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Abstract: This study assesses the cost-effectiveness of using chlorhexidine-coated peripheral
insertion central catheters (AGBA PICC) versus the standard peripheral insertion central catheters
(the standard PICC) in managing catheter-related complications among hematology patients. A
decision-tree health-economic model was developed, incorporating quality-adjusted life years
(QALY) derived from literature, as well as complication rates and per-patient costs from a
randomized controlled trial. The base case incremental cost-effectiveness ratio (ICER) was assessed
against established willingness-to-pay thresholds. One-way sensitivity analyses addressed
assumptions and uncertainties. The mean healthcare cost per patient of the standard PICC is RMB
21,987.32 (USD 3,242.82, at an average exchange rate of ¥678.03 = $100), affecting 0.68 QALYs in 90
days, and AGBA PICC is RMB 19,696.23 (USD 2,904.92), affecting 0.73 QALYs in 90 days, thus
resulting in incremental costs of RMB 2,291.10 (USD 428.44). After the model’s simulation, the
standard PICC gains -0.05 QALYs. The Incremental Cost-Effectiveness Ratio (ICER) for AGBA PICCs
compared to standard PICCs is consistently centered at RMB 4,271.31 (USD 629.96). One-way
sensitivity analyses of effectiveness and cost versus willingness to pay (WTP) confirmed the
robustness of the model across various parameter changes, indicating that chlorhexidine-coated
peripheral insertion central catheters could provide significant healthcare savings over a one-year
period when adopted in routine chemotherapy treatment for hematology patients.

Keywords: Cost-effectiveness analysis; Chlorhexidine-coated PICC; Catheter-related complication;
ICER; One-way sensitivity analyses

1. Background

Peripherally inserted central catheters (PICCs) are essential tools in modern healthcare,
primarily used for administering chemotherapy or antibiotics. Known for their lower infection rates
and longer indwelling times, PICCs are crucial in reducing healthcare-associated infections [1,2].
Different types of PICCs appeared to reduce catheter-related complications, and the costs were
increasing relatively. The payers need to understand the cost-effectiveness of different PICCs, which
is important for making the best healthcare decisions. According to industry data, over 2.7 million
PICCs were used in the US in 2020; in China, almost 1 million PICCs were used in 2020, and the rate
has kept increasing by over 20%.

Along with its wide usage, the common concerns of PICC are central line-associated
bloodstream infection (CLABSI) and venous thromboembolism (VTE) [3]. One study researched the
relationship between the indwelling time of PICC and the CLABSI rate, and the results showed that
the median indwelling time was 26 days (range 0 — 385), and the central line-associated bloodstream
infection (CLABSI) incidence was 4.0 per 1000 catheter days [4].

This study focuses on two types of PICCs—one standard (Standard PICC) and one with a
Chlorhexidine coating (AGBA PICC)—to compare their efficacy in managing catheter-related
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complications. Conducted within the hematology department of a Class 3A hospital in China, this
health economic model draws on data from a randomized controlled trial. Several studies of this
hospital reported the average 4-year overall survival rates were all upper 75% [5-7]. This means the
patients need several PICC catheters during their treatment period, and some severe catheter-related
events can impact survival, like central line-associated bloodstream infection (CLABSI). Common
adverse events related to catheters include catheter occlusion, exit-site infection, venous
thromboembolism (VTE), and central line-associated bloodstream infection (CLABSI) [8]. While some
adverse events, such as occlusion and suspected infections, may resolve with appropriate
intervention, CLABSI is a significant concern as it requires laboratory-confirmed testing for
diagnosis. However, in real-world settings, empiric therapies are often initiated, which involve
removing the catheter and administering antibiotics [9].

The standard catheter care protocol involves obtaining blood cultures to test for CLABSI and
performing routine catheter maintenance. If catheter function cannot be restored, the catheter must
be removed, and a new one is typically inserted after a few days. This process can contribute to
increased costs and patient discomfort, highlighting the importance of reducing catheter-related
complications [10,11].

As a result, more accurate and cost-effective methods are needed for evaluating PICC insertion
and maintenance in long-term treatments, whether in hospital or home-based settings. Although
PICCs are not the decisive factor in treatment outcomes, they are critical components that support
the overall treatment process. However, there is a gap in economic evaluations related to these
essential devices, leaving a lack of knowledge regarding their integration into the care pathway.

The primary aim of this research is to evaluate a health-economic model that compares a new,
potentially superior PICC design with a standard option over a 90-day follow-up period. This
analysis aims to fill existing knowledge gaps in economic evaluations and guide the integration of
more effective PICC types into clinical practice, ultimately enhancing patient care and resource
utilization.

2. Methods

2.1. Study Compliance and Design

This study adheres to the Consolidated Health Economic Evaluation Reporting Standards
(CHEERS) to ensure thoroughness and accuracy in reporting [12]. The observed objectives are the
standard PICC and AGBA PICC.

The methods section is structured as follows: first, a description of the model used, followed by
a presentation of the model based on real-world evidence. Finally, a description of how the model
was tested through sensitivity analysis. The population target comprises patients who are suspected
of needing to take PICC catheters, and the considered time horizon is 5 years, which refers to the
common survival time of oncology patients (Figure 1).
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Figure 1. Decision tree framework for the Standard PICC vs. Antimicrobial-coated PICC.

2.2. Target Population and Economic Perspective

Cost analyses are conducted from the perspective of a social reimbursement payer, reflecting the
structure of China's healthcare funding, where the government shoulders the majority of direct
medical costs. This analysis is particularly pertinent given the rapid demographic shifts and
escalating healthcare demands due to an aging population. The study specifically targets oncology
patients likely to require long-term PICC placement.

Analyses of costs are conducted from a social reimbursement payer’s perspective, in line with
an attempt to reduce the healthcare resources allocated to this treatment. In the health system, like
China's reimbursement system, the government is the biggest payer for the direct costs, and the
development of the aging population is rapid; thereby, the healthcare burden is enormous.

2.3. Conceptual Model: Decision Tree of Two PICCs Selection at > 30 Days Maintenance

Modeling is a tool for supporting decision-making that anticipates and predicts the impact of
specific healthcare interventions on a group of patients or society [13-15]. A decision tree is one type
of decision-analysis model used for economic evaluation in this study. It will be used to depict
potential complications when the patient needs to accept a PICC catheter insertion procedure. The
decision tree is mainly valued for its simplicity and transparency in describing the options of interest,
the costs, and health outcomes indicated on the specific path or branch.

In the case of two types of related complications, a hypothetical assumption is that all
complications could be detected by the lab tests. In the model, there are two alternative outcomes
after prescribing inserting a PICC catheter: two branches indicating first-time attempt insertion
success or failure. When the patient accepted PICC insertion, the PICC catheter would indwell in the
patient's body for almost 15 days to 3 months, and the catheter-related complication would show on
the models as the branches. The possibilities of branches are fever, local complication, and
complication-free.

The catheter-related complications have been discussed sufficiently since the end of the 1990s,
along with the booming treatments. There are three alternative outcomes: the recovery from the
complication without the catheter removal, the recovery from the complication with the catheter
removal, and the situation turning worse [16-19]. If the catheter is removed, the new catheter needs
to be inserted again; the symptom-related treatments have to be considered. The model examined in
this study thus includes some additional sections, which these patients need to multiple lab tests to
confirm diagnosis during follow-up period.
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2.4. Data Collection: Probabilities, Costs and QALY

Populating the model includes the probabilities of PICC patients” maintenance period of more
than 30 days at each node in the tree and branch. In this model, most of the data were collected based
on the China two types of PICC randomized clinical trial; the QALYs were collected based on the
published literature, which was not observed through the China two types of PICC randomized
clinical trial directly [20,21]. The cost-per-procedure data for the PICC insertion and maintenance
were obtained from the official list of Beijing Municipal Medical Insurance Bureau from 2020 to 2023.
All the costs in the trial were reported in RMB, and in this study, it is recalculated in US dollars
(¥678.03 = $100) [22,23]. The costs were categorized into different items: lab tests, in-hospital care
expenses, follow-up, catheter and catheter maintenance expenses, catheter-related complications
treatments, and other treatments. The end of each branch accounts for several cost categories,
corresponding to all the steps conducted in the specific pathways. The lab tests include the blood test,
the ultrasound test, and X-ray scan. The in-hospital care and follow-up expenses are based on clinical
routines. According to the protocol, the catheter-related complications all need the lab test to confirm
the clinical inference, the related treatment costs were from the real study data. Other treatment costs
are based on the real records which are difficult to predict on the model assumption. For the catheter-
related cost component, 95% bias-corrected confidence interval were calculated using Monte Carlo
of 10,000 random samples with replacement. Monte Carlo is a method to model the different
outcomes’ probabilities, which is difficult to predict because of the intervention of random variables
and helps optimize the process parameters.

A literature review was conducted to gather QALYs data for marrow transplant patients for pre-
and post-transplant [20,22]. The database used for the engines are PubMed, Scopus and Cochrane.
The timeframe set was 10 years, from 2014 to 2023. The search terms were: [(QALYs) OR (Health-
Related Quality of Life)] AND (marrow transplant).

2.5. ICER and Threshold

An incremental cost-effectiveness ratio (ICER) are calculated to judge whether the
Chlorhexidine-coated PICC is a cost-effective solution for hematology patients undergoing long-term
intravenous infusion therapy. Because the PICC is a tool device, the ratios will reflect the different
costs between the two models and correspond to the same QALYs. The calculated ICER will be
compared with a threshold value that presents society’s willingness to pay for better health outcomes
per year, i.e. one QALY. China Minister of Health has no official guidelines about the willingness to
pay (WTP) referring the NICE guidelines, the related articles recommended that 1.76 times of gross
domestic product (GDP) will be the considered threshold, which is for the not life-saving technology.
In this study, the threshold of ~ RMB 113,120 (USD 16,884) is used [24-28].

2.6. Sensitivity Analyses

The sensitivity analyses are conducted based on the assumption that the standard and AGBA
PICCs can be expected to influence the cost-effectiveness of the whole infusion treatment period
[29,30]. A probabilistic sensitivity analyses are performed to estimate the distribution of ICER. A cost-
effectiveness plane was built, and the Monte Carlo model ran 10,000 repetitions. The sensitivity
analysis of Net Monetary Benefit (NMB) and willingness-to-pay (WTP) tested the assumptions
relating to their respective levels in the catheter indwelling period using descriptive statistics for cost-
per-patient data and varying other parameters based on theoretical grounds [31,32].

3. Results

According to the study data, the mean healthcare cost per patient of the standard PICC is RMB
21,987.32 (USD 3,242.82, at an average exchange rate of ¥678.03 = $100), affecting 0.68 QALYs in 90
days, and AGBA PICC is RMB 19,696.23 (USD 2,904.92), affecting 0.73 QALYs in 90 days, thus
resulting in incremental costs of RMB 2,291.10 (USD 428.44). Due to the catheter working as a channel,
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it does not impact QALYs, but after the model’s simulation, the standard PICC gains -0.05 QALYs.
The Incremental Cost-Effectiveness Ratio (ICER) for AGBA PICCs compared to standard PICCs is
consistently centered at RMB 4,271.31 (USD 629.96), with no variability across simulations.

3.1. Sensitivity Analysis

A willingness-to-pay (WTP) threshold of RMB 113,120 (USD 16,683.63) per QALY is used to
assess the cost-effectiveness of the two interventions. This cost-effectiveness analysis (CEA) evaluates
the economic and clinical value of AGBA PICCs compared to standard PICCs by examining cost and
effectiveness, measured in quality-adjusted life years (QALY) (Figure 2). The AGBA PICC lies below
the willingness-to-pay (WTP) threshold line, indicating it is cost-effective. In contrast, the standard
PICC is positioned above the WTP line, reflecting higher costs and lower cost-effectiveness. This
suggests that AGBA PICCs offer a better balance of cost and health outcomes, reinforcing their

economic advantage.

Cost-Effectiveness Analysis (AGBA PICC vs. Standard PICC)
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Figure 2. Cost-effectiveness analysis produced from Treeage Pro 2024. WTP: Willingness to pay, QALY:
Adjusted Quality Life Year.

According to the one-way sensitivity analysis, the relationship between willingness to pay
(WTP) and effectiveness (QALY) is observed, which is for AGBA PICCs and standard PICCs. The
results indicate that standard PICCs consistently show higher QALYs than AGBA PICCs across
varying WTP thresholds (Figure 3). However, the difference in effectiveness is relatively stable,
suggesting that while standard PICCs may provide slightly better health outcomes, the cost-
effectiveness ratio may favor AGBA PICCs depending on cost considerations.
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A One-Way Sensitivity Analysis: Effectiveness vs. Willingness to pay
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Figure 3. The one-way sensitivity analysis derived from: A) a one-way sensitivity analysis of the QALY and
willingness to pay for the two types of PICCs; and B) a one-way sensitivity analysis of the ICER and willingness
to pay. QALY: Adjusted Quality Life Year, ICER: Incremental Cost-Effectiveness Ratio.

Another one-way sensitivity analysis of the relationship between incremental cost-effectiveness
ratio (ICER) and willingness to pay (WTP) for AGBA PICCs compares to standard PICCs, plotted
against varying willingness-to-pay (WTP) thresholds (Figure 3). The ICER values fluctuate between
RMB 41,000 (USD 6,046.93) and RMB 42,000 (USD 6,194.42) across different WTP levels, reflecting the
variability in cost-effectiveness under different economic assumptions. The dashed vertical line at
RMB 113,120 (USD 16,683.63) represents the threshold at which an intervention is considered cost-
effective based on the predetermined WTP limit.

3.2. Monte Carlo Probabilistic Analysis

The Monte Carlo probability distribution simulation for AGBA PICCs and Standard PICCs is
conducted to predict the distribution of QALYs. The results show that the values of AGBA PICCs
clustered around 0.69 QALYs the most (Figure 4). The standard PICCs demonstrate a higher mean
QALY (~0.73) compared to AGBA PICCs. The distribution reflects the probabilistic nature of
effectiveness, highlighting the variability in patient outcomes. The narrow 95% prediction interval
around the AGBA PICC cost further reflects lower variability and greater cost predictability. In
contrast, the standard PICC distribution exhibits a higher mean cost with slightly wider variability.
The curve of AGBA PICC’s relatively narrow spread indicates consistent effectiveness and cost; the
distribution of standard PICC is broader, indicating more variability and high risk of patient
outcomes (Figure 5).
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Figure 4. The Monte Carlo probability distributions of effectiveness, measured in quality-adjusted life years
(QALY), A) for AGBA PICCs and B) standard PICCs.
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Figure 5. The Monte Carlo probability distribution of costs for AGBA PICCs and standard PICCs.

4. Discussion

According to this health-economic model, the chlorhexidine-coated PICC is a more cost-effective
tool; but the standard PICCs show slightly higher QALYs than chlorhexidine-coated PICCs, and the
difference is marginal. In this case, the Incremental Cost-Effectiveness Ratio (ICER) for chlorhexidine-
coated PICCs compared to standard PICCs is RMB 4,271.31 per QALY, which is far lower than the
RMB 113,120 used as an informal WTP threshold in China. Since the ICER values consistently remain
below this threshold, chlorhexidine-coated PICCs are deemed cost-effective across the entire range
of WTP values. This result reinforces the economic viability of chlorhexidine-coated PICCs,
demonstrating that even under the most conservative estimates, the intervention remains within
acceptable cost-effectiveness limits.

In the sensitivity analysis, the chlorhexidine-coated PICC proved to be the cost-effective option,
but there are some uncertainties in WTP and cost variations. This finding further supports the
adoption of chlorhexidine-coated PICCs in clinical practice, especially in resource-constrained
environments where cost containment is a priority.

While standard PICCs may yield marginally and uncertainty better health outcomes, the
associated cost exceeds the WTP threshold, limiting their economic feasibility. The cost savings and
lower risk associated with chlorhexidine-coated PICCs provide a compelling case for their adoption
in long-term treatment plans.

The findings suggest that integrating chlorhexidine-coated PICCs into routine practice can
optimize healthcare resource allocation without jeopardizing patient outcomes. This analysis serves
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as a valuable tool for policymakers and healthcare administrators seeking to enhance cost-efficiency
while maintaining high standards of care. This model supports decision-makers in optimizing
resource allocation, emphasizing the importance of balancing economic constraints with clinical
effectiveness.

5. Conclusion

In conclusion, chlorhexidine-coated PICCs represent a cost-effective alternative that aligns with
value-based care principles, providing a sustainable option for long-term treatment strategies.

Supplementary Materials: The following supporting information can be downloaded at the website of this

paper posted on Preprints.org.
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Abbreviations

The following abbreviations are used in this manuscript:
CLABSI  Central line-associated bloodstream infection

PICC Peripherally inserted central catheter
QALY  Quality-adjusted life years
ICER Incremental cost-effectiveness ratio

WTP Willingness to pay
GDP Gross domestic product
VTE Venous thromboembolism
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