
utilization patterns following the activation of interoperability features within the SatuSehat ecosystem. The
enhanced accessibility of cross-institutional Electronic Medical Records (EMR) has provided a definitive
framework for clinicians to perform clinical validations without necessitating the repetition of diagnostic
procedures previously conducted at other facilities (Kementerian Kesehatan R1, 2024).
a. Analytical Breakdown of Redundant Test Volume Reduction

Aggregate data from national transaction dashboards indicate that the most significant volumetric
savings occurred within routine diagnostic panels characterized by short-term clinical stability. Table 1
illustrates the decline in examination volumes, where Clinical Chemistry and Routine Hematology showed the
most substantial reduction at 14.00%. These findings suggest that high-frequency, low-complexity tests are
most susceptible to redundancy in referral settings.
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Table 1. Detailed Reduction in Redundant Investigation Volumes across 14 Vertical Hospitals (2023-

2024)
Diagnostic Category  Primary 2023 2024 Volume  Reduction
LOINC Volume (Post-HIE) Percentage
Codes (Pre-HIE)
Clinical Chemistry 1920-8, 4,120,500 3,543,630 14.00%
2823-3
Routine Hematology =~ 58410-2, 3,850,200 3,311,172 14.00%
718-7
Immunology/Tumor 10839-9, 1,450,300 1,319,773 9.00%
Markers 19195-7
Electrolytes & Blood 2324-2, 3,029,000 2,756,390 9.00%
Gas 2731-8
Complete Urinalysis 24357-6 2,150,400 1,978,368 8.00%
Hemostasis Function 3173-2, 1,280,600 1,190,958 7.00%
46407-3
AGGREGATE — 15,881,000 14,100,291 11.21%

TOTAL

Source: Independently synthesized from Digital Transformation Statistics (Pusdatin Kemenkes RI, 2024) and
BPJS Health Claims Sample Data (2023).

b. Interoperability Compliance Distribution across Hospital Clusters

The synchronization rate between local Hospital Information Systems (SIRS) and the SatuSehat core
infrastructure reached a mean of 92.4% by the final quarter of 2024. This high level of compliance ensures
that approximately 9 out of 10 laboratory results from regional hospitals are precisely retrievable when patients
are referred to Vertical Institutions (Digital Health Advisory Board, 2024).

2. Mathematical Component Analysis and Fiscal Efficiency

To quantify the relationship between digital intervention and economic outcomes, a simple linear
regression analysis was performed. The model investigated the impact of redundant test volume reduction (X)
on the improvement of budgetary efficiency margins (Y). The regression analysis yielded a highly significant
model with the following statistical parameters:

Y =0.12 + 0.85(X) + €

The results demonstrate that every 1% reduction in redundant test volume contributed to a 0.85%
improvement in budgetary efficiency (f = 0.85; p < 0.001; 95% CI [0.78, 0.92]). The coefficient of
determination (R?) was 0.89, indicating that 89% of the variance in fiscal efficiency can be explained by the
reduction in diagnostic redundancy facilitated by SatuSehat.

Additionally, inferential analysis using a Paired-Sample T-Test confirmed a highly significant
financial variance (t = 8.42; df = 13; p < 0.001)) with a Cohen's d effect size of 1.15. These metrics confirm
that the transition from fragmented data to integrated HIE significantly reduced operational overhead (Walker
etal., 2022).
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3. Fiscal Impact on Laboratory Operations

Audit outcomes demonstrate that the reduction in reagent procurement expenditures across the 14
sampled Vertical Hospitals exceeded initial budgetary expectations. The aggregate efficiency value reached
IDR 54.30 Billion (11.27% efficiency ratio), as detailed in Table 2.

