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Abstract
Purpose of Review The purpose of this review is to describe the role of device utilization as a component of surveillance for
healthcare-associated infections and describe its potential role as a measurement of healthcare quality.
Recent Findings Device utilization, while primarily a process-based measure in the prevention of device-associated infections
can also serve as an important outcome in the evaluation of an infection prevention program.
Summary Device utilization can be an important and resource-efficient measurement when coupled with measurements of risk-
adjusted infection rates. The measurement of the device utilization ratio can provide insight into the risk of device-associated
harms, including non-infectious harms, which would not be captured with currently used infection-based surveillance metrics.
Further study and validation of standardized, risk-adjusted device utilization measurements is an important area for future
exploration.
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Introduction

Process and Outcome Measures in Healthcare

The outcomes ofmedical care processes are frequently used as
key indicators of the quality of medical care. In recent de-
cades, the limitations of currently used outcome measures
have been increasingly recognized. This has prompted the
pursuit of alternative approaches, including measuring and
reporting processes of healthcare, in formulating an assess-
ment of healthcare quality [1].

Outcome measures describe clinically significant events,
such as acute myocardial infarction, surgical site infection,
hospital readmission, and in-hospital mortality, which are

associated with significant patient health and financial costs.
These are currently the predominant healthcare-associated in-
fection measures that are reported to the public and govern-
ment and commercial healthcare payers who use them in eval-
uating healthcare quality of healthcare providers and institu-
tions [2]. However, because infection-associated outcomes are
influenced by multiple factors, including patient-specific fac-
tors, the frequency of the measured outcome, laboratory test-
ing practices, and factors beyond the control of individual
healthcare providers, they may not measure nor accurately
reflect quality of care [3].

Process measures address the sequential steps (processes)
that in summation lead to an outcome. These are often more
sensitive to measure specific activities and processes, and in
many cases, easier and less resource intense to measure than
outcome measures [3]. In addition, the success or failure of an
intervention designed to improve quality of care is easier to
track through these measurements. These measurements also
can be measured in near real-time, as they do not rely on a
clinical outcome that may occur days or months after a new
process is implemented.

Device-associated infections, including catheter-associated
urinary tract infections, central line-associated bloodstream
infections, and ventilator-associated pneumonia, are among
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the most common and costly healthcare-associated infections
[4]. Currently, outcome-based measurements, specifically
device-associated infection rates, have been the main metrics
used in measuring and reporting healthcare quality at the unit
and facility levels. Given their limitations in providing accu-
rate and actionable data to reduce healthcare-associated infec-
tions, alternative metrics have been proposed, including those
focusing primarily on device utilization [5••]. Increasingly,
process measures are being used as indicators of system per-
formance in the healthcare setting and how well organizations
adhere to practice guidelines and best practices, and the inclu-
sion of process measures is recommended by infection control
guidelines [6].

In this review, we explore device utilization as both a pro-
cess measurement and as an outcome measurement. Using
urinary catheter utilization as an example to illustrate this met-
ric, we specifically address the benefits and limitations of both
infection rates and device utilization as outcome measures.
Although urinary catheter utilization will be specifically ad-
dressed for illustration purposes, many of the concepts and
principles discussed in this review can be extrapolated to other
devices frequently used in healthcare, such as vascular cathe-
ters and mechanical ventilators.

Catheter-Associated Urinary Tract Infection
Epidemiology—Outcome and Process Measures

Catheter-associated urinary tract infections (CAUTI) are one
of the most common healthcare-associated infections [4] and
incur significant costs to the healthcare system [7, 8]. The
currently used metric for measuring CAUTI in acute care hos-
pitals and reporting data to the National Health Safety
Network (NHSN) is infection rate, calculated as the incidence
of infection per 1000 catheter days [9].

Guidelines from the US Centers for Disease Control and
Prevention identify specific examples of process and outcome
measures recommended for healthcare facilities caring for pa-
tients with urinary catheterization [10]. Process measures fo-
cus on staff education, documentation of catheter indication,
as well as insertion and removal dates. Outcome measures
include CAUTI rates and rates of secondary bloodstream in-
fections attributed to CAUTI.

