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Abstract

We undertook a quality improvement project to address challenges with pulmonary artery catheter (PAC) line maintenance in a setting of
low-baseline central-line infection rates. We observed a subsequent reduction in Staphylococcal PAC line infections and a trend toward a
reduction in overall PAC infection rates over 1 year.
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Central-line–associated bloodstream infections (CLABSIs) increase
patient length of stay and hospital costs and contribute to morbidity
and mortality.1 Although sterile insertion bundles reduce CLABSI
incidence2,3 and have been incorporated into prevention guidelines,2

few data are available concerning maintenance bundles, though
limited evidence suggests their effectiveness.3,4

Pulmonary artery catheters (PACs) are often used as a part of heart
transplant evaluation. Although few data are available regarding
CLABSI prevention in PACs, studies suggest that bacterial coloniza-
tion of the insertion site increases PAC CLABSI risk.5

We identified an increase in PAC CLABSIs in 2017 at our insti-
tution despite stable overall CLABSI numbers. Feedback from
real-time case reviews performed for all PAC CLABSIs in 2017
suggested broader issues maintaining intact dressings in these lines.
Subsequently, we implemented a quality improvement project to
improve dressing maintenance and to reduce the incidence of
PAC CLABSIs.

Methods

This intervention was implemented in an 886-bed tertiary-care
academic hospital performing > 100 heart transplants per
year. PACs are frequently used in ICU and non-ICU settings.
CLABSI prevention includes sterile insertion bundles, universal
daily chlorhexidine (CHG) bathing, alcohol-impregnated port
protectors, and audits.2 All CLABSIs are reviewed with clinical
staff in real-time case reviews. CLABSI surveillance is performed
by CIC-certified infection preventionists using Centers for

Disease Control/National Health Safety Network (NHSN)
methodology.1

This intervention was a multidisciplinary project to introduce
new dressing kits specific to PACs and to develop specific education
for all nurses caring for patients with PACs. Baseline dressing kits
available to nurses included a single transparent bandage, CHG
swab, sterile gloves, mask, and tweezers. Kits for PACswere updated
with a skin prep (Cavilon, 3M, Maplewood, MN), narrow beard-
clipper blades, and a second anchoring bandage. Education was
performed in a 1:1 fashion by nurses on the units who were desig-
nated “champions” and who had been educated on the proper use of
products by company representatives. Using patient mannequins,
all nurses on target units (~250 nurses) were educated on the use
of skip prep, CHG (including optimal dry times), dressing removal,
beard clipping, and techniques emphasizing skin integrity and
sterility.

The multidisciplinary bundle was implemented between
January 1, 2018, and April 30, 2018. The postintervention period
was May 1, 2018, through April 30, 2019. We compared the
outcomes from this period with those from our preintervention
period (January 1, 2017, through December 31, 2017). There were
no changes to CLABSI surveillance during this time. During the
first 4months of the postintervention period, infection prevention-
ists performed weekly audits on an electronically generated list of
all patients with PACs, inspecting PAC dressings to ensure
integrity.

Patient-level data were abstracted from electronic records and
included dates and durations of each catheter. All infectionsmeeting
NHSN CLABSI criteria were included in this analysis if there was a
PAC in place at the time of infection or within 2 days prior.1

CLABSI rates were computed as the number of infections per day
of exposure. Differences in catheter-line duration were tested with
mixed model regression, and CLABSI rates were tested with
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Poisson regression.Median time toCLABSIwas tested usingmarginal
Cox modeling. Data were statistically significant where P< .05. The
statistical analysis was performed using SAS version 9.4 software (SAS
Institute, Cary, NC).

