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Abstract

Objectives: To evaluate the impact of a mobile-app-based central line-associated bloodstream infection (CLABSI) prevention program in
nursing home residents with peripherally inserted central catheters (PICCs).

Design: Pre-post prospective cohort study with baseline (September 2015–December 2016), phase-in (January 2017–April 2017), and
intervention (May 2017–December 2018). Generalized linear mixed models compared intervention with baseline frequency of localized
inflammation/infection, dressing peeling, and infection-related hospitalizations. Cox proportional hazardsmodels compared days-to-removal
of lines with localized inflammation/infection.

Setting: Six nursing homes in Orange County, California.

Patients: Adult nursing home residents with PICCs.

Intervention: CLABSI prevention program consisting of an actionable scoring system for identifying insertion site infection/inflammation
coupled with a mobile-app enabling photo-assessments and automated physician alerting for remote response.

Results: We completed 8,131 assessments of 817 PICCs in 719 residents (baseline: 4,865 assessments, 422 PICCs, 385 residents; intervention:
4,264 assessments, 395 PICCs, 334 residents). The intervention was associated with 57% lower odds of peeling dressings (OR 0.43, 95% CI
0.28–0.64, P< .001), 73% lower local inflammation/infection (OR= 0.27, 95%CI: 0.13–0.56, P< .001), and 41% lower risk of infection-related
hospitalizations (OR= 0.59, 95% CI: 0.42–0.83, P = .002). Physician mobile-app alerting and response enabled 62% lower risk of lines
remaining in place after inflammation/infection was identified (HR 0.38, CI: 0.24–0.62, P< .001) and 95% faster removal of infected lines from
mean (SD) 19 (20) to 1 (2) days.

Conclusions: A mobile-app-based CLABSI prevention program decreased the frequency of inflamed/infected central line insertion sites,
improved dressing integrity, increased speed of removal when inflammation/infection were found, and reduced infection-related
hospitalization risk.

(Received 27 June 2024; accepted 7 November 2024)

Background

Central-line-associated bloodstream infections (CLABSIs) are
associated with extensive morbidity, mortality, and substantial
excess healthcare costs.1–3 National CLABSI prevention efforts

have successfully reduced CLABSIs in hospitals.4,5 However,
the risks of infection from central lines extend beyond hospitali-
zation. Millions of peripherally inserted central catheters (PICCs)
are placed each year for care largely managed after hospital
discharge.6–9 Yet, CLABSI prevention efforts are largely hospital-
based and have not yet extended to the 15,000 nursing homes in
the United States.5,9,10 Strategies to assure high fidelity processes
for central line maintenance are poorly defined in this setting,
where the volume of patients with complex healthcare needs has
outpaced staff training and infection prevention expertise.

CLABSI prevention practices that are relevant to nursing homes
are urgently needed. Since most lines are in place before nursing
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home admission, themainstay of CLABSI prevention efforts in this
setting should focus on the elements of assessment, maintenance,
and timely removal. To this end, we evaluated the impact of a
CLABSI prevention bundle in nursing homes known as the
Standardizing Assessment For Effective Response (SAFER) Lines
program consisting of an insertion site score, mobile-app-based
photo-assessment and response, and education.

Methods

Weconducted a quasi-experimental cohort study of the SAFERLines
program in adult residents with PICCs at 6 nursing homes inOrange
County, California. The study included a baseline observation
(September 2015–December 2016), phase-in (January 2017–April
2017), and intervention periods (May 2017–December 2018).
Nursing homes were eligible to participate if they admitted adults
with PICC lines and facility leadership agreed to implement the
SAFER Lines bundle as a Quality Assurance Performance
Improvement protocol. This study was approved by the institu-
tional review board of the University of California, Irvine as a
minimal risk study; informed consent was waived.

