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Abstract: Peripherally inserted central catheters (PICCs) play a crucial role in providing long-term
intravenous therapy for patients requiring extended vascular access. With multiple PICC types
available, understanding their cost-effectiveness is essential for healthcare decisions that balance
clinical benefits with economic considerations. This study assesses the economic and clinical
outcomes of chlorhexidine-coated PICCs (Type A) versus standard PICCs (Type B), aiming to guide
best practices in vascular access by addressing the gap in comprehensive cost-effectiveness
comparisons. Using a decision-analytic model, costs and quality-adjusted life years (QALYs) between
the two types were compared. Primary data from five Chinese university-affiliated medical centers
were gathered from 2020 to 2023, with a Delphi panel validating the model inputs. The analysis
revealed that while Type A PICCs offer lower initial placement costs, they incur higher complication
rates compared to Type B PICCs, which influences long-term cost-effectiveness. After adjusting for
complication rates and QALYs, Type B PICCs emerged as more cost-effective over a one-year period,
with an incremental cost-effectiveness ratio (ICER) of ¥-40,043.78 ($5,905.90, average exchange rate
¥678.03=$100) per QALY gained. Although Type B PICCs have higher initial costs, their lower
complication rates make them a more valuable option for long-term vascular access, offering better
overall cost-efficiency.

Keywords: PICC; cost-effectiveness; quality-adjusted life year (QALY); incremental
cost-effectiveness ratio (ICER); healthcare economics

Peripherally inserted central catheters (PICCs) are widely used for long-term intravenous
therapy, such as chemotherapy or antibiotics. Different types of PICCs are available, and
understanding their cost-effectiveness is important for making the best healthcare decisions.

1. Introduction

Central line-associated bloodstream infection (CLABSI) is a leading concern for central venous
catheters (CVCs). Peripherally inserted central catheters (PICCs) compared to CVC, the benefit was
the lower infection rate and ease of care, which have become indispensable in modern healthcare for
oncology and other long-term venous infusion patients [1,2]. Two distinct types have garnered
attention for their potential to minimize adverse events associated with catheter use: Type A, the
chlorhexidine-coated PICC, and Type B, the standard PICC.

The advent of chlorhexidine coatings represents a significant stride in CLABSI control within
healthcare settings [3,4]. The existing randomized controlled studies compared trials discussed
antimicrobial-impregnated CVC versus standard CVC and the result showed that reduced CLABSI
risk of chlorhexidine/silver sulfadiazine coated CVC was RR 0.73; 95% CI [0.57-0.94][5]. The existing
published randomized controlled trials about PICCs were not too many: one compared the

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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miconazole and rifampicin-impregnated PICC with the standard PICC, and the result was no
significant difference; the other compared the chlorhexidine PICC with the standard PICC, the result
was no significant on development of a CLABSI (P =.61) or VTE (P >.99) [6,7].

To date, one open-label and randomized clinical trial has been conducted on the clinical
comparison in the Hematology departments of Chinese Class 3A hospital facilities from Oct 2020 to
Jun 2023, with a 90-day follow-up. The clinical outcome has on the published process; the final report
has been submitted to China National Medical Products Administration (NMPA) to support local
commercialization.

Scientific journals rarely publish studies on the economic sustainability of two distinct types of
peripherally inserted central catheters (PICCs). On understanding the economic implications
associated with their use in long-term intravenous therapy, the stages of patient severity are difficult
to generalize the unique costs of nursing and complication treatment. We will use second-hand data
to do the Cost-Effectiveness Analysis (CEA) to evaluate the new catheter by objectifying the
consequences of the accompanying complications. This work uses social insight to analyze the
economic implications of Type A over Type B catheters.

2. Materials and Methods

2.1. Study Design and Population

The cost-effectiveness analysis was based on data from a study conducted in the hematology
departments of Chinese Class 3A hospitals from September 2020 to May 2023. The study included
227 adult hematology patients who required either a bone marrow transplant or chemotherapy and
had an expected survival period of more than 90 days (Figure 1). Due to the study catheter body is
blue, and the control catheter is white, so the study is open-label. The randomization program was
controlled the 3rd party independent CRO, and randomization sequences were computer-generated
by an independent statistician in random blocks of four and stratified by site. The study group, which
used chlorhexidine-coated PICCs (Type A), enrolled 114 patients, while the control group, which
used standard PICCs (Type B), enrolled 113 patients.

