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Central-line–associated bloodstream infections are a major cause
of preventable healthcare-associated infections, resulting in an
attributable mortality of 12%–25%.1,2 Initiatives to combat these
infections have been hospital focused; however, efforts in long-
term care settings are critically needed. Due to advanced age
and comorbidities, nursing home (NH) residents are particularly
vulnerable to device-related infections.3–5

Standardized monitoring of medical devices is important for
proper device care, maintenance, and prevention of infection.6,7

Recognizing problematic elements at central-line insertion sites
is an important responsibility that requires a team effort for certi-
fied nursing assistants (CNAs), licensed vocational nurses (LVNs),
and registered nurses (RNs). The common sentiment among NH
staff is that central-line care is not encompassed within the CNA
role. Although CNAs are not directly responsible for assessing cen-
tral lines, they are often the first line of defense for noticing and
relaying problems because of the greater amount of time they
spend with residents. We assessed how well CNAs, LVNs, and
RNs were able to identify problematic central-line insertion sites
in NHs.

Methods

A regional Quality Assurance/Performance Improvement (QAPI)
program supported by the University of California Irvine was con-
ducted in 8 Orange County, California, NHs to assess attention to
central lines (Table 1). Each NH’s Quality Assurance Committee
approved the program, and the study was exempt from approval
from the institutional review boards. At each NH, a convenience
sample of central lines with varying degrees of problematic ele-
ments was identified using the Central-Line Insertion Site
Assessment (CLISA) score.6 Scores ranging from 0 to 3 (increasing
score indicates increased severity of local inflammation or infec-
tion) were sampled. Study staff used a standardized observation

form (online appendix) to evaluate redness, cloudy drainage, peel-
ing dressings, and past-due or undated dressings, and assign a
CLISA score.

The CNAs and LVNs/RNs across multiple shifts were shown res-
idents’ devices and were asked to comment on any problems and/or
concerns they observed. Staff were also asked open-ended questions
about the characteristics of a “picture-perfect line,” the recom-
mended frequency of central-line observations anddressing changes,
and the proper response to peeling dressings or signs of inflamma-
tion or infection. The percentages of failure to recognize problematic
elements were tabulated for CNAs and LVNs/RNs separately.

Results

Across the 8 NHs, 23 central lines were selected and directly
observed by up to 6 CNAs and 6 LVNs/RNs each. In total, 50

Table 1. Mean Characteristics of 8 Orange County NHs Sampled

Characteristic Mean (Standard Deviation)

No. of licensed beds 108 (33.8)

Overall CMS star ratinga 4.1 (1.1)

Mean age 54.0 (11.9)

% Female 78.4 (4.7)

% White 21.3 (16.7)

% Black 29.2 (18.3)

% Asian 2.7 (1.5)

% Hispanic 61.9 (24.3)

% Medicare 20.6 (19.6)

% Medicaid 15.5 (11.0)

% Diabetes 39.1 (9.2)

% Cancer 11.0 (2.1)

% Renal disease 23.9 (3.5)

% Liver disease 2.5 (1.4)

aCMS, Centers for Medicare & Medicaid Services, https://www.medicare.gov/care-compare/.
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CNAs (NH range, 3–12) and 50 LVNs/RNs (NH range, 4–9)
observed “picture-perfect” lines (N= 7) and lines with redness
(N= 8), cloudy drainage (N=5), peeling dressings (N= 7), and
inappropriately dated dressings (N=13). Failure to identify prob-
lematic elements was frequent (Fig. 1), including failure to identify
the following: redness [23 (50%) of 46 CNAs and 19 (53%) of 36
LVNs/RNs], cloudy drainage [14 (40%) of 35 CNAs and 7 (39%) of
18 LVNs/RNs], peeling dressings [26 (100%) of 26 CNAs and
25 (87%) of 29 LVNs/RNs], and inappropriately dated dressings
[30 (71%) of 42 CNAs and 13 (68%) of 19 LVNs/RNs].

For both CNAs and LVNs/RNs, recognition of redness and
cloudy drainage improved with increased severity. Failure to
recognize minimal erythema [10 (83%) of 12 CNAs, 7 (58%)
of 12 LVNs/RNs)] was higher than failure to recognize substan-
tial erythema [13 (54%) of 24 CNAs and 12 (50%) of 24 LVNs/
RNs] (P = .14 for CNAs and P = .73 for LVNs/RNs). Similarly,
failure to recognize minimal cloudy drainage [4 (67%) of 6
CNAs and 2 (50%) of 4 LVNs/RNs) was higher than failure
to recognize substantial cloudy drainage [10 (42%) of 24
CNAs and 5 (36%) of 14 LVNs/RNs] (P = .57 for CNAs
and P = .08 for LVNs/RNs). None of these differences were
statistically significant according to the Fisher exact test.

Overall, identification of problematic elements did not vary by
whether the staff member was assigned to care for that resident.
Descriptions of “picture-perfect lines” and responses to questions
about standard care and best practices were uniformly poor, and
nursing home staff did not know which elements to mention.