The SAFER Lines program included the use of:

(1) Central Line Insertion Site Assessment (CLISA) score
(Figure 1) which quantifies insertion site inflammation and

standardizes erythema by catheter-width (3mm) as a
reference. For example, CLISA 1 indicates a radius of erythema
<3mm; CLISA 2 3–6 mm erythema; and CLISA 3 >6 mm
erythema. Drainage and edema contribute to the score, with
presence of pus generating the maximum score of 3. CLISA
scores of 2 or 3 indicate localized infection or inflammation.
Each score is tied to a recommended response: CLISA 1,
warrants watchful waiting; CLISA 2, strong consideration for
removal; CLISA 3, urgent removal.

(2) SAFER Lines mobile-app that allows daily central line photo-
assessments for early detection of high-risk lines and within-
app response to prevent progression to CLABSI (Supplemental
Figure 1A–B).11

Baseline activities

In the baseline period, research staff conducted daily (Monday–
Friday) photo-assessments of PICC line insertion sites and
dressings and recorded the presence of localized inflammation
or infection using the CLISA scoring system, completing
observations without intervention.

Intervention activities

During phase-in, the SAFER Lines program was implemented as
follows:

Central Line Insertion Site Assessment (CLISA) Score
Score Description Action

0

Normal Appearance

• Skin is flesh colored.
• No redness, localized 

swelling, or drainage.
None needed

1

Minimal Redness • Redness at insertion site < 1 
catheter width (3mm)

• Drainage/crusting scant & 
non-cloudy if present.

• No localized swelling at 
insertion site.

Nurse: Continue 
careful monitoring for 
advancing redness

2

Advancing Redness • Redness at insertion site 
between 1-2 catheter 
widths (3-6mm) or increase 
in redness over 24 hours.

• Swelling at insertion site may 
be present.

• Drainage/crusting is non-
cloudy if present.

Nurse: Alert physician
Physician: Strongly 
consider line removal

3

Severe Redness OR
Cloudy Drainage

• Purulence, cloudy drainage
AND/OR

• Redness > 2 catheter 
widths (6mm) or rapid 
increase in size/brightness

• Swelling at insertion site may 
be present.

• Redness not required if 
cloudy drainage present.

Nurse: Alert physician 
Physician: Order line 
removal or justify need 
to retain

NV Insertion site 
not visible

Assessment not possible due to 
obscured line insertion site. Skin 
that is visible appears normal.

Replace dressing

Figure 1. Central line insertion site assessment (CLISA) score
provides a framework for assessing and interpreting the presence
of localized inflammation or infection at the skin surrounding the
insertion site. The width of the catheter size is used to estimate
the extent and grade of erythema. Each score is linked with
recommended clinician actions, with an expectation to remove
central lines with high risk of progression of progression to
bloodstream infections (score of 2 or 3).
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(1) Nurse and physician education on the CLISA score and its
expected actions; continued assessment of fever, change
in vital signs, and non-visual elements of the skin exam (eg,
palpation for tenderness and warmth) was also encouraged.

(2) Use of the SAFER Lines mobile-app which enabled (a) daily
photo-documentation of insertion sites and CLISA score entry
by nurses, (b) automated physicians alerts when high-risk lines
were identified (CLISA score 2 or 3, indicating localized
inflammation or infection), (c) remote physician examination
of current and past insertion site photos, and (d) within-app
physician response and ordering for timely response
(eg, continue monitoring, remove line, place peripheral IV),
Supplemental Figure 1A–B. The app allows nurses to receive
physician orders and review whether the provider viewed
alerts/messages. If CLISA scores of 2 or 3 were not viewed by
physicians within 4 hours, nurses were instructed to send
a repeat message through the mobile-app and page/call
physicians directly.

(3) Dressing maintenance education for nurses (placement,
appearance, frequency of changes, and scrub-the-hub prac-
tices for line access).

The SAFER Lines mobile-app is a HIPAA-compliant web-
based application whereby patient data are encrypted and stored
on a centrally secured, firewall-protected webserver at the
University of California, Irvine. Nursing homes were given an
iPad-Mini for each nursing station; nurses and physicians were
trained and individually enrolled with secured username/password
logons. Physicians with medical privileges at participating nursing
homes downloaded the SAFER Lines mobile-app (MAC and
Android OS programs available) onto their own mobile devices.

