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LEARNING OBJECTIVES

On completion of this article, the reader should be able to:

1. Identify key elements of the insertion technique that will minimize catheter-related bloodstream infections in the
intensive care unit.

2. Describe other interventions that will minimize catheter-related bloodstream infection in the intensive care unit.

3. Describe the application of this knowledge in the clinical environment.
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disclosed that none of the proton pump inhibitors or histamine antagonists discussed in this article have been approved by
the U.S. Food and Drug Administration for use in the prevention of stress-related mucosal bleeding except continuous
infusion cimetidine.

Visit the Critical Care Medicine Online website (www.ccmjournal.com) for information on obtaining continuing medical
education credit.

Objective: To determine whether a multifaceted systems inter-
vention would eliminate catheter-related bloodstream infections
(CR-BSIs).

Design: Prospective cohort study in a surgical intensive care
unit (ICU) with a concurrent control ICU.

Setting: The Johns Hopkins Hospital.
Patients: All patients with a central venous catheter in the ICU.
Intervention: To eliminate CR-BSIs, a quality improvement

team implemented five interventions: educating the staff; creating
a catheter insertion cart; asking providers daily whether catheters
could be removed; implementing a checklist to ensure adherence
to evidence-based guidelines for preventing CR-BSIs; and em-
powering nurses to stop the catheter insertion procedure if a
violation of the guidelines was observed.

Measurement: The primary outcome variable was the rate of
CR-BSIs per 1,000 catheter days from January 1, 1998, through
December 31, 2002. Secondary outcome variables included ad-
herence to evidence-based infection control guidelines during
catheter insertion.

Main Results: Before the intervention, we found that physi-
cians followed infection control guidelines during 62% of the
procedures. During the intervention time period, the CR-BSI rate
in the study ICU decreased from 11.3/1,000 catheter days in the
first quarter of 1998 to 0/1,000 catheter days in the fourth quarter
of 2002. The CR-BSI rate in the control ICU was 5.7/1,000 catheter
days in the first quarter of 1998 and 1.6/1,000 catheter days in the
fourth quarter of 2002 (p � .56). We estimate that these inter-
ventions may have prevented 43 CR-BSIs, eight deaths, and
$1,945,922 in additional costs per year in the study ICU.

Conclusions: Multifaceted interventions that helped to ensure
adherence with evidence-based infection control guidelines
nearly eliminated CR-BSIs in our surgical ICU. (Crit Care Med
2004; 32:2014–2020)

KEY WORDS: intensive care units; infection, nosocomial; cathe-
terization, central venous; total quality management; organiza-
tional innovation
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Catheter-related bloodstream
infections (CR-BSIs) are asso-
ciated with significant mor-
bidity, mortality, and costs (1,

2). Patients in intensive care units (ICUs)
are at an increased risk for CR-BSIs be-
cause 48% of ICU patients have indwell-
ing central venous catheters, accounting
for 15 million central catheter days per
year in United States ICUs (1). Assuming
an average CR-BSI rate of 5.3 per 1,000
catheter days and an attributable mortal-
ity of 18% (0% to 35%), as many as
28,000 ICU patients die of CR-BSIs annu-
ally in the United States alone (2–4).
Therefore, efforts to decrease the rate of
CR-BSIs and to improve the quality of
ICU care are paramount.

Although the rates of CR-BSI are high,
they are preventable. Numerous inter-

ventions have reduced the incidence of
CR-BSI and the ensuing morbidity, mor-
tality, and costs (5–8). In addition, the
Centers for Disease Control and Preven-
tion (CDC) (www.cdc.gov), the Society of
Critical Care Medicine, the Society of
Healthcare Epidemiologists of America,
the Infectious Disease Society of America,
and several other societies have recently
developed evidence-graded guidelines for
the prevention of catheter-related infec-
tions (9). Several of the guideline recom-
mendations are supported by well-done
clinical trials or systematic reviews and
include the following: appropriate use of
hand hygiene; chlorhexidine skin prepa-
ration; full-barrier precautions during
central venous catheter insertion; subcla-
vian vein placement as the preferred site;
and maintaining a sterile field while in-
serting the catheter (1).