Devices placed in individuals under the age of 18 years who need to accept infusion therapy,
those in which insertion failure occurred (Failure to insert catheter more than 2 times), those in which
the distal tip could not be properly positioned to start infusion therapy, and those in place the catheter
at the same arm least than 365 days were excluded from the study.

All patients signed informed consent forms agreeing to participate in the study, allowing their
treatment data to be used for research, and understanding their rights during the research period.
The study followed the principles of the Declaration of Helsinki and Good Clinical Practice (GCP)
and was approved by the hospital’s ethics committee.

2.2. Therapeutic Intervention

Trial participants were randomly allocated to the following devices: the standard PICC
(Arrow™ PICC: Teleflex Inc.), or the chlorhexidine-coated PICC (Arrowg+ard Blue Advance™ PICC),
single or double lumen, 4 Fr to 5.5 Fr, length 40 cm to 55 cm catheter. 114 randomly accepted the Type
A catheter (the chlorhexidine-coated PICCs) compared with standard PICCs, and 113 patients
underwent the Type B catheter.

Considering the same conditions for central access, the PICC insertion nurses are all certified by
the Chinese Nurse Society and have completed more than 50 cases of experience per year, to keep the
insertion technology stable and high quality. The catheter insertion and maintenance procedures are
all following the same standard. All procedures adopted the CLABSI prevention programs, which
were the CDC’s recommended bundle strategies; the main components include the maximum
sterilized barrier, the chlorhexidine-based antiseptic skin preparation, hand hygiene, and related
training[8-12]. The observation time was 90 days, with 6 times follow-ups to maintain the catheter’s
function. If the patients want to volunteer to remove the catheter earlier than 90 days because of the
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therapy gap, the data would be included when the catheter indwelling period was longer than 30
days. The follow-up frequency was once per week in the 1st month, once per 2 weeks in the 2nd
month, and once per 4 weeks in the 3rd month. The standard procedures of follow-ups included
insertion point care, the ultrasound assessment of central venous catheter-related thrombosis, and
catheter function check (Figure 2).

Enrollment

Assessed for eligibility (n=327)

®  Screening failed=98

® Mo willing to participant
(n=2)

® [rop the informed consent
(n=3)

Randomized (n=227)

—_——

Allocated to the Study Group
(m=114}

Allocated bo the Standard Group
(n=113}

! Follow-Up !

Loss follow-up in #0 days (n=0} Loss follow-up in 90 days {n={)
Draip the informed consent (n=2} Drop the informed consent (n=1)

¥ _ﬁml.-,rﬂa. ¥
Amnalyzed CLABSI rate (n=108}

Analyzed CLABSI rate (n=112)

Excluded from analysis with 1¢
punchure unsucoess (n=3)
Cost effectiveness analysis of
Standard PICC (Tyvpe A)

Excluded from analysis with 1
puncture unsuccess (n=1}
Cost-effectiveness analysis of
Coated PICC (Tvpe B}

Figure 1. Flowchart of participants enrollment and randomization.
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Figure 2. The standard procedures of catheter care follow the American INS recommendation: (a) Insertion point

care; (b) Ultrasound assessment of vein/catheter-related thrombosis. Check the insertion point to the axilla; the
study nurse will check the ultrasonic echo of the outer wall of the catheter; (c) Catheter function check. Follow

INS standard recommendation, use the Saline-Administration-Saline-Heparin (SASH) principle [13].

2.3. Evaluation of endpoints

The main outcomes of effectiveness were the 1st puncture success and the Bloodstream infection.
The Central Line-Associated Bloodstream Infections (CLABSI) rate is determined based on the
laboratory-confirmed bloodstream infection criteria during PICC indwelling time, excluding
Mucosal Barrier Injury Laboratory-Confirmed Bloodstream Infection (MBI-LCBI) [12,14,15]. The rate
of unknown fever origin among patients is recorded based on patient-reported symptoms and clinical
assessments, which could not meet CLABSI criteria and do not think about disease-leading
symptoms. We consider the study to be of interest; the clinical endpoints included CLABSI and
unknown fever rates. Other local catheter-related complications were also recorded within 90 days.
Quality-adjusted life Years (QALYs) were not observed in the clinical trial, referred to in the other
reported articles, and the direct costs related to PICC insertion and maintenance came from the trial
data [16-20].

2.4. Cost Evaluation Measures

The public-hospital perspective of the analysis reflects the costs in Chinese public hospitals
covered by the Urban and Rural Residents Basic Medical Insurance (URRBMI). For both groups, we
calculated the following: The price of standard PICC and estimated price of study PICC (¥/Piece), the
average costs of insertion and maintenance once for one patient (¥/Time), the average costs for
CLABSI diagnosis and treatment for one patient (¥/Time), the average duration of hospitalization per
therapy stage (Day). In the costs of both groups, we did not include the costs for the original disease
and other costs unrelated to the catheter. The ultrasound equipment for the study was provided by
the study sponsor; the long-term and rental costs of the equipment were not included in the
calculation.

2.5. Currency Rate and Conversion

Costs were calculated on the real value from 2019 to 2023. All costs are presented in RMB; the
official currency conversion average rate of the China Central Bank from 2020 Jan to 2023 Dec is 1
RMB = 0.1475 US dollar.

2.6. Cost-Effectiveness Analysis

To evaluate the cost-effectiveness of coated PICC in China’s hospital care environment, the
Incremental Cost-Effectiveness Ratio (ICER) was performed in this study [20-22]. The costs that are
included in the calculation of the analysis are monitored from the society perspective.
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2.7. Statistical Analysis

We processed data using Stata/SE 15.1 and TreeAge Pro Healthcare (version 2023 R1.2), a
software package tailored for health outcomes research, provided by TreeAge Software, Inc. To
process the obtained data, continuous variables were presented as mean and SD, and categorical
variables were expressed as absolute and relative frequencies. Data for expenditure calculation of
complication treatments were collected by the micro-costing method alongside standard patient care
through the study [23-25]. The mean expenditure of daily care in each scenario was used to estimate
the average cost of each procedure associated with central vascular access. The study product has no
selling price in China market, the expenditure was estimated through comparison with the existing
products.

The two groups were compared using Pearson’s chi-square test for categorical variables, and the
independent sample t-test (two-tailed, significance level P<0.05) for continuous variables [26].

3. Results

In our analysis, 227 patients signed the informed consent, and 4 patients withdrew from the
study because of their engagement in another study. A total of 224 patients (136 male and 88 female)
with hematology disease needed to accept PICC catheters aged 18-83 years (mean age 42.34 (+13.70) )
underwent 90-day catheter follow-up according to the scheduled protocol. Baseline data on all
patients included in the study are shown in Table 1.

Table 1. Patient Clinical Variables for Two PICCs Group.

Observation Study (n=113) Control (n=111) Total (N=224) P-Value*
Item n (%) n (%) n (%)
Gender 0.513
Male 71 (62.83%) 65 (58.56%) 136 (60.71%)
Female 42 (37.17%) 46 (41.44%) 88 (39.29%)
Puncturearm 0.605
Left arm 42 (37.17%) 45 (40.54%) 87 (38.84%)
Right arm 71 (62.83%) 66 (59.46%) 137 (61.16%)
Catheter size 0.834
4.0-4.5 French 55 (48.67%) 52 (47.27%) 107 (47.98%)
5.0-5,0 French 58 (51.33%) 58 (52.73%) 116 (52.02%)
Catheter lumen 0.894
Single lumen 56 (49.56%) 56 (50.45%) 112 (50.00%)
Double 57 (50.44%) 55 (49.55%) 112 (50.00%)
lumen
Age? 41.36 (+12.98) 43.34 (+14.38) 42.34 (+13.70) 0.280
BMI* 22.97 (£3.21) 24.03 (£3.40) 23.50 (+3.34) 0.020
APTT* 31.13 (+3.77) 30.58 (+3.41) 30.86 (3.60) 0.251
INR* 1.05 (+0.10) 1.06 (x0.13) 1.06 (£0.11) 0.852
Indwell Period (Days) *  62.81 (+27.98) 69.04 (£26.65) 65.89 (+27.44) 0.089

Antimicrobial coated PICCs (Type A) is study group, Standard PICCs (Type B) is control group. *Pearson’s chi-
square test for heterogeneity. * Value are presented as mean and + SD compared by t-test. P-level of statistical

significance, significant at P<0.05.

3.1. Comparison of Primary Endpoints in Two Groups

113 patients (Type A) accepted chlorhexidine-coated PICCs, and 111 (Type B) accepted standard
PICCs. We analyzed 220 patients with CLABSI, unknown fever, and local complications. 8 patients
met the criteria of BSI, but 3 of 8 patients met the criteria of CLABSI, and the other 5 were diagnosed
as MBI-LCBL. 36 patients had CLABSI-related symptoms, but the lab exam results could not meet all


https://doi.org/10.20944/preprints202502.1074.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 February 2025 d0i:10.20944/preprints202502.1074.v1

6 of 12

items, and other infection sources were excluded. 3 CLABSI cases all happened in the control group,
but the statistic had no significance between two groups (P=0.076). 17 (15.18%) unknown fevers were
in the study group, compared to the control group (N=20, 19.05%, P=0.449), the incidence rate was
higher than the study group. In the study group, 1 patient needed to go through the 2nd time
puncture, and 3 patients in the control group accepted the 2nd time puncture, but it was not
statistically significant (P=0.304). Regarding the local complications’ performance, the study group
was also better than the control group, but the difference was of no significance. This study includes
the cost-effectiveness analysis part, so the unplanned withdrawal catheter rate was summarized.
(Table 2)

Table 2. The clinical outcomes between the two groups.

Clinical Outcomes  Study Group  Control Group  Total (n=220) P-Value*
(n=112) n (%) (n=108) n (%) n (%)

CLABSI 0.076
Non-CLABSI 112 (100.00%) 105 (97.22%) 217 (98.65%)
CLABSI 0 (0.00%) 3 (2.65%) 3 (1.32%)

Unknown Fever 0.449
No 95 (84.82%) 85 (80.95%) 180 (82.95%)
Yes 17 (15.18%) 20 (19.05%) 32 (17.05%)

The 1st puncture success 0.304
1st puncture 112 (99.12%) 108 (97.30%) 220 (98.05%)
success
No 1st puncture 1 (0.88%) 3 (2.70%) 4 (1.95%)
success

Other local complications 0.449
Non complications 95 (84.82%) 85 (80.95%) 180 (82.95%)
Catheter-related 17 (15.18%) 20 (19.05%) 37 (17.05%)
complications

Catheter withdraw types 0.411
Withdraw as 71 (69.61%) 77 (74.76%) 148 (72.20%)
planned
Withdraw with 31 (30.39%) 26 (25.24%) 57 (27.80%)
complication

3.2. Cost Analysis

The price of the standard PICC, nursing expense per patient, and the lab test items were
identified by Beijing Municipal Price Bureau in Class 3A hospital. For comparison, the price of the
standard PICC was ¥2100 in 2020. To complete the decision tree model, we set the estimated price of
AGBA PICC was ¥2300.

The regular care and insertion costs of PICC are all covered by China’s basic medical insurance
for urban and rural residents. The additional costs over the regular care were related to the catheter-
related complications. The direct costs of PICC are characterized in Table 3. This is a calculation of
per case costs, from which the costs per insertion and maintenance in 2020 were calculated. The
CLABSI diagnosis needed at least 2 doses of central catheter blood cultures per lumen and 2 doses of
peripheral blood cultures. The average diagnosis of CLABSI needed ¥1332.77 per time, and the
average treatment per patient per time of CLABSI in this study was ¥87147.08 per patient per time,
which included parenteral antibiotics, catheter removal, and other empiric therapies. The CLABSI is
the most feared complication, the attributed mortality of CLABSI to be 2.27-2.75%.

Table 3. The variables in decision trees.
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Model Input Base-Case Value Source
Cost
Price of Standard PICC 2100.00 Industry data
(¥/piece)
Estimated Price of AGBA 2300.00 Industry data
PICC (¥/piece)
Catheter maintenance (¥/per 2100.11 Study data
patient)
Catheter insertion/replacement 364.25 Study data
(¥/per patient)
CLABSI Diagnosis (¥/per time) 1332.77 Study data
CLABSI Treatment (¥/per 87147.08 Study data
time)
Hospitalization per day in 200.00 Supplementary Materials
Beijing Class 3A hospital
(¥/per bed per day)
QALY of pre-treatment 0.65 Liang Y, Wang H, et al., 2018
[27]
QALY of treatment 0.90 Liang Y, Wang H, et al., 2018
[27]
Length of stay, day
Patient with CLABSI 20.6 Study data
Patient without CLABSI 11.2 Study data

3.3. Decision Tree Model

The decision tree for economic analysis to present the trajectory of 2 types PICCs from placement
until the end of infusion therapy, demonstrating the likelihood of failure to catheter related
complications. In Figure 3, we present the decision tree model for the potential complication of the
standard PICC and AGBA-coated PICC, the result is that AGBA-coated is a more advanced device
on the catheter-related complication’s expense control; rather we expect a significant difference on
clinical points.

3.4. Cost-Effectiveness Analysis

CEA (Cost-Effectiveness Analysis) measures the cost per unit of effect[22,28-30]. Since the costs
of type B (AGBA-coated PICC) are lower than those of type A, we evaluated the ICER effects.

ICER=C1-C2/E1-E2 is defined as the ratio of the difference in the costs of 2 types of PICCs and
the difference in clinical effects, where C1 and C2 are the costs of the entire in-patient and out-patient
process for the catheter-related indwelling period, E1 and E2 document the clinical effectiveness of
the primary clinical outcomes.

In this case, the PICC catheter could not improve the treatment outcome, but it impacts the
complication incidence rate so that we will divide the difference costs of all complications. The result
was calculated the difference of 1st puncture success rate, CLABSI, and other local catheter-related
complications.

ICER=nype B- nype A/Etype B -Etype A

The result is then interpreted as the cost per patient with a catheter per QALY on the
complication incidence. In general, the lower ICER could incur the higher value.

We found that the average cost of 1 QALY improvement in the AGBA group per patient is
¥62,817.79. The average cost of 1 QALY improvement in the standard group per patient is ¥102,861.57.
According to the calculated ICER for AGBA, compared to the standard PICC, results in average cost
decrease of ¥40043.78 per patient (Table 4).

d0i:10.20944/preprints202502.1074.v1
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Due to the AGBA-coated PICC does not launch in China market, we estimated higher price for
the new technology. The result showed it has the lower expense on 90 days’ catheter indwelling
period compared to the standard PICC. The unknown fever would take empiric therapies, although
it could diagnose to be CLABSI, but the related diagnosis and treatments costs are almost same in
both groups. The unknown fever might need higher cost compared to diagnosed CLABSI, because
of the repeated lab examinations to figure out the infection source, in standard group, the cost of
unknown fever was ¥444,819.29 and CLABSI was ¥444,404.50; in AGBA-coated PICC group, the cost
of unknown fever was ¥314,742.50 and CLABSI was ¥314,204.50. Thus, AGBA-coated PICC appears
to be a more cost-effective alternative on acute-care and home-care solution for oncology patient.

Table 4. Cost-effectiveness analysis of AGBA-coated PICC compared to standard PICC.

Clinical Study Group (n=112) Control Group (n=108) P-Value
Outcomes . . . .
Costs  Effectiveness Probability Costs EffectivenessProbability

Total expense 62,817.79 0.90 100.00% 102,861.57  0.89 100.00%  <0.05
1st time puncture 17,328.50 0.65 0.98%  18,928.50 0.65 2.91%
unsuccess
CLABSI 314,204.50 0.90 0.00%  444,404.50 0.9 2.91%
Unknown fever 314,742.50 0.90 16.67% 444,819.29 0.9 18.45%
Other local 30,964.25 0.90 13.72% 14,374.87 0.9 2.91%
catheter-related
complications
Complications free  8,664.25 0.90 68.63% 9,464.25 0.9 72.81%

ICER (AGBA Coated PICC vs. Standard PICC) -
40043.78

1st puncture success

> CLABSI/ Unknown

Standard PICC fever

Other local catheter-
Standard PICC/ related complications
Antimicrobial-coated PICC

1st puncture success

Antimicrobial-coated «| CLABSI/ Unknown
PICC & fever

Other local catheter-
related complications

Figure 3. Model structure. The PICC is an invasive procedure; a good device needs to be inserted easily, and
there is a low complication rate. CLABSI, unknown fever, and other local catheter-related complications are all

evaluated during the catheter indwelling period.

4. Results

Despite the improvement in care quality of PICC and CVC over the past almost twenty years,
many studies have proved effective procedures and devices that could control CLABSI to a very low
level. However, empiric therapies of unknown fever in real clinical practice related to catheters are
still existing [31,32]. Therefore, researchers continuously search for and develop advanced devices to
reduce the infection rate to improve healthcare quality.
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A general perspective of long-term indwelling catheters is their low complication, high comfort,
and easy care focused on safety and long-lasting performance [33-35]. The implanted port is popular
in Western countries, but the specific and expensive needles are not reimbursed in China, and the
practice is more invasive, so the utility is low [36-38].

The aim of this study was to analyze the cost-effectiveness of two types PICCs from the social
perspective on the objectification of the catheter, which is easy to use, and lower complication rate
compared to the standard catheter.

According to the works of the same coated center venous catheter, chlorhexidine has a positive
effect on reducing CLABSI and microorganism colonization in acute-care facilities. 23 trials reported
that comparing the standard catheter and chlorhexidine/silver sulfadiazine-coated catheters had a
lower CRBSI incidence rate (RR 0.70, 95% CI 0.53-0.91, p = 0.008). Regarding catheter colonization
performance, chlorhexidine/silver sulfadiazine-coated catheters also presented a positive result.
However, the 2 types of peripherally inserted central catheters related RCT study is rare.

This study has several strengths, including extensive data collection, a rigorous decision-analytic
model, and validation by a Delphi panel. However, there are limitations:

1. Observation time and sample size. The clinical outcomes in this RCT had no significant
difference, but it had clinical value. The observation time might need longer, and sample size
should be bigger, this risk has been discussed on the clinical study protocol. The further study
on CLABSI might suit to surveillance study, to observe the longer time and all population.
However, the RCT is not an economic and efficacy solution.

2. QALY adoption. In this evaluation, QALY was adopt from other hematology related patient
quality life changing study of pre- and post- treatment. This data has described the general life
quality changing around the treatment on this disease, it has the relationship with the catheter,
but the catheter has no significant impact on the QALY, except death event related to the
catheter infection. The catheter complication must lead the patient life qualities” change, while
previous research provides a general perspective, the catheter’s impact on QALYs may require
further study with direct data collection or more effective indices to describe its effectiveness.

3.  Economic Evaluation Methods. Along with the people’s life quality pursuing, the more
treatment and medical products work on life quality’s improvement. Almost procedures do
not change the pathway of disease and just postpone the progress of disease. The current
economic evaluation methods may not fully capture the value of treatments and medical
products that primarily improve quality of life rather than altering disease pathways.
Innovative theories and tools are needed to address the suitable value of such interventions
scientifically.

4.1. Implications for Practice and Policy

With more and more new technology, clinicians should weigh the long-term benefits and higher
initial costs. On AGBA-coated PICCs showed a better performance on complications control and
trusted safety. Policymakers should consider incorporating cost-effective PICCs into standard
healthcare practices and coverage policies to optimize patient satisfaction and resource utilization.

4.2. Future Research Directions

PICC catheters are common infusion devices used in many healthcare facilities. Future research
should focus on multi-center trials to validate these findings across diverse healthcare settings.
Additionally, studies should examine the long-term satisfaction associated with new treatment
adoption to provide more comprehensive insights into their effectiveness and value.

5. Conclusions

In conclusion, this study suggests that coated PICC might have no significant statistical
difference in CLABSI reduction. However, the coated PICC provides a solid outcome on cost-
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effectiveness analysis. The findings suggest that, on social respective, the coated PICC for high-risk
patients is economically justified. Here is a rare study and guideline mentioning coated PICC and a
recommendation for further study. While this study passed the COVID-19 pandemic period, its result
was also analyzed in the specific economic context. The present study recommends policymakers
boom the new devices’ evaluation method, for the non-treatment device, the treatment effect could
be complications. The low complications also could save healthcare expenses and resources, at the
same time improve the quality of care.
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