Research staff visited each nursing home thrice weekly to obtain
central line census and record dates of any removed lines. They
also remotelymonitored nursing photo-assessments and physician
responses in real time through a secured webserver where
photographs and mobile-app entries were captured and inde-
pendently assigned CLISA scores; any discrepancies with nursing
scores prompted escalation to physician investigators for score
verification with nursing feedback/education as needed.
Compliance with mobile-app use was monitored and if the
number of daily photo-assessments did not match nursing home
records for number of lines in place, facility leadership was
contacted to encourage completion of missing photo-assessments
to assure >95% compliance.

Data collection

During baseline, research staff collected daily photo-assessments,
assigned CLISA scores, and assessed dressing integrity (peeling on
one ormore sides). Charts were reviewed for documentation of line
care or insertion site appearance. Line insertion dates were
recorded as documented in physician, nursing, or procedure notes;
if unavailable, the first documented date of line presence from
chest radiograph was used and if that was unavailable, nursing
home transfer date from hospital was used. Line removal dates/
times were recorded per chart documentation and confirmed
verbally with nurses or by visual confirmation of line presence on
the last date of assessment by research staff who were on site daily
on weekdays.

During intervention, nurses completed daily photo-assess-
ments using the SAFER Lines mobile-app as described above,
entering CLISA scores, dressing integrity, resident admission date,

line insertion, and removal dates/times; dates were confirmed by
research staff through chart review and verbal verification with
nursing staff as needed. Nursing and physicians’ mobile-app
entries were captured electronically.

Finally, we assessed infection-related hospitalizations and
bacteremia among nursing home residents during the baseline
and intervention periods by linking nursing home data from the
Centers for Medicaid & Medicare Services’ Minimum Data Set
with state hospitalization data.12,13 Infections were defined using
hospital International Statistical Classification of Diseases and
Related Health Problems, 10th Revision (ICD-10) codes as a
primary or secondary diagnoses with a present-on-admission
indicator.14

Outcomes

Outcomes were (1) CLISA 2, CLISA 3, and the composite of CLISA
2 or 3 as indicators of localized inflammation or infection, (2) days-
to-line removal from first CLISA 2 or 3 (composite) and the subsets
of CLISA 2 and CLISA 3, (3) presence of any peeling on dressings,
and (4) discharge from the nursing home to a hospital due to
an infection.

Statistical analysis

Residents were described by age, sex, and history of prior PICC
(as available using line insertion and removal dates within the
study cohort). PICC line characteristics and dressing integrity were
evaluated per line and across assessments. Data from phase-in were
not included in any analyses. Lines were described by frequency,
dwell time (summed days from insertion to removal), maximum
CLISA scores recorded during a line’s duration (each line was
assigned into a mutually exclusive category), and days-to-line
removal (summed days from first maximum CLISA score to date
of line removal). Lines with insertion sites that could not be
visualized in any assessment were not included in outcome analysis
(eg, covered by gauze or antibacterial-disc). Lines without removal
dates were not included in dwell time or days-to-line removal
calculations. We additionally assessed the proportion of lines with
dressings with any peeling. Chi-square tests compared baseline and
intervention proportions of lines with abnormal CLISA scores,
peeling dressings, hospitalization, and bacteremia events. T-tests
compared mean dwell time and days-to-line removal after CLISA
score of 2 or 3.

Generalized linear mixed-effects (GLIMMIX) logistic regres-
sion models clustering by resident and facility (random intercepts)
evaluated the effect of the SAFER Lines program on the following
outcomes: (1) CLISA 2, CLISA 3, and composite CLISA 2 or 3
in separate models with independent variables of study period, age
(years), sex, line dwell time (days), dressing peeling on one or more
sides, and history of previous PICC line; (2) proportion of lines
with peeling dressings adjusting for age, sex, line dwell time, and
history of previous line; and (3) proportion of residents
hospitalized due to an infection adjusting for age, gender, line
dwell time, dressing peeling, and history of previous line. Kaplan–
Meier curves were generated for the duration that lines were
retained with an abnormal CLISA score; Cox proportional hazards
models (adjusted for age, gender, and history of prior line) were
used to evaluate the effect of the intervention on these outcomes
while accounting for clustering (variance correction) at the patient
level. Additionally, we performed a sensitivity analysis of all
outcomes after removing the facility that did not participate in the
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intervention period. All analyses were completed using SAS
version 9.4 (Cary, NC).

Results

Six nursing homes participated. Due to changes in administrative
leadership, one facility discontinued participation during the
phase-in period and another had a 10-month delay in intervention
implementation (completing 9 of 19 months). Table 1 summarizes
nursing home and resident characteristics. There were 4,865
assessments of 422 PICCs in 385 nursing home residents during
baseline and 4,264 assessments of 395 PICCs in 334 residents
during intervention. Of these, 69.0% (291/422) and 82.0% (324/
395) of PICCs had visible insertion sites (not covered by gauze or
antibacterial-disc) during baseline and intervention, respectively.

Baseline observations

At baseline, 40.9% (119/291) of lines had dressings with peeling
on one or more sides, 29.9% (87/291) had at least one assessment
with a CLISA 2 or 3 and once identified, mean days to removal was
20 (SD= 19) days, Table 2. Supplemental Figures 2–3 illustrate
examples of dressing maintenance and insertion site findings
we encountered. In 8 separate patients, research staff were ethically
compelled to break research protocol of non-intervention and
escalate their concern to medical directors when residents had
severely symptomatic insertion sites (pain at the insertion site,
frank purulence or abscess) unrecognized by clinical teams.

Changes in central line maintenance practices observed after
implementing the SAFER lines program

Though the main target of the SAFER Lines program was to
monitor insertion sites for CLISA 2 or 3 and remove lines in a
timely manner, we observed improvements in all maintenance
activities. Comparing baseline to intervention, there was a 50%
decrease in lines with peeling dressings, from 40.9% to 20.4%;
in adjusted analyses, the SAFER Lines programwas associated with

a 57% lower odds of having a dressing with peeling (OR 0.43, 95%
CI 0.28–0.64, P < .001), Table 3. Results remained significant
on sensitivity analysis (OR= 0.47, 95% CI: 0.31–0.74, P < .001).

During baseline, there was heavy use of gauze and other
materials covering the insertion site and the proportion of
assessments with dressings where insertion sites were not visible
decreased from 2,313 to 998 during the baseline and intervention
periods, respectively. Daily nursing documentation of dressing and
insertion site appearance improved from <1% during baseline to
>98% in the last month of intervention.

Changes in CLISA score observed after implementing the
SAFER lines program

Among lines with at least one assessment of a visible insertion site,
the proportion with localized infection or inflammation (CLISA 2
or 3) decreased from 29.9% (87/291) during baseline to 12.0% (39/
324) during the intervention (59.9% reduction, P < .001), Table 2.
On adjusted analyses (Table 3), the intervention was associated
with 73% lower odds of developing CLISA 2 or 3, OR= 0.27 (95%
CI 0.13–0.56), P < .001. Results remained significant on sensitivity
analyses (Table 3 footnotes). Similar results were found for the
separate subsets of CLISA 2 and 3. Notably, peeling dressings were
significantly associated with development of CLISA 3, adjusted
OR = 3.05 (95% CI: 1.43–6.51), P = .004 (Table 3).

Changes in days-to-line removal after CLISA 2 or 3 upon
implementing the SAFER lines program

Line removal after CLISA 2 or 3 occurred 50% faster, from a mean
(SD) of 20 (19) days during baseline to 10 (19) days after
intervention (P = .01), Table 2. In the subset of lines with CLISA 3,
removal was 95% faster, from 19 (20) days to 1 (2) day (P < .001)
during the baseline versus intervention periods, respectively. Mean
PICC dwell time also decreased 38% from 37.1 (36.8) days to 26.3
(25.8) days.

The SAFER Lines program was associated with 62% lower risk
of remaining in place once CLISA 2 or 3 was identified [HR= 0.38

Table 1. Characteristics of participating nursing homes and residents with peripherally inserted central catheters

Baseline N (%) 15 months Intervention N (%) 19 months P-value

Nursing Home Characteristics, median (range)

Facilities (N) 6 5

Licensed beds 99 (99–174) 99 (97–169)

Annual admissions 664 (277–964) 640 (325–805)

Daily census 94 (88–147) 88 (77–140)

Length of stay, days 206 (183–221) 209 (199–216)

Resident Characteristicsa

Residents with central lines (N) 385 334

Age in years (mean, SD) 67 (15) 67 (16) .648

Male sex 184 (48.2) 138 (48.8) .879

Prior central line 31 (8.1) 46 (13.8) .013

Total number of PICC lines 422 395

Assessments completed 4,865 4,264 .921

Dwell time in days (mean, SD) 32 (36.8) 23 (25.0) <.001

aNursing home residents with peripherally inserted central catheter (PICC) line in place.
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(95% CI: 0.24–0.62), P < .001] and a 72% lower risk of remaining
in place once a CLISA 3 was identified [HR= 0.28 (95% CI: 0.11–
0.73), P = .009]. Results remained significant on sensitivity
analyses (Figure 2, caption). Kaplan–Meier curves for days-to-line
removal upon first identification of CLISA 2 or 3 are shown for
baseline and intervention periods in Figures 2A–C.

Infection-related hospitalization and bacteremia

The proportion of nursing home residents who were discharged
to a hospital due to an infection decreased by 27.3% from 42.9%
(165/385) to 31.1% (104/334) during the intervention and baseline
periods, respectively. On adjusted analyses, the SAFER Lines
program was associated with a 41% lower odds of an infection-
related hospitalization, OR= 0.59 (95% CI, 0.42–0.83), P = .002.

Table 2. Dressing integrity, presence of insertion site inflammation or infection,
and days-to-line removal during baseline and intervention periods

Baseline N (%)
15 months

Intervention N
(%) 19 months P-Valuea

PICC Lines with Visible
Insertion Sitesb

291 (69.0) 324 (82.0) <.001

PICC Line Dwell Time
(mean, SD)

37.1 (36.8) 26.2 (25.8) <.001

Dressings Peeling on
≥1 Sidec

119 (40.9) 66 (20.4) <.001

Maximum CLISA Scorec,
d

CLISA 0 107 (36.8) 88 (27.2) <.001

CLISA 1 97 (33.3) 197 (60.8)

CLISA 2 54 (18.6) 30 (9.3)

CLISA 3 33 (11.3) 9 (2.8)

CLISA 0 or 1
(composite)

204 (70.1) 285 (88.0) <.001

CLISA 2 or 3
(composite)

87 (29.9) 39 (12.0) <.001

Days-to-Line Removale

From first CLISA 2
(mean, SD)

20 (18) 13 (22) .1

From first CLISA 3
(mean, SD)

19 (20) 1 (2) <.001

From first CLISA 2 or
3 (mean, SD)

20 (19) 10 (19) .01

All Visible Assessmentsf 2,243 3,266

CLISA 0 1,248 (55.6) 1,875 (57.4) <.001

CLISA 1 609 (27.2) 1,317 (40.3)

CLISA 2 303 (13.5) 60 (1.8)

CLISA 3 83 (3.7) 14 (0.4)

aP-value calculated using χ2 for dressing peeling and CLISA scores; t-test used for dwell time
and days to removal.
bDenominator for percentage is total number of lines: n= 422 during baseline and n= 395
during intervention.
cDenominator for percentages is number of PICC lines with visible insertion sites.
dMutually exclusive categories with each line assigned according to maximum CLISA (central
line insertion site assessment) score through line duration.
eCalculated using date of first maximum CLISA score to date of line removal; for lines without
a known removal date, the last day of line assessment was used.
fDenominator for percentages presented for each subcategory below.
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Figure 2. Probability of removal of lines identified with inflammation or infection
during the baseline versus intervention periods. (A–C): Kaplan–Meier curves for
estimated probability of line removal when localized inflammation or infection are
identified according to (1A) CLISA (central line insertion site assessment) scores of 2 or
3, composite of localized inflammation or infection; (1B) CLISA score 2 indicating
progressive localized inflammation (1C) CLISA score 3 indicating severe inflammation or
infection (severe erythema or purulence). Cox proportional hazards models to evaluate
days-to-removal for baseline and intervention periods adjusted for adjusted for age,
gender, and history of prior line. Results remained unchanged on sensitivity analyses
after removing the facility that did not complete the intervention period as follows:
CLISA 2 or 3—hazard ratio (HR) 0.40, 95% CI 0.25–0.65, P < .001; CLISA 2—HR 0.52, 95%
CI 0.29–0.93, P = .026; CLISA 3—HR 0.26, 95% CI 0.10–0.68, P = .006).
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Results remained significant on sensitivity analyses (OR= 0.58,
95% CI: 0.41–0.82, P = .002). The proportion of residents
hospitalized with bacteremia decreased by 48.8% from 2.3%
(9/385) to 1.2% (4/334) during the baseline and intervention
periods, respectively, (P = .27).

Discussion

Effective CLABSI prevention strategies are urgently needed to
address the increasing numbers of patients who require
intravenous therapy outside of hospitals. Obstacles to effective
CLABSI prevention in the nursing home include high staff
turnover, insufficient nurse-to-patient ratios, lack of infection
prevention training or expertise, and lack of onsite physicians for
proactive responses.15–20 These systemic issues predispose staff to
breakdowns in basic practices including dressing maintenance,
monitoring, and recognition of skin changes. Before our
intervention, we found that failures in appropriate line care were
exceedingly common: almost no lines had documentation of visual
findings, 40% had peeling dressings, nearly 20% had serious local
inflammation or infection, and 30% of lines experienced serious
local inflammation or infection before discontinuation.

Importantly, we found that peeling dressings were associated
with a 2 to 3-fold higher risk of insertion site inflammation or
infection (Table 3), providing new evidence for the importance of
maintaining dressing integrity in preventing localized infection.
EvenwhenCLISA 2 or 3 lines were identified,mean time to removal
was 20 days, leaving lines high risk for CLABSI in place for weeks.

The SAFER Lines CLABSI prevention bundle was associated
with multiple improvements in line care. First, dressing main-
tenance improved, including a 50% increase in intact dressings and
near perfect adherence with documenting visual assessment.
Second, insertion site inflammation or infection was reduced by
three-quarters, and removal of CLISA 2 or 3 lines occurred twice as
quickly, with the subset of CLISA 3 lines being removed in less
than 2 days. Finally, we found a 27% lower rate of hospitalization
due to infection.

The success of the SAFER Lines program was likely due to its
ability overcome several operational barriers. By providing a
common language and standardized metrics to identify localized
infection with associated expectations for action, the CLISA score
facilitated early identification of high-risk lines and timely
response.11 Moreover, physician auto-alerting for CLISA 2 or 3
allowed remote examinations of serial photos over time, which
primed physicians with all the necessary information to place
orders within the app, which facilitated timely action. This
approach dramatically reduced the response time to high-risk local
symptoms from nearly 2 weeks to less than 1 day.

Notably, enforcement of daily documentation may also have
prompted evaluation of line necessity. Some nurses reported that
they had started to prompt physicians for removal of PICC lines
that were no longer being used. This was supported by a reduction
in overall line dwell time by nearly 40%.

Our intervention is an example of a successful telemedicine
approach to facilitate infection prevention. The mobile-app
allowed meaningful communication between doctors and nurses
about non-emergent findings and encouraged proactive measures
for prevention that might otherwise go undiscussed. Nurses in
nursing homes usually reserve phone calls or pages to physicians
for events that require immediate diagnostics or treatments and
otherwise await regularly planned physician visits for additional
orders. For central line-associated events, the usual trigger to
contact a treating physician would be fever or acute pain at the line.
By providing a way to alert physicians with high-yield information
about a high-risk line through a mobile-app, nurses could garner
physician attention before severe symptoms arose.

