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Abstract

Introduction Nonessential central venous catheters

(CVCs) should be removed promptly to prevent adverse

events. Little is known about effective strategies to achieve

this goal. The present study evaluates the effectiveness of a

quality improvement (QI) initiative to remove nonessential

CVCs in the intensive care unit (ICU).

Methods A prospective observational study was per-

formed in two ICUs following a QI intervention that

included a daily checklist, education, and reminders.

During 28 consecutive days, all CVCs were identified and

the presence of ongoing indications for CVC placement

was recorded. The proportions of nonessential CVCs and

CVC days were compared with pre-intervention propor-

tions and between the participating units. Rates of central

line-associated bloodstream infections (CLABSI) were

measured separately through Ontario’s Critical Care

Information System.

Results One hundred and ten patients and 159 CVCs

were reviewed. Eighty-eight (11%) of 820 catheter days

showed no apparent indication for CVC placement, and

compared with the pre-intervention period, the proportion

of patients with any number of nonessential CVC days

decreased from 51% to 26% (relative risk 0.51; 95%

confidence interval 0.34 to 0.74; P \ 0.001). There was no

significant difference in the proportion of nonessential

catheter days between participating units. Reported rates

of CLABSI decreased substantially during the intervention.

Discussion A checklist tool supported by a multifaceted

QI intervention effectively ensured prompt removal of

nonessential CVCs in two ICUs.

Résumé

Introduction Les cathéters veineux centraux (CVC) non

essentiels doivent être retirés rapidement afin de prévenir

les effets indésirables. On ne sait que peu de choses sur

les stratégies efficaces permettant d’atteindre cet objectif.

La présente étude évalue l’efficacité d’une initiative

d’amélioration de la qualité pour supprimer les CVC non

essentiels dans une unité de soins intensifs (USI).

Méthode Une étude observationnelle prospective a

été menée dans deux USI suite à une intervention
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d’amélioration de la qualité; elle incluait une liste de

vérification quotidienne, de l’éducation et des rappels.

Pendant 28 jours consécutifs, tous les CVC ont été

identifiés et l’existence d’indications en cours a été notée.

Les pourcentages de CVC non essentiels et de jours

avec CVC ont été comparés aux pourcentages avant

l’intervention et entre les unités participantes. L’incidence

d’infections hématogènes associées à des voies veineuses

centrales a été mesurée séparément au travers du Système

d’information sur les soins intensifs de l’Ontario.

Résultats Cent dix patients et 159 CVC ont été analysés.

Sur 820 jours avec cathéters, 88 (11 %) n’avaient aucune

indication apparente. Comparativement à la période

préintervention, la proportion de patients ayant un nombre

de journées avec CVC non essentiels a diminué de 51 % à

26 % (risque relatif: 0.51; intervalle de confiance à 95 %:

0,34 à 0,74, P \ 0.001). Il n’y a pas eu de différence

significative entre les deux USI participant à l’étude quant

aux pourcentages de jours avec cathéters non essentiels.

L’incidence d’infections hématogènes signalées a diminué

substantiellement au cours de l’intervention.

Discussion Un outil sous forme de liste de contrôle,

soutenu par une intervention d’amélioration de la qualité

aux multiples facettes s’est avérée efficace pour un retrait

rapide des CVC non essentiels dans deux USI.

Central venous catheters (CVCs) are commonly utilized in

the intensive care unit (ICU). Indications for CVC place-

ment and usage include intravenous therapies (e.g.,

vasopressors and inotropes, total parenteral nutrition, and

long-term antibiotics), monitoring (e.g., transduction of

pressure and measurement of hemoglobin oxygen satura-

tion in the central venous blood), hemodialysis, cardiac

pacing, lack of (i.e., inability to obtain) peripheral venous

access, and the need for frequent blood draws.1

Central venous catheters are associated with important

adverse events, including central line-associated blood-

stream infections (CLABSI), which substantially impact

morbidity, mortality, and cost.2-5

Several evidence-based practices to eliminate CLABSI

have been promoted; some are applicable to insertion of

CVCs and others to CVC maintenance. As the risk for

CLABSI increases with the CVC’s duration, one of the key

preventative measures is the removal of a catheter as soon

as it is no longer necessary.6,7

Establishing a reliable system for prevention of CLABSI

is challenging and requires a system-based approach.7-9

Moreover, reliable compliance with infection prevention

practices is even more challenging for CVC maintenance

than for CVC insertion, which should be provided during a

defined procedure. For example, aseptic access to the CVC

needs to be ensured each time the catheter is accessed.

Similarly, assessing whether the CVC is still essential (i.e.,

the catheter is used for therapeutic purposes) needs to occur

on a daily basis.

Little is known about the fate of CVCs in the ICU after

they have been inserted.10,11 Furthermore, the utility of

currently promoted interventions to ensure prompt removal

of nonessential CVCs (e.g., the use of checklists as a

reminder) is not well known. In a previous observational

study in the ICUs of Kingston General Hospital, Ontario,

Canada, we discovered that 51% of the patients had at least

one CVC day with no apparent indication for CVC

placement.12

After discovering the high proportion of nonessential

CVC days, a multifaceted quality improvement (QI) pro-

cess was designed and introduced to our ICUs to ensure

that nonessential catheters are identified and removed

promptly.

The objective of the current study was to evaluate the

effectiveness of this QI process by comparing the propor-

tion of nonessential CVCs before and after the intervention.

A secondary objective was to compare the two participat-

ing ICUs with respect to the intervention’s effectiveness.

Ongoing monitoring of the rates of CLABSI in the par-

ticipating ICUs informed the specific merit of this

intervention.

Methods

This study was approved by Queen’s University Research

Human Ethics Board, and this report follows the Standards

for Quality Improvement Reporting Excellence (SQUIRE)

guidelines.13

Setting

This prospective observational study took place at a tertiary

care teaching centre, a 456-bed hospital with a catchment

area of over 500,000 persons. The adult critical care pro-

gram consists of a 24-bed level-3 unit and an 18-bed level-

2 unit. The level-2-unit provides care for patients who

require continuous cardiac and vital sign monitoring, low

doses of vasoactive medications, and noninvasive positive

pressure ventilation. The level-3 unit provides the full

range of ICU care, including mechanical ventilation. The

level-3 unit is a closed unit with primary comprehensive

care provided by designated critical care physicians. The

level-2 unit operates as an open unit where patient care is
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provided by various clinical services. Both units have

dedicated critical care nursing staff. The usual nurse to

patient ratio is 1:1 in the level-3 unit and 1:2 in the level-2

unit. In the level-3 unit, bedside rounds occur twice a day,

with formal administrative rounds – a conference with

senior physicians and nursing staff – each weekday. In the

level-2 unit, individual services determine rounding struc-

tures. Patients might stay in both units during the same

admission. Alternatively, usual practice in the level-3 ICU

is to discharge recovering patients to the level-2 ICU. In

addition, the level-3 unit provides overflow capacity for the

level-2 unit.

Planning the intervention

The QI intervention was designed and carried out by the

critical care program’s Patient Safety and Quality

Improvement Committee. This multidisciplinary commit-

tee includes representatives of the ICU’s physicians,

nurses, pharmacists, respiratory therapists, dietitians and

physiotherapists, an infection control practitioner, and a

volunteer. The framework for clinical practice improve-

ment and behavioural change followed the principles of the

Model for Improvement14 with several iterations of the

Plan-Do-Study-Act cycle.15 The intervention was based on

the Critical Care Team Reminders, a checklist of routine

evidence-based practices for consideration by the multi-

disciplinary teams during daily rounds. One of the items

reminds users to remove any CVC if it is no longer nec-

essary. Additional items on the checklist address reporting

of safety concerns,16 prevention of ventilator-associated

pneumonia, sedation practices, prescription of antibiotics,

as well as adequacy of nutritional support. Committee

members selected the checklist items and decided the

wording for each item based on commonly promoted and

previously reported interventions.7,17,18 In preparation for

the introduction of the checklist, instructions were given to

all ICU team members via existing mechanisms (e.g.,

clinical educators through meetings with nurses) as well as

by committee members through group and individual

meetings in the ICUs. For the level-3 (closed-model) unit

only, residents rotating in the ICU (usually four to six

residents for two-month blocks) received a short intro-

duction to the checklist during their orientation day, and

early in each rotation, the residents were given a specific

45-min seminar dedicated to patient safety. Each morning

from then on, one of the residents was designated as the

daily ‘‘Safety Checklist Champion’’ with the responsibility

to prompt the team to consider the checklist items during

rounds. Due to the multitude of clinical services involved

in patient care in the level-2 unit, instruction for residents

in the open unit was not possible. Throughout the project,

committee members frequently reminded groups and

individuals, mostly nursing staff, in both ICUs to use the

checklist. The intervention was introduced in both ICUs

12 months prior to the study, and it was regularly main-

tained as described. Additional measures for prevention of

CLABSI were already practiced in these ICUs prior to the

QI intervention, including prepackaged CVC kits with

supplies for a complete sterile barrier, use of chlorhexidine-

based prep solution, and education of nurses regarding

dressing and aseptic handling of the CVCs. No additional

practices were introduced during the study.

Planning the study

This was a prospective observational study with data

collection occurring during 28 consecutive days in April

and May 2010. The study was designed to provide 80%

power at a two-sided alpha of 0.05 to detect a 20%

decrease in the proportion of patients with any nones-

sential CVC days after the intervention. Since the pre-

intervention proportion of patients with any nonessential

CVC days was 51% based on 81 patients, 110 patients

were required for the study. Given the patient flow and

occupancy patterns in the participating units, we were able

to obtain data on 110 patients in four weeks. Workflow

was similar to the pre-intervention study, which has been

published separately.12 Each patient admitted to the level-

3 and level-2 ICUs during the study period was assessed

daily by a research assistant, a second-year medical stu-

dent, for the presence of CVCs. For each identified CVC,

all definite indications for placement over the preceding

24 hr were pursued by means of one or more bedside

inspections, a focused chart review, and nursing staff

interviews. The primary author trained the research

assistant, supervised the assistant closely during the first

days of data collection, and directly supported any of the

assistant’s questions and concerns throughout the study.

Indications for CVC placement included any appropriate

and long-term intravenous therapy, such as vasopressors,

monitoring (including central venous pressure and hemo-

globin oxygen saturation), hemodialysis, cardiac pacing,

lack of (i.e., inability to obtain) peripheral venous access,

and the need for frequent blood draws (arbitrarily defined

as more than three separate blood samples per day). If any

indication for CVC placement was identified within the

preceding 24 hr, it was deemed a necessary CVC day.

Conversely, if the CVC was not used within the preceding

24 hr for any of the definite indications, it was deemed a
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nonessential CVC day. Physicians were not consulted as

part of the data collection process.

Methods of evaluation and statistical analysis

The proportions of nonessential CVC days were ascer-

tained for all patients as well as separately for different

catheter types and the two ICUs. We calculated the pro-

portions as the number of nonessential CVC days divided

by the overall CVC days. Given the unique and commonly

intermittent utilization of hemodialysis catheters, the cal-

culation was performed after excluding nonessential

hemodialysis catheter days.

Using the Chi square test, a comparison was made

between post-intervention vs pre-intervention with respect

to the proportion of patients with at least one nonessential

CVC day. The log-binomial model was used to estimate

the relative risks of nonessential CVC days by comparing

the total number in the level-3 ICU vs the level-2 ICU, and

by comparing patients (sex, mechanical ventilation), cath-

eter type (temporary CVC, dialysis catheter, peripherally

inserted CVC), and catheter site (internal jugular, sub-

clavian, femoral, arm) characteristics. Since patients could

contribute multiple nonessential CVC days, generalized

estimating equations (GEE) clustered by patient with a

compound symmetric working correlation were used to

account appropriately for the over-dispersed log-binominal

model. The log-binomial GEE model was estimated by the

GENMOD procedure of SAS� version 9.2 (SAS Institute

Inc., Cary, NC, USA).

