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BACKGROUND: Central line—associated bloodstream infections (CLABSIs) have decreased sig-
nificantly over the last decade. Further reductions in CLABSI rates should be possible. We
describe a multidisciplinary approach to the reduction of CLABSIs.

METHODS: This was an observational study of critically ill patients requiring central venous
catheters in 8 intensive care units in a tertiary medical center. We implemented a catheter
bundle that included hand hygiene, education of providers, chlorhexidine skin preparation, use
of maximum barrier precautions, a dedicated line cart, checklist, avoidance of the femoral
vein for catheter insertion, chlorhexidine-impregnated dressings, use of anti-infective catheters,
and daily consideration of the need for the catheter. Additional measures included root cause
analyses of all CLABSIs, creation of a best practice atlas for internal jugular catheters, and
enhanced education on blood culture collection. Data were analyzed using the Poisson test and
regression.

RESULTS: CLABSI, catheter use, and microbiology were tracked from 2004 to 2012. There was
a 92% reduction in CLABSIs (95% lower confidence limit: 67.4% reduction, P < 0.0001). Central
venous catheter use decreased significantly from 2008 to 2012 (P = 0.032, —151 catheters per
year, 95% confidence limits: —277 to —25), whereas peripherally inserted central catheter use
increased (P = 0.005, 89 catheters per year, 95% confidence limits: 50 to 127). There was no
apparent association between unit-specific Acute Physiology And Chronic Health Evaluation Ill/
IV scores and CLABSI. Three units have not had a CLABSI in more than a year. The most com-
mon organism isolated was coagulase-negative staphylococcus. Since the implementation of
minocycline/rifampin catheters, no cases of methicillin-resistant Staphylococcus aureus CLABSI
have occurred.

CONCLUSIONS: The implementation of a standard catheter bundle combined with chlorhexidine
dressings, minocycline/rifampin catheters, and other behavioral changes was associated with a

sustained reduction in CLABSIs.
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entral venous catheters (CVCs) are essential for the

care of many critically ill patients. However, serious

complications can occur with their use. One such
complication is central line—associated bloodstream infec-
tion (CLABSI). While the attributable mortality associated
with these infections is likely quite low, the economic costs
and morbidity can be substantial.

In 2000, the estimated number of CLABSI in intensive
care units (ICUs) in the United States per year was 80,000.
Since that time, both behavioral and technological inter-
ventions have resulted in reduced CLABSI rates. Based
on reporting to the National Healthcare Safety Network
(NHSN), the Centers for Disease Control and Prevention
(CDC) has estimated that 25,000 fewer CLABSIs occurred
in 2009 in U.S. ICUs than that occurred in 2001." Hand
hygiene, education programs®>* and use of maximum bar-
rier precautions,® catheter bundles,® and checklists” are
some of the behavioral changes that have resulted in reduc-
tions in CLABSI. Technological advances include aqueous
or alcoholic chlorhexidine solutions for skin preparation,®’
chlorhexidine patches for catheter site care,'” and antiseptic
or antibiotic-impregnated catheters."'?

Address correspondence to J. Matthias Walz, MD, Departments of Anesthe-
siology and Surgery, University of Massachusetts Medical School and UMass
Memorial Medical Center, 55 Lake Ave. North, Worcester, MA 01655. Address
e-mail to matthias.walz@umassmemorial.org.
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Although these aforementioned studies showed sig-
nificant reductions in the incidence of CLABSIs, continued
improvement should be possible. In this study, we describe
amultidisciplinary approach toward reducing CLABSI rates
in the ICUs at UMass Memorial Medical Center, Worcester,
MA, that has led to a 92% reduction in these infections.