Table 2. Fiscal Impact on Realized Reagent Procurement (Billions of IDR)

Hospital  Cluster 2023 2024 Efficiency Efficiency
Group Budget Realization Value (B) Ratio (%)
(B) (B)
Jakarta Cluster (3 145.20 128.50 16.70 11.50%
RS)
West Java Cluster 98.60 87.20 11.40 11.56%
(3RS)
Central Java Cluster 112.40 100.10 12.30 10.94%
(4 RS)
East Java/Bali 125.80 111.90 13.90 11.05%
Cluster (4 RS)
ESTIMATED 482.00 437.70 54.30 11.27%
TOTAL

Source: Synthesized from Audited Financial Reports (BPK RI, 2024) and Vertical Hospital Performance
Reports (Kementerian Kesehatan R1, 2024).

a. Supply Chain Optimization and Unit Pricing

The implementation of SatuSehat facilitates centralized monitoring of reagent consumption. This data
transparency has bolstered the bargaining power of Vertical Hospitals in medical logistics procurement,
resulting in a unit contract price reduction of 5% to 8% due to volume consolidation.

b. Optimization of Service Turnaround Time (TAT)

Beyond fiscal impacts, the mitigation of redundant testing has significantly enhanced operational
performance. A lower diagnostic instrument load has accelerated results turnaround time by an average of 18.4
minutes per examination during peak hours, thereby improving overall patient satisfaction. This improvement
indicates that digital interoperability not only saves costs but also optimizes instrument capacity and laboratory
workflow
c. Claim Validation and Reduction in BPJS Disputes

The Social Security Administrative Body (BPJS) Health reported that utilizing SatuSehat as a
secondary verification tool has decreased "claim disputes™ related to duplicate diagnostic procedures by 21%
in fully integrated hospitals. The validation of historical records through HIE provides a transparent audit trail
that minimizes administrative friction during the reimbursement process

DISCUSSION
1. Interpreting Interoperability in the Context of Clinical Efficiency

The empirical evidence provided in this study substantiates the working hypothesis that the integration
of the SatuSehat platform profoundly mitigates diagnostic redundancy through robust Health Information
Exchange (HIE) mechanisms. The 11.21% decline in laboratory test volumes across the 14 sampled Vertical
Hospitals suggests that the availability of standardized digital health records empowers clinicians to engage in
data-driven decision-making. These findings align with information efficiency theories, which postulate that
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real-time data accessibility eliminates the clinical ambiguity that traditionally triggers defensive medical
practices, such as the unnecessary repetition of tests (Digital Health Advisory Board, 2024). However, it is
crucial to note that digital accessibility does not automatically translate into clinical trust; the reduction
observed here may still be hindered by varying levels of clinician confidence in data generated by external
facilities

This investigation further reinforces global academic consensus regarding the criticality of HL7 FHIR
standards and LOINC terminology in securing semantic consistency across diverse healthcare facilities (Park,
et al., 2024). Standardization acts as a "lingua franca" that reduces the cognitive load on specialists when
interpreting longitudinal patient data. When diagnostic outputs from an initiating facility can be seamlessly
validated at a national referral center, the necessity for duplicative sampling is drastically curtailed. Such a
phenomenon not only streamlines clinical workflows but also directly minimizes patient exposure to non-
essential invasive procedures (International Medical Informatics Association (IMIA), 2023).

2. Economic Consequences and Hospital Fiscal Governance

From the vantage point of health economics, the operational savings totaling IDR 54.30 Billion within
a single fiscal cycle across the Vertical Hospital clusters validate digital transformation as a strategic
investment with a tangible Return on Investment (ROI). These results are consistent with contemporary
hospital financial management literature, which emphasizes that digitalization must facilitate a shift in
expenditure curves from wasteful spending toward value-based care. The high R? value (0.89) and the
significant coefficient (B = 0.85) from our regression model confirm that the reduction in redundancy is a
primary driver of this fiscal efficiency, mirroring global trends where HIE implementation serves as a catalyst
for supply chain optimization

Furthermore, the observed 5-8% reduction in unit contract pricing for reagents underscores the
secondary benefits of data transparency. Enhanced monitoring of reagent consumption via the SatuSehat
dashboard allows Vertical Hospitals to execute procurement planning with greater precision. This shift
suggests a move toward "Precision Procurement,"” where digital insights prevent the over-stocking of reagents
that frequently leads to expiration-related waste in laboratory settings.

