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Background: This study evaluated the Autonomous Analysis and Review Pilot
Project within the Health Insurance Review & Assessment Service, focusing on
its efficiency and potential for improvement. The fee-for-service model increases
medical utilization, necessitating balanced reviews to ensure appropriate care. To
address this concern, an autonomous analysis and review system that enabled
healthcare institutions to manage care quality and costs using data-driven analysis,
particularly in specialized medical fields, was introduced.

Methods: This study assessed changes in healthcare quality and efficiency using
indicators such as healthcare quality metrics, claim amounts, and hospitalization
days. A control group was established to which participating and non-participating
institutions were compared before and after the system’s implementation. The
analytical methods included the ARIMA (autoregressive integrated moving
average) model, propensity score matching, and difference-in-differences for time
series analysis, comparative analysis, and quantitative evaluation, respectively.
Results: For stroke, healthcare quality indicators—such as imaging test rates,
anticoagulant prescription rates, rehabilitation assessment rates, and 30-day
mortality rates—showed positive changes after implementation, though statistical
significance was limited. Efficiency indicators, including average medical cost per
patient and length of stay, exhibited a decreasing trend. In cases of severe trauma,
significant reductions in average medical cost per patient and length of stay were
observed, along with improved efficiency metrics.

Conclusion: The pilot project showed potential for improving healthcare quality
and efficiency. Our results suggest that the autonomous analysis and review
system enables healthcare institutions to effectively manage healthcare quality
and resource expenditure. Nonetheless, further studies with extended durations
and more participating institutions are needed for a precise evaluation.

Keywords: Autonomous analysis review; Effectiveness evaluation; Healthcare
quality; Healthcare service efficiency metrics
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Table 1. Composition of stroke and severe trauma area analysis indicators

Category Classification Quality indicators

Efficiency indicators

Notes

Stroke Monitoring Brain imaging utilization rate
Antithrombotic agents prescription rate
Anticoagulants prescription rate
Rehabilitation therapy assessment rate
Referral rate

Treatment Intravenous thrombolytic therapy administration rate

outcome In-hospital pneumonia incidence rate
30-Day in-hospital mortality rate

Severe Monitoring -
trauma
Treatment Time to initiation of massive transfusion*
outcome Appropriate emergency surgery initiation rate for

abdominal trauma patients*

Appropriate emergency surgery initiation rate for head

trauma patients*

Total institutional medical costs
Average medical costs per patient
Average length of stay per patient
Costliness Index (Cl) per patient
Lengthiness Index (LI) per patient

Average medical costs per patient
Average length of stay per patient
Cl per patient
LI per patient

Appropriateness of transfer cases and transfer procedures

for suspected severe trauma patients*
Avoidable mortality”

Quarterly claims
data

Institutional
submission data

Quarterly claims
data

Institutional
submission data

Data: Health Insurance Review & Assessment Service (2023) [14].

*Regional Trauma Center Evaluation Index. ‘Institutional output indicators.
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Table 2. Healthcare quality and efficiency indicators in stroke area ARIMA results (unit: %, won, day, or score)

Q32021 to Q4 2022

Classification Indicator Model BIC AIC Predicted Actual
valuemean  value mean b
Health care Brain imaging utilization rate ARIMA (3,1,3) -8.84 -87.40 96.14 98.62 248
quality Antithrombotic agents prescription rate_ ARIMA(1,1,0) -6.86 -64.07 93.88 97.38 3.50
average
Antithrombotic agents prescription rate_ ARIMA(1,1,0) -6.88 -64.19 93.88 97.40 3.52
criteria
Anticoagulants prescription rate_average ARIMA (0,1,2) -455 -19.99 97.59 90.22 -7.37
Anticoagulants prescription rate_criteria ARIMA(0,1,2) -4.55 -19.99 97.59 90.25 -7.34
Rehabilitation therapy assessment rate ARIMA(1,1,3) -6.55 -20.11 50.30 59.72 9.42
Referral rate ARIMA (2,1,2) -5.21 4.09 24.62 10.97 -13.65
Rehabilitation therapy utilization rate ARIMA (3,1,1) -492  -475 54.77 54.49 -0.28
Specialized rehabilitation therapy utilization ~ ARIMA (1,1,3) -4.82 -7.65 41.14 40.84 -0.29
rate
Intravenous thrombolytic (t-PA) ARIMA(0,1,2) -1.86 20.56 4,70 421 -0.49
administration rate_average
Intravenous thrombolytic (t-PA) ARIMA(0,1,2) -1.86  20.56 4,70 421 -0.49
administration rate_criteria
Dysphagia screening utilization rate ARIMA (3,1,3) -483 10.28 25.74 19.14 -6.60
Functional outcome scale utilization rate ARIMA (1,1,0) -444 -21.68 26.38 3251 6.14
30-Day in-hospital mortality rate_overall ARIMA (3,1,1) -274 1751 8.07 491 -3.16
30-Day in-hospital mortality rate_ischemic ARIMA (3,1,3) -223  33.63 496 3.21 1.75
30-Day in-hospital mortality rate_ ARIMA (3,1,3) -222 3439 23.89 16.25 -7.64
hemorrhagic
Aspiration pneumonia incidence rate_overall ARIMA (1,1,3) -225 3547 6.45 397 -2.48
Aspiration pneumonia incidence rate_ ARIMA(3,1,3) -1.30 5643 745 423 -3.22
ischemic
Aspiration pneumonia incidence rate_ ARIMA(1,1,3) -492  32.89 295 1.67 -1.28
hemorrhagic
Efficiency Average medical cost per patient_baseline ARIMA (2,1,3) -7.14 -20.28 12,300,027 8,660,634 -3,639,393
Average medical cost per patient_adjusted ~ ARIMA (3,1,1) -5.14 -20.41 11,162,516 7,648,211 -3,514,305
Average length of stay per patient ARIMA (1,1,2) -5.18 -18.86 22.59 16.90 -5.69
Cl per patient_baseline ARIMA(3,1,0) -6.85 -42.00 1.14 1.01 -0.13
Cl per patient_adjusted ARIMA(3,1,1) -7.26 -43.72 1.11 1.01 -0.11
LI per admission ARIMA (3,1,3) -7.34 -3246 1.19 115 -0.04
Total institutional medical costs_baseline ARIMA(0,1,3) -6.09 -32.81 1,684,310,982 775,869,377 -908,441,605
Total institutional medical costs_adjusted ARIMA(0,1,3) -599 -35.08 1,505,708,815 699,449,365 -806,259,450

