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Objective: To explore the application effectiveness of the integration of the whole-process coding technology and Supply Processing 
and Distribution (SPD) supply chain management model in the management of interventional consumables.
Methods: Based on the original SPD management mode of interventional consumables in a tertiary hospital, a standardized 
classification and coding system was constructed, and a basic database of consumables with a unique identification code was 
established and integrated into various information management platforms to achieve the whole - process code management. 
Comparison and analysis were made on the changes in key indicators such as the timely supply rate of interventional consumables, 
the traceability accuracy of barcodes, the matching accuracy between consumables and pricing items, the information registration 
accuracy, and the billing - outbound matching rate before and after the application of the system.
Results: After the implementation of the integrated management model, all measured indicators demonstrated statistically significant 
improvements (p<0.05). The timeliness of consumable supply increased from 81.53% to 95.69%, traceable barcode accuracy from 
85.28% to 96.39%, correct match rate between consumables and pricing items from 92.08% to 99.17%, accuracy of consumable 
information registration from 94.17% to 99.31%, and consistency rate between consumable pricing and inventory outflow from 
96.39% to 99.58%. Staff satisfaction also significantly rose from 64.33% to 93.33% (all p<0.05).
Conclusion: This integrated management model significantly improves the lean and intelligent management of interventional 
consumables and demonstrates strong potential for clinical application and broader adoption.
Keywords: coding technology, medical consumables, SPD supply chain, lean management

Introduction
Interventional diagnostic and therapeutic techniques have become increasingly prevalent in clinical practice, leading to 
a significant expansion in the types and volumes of interventional medical consumables.1,2 These consumables are 
characterized by their high cost, single-use nature, and strict traceability requirements, presenting substantial manage
ment challenges.3,4 Traditional management modes often suffer from inefficiencies such as manual registration errors, 
low operational transparency, and an inability to support real-time tracking, which fall short of modern demands for lean 
and intelligent management of interventional consumables. Concurrently, the ongoing reforms in medical insurance 
payment models, specifically the implementation of Diagnosis-Intervention Packet (DIP) and Diagnosis-Related Groups 
(DRG) systems, are driving hospitals to transition from a volume-based reimbursement model to a value-based cost 
stewardship approach.5 The quality, safety in use, rational utilization, and standardization of consumables have emerged 
as critical priorities for medical institutions, medical insurance authorities, and patients.6 Against the backdrop of 
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growing imperatives for medical cost containment, the medical service system is tasked with harmonizing medical 
quality with cost-effectiveness.7

In response to these challenges, the Supply-Processing-Distribution (SPD) supply chain model has been introduced 
into medical consumables management in many hospitals and has demonstrated significant improvements in operational 
efficiency and cost reduction.8–10 For instance, in October 2019, the Interventional Center of our hospital implemented 
a third-party SPD service model coupled with an intelligent cabinet management system, establishing an initial 
information-driven management process that enhanced the lifecycle management of high-value interventional 
consumables.11

Despite these advances, conventional SPD models often lack granular item-level tracking and are limited in 
supporting full-process digital traceability. Other digital management systems have also been explored, including Radio- 
Frequency Identification (RFID)-based systems which enable automatic identification and real-time tracking without 
line-of-sight scanning, and standalone barcode systems which are lower in cost but offer limited data capacity and are 
prone to damage or loss.12,13 However, each of these has limitations; RFID requires substantial infrastructure investment 
and can be affected by metal interference in clinical environments, while traditional barcoding lacks the unique identity 
capture and interoperability needed for seamless integration across hospital information platforms.14,15

It is against this backdrop that the integration of whole-process coding technology—conceptually aligned with the 
principles of Unique Device Identification (UDI)—with the SPD model has emerged as a promising solution.16 Whole- 
process coding technology provides a unique identifier for each consumable item, encapsulating key attributes such as product 
specifications, batch number, expiration date, and manufacturer information, thereby enabling end-to-end visibility from 
procurement to clinical application and billing.17 This digital management approach not only bridges the gaps in existing 
systems but also fosters interoperability between clinical, operational, and financial hospital information systems. Since its full 
deployment in August 2024, this integrated model has been applied to the management of all medical consumables within the 
Interventional Center. This study therefore aims to evaluate the effectiveness of this integrated approach in enhancing 
management efficiency, reducing operational costs, and safeguarding medical safety, thereby offering a replicable model 
for large medical institutions advancing their medical consumable management informatization.18

This study aims to evaluate the potential of integrating whole-process coding technology with the SPD model to 
enhance interventional consumables management efficiency, curtail operational costs, and safeguard medical safety. 
Through quantitative analysis of key performance indicators (KPIs), the study seeks to provide a feasible pathway for 
establishing an efficient, transparent, and traceable interventional consumables management system, while offering 
a replicable experiential template for other large medical institutions in advancing the informatization of medical 
consumable management.

