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Abstract

In recent years, it has become increasingly evident that surveillance metrics for invasive device-associated infections (ie, central-line–
associated bloodstream infections, ventilator-associated pneumonias, and catheter-associated urinary tract infections) do not capture all
harms; they capture only a subset of healthcare-associated infections (HAIs). Although prevention of device-associated infections remains
critical, we need to address the full spectrum of potential harms from device use and non–device-associated infections. These include
complications associated with additional devices, such as peripheral venous and arterial catheters, non–device-associated infections such as
nonventilator hospital-acquired pneumonia, and noninfectious device complications such as trauma, thrombosis, and acute lung injury. As
authors of the device-associated infection sections in the SHEA/IDSA/APIC Compendium of Strategies to Prevent Healthcare-Associated
Infections in Acute Care Hospitals, we highlight catheter-associated urinary tract infection as an example of the strengths and limitations of the
current emphasis on device-associated infection surveillance, suggest performance metrics that present a more comprehensive picture of
patient harm, and provide a high-level overview of similar issues with other infection surveillance measures.
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Healthcare-associated infection (HAI) surveillance and reporting
has traditionally focused on device-associated infections, such as
central-line–associated bloodstream infection (CLABSI), ventila-
tor-associated pneumonia (VAP), and catheter-associated urinary
tract infection (CAUTI).1,2 Quality and safety advocates point out
that the potential harms associated with invasive devices extend
beyond infection alone, affecting quality of care and patient
outcomes. For example, central lines are associated with
thrombosis, occlusion, and venous scarring.3,4 Indwelling urinary
catheters are associated with decreased mobility, increased risk of
falls, and trauma to the genitourinary system.5–8 Endotracheal
tubes and mechanical ventilation can be linked to volume and
pressure-associated lung injury.9 Other devices such as peripheral
venous and arterial catheters may cause infectious harm, but they
have not been addressed in large surveillance programs to date.
Furthermore, non–device-associated infections have garnered less
attention than device-associated infections; however, recent
surveys suggest that they account for similar or greater numbers
of infections than device-associated infections. For example, two-
thirds of hospital-acquired pneumonias occur in nonventilated
patients, and more than half of healthcare-associated urinary tract
infections (HAUTIs) occur in noncatheterized patients.10,11

Current surveillance metrics overlook these additional sources
of harms in hospitalized patients, so the national incidences of
HAUTI, hospital-onset bacteremia (HOB), and nonventilator
pneumonia (NV-HAP) are unknown.1,12,13 Additionally, our
current surveillance methods for device-related infections involve
manual chart review and complex definitions, which have led to
significant workload and require infrastructure support.
Furthermore, rates may be affected by common documentation
errors.

In this commentary, we highlight CAUTI as an example of the
strengths and limitations of the current emphasis on device-
associated infection surveillance, describe emerging National
Healthcare Safety Network (NHSN) metrics, and we recommend
strategies to identify healthcare-associated patient harm to capture
the array of preventable device-associated harms (in addition to
device-associated infections) and non–device-associated HAIs as
necessary precursors to developing comprehensive strategies to
prevent, detect, and manage them.

The evolution of CAUTI metrics

Precisely defining a urinary tract infection (UTI), whether a
CAUTI or nondevice UTI, is a significant challenge in evaluating
CAUTI prevention efforts. The current NHSN CAUTI definition
relies heavily on the presence of a positive urine culture and
documented fever in a catheterized patient within the infection
window,14 making the diagnosis of NHSN CAUTI event
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susceptible to the prevalence of fever and changes in testing
practices over urinary catheter care and device stewardship.15 The
standardized infection ratio (SIR), which calculates observed
infections in relationship to predicted infections, is a metric widely
used to compare a hospital’s performance to a national benchmark
based on a baseline period.5,16 Although valuable, the SIR does not
adequately account for local factors such as reductions in low risk
catheter use due to unit-specific interventions.16,17 For example,
interventions that focus on reducing catheter use may decrease
catheter days (the denominator) but leave behind catheterized
patients with higher risk of CAUTI, thus resulting in a higher
measured surveillance CAUTI rate. Furthermore, manual chart
review and multidimensional definitions in surveillance methods
introduce the risk of error and bias18 and shift the emphasis to
reducingmeasured NHSNCAUTIs above reducing catheter harms
experienced by patients.15 One proposal to improve patients’
clinical outcomes is developing performance metrics to capture
clinically significant harms (or the potential for harms) to provide
actionable information for facilities.5 We describe 2 clinical
vignettes to highlight noninfectious and infectious harms that are
not captured by current CAUTI metrics.

Vignette 1

A 75 year-old-man with a history of hypertension was admitted to
an acute-care hospital for worsening back pain. While undergoing
additional work-up, his pain was managed with opioids. On day 3,
he developed urinary retention, for which the clinician ordered the
placement of an indwelling urinary catheter. Unfortunately, the
patient’s assigned nurse was not properly trained in catheter
insertion—particularly for older men with higher risk for difficult
urinary insertion due to benign prostatic hypertrophy—resulting
in a traumatic hematuria and excessive discomfort for the patient.
Due to absence of bacteriuria and fever, and no standard
requirements or recommendations for documenting traumatic
injuries from urinary catheter use, this adverse event was not
included in the hospital’s CAUTI count, was not flagged for
inclusion in the hospital’s quality review process (triggered by
NHSN CAUTIs), and was not reported to the state health
department or CMS.

Vignette 2

A 60 year old woman was admitted to an acute-care hospital from
long-term care facility for management of a fall that caused to a hip
fracture. An external urinary collection device was placed on
admission due to immobility in the setting of acute fracture pain
and chronic urinary incontinence, with the goal of preventing
CAUTI by avoiding placement of an indwelling urinary catheter.
On day 3 of the hospitalization, a urine culture was obtained for
some discomfort with urination, interpreted by clinicians as
dysuria (in the setting of an external urinary catheter whose
placement and movement can irritate the female urethral meatus,
particularly in postmenopausal women). A urine sample collected
from the 3-day-old external catheter grew >100,000 colony-
forming units permilliliter (CFU/mL) of Escherichia coli, for which
she received 7 days of oral ciprofloxacin. The case did not meet the
NHSN CAUTI definition due to absence of indwelling urinary
catheter. This case was not reported, yet this was an instance of
inappropriate urine testing. The patient had another likely and
reversible cause of urethral meatus irritation than UTI, urine was
collected from an external catheter that had been in place for days,
from this postmenopausal older female patient with a high baseline

likelihood of asymptomatic bacteriuria. Ideally, this inappropriate
antibiotic treatment—by initial antibiotic selection as well as
starting an antibiotic in response to a positive urine culture
collected by inappropriate method and indication—should have
been flagged and reported for the purposes of quality
improvement.

Proposal for metrics beyond CAUTI

Traditionally, CAUTI has been the focus of UTI prevention efforts
by hospital infection prevention teams. However, if teams focus on
the NHSNCAUTI metric alone, they may not be aware of the rates
of inappropriate catheter use and care, urinalysis and urine-culture
stewardship adherence, and urine-culture contamination rates. In
this regard, we propose additional metrics so that facilities can
better capture patient harms (Table 1).

Catheter utilization

Standardized utilization ratio (SUR) and device utilization ratio
(DUR) are objective measures that capture overall catheter use
and allow for some estimation of infectious and noninfectious
harms. DUR is the ratio of catheter days to patient days for a
specified period. SUR is the ratio of observed to predicted catheter
days, is compared to a national benchmark, and is risk adjusted to
allow comparisons across different populations and multiple
hospitals.19–21

Urine test utilization

Although efforts to identify symptomatic UTIs continue, a
hospital’s diagnostic performance can be evaluated by measuring
urine-culture utilization rates (or urinalysis rates in outpatient
settings), which can reflect urine test use in both catheterized and
noncatheterized patients. Urine-culture utilization rates can be
extracted from electronic medical records and can be risk adjusted,
similar to blood-culture utilization rates.22 Furthermore, electronic
identification of patients with hospital-onset bacteriuria (similar to
hospital-onset bacteremia) is possible.