Despite this evidence, a gap exists be-
tween best evidence and best practice
(10). The aim of this project was to elim-
inate CR-BSIs in our ICU. To accomplish
this aim, we used a quality improvement
model that can be broadly applied to
other ICUs. We also estimated the num-
ber of CR-BSIs that we may have pre-
vented and the potential savings as a re-
sult of our improvement.

MATERIALS AND METHODS

Study Setting. The Johns Hopkins Hospital
is a 926-bed tertiary care hospital with seven
ICUs and medical, surgical, psychiatric, and
neurologic services. Two ICUs participated in
this project. The intervention surgical ICU
(SICU) is a 16-bed surgical ICU that cares for
adult patients undergoing general, orthopedic,
transplant, trauma, and vascular surgery. The
concurrent control ICU is a 15-bed unit that
cares for adult patients undergoing cardiac
surgery.

Study Design. We designed a prospective
cohort study with concurrent controls. Cen-
tral venous catheters are routinely placed by
the anesthesiologists in the operating room or
by surgery, anesthesia, and critical care resi-
dents in the ICU. The decision to use a single
or multilumen catheter was at the discretion
of the intraoperative anesthesia or critical care
team in the ICU. Both ICUs are a mandatory
consult model in which the patient’s surgeon
remains the attending physician of record and
all patients in the ICU are co-managed by an
intensivist-led team, including ICU attending
physicians and fellows, anesthesia and surgery
residents, a pharmacist, and nurses. The in-
tensivist-lead team visits every patient daily in
the ICU to review patient information and to
develop a care plan for the day. The nurse/
patient staffing ratio is 1:1 or 1:2. The patient’s
primary nurse is routinely present during cen-

tral catheter insertion in both ICUs. This pa-
tient care model did not change during the
study period. The management of central ve-
nous catheters once they are inserted did not
change during the study period, with the ex-
ception of the change in daily patient visits in
the study SICU to ask whether catheters could
be removed. We did not replace or exchange
catheters over a guidewire at scheduled time
intervals. The decision to replace or exchange
catheters over a guidewire if the patient devel-
oped evidence of a systemic infection was at
the discretion of the critical care team in the
ICU. In general, we exchanged catheters over a
guidewire if the patient demonstrated evi-
dence of a systemic infection, the catheter
malfunctioned, or we changed to a catheter
with fewer lumens. If the patient developed
significant hemodynamic instability, we gen-
erally replaced the catheters, established a new
site, and sent the intradermal portion of the
old central catheters for culture. The study
population included all patients with a percu-
taneous central venous catheter in the ICU. All
percutaneous central venous catheters for in-
travenous fluid, medication, dialysis, or ad-
ministration of total parenteral nutrition were
included. Our CR-BSI rates do not include
tunneled catheter or central arterial catheter
infections. The institutional review board at
our institution approved the study and waived
the need for informed consent.

Measures. The primary outcome variable
was the rate of CR-BSIs per 1,000 catheter
days. Hospital epidemiology and infection
control (HEIC) at our institution defines cath-
eter-related nosocomial bloodstream infec-
tions using National Nosocomial Infection
Surveillance System (CDC)-based definitions
(3). Surveillance is performed prospectively by
trained infection control practitioners. Cathe-
ter-related infections are attributed to patients
who have a central venous catheter and who
have been in the ICU for at least 48 hrs.
Patients with a central venous catheter who
develop a bloodstream infection within 48 hrs
of ICU discharge also have a CR-BSI. Second-
ary outcome variables included adherence to
evidence-based infection control practices
during central venous catheter insertion. We
also interviewed SICU nurses to evaluate their
perception of the burden of our intervention.
Data were collected from January 1, 1998,
through December 31, 2002.

Improvement Model. We created an inter-
disciplinary team including the SICU co-
directors, ICU physicians, nurses, and infec-
tion control practitioners to gain visibility and
credibility for this initiative. We based these
interventions on the conceptual model for ad-
hering to practice guidelines developed by Ca-
bana et al. (11) that seeks to evaluate physician
awareness, agreement, and ability to use a
guideline. We also used principles from the
human factors literature in patient safety to
enhance physicians’ ability to comply with the
CDC guidelines (12). Specifically, we sought to
enhance provider awareness, to reduce com-
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plexity, to create independent redundancies,
and to empower nurses to enforce adherence
to evidence-based infection control practices
and to ensure patients receive those therapies
that they ought to receive.

