ClinicoEconomics and Outcomes Research Dove

ORIGINAL RESEARCH

Effectiveness of Disinfecting Caps for Intravenous
Access Points in Reducing Central Line-Associated

Bloodstream Infections, Clinical Utilization, and
Cost of Care During COVID-19

Yuefeng Hou', Leah P Griffin?, Kari Ertmer?, Stéphanie F Bernatchez (>, Tarja ] Kirpinen®, Maria Palka-Santini*

'3M Health Care, 3M Company, Austin, TX, USA; 23M Health Care, 3M Company, San Antonio, TX, USA; 33M Health Care, 3M Company, St, Paul,
MN, USA; #3M Health Care, 3M Deutschland GmbH, Neuss, Germany

Correspondence: Yuefeng Hou, Email yhou@mmm.com

Purpose: Intravenous (IV) access point protectors, serving as passive disinfection devices and a cover between line accesses, are
available to help reduce the risk of central line-associated bloodstream infections (CLABSIs). This low-maintenance disinfection
solution is particularly valuable in situations with excessive workloads. This study examined the effect of a disinfecting cap for an IV
access point on CLABSI rates, hospital length of stay, and cost of care in an inpatient setting during the coronavirus disease 2019
(COVID-19) pandemic.

Methods: The study utilized data from the Premier Healthcare Database, focusing on 200,411 hospitalizations involving central
venous catheters between January 2020 and September 2020. Among these cases, 7423 patients received a disinfecting cap, while
192,988 patients did not use any disinfecting caps and followed the standard practice of hub scrubbing. The two cohorts, Disinfecting
Cap and No-Disinfecting Cap groups, were compared in terms of CLABSI rates, hospital length of stay (LOS), and hospitalization
costs. The analysis accounted for baseline group differences and random clustering effects by employing a 34-variable propensity
score and mixed-effect multiple regression, respectively.

Results: The findings demonstrated a significant 73% decrease in CLABSI rates (p= 0.0013) in the Disinfecting Cap group, with an
adjusted CLABSI rate of 0.3% compared to 1.1% in the No-Disinfecting Cap group. Additionally, the Disinfecting Cap group
exhibited a 0.5-day reduction in hospital stay (9.2 days versus 9.7 days; p = 0.0169) and cost savings of $6703 ($35,604 versus
$42,307; p = 0.0063) per hospital stay compared to the No-Disinfecting Cap group.

Conclusion: This study provides real-world evidence that implementing a disinfecting cap to protect IV access points effectively
reduces the risk of CLABSIs in hospitalized patients compared to standard care, ultimately optimizing the utilization of healthcare
resources, particularly in situations where the healthcare system is under significant strain or overloaded.
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Introduction
Central lines are commonly used for central venous access and for the administration of drugs or fluids in critically ill patients.
However, central line-associated bloodstream infections (CLABSIs) impose a significant burden on the US healthcare system.
In 2021, the Centers for Disease Control and Prevention (CDC) reported a total of 30,389 CLABSISs across various inpatient
settings.! These infections result in a high attributable cost of approximately $48,000 per episode, along with a 12-25%
increase in mortality and prolonged hospital stays.” Furthermore, CLABSISs are linked to a 2.75-fold increased risk of in-
hospital death and incur an additional $32,000 in variable inpatient costs.’

The advent of the coronavirus disease 2019 (COVID-19) pandemic further compounded the challenges posed by
CLABSIS, as hospitals faced heightened patient volumes, urgent care demands, and challenges related to staffing and supply
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shortages. Consequently, an increase in device utilization and CLABSI cases was observed throughout 2020.* ¢ Remarkably,
during the first quarter of 2021, a substantial 45.3% rise in the CLABSI Standardized Infection Ratio (comparing actual to
predicted numbers and reflecting differences in risk between populations)’ was documented across 3394 hospitals in the
United States compared to the corresponding period in 2019.%