Discussion

Regular surveillance of central lines is a core infection preven-
tion strategy to promote early detection and response to issues
that could increase risk for central-line–associated bloodstream
infections. Timely response can mitigate high-risk events.6,7

Visual observation of central-line insertion sites is one key
way to assure basic practice, but education is needed to ensure
that observers are trained to detect relevant problems that
should prompt an LVN/RN to take action or prompt a CNA
to inform an LVN/RN to assess the line.

Our observations showed that failure to recognize redness,
cloudy drainage, peeling dressings, and lapses in dressing change
dates was extremely common for CNAs and LVNs/RNs in all NHs
surveyed. Furthermore, when stratifying central-line insertion sites

by severity (eg, minimal versus substantial erythema and/or cloudy
drainage), nursing staff identification of problematic elements
improved only minimally for higher-severity insertion sites.
Directed training could enable proper recognition and response
as well as encourage teamwork.

This study had several limitations. The sample size of NH staff
in a localized region was small. Nevertheless, NHs differed in size
and proportion of short- to long-stay residents and were variably
affiliated with corporations.

Our findings suggest a need for standardized training in NHs
to provide clinical staff with the necessary skills to identify cen-
tral-line problems that commonly arise. First, opportunities
exist to train on the key elements of a “picture-perfect line”
and ensure a culture of safety and speaking up so that problem-
atic issues are raised and addressed. Second, training is needed
to change perceived acceptable thresholds for concern (the line
site is “a little red,” the dressing change is “a little late,” there is “a
little bit of cloudy drainage”). Providing criteria and expecta-
tions can ensure a shared understanding of proper care for both
minimal and substantial erythema and cloudy drainage. Lastly,
ensuring comprehensive training and expectations about cen-
tral-line responsibilities (ie, CNAs speak up about potential
problems and LVNs/RNs assess and respond) can cultivate
improved communication and teamwork between nursing
home staff.

Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1017/ice.2023.165
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Deep incisional and organ-space surgical-site infections (SSIs) are
infrequent but serious complications of coronary artery bypass
graft (CABG) procedures. Arterial revascularization using internal
mammary artery (IMA) grafts is associated with improved cardiac
outcomes.1 The use of bilateral IMA (BIMA) grafting redirects
sternal blood flow to the heart and may increase SSI risk due to
lower sternal tissue perfusion. A skeletonized approach to IMA
vessel harvest, wherein the IMA is dissected from surrounding tis-
sue preserving collateral sternal blood flow, may decrease SSI risk
compared with a pedicled approach, in which the IMA ismobilized
within a tissue pedicle. It remains unclear whether the use of BIMA
grafting compared with the use of a single IMA (SIMA) is an in-
dependent risk factor for SSI. It is also uncertain whether surgical
approach to graft harvest, skeletonized versus pedicled, affects SSI
development. Conflicting results have been reported on the impact
of BIMA grafting and harvest technique on development of SSI.2–5

In this study, we described the incidence of post-CABG SSI and
assessed potential patient and procedural SSI risk factors, including
IMA number and harvest technique.

Methods

We conducted a retrospective cohort study of consecutive adult
patients who underwent a CABG procedure with at least 1 IMA
graft at an academic tertiary-care center between July 2017 and
June 2020, identified through the institution’s Society of

Thoracic Surgeons database maintained by the Division of
Cardiac Surgery. Data were electronically abstracted from hospital
data records including demographics, comorbidities, graft num-
ber, surgical approach, surgeon, discharge location, and microbio-
logical culture reports. Deep incisional and organ-space SSIs
post-CABG within 90 days of procedure date were identified by
infection preventionists using standard National Healthcare
Safety Network definitions as part of routine surveillance. We cal-
culated the incidence of post-CABG deep incisional and organ-
space SSI. Bivariate analyses were performed using the Fisher exact
test to identify potential patient and procedural risk factors for SSI,
including surgical approach. Statistical analyses were performed
using SAS version 9.4 software (SAS Institute, Cary, NC). All
reported P values are 2-sided. This study was deemed exempt from
review by the institutional review board.

Results

Overall, 1,591 CABG procedures with at least 1 IMA graft were
performed; 550, 561, and 480 procedures were performed in each
respective year of the study period. Furthermore, 1,244 CABGs
(78.2%) were performed with a single IMA and 347 (21.8%) were
performed using BIMA. In terms of surgical technique, 322
(92.8%) of BIMA CABGs were skeletonized versus 219 (17.6%)
of SIMA CABGs. The baseline patient risk factors (Table 1) did
not differ between IMA groups, except the SIMA group was more
likely tomeet criteria for extreme obesity (BMI≥ 40 kg/m2; 5.3% vs
2.0%; P = .008).

Overall, 19 deep incisional and organ-space SSIs occurred dur-
ing the study period. The overall post-CABG SSI incidence rate was
1.2 per 100 procedures, with 1.0 and 1.7 SSIs per 100 procedures
following SIMA and BIMA approaches, respectively. Over the
3-year study period, the proportion of CABG procedures using
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