Our study has several important limitations. First, while we
were able to demonstrate statistically significant reductions in
infection-related hospitalizations using coded diagnosis data and
also observed a nonsignificant decrease in bacteremia by nearly
50%, our sample size was insufficient to evaluate bacteremia or
CLABSI events. Second, CLISA evaluation was limited to only
insertion sites that were visible, which impacted our sample size.
Nevertheless, training increased the proportion of visible insertion

Table 3. Multivariable model: impact of the SAFER lines CLABSI prevention bundle on proportion of lines with localized inflammation or infectiona,b

Variables

Local Inflammation or Infection at Insertion Site

CLISA Score 2 or 3 CLISA Score 2 CLISA Score 3

Odds Ratio (CI) P-Value Odds Ratio (CI) P-Value Odds Ratio (CI) P-Value

SAFER Lines Interventionc 0.27
(0.13–0.56)

<.001 0.35
(0.16–0.75)

.008 0.27
(0.12–0.64)

.003

Age 0.99
(0.98–1.01)

.43 0.99
(0.97–1.01)

.47 1.00
(0.98–1.03)

.98

Male sex 1.78
(1.03–3.09)

.04 1.55
(0.82–2.95)

.18 1.79
(0.88–3.66)

.11

History of prior central line 1.70
(0.83–3.45)

.14 2.06
(0.88–4.81)

.09 0.96
(0.38–2.42)

.94

Dressing peeling on ≥1 side 2.15
(1.17–3.94)

.01 1.44
(0.73–2.84)

.28 3.05
(1.43–6.51)

.004

PICC line dwell time (days) 1.01
(0.99–1.01)

.16 1.00
(0.99–1.02)

.44 1.01
(1.00–1.02)

.23

aResults are based on generalized linear mixed effects logistic regression models done at the PICC line level, accounting for clustering (random intercepts) within nursing homes and patients.
bSAFER, Standardizing Assessments For Effective Response; CLABSI, central line associated bloodstream infection.
cResults were unchanged after sensitivity analysis removing the facility that did not complete the intervention period: CLISA 2 or 3 –OR 0.26, 95% CI 0.12–0.56, P< .001; CLISA 2 –OR 0.35, 95% CI
0.16–0.77, P = .009; CLISA 3 – OR 0.26, 95% CI 0.11–0.61, P = .002).
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sites as the intervention taught nurses that localized inflammation
or infection provides a useful clinical end point since extraluminal
introduction of pathogens is a known pathway for the development
of CLABSI.21,22 Despite sample size limitations, we saw dramatic,
statistically significant improvements in CLISA scores. Third, we
are unable to differentiate the relative impact of the mobile-app
versus education in our bundled intervention. Fourth, our quasi-
experimental design precludes determination of causality. Finally,
erythema can be difficult to visualize in patients with darker skin
tones on both clinician and photo-assessments.23–25 Though
understudied, there is growing recognition that patients with
darker skin tones are at higher risk for unrecognized skin/soft
tissue infections and late presentation with sepsis, higher
morbidity, and mortality.26–28 Solutions to detect infection earlier
in darker pigmented individuals are urgently needed. In our
cohort, photo-assessments could capture purulence (CLISA 3) and
dressing maintenance targets (peeling and soiling) in residents
with darker skin tones.

The SAFER Lines program successfully improved dressing
quality, reduced localized inflammation and infection at PICC
insertion sites, facilitated rapid removal of lines at high risk for
progression to CLABSI, and reduced infection-related hospital-
izations in nursing home residents. This work provides evidence
supporting a new strategy for CLABSI prevention that is tailored
to the needs of the nursing home setting and highlights the
gains that can be achieved through photo-assessments and mobile-
app-based approaches.

Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1017/ice.2024.203
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