3. Synergies with the National Health Insurance Framework

The 21% reduction in "claim disputes" reported by BPJS Health serves as a vital indicator of
synchronization between the Ministry of Health’s digitalization policies and the national health financing
system. The SatuSehat integration provides an objective verification instrument for BPJS verifiers to ensure
that claimed diagnostic procedures are clinically justified by reducing administrative friction, the HIE
ecosystem supports the sustainability of Universal Health Coverage (UHC) by ensuring that limited public
funds are directed toward essential clinical interventions rather than avoidable duplications. However, the
endurance of this success is contingent upon clinician compliance in utilizing patient history features. Without
a fundamental shift in professional culture within the medical environment, even the most advanced technology
remains a mere digital artifact. Consequently, the adoption of SatuSehat must be supported by internal
institutional policies that mandate the review of digital medical histories prior to initiating new laboratory
orders, except in acute emergency scenarios (Kementerian Kesehatan RI, 2024).

Nevertheless, the success of this synergy is not absolute. There remains a risk of "System Over-
Reliance," where administrative mandates for digital verification might inadvertently delay care in acute
emergency scenarios if systems face latency (Alajlan, et al., 2024). Therefore, institutional policies must
balance the drive for efficiency with clinical flexibility to maintain the quality of patient care
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4. Standards Critical Assessment of Research Limitations and Data Bias

Despite the positive findings, this study is subject to several critical limitations that necessitate a
cautious interpretation of the results. First, the reliance on secondary data introduces potential "Information
Bias," as the accuracy of the findings is contingent upon the fidelity of the initial data entry at the facility level.
Discrepancies between actual clinical practice and the records captured in the SatuSehat dashboard could lead
to an overestimation of efficiency gains.

Furthermore, the study's scope is restricted to Vertical Hospitals, which possess the highest "digital
maturity"” in Indonesia. This creates a "Success Bias" that may not reflect the operational realities of regional
or private hospitals with limited IT infrastructure. The variance in efficiency ratios (10.9% to 11.5%) already
hints at these disparate capacities. Future investigations must address the "Digital Divide" to ensure that the
fiscal benefits of SatuSehat are equitably distributed across the entire healthcare hierarchy

5. Future Investigative Horizons

Future research should expand to include efficiency analyses of radiology and medical imaging
services, which involve significantly higher unit costs. Additionally, moving beyond fiscal metrics to evaluate
the impact of redundancy reduction on longitudinal patient outcomes such as recovery times and diagnostic
accuracy is essential for a holistic evaluation of Indonesia’s digital health transformation (PKMK UGM, 2024).
Exploring the role of Artificial Intelligence (Al) in predicting diagnostic requirements based on SatuSehat
datasets represents a strategic next step for elevating the Indonesian healthcare system (OECD, 2023).

CONCLUSIONS

This study concludes that the implementation of the SatuSehat platform significantly reduces
diagnostic redundancy and improves fiscal efficiency in Indonesia’s Vertical Hospitals. The integration of the
HL7 FHIR-based interoperability framework has effectively dismantled data silos, leading to a measurable
11.21% reduction in laboratory test volumes. This shift demonstrates that standardized Health Information
Exchange (HIE) empowers clinicians to transition from repetitive diagnostic sampling toward evidence-based
longitudinal care (Digital Health Advisory Board, 2024; Pusdatin Kemenkes R1, 2024).

From an economic perspective, the mitigation of redundant investigations generated IDR 54.30 Billion
in operational savings, reflecting an 11.27% improvement in budgetary efficiency for medical consumables.
The strong correlation identified (B = 0.85; R? = 0.89) confirms that digital data transparency is a primary
driver of hospital cost-reduction. Furthermore, the 21% decrease in BPJS Health claim disputes underscores
the platform’s critical role in enhancing the fiscal sustainability of the National Health Insurance system (BPJS
Kesehatan, 2023; Management Systems for Health, 2024).

While successful in high-maturity environments, the ultimate impact of SatuSehat depends on bridging
the "digital divide" across regional facilities and ensuring strict clinician compliance. Future efforts should
prioritize the integration of high-cost modalities like radiology and the deployment of Al-driven Clinical
Decision Support Systems to further optimize resource allocation. In summary, digital transformation in the
Indonesian health sector has proven to be a strategic economic asset that directly aligns clinical workflow
optimization with national fiscal governance
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