Given the inevitable consequence of bacteriuria in the set-
ting of urinary catheterization, the duration of catheterization
is established the major risk factor for CAUTI [11].
Consequent ly, the 2014 Socie ty for Heal thcare
Epidemiology of America compendium advocates for de-
creasing catheter use through restricted indication of initial
catheter placement and ongoing monitoring of the need for
catheterization and prompt removal when catheterization is
no longer necessary [12]. Additionally, unnecessary and
prolonged catheterization when the catheter is no longer need-
ed may result in non-infectious adverse outcomes which

would not be captured in the current outcome metric of
CAUTI rate. This has led to the proposition that urinary cath-
eter utilization, which is currently considered a process mea-
sure, be considered an outcome metric for measurement and
reporting. We describe the limitations of the current CAUTI
definition and describe the role of device utilization, specifi-
cally urinary catheter utilization, as an outcome measurement
to assess healthcare quality and performance.

CAUTI as an Outcome Measurement

The use of surveillance-based criteria, clinical practice guide-
lines, claims-based diagnosis and clinician-based diagnosis
are all currently in use to help evaluate and diagnose
CAUTI. Each definition is unique, and due to conflicting
criteria, it leads to making the diagnosis of CAUTI a difficult
task for providers and infection prevention programs.

Surveillance-Based Criteria for CAUTI

The Centers for Disease Control and Prevention NHSN has
provided a surveillance definition of CAUTI that is commonly
used and was most recently updated in January 2015 [9]. The
NHSN has provided two specific types of UTI: symptomatic
UTI (SUTI) and asymptomatic bacteremic UTI (ABUTI). For
SUTI definition to be met, the patient must have an indwelling
catheter for > 2 days on the day of event and either still present
for any portion of the calendar day on the day of event or
removed the day prior. Patients also require at least one sign
or symptom to meet the catheter-associated SUTI definition.
These include fever, suprapubic tenderness, or costovertebral
angle pain with no other recognizable cause. Symptoms of
urinary urgency, frequency, and dysuria cannot be used when
the catheter is still in place. Lastly, a quantitated urine culture
is required and must contain ≥ 105 CFU/mL of bacterial or-
ganisms. The updated definition in January 2015 excluded
urine analysis findings, as well as nonbacterial organisms such
as yeast. The definition of ABUTI is similar with regard to
temporal use of an indwelling catheter and urine culture
criteria, but also includes a positive blood culture with at least
one matching bacterium to the urine culture and no symptoms
compatible with UTI.

CAUTI Defined by Clinical Practice Guidelines

The Infectious Diseases Society of America (IDSA) has de-
fined CAUTI with the use of both clinical and laboratory
findings, with emphasis on exclusion of any other identified
source of infection [13]. The definition includes patients with
indwelling urethral, indwelling suprapubic, or intermittent
catheterization, along with those who have had the catheter
removed within the previous 48 h. The IDSA guidelines fo-
cuses on three major components for the clinical diagnosis of
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CAUTI. These include the following: (1) signs or symptoms
compatible with UTI; (2) bacteriuria of ≥ 103 CFU/mL of ≥ 1
bacterial species; and (3) no other identifiable infectious
source. New fevers, rigors, change in mental status, and leth-
argy with no other identified cause can be suggestive of
CAUTI, but given these are non-specific providers must make
a diagnosis of CAUTI by exclusion. Localized findings such
as acute hematuria, costovertebral angle tenderness, flank
pain, or pelvic discomfort can also be suggestive of the diag-
nosis. Typical symptoms of non-catheter-associated UTI such
as urinary frequency, urgency, or dysuria can also be used in
the CAUTI definition only if catheter removal was within the
preceding 48 h. Urine analysis results are not used and actu-
ally discouraged by the IDSA in differentiating symptomatic
vs. asymptomatic CAUTI. Catheter-associated asymptomatic
bacteriuria (CA-ASB) is defined as a patient with a urinary
catheter, whether indwelling or non-indwelling and the pres-
ence of ≥ 105 CFU/mL of ≥ 1 bacterial species in a urine
culture without the presence of symptoms compatible with
UTI.