METHODS
In 2004, a Critical Care Operations Committee (CCOC) was
formed at UMass Memorial Medical Center with the intent
of providing standardized care to our critically ill patients
by developing clinical practice guidelines based on the best
published medical evidence.' This committee is multidisci-
plinary and includes physicians, nurses, pharmacists, occu-
pational and physical therapists, hospital administrators,
and patient representatives. In addition, in 2006, the insti-
tution implemented a uniform electronic medical record
system (Visicu eCare Manager; Visicu Inc., Baltimore, MD)
for all 7 adult ICUs. One of the first issues that the CCOC
considered was reducing the rate of CLABSIs with the sub-
sequent creation of a dedicated subcommittee to address
this concern. Interventions that were incorporated into the
initiative over time included an education program (that
also emphasized hand hygiene), use of a dedicated catheter
cart that has all of the necessary supplies, catheter insertion
using maximum barrier precautions, preprocedural time
out, use of a checklist during catheter insertion, empower-
ing the bedside nurse to stop the procedure if elements in the
checklist were not followed, incorporation of chlorhexidine
solutions for skin preparation and chlorhexidine sponges
for catheter dressings, tracking of high-risk catheters (i.e.,
those that were inserted during emergencies or in the femo-
ral vein) via the eCare Manager system, treating a CLABSI
as a critical event and holding a root cause analysis (RCA)
after each one to discern the cause, creation of a best practice
atlas of dressings for internal jugular catheters to decrease
the risk of the weight of catheter lumens peeling the dress-
ing off patients” necks, use of the subclavian vein as the
preferred site for catheter insertion, documentation of the
catheter insertion with a standardized procedure note, and
daily assessment as to the need for the CVCs. In addition,
reduction of CLABSI rates in individual units became a pay-
for-performance (P4P) measure for senior ICU leadership
in 2005 and for ICU medical directors and nurse managers
beginning in 2007. While we are not able to report absolute
numbers for reasons of confidentiality, the framework to
calculate P4P for ICU medical directors is as follows: A set
amount (stipend) is paid to the medical directors for their
administrative time (not a percent of their salary), and their
annual bonus is a percent of that amount. As for the bonus
structure, they have 3 goals for the year and prevention of
CLABSI is one of them. There are target and “stretch” vari-
ables for each goal. If the individual misses the target for
the 3 goals combined, 10% of the stipend as bonus is lost; if
the target is made for the 3 goals combined, the bonus will
increase by 10%; and if the stretch for the 3 goals combined
is made, the bonus will increase to 20% of the stipend.
Catheter days were tracked through the eCare Manager
system for the adult ICUs and by Infection Control for
the pediatric ICU. Definitions of CLABSI were those as
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published by the CDC (Appendix Tables 1-3). The defini-
tion for laboratory-confirmed bloodstream infection was
revised on January 1, 2008, and no longer includes 2b or 3b
criteria: “common skin contaminant is cultured from at least
one blood culture from a patient with an intravascular line,
and the physician institutes appropriate antimicrobial ther-
apy.” Data were presented to the CCOC on at least a quar-
terly basis and to the individual ICUs on a monthly basis by
means of an electronic newsletter. In addition, the data could
be viewed on the CCOC intranet Web site. Beginning in July
2008, CLABSI rates in ICUs in Massachusetts became a pub-
licly reported health care-associated infection measure for
the state through reporting to the CDC/NHSN network. In
2011, the UMass Memorial Medical Center Infection Control
Department’s CLABSI surveillance program for the July 1,
2009, to June 30, 2010, time period was audited by the Betsy
Lehman Center of the Massachusetts Department of Public
Health.

This study was exempt from review by the University of
Massachusetts Medical School Committee for the Protection
of Human Subjects in Research.

Statistical Analysis

The number of catheterizations per year was modeled using
general linear mixed models,'® with first and second order
slopes fit for each type of catheter to detect linear trends
and changes to those trends; hospital units were modeled
as random effects and calendar year as a fixed effect. Linear
mixed models were fit using the Mixed procedure from the
SAS statistical software package'®!” (SAS Institute Inc., Cary,
NC) using restricted estimation by maximum likelihood.
Model terms were evaluated using P values from type III
tests of fixed effects and Wald tests of model parameters:
significant parameters would have to be >2 SEs from 0. The
assumed covariance structure was compound symmetry.

Differences in infection rates were evaluated with a
Poisson test.’® The trend in catheter blood infection rates
was modeled using Poisson regression.”” The association
between yearly CLABSI rates and Acute Physiology And
Chronic Health Evaluation (APACHE) III/IV scores was
tested using Spearman rank correlation.

The distributional assumptions of methods used
were evaluated using the “Lilliefors adaptation” of the
Kolmogorov-Smirnov goodness of fit test for normality
(Appendix Table 2)* and by visual inspection of frequency
histograms, both performed on residuals from models fit
to the appropriate design. The Lilliefors adaptation of the
Kolmogorov-Smirnov goodness of fit test for normality
is a test of the goodness of fit of empirical model residu-
als against the normal distribution with mean parameter
zero and a variance estimated using the standard devia-
tion squared of the model residuals. Poisson regression was
performed using the LogXact software package (Cytel Inc.,
Cambridge, MA).%

Log CLABSI rates were modeled using general linear
models with year and year squared as continuous fixed
effects and units as random effects. To evaluate the effect
of interventions that were made in any given year, dummy
variables were added one at a time for each year (e.g., for
the 2009 variable, prior years were coded as 0 and 2009
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and later as 1.0). A 1-degree of freedom F test was used to
evaluate the improvement in the model by inclusion of each
dummy variable. For significant intervention year effects,
an interaction with the continuous year was fit to identify a
break point in the slope.

RESULTS

Table 1 specifies the interventions and when they were
enacted. The CLABSI rate in fiscal year (FY) 2004 was 5.86
per 1000 catheter-days and over time the rate was reduced
to 0.33 per 1000 catheter-days by FY 2012 (P < 0.0001 by

Table 1. Key Milestones and Interventions

Year Milestone and intervention

2004  Critical Care Operations Committee (CCOC) started 9/13
2005 -+ Bloodstream infection (BSI) clinical practice guideline (CPG)
program recommendations made to the CCOC 2/16
¢ Standardize education on central venous catheter (CVC)
insertions.
* Use of maximum barrier precautions during CVC insertions
» Use of chlorhexidine skin prep
* Use of chlorhexidine sponge for dressing
* Empower nurses to monitor catheter placement and stop
the procedure when deemed appropriate
* Complete a quality assurance (QA) checklist during CVC
insertion
* Documentation of insertion via a standardized
procedure note
« Assess need for central or arterial catheters on a daily basis
* Avoid femoral catheters whenever possible; the preferred
site is the subclavian
2006 + BSI CPG approved
* elearning module active 4/4
* Quality rounds focus on central line—associated
bloodstream infections (CLABSIs)
2007 + Standardized use of antibiotic or antiseptic catheters in
catheter cart 2/28
» Tracking of high-risk catheters by location, placement, and
duration 5/07
* Positive blood cultures reviewed by electronic intensive
care unit (elCU) midlevel or MD staff daily 9/07
2008 < BSI elLearning module activated for MD staff, residents,
midlevels, and fellows 4/08
* UMass Memorial Medical Center begins public reporting
of CLABSIs to the Massachusetts Department of Public
Health 7/08
e elCU BSI tool developed 4/08
* Root cause analysis for each CLABSI 4/08
« Atlas of pictures on standardized central line dressing 8/08
* Interventional radiology implemented peripherally inserted
central catheters (PICCs) improvement process
2009 -« Reporting of blood culture contamination rates at the
CCOC 1/09
* Enhanced staff education on blood culture collection
technique
* Implement a reporting system on staff completion of
elearning training program 3/09
* Use of only minocycline/rifampin (MR) catheters 6/09
« Transparent occlusive dressing with chlorhexidine (CHG)
replaces CHG sponge dressing
2010 < CPG initiated in the emergency department (ED) 9/10
¢ Quality rounds in the ED 10/10
* ED procedure note revised 12/10
2011 + MR catheters used in ED 2/3
* BSI bundle compliance may be obtained via electronic
procedure note 4/21

MD = medical director.
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Poisson test). There was a significant consistent downward
trend (0.39-fold decrease per year) in the rate of infections
(P < 0.0001 by Poisson regression, 95% confidence limits:
0.32 to 0.47). Figure 1 shows the numbers of infections and
rates per year over that time span.

Figure 2 shows the CVCs, peripherally inserted central
catheters (PICCs), and total catheter usage (including dialy-
sis catheters and pulmonary artery catheters) from 2008
to 2012. Complete data before 2008 are not available. The
number of CVCs inserted over that time period decreased
significantly (P = 0.0315 by Poisson regression, —151 cath-
eters per year, 95% confidence limits: —277 to —25), whereas
the number of PICCs inserted increased significantly
(P = 0.0053, 89 catheters per year, 95% confidence limits:
50 to 127). There was no change in the total catheter usage
(P =0.170, 95% confidence limits: =197 to 55).

Table 2 shows yearly CLABSI rates and APACHE III/
IV scores for individual units. There was no apparent rela-
tionship between unit-specific APACHE III/IV scores and
CLABSI rates.

The days since last CLABSI in the ICUs ranged from 68
to 784 days, while the longest CLABSI-free duration ranged
from 329 to 1562 days (Appendix Table 3).

Table 3 delineates the microbiology of CLABSL
Coagulase-negative staphylococci were the most com-
mon cause of CLABSI followed by enterococci (including
vancomycin-resistant enterococci), Gram-negative bacilli,
and Candida species. Since 2009, no cases of CLABSI due
to methicillin-resistant Staphylococcus aureus (MRSA) have
occurred.

Between October 2007 and November 2012, 140 event
reviews (RCA) were performed by the critical event review
committee composed of a multidisciplinary panel of cli-
nicians and infection control staff including the hospital
epidemiologist. The most common categories identified in
these meetings along with subsequent interventions are
listed in Table 4. For the timeline of implementation of inter-
ventions listed, please refer to Table 1.

DISCUSSION

Similar to other published reports, the primary finding of
our study is that a multimodal approach to the insertion
and care of CVCs was associated with a significant reduc-
tion in rates of CLABSI. In several of our ICUs, no CLABSIs
occurred for >2-year time periods. Our findings differ in
several important ways from previous reports. Other inves-
tigations included a single ICU that did not use antiseptic
catheters®® or collaborative cohort studies that included a
large number of different ICUs (community hospitals ver-
sus tertiary medical centers).” In addition to the elements of
the Pronovost et al. study,” we included use of chlorhexidine
sponges, antibiotic-impregnated catheters, clinical qual-
ity rounds where the issue of CLABSI was discussed with
nursing and medical staff, and the treatment of CLABSIs
as a sentinel event. Furthermore, we included decreases
in CLABSI into the P4P structure for ICU and institutional
leadership.

As with any bundled intervention aimed at improve-
ment of processes of care and improved patient outcomes,
the relative contribution of the individual elements of our
approach is unclear. Multivariate modeling of log CLABSI
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UMMMC Annual Catheter Blood Stream Infection Data
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Figure 1. Central line—associated bloodstream infections (CLABSIs) rate and yearly CLABSI numbers as a function of time. There was a sig-
nificant reduction in the rate over time (approximately 0.4-fold per year). UMMMC = UMass Memorial Medical Center.
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rates showed a significant reduction in CLABSI rate over the
9-year time period but did not demonstrate a break point
(change in slope) in any particular year. Thus, we could nei-
ther demonstrate which intervention or group of interven-
tions was responsible for the reduction in the CLABSI rate
nor infer causality from any data in the study. The rationale
for adding elements to our bundle was the expanding evi-
dence base on the subject since the original publication by
Berenholtz et al.,® such as the use of chlorhexidine sponges
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to cover the catheter insertion site. Initially published in
abstract form,* further evidence supporting the effective-
ness of chlorhexidine sponges (or dressings) in decreasin
catheter colonization and potentially CLABSIs was added
in 2006 in a review and meta-analysis® and subsequently in
a randomized controlled trial.’®

While financial incentives are common in the market-
place and increasingly used in all aspects of health care
to promote positive behavior with respect to improved
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=% > patient outcomes, evidence regarding the magnitude of
2 252328858 the effect is lacking. If not done correctly, some economists
3 <= argue that P4P does not necessarily boost performance,
T _ and in some cases may even have a negative impact.* The
2@ . . .
3|2 8 5088 Cocl.lrane group has' reviewed the e.v'ldence in support of
= gfdccoco P4P in the field of primary care medicine and recently con-
cluded that there is insufficient evidence to support the
W use of financial incentives to improve the quality of pri-
o IS RBETY mary health care.?
=<= Similarly, an analysis by the World Health Organization
'% is calling for more experimentation and rigorous evaluation
=2, TQ-Q of P4P to determine whether its use translates into greater
g [ 2 S oo efficiency and improved outcomes in health care.?® When
acute care hospitals are included in the analysis, however,
w the evidence in support of P4P appears to be somewhat
§ 2 stronger. In a review and meta-analysis of 128 studies both
§ ;= in the United States and abroad, P4P, when tied to specific
_'_g performance measures, mostly served its purpose, and
28y o - negative effects were rarely reported. Based on the avail-
=8 232223 able evidence, the authors made some specific recommen-
S dations, most of which we originally incorporated into the
w structure of our program. These recommendations include
= E 6 & @ 6 @ selection of P4P targets based on baseline data and room for
o g = improvement, involvement of stakeholders and communi-
.‘%‘ cation of the program throughout development, implemen-
ok tation and evaluation, focus on quality improvement and
SRy~ . L - . T
<& SR e} achievement, and distribution of incentives at the individ-
= dNHHO
o ual level.”
" Each episode of CLABSI in our ICUs prompted a full
5 E N O ® 0o investigation in an RCA meeting attgnde(.:l by all key.stake.—
dEgEFe®@® holders. As an example, the event reviews in our ICUs identi-
S < fied the need for a photographic atlas demonstrating proper
g alternative applications of CVC dressings in the internal jug-

ular vein position. Recent data demonstrate that disrupted
and dirty dressings contribute to CLABSIs.*® Another root
cause demonstrated the need to have improved education
on the technique of obtaining blood cultures, which was the
most commonly cited issue. Despite an ongoing multifac-
eted educational effort, the frequency of problems involving
obtaining blood cultures has not abated.

The use of CDC/NHSN surveillance definitions for
tracking CLABSIs merits some discussion. As of January
2011, all hospitals have been required to report CLABSIs in
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I §§ 9239 Specifically, there is potential for false negatives due
E ;= to the lack of consideration of catheter cultures within the
% reporting criteria and the possibility that true CLABSI infec-
§ g o <0< tions are ascribed to other sites. At the same time, there is
825282 potential for false-positive adjudication of CLABSI due to
< the reliance on a single positive blood culture for a defini-
_ tion for Enterococcus and Candida bloodstream infections.
§ 5 §§ g g g Indeed, on close review of each case during the event
L>da8a« reviews (RCA), it was felt that for some of the cases that
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Table 3. Yearly Microbiology of Central Line—Associated Bloodstream Infections

Pathogen 2005 2006 2007
CNS 36 (52) 43 (68) 19 (37)
SA 7 (10) 1(2) 2 (4)
MRSA 1 (1.5) 2 (3) 5 (10)
ENT 5 (7) 4 (6) 5 (10)
VRE 2 (3) 2 (3) 6 (12)
Streptococcus species 1(1.5) 1(2) 0
Candida species 9 (13) 7(11) 8 (16)
Gram negatives 8 (12) 3 (5) 6 (12)

2008 2009 2010 2011 2012
13 (45) 7(37) 8 (50) 4 (36) 0
0 0 1 (6.25) 0 1 (20)
3(10) 0 0 0 0
1(4) 1 (5) 0 1(9) 1 (20)
2(7) 3(16) 2 (12.5) 1(9) 0
0 0 0 0 0
6 (21) 3(16) 4 (25) 4(36) 0
4 (14) 5 (26) 1 (6.25) 1(9) 3 (60)

Data are presented as n (%).

CNS = coagulase-negative staphylococci; SA = Staphylococcus aureus; MRSA = methicillin-resistant S aureus; ENT = Enterococcus species; VRE = vancomycin-

resistant Enterococcus species.

Table 4. Summary of Key Findings During Root Cause Analyses and Subsequent Interventions
Intervention

Process identified Number of
events
Blood culture draw technique (probable false- 29 1
positive cultures due to faulty technique such 2
as single blood culture, or draw via preexisting 3
central venous catheter) 4
Line care 10 1

. Improvement of online education tool.

. Nursing staff education by Nurse Managers.

. Reeducation of staff through quality rounds.

. Periodic updates of Critical Care Operations Committee by hospital epidemiologist.
. Distribution of illustrations on how to secure central dressing in internal jugular

position to prevent the weight of the catheter from pulling off the dressing.

N

. Reeducation of nursing staff on line care, with particular focus on adequate

cleaning of claves for every line access.
High-risk catheter 7 1. Reeducation of staff through quality rounds.
2. Development of electronic tracking tool in eCare Manager, notification of bedside
staff in real time.
Alternate infection investigation 6 1. Reminder to clinical teams involved in the case to evaluate patients for alternate
sources of infection.

Miscellaneous

Insertion technique 6 1. Development of online educational tool required to be completed by all LIPs who

Adherence to quality assurance checklist 4

insert, or assist with, insertion of CVCs.

PICC in situ at time of ICU admission 4 2. Reeducation of staff through quality rounds.
3. PICC/CVC inserted outside of UMMHC acute care areas, and catheters inserted
at other institutions are all considered high-risk lines until insertion technique
according to CDC guidelines can be verified.

LIP = licensed independent practitioner; CVC = central venous catheter; PICC = peripherally inserted central catheter; ICU = intensive care unit; UMMHC = UMass

Memorial Healthcare; CDC = Centers for Disease Control and Prevention.

met the CDC/NHSN case definition there was no evidence
of true infection and instead the case was a false positive
due to a contaminated blood culture. It is important to state
though that for the purpose of statistical analysis, these
cases were counted toward CLABSI, and therefore our true
CLABSI rates may be even lower than what is reflected
in our statistical analysis. Furthermore, the CDC changed
the surveillance definitions in 2008: The agency removed
the criterion that allowed a single positive blood culture
caused by common skin commensals to represent an infec-
tion if appropriate antibiotic treatment was administered.”
Whether this change in definition has had any impact on
public reporting is unclear. However, it is likely that the
possibility of hospitals “gaming” the reporting system has
been reduced. In addition, several investigations have dem-
onstrated that the accuracy of reporting data can be variable
due to misinterpretation of components of the NHSN defi-
nitions, which may complicate interpretation of data, and
interinstitutional comparisons.**?! In this regard, our hospi-
tal underwent an independent review of reported CLABSIs
for 1 year (July 1, 2009-June 30, 2010) by the Massachusetts
Department of Public Health.

Our CVC usage decreased steadily over time. This
observation is most likely the result of better adherence to
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catheter removal when indicated (daily checklist) and to
an increasing reliance on PICCs. Other studies have noted
substantial or increasing reliance on PICCs.?? Although the
PICCs in our institution are uncoated, they are inserted in
the interventional radiology suite where the same catheter
bundle has been implemented. This practice has likely con-
tributed to our reduction in CLABSIs.

There have been no cases of CLABSIs due to MRSA
since 2009. It is tempting to associate this observation with
the use of minocycline/rifampin (MR)-impregnated cath-
eters. These devices became the only anti-infective catheter
that was used in the emergency departments, ICUs, and
the operating rooms since 2009. However, the efficacy of
the MR catheter against MRSA is unclear. Hanna et al.®
demonstrated a significant reduction in nosocomial and
multidrug-resistant bacteremias when MR catheters were
introduced in their institution. However, the biggest reduc-
tions were noted for coagulase-negative staphylococci
and both vancomycin-sensitive and vancomycin-resistant
enterococci. On the contrary, in a follow-up study, the same
authors showed that routine use of the MR catheters did
not promote bacterial resistance (S aureus and coagulase-
negative staphylococci) to tetracycline or rifampin but in
fact were associated with a stable or declining resistance
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pattern.?* Finally, recent in vitro data show that MR cath-
eters are not particularly effective at preventing MRSA-
induced biofilm formation.®

We believe our approach to CLABSI prevention to be
one of the most comprehensive published to date, and
while proven very effective over a 9-year time period,
it raises the question of cost effectiveness. Rather than
reporting gross expenses for each bundle item, we have
chosen to calculate the cost associated with the use of the
MR catheter, as well as the chlorhexidine dressing for the
following reason: The guideline for prevention of intra-
vascular catheter-related infections by the CDC?¢ provides
a framework for CVC insertion and maintenance, which
is considered standard of care. Our organization would
therefore incur the cost of any bundle item within this
guideline, even in the absence of our more comprehensive
approach. The only 2 items currently not recommended
by the CDC (unless rates are unacceptably high) are
anti-infective catheters and chlorhexidine catheter dress-
ings. The cost for an uncoated CVC for UMass Memorial
Health Care at present is $29.00, and for the MR-coated
CVC is $69.00, while the cost for the chlorhexidine dress-
ing is $5.97 each. In FY 2009, when the organization
switched to chlorhexidine dressings, and MR catheters
across all acute care areas, we had 20 CLABSISs in the orga-
nization (baseline), compared with only 5 CLABSIs in the
last FY reported here (an absolute reduction of 15 cases).
For the last FY, 2229 coated and 10 uncoated CVCs were
used across all acute care areas, resulting in excess cost of
$103,000 compared with using uncoated catheters alone
without any chlorhexidine dressings. Assuming the CDC

estimate of $16,500 for each episode of CLABSCIL' our
approach would therefore result in an annual savings of
approximately $145,000 ($247,500 in savings by virtue of
preventing 15 cases of CLABSI, minus the gross expense
for coated CVCs and chlorhexidine dressings of $103,135).
Therefore, based on economic data published in the litera-
ture’ and in light of the fact that we used our existing
infrastructure (apart from the acquisition of line carts),
our bundle “plus” approach is very likely cost effective. It
is tempting to speculate that there is potential for further
cost reduction if we are able to sustain the current low
rates of CLABSI even if anti-infective coated catheters are
eliminated from the bundle.

This report has several weaknesses, which include the
before and after design of this quality control initiative,
as opposed to the more rigorous randomized controlled
clinical trial design. Adherence to best practice patterns
as required in the clinical practice guidelines was self-
reported for all CVCs inserted outside the ICU setting and
collected through a tool embedded in the electronic medi-
cal record for CVCs placed in the ICU. Since there have
been no independent audits to determine the fidelity of the
compliance data of the self-reporting process, we cannot
confirm its accuracy and validity. However, given the sus-
tained reduction in CLABSI rates over the 9-year period
reported here, adherence to the elements of the bundle was
likely high.

In summary, use of a multimodal approach to catheter
care including chlorhexidine-impregnated dressings and
anti-infective catheters was associated with a 92% decrease
in CLABSI over a 9-year period. §§

Appendix Table 1. Current Centers of Disease Control and Prevention CLABSI Definitions

Patient has a recognized pathogen cultured from 1 or more blood cultures, and the cultured organism is not related to an

Patient has at least 1 of the following symptoms or signs: fever (>38°C), chills, or hypotension; and signs and symptoms and

positive laboratory results are not related to an infection at another site; and common skin commensal is cultured from 2 or

Criterion 1

infection at another site.
Criterion 2

more blood cultures drawn on separate occasions.
Criterion 3

Patient <1 year of age has at least 1 of the following signs: fever (>38°C core), hypothermia (<36°C core), apnea, or bradycardia;

and the signs and symptoms and positive laboratory results are not related to an infection at another site; and common skin
commensal is cultured from 2 or more blood cultures drawn on separate occasions.

Previous CLABSI definitions

1. A common skin contaminate is isolated from at least 2 blood cultures drawn on separate occasions and the organism is not

2. A common skin contaminant is isolated from a blood culture in a patient with an intravascular device, and the physician

Criterion 1 Patient has a recognized pathogen in the blood, and the pathogen is not related to an infection at another site.
Criterion 2 Patient has fever (>38°C), chills, or hypotension and any of the following:
related to infection.
institutes appropriate antimicrobial therapy.
3. A positive antigen test on blood and the organism is not related to infection at another site.
Criterion 3

1. Blood not cultured or no microorganism isolated;
2. No apparent infection at another site; and

Clinical sepsis was diagnosed when the patient had either fever, hypotension, or oliguria, and all of the following;:

3. Physician institutes appropriate antimicrobial therapy for sepsis.

CLABSI = central line-associated bloodstream infection.

Appendix Table 2. One-Sample Kolmogorov-Smirnov Test

Normal parameters®? Most extreme differences Asymptotic
Kolmogorov-  significance
n Mean SD Absolute Positive Negative Smirnov Z (2-tailed)

Residual for central line days 69  0.0000 398.05279 0.075 0.074 -0.075 0.625 0.829
Residual for Inrateplusi1 69 0.0000 0.43818 0.064 0.064 -0.037 0.533 0.939
aTest distribution is normal.
bCalculated from data.
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Appendix Table 3. Days Since Last CLABSI and

Longest Time Without a CLABSI for Individual Units
Longest period
of time without a

Days since last

Unit CLABSI CLABSI
Neurotrauma 157 510
General surgery/transplant 212 729
Cardiothoracic 649 649
Medical 1 294 329
Medical 2 68 625
Pediatrics 347 1562
Medical 3 784 784
Medical surgical 225 910

CLABSI = central line—associated bloodstream infection.

DISCLOSURES

Name: J. Matthias Walz, MD.

Contribution: This author helped design and conduct the
study, analyze the data, and write the manuscript.

Attestation: ]. Matthias Walz has seen the original study data,
reviewed the analysis of the data, approved the final manu-
script, and is the author responsible for archiving the study
files.

Name: Richard T. Ellison III, MD.

Contribution: This author helped design and conduct the
study, analyze the data, and write the manuscript.

Attestation: Richard T. Ellison III has seen the original study
data, reviewed the analysis of the data, and approved the final
manuscript.

Name: Deborah A. Mack, RN, CIC.

Contribution: This author helped conduct the study and write
the manuscript.

Attestation: Deborah A. Mack has seen the original study
data, reviewed the analysis of the data, and approved the final
manuscript.

Name: Helen M. Flaherty, RN.

Contribution: This author helped design and conduct the
study and write the manuscript.

Attestation: Helen M. Flaherty has seen the original study
data, reviewed the analysis of the data, and approved the final
manuscript.

Name: John K. Mcllwaine, DO.

Contribution: This author helped design and conduct the
study and write the manuscript.

Attestation: John K. Mcllwaine has seen the original study
data, reviewed the analysis of the data, and approved the final
manuscript.

Name: Kathleen G. Whyte, RN.

Contribution: This author helped conduct the study and write
the manuscript.

Attestation: Kathleen G. Whyte has seen the original study
data, reviewed the analysis of the data, and approved the final
manuscript.

Name: Karen E. Landry, BS.

Contribution: This author helped conduct the study and write
the manuscript.

Attestation: Karen E. Landry has seen the original study data,
reviewed the analysis of the data, and approved the final
manuscript.

Name: Stephen P. Baker, MScPH.

Contribution: This author helped analyze the data.
Attestation: Stephen P. Baker has seen the original study data,
reviewed the analysis of the data, and approved the final
manuscript.

April 2015 e Volume 120 e Number 4

Name: Stephen O. Heard, MD.

Contribution: This author helped design and conduct the
study and write the manuscript.

Attestation: Stephen O. Heard has seen the original study
data, reviewed the analysis of the data, and approved the final
manuscript.

This manuscript was handled by: Sorin J. Brull, MD, FCARCSI
(Hon).

REFERENCES

1. Centers for Disease Control and Prevention (CDC). Vital signs:
central line-associated blood stream infections--United States,
2001, 2008, and 2009. Ann Emerg Med 2011;58:447-50

2. Sherertz R]J, Ely EW, Westbrook DM, Gledhill KS, Streed
SA, Kiger B, Flynn L, Hayes S, Strong S, Cruz J, Bowton DL,
Hulgan T, Haponik EF. Education of physicians-in-training can
decrease the risk for vascular catheter infection. Ann Intern
Med 2000;132:641-8

3. Coopersmith CM, Rebmann TL, Zack JE, Ward MR, Corcoran
RM, Schallom ME, Sona CS, Buchman TG, Boyle WA, Polish
LB, Fraser V]. Effect of an education program on decreasing
catheter-related bloodstream infections in the surgical intensive
care unit. Crit Care Med 2002;30:59-64

4. Coopersmith CM, Zack JE, Ward MR, Sona CS, Schallom ME,
Everett 5], Huey WY, Garrison TM, McDonald ], Buchman TG,
Boyle WA, Fraser V], Polish LB. The impact of bedside behavior
on catheter-related bacteremia in the intensive care unit. Arch
Surg 2004;139:131-6

5. Raad II, Hohn DC, Gilbreath BJ, Suleiman N, Hill LA, Bruso PA,
Marts K, Mansfield PF, Bodey GP. Prevention of central venous
catheter-related infections by using maximal sterile barrier
precautions during insertion. Infect Control Hosp Epidemiol
1994;15:231-8

6. Berenholtz SM, Pronovost PJ, Lipsett PA, Hobson D, Earsing K,
Farley JE, Milanovich S, Garrett-Mayer E, Winters BD, Rubin
HR, Dorman T, Perl TM. Eliminating catheter-related blood-
stream infections in the intensive care unit. Crit Care Med
2004;32:2014-20

7. Pronovost P, Needham D, Berenholtz S, Sinopoli D, Chu H,
Cosgrove S, Sexton B, Hyzy R, Welsh R, Roth G, Bander ],
Kepros J, Goeschel C. An intervention to decrease catheter-
related bloodstream infections in the ICU. N Engl ] Med
2006;355:2725-32

8. Chaiyakunapruk N, Veenstra DL, Lipsky BA, Saint S.
Chlorhexidine compared with povidone-iodine solution for
vascular catheter-site care: a meta-analysis. Ann Intern Med
2002;136:792-801

9. Maki DG, Ringer M, Alvarado CJ. Prospective randomised trial
of povidone-iodine, alcohol, and chlorhexidine for prevention
of infection associated with central venous and arterial cath-
eters. Lancet 1991;338:339-43

10. Timsit JE_Schwebel C, Bouadma L, Geffro% A, Garrouste-
rgeas M, Pease S, Herault MC, Haouache H, Calvino-Gunther
S, Gestin B, Armana-Lezevre L Leﬁon V, CFa lain C Benaii A

Lucet JC; Dressing Study Group. Chlorhexidine-impregnate
sponges and less frequent ressing] changes for prevention o
catheter-related infections in critically ill adults: a randomize
controlled trial. JAMA 2009;301:1231-41

11. Veenstra DL, Saint S, Saha S, Lumley T, Sullivan SD. Efficacy of
antiseptic-impregnated central venous catheters in preventing
catheter-related bloodstream infection: a meta-analysis. JAMA
1999;281:261-7

12. Darouiche RO, Raad II, Heard SO, Thornby JI, Wenker OC,
Gabrielli A, Berg J, Khardori N, Hanna H, Hachem R, Harris
RL, Mayhall G. A comparison of two antimicrobial-impreg-
nated central venous catheters. Catheter Study Group. N Engl |
Med 1999;340:1-8

13. Rupp ME, Lisco 5], Lipsett PA, Perl TM, Keating K, Civetta
JM, Mermel LA, Lee D, Dellinger EP, Donahoe M, Giles
D, Pfaller MA, Maki DG, Sherertz R. Effect of a second-
generation venous catheter impregnated with chlorhexi-
dine and silver sulfadiazine on central catheter-related

www.anesthesia-analgesia.org 875


John Vogel



The Bundle Plus and Central Line-Associated Bloodstream Infections Eradication

14.
15.
16.

. Singer JD. Using SAS PROC MIXED to fit multilevel models,

18.
19.
20.
21.

22.

23.

24.

25.

26.

27.

28.

876

infections: a randomized, controlled trial. Ann Intern Med
2005;143:570-80

McCauley K, Irwin RS. Changing the work environment in
ICUs to achieve patient-focused care: the time has come. Chest
2006;130:1571-8

Graybill FA. Theory and Application of the Linear Model.
Belmont, CA: Wadsworth, 1976

SAS 9.2. Cary, NC: SAS, Inc., 2008

hierarchical models and individual growth models. J Educ
Behav Stat 1998;23:323-55

Snedecor GW, Cochran WG. Statistical Methods. Ames, TA:
Iowa State University Press, 1989

Ibrahim JG. Incomplete data in generalized linear models.
J Amer Stat Assoc 1990;85:765-69

Daniel WW. Applied Nonparametric Statistics. Pacific Grove,
CA: Duxbury, 1990

Mehta CR, Patel N. LogXact 5.1. Cambridge, MA: Cytel
Software, 2002

Maki DG, Mermel LA, Kluger D, Narans L, Knasinski V,
Parenteau S, Covington P. The Efficacy of a Chlorhexidine-
Impregnated Sponge (Biopatch) for the Prevention of
Intravascular ~Catheter-Related Infection—A Prospective,
Randomized, Controlled, Multicenter Study. Toronto, Canada:
40th Interscience Conference on Antimicrobial Agents and
Chemotherapy, 2000:Abstract #1430

Ho KM, Litton E. Use of chlorhexidine-impregnated dress-
ing to prevent vascular and epidural catheter colonization
and infection: a meta-analysis. ] Antimicrob Chemother
2006,58:281-7

Bowles S. When economic incentives backfire. Harv Bus Rev
2009:8b

Scott A, Sivey P, Ait Ouakrim D, Willenberg L, Naccarella L,
Furler J, Young D. The effect of financial incentives on the
quality of health care provided by primary care physicians.
Cochrane Database Syst Rev 2011;9:CD008451

Sheffler RM. Pay for Performance (P4P) Programs in
Health Services: what is the evidence? World Health Report
Background Paper, 2010

Van Herck P, De Smedt D, Annemans L, Remmen R, Rosenthal
MB, Sermeus W. Systematic review: effects, design choices, and
context of pay-for-performance in health care. BMC Health
Serv Res 2010;10:247

Timsit JE, Bouadma L, Ruckly S, Schwebel C, Garrouste-Orgeas
M, Bronchard R, Calvino-Gunther S, Laupland K, Adrie C,
Thuong M, Herault MC, Pease S, Arrault X, Lucet JC. Dressing

www.anesthesia-analgesia.org

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

disruption is a major risk factor for catheter-related infections.
Crit Care Med 2012;40:1707-14

Horan TC, Andrus M, Dudeck MA. CDC/NHSN surveillance
definition of health care-associated infection and criteria for
specific types of infections in the acute care setting. Am J Infect
Control 2008;36:309-32

Backman LA, Melchreit R, Rodriguez R. Validation of the sur-
veillance and reporting of central line-associated bloodstream
infection data to a state health department. Am J Infect Control
2010;38:832-8

Lin MY, Hota B, Khan YM, Woeltje KF, Borlawsky TB, Doherty
JA, Stevenson KB, Weinstein RA, Trick WE; CDC Prevention
Epicenter Program. Quality of traditional surveillance for pub-
lic reporting of nosocomial bloodstream infection rates. JAMA
2010;304:2035-41

Ong A, Dysert K, Herbert C, Laux L, Granato J, Crawford J,
Rodriguez A, Cortes V. Trends in central line-associated blood-
stream infections in a trauma-surgical intensive care unit. Arch
Surg 2011;146:302-7

Hanna HA, Raad II, Hackett B, Wallace SK, Price K], Coyle DE,
Parmley CL; M.D. Anderson Catheter Study Group. Antibiotic-
impregnated catheters associated with significant decrease in
nosocomial and multidrug-resistant bacteremias in critically ill
patients. Chest 2003;124:1030-8

Ramos ER, Reitzel R, Jiang Y, Hachem RY, Chaftari AM,
Chemaly RF, Hackett B, Pravinkumar SE, Nates J, Tarrand JJ,
Raad II. Clinical effectiveness and risk of emerging resistance
associated with prolonged use of antibiotic-impregnated cath-
eters: more than 0.5 million catheter days and 7 years of clinical
experience. Crit Care Med 2011;39:245-51

Raad I, Mohamed JA, Reitzel RA, Jiang Y, Raad S, Al Shuaibi
M, Chaftari AM, Hachem RY. Improved antibiotic-impregnated
catheters with extended-spectrum activity against resistant bac-
teria and fungi. Antimicrob Agents Chemother 2012;56:935-41
O’Grady NP, Alexander M, Burns LA, Dellinger EP, Garland
J, Heard SO, Lipsett PA, Masur H, Mermel LA, Pearson ML,
Raad II, Randolph AG, Rupp ME, Saint S; Healthcare Infection
Control Practices Advisory Committee (HICPAC). Guidelines
for the prevention of intravascular catheter-related infections.
Clin Infect Dis 2011;52:e162-93

Kim JS, Holtom P, Vigen C. Reduction of catheter-related
bloodstream infections through the use of a central venous line
bundle: epidemiologic and economic consequences. Am J Infect
Control 2011;39:640-6

Halton K, Graves N. Economic evaluation and catheter-related
bloodstream infections. Emerg Infect Dis 2007;13:815-23

ANESTHESIA & ANALGESIA