In addition, the incidence of CLABSI was monitored

continuously, prior to and during the intervention, according

to the guidelines of Ontario’s Critical Care Information

System (CCIS).19 The CCIS is a performance measurement

tool that supports decision-making at the provincial, regio-

nal, and hospital levels. It captures patient-specific data on

the utilization of resources and allows for analysis of trends

in ICUs across hospitals and regions. The nurse caring for the

patient collects the data and then the unit clerk inputs the

data. Accuracy checks are completed monthly, as applicable,

by an advanced nurse practitioner. Interrater reliability

checks are completed for individuals who are new to the

inputting feature. As part of this system, CVC use is recorded

for all patients by the bedside nurses. Reporting CLABSI in

the CCIS is based on documentation of this diagnosis in the

patient’s record by the ICU physician; however, physicians

are not involved directly in data collection or in the reporting

process. The CCIS performs the analysis and reporting of

CLABSI rates as follows: CLABSI rate = (number of

CLABSI incidents diagnosed after day two of ICU admis-

sion / number of CVC days) 9 1,000.

Results

Patient and catheter characteristics

During the study’s four weeks, 75 of 110 patients were

admitted to the level-3 unit and 35 were admitted to the

level-2 unit; ten patients were admitted to both units at

different times. The characteristics of patients and central

lines reviewed in the pre- and post-intervention studies are

shown in Table 1. One hundred fifty-nine CVCs were

reviewed for a total of 820 CVC days, 631 (77.0%) days in

the level-3 unit and 189 (23.0%) days in the level-2 unit.

Table 2 shows the recorded indications for CVC days.

Eighty-eight (10.7%) of all CVC days had no apparent

indication for CVC placement; 48 (55%) of these were

dialysis catheters, 30 (34%) were peripherally inserted

central catheters (PICCs), and ten (11%) were other CVCs.

Table 1 Patient and central line characteristics

Pre-intervention

n = 81

Post-intervention

n = 110

Age yr, mean (SD) 63 (17) 65 (16)

Sex male, n (%) 45 (56) 61 (55)

Non-surgical diagnosis, n (%) 54 (67) 83 (75)

Mechanically ventilated, n (%) 42 (52) 61 (55)

Central line sites, n (%) n = 117 n = 159

PICC 44 (37) 56 (35)

Internal jugular vein 36 (31) 73 (46)

Femoral vein 22 (19) 17 (11)

Subclavian vein 15 (13) 13 (8)

SD = standard deviation; PICC = peripherally inserted central

catheter

Table 2 Indications for patient days with central venous catheters

Indication,* n (%) Pre-

intervention

n = 614

Post-

intervention

n = 820

Medications� 238 (38.8) 254 (31.0)

Total parenteral nutrition 35 (4.3%)

Renal replacement therapy 124 (20.2) 83 (10.2)

Lack of peripheral venous access 62 (10.0) 104 (12.7)

Monitoring� 20 (3.3) 256 (31.2)

No indication 170 (27.7) 88 (10.6)

*A maximum of one indication was recorded per day for each cath-

eter. �Medications included inotropes, vasopressors, and long-term

antibiotics. In the pre-intervention study, total parenteral nutrition was

recorded under medications. �Monitoring included central venous

pressure, central venous blood gases, and three or more blood draws

per day
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Nonessential CVC days

Fig. 1 shows the distribution of durations of nonessential

CVC days among the study patients. Twenty-nine (26%)

patients had at least one nonessential CVC day; 22 (76%)

of these patients had only one or two such days. Fig. 2

shows the distribution of consecutive nonessential CVC

days for various catheter types. Fifty (57%) of all nones-

sential CVC days were of one or two consecutive days.

Only PICCs and dialysis catheters accounted for longer

durations (i.e., C three days) of consecutive nonessential

CVC days. By accepting one or two consecutive unused

CVC days, 50 of the 88 nonessential CVC days would be

deemed necessary, and the overall proportion of nones-

sential CVC days would decrease from 10.7% to just 4.6%

(38 out of 820 CVC days). Thirty-one of the 48 nones-

sential dialysis catheter days were of one or two

consecutive days, and an additional 14 were of three con-

secutive days. Only three unused dialysis catheter days

were more than three consecutive days, all in the same

patient. By excluding dialysis catheter days, the overall

proportion of nonessential CVC days would decrease to

just 4.9% (40 out of 820 CVC days).

Pre/post intervention comparison

Compared with the pre-intervention period, the proportion

of patients with any number of nonessential CVC days

decreased by a factor of 0.51 (95% confidence interval

[CI], 0.34 to 0.74; P \ 0.001), from 51% to 26%.

Level-3 vs level-2 unit

Sixty-four (73%) of all CVC days with no apparent indi-

cation for CVC placement were recorded in the level-3 unit

and 24 (27%) were recorded in the level-2 unit, repre-

senting 10.1% and 12.7% of all CVC days in these units,

respectively, a non-significant difference (relative risk,

0.81; 95% CI, 0.45 to 1.47; P = 0.49).

Associations between nonessential CVC days and other

variables

Associations between nonessential CVC days and unit

(level-2 vs level-3), patient (sex, mechanical ventilation),

and catheter (type and site) characteristics were examined

using a generalized linear model. A statistically significant

association with nonessential CVC days was found only for

catheter type. Compared with temporary CVCs, the relative

risk (95% CI) of nonessential CVC days for dialysis

catheters and PICCs were 15.2 (5.9 to 39.2) and 4.5 (1.3 to

15.5), respectively (P = 0.002).

Rates of CLABSI

As shown in Fig. 3, CLABSI rates declined during the

intervention, and no catheter-related infections have been

reported in these ICUs for over a year now.

Discussion

After the introduction of a multifaceted QI intervention,

the proportions of nonessential CVC days decreased sub-

stantially compared with pre-intervention rates and were

similar in both participating ICUs. Dialysis catheters and
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PICCs accounted for the majority (54% and 34%, respec-

tively) of nonessential CVC days. Concurrently, rates of

CLABSI decreased substantially.

In recent years, with major campaigns to ensure reliable

compliance with infection prevention practices in hospitals,7,20

reported rates of CLABSI have decreased; however, they have

not yet been eliminated.21 We addressed one of the key

CLABSI prevention practices, prompt removal of nonessential

CVCs.6 Although the use of checklists to achieve reliable

compliance with this specific goal has been promoted, the

effectiveness of this approach has been examined only by a

single recent study from Chicago.22 However, the Chicago

group relied on an individual external to the ICU team to pro-

vide prompting. Our QI initiative was based on participation of

organic team members; therefore, our study suggests that

removal of nonessential CVCs can be achieved reliably by ICU

teams through the use of checklists.

The development of medical checklists requires consid-

eration and skill;23 however, ensuring that a checklist is used

reliably by clinicians might be an even greater challenge.

Successful QI interventions based on checklists invested

substantial efforts to ensure that the checklists would be

utilized. For example, an Australian hospital has improved

patient care by using checklists and reminders in certain

clinical pathways. These tools were deliberately designed to

be easily completed by staff and were incorporated into the

patients’ medical records.24 Similarly, in the 2004 Johns

Hopkins report on eliminating CLABSI in the ICU, which

was part of a system-based approach and in addition to many

other interventions, the question whether any catheters or

tubes could be removed was added to a ‘‘daily goals form’’

that had already been in use in that ICU prior to that specific

intervention.17 In our ICUs, the infrastructure to facilitate

providers’ compliance with QI interventions was created

concurrently with the intervention. It included leadership by

the multidisciplinary Patient Safety and Quality Improve-

ment Committee, design and introduction of the daily

checklist, ongoing education and reminders, and designation

of daily checklist ‘‘champions’’. While the improvement

strategy has not changed, ongoing measurement at the

closed-model unit outside of this study has shown similar

rates of nonessential CVC days, as evidence of

sustainability.25

In the hospital environment, the risk of CLABSI from

PICCs is comparable with that from other temporary

CVCs2; therefore, the rule to remove a catheter as soon as

it is no longer necessary should apply to PICCs as well. In

our study, PICCs accounted for 34% of all nonessential

CVC days, three times greater than other temporary CVCs.

The reason for that is unknown; perhaps providers viewed

these catheters as safer than other CVCs. In addition, the

perceived ‘‘secured’’ intravenous access might have given

providers a sense of safety when looking after critically ill

patients. Alternatively, the peripheral insertion site of

PICCs might have made these catheters less visible to

providers, resulting in catheters being missed during

rounds. Finally, it is possible that ICU clinicians decided to

keep PICCs, as well as other CVCs, in place for reasons not

captured by the research team. Regardless of the reasons,

QI initiatives aimed at the removal of nonessential CVCs

should specifically address PICCs.

Dialysis catheters are unique in their potentially alter-

nating utilization: for a typical patient receiving three

hemodialysis therapies per week, four of the seven weekly

catheter days would be designated as ‘‘nonessential’’ (i.e.,

the catheter was not used). In addition, for patients with

dialysis-dependent renal failure in recovery, it is hard to

anticipate whether additional dialysis therapies would be

required and difficult to determine the best timing for

removing the catheter. Thus, a considerable number of

‘‘nonessential’’ catheter days are expected for this popu-

lation. Accepting one or two consecutive unused catheter

days, our results suggest that nonessential dialysis catheters

were removed fairly promptly.

The initiative was equally effective in both participating

ICUs. In the pre-intervention study, proportions of nones-

sential CVC days were much higher in the level-2 (open-
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model) unit compared with the level-3 unit (59.9% vs

13.0%, respectively, of all patient days with a CVC with no

apparent indication for placement.12 Whereas proportions

of nonessential CVC days decreased in both units, the

dramatic improvement seen in the level-2 unit can be

explained by an existing need that was met by the inter-

vention, perhaps as an alternative to critical care physician-

directed teams.26

This study has several strengths. Primarily, this novel

study provides evidence that a checklist-based intervention

directed specifically at removal of nonessential CVCs is

effective. Second, repeating a similar study protocol at the

same clinical setting allowed for improvements to the data

collection process and resulted in a robust, reusable, and

sharable methodology. Third, the inclusion of different

ICU types, specifically closed- and open-model units,

represents our critical care setting. Furthermore, similar to

our previous experience with improving safety reporting

practices,16 this initiative serves as substantiation for the

concept of successful QI initiatives led by a dedicated

patient safety committee. Fourth, the prospective and

inclusive nature of data collection minimized the risk of

sampling bias.

Our study has five known limitations. First, the inter-

vention was performed in a single centre. While routine

practices, including reasons for inserting a CVC and

baseline incidence of nonessential catheters, may vary

across centres, our findings may not be directly generalized

to other organizations. Nevertheless, the general approach

to QI as well as the intervention and measurement princi-

ples are described and could be easily replicated. Second,

there was possible introduction of bias by the research team

occasionally interacting with the providers, perhaps leading

to change in practice. Furthermore, providers might have

decided to keep CVCs in place for acceptable reasons that

were not on our list of indications. Clearly, the very pur-

pose of this QI initiative was to influence team members to

remove nonessential CVCs when appropriate. Neverthe-

less, a similar measurement approach was taken at the pre-

intervention study, which showed much higher proportions

of nonessential CVC days. Third, as a result of learning

from the earlier study, data collection tools were modified

to gather richer information in the current follow-up study.

This modification limited the comparison between the pre-

and post-intervention periods. For example, it is likely that

some nonessential CVC days were not captured in the pre-

intervention study. However, this would result in an

underestimation of the pre-intervention proportions of

nonessential CVC days, and thus the actual effect size

would be even greater than reported. Fourth, the reported

CLABSI rates were based on data collected for and ana-

lyzed by Ontario’s CCIS outside of our study and were

potentially subjected to sources of bias and inaccuracy such

as underreporting by physicians. Given the small sample

size and statistical power, we did not attempt to examine

for association between nonessential CVC days and

CLABSI. Generating accurate measures for CLABSI is

challenging,22 and attention should certainly be paid to the

establishment of reliable measurement procedures. Then

again, the processes of data collection and analysis did not

change during the intervention, and thus, the likelihood of

systemic biases influencing the reported CLABSI rates is

small. Finally, although no additional preventative mea-

sures were introduced to our units during this QI initiative,

we cannot comment on the possibility that acceptance and

implementation of existing parts of the CLABSI prevention

bundle, as well as hand hygiene, have increased during the

time. Therefore, the observed reduction in CLABSI may be

related to multiple factors.

In conclusion, proportions of nonessential CVCs

decreased substantially in two ICUs after the implemen-

tation of a multifaceted QI initiative led by a patient safety

committee. The initiative included education, reminders, a

daily checklist, and designation of daily ‘‘champions’’.

Peripherally inserted central catheters contributed to the

count of nonessential CVC days more than any other

catheter type. During the equivalent time, CLABSI rates

decreased substantially as well. This study provides evi-

dence that using a checklist, along with additional

measures, is effective for ensuring prompt removal of

CVCs when they are no longer necessary.

Funding This study did not receive research funding.
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