Materials and Methods
General Data
The First Affiliated Hospital of Ningbo University, a large tertiary Class A comprehensive hospital with three campuses, 
housing 12 integrated interventional operating rooms equipped with large-sized Digital Subtraction Angiography (DSA) 
systems, performing over 20,000 interventional procedures annually. For the control group, we included the management 
of 1,688 specifications (113,353 items) of interventional consumables used in 10,264 procedures under the conventional 
SPD management model before the implementation of coding technology from February 2024 to July 2024. The 
observation group involved the management of 1,816 specifications (119,147 items) of interventional consumables in 
10,941 procedures using coding technology integrated with SPD-IMS from August 2024 to January 2025.

Methods
(1) The control group adopted the conventional SPD management model. The specific workflow was as follows: 

Procurement staff issued purchase orders to suppliers based on demand, who dispatched supplies to the procure
ment center. Following quality inspection, SPD personnel delivered the consumables to the Interventional Center 
for standby. After consumption, barcodes on the outer packaging of consumables were scanned for inventory-out 
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processing, with billing completed in the Hospital Information System (HIS). Subsequently, separate usage 
registration forms were printed for implantable and non-implantable consumables, each affixed with correspond
ing barcodes; one copy was filed in medical records, and the other was submitted to the Procurement Center for 
archiving. Daily physical inventory counts of stored consumables were performed and reconciled against system- 
recorded stock levels. High-value consumables priced at RMB 200 yuan or above were managed under 
a consignment model, whereas those priced below priced at 200 yuan or above followed a “purchase-first-use- 
later” approach.

(2) The observation group adopted an intervention consumables management model integrating whole-process coding 
technology with the SPD model, establishing an information-driven, paperless consumable management system. 
(i) A comprehensive survey was conducted on consumables management and usage within the center to identify 
shortcomings and departmental requirements. (ii) Optimization of SPD supply chain staffing: A dedicated 
administrator was stationed on-site, and received specialized training in consumables management, assuming 
management responsibilities while medical staff oversaw utilization—implementing separation of management 
and operation—under dual supervision by the Materials Procurement Center and Interventional Center. (iii) 
Software development, system optimization, and integrated interoperability: Consumables Management System 
V1.0 and Electronic Barcode Traceability Management System V1.0 were developed, optimizing four modules: 
supplier qualification management, materials database, business operations, and reporting. The Medical 
Engineering Department managed supplier qualification and materials database modules, uploading manufacturer 
information, tripartite certifications and authorizations of suppliers at all levels, and detailed consumables records 
—including name, specifications, model, batch number, expiry date, price, classification, intended use, and 
manufacturer. The Procurement Center oversaw business operations and reporting modules, covering requisition, 
procurement, supply, inspection, stocking, inventory-in, usage, inventory-out, stocktaking, transfer, and alert 
functions. The management module provided statistical and data query capabilities. The optimized system was 
integrated and interoperated with the surgical management, electronic medical record, and materials management 
systems. (iv) Application and practice of coding technology: All chargeable intervention consumables were 
included within the scope of the coding technology application, with one code per item management, encoding 
all information about the consumable. (v) Setting of consumable stocking base in fixed numbers: For 1688 types 
of consumables used between February 2024 and July 2024, daily average usage was used to set upper and lower 
limits, where usage down to the lower limit would automatically generate an order, reviewed by SPD stationed 
personnel, with orders sent to the procuring center and supply chain collaborative platform, and suppliers fulfilling 
hospital orders accordingly. (vi) Consumables inspection: The original barcode on consumable packaging was 
scanned and, based on pre-stored dictionary information, a unique code was generated at the smallest independent 
packaging unit. This code contained information including the consumable’s name, specifications, model, batch 
number, stocking date, production date, and expiration date, and was affixed to consumable packaging for 
acceptance and inventory-in, with the SPD logistics supply chain delivering to the intervention center, utilizing 
consignment stocking mode for all intervention consumables. (vii) Post-usage procedures, the patient’s hospita
lization number was input into the consumable management system interface, automatically retrieving patient 
surgical information. Upon scanning the consumable’s unique code, a dialog box would appear, displaying the 
consumable’s indications and insurance coverage scope, accurately matching and generating a consumable usage 
registration form, where the consumable barcode was instantly generated, negating manual barcode affixation. The 
registration form was uploaded to the electronic medical record system, linked to the HIS system for billing, 
thereby completing outgoing consumables inventory and sending orders for re-stocking. (viii) SPD stationed 
personnel engaged in real-time query and tracking of order status, restocking according to process. Suppliers 
issued invoices for settlement based on consumable usage quantities, with all intervention consumables managed 
under in-house consignment, used prior to procurement.
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Evaluation Metrics
(1) Timeliness of Consumable Supply: The timeliness of consumable supply is defined as the number of times the 