Results

Key outcomes from the intervention are summarized in Table 1.
During the preintervention period, 46 CLABSIs occurred hospital-
wide. The overall standardized infection ratio (SIR) was 0.7, reflecting
a better-than-expected infection rate according to NHSN models.7

CLABSI occurred in 10 patients with a PAC, representing 22% of
total. We observed that the PAC CLABSI rate was 2.23, whereas
the non-PAC CLABSI rate was 0.80 CLABSI per 1,000 central-line
days. Of 10 PAC CLABSIs, 6 (60%) were listed for heart transplant
and 8 (80%) involved Staphylococcus spp. Real-time case reviews iden-
tified that nearly all PAC infections (90%) were preceded by frequent
dressing changes, driven by difficulties maintaining intact and occlu-
sive line dressings. Contributing factors included beard growth,
patient ambulation, inadequate use of dressing material, and the
weight/location of the catheters.

Overall, 4 PAC CLABSIs occurred during the postintervention
period: all in patients being evaluated for heart transplant, and 1
(25%) with Staphylococcus. In 1 patient, (25%) nurses reported
challenges maintaining the dressing; further investigation
confirmed that the updated kits had not been used in that patient.
Weekly line audits demonstrated improvement in proportion of

PACs with occlusive dressings, from 53% (19 of 36) in May
2018 to 76% (45 of 59) in August 2018.

Compared to the preintervention period, a lower PAC CLABSI
rate was observed in the postintervention phase (61% reduction)
and a significant reduction occurred in PAC CLABSIs associated
with Staphylococcus spp (88% reduction). Average PAC duration
and line days were stable across the 2 periods (Table 1).

Discussion

We implemented a project utilizing nursing feedback to improve
PAC dressing integrity and reinforce PAC-specific education, which
was associated with improvement in dressing occlusion and 61%
reduction in PAC infection rates. Although small numbers of events
limited our ability to demonstrate statistical significance, this trend is
clinically relevant and is linked to a significant reduction in PAC
infections associated with Staphylococcus spp. Although existing
maintenance bundles emphasize the role of maintaining sterile
and intact catheter dressings,2–4 our project focused on the role of
bedside nursing technique in achieving these aims.

Staphylococcus are skin flora and predominant organisms asso-
ciated with catheter infections.8 Coagulase-negative Staphylococcus
and S. aureus represented 16.4% and 13.2% of overall CLABSIs,
respectively. Staphylococcus spp likely comprise an even higher
proportion of CLABSI in PACs.5,6 We hypothesized that our inter-
vention led to a greater reduction in these CLABSIs by improving
the sterility of line dressings and by keeping them occlusive longer,
thus limiting skin flora contamination.

This study has several strengths. It was multidisciplinary, involv-
ing nursing, cardiology, materials management, and epidemiology.
Surveillancewas consistent andCLABSI definitionwas standardized
using NHSN criteria. Sustainment includes permanent changes in
nursing education, dressing kits, and ongoing monitoring by infec-
tion preventionists. The limitations of this study included risk of
observation bias. The project was an unblinded quality improve-
ment project, and we were unable to collect dressing integrity data
before the intervention for comparison to postintervention findings.
Also, athoughPACCLABSI reductionwas sustained over 1 year, it is
too early to assess long-term impacts.

In summary, we observed reductions in PAC CLABSIs following
a nursing-centered intervention to improve dressing care, reinforc-
ing that maintaining an aseptic insertion site by improving dressing
integrity can prevent CLABSIs, even in a setting with pre-existing
low rates. Additionally, these findings highlight the critical role of
nurses in CLABSI prevention after line insertion.
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Variable
Pre intervention
(Jan–Dec 2017)

Post intervention
(May 2018–Apr 2019)

P
Valuea

Patients with
PAC, no.

506 481 : : :

PACs, no. 614 567 : : :

Average PAC
duration, d

7.3 ± 0.41 8.0 ± 0.43 .46

PAC CLABSIs, no. 10 4 : : :

Non-PAC CLABSIs,
no.

36 33 : : :

Median days to PAC
CLABSI

7.5 15.0 .07

PAC line days, no. 4,487 4,516 : : :
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S. aureus (n= 2)
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(n= 1)
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Candida albicans/E.
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cAll intervals shown ± standard error.
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