To combat the alarming prevalence of CLABSISs, various interventions have been explored, including the use of an
intravenous (IV) access point protector known as disinfecting caps. These caps securely luer-lock to the central line hub
and act as passive disinfection devices. They have demonstrated their ability to decrease CLABSI rates and associated
clinical costs when compared to the standard practice of scrubbing the hub. For instance, a pre- and post-intervention
study revealed that the implementation of alcohol-impregnated disinfecting caps resulted in a reduction of CLABSI
incidence from 7.3 to 3.0 per 1000 line-days among burn patients.” Similarly, the utilization of alcohol-impregnated
disinfecting caps in a tertiary care hospital increased adherence rates to safe practices from 67% to 94% within a span of
9 months and contributed to a decrease in CLABSI rates from 1.36 to 0.87 per 1000 device days. This reduction resulted
in a total cost savings of $1,636,792 due to 27 fewer CLABSIS, after considering the added cost of the port protectors.'’
Furthermore, meta-analyses have consistently shown that disinfecting caps can reduce CLABSI rates by 41-57%
compared to scrubbing the hub and generate median cost savings of $21,890 per CLABSL'''* Additionally, studies
have indicated that disinfecting caps can enhance the effectiveness of CLABSI prevention bundles.'>"'¢

Despite the extensive data provided by previous studies, limited literature exists regarding the clinical and economic
evidence of disinfecting caps specifically in times of healthcare system overload, where the advantages of the caps in
terms of time-saving passive disinfection, improved compliance, and optimized utilization of healthcare resources have
a more pronounced impact. Therefore, the present study aims to examine the impact of a disinfecting cap on CLABSI
rates, hospital length of stay, and hospitalization costs when compared to the standard practice of scrubbing the hub
during the first three quarters of the COVID-19 pandemic. Real-world evidence extracted from national data across 664
inpatient facilities in the United States from January 2020 to September 2020 is utilized, with a specific focus on periods

characterized by overwhelming stress on healthcare institutions.

Materials and Methods

Data Source

This study utilized data obtained from the Premier Healthcare Database (PHD) focusing on inpatients with central venous
catheters (CVCs) between January 1, 2020, and September 30, 2020. The PHD is a comprehensive repository of real-
world data collected since 2000, encompassing a large and diverse population that reflects clinical practices in the general
population. The database comprises medical records from over 1041 contributing hospitals/healthcare systems, encom-
passing more than 231 million patients.'” The authors’ institutional review board determined that this study, involving
de-identified clinical data, was exempt from IRB approval according to the Code of Federal Regulations, title 45 CFR
46."® The study was subject to continuous monitoring and oversight to ensure adherence to the ethical principles outlined
in the Declaration of Helsinki. The privacy and confidentiality of medical record data were rigorously maintained
throughout the study using encrypted drives as a secure storage method.

Study Population

Hospitalizations involving CVCs were selected using pre-identified Current Procedural Terminology (CPT) codes
(Supplemental Table 1). The Premier hospital chargemaster data was utilized to identify 7423 inpatient cases with
CVCs that received a disinfecting cap (3M™ Curos™ Disinfecting Port Protectors, 3M, St. Paul, MN) exclusively for
disinfecting and protecting the IV access point. These cases did not use any other disinfecting caps and were assigned to

the “Disinfecting Cap” experimental cohort.

For the control cohort, a group of 192,988 CVC inpatient cases without any disinfecting caps was identified. These
cases followed the standard practice of scrubbing the hub for disinfection. They were assigned to the “No-Disinfecting
Cap” control cohort for comparative analysis.
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Endpoints
The effectiveness of the two approaches to disinfect the IV access point was compared by measuring the incidence of
CLABSI, hospital length of stay (LOS), and hospitalization cost as endpoints.

To identify cases of CLABSI, all patients were screened using ICD-10 Code T80.211A due to the absence of
laboratory data, which limited the ability to rely on microbiological criteria for CLABSI identification. Following
a similar approach to a previous retrospective cohort study, the authors utilized the diagnosis code that indicates the
initial occurrence of bloodstream infection due to a CVC during hospitalization and not present upon admission to
determine whether a patient developed CLABSI after admission."’

Given that data on the number of CVC insertions and line days were not available in the PHD, the CLABSI rate was
calculated as the percentage of hospitalizations during which CLABSI was developed. Hospital length of stay (LOS) and
costs were obtained from the PHD’s inpatient billing and hospital encounter data. These data included the recorded
length of hospitalization and the estimated cost of care per hospitalization provided by the Premier facilities.

Statistical Analysis

To examine cohort differences in each of the endpoints, a statistical analysis was conducted using mixed-effect multiple
regression. Given the nature of the comparative cohort study, it is crucial to account for baseline group differences and
underlying clustering effects that arise from non-randomized sampling. To address this, logistic, Poisson, and linear
mixed-effect regression models were developed to examine the CLABSI rate, LOS, and hospitalization cost, respectively.
These models were specifically designed to control for baseline group differences and random clusters associated with
the endpoints, thereby minimizing estimation bias, and enhancing the confidence of inference.

Baseline group differences were assessed using a propensity score approach. Logistic multiple regression was
conducted on the cohort using a total of 34 variables (see Table 1) that encompassed baseline patient demographics,
comorbidities, and hospital characteristics. Additionally, the severity of a patient’s illness as well the specific treatment
received were considered as important factors influencing their risk of CLABSI, clinical utilization, and costs. To account
for variations in the endpoints attributed to different patient pathologies and services received, the study also incorporated
the Diagnosis-Related Group (DRG) system in the analysis. The DRG system categorizes hospital cases with similar
resource utilization patterns based on clinical coherence, taking into account factors such as organ systems, surgical

Table | Patient Demographics, Comorbidities, and Hospital Characteristics in the Disinfecting Cap
and No-Disinfecting Cap Groups

Disinfecting Cap No-Disinfecting Cap
(n=7423) (n=192,988)
Patient Demographics
Age; mean (SD) 60.0 (19.4) 61.2 (18.1)
n (%)
<18 183 (2.5) 4943 (2.6)
18-35 817 (11.0) 13,357 (6.9)
3664 2871 (38.7) 80,152 (41.5)
2 65 3552 (47.9) 94,536 (49.0)
Gender; n (%)
Female 3894 (52.5) 90,478 (46.9)
Male 3529 (47.5) 102,510 (53.1)
(Continued)
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Table | (Continued).
Disinfecting Cap No-Disinfecting Cap
(n=7423) (n=192,988)

Race; n (%)

White 3776 (50.9) 133,309 (69.1)

Black 2392 (32.2) 35,308 (18.3)

Asian 13 (0.2) 4880 (2.5)

Other 1242 (16.7) 19,491 (10.1)
Patient Comorbidities
Asthma; n (%) 568 (7.7) 12,289 (6.4)
Blood Disorder?; n (%) 3650 (49.2) 125,483 (65.0)
Myocardial Infarction; n (%) 1334 (18.0) 38,983 (20.2)
Paraplegia and Hemiplegia; n (%) 284 (3.8) 12,089 (6.3)
Renal Disease; n (%) 2106 (28.4) 79,719 (41.3)
Cancer (Primary); n (%) 929 (12.5) 31,712 (16.4)
AIDS/HIV; n (%) 49 (0.7) 1431 (0.7)
Congestive Heart Failure; n (%) 2440 (32.9) 73,944 (38.3)
Peripheral Vascular Disease; n (%) 1505 (20.3) 41,250 (21.4)
Cerebrovascular Disease; n (%) 1051 (14.2) 29,831 (15.5)
Dementia; n (%) 848 (11.4) 17,658 (9.1)
Chronic Pulmonary Disease; n (%) 2750 (37.0) 64,369 (33.4)
Rheumatic Disease; n (%) 400 (5.4) 9364 (4.9)
Peptic Ulcer Disease; n (%) 309 (4.2) 10,458 (5.4)
COPD; n (%) 1495 (20.1) 34,643 (18.0)
Diabetes; n (%) 3144 (42.4) 90,495 (46.9)
SIRS; n (%) 448 (6.0) 47,171 (24.4)
Hypertension; n (%) 2721 (36.7) 56,797 (29.4)
Liver Disease; n (%) 902 (12.2) 30,036 (15.6)
Obesity; n (%) 1420 (19.1) 50,308 (26.1)
Alcohol-Related Disorder; n (%) 533 (7.2) 13,553 (7.0)
Used of Cocaine; n (%) 197 (2.7) 2558 (1.3)
Nicotine Dependence; n (%) 1594 (21.5) 36,432 (18.9)
ICU Admission; n (%) 1423 (19.2) 12,364 (6.4)
Metastatic Carcinoma; n (%) 357 (4.8) 13,150 (6.8)
CCI; mean (SD) 3.8 (34 4.6 3.4)

(Continued)
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Table | (Continued).

Disinfecting Cap No-Disinfecting Cap
(n=7423) (n=192,988)

Facility Characteristics
Provider Location; n (%)

Urban 4366 (58.8) 170,499 (88.3)

Rural 3057 (41.2) 22,489 (11.7)
Teaching Hospital; n (%) 0 (0.0) 100,239 (51.9)
Number of Beds; n (%)

< 400 4392 (59.2) 89,333 (46.3)

= 400 3031 (40.8) 103,655 (53.7)
Cost Type; n (%)

Procedural 65 (0.9) 138,081 (71.5)

RCC 7358 (99.1) 54,907 (28.5)
Provider Region; n (%)

Midwest 0 (0.0 37,025 (19.2)

Northeast 65 (0.9) 22,079 (11.4)

South 7358 (99.1) 96,532 (50.0)

West 0 (0.0 37,352 (19.4)

Notes: *Blood Disorder: diseases of the blood and blood-forming organs and certain disorders involving the immune mechanism
(medical classification list by the World Health Organization).

Abbreviations: COPD, chronic obstructive pulmonary disease; AIDS/HIV, acquired immunodeficiency syndrome/human immu-
nodeficiency virus; SIRS, systemic inflammatory response syndrome; ICU, intensive care unit; CCl, Charlson Comorbidity Index;
RCC, ratio of costs-to-charges (to pay hospitals for services exempt from DRG payment); SD, standard deviation.

procedures, critical care, and clinical specialties. By including DRG in the regression models, the analysis aimed to
control for confounding factors associated with different patient case mixes.

The propensity score obtained from the logistic regression was included as a covariate in each regression model. In addition,
to address potential clustering effects due to variations in patient case mixes, services, wards, and hospitals, the models
incorporated random effects for DRG and hospital in the intercept. All statistical analyses were conducted using SAS 9.4
(SAS Institute, Cary, NC).

Results

The cohort comparison on the 34 baseline characteristics is presented in Table 1. Both groups were comprised of approxi-
mately 50% elderly patients who were at high risk, with an average Charlson Comorbidity Index (CCI) exceeding 3.5 and an
average age above 60. The No-Disinfecting Cap group exhibited higher rates of blood disorders (65% versus 49%), renal
disease (41% versus 28%), and obesity (26% versus 19%). Conversely, the Disinfecting Cap group had a higher percentage of
intensive care unit (ICU) admissions (19% versus 6%). Notably, there were clear geographic disparities between the two
groups. The Disinfecting Cap group primarily comprised patients from hospitals located in the southern region (99%), while
the Non-Disinfecting Cap group had 50% of patients from the South, and the remaining 50% from the West, Midwest, and
Northeast. In addition, the two cohorts differed in terms of hospital type and costing methods. All Disinfecting Cap patients
were admitted to non-teaching hospitals, and 99% of these hospitalizations adopted the cost-to-charge ratio (RCC) costing
method. In contrast, 52% of No-Disinfecting Cap cases were admitted to teaching hospitals, with 72% of them utilizing the
relative value unit (procedural) costing method. In summary, the No-Disinfecting Cap group exhibited a higher number of
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Table 2 Comparison of Endpoints Between the Disinfecting Cap and No-Disinfecting Cap Groups

Disinfecting Cap | No-Disinfecting Cap Statistic Reported Statistic P value
CLABSI Incidence; % 0.30% 1.11% Odds Ratio (95% ClI) 0.27 (0.12, 0.60) 0.0013
Length of Stay (Days); Mean 9.20 9.71 Odds Ratio (95% Cl) 0.95 (0.91, 0.99) 0.0169
Cost ($); Mean 35,604 42,307 Difference in Means (95% Cl) | —6703 (—11,511, —1895) 0.0063

Abbreviations: CLABSI, central line-associated bloodstream infection; Cl, confidence interval.

comorbidities (CCI = 4.6 + 3.4) compared to the Disinfecting Cap group (CCI = 3.8 + 3.4), while the Disinfecting Cap group

had a greater proportion of critically ill patients requiring intensive care.

After comparing the two cohorts using mixed-effect multiple regression models, the Disinfecting Cap group
demonstrated a significant 73% decrease in CLABSI rates (OR=0.27, 95% CI: 0.12-0.60, p = 0.0013), with an adjusted
CLABSI rate of 0.30% compared to 1.11% for the No-Disinfecting Cap group (Table 2 and Figure 1). Furthermore,
patients who received a disinfecting cap experienced a 0.5-day reduction in hospital stay, with a mean length of stay of

9.20 days, compared to 9.71 days for those without a cap (p < 0.0169) (Table 2 and Figure 2). The hospitalization costs

were reduced by $6703 per hospital stay in the Disinfecting Cap group (p = 0.0063), with a mean cost of $35,604

compared to $42,307 in the No-Disinfecting Cap group (Table 2 and Figure 3).
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Figure | Central line-associated bloodstream infection incidence comparison.
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Figure 2 Hospital length of stay comparison (days).
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Figure 3 Hospitalization cost comparison (US dollars).

Discussion

The COVID-19 pandemic had a profound impact on US hospitalizations, leading to increased patient risk and strained
hospital resources and operations. Consequently, healthcare systems reported substantial increases in CLABSIs.*?
Hospitals faced unprecedented challenges in infection prevention, including increased patient morbidity, higher catheter
utilization, urgent line operations, intensive immunosuppressive treatments, staffing shortages, and supply constraints.*®
In such circumstances, the use of disinfecting caps, simplifying the disinfection process and ensuring better compliance,
has proven highly effective in mitigating the contamination risk, especially when resources are limited. The findings of
the present study underscore the significant benefits of implementing disinfecting caps, showing a remarkable 73%
decrease in CLABSI rates, a reduction in LOS by 0.5 days, and cost savings of $6703 per hospitalization compared to the
standard practice during the COVID-19 pandemic.

Increased compliance with disinfection is associated with lower CLABSI rates, as suggested by Merrill et al in their study,
where a 10% increase in compliance using the disinfecting cap resulted in a 7% reduction in infection.'® Disinfecting caps
effectively protect IV access points from contamination by maintaining prolonged contact with the disinfectant, thus
eliminating the need for frequent catheter hub scrubbing.'! This simplifies daily tasks, promoting higher compliance compared
to procedures that are not easily observed through visual surveillance.'> Monitoring the “scrub the hub” technique is time-
consuming and unrealistic, which has been unreliable in ensuring compliance and eliminating variance.”'>*' Implementation
of protective disinfecting caps for needleless connectors has shown significant improvement in compliance rates. For CVC
patients in two US ICU units, compliance rates increased from 63% to 80%,>* while in a UK hospital trust, they increased from
27% to 80%, resulting in a time-saving of 45 seconds per disinfection process or potentially 659.4 hours per year.”?

According to the epic3 guidelines, scrubbing the hub as an “active disinfection” method is required each time IV
access points are accessed, with a minimum of 15 seconds for decontamination and 30 seconds for drying.>* However,
the results of the UK national IV hub cleaning survey indicated that 63% of IV hubs were accessed within 25 seconds or
less after decontamination.*” Similarly, a US hospital observed less than 10% compliance with the disinfection protocol
when using the manual method of scrubbing with alcohol.?® The implementation of passive disinfection caps has shown
improved compliance, which reduces the risk of contamination through the intraluminal route and the formation of
biofilm that can occur when IV catheter hub disinfection is compromised. In addition to providing superior cleaning
options that result in higher reduction rates of microorganisms, disinfecting caps have the potential to free up clinical
time by replacing the traditional “active disinfection” method with a “passive” one. This ensures constant protection of
devices through the use of antiseptic barriers for up to 7 days or until they are next accessed.”” By simplifying the
disinfection process, these caps offer a more efficient and time-saving solution for healthcare professionals.

The findings of the present study demonstrate a remarkable reduction in CLABSI rates, compared to the majority of
published data.”'*>*227-*® These results highlight the exceptional effectiveness of disinfecting caps in mitigating the risks
associated with CLABSI, particularly in the challenging context of the COVID-19 pandemic. It is evident that the
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pandemic has exerted substantial strain on the management of central lines in hospitalized patients, leading to decreased
compliance with essential practices such as bedside checks and scrub-the-hub procedures.* During these demanding
times, the utilization of disinfecting caps assumes an even more critical role in combating the prevailing risk of CLABSI
compared to the pre-pandemic period. The time-saving nature and easy application of these caps offer a practical solution
that can significantly alleviate the growing burden of CLABSI. By simplifying the disinfection process, disinfecting caps
not only enhance compliance but also contribute to the overall reduction of CLABSI incidence.

Moreover, the implementation of disinfecting caps yields significant benefits beyond reducing CLABSISs. It liberates
valuable clinical hours, enabling healthcare providers to deliver a higher quality of care and achieve improved patient
outcomes. This, in turn, leads to reduced length of stay and decreased hospitalization costs for patients who receive the caps.
The observed shortened LOS by 0.5 days and cost savings of $6703 within the Disinfecting Cap group could be attributed
not only to the direct impact of CLABSI reduction but also to the optimized utilization of clinical resources during this
demanding period. Such optimization is of utmost importance in effectively managing the stress that COVID-19 has
imposed on CLABSI rates and the overall healthcare system.

Current clinical guidelines prioritize manual disinfection as the recommended method for central line maintenance.**~°
However, despite the evolving circumstances, these guidelines typically view the use of disinfecting caps as a supplementary
approach.®'? It is worth noting that recent changes in the healthcare landscape have sparked renewed interest in the role of
disinfecting caps as a potential alternative to traditional disinfection methods. Fakih et al have emphasized the critical
importance of maintaining optimal line care and providing regular feedback on performance, particularly in high-stress
environments where the risk of line contamination is amplified.* The demanding nature of such environments often leads to
suboptimal aseptic practices, further underscoring the need for innovative solutions. In this context, the discussion surrounding
the use of disinfecting caps as an alternative to traditional disinfection methods has become increasingly relevant, reigniting
the discourse after years of accumulating evidence. The growing body of evidence and the challenges posed by demanding
healthcare settings call for a reevaluation of the role of disinfecting caps. As healthcare professionals strive to optimize patient
outcomes and ensure the highest standard of care, exploring alternative approaches, such as disinfecting caps, becomes
essential in adapting to evolving circumstances and improving patient safety.

Limitations
The present study relied on retrospective data to conduct measures and analyses. There are limitations to this study that could

have influenced the results and interpretation. While efforts were made to account for baseline group differences in important risk

3 36-3 39,40

factors for bloodstream infections, such as asthma,33 liver disease,34’ 5 cancer, 8 peripheral vascular disease, rheumatic

338 systemic inflammatory response syndrome,® blood disorders,*® ICU admission,** and Charlson
Comorbidity Index (CCI) score,*** the study was limited by the lack of information regarding the type of CVC and catheter

dwell time. Incorporating this information would have provided a more comprehensive assessment of patient risk profiles across

disease,* renal disease,

the cohorts, even though the DRG clusters had accounted for partial variations associated with these two factors.

Furthermore, the study was constrained by the absence of microbiological criteria to precisely define CLABSIs,
which might have led to an underestimation of the true incidence of CLABSIs. Additionally, we had no data available on
the duration of cap application. In cases where the cap was not applied throughout the entire catheter dwell time,
scrubbing the hub disinfection was assumed to be the only alternative. Not accounting for the “dosage” of intervention
could potentially result in an underestimation of the effectiveness of the intervention.

While leveraging the advantages of a substantial study population to maximize study power, it is essential to exercise
additional caution when interpreting statistically significant small effects. The adjusted 0.5-day difference in LOS
between the two cohorts suggests that it may not be as clinically significant as the considerable cost savings of $6703
associated with reduced hospitalization.

Although the study incorporated hospital and DRG as random intercepts in the models to accommodate variations
attributed to service types and hospital-specific characteristics, it is important to acknowledge that the cost structures across
hospitals were not standardized. This lack of standardization could have introduced additional uncertainty in estimating cost
savings. Considering the evident geographic disparities, different hospital types, and divergent costing methods between the
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two cohorts, relying solely on statistical adjustment may not be sufficient to fully eliminate all potential confounding factors.
As such, substantial randomized trials are necessary to corroborate the conclusions drawn from this study.

Conclusion

The COVID-19 pandemic has placed unprecedented stress on healthcare systems, resulting in elevated CLABSI rates.
This study provides real-world evidence demonstrating that implementing disinfecting caps in hospitalized patients with
CVCs is more effective in reducing CLABSI risk and optimizing the allocation of healthcare resources than the standard
care during this challenging period. This intervention emerges as a valuable strategy to mitigate the escalating burden of
CLABSISs, particularly in high-risk and high-stress environments, ensuring enhanced patient safety and improved overall
healthcare outcomes.
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