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Abstract: This study highlights the critical importance of reducing lead time for healthcare
clients, given their need for quick product rotations and the complexity involved in picking
and delivering healthcare products. Challenges such as supply and demand unpredictability
and third-party payer issues necessitate adjustments in lead time for custom orders, which
require extensive communication and resource management. The study uses a systematic
literature review that aims to enhance efficiency by reducing lead time through the
automation of repetitive tasks and rapid data analysis to meet customer satisfaction in the
healthcare industry. This study will use quantitative methods and Lean Six Sigma to achieve
these improvements. The results indicate that improving workflows and managing production
schedules are essential for meeting deadlines and ensuring product quality and customer
satisfaction.
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INTRODUCTION

In this current era of globalization and increasingly fierce business competition,
operational efficiency is the main key in ensuring the continuity and success of a company.
One aspect that is of primary concern is lead time, namely the time required from start to
finish when a product or service can be delivered to customers. The shorter the lead time, the
faster the response that can be given to customers, which ultimately can increase customer
satisfaction. The lead time for each procedure that is completed from the inbound process to
the outbound process is the lead time examined in this study. Therefore, in this study, we will
determine whether every step of the process from unloading the items to having them placed
on shelves to loading them for the outbound process complies with the norms that should be.

Errors in product quantity and selection are common in businesses, often leading to
client complaints. Since the request item need to be wrapped are medical supplies, precise
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delivery of the goods is required in this instance. Automation is required to examine these
issues and minimize human mistakes of that kind. In this situation, the company still uses
conventional techniques or methods to carry out picking and recording activities, so it is
prone to or is wary of causing human error in the quantity or batch in orders. In addition,
because the products handled are healthcare products, the goods special attention is needed to
avoid unwanted contamination from picker workers. So, automation tools are needed to help
overcome this problem. Automation of repetitive tasks and fast data analysis are two main
factors that can help reduce lead time significantly. With automation, tasks that previously
took time and human effort can be done more efficiently and accurately. Meanwhile, rapid
data analysis allows companies to gain deep insight into their business processes, so they can
make improvements and optimizations more quickly and precisely. According to Soleh &
Vikaliana., (2020) use of information technology can optimally help processes and activities
to save energy, time and more accurate

In this research, we will explore how implementing automation of warehouse material
handling equipment and rapid data analysis can help reduce lead times in the context of
meeting customer needs. Through this approach, it is hoped that companies can improve their
operational efficiency, increase responsiveness to market changes, and ultimately increase
customer satisfaction.

Literature review
Lead Time Concept

Lead time is the total time required from the beginning to the end of a process, from
ordering to delivering products or services to customers. Reducing lead time becomes a
primary focus in operational management because shorter times can enhance customer
satisfaction and provide a competitive advantage. According to Quan Chen., (2015) explored
methods to reduce lead time in electronic manufacturing through simulation frameworks,
emphasizing the importance of minimizing delays to improve production efficiency. Other
methods could be using drones for networking, highlighting how reducing data transmission
lead time can enhance network efficiency Sharma et al., (2020). Liu et al., (2015)
investigated approaches to reduce lead time in electronic manufacturing using simulation
frameworks, emphasizing the need to eliminate delays to enhance production efficiency. Kuo
et al., (2020) examined optimizing medical appointment scheduling to balance efficiency and
service accessibility, so indirectly addressing lead time reduction in healthcare. Miranda et al.,
(2020) stressed the importance of lowering lead time in hospitals for better healthcare
management. Weng et al., (2016) discussed a cloud image data centre for Taiwanese
healthcare networks, with a focus on minimizing data processing lead times. Xu et al., (2019)
evaluated cemented tailings backfill and underlined the need of lowering lead time in
building operations. Ren et al., (2017) stressed the need of improving gas extraction
procedures. Additional research by Wang et al., (2018), Yao et al., (2019) & (2018)
investigated the impact of lead time on manufacturing and supply chain efficiency. Kuo et al.,
(2020) discussed optimizing medical appointment scheduling to balance efficiency and
service accessibility, indirectly addressing lead time reduction in healthcare services

Automation of Repetitive Tasks

Automation is the use of technology to perform tasks that were previously done
manually. In a business context, automation can encompass various processes such as data
entry, inventory management, and customer service. Automating repetitive tasks can reduce
human errors, increase consistency, and speed up operational processes. According to Lin &
Shen, (2017) Introduced an adaptive file replication system to automate data-intensive tasks,
enhancing energy efficiency and operational performance in data clusters. Also, on online
order batching algorithm for warehouses can use automating repetitive inventory tasks to
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streamline operations Hojaghani et al., (2019). Simplicio et al., (2019) advocated efficient
revocation of pseudonym certificates via activation codes, streamlining security processes in
network management. Piotrowski et al., (2018) investigated thermal transport in nanocrystal
sheets, demonstrating how experimental operations can be automated. Raya et al.,
(2020)showed manufacturing process automation with quantum-dot white LEDs. Other
important research include those by Al-Ahmadi, (2020) on robotic process automation, and
Chang., (2017) on automated quality control in manufacturing.

Rapid Data Analysis

Rapid data analysis enables companies to process and analyze data in a short time,
providing insights that can be used to make better and faster business decisions. Analytical
technologies such as Big Data and Machine Learning allow companies to identify trends,
predict customer demand, and optimize supply chains. According to Mies et al., (2016)
provided an overview of additive manufacturing informatics, highlighting the importance of
rapid data analysis in integrating materials and manufacturing processes. Rapid data analysis
is the quick processing and interpretation of massive datasets to obtain actionable insights,
which are critical for decision-making in a variety of industries. Zhong et al., (2019)
investigated bottleneck analysis to reduce referral delays in healthcare, emphasizing the
importance of rapid data analysis in enhancing patient care efficiency. Esnaola-Gonzalez et
al., (2018)used semantic prediction to improve energy efficiency in buildings, demonstrating
how quick data processing may maximize resource utilization. Tanwar et al., (2020)
investigated blockchain-based electronic healthcare records, focusing on rapid data analysis
to improve healthcare applications. Ansarinasab & Jamialahmadi., (2017) conducted pore-
scale investigations in petroleum science, emphasizing the significance of rapid data
processing in increasing extraction efficiency. Perera et al., (2021)emphasized its importance
in constructing distributed energy systems using a game-theoretical approach. (D’Souza &
(2019), El-Masri et al. (2018), 2020) provided additional insights into the use of quick data
analysis in a variety of industries, including healthcare, banking, and manufacturing.

Lead Time Reduction

Lead time reduction refers to the process of minimizing the amount of time it takes to
complete a process from start to finish. This concept is commonly applied in manufacturing,
supply chain management, and project management to improve efficiency, reduce costs, and
enhance customer satisfaction. Davenport., (1998) explain that implementing advanced
technologies such as enterprise resource planning (ERP) systems, automated production lines,
and real-time tracking can enhance process efficiency and reduce delays. Technologies such
as Automated Mobile Warehouse Robots, like Proteus.

Customer Satisfaction

Customer satisfaction is a measure of how well a company's products or services meet
or exceed the expectations of its customers. It reflects the degree of contentment and positive
experience customers have with a company, influencing their loyalty, repeat business, and
overall perception of the brand. According to Al-Jaroodi et al., (2020) discussed Health 4.0
and the future of healthcare, highlighting the role of advanced technologies in improving
customer satisfaction by providing better healthcare services. Also, evaluated a proximity
card authentication system in healthcare, aiming to enhance user experience and satisfaction
through improved security measures Fontaine et al., (2016). Customer satisfaction is a
measure of how well products and services meet or exceed customers' expectations. It is an
important performance metric for corporate success and client retention. Cheng et al., (2016)
created a client service quality measurement methodology for Healthcare, highlighting the
value of customer happiness in healthcare services. Goenka et al., (2024) commented on
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customer satisfaction in healthcare while working on quality improvement programs in
emergency services. O’Connor et al., (2019) investigated the balance between efficiency and
efficacy in dietetic practice, with an emphasis on increasing customer satisfaction in primary
care. (Huang et al., 2019) stressed the importance of customer satisfaction in pharmaceutical
services in their study of targeted thrombolytic delivery systems. Huang et al. (2020), Ivanov
et al. (2017) investigated diverse dimensions of consumer satisfaction across industries.

Lean Six Sigma

Lean Six Sigma (LSS) integrates Lean methodology, which aims to eliminate waste
and improve process flow, with Six Sigma, which focuses on reducing variability and defects.
Lean Six Sigma is a management concept that emphasizes process understanding,
measurement, and improvement in order to eradicate flaws (Firmansyah et al., 2021). The
synergy between these methodologies allows organizations to address various issues more
effectively than either approach alone. Aligned key performance indicators with lean
management in the service sector, showcasing the application of Lean Six Sigma principles in
improving service efficiency and effectiveness Alalawin et al., (2022). Lean Six Sigma is a
methodology that combines lean manufacturing and Six Sigma principles to eliminate waste
and reduce process variation, with the goal of achieving continuous improvement and
operational excellence. Tuli & Shankar, (2015) investigated a collaborative and lean
approach to new product development in the automobile industry, demonstrating the efficacy
of Lean Six Sigma in shortening product development cycles and enhancing quality. Goenka
et al., (2024) used the Donabedian approach to implement quality improvement projects in
emergency services, demonstrating the influence of Lean Six Sigma on improving healthcare
quality and reducing service delivery times. Wen et al., (2021) examined the environmental
impact of China's plastic import ban to demonstrate the application of Lean Six Sigma
techniques to waste reduction. O’Connor et al., (2019) examined efficiency and efficacy in
dietetic practice, focusing on Lean Six Sigma's role in balancing these factors. Kannan et al.
(2018), Lee et al. (2020) conducted additional research on Lean Six Sigma implementations
in a variety of industries, demonstrating its versatility and efficacy.

DMAIC (Define, Measure, Analyze, Improve, Control)

The DMAIC methodology, a core component of Six Sigma, is a data-driven approach
aimed at improving processes by identifying and eliminating defects. It consists of five
phases: Define, Measure, Analyze, Improve, and Control. In the Define phase, the project’s
problems and objectives are clearly articulated. The Measure phase involves quantifying the
current performance of the process. During the Analyze phase, the root causes of defects and
inefficiencies are identified. The Improve phase focuses on implementing solutions to address
these root causes, and the Control phase ensures the sustainability of improvements by
continuously monitoring process performance Gaikwad et al., (2019) ; Hakimi et al., (2018);
Gandhi et al., (2019)

METHOD

Lead time, or the time between starting and finishing a process, is critical in
healthcare, notably in the manufacturing and delivery of healthcare items. Optimizing lead
time increases efficiency, ensures timely delivery, and improves patient care. A mixed-
methods strategy that combines the qualitative and quantitative research yields a thorough
grasp of lead time. The qualitative aspect conducts a Systematic Literature Review (SLR) to
investigate underlying reasons through interviews and observations, while the quantitative
element leverages Lean Six Sigma to monitor and analyze lead time. By combining these
methodologies, the study provides a comprehensive understanding of the factors determining
lead time.
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The study employs a convergent parallel design, collecting and analyzing qualitative
and quantitative data simultaneously. Qualitative data is collected through interviews and
observations, providing deeper insights into the factors affecting lead time. For quantitative
data, collection entails using manual techniques to assemble quantifiable or numerical
information without the use of automated instruments or systems.

Data Collection Techniques

The researcher directly obtained data from relevant parties, which is also referred to
as primary data. The researcher did this by collecting data from the company, which means
that the data acquired in this study was obtained by doing so. Apart from that, according to
(Bryman & Burgess, n.d.) inductive model data analysis is closely related to the study of
social problems. The inductive analysis model requires researchers to adjust cases that do not
match the hypothesis by revising the hypothesis or taking the data back to the field. The
collecting data aimed was to measure Enhance Efficiency by Reducing Lead Time Through
Automation of Repetitive Tasks and Rapid Data Analysis in Order to Meet Customer
Satisfaction.

Data Analysis Tool

Lead time, the period between the initiation and completion of a process, is crucial in
various fields, including the healthcare industry, particularly in the production and delivery of
healthcare products. A mixed-methods approach provides a comprehensive understanding by
combining the strengths of both quantitative and qualitative research. Using a mixed methods
approach to study lead time in healthcare products allows researchers to quantify lead time,
measure the actual lead time using statistical tools, and identify patterns or anomalies. The
chosen design for this study is the convergent parallel design, where quantitative and
qualitative data are collected simultaneously, analyzed separately, and then merged to
provide a comprehensive understanding of lead time. Quantitative phase, data collection
involves using time tracking systems, ERP software, or historical records to collect lead time
data across different processes or products in the healthcare industry.

In the qualitative phase, data collection involves conducting interviews, focus groups,
or observations with stakeholders involved in the process (e.g., healthcare providers, supply
chain managers, manufacturers, and distributors) to gather in-depth insights into the factors
affecting lead time. This qualitative data helps explain the 'why' behind the quantitative
findings de Haan et al., (2021)

A mixed methods approach to studying lead time in healthcare products not only
quantifies the duration and variability of lead times but also provides a deeper understanding
of the contextual and human factors influencing them. This comprehensive approach
facilitates more effective strategies for lead time reduction, process optimization, and
ultimately ensures timely delivery of healthcare products, enhancing patient care and
operational efficiency in the healthcare sector Bressan, (2019)

RESULTS AND DISCUSSION

There are two primary parts to this study: an extensive assessment of the literature and
additional data analysis and discussion. The study followed the recommendations set forth by
Preferred Reporting Items for Systematics Reviews and Meta-Analysis (PRISMA) as
suggested by Moher et al., (2009). Utilizing the Watase Uake System, this systematic
literature review evaluation adheres to a methodical process: 1) Determining the variables,
limitations, and keywords; 2) Examining pertinent articles; 3) Looking for articles from
relevant exclusions and well-chosen sources; 4) Selected publications titles, abstract, and
keywords are reviewed; 5) Gathering pertinent data and objects from every chosen article in
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the course of the extraction procedure; 6) Classification, visualization, network patterns, and
network hypotheses analysis.
Prisma Diagram

This research uses data Scopus because Scopus due to their drenched citations with
excellent indexing. Scopus has grown into one of the largest curated bibliographic abstract
and citation databases Baas et al., (2020). Using Scopus as a baseline for pairwise
comparison with other data sources, providing a detailed analysis of the strengths and
limitations of each database Visser et al., (2021). The data for this research were collected in
June 2024, using specific keywords functioning as Lead time, Efficiency, Automation, and
Health care within the article title, abstract, or keywords fields. These carefully chosen
keywords cover articles on Lead Time primary and secondary roles in the customer
satisfaction domain. Succeeding applying these criteria, a total of 250 articles appeared.
Therefore, to produce a detailed table and enable content analysis, the article’s title and
abstract were carefully examined. 36 papers were chosen for direct relation to popular
support or duplication after this review. (Refer to Figure 1). The gathered data was subjected
to statistical analysis to ascertain a number of factors, such as the yearly quantity of articles
published.

| : e

Mentification

Inchaded

Fig 1. Prisma Diagram

Year of Article

As can be seen in Figure 1, research output related to Enhance Efficiency of
Repetitive Tasks and Rapid Data Analysis by Automation to Meet Customer Satisfaction
shows a pattern of fluctuation from 2014 to 2024, with an average of 3 to 5 articles per year.
In 2019 there was an increase in research related to this topic with the start of the automation
era in
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Fig 2. Year of Articles
the warehousing process, there was a tremendous increase in scientific activity resulting in a
peak of 10 articles in 2019, then a significant decreased to 5 articles in 2020, followed by a
reduction which is large enough to only 1 article in 2024.

Country of Study
According to the data on picture in Figure 3, numbering 35, indicating that research

on Customer Satisfaction in Efficiency Automation often includes multinational research.
China emerged as the first most prominent research location in this field, with 14 articles,
followed by the United States with 8 articles, and Brazil with 6 articles. Followed by other
countries which contributed approximately 1-4 articles.

The prominence of China and the US as research centres reflects the geographically
diverse origins of scholarship in this field. A growing number of multinational studies
recognize the interconnectedness of lead time reduction with automation in healthcare
products to achieve customer satisfaction, highlighting the need for cross-cultural and cross-
border perspectives to effectively address complexity and dynamics. Further exploration of
these articles can provide valuable insight into specific countries or regions where automation
is focused in reducing lead times to achieve customer satisfaction.
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Fig 3. Country of Study

DMALIC Stages

This section contains an explanation of the analysis obtained from the DMAIC stages
carried out at PT XYZ on outbound services for handling healthcare goods. Based on
secondary information we obtained straight from PT XYZ. In the process of outgoing
healthcare goods consignment.
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Table 1 Comparison of the number of Quantity and Rejected Goods in November 2023-June 2024 PT

XYZ
No Month Quantity Rejected Goods
1 November 83 2
2 December 73 0
3 January 66 0
4 February 59 4
5 March 54 0
6 April 51 1
7 May 66 0
8 June 81 0
Total 533 8
Mean 66,625 1

February had a relatively higher number of rejected goods (4 items) compared to
other months, which may indicate an issue in the process during that period. This could be
linked to specific operational challenges or external factors that might have impacted quality
control.

The sigma level is 5. Both the outbound handling (5,808583348) and inventory
handling (4.236906063), totally of 5,0227447 computed sigma levels are extremely near to 5.
Even though they are just above 5, they would logically be at a sigma level of 5 if we
rounded to the closest full number. The current sigma level shows that the existing process
is already at world-class level. However the quality of the process can still be upgraded on
the six level as the highest sigma level. To achieve higher standards, significant improvement
efforts are required. One way is to apply Six Sigma principles to identify and eliminate the
causes of variation, so that processes can run more stably and reliably. Effective
implementation of Six Sigma strategies, such as DMAIC (Define, Measure, Analyze,
Improve, Control), can help organizations achieve these improvements in a structured and
systematic manner. The sigma level is a statistical measure used in Six Sigma methodology
to indicate the quality of a process in terms of defect rates. In simpler terms, the sigma level
reflects how often defects occur in a process. A higher sigma level corresponds to a lower
defect rate, indicating a higher quality process.

DMAIC Identification

In DMAIC there are 5 steps, the first is the Definition process. In this research, the
definition used is to create a SIPOC (Supplier, Input, Process, Output, Customer) diagram.
The SIPOC diagram can help solve the problem of wasteful lead time at PT. XYZ. The
SIPOC diagram mapping can be seen in the following figure. The following are the results of
the data that has been collected and the results of direct process interviews in handling
healthcare goods.

Table 2 SIPOC Table

Supplier Input Process Output Customer
Manufacture Documentation Inventory Outbound Laboratory
Agent Goods Receipt Value Added Goods Issue Healthcare
Service Retail
Put away Order Process

From the interview results, it can be concluded that time wasted in the Put away,
Documentation and Order Process processes, where the company still uses manual processes
in the process of inputting goods to enter the racking. In the Order Process, staff still use
manual paper documents in recording goods ordered, up to picking the goods. So, based on
the classification of activities or business processes to understand the contents of Table 1
above, examples of DPMO and sigma value calculations are presented as explained in the
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literature review as follows. Based on secondary data in Table 1, DPMO calculations have
been carried out for four business processes from PT XYZ, and the calculation results are
shown in Table 2 below.

From the secondary data in table 1 above, we then succeeded in calculating the
DPMO of four business processes taken from two PT XYZ business processes, the
calculation is shown in Table 3 below.

Table 3 Measurement of Process Capability PT. XYZ

No ;I;;:ling PQl;(;Iduction S(t)ymplaints CTQ DPMO Sigma
1 Inventory 215 4 6 3101 4,236906063
2 Outbound 67 1 6 2488 5,808583348
5588 10.004.549
Average 22 2.5 6 2.794  5.022.745

After we know the measurement of process capability of PT XYZ, we put the result
into pareto chart to identify which more important to do the improvement. The key
importance of pareto chart is that we can prioritize the improvement of the work flow process
at warehouse. So we can improve process efficiency.

Pareto Chart: Results Sigma

70 100%
6,0 %
B0
5,0 70%
4,0 Gl
505
3.0 40%
2.0 30%
205
14 105
0 0%

Cutbound Inventory

Fig 4. Results Sigma Using Pareto

From the chart, we can see the more important to do improvement are inventory
process at warehouse. It’s including the put-away, picking, and the whole process of
inventory. The inventory process still using manual methods. It still relies on human labour,
resulting significant amount of human error that needs to be addressed. Therefore, automation
is required in the inventory process. It emphasizes how the charts facilitate data-driven
decisions by visually distinguishing the most frequent causes of defects, thereby enhancing
operational efficiency and cost-effectiveness Alkiayat, (2021)

The second stage in BPI is measurement using the DPMO formula and CTQ
identification results. Measurement is very important throughout the project. When the team
initially concentrates on data collection, they have two goals: determine the starting point or
baseline of the process and find a way to understand the root causes of the process. Since data
collection takes time and effort, it's best to think about both at the start of the project. Below
is an example of the sigma calculation process taken from the Order Business Process:

The formula for measuring process capability as mentioned below

DPMO = (Count of Defect Product/ X 1.000.000
Checking Product Quantity x Potensi CTQ)
The Calculation of DPMO =4/ (215 x 6) x 1.000.000 = 3101
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To calculate the sigma value, use the following formula:

Nilai sigma = NORMSINV ((1000000-DPMO)/1000000) +1,5
Nilai sigma = NORMSINV ((1000000-3101)/1000000) +1,5
Nilai Sigma = 4,236906063

The calculation of all capabilities of the 2 main business processes that experience
waste is added up and then divided by the number of business processes so that the final
value taken is the average value. Based on the results of measuring overall process capability,
an average DPMO value of 2.794 and a sigma value of 5.022 were obtained.

The third stage in BPI is identifying critical waste, based on the identification results
from the two tables above. There is waste in the inventory process because the process of
inputting goods still uses manual methods such as paper for recording. So, it can cause errors
or human errors. Errors may include incorrect SKU attachment, and errors in sending batches
of goods. Meanwhile, in healthcare products, full accuracy is required so that errors do not
occur in the delivery of goods. The fourth stage in the BPI process is recommending
improvements. Throughout the project, the team may gather ideas for improvement, but a
planned improvement effort can result in creative, well-thought-out solutions. One effort to
make improvements is to use automation in the inbound and outbound processes to reduce
human error and reduce lead time in the process. The fifth stage is controlling stage in the
improvement process is to see the development of the automation process used, whether the
staff can use the tool, and whether the automation tool can be used properly.

CONCLUSION

This study emphasizes the importance of reducing lead time in the healthcare industry,
particularly for clients who require rapid product rotations and efficient delivery processes.
By leveraging automation of repetitive tasks and employing rapid data analysis, organizations
can significantly improve their efficiency and responsiveness, ultimately enhancing customer
satisfaction. The research findings demonstrate that improving workflows and managing
production schedules are crucial for meeting deadlines, maintaining product quality, and
satisfying healthcare clients. The use of Lean Six Sigma methodologies, combined with
advanced technologies, helps in identifying inefficiencies and implementing process
improvements that reduce lead time. Automation reduces human errors and speeds up
operational processes, while rapid data analysis provides deeper insights into business
processes, enabling quicker and more accurate decision-making. These improvements not
only meet the demands of healthcare clients but also provide a competitive advantage by
ensuring timely delivery and high-quality service. By minimizing the time required to
complete processes from start to finish, companies can achieve several benefits such as
enhanced customer satisfaction, increased operational efficiency, competitive advantages,
reduced errors and improved quality.

Implications

PT. XYZ's Lean Six Sigma level is at level 5, possibly due to errors in handling
healthcare products, as the company still uses manual warehousing processes. These manual
methods can lead to mistakes in data input, inventory management, and the outbound process,
particularly for healthcare products that require special care to prevent shipping errors, such
as SKU discrepancies or batch mix-ups. Additionally, healthcare products should avoid direct
human contact.
To address these issues, we recommend PT. XYZ adopts Amazon's automation solutions,
specifically the Proteus and Cardinal robots. Proteus, an autonomous mobile robot, can pick
up, transport, and unload containers safely in environments shared with human workers. It
has a cargo capacity of 5,000 pounds, operates at ten miles per hour, and helps workers focus
on other tasks. Cardinal, its smaller counterpart, uses computer vision and Al to pick up and
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deliver single packages, operating at a speed of five miles per hour. Both robots are equipped
with sensors to avoid obstacles and enhance safety. Implementing such automation at PT.
XYZ could increase efficiency, improve safety, and reduce labour costs, ultimately enhancing
the handling of healthcare products and customer satisfaction.

Research limitations

When researching lead time in supply chain management for healthcare products,
several limitations must be considered. First, data quality and availability can be a significant
challenge, as supply chain data may be incomplete or inconsistent, leading to inaccurate lead
time calculations. Additionally, the diversity of healthcare products, ranging from
pharmaceuticals to medical devices, introduces variability in handling and transportation
requirements, complicating the ability to draw broad conclusions. Regulatory constraints
further impact lead times, as healthcare products must comply with strict standards, which
vary by region and can extend delivery times. External disruptions, such as pandemics or
geopolitical events, also pose challenges, causing unpredictable delays that are difficult to
control in research. Moreover, the performance of suppliers can vary widely, introducing
further variability into lead time analysis. Technological adoption levels also differ among
healthcare organizations, with some using advanced systems that reduce lead times, while
others rely on less efficient methods. Logistics and transportation challenges, particularly for
products requiring specialized handling, add another layer of complexity. Finally, the need to
balance lead time reduction with patient safety and product quality means that focusing solely
on speed may lead to incomplete or misleading conclusions. These limitations underscore the
importance of contextualizing findings and acknowledging the complexities inherent in
healthcare supply chain management.
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