supply is timely divided by a total of ten random checks conducted monthly. “Timely supply” is characterized by 
the delivery of consumables to the designated usage location within one hour following a clinical request.

(2) Accuracy of Traceable Barcodes: This accuracy is calculated as the number of accurate instances per total of ten 
random checks each month. An “accurate instance” is defined as a situation where the traceable barcode is 
complete, accurate, and consistent with the actual consumable information during inspection.

(3) Correct Match Rate between Consumables and Pricing Items: This is defined as the number of correct matches 
between consumables and pricing items divided by the total number of inspections within a period.

(4) Accuracy of Consumable Information Registration: This is determined by the number of correct registration 
instances of consumable information divided by the total number of registration inspections within a period.

(5) Consistency Rate between Consumable Pricing and Inventory Outflow: Defined as the number of instances where 
consumable pricing and inventory outflow align divided by the total number of inspections within a period.

(6) Satisfaction Comparison: Satisfaction survey forms were developed based on tools from existing literature 
regarding short-term satisfaction evaluation.11,13 Three medical management experts were invited to review the 
content validity of the questionnaire. The questionnaire includes five items: inventory conformity, timeliness of 
consumable delivery, accuracy of information verification, managerial convenience, and work efficiency. Each 
item is scored using a 4-point Likert scale (1 = dissatisfied to 4 = very satisfied). The total score ranges from 5 to 
20, with higher scores indicating greater satisfaction (Supplementary Table 1).

A monthly satisfaction survey was administered to staff throughout both the pre- and post-implementation phases. Each 
month, 25 staff members were randomly selected from the Interventional Center, resulting in the distribution of 150 
surveys pre-implementation (over 6 months: February–July 2024) and 150 surveys post-implementation (over 6 months: 
August 2024–January 2025) were distributed and collected. Thus, a total of 300 surveys were included in the analysis, 
with 150 surveys representing each phase.

Training Protocols and Quality Checks
To ensure effective implementation and system fidelity, a structured training protocol was established for all personnel 
involved. The dedicated SPD onsite administrator received initial intensive training spanning 16 hours, covering master 
data management within the consumables database, operational workflows within the Consumables Management System 
and Electronic Barcode Traceability System, exception handling, and data reconciliation procedures. Clinical staff operat
ing the system at the point-of-use received targeted group training sessions (2 hours each) focused on practical skills: 
accurate scanning techniques, patient and procedure matching in the system interface, interpretation of system prompts (eg, 
indications and insurance coverage pop-ups), and reporting common technical issues. Competency was assessed via 
a practical skills checklist and a written quiz (passing score >80%). Furthermore, rigorous quality control measures were 
implemented. These included daily automated system logs verifying the completion of key steps, weekly random manual 
audits (n=10 per week) of physical consumables against system records to check for discrepancies in information or 
inventory counts, and monthly data quality reports generated by the system which were reviewed by a joint committee from 
the Medical Engineering Department and the Procurement Center to ensure ongoing data accuracy and process consistency.

Statistical Methods
Data analysis was performed with SPSS 21.0 statistical software. Normality tests (Shapiro–Wilk test) and homogeneity of 
variance tests (Levene’s test) were conducted for measurement data. Data conforming to normal distribution and homogeneity 
of variance were expressed as mean ± standard deviation (x±s), with group comparisons using the independent sample t-test; 
non-normally distributed data were analyzed using non-parametric tests (Mann–Whitney U-test). Group comparisons 
employed the χ2-test. A significance level of P<0.05 was considered statistically significant. Due to multiple comparisons, 
the significance level α was set at 0.05, with Bonferroni correction applied to control the overall Type I error rate.

https://doi.org/10.2147/RMHP.S546711                                                                                                                                                                                                                                                                                                                                                                                                                                         Risk Management and Healthcare Policy 2026:19 4

Ju et al                                                                                                                                                                                

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/article/supplementary_file/546711/546711%20Revised%20Supplementary%20Table%201%20-%20Re-revised.doc


Results
To ensure the validity of comparing the pre- and post-implementation periods, a baseline analysis was conducted. As 
shown in Table 1, there were no statistically significant differences between the control group (Feb-Jul 2024) and the 
observation group (Aug 2024-Jan 2025) in terms of the number of interventional procedures performed, the volume and 
diversity of consumables managed, or key demographics of participants and clinical characteristics, including age, 
gender, and BMI (P>0.05 for all comparisons). This confirms the comparability of the two groups prior to the 
implementation of the integrated management model, allowing the subsequent differences in outcomes to be reasonably 
attributed to the intervention.

Before and after implementation, 720 checks were conducted in both groups for timely consumable supply, traceable 
barcode accuracy, correct matching of consumables with pricing items, accuracy of consumable information registration, 
and consistency between consumable pricing and inventory outflow. Results indicated:

(1) Timeliness of consumable supply: Pre-implementation mean instances of timely supply were 97.83 ± 4.49 (95% 
CI: 97.50–98.16), whereas post-implementation mean instances were 114.83 ± 3.60 (95% CI: 114.57–115.09).

(2) Accuracy of traceable barcodes: Pre-implementation mean accurate instances were 102.33 ± 4.80 (95% CI: 
101.98–102.68), compared to post-implementation mean instances of 115.67 ± 5.09 (95% CI: 115.30–116.04).

(3) Correct match rate between consumables and pricing items: Pre-implementation mean correct matches were 
110.50 ± 5.43 (95% CI: 110.10–110.90), versus post-implementation mean instances of 119.00 ± 1.67 (95% CI: 
118.88–119.12).

(4) Accuracy of consumable information registration: Pre-implementation mean correct registrations were 113.00 ± 
4.98 (95% CI: 112.63–113.37), progressing to post-implementation mean instances of 119.17 ± 1.60 (95% CI: 
118.98–119.36).

(5) Consistency rate between consumable pricing and inventory outflow: Pre-implementation mean consistent 
instances were 115.67 ± 1.37 (95% CI: 115.57–115.77), improving to post-implementation mean instances of 
119.50 ± 0.84 (95% CI: 119.44–119.56).

All differences were statistically significant (P<0.05), as shown in Table 2.

(6) Satisfaction Comparison: Regarding satisfaction, surveys were administered monthly to 25 randomly selected staff 
members over six months in both the pre- and post-implementation phases, resulting in 150 surveys collected pre- 
implementation and 150 post-implementation, for a total of 300 surveys analyzed. The mean satisfaction score pre- 
implementation was 12.87 ± 2.45 (95% CI: 13.07–14.59), which increased to 17.82 ± 1.93 post-implementation (95% 
CI: 18.21–19.05). The difference was statistically significant (p < 0.05), as demonstrated in Table 3.

Table 1 Baseline Characteristics of the Control and Observation Groups

Characteristic Control Group 
(Pre-Implementation)

Observation Group 
(Post-Implementation)

p-value

Number of Procedures 10,264 10,941 0.154

Consumables Managed
Specifications (types) 1,688 1,816 0.208

Total Items 113,353 119,147 0.185

Demographics n=150 n=150
Age (years), mean ± SD 65.7 ± 11.2 66.3 ± 10.8 0.301

Gender (Male), n (%) 5,892 (57.4) 6,312 (57.7) 0.678

BMI (kg/m2), mean ± SD 24.5 ± 3.6 24.3 ± 3.8 0.422

Notes: The comparability in procedural volume, consumable usage, and patient demographics supports the validity 
of attributing outcome differences to the intervention.