Data: Health Insurance Review & Assessment Service (2023) [14].
Due to sub-decimal rounding, there may be some differences between the values in the table and the actual calculations.

ARIMA, autoregressive integrated moving average; BIC, Bayesian information criterion; AIC, Akaike information criterion; D, difference; t-PA, tissue
plasminogen activator; Cl, Costliness Index; LI, Lengthiness Index.
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Figure 1. (A-K) Analysis of the stroke area before and after the
introduction of the autonomous analysis review pilot project
(ARIMA [autoregressive integrated moving average] model).
Data: Health Insurance Review & Assessment Service (2023)
[14].
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Figure 2. Results of difference-in-difference for Costliness
Index per patient in stroke area. Data: Health Insurance
Review & Assessment Service (2023) [14].
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Table 3. Healthcare quality and efficiency indicators in severe trauma area ARIMA results (unit: won, day, or score)

Q32021 to Q4 2022

Classification

Indicator

Model

BIC AIC

Predicted Actual D
valuemean  value mean

ISS greater  Average medical cost per patient_baseline ARIMA(0,1,2) -43.26  -29.89 26,992,151 20,909,140 -6,083,011
than 15 Average medical cost per patient_adjusted ARIMA (2,1,2) -46.04 -21.49 24,767,645 19,197,829 -5,569,815

Average length of stay per patient ARIMA (2,1,0) -4396 -24.58 21.50 17.18 -4.31

Cl per patient_baseline ARIMA(0,1,0) -656 -44.77 1.02 1.00 -0.02

Cl per patient_adjusted ARIMA(0,1,0) -6.54 -44.20 1.02 1.00 -0.01

LI per admission ARIMA (1,1,2) -4465 -38.38 0.98 0.95 0.03
ISS between  Average medical cost per patient_baseline  ARIMA(1,1,2) -47.42 -17.83 10,045,950 7,912,335 -2,133,615
9and 15 Average medical cost per patient_adjusted ARIMA (2,1,1) -46.73  -19.02 9,003,837 7,053,817 -1,950,020

Average length of stay per patient ARIMA (2,1,2) -48.12 -23.22 13.49 11.04 -245

Cl per patient_baseline ARIMA(1,1,2) -46.73 -17.06 1.03 1.01 -0.03

Cl per patient_adjusted ARIMA (2,1,0) -4881 -21.19 1.03 1.01 -0.03

LI per admission ARIMA(1,1,3) -810 -10.93 1.01 0.96 -0.05
ISS9 or Average medical cost per patient_baseline ARIMA (2,1,1) -4534 -26.16 16,701,225 13,848,931 -2,852,294
greater Average medical cost per patient_adjusted ARIMA (1,1,2) -4534 -28.55 15,496,013 12,629,026 -2,866,987

Average length of stay per patient ARIMA(2,1,1) -4396 -26.02 16.46 13.39 -3.08

Cl per patient_baseline ARIMA (2,1,0) -46.73  -35.61 1.08 1.03 -0.05

Cl per patient_adjusted ARIMA (0,1,2) -46.04 -38.69 1.1 1.04 -0.07

LI per admission ARIMA (2,1,0) -50.19 -29.08 1.00 0.97 -0.04

Data: Health Insurance Review & Assessment Service (2023) [14].

Due to sub-decimal rounding, there may be some differences between the values in the table and the actual calculations.
ARIMA, autoregressive integrated moving average; BIC, Bayesian information criterion; AIC, Akaike information criterion; D, difference; ISS, Injury Severity

Score; Cl, Costliness Index; LI, Lengthiness Index.
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Figure 3. Before and after the introduction of the autonomous analysis review pilot project in the area of severe trauma (ARIMA
[autoregressive integrated moving average] model). Data: Health Insurance Review & Assessment Service (2023) [14].
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Figure 4. Results of difference-in-difference for Average length of hospital stay per patient in severe trauma area. Data: Health

Insurance Review & Assessment Service (2023) [14].
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Lee EH, et al. - Effectiveness Evaluation Study of the Autonomous Analysis and Review Pilot Project

Appendix 1.Targets and duration of participation in autonomous analysis review pilot projects
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Data: Health Insurance Review & Assessment Service (2023) [14].

PCI, Percutaneous Coronary Intervention; ISS, Injury Severity Score; RTS, Revised Trauma Score.

Appendix 2. Status of the number of institutions participating in autonomous analysis review pilot projects by subject and
medical institution type
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Data: Health Insurance Review & Assessment Service (2023) [14].
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Appendix 3. The equation for calculation of the model applying double difference-in-difference
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Data: Health Insurance Review & Assessment Service (2023) [14].
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Appendix 4. Logit of Propensity Score (LPS) after propensity score matching. Data: Health Insurance Review & Assessment Service

(2023) [14].
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