Our SICU team’s improvement model in-
cluded five interventions: a) implementing an
educational intervention to increase provider
awareness of evidence-based infection control
practices for inserting and maintaining cen-
tral catheters; b) creating a catheter insertion
cart to make it easier for providers to obtain
all of the materials needed to follow CDC
guidelines for sterile central venous catheter
insertion; c) asking daily whether central ve-
nous catheters can be removed; d) implement-
ing a checklist to ensure adherence to evi-
dence-based guidelines for preventing CR-
BSIs; and e) empowering nurses to stop the
procedure if evidence-based guidelines are not
followed.

Intervention 1: Implementing an
Educational Intervention to
Increase Provider Awareness of
Evidence-Based Infection
Control Practices (Introduced:
February 1999)

Reducing nosocomial infections has been
a major focus at our institution. As part of
this effort, HEIC adopted nationally recog-
nized definitions for CR-BSIs in January
1998 and provided feedback of CR-BSI rates
to all ICUs. In February 1999, HEIC devel-
oped, in collaboration with clinicians, and
the hospital’s Medical Board passed a
vascular access device policy based on the
CDC guidelines (www.hopkins-heic.org/
prevention/vad.html). The procedures de-
tailed in this policy include the standard
requirements for training, vascular access
device site selection, insertion, site assess-
ment, dressing change requirements, docu-
mentation requirements, appropriate flush-
ing procedures, tubing replacement, and
central catheter removal and/or replace-
ment requirements. As part of this policy, in
October 2000, all physicians or physician
extenders who insert central catheters were
required to complete a Web-based training
module and successfully complete a ten-
question test before they were allowed to
insert a central venous catheter in our in-
stitution. The Web-based training module
(www.hopkins-heic.org) was designed to in-
crease provider awareness of evidence-based
infection control practices, including appro-
priate use of hand hygiene, chlorhexidine
skin preparation, full-barrier precautions
during central venous catheter insertion,
subclavian vein placement as the preferred
site, maintaining a sterile field while insert-
ing the catheter, and the care of central
catheters once inserted. In 2002, proof of

completion of the module was required be-
fore physician received credentials. In addi-
tion, HEIC staff provided 16 lectures for
nurses and five for doctors to reinforce these
evidence-based practices. CR-BSI rates were
posted in the SICU for providers to see. The
vascular access device policy was revised in
September of 2002 to incorporate changes
from the CDC, Society of Critical Care Med-
icine, Society of Healthcare Epidemiologists
of America, and Infectious Disease Society of
America prevention of catheter infection
guidelines (9).

Intervention 2: Creating a
Central Catheter Insertion Cart
(Introduced: June 1999)

We identified that a potential barrier to
compliance with the evidence-based practices
was that physicians in the study SICU had to
go to eight different places to collect the
equipment needed to comply with the CDC
guidelines. We hypothesized that we could im-
prove compliance by decreasing the number of
steps required. To test our hypothesis, we
created a central catheter insertion cart that
contained the equipment and supplies
needed and, thereby, reduced the number of
steps required for compliance from eight to
one. Our central catheter insertion cart has
four drawers with partitions to organize the
contents, and the cart can be rolled to the
patient’s room. To ensure that the central
catheter cart is stocked at all times, our
support associate stocks the cart every 4 hrs
from the ICU supply room and signs off on
the checklist located on top of the cart. At
our institution, support associates are indi-
rect care providers with a high school di-
ploma, or equivalent degree, who assist
nursing staff with a variety of environmen-
tal, nutritional, clinical, and transportation
services.

Intervention 3: Asking Providers
Daily Whether Catheters Can
Be Removed (Introduced: June
2001)

One of the most effective strategies for
preventing CR-BSIs is to eliminate, or at least
reduce, exposure to central venous catheters.
The decision regarding the need for a catheter
is complex and, therefore, difficult to stan-
dardize into a practice guideline. Nonetheless,
to reduce exposure to central venous cathe-
ters, the ICU team in the study ICU asked daily
during patient rounds whether any catheters
or tubes could be removed. To ensure that this
question was asked, we added it to the round-
ing form, called the daily goals form, which is
used to develop daily care plans for patients in
our SICU (13, 14).

Intervention 4: Implementing a
Checklist to Be Completed by
the Bedside Nurse (Introduced:
November 2001)

To help ensure compliance with the evi-
dence-based guidelines for central catheter in-
sertion, we developed a standardized checklist
to be completed by the bedside nurse during
central venous catheter insertion in the study
SICU (Appendix). We pilot tested the checklist
in the SICU for 1 wk and interviewed ten SICU
nurses, using a convenience sample, regarding
the clarity of the form, burden of data collec-
tion, and the need for modification. Based on
this feedback, we modified the form and pro-
vided in-services to the study SICU nursing
staff.

We then implemented the checklist in two
phases. During the first phase, we asked SICU
nursing staff for 2 wks to observe the physi-
cians during catheter placement and to com-
plete the checklist for each procedure. Physi-
cians were not aware that they were being
observed during the first phase. We audited
the percentage of central venous catheter in-
sertions that had the checklist completed. We
also interviewed ten SICU nurses who had
completed the checklist to evaluate their per-
ceptions of the form, the burden, and the
average time to complete the form.

Intervention 5: Empowering
Nurses to Stop Procedures if
Guidelines Were Not Followed
(Introduced: December 2001)

During the second phase, we modified the
checklist and asked nursing staff to continue
to observe the physician during central venous
catheter placement. In this phase, we in-
formed the residents that the checklist was
being implemented and we empowered SICU
nurses to stop the procedure, except in an
emergency, if they observed a violation in
compliance with the evidence-based guide-
lines. The nursing staff indicated if the proce-
dure was stopped on the modified checklist.
To decrease the burden of data collection, we
did not collect data on the nature of the vio-
lation. Finally, we discussed with both resi-
dents and nurses that the nurse should page
the SICU attending physician if the resident,
after the nurse identifies a violation, fails to
correct the violation.

Control ICU

The only intervention in the control ICU
during the study period was the institutional
educational intervention to increase provider
awareness of evidence-based infection control
practices for inserting and maintaining cen-
tral catheters.
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Analysis and Interpretation

We calculated the rate of adherence to ev-
idence-based practices during a 2-wk observa-
tion period when the checklist was imple-
mented and the percent of central venous
catheter insertions that required nursing in-
tervention for a violation in compliance for 1
month. The rates of CR-BSIs were calculated
by dividing the number of infections identified
by a risk-adjusted denominator—1,000 cathe-
ter days (3, 15). We obtained the denominators
from an administrative database, which was
validated by the infection control practitio-
ners. Catheter days are calculated by counting
every patient with a central catheter at mid-
night. Only one catheter per patient is in-
cluded. We followed the rate of CR-BSIs per
1,000 catheter days from January 1,1998,
through December 31, 2002, using a control
chart (16). A Poisson regression model with a
spline was used to model the change in infec-
tion rates over time in the control and inter-
vention groups. A knot was included at the
first quarter of 1999, i.e., the point at which
the intervention was introduced into the
SICU. The regression model included six co-
variates, allowing the intervention and control
groups to each have its own intercepts, slopes
before the knot, and slopes after the knot. To
assess the effect of the intervention, we tested
whether the slopes after the knot were equiv-
alent. The group-specific parameters (e.g.,
slopes) were compared using Student’s t-tests,
with a two-sided � level of 0.05.

Estimated Savings

Estimates of attributable morbidity, mor-
tality, and costs of care for CR-BSIs vary. To
estimate the number of CR-BSIs that we may
have prevented and the potential savings as a
result of our improvement, we used mean
published estimates (ranges): 18% (0% to
35%) mortality and extra costs of $45,254
($34,508–$56,000) per CR-BSI. These esti-
mates are consistent with those cited by the
2002 Guidelines for the Prevention of Intra-
vascular Catheter-Related Infections (9).

RESULTS

During the 2-wk observation period
before we implemented the checklist,
nursing completed the checklist for 26
procedures: eight (31%) for new central
venous access and 18 (69%) for catheter
exchanges over a wire. None of the pro-
cedures were emergent. Overall, we
found that physicians were compliant in
all of the evidence-based infection control
guidelines during 62% of the observed
procedures (Table 1). The SICU nurses
interviewed recommended a few minor

changes to improve the clarity of the cen-
tral catheter insertion checklist.

The SICU leadership then empowered
nurses to stop the procedure if they
observed a violation in compliance with
the evidence-based guidelines. During
the first month, nursing completed the
checklist for 38 procedures: eight (24%)
for new central venous access, 30 (79%)
for catheter exchanges over a wire, and
three (8%) were emergent. A nursing in-
tervention was required in 32% (12/38) of
central venous catheter insertions. All
providers interviewed reported that the
format of the central catheter insertion
checklist was easy to understand and
could be completed in �3 mins. The
SICU nurses also indicated that they
found the form helpful in that they were
more comfortable intervening if they ob-
served a violation, because they felt that
an expectation had been set and as a
result, they were less likely to have an
uncomfortable encounter with the physi-
cian inserting the central venous cathe-
ter.

During the study period, 22,785 pa-
tient days and 19,905 catheter days were
included in the study SICU. In the con-
trol ICU, 21,964 patient days and 17,383
catheter days were included.

The CR-BSI rate in the study ICU was
11.3/1,000 catheter days in the first quar-
ter of 1998 and 0/1,000 catheter days in
the fourth quarter of 2002. The CR-BSI
rate in the control group was 5.7/1,000
catheter days in the first quarter of 1998
and 1.6/1,000 catheter days in the fourth
quarter of 2002. The fitted Poisson re-
gression model is shown in Figure 1. Be-
fore quarter 5, the slope in the interven-
tion arm equaled 0.046 (p � .48) and the
slope in the control arm equaled 0.08 (p
� .41). There were no significant differ-
ences found when comparing the inter-
cepts (p � .11) and the slopes before
quarter 5 (p � .80).

Our improvement in performance was
sustained. Between January 2003 and
April 2004, there were two CR-BSIs in the
study SICU or 0.54/1,000 catheter days,
and we have not had a CR-BSI in �9
months. The educational intervention,
central catheter insertion cart, daily goals
form, and checklist are now routinely
used in our SICU. As a result of this
improvement, we estimate that in our
SICU alone, we may have prevented up to
43 CR-BSIs, eight (0 –15) deaths, and
$1,945,922 ($1,483,844 –$2,408,000) in
additional costs per year.

DISCUSSION

In many healthcare settings, evidence-
based clinical practice guidelines have
been developed but bridging the gap be-
tween best evidence and best practice has
been a struggle (11). In our SICU, we
used five simple and inexpensive inter-
ventions to increase compliance with ev-
idence-based infection control practices
and dramatically decreased the rate of
CR-BSIs in our SICU, whereas the rates
in a control ICU were unchanged. Our
improvements likely translate into signif-
icant reductions in patient morbidity,
mortality, and costs of care in our SICU.

There is debate whether CR-BSIs can
be eliminated or whether ICUs should
strive to achieve a benchmark, such as
the National Nosocomial Infections Sur-
veillance 50th percentile for similar pa-
tient populations. Although we, and oth-
ers, believed that zero CR-BSIs should be
the goal, we were unsure if we could
achieve that performance. In this study,
we demonstrated that it is possible to
nearly eliminate CR-BSIs; therefore, we
should not accept National Nosocomial
Infections Surveillance mean values as a
measure of success, but rather, we should
shift our focus on zero harm. Given the
significant morbidity, mortality, and
costs associated the CR-BSIs, broad ap-
plication of this intervention may im-
prove clinical and economic outcomes for
hospitalized patients.

There were several important lessons
from this initiative that can be incorpo-
rated into future efforts to improve ICU
care. First, we reduced our rate of CR-
BSIs using relatively simple and inexpen-
sive interventions, as opposed to imple-
menting more expensive interventions,
such as antibiotic/antiseptic catheters.
For interventions to work in the busy
world of clinical practice, they should be
simple to implement. By changing sys-
tems rather than exhorting providers to

Table 1. Baseline surgical intensive care unit
compliance with evidence-based infection con-
trol guidelines

Guideline n (%)

Cleaned hands 16 (62)
Sterilized procedure site 26 (100)
Draped patient in sterile fashion 22 (85)
Used hat, mask, and sterile gown 24 (92)
Used sterile gloves 26 (100)
Applied sterile dressing 26 (100)
Compliance with all guidelines 16 (62)
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comply with guidelines, we can help en-
sure that patients receive effective thera-
pies. For example, it was difficult to write
a detailed guideline regarding the need
for a central venous catheter; there are
too many decisions to account for. It is
unlikely that detailed guidelines would be
practical for complex decisions, such as
ICU admission and discharge, extubation,
and use of catheters (17). Rather, we sim-
ply asked physicians to consider daily
whether central catheters could be re-
moved, highlighting the risk of catheters
yet allowing physicians to use their clin-
ical judgment.

Second, because each step in a process
has an independent probability of failure,
care processes that require more steps
are more likely to fail than processes that
require fewer steps (12). As a result, ef-
forts to improve safety whether in health
care or other industries focus on reduc-
ing or eliminating steps in a process (18).
We found that providers had to go to
eight different places within our SICU to
gather the supplies needed to comply
with the evidence-based infection control
practices. As a result, providers often
omitted steps, especially when busy. By
introducing a central catheter cart, we
reduced the complexity by decreasing the

number of steps in the process. Given the
complexity of ICU care, this concept has
broad applicability.

Third, creating independent redun-
dancies, through the use of a checklist, is
an effective technique to ensure that pa-
tients receive the care processes they
should receive. Checklists are used exten-
sively in aviation (18) to create indepen-
dent redundancies for key steps in a pro-
cess. With the central catheter insertion
checklist, nurses serve as an independent,
redundant check to help ensure physician
adherence. When the improvement team
first introduced the CR-BSI checklist,
staff expressed concern. Barriers identi-
fied included the following: a) the nurses
perception that their job was not to police
residents; and b) the residents perception
that credibility and authority would be
challenged if they were critiqued or cor-
rected by nursing staff. The SICU leader-
ship met with both groups of providers
and emphasized our focus on patient
safety and teamwork. When presented in
this light, residents and nurses under-
stood that they need to work together to
ensure patient safety. In addition, HEIC
required leaders from hospital adminis-
tration to support the initiative and pro-

vide the SICU with the additional re-
sources required.

Fourth, we must have a culture that
supports patient safety. Although efforts
to improve interpersonal communication
have resulted in improved aviation safety
(18, 19), health care lags behind where
the culture is still hierarchical (20). Al-
though we did not formally train staff in
interpersonal or communication skills,
successful implementation of the check-
list requires these skills and provides a
means to learn teamwork skills experien-
tially. We are observing that the team-
work skills developed through the use of
the checklist are spilling over to other
areas. In addition, our results highlight
the importance of collaboration between
hospital level services, such as HEIC, and
ICU clinical services.

We recognize several limitations of
our study. First, the pre- and post-study
design may not have accounted for other
confounding factors that may have de-
creased our CR-BSI rate, independent of
our interventions. For example, we did
not collect standardized measures of pa-
tient acuity to allow comparison of pa-
tient severity of illness or patient demo-
graphic characteristics over time or to
determine whether patients in the study
ICU were sicker than patients in the con-
trol ICU. The members of our improve-
ment team, which include the SICU co-
directors and active SICU nursing staff,
are not aware of other changes in practice
or changes in our surgical patient popu-
lation during the study period. In the
absence of a new patient product-line,
risk adjusted severity of illness tends to
change little over time (21) and, there-
fore, is unlikely to jeopardize the validity
of our results.

Second, we do not know the nurses’
rate of adherence with completing the
checklist following the observation pe-
riod. Our ICUs do not routinely collect
data for the number of central venous
catheter insertions or the number of
guidewire exchanges. Nonetheless, on av-
erage nurses complete 20–30 checklists
every 2 wks and there is a relatively con-
stant 15% to 25% violation rate in our
SICU, likely reflecting the fact that our
residents rotate through our ICU. In ad-
dition, we did not collect data about the
nature of infection control practice viola-
tions following the observation period,
whether the catheter was inserted in the
operating room or ICU, the duration of
catheterization, or antibiotic use during
the study period. Although this informa-

Figure 1. Catheter-related bloodstream infection rates in the surgical intensive care unit (ICU) and
control ICU (1998–2002). The rate of catheter-related bloodstream infections per 1,000 catheter days
observed in the intervention (intervention, obsd) and control (control, obsd) groups. A Poisson
regression model with a spline was used to model the change in infection rates over time in the
intervention (intervention, fitted) and control (control, fitted) groups. There were no significant
differences found when comparing the intercepts (p � .11) and the slopes before the knot at quarter
5 (p � .80). After quarter 5, the slope in the intervention arm equaled �0.12 (p � .001) and the slope
in the control arm equaled �0.013 (p � .56). VAD, vascular access device; obsd, observed.
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tion would be helpful in guiding future
improvement efforts, we accomplished
the goal: reducing the CR-BSI rate. Fur-
thermore, the ongoing need for rein-
forcement of best practice is supported by
these findings.

Third, we did not evaluate other evi-
dence-based interventions for reducing
CR-BSIs. For example, we discussed the
use of antimicrobial-coated catheters and
decided to first ensure that we were com-
pliant with simple and inexpensive inter-
ventions known to reduce CR-BSI rates
before escalating to more expensive inter-
ventions. Our strategy is consistent with
current guidelines that recommend anti-
microbial-coated catheters in adults
when the CR-BSI rate remains above the
goal set by the individual institution
based on benchmark rates after standard
procedures have been implemented and
then balanced against the concern for
emergence of resistant pathogens (9). In
addition, some of our interventions may
have been more effective than others, and
we may have been able to achieve our
results without all five interventions or if
we implemented the interventions in a
different sequence.

Fourth, we evaluated interventions in
a surgical ICU at an academic medical
center, potentially limiting the ability to
generalize. Nonetheless, our interven-
tions were effective and were not burden-
some or expensive and, therefore, can be
widely applied. Although we did not
quantify the impact of our interventions
on nursing time in our ICU, the over-
whelming impression among nursing
staff and the nurse manager (KE) is that
the ongoing burden is minimal and the
checklist can be completed in �2 mins.
In fact, several ICU nurses indicated that

the central catheter cart saved them time
because they did not have to go to mul-
tiple locations to gather supplies. In ad-
dition, these interventions have been
subsequently implemented in the control
ICU with similar results and at other in-
stitutions as part of collaborative projects
sponsored by VHA, Inc., and the Institute
for Healthcare Improvement.

Finally, we assumed that each patient
has only one central catheter, and as a
result, we may have underestimated our
CR-BSI rate, the number of CR-BSIs pre-
vented, and the potential savings. For ex-
ample, a patient may have two or more
central catheters on a single day but
would be counted as having one catheter
day. In addition, we were not able to
account for patients who developed more
than one CR-BSI in our statistical analy-
sis. However, the rate of autocorrelation
among patients was low (113 patients de-
veloped 126 CR-BSIs in the study ICU,
and 140 patients developed 167 CR-BSIs
in the control ICU) and, therefore, would
not be expected to impact upon our re-
sults (16). In addition, we do not have the
patient level data required to exclude du-
plicate patients from the denominator
(catheter days). Nevertheless, we re-ran
our analysis excluding duplicate CR-BSIs
from the numerator, and the statistical
inference was unchanged.

CONCLUSIONS

Catheter-related bloodstream infec-
tions are a preventable cause of morbidity
and mortality in critically ill patients. Al-
though debate continues about the extent
to which CR-BSIs are preventable, our
study demonstrates that they can be
nearly eliminated. Our improvement
model combined traditional infection
control strategies with improvement
models designed to ensure provider ad-
herence with evidence-based guidelines.
We included interventions that enhanced
provider awareness, reduced complexity,
created independent redundancies, and
empowered nurses to enforce adherence
to evidence-based infection control prac-
tices to nearly eliminate CR-BSIs in our
SICU. These interventions can be imple-
mented in other ICUs and in many acute
care sites to reduce nosocomial compli-
cations, length of stay, and costs of hos-
pital care.
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forts of the ICU team. These improve-
ments would not have been possible with-
out their dedication to improving patient

care. We thank Xioayan Song, MD, and
Ann Richards in Hospital Epidemiology
and Infection Control for providing us
with data. The authors would also like to
thank Jeanne Kowalski, Assistant Profes-
sor, Department of Oncology, Johns Hop-
kins University for statistical review.