Urine-culture contamination

Urine-culture contamination is usually reflected by the rate of
mixed flora in urine cultures, the incidence of which is increasing
in inpatient and outpatient settings (>40%).23 Contaminated or
mixed-flora (usually defined as≥3 species in a urine culture) urine-
culture rates often reflect specimen collection, transport, and
storage practices. They can pose a diagnostic challenge to clinicians
due to false-positive or false-negative test results. Measuring urine-
culture contamination is important for the same reasons as
measuring blood-culture contamination: to improve collection,
transport, and diagnostic accuracy and to reduce overuse of
additional tests and antibiotics.24,25

Composite measure of catheter harm

Catheter harm encompasses both infectious complications (eg,
catheter-associated bacteriuria, infection) and noninfectious cath-
eter-related complications (eg, urethral injury, pain, falls, catheter
obstruction, deep vein thrombosis).26 Future research is needed to
develop and validate a composite measure for catheter harm that
reflects a comprehensive picture of catheter care and urine testing
while allowing for electronic capture of data elements (Fig. 1).27
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Parallels with pneumonia, ventilator harm, vascular
device-associated infections and harms, and hospital-
acquired sepsis

As with CAUTI, there are similar concerns with underdetection of
device-associated harms, non–device-associated infections (of the
respective organ system), inappropriate diagnostic testing, and
overuse of antibiotics for colonization rather than infection with
many of the other HAIs that hospitals are currently required to
report to NHSN. A number of emerging surveillance metrics and
reporting initiatives being stewarded by NHSN are starting to
address these concerns.

Ventilator-associated harm

In the realm of ventilator-associated harm, the Centers for Disease
Control and Prevention (CDC) developed the ventilator-associ-
ated event (VAEs) metric. The VAE metric was specifically
designed to broaden the scope of surveillance to include
noninfectious harms in addition to pneumonia.9 Indeed, pneumo-
nia only accounts for ∼33% of VAEs. The rest are mostly

attributable to volume overload, acute respiratory distress
syndrome (ARDS), and atelectasis. Comprehensive programs to
prevent VAEs consequently include measures designed to avoid
noninfectious harm from ventilators such as avoiding mechanical
ventilation when possible, minimizing sedation, facilitating early
extubation, maintaining euvolemia, and using low-tidal-volume
ventilation, in addition to pneumonia prevention measures such as
elevating the head of the bed, providing comprehensive oral care
including toothbrushing, and maintaining ventilator circuits.28,29

Nonventilator pneumonia

The CDC is currently exploring novel metrics to capture
nonventilator hospital-acquired pneumonia (NV-HAP). NV-HAP
accounts for ∼65% of all hospital-acquired pneumonia. It is
associated with morbidity and mortality rates similar to VAP, yet
hospital surveillance programs and prevention guidelines tradition-
ally have not addressed NV-HAP. The CDC has sponsored the
ongoing development of a potentially automatable surveillance
definition for NV-HAP to facilitate widespread, objective, and
efficient surveillance.30,31 The latest version of the Compendium:

Table 1. Characteristics of Proposed Future Performance Metrics Related to CAUTI

Proposed Measure

Captures
Catheter
Use

Captures
Infectious
Harma

Captures
Noncatheterized
Patients

Captures
Noninfectious
Harmb

Captures Patients with-
out Urinary Catheters

Electronically
Captured

Can Be Adapted to
an Outpatient
Measure

Catheter utilization (SUR/
DUR)

Yes Possibly NA Possibly No Yes Yes

Urine culture or urinalysis
utilization rates

No Yes Yes No Yes Yes Yes

Urine culture
contamination (mixed
flora) rates

No Yes Yes No Yes Yes Yes

Composite catheter harm
score

Yes Yes NA Yes No Possibly Possibly

Note. CAUTI, catheter-associated urinary tract infections; SUR, standardized utilization ratio; DUR, device utilization ratio. Color scheme: white: no; solid grey: yes; light grey: possibly.
aTrue infection, antibiotic use.
bFalls, deep vein thrombosis, insertion trauma.

Figure 1. Full spectrum of catheter harm.
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2022 Updates on prevention of hospital-acquired pneumonia now
includes a section on preventing NV-HAP, highlighting the
importance of rigorous oral care, mobilizing patients, and
identifying patients with dysphagia so that additional measures to
prevent aspiration can be implemented.29

Vascular device-associated infections and harms

The NHSN has a forthcoming metric on hospital-onset bacteremia
that will broaden bloodstream infection surveillance to include all
hospital-onset bacteremia and fungemia cases, not just those
associated with central lines. This metric considers additional
indwelling vascular devices that may serve as foci for bacteremia
besides central lines, including arterial catheters, midline catheters,
and peripheral intravenous catheters.32 More broadly, some HAIs
may lead to secondary bacteremia independent of an intravascular
catheter, and they are also important sources of morbidity and
mortality that merit attention and prevention. As with CAUTI,
contamination of culture is a risk with the potential for triggering
unnecessary and harmful treatments.33 Noninfectious risks, such
as catheter thrombosis, may lead to obstruction and malposition-
ing that can result in vascular injuries. These noninfectious risks
are more appreciated with vascular catheters than with urinary
catheters and also can increase the risk for infection.3 Lastly,
although only 1 urinary catheter or 1 endotracheal tube is usually
in place, many patients may have 1 or more concurrent lines for
vascular access.3 This can further increase the risk of harms to
patients from vascular catheters.

Hospital-acquired sepsis

Similar considerations described below have informed the NHSN’s
surveillance definition for adult sepsis events.34 Sepsis is present at
some time during hospitalization in 35%–50% of hospital deaths
and costs Medicare alone>$22 billion per year.35 Notwithstanding
its outsized impact on patient outcomes and costs, there is
currently no systematic reporting of sepsis overall or hospital-
acquired sepsis in particular to public health authorities. An
advantage of surveillance for hospital-acquired sepsis in particular
is 2-fold: (1) by definition, it focuses surveillance on a subset of
patients with severe HAIs and (2) it captures many serious
infections that are currently not-reportable including non–device-
associated UTIs that lead to secondary sepsis, NV-HAP, surgical-
site infections (both those that are currently reportable to CMS and
those that are not), and hospital-onset bacteremia cases. The scope
of hospital-acquired sepsis surveillance is broader than hospital-
onset bacteremia insofar as only 15%–20% of patients with sepsis
or septic shock are bacteremic.35

The CDC adult sepsis event definition is designed to enable
automated surveillance using electronic health record (EHR) data
alone. It defines a sepsis event as the combination of suspected
infection (as suggested by a blood culture draw, initiation of
antibiotics, and continuation of antibiotics for at least 4 days) and
concurrent organ dysfunction (initiation of vasopressors or
mechanical ventilation, rise in creatinine or bilirubin, or drop in
platelets). A side-by-side comparison of hospital-onset adult sepsis
event surveillance with traditionally reportable HAIs in 3 hospitals
revealed that hospital-onset adult sepsis events detected twice as
many infections compared to currently reportable HAIs and
identified more serious events than currently reportable HAIs
insofar as reflected by higher mortality rates.2

Conclusion

In conclusion, we propose the continued development and
validation of performance metrics to capture a comprehensive
picture of infectious and noninfectious patient harms associated
with devices and to broaden surveillance to include non–device-
associated serious infections.29,36 Future research in surveillance
metrics should focus on efficient and accurate means of identifying
HAIs in all populations, evaluating the utility of biomarkers as
infection flags, methodologies to differentiate between coloniza-
tion versus active infection, and strategies to automate surveillance
using EHR data. Surveillance data should be actionable to make
improvements that avert patient harm. Accordingly, the device
utilization ratio may represent a more useful tool than just the HAI
rate. Addressing inappropriate practice patterns and leveraging the
laboratory’s role in improving testing can help reduce unnecessary
testing and unnecessary treatment.
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