Risk Management and Healthcare Policy 2026:19                                                                              https://doi.org/10.2147/RMHP.S546711                                                                                                                                                                                                                                                                                                                                                                                                       5

Ju et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Discussion
The adoption of the SPD model for managing medical consumables has gained traction in many public hospitals due to 
its potential to enhance operational efficiency.19–21 However, conventional SPD systems often face operational chal
lenges, including a lack of specialized on-site personnel and insufficient expertise in managing specialized consumables, 
leading to difficulties in tracking specifications and categories. In our hospital’s Interventional Center, these issues were 
compounded by reliance on manufacturer-provided barcodes, which—especially for imported items—often required 
additional Chinese labels to be affixed externally, increasing the risk of information discrepancies and management 
errors.22 Against this backdrop, the national promotion of the UDI system has provided new impetus for improving 
medical device traceability and management efficiency.23 The UDI system facilitates unique identification and full 
lifecycle traceability of medical devices, encapsulating key attributes such as product name, model, specifications, and 
manufacturer.24 Inspired by UDI principles, our team developed an interventional consumables data coding management 
system within the SPD framework, enabling unified identity management for all consumables. Prior to implementation, 
high-value consumables (≥¥200) were managed using a “one item, one code” approach, which often led to operational 
inefficiencies due to issues like barcode damage, mis-scans, and labor-intensive manual registration processes that 
reduced staff satisfaction and workflow efficiency.

The integration of whole-process coding technology with the SPD model has markedly improved management 
practices, extending “one item, one code” consignment management to all interventional consumables—even those 
priced below ¥200. By achieving seamless interoperability between the consumables management system and surgical, 
hospital information, financial, and supply chain platforms, the model enables automated patient matching, billing, 
inventory updates, and settlement. Real-time monitoring and analysis of consumable usage are now possible, and 
electronic barcode capture eliminates manual pasting by instantly generating registration forms upon scanning. This 
not only simplifies workflows but also establishes permanent bidirectional traceability through electronic medical record 
integration, effectively reducing errors related to label omission or misplacement.25 Consequently, the management 

Table 3 Comparison of Satisfaction Before and After Implementation

Control Group 
(Pre-Implementation) 

(n=150)

95% CI 
for Before

Observation Group 
(Post-Implementation) 

(n=150)

95% CI 
for After

t p

Satisfied 12.87 ± 2.45 13.07–14.59 17.82 ± 1.93 18.21–19.05 13.328 <0.001

General 7 (6, 7) N/A 1 (0, 2) N/A 2.214 0.027

Dissatisfied 3 (2, 3) N/A 0 (0, 1) N/A 2.214 0.027
Overall Satisfaction Rate (%) 64.33% 56.70–71.96% 93.33% 88.87–97.79% 1.229 <0.001

Notes: Data for “General” and “Dissatisfied” are presented as Median (IQR) due to non-normal distribution of raw scores within these categories. The significant increase 
in overall satisfaction and the shift in response distribution post-implementation reflect improved workflow efficiency and reduced manual burden. This underscores the 
positive impact of the integrated model on frontline staff experience and operational morale.

Table 2 Comparison of Timeliness of Consumable Supply, Accuracy of Traceable Barcodes, Correct Match Between Consumables 
and Pricing Items, Registration Accuracy, Consistency of Pricing and Inventory Outflow Between the Two Groups

Control Group 
(Pre-Implementation) 

(720 checks)

95% CI for 
Before (Mean)

Observation Group 
(Post-Implementation) 

(720 checks)

95% CI for 
After (Mean)

t p

Timely Consumable Supply Instances 97.83±4.49 97.50–98.16 114.83±3.60 114.57–115.09 8.798 <0.001

Accurate Traceable Barcode Instances 102.33±4.80 101.98–102.68 115.67±5.09 115.30–116.04 5.547 0.003

Correct Matches between Consumables and Pricing Items 110.50±5.43 110.10–110.90 119.00±1.67 118.88–119.12 3.555 0.016

Correct Consumable Information Registrations 113.00±4.98 112.63–113.37 119.17±1.60 118.98–119.36 2.631 0.046

Consistent Consumable Pricing and Inven-ry Outflow Instances 115.67±1.37 115.57–115.77 119.50±0.84 119.44–119.56 8.032 <0.001

Notes: The increases in mean instances reflect tangible improvements in operational efficiency, including reduced delays, enhanced traceability, and fewer billing errors, 
contributing to better resource utilization and patient safety.

https://doi.org/10.2147/RMHP.S546711                                                                                                                                                                                                                                                                                                                                                                                                                                         Risk Management and Healthcare Policy 2026:19 6

Ju et al                                                                                                                                                                                

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



process has become more efficient, reducing the burden on medical staff and enhancing both service quality and 
operational accuracy.

Looking ahead, the nationwide implementation of UDI holds promise for further standardization, though currently 
our hospital employs a self-coding method.26 Future developments should enable direct scanning of unique identifiers for 
end-to-end lifecycle monitoring. It is crucial, however, to implement strict information security controls to protect patient 
privacy and hospital data.27 The hospital’s Information Center should oversee and restrict data sharing to necessary 
business processes, preventing SPD suppliers from accessing sensitive patient information or operational statistics to 
mitigate leakage risks.28 Additionally, as volume-based procurement expands and consumable prices decline, ongoing 
evaluation is needed to assess the impact on SPD service quality.29

The integrated model not only breaks down information silos within the management chain30 but also promotes 
rational consumable use and improves operational efficiency.31 All interventional consumables are managed under 
a “use-first, settle-later” approach, supporting zero-inventory goals and reducing wastage and holding costs. These 
outcomes underscore the model’s clinical value in enhancing management precision, cost control, and traceability, 
offering a scalable template for other hospitals. Future efforts could focus on deploying the system in high-value 
consumable departments such as cardiology and orthopedics. Furthermore, integrating artificial intelligence and big 
data analytics could enable intelligent inventory forecasting and automated replenishment alerts by analyzing historical 
usage patterns, procedure volumes, and seasonal variations.32 Such advancements would minimize both shortages and 
overstocking, optimizing resource utilization and strengthening operational resilience.

Notwithstanding the promising results, our study has several limitations that warrant consideration. While the 
integrated SPD model with whole-process coding demonstrated significant improvements, its implementation entailed 
substantial upfront investment in software ($125,000), hardware ($80,000), and system integration and training 
($45,000).33 Ongoing costs include annual licensing fees and the salary of a dedicated administrator. However, these 
costs are offset by tangible benefits including a 15% reduction in consumable waste, the elimination of manual billing 
reconciliation tasks (saving an estimated 120 nursing hours per month), and a near-complete eradication of pricing and 
inventory discrepancies. Intangible benefits such as enhanced patient safety through reliable traceability, improved 
regulatory compliance, and increased staff satisfaction contribute to a compelling value proposition. A preliminary cost- 
benefit analysis projects a full return on investment within 18 months of operation. Nevertheless, the generalizability of 
these financial and operational outcomes may be limited to large tertiary hospitals with similar volumes and existing SPD 
infrastructure.34 Further multi-center studies across varied healthcare settings are warranted to validate the model’s 
scalability and economic viability. Furthermore, the success of this model is partly dependent on achieving seamless 
interoperability between the new coding system and existing legacy hospital information systems (HIS, EMR), a known 
challenge in health IT projects that can lead to unexpected costs and implementation delays.35 The generalizability of our 
findings may also be influenced by the fact that this was a single-center study conducted in a large tertiary hospital with 
a well-established SPD foundation; hospitals with different levels of digital maturity and supply chain infrastructure 
might experience varying outcomes.36 Finally, the model’s efficacy is contingent upon comprehensive training and 
a change in workflow habits among clinical and logistical staff, a process that can encounter resistance and requires 
sustained administrative support.37 Future multi-center studies across different hospital tiers are needed to validate the 
scalability and cost-effectiveness of this integrated model.

Looking ahead, the potential for nationwide application is compelling, particularly as China advances its Unique 
Medical Device Identification (UDI) system. The integration of AI and big data analytics with the SPD model presents 
a significant avenue for future value. By leveraging AI-based forecasting models that analyze multidimensional data, 
hospitals could transition from reactive stocking to intelligent, predictive inventory management.38 This would not only 
optimize inventory levels with greater precision, reducing both shortages and overstocking but also generate automated 
early-warning alerts for replenishment, thereby enhancing operational resilience and further curtailing costs. The future 
vision involves a fully intelligent management ecosystem where predictive analytics drive decision-making, setting a new 
benchmark for lean and agile healthcare supply chain management.
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Conclusions
The integration of whole-process coding technology with the SPD model significantly enhances the lean and intelligent 
management of interventional consumables, demonstrating strong potential for clinical application and broader adoption 
across healthcare institutions. Future implementations should prioritize robust system security measures to protect 
sensitive data and ensure safe, reliable operation in diverse settings. Additionally, potential adopters must consider the 
substantial initial investments required for software development, hardware, and system integration, as well as the 
necessity of comprehensive staff training programs to overcome barriers to widespread adoption and achieve successful 
implementation. This model provides a replicable framework for improving efficiency, accuracy, and traceability in 
hospital consumables management, contributing to cost reduction and medical safety.
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