REFERENCES

1. Mermel LA: Prevention of intravascular cath-
eter-related infections. Ann Intern Med 2000;
132:391–402

2. Pittet D, Tarara D, Wenzel RP: Nosocomial
bloodstream infection in critically ill pa-
tients: Excess length of stay, extra costs, and
attributable mortality. JAMA 1994; 271:
1598–1601

3. CDC: National Nosocomial Infections Sur-
veillance (NNIS) system report, data sum-
mary from October 1986–April 1998, issued
June 1998. Am J Infect Control 1998; 26:
522–533

4. Heiselman D: Nosocomial bloodstream infec-
tions in the critically ill. Ann Intern Med
1994; 272:1819–1820

5. Goetz AM, Wagener MM, Miller JM, et al:
Risk of infection due to central venous cath-
eters: Effect of site of placement and catheter
type. Infect Control Hosp Epidemiol 1998;
19:842–845

6. Raad II, Hohn DC, Gilbreath BJ, et al: Pre-
vention of central venous catheter-related in-
fections by using maximal sterile barrier pre-
cautions during insertion. Infect Control
Hosp Epidemiol 1994; 15(4 Pt 1):231–238

7. Mermel LA, McCormick RD, Springman SR,
et al: The pathogenesis and epidemiology of
catheter-related infection with pulmonary
artery Swan-Ganz catheters: A prospective
study utilizing molecular subtyping. Am J
Med 1991; 91:197S–205S

8. 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
catheters. Lancet 1991; 338:339–343

9. O’Grady NP, Alexander M, Dellinger EP, et al:
Guidelines for the prevention of intravascu-
lar catheter-related infections. MMWR
Recomm Rep 2002; 51(RR-10):1–29

10. Sherertz RJ, Ely EW, Westbrook DM, et al:
Education of physicians-in-training can de-
crease the risk for vascular catheter infec-
tion. Ann Intern Med 2000; 132:641–648

11. Cabana MD, Rand CS, Powe NR, et al: Why
don’t physicians follow clinical practice
guidelines? A framework for improvement.
JAMA 1999; 282:1458–1465

12. Reason J: Human Error. Cambidge, Cam-
bridge University Press, 1990

13. Pronovost P, Berenholtz S, Dorman T, et
al: Improving communication in the ICU
using daily goals. J Crit Care 2003; 18:
71–75

14. Berenholtz SM, Milanovich S, Faircloth A, et

M ultifaceted in-

terventions that

helped to en-

sure adherence with evidence-

based infection control guide-

lines nearly eliminated

catheter-related bloodstream

infections in our surgical in-

tensive care unit.

2019Crit Care Med 2004 Vol. 32, No. 10



al: Improving care for the ventilated patient.
Jt Comm J Qual Saf 2004; 30:195–204

15. Joint Commission on the Accreditation of
Healthcare Organizations (Ed): Joint Com-
mission on the Accreditation Manual for
Hospitals. Chicago, IL, 1994, pp 121–140

16. Shewhart W: Statistical Method from the
Viewpoint of Quality Control. Washing-
ton, DC, U.S. Department of Agriculture,
1945

17. Pronovost PJ, Jenckes M, To M, et al: Reduc-
ing failed extubations in the intensive care
unit. Jt Comm J Qual Improv 2002; 28:
595–604

18. Kohn L, Corrigan J, Donaldson M (Eds): To
err is human: Building a safer health system.
Washington, DC, Institute of Medicine Re-
port, National Academy Press, 1999

19. Salas E, Fowlkes J, Stout R, et al: Does CRM
training enhances teamwork skills in the
cockpit? Two evaluation studies. Hum Fac-
tors 1999; 41:326–343

20. Mayor S: Poor team work is killing patients.
BMJ 2002; 325:1129

21. Pronovost PJ, Angus DC, Dorman T, et al:
Physician staffing patterns and clinical out-
comes in critically ill patients: A systematic
review. JAMA 2002; 288:2151–2162

APPENDIX 1: Central Line Insertion Checklist

2020 Crit Care Med 2004 Vol. 32, No. 10