Claims-Based Diagnosis of CAUTI

The use of administrative discharge data is also used to define
CAUTI. The Centers for Medicare and Medicaid Services
(CMS) since October 2008, no longer pays hospitals to treat
certain hospital-acquired conditions so as to help improve
patient safety and decrease Medicare spending [14]. This has
led to the use of discharge data to help identify hospital-
acquired CAUTI’s, which in turn would not be eligible for
payment [14, 15]. CAUTI rates determined by claims data
has frequently been found to be inaccurate and lower than
would be expected based on epidemiologic surveillance data
[16••]. A retrospective medical review found that hospital
coders rarely use the appropriate code to identify CAUTI.
They also often list a UTI as present on admission, despite it
being hospital-acquired based on information reviewed from
the medical record [17]. A systematic review in 2014
reviewed current literature to determine the accuracy of ad-
ministrative code data for the surveillance of healthcare-
associated infections.With regard to diagnosing CAUTI, there
was low sensitivity and high specificity, but the study con-
cluded that administrative code data may be inaccurate and
therefore should be used carefully with surveillance and
reporting purposes [18].

Clinician-Based Diagnosis of CAUTI

Despite access to evidence-based guidelines, providers fre-
quently obtain urine cultures inappropriately based on non-
specific findings such as urine color and odor [13]. It is also
difficult for providers to distinguish between asymptomatic
and symptomatic CAUTI, leading to unnecessary use of

antimicrobials [19, 20]. This has led to promoting initiatives
that asymptomatic bacteriuria should not be treated, unless in
certain patient populations [21]. The unnecessary or inappro-
priate use of antimicrobials can in turn lead to unwanted com-
plications such as increasing multi-drug resistance or the de-
velopment of Clostridium difficile infection [19, 22].

Benefits and Limitations of Using Outcome Measures
to Report CAUTI Rates

The currently available definitions for CAUTI are each
unique, and all have limitations. A definition that could cap-
ture both clinical and surveillance needs to help in quality
improvement efforts to decrease CAUTI’s would be ideal.
IDSA guidelines recommend heavily on using subjective
criteria and the exclusion of other infectious sources; there-
fore, this definition can be highly provider dependent [13].
Both knowledge gaps and relevant cognitive biases influence
inappropriate use of antimicrobials for asymptomatic bacteri-
uria [19, 23]. There is concern for poor sensitivity and an
underestimation of the number of events with the use of
claims-based CAUTI definition [18].

The NHSN definition is based on objective criteria. This
national measure allows for the ease of public reporting with
the capability of comparison among different hospital settings
[9]. Its goal is to help standardize reporting and monitor at a
national level infectious complications due to the urinary cath-
eter [5••]. Just prior to the most recent updated definition in
2015, it was found that there was significant discrepancy be-
tween both clinician and infectious disease consultant prac-
tices with the NHSN definition. The positive predictive value
of the NHSN definition was only 35.1% when compared to
the consultants’ assessment [24]. The updated NHSN criteria,
however, likely will improve the positive predictive value for
detecting clinically relevant CAUTI. One academic center
performed a retrospective analysis to determine the impact
of the updated 2015 NHSN definition on CAUTI rates among
seven intensive care units. There was a > 50% decline in re-
portable CAUTI’s, which also coincided with the implemen-
tation of a CAUTI prevention bundle [25]. The current NHSN
definition although is more specific based on exclusion of
nonbacterial organisms and lower urine culture colony counts,
there are still limitations in its use.

Although the NHSN definition uses objective criteria, this
could still lead to underreporting of CAUTI. With state man-
datory reporting requirements and in order to comply with
CMS, this will likely result in increased reporting to NHSN
[26]. With the increasing use of electronic medical records,
this too could help identify NHSN-defined CAUTI and de-
crease any bias of self-reporting [27]. At this time, CAUTI
surveillance is time-consuming and resource intense, which
could result in diverting other infection prevention responsi-
bilities to surveillance activities [28].
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Another limitation to the current NHSN definition is that
the number of CAUTI events reported can be influenced by
certain factors. One study showed that locations with high
fever prevalence such as a neuro-ICU will reflect in a higher
CAUTI rate as defined byNHSN [24]. This location also has a
higher incidence of conditions such as central fever, which
when coupled with the presence of bacteriuria, also common
in the neuro-ICU [29], would meet surveillance criteria for
CAUTI. Leekha et al. also found a strong association between
NHSN-defined CAUTI and concurrent alternate sources of
fever and low agreement between NHSN-defined and clinical
CAUTI. Seasonal change could also lead to increased NHSN-
defined CAUTI rates with illnesses such as influenza that are
frequently associated with ICU admissions due to febrile pa-
tients who are severely ill [5••, 24]. Rates may also be affected
by provider-dependent practices or facility implemented pro-
tocols. Having automatic triggers for performing a urine cul-
ture based on fever or abnormal urinalysis could lead to in-
creased NHSN-defined CAUTI rates [24]. This however may
not reflect patients with true clinical CAUTI, rather detecting
asymptomatic bacteriuria in patients who may be febrile or
have pyuria from other causes [5••, 19]. Similarly, reducing
unnecessary urine cultures may have a substantial impact on
reducing CAUTI rates.

The use of catheter days as the denominator for calculating
CAUTI rates as per NHSN also presents some possible limi-
tations.While it is an objective measure that can be easily used
to compare hospitals on a national level, it lacks the ability to
measure quality improvement efforts put forth in order to re-
duce catheter use entirely. The use of interventions to reduce
device utilization can lead to selecting a population that is at a
higher risk for infection, which can paradoxically cause an
increase in NHSN CAUTI rates and mask the impact a poten-
tially successful quality improvement program has had [30,
31]. Following trends nationally over time is also a challenge
given the definition modifications that occur and the increased
reporting due to state and national reporting mandates [5••].
These limitations have prompted a shift to incorporate device
utilization as a process measure to aid in capturing the broader
potential for urinary catheter harm.

Device Utilization as an Outcome Measurement
for Device-Associated Harm

Although the predominant clinical outcome associated with
urinary catheter use is urinary tract infection, other important
urinary catheter-associated harms, both infectious and non-
infectious, warrant attention though are not captured in
infection-related reporting metrics. Outside of CAUTI, uri-
nary catheters are associated with increased and often inap-
propriate antimicrobial use in the treatment of asymptomatic
bacteriuria which can result in increased rates of antimicrobial
resistance [32, 33], Clostridium difficile infection, and other

antibiotic-associated adverse effects. Non-infectious compli-
cations of urinary catheterization are common [34••, 35].
These include localized injury to the urinary tract which can
lead to urethral strictures and urinary leakage [34••] and likely
decreased patient mobility [36]. Additionally, catheterization
can lead to significant patient discomfort [37] and direct
healthcare costs associated with the device itself and indirect
costs associated with insertion and maintenance.

The CAUTI rate has been the traditional outcome mea-
sure utilized to measure catheter-associated harm. With
this metric, non-infectious adverse outcomes associated
with catheterization are not measured, and attempts to
measure these would be met with significant challenges
as some of these outcomes, such as catheter-associated
urethral strictures, may not develop during or immediately
after catheterization. Based on the associated infection
and non-infectious harms associated with urinary cathe-
ters, the reduction in catheter utilization, particularly un-
necessary catheter use, is a desired healthcare outcome.
Catheter utilization has been considered a process mea-
sure, as it represents the result of multiple processes
pertaining to insertion and continuation of catheterization
(Fig. 1). These include decisions regarding determining
the indication for insertion and prompt removal when
deemed no longer necessary. These characteristics support
device utilization as an important and measurable out-
come. Based on limitations of CAUTI surveillance, the
urinary catheter device utilization ratio (DUR) has been
proposed as an outcome quality measure [5••]. This ratio
is calculated by dividing the number of catheter days by
patient days on the same unit and can be adjusted at the
hospital level (hospital size, teaching status) or patient
unit level (unit type) in order to benchmark data allowing
for comparisons across hospitals or units. A focus on de-
vice utilization rather than CAUTI or event-specific met-
rics allows for a broader approach to patient safety and
harm reduction. Relative to the complex surveillance def-
initions for CAUTI, DUR can be measured using straight-
forward calculations based on information documented in
the clinical record, and the electronic medical record can
potentially facilitate obtaining the numerator and denom-
inator data.

The ability to monitor a healthcare quality metric indepen-
dent of laboratory testing is an important advantage of the DU
metric. The NHSN CAUTI measurement relies on a positive
urine culture, thus institutional practices for ordering urine
cultures will directly impact this measurement. The limited
specificity of the NHSN CAUTI definition highlights the in-
fluence that culturing practices may have on CAUTI rates, as
reducing urine cultures overall can lower CAUTI rates report-
ed through NHSN surveillance rates [38], though this may not
reflect a true incidence in clinical CAUTI reduction. As hos-
pitals move to optimize culture ordering practices in an effort
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of “diagnostic stewardship” [39], measurements of DU, which
are independent of laboratory practices, may provide better
insight into patient safety programs focused on reducing an
undesirable clinical outcome.

At this time, DUR data at both the individual unit and
facility levels can be submitted to the NHSN [40] but is not
routinely reported as an outcome measurement and is not in-
cluded in facility-level quality measurements, including
Centers for Medicare and Medicaid Services quality reporting
programs. Similarly, the Standardized Utilization Ratio
(SUR), a risk-adjusted measure to evaluate device utilization,
in order to facilitate comparisons between hospitals, has been
proposed by NHSN but currently remains in development at
this point in time.

Limitations of Device Utilization as an Outcome
Measurement

In contemplating the role of device utilization as an outcome
measurement, one must consider the potential limitations of
this measurement. Although the overarching goal is to opti-
mize appropriate catheter use, DU does not distinguish be-
tween appropriate and inappropriate catheter use.
Additionally, as a measurement of overall utilization, it does
not differentiate between an increase in rates of catheter inser-
tion and the duration of catheterization for an individual pa-
tient, notable given the direct relationship between duration of
catheterization and the development of bacteriuria and
CAUTI [41]. Additionally, there is a need for these measure-
ments to be validated at the institutional level. When compar-
ing DUR between hospital units, the characteristics of differ-
ent units will likely impact utilization ratio. For instance, a unit
in which patients with urological conditions receive care will
likely have multiple factors that will impact urinary catheter
use, making comparisons within hospital units challenging to
interpret.

Currently, institutions can track device utilization longitudi-
nally over time by determining their own baseline using histori-
cal data and using this as a benchmark to monitor device use
prospectively. However, until a SUR is established, there will not
be a risk-adjusted benchmark to allow for comparisons between
hospitals. It has been proposed that a measurement of device
utilization be coupled with a separate outcome measurement of
device insertion rates to help distinguish between increased uti-
lization due to more insertions or prolonged durations of cathe-
terization [5••]. Given the association between duration of cath-
eterization and bacteriuria, catheter duration may have a great
impact on the outcome of CAUTI. One must also acknowledge
the challenges with documentation of device utilization, and this
impacts both measurements of CAUTI and DU [42–44]. The
electronic health record can be useful in improving surveillance,
reporting, and documentation [45], though education with clini-
cal staff and auditing practices are critical in ensuring accurate
measurements.

Lastly, it should also be noted that avoidance of device
utilization or premature device removal in patients with ap-
propriate indications for catheterization may result in patient
harmwhich would not be captured in DU or device-associated
infection measurements. In consideration of DU as a potential
outcome measure, institutions must consider this potential
harm and consider strategies to monitor for and mitigate these
possible undesirable clinical outcomes in parallel to device
utilization surveillance.

Institutional Experience

Both authors’ facilities, a small academic medical center and a
large academic-affiliated community hospital, have used DU
as an outcome measure to monitor CAUTI prevention activi-
ties. Using baseline data as a benchmark, deviations in DUR
can be assessed longitudinally at the patient care unit level.
When compared to NHSN device-associated infection met-
rics, DU measurements have been relatively resource-

Process Measures Outcome Measures

Documentation of dates of 
device insertion and 

removal

Staff education and 

competence – device  
insertion

Documentation of device 

indication with an 
appropriate indication 

Staff education and 
competence – device  

maintenance

Device utilization

Device-associated infection

Device-associated secondary 
infection (ex. catheter-
associated urinary tract 

infection with secondary  
bloodstream infection)

Device-associated non-

infectious harms

Fig. 1 Device-associated
infections—process and outcome
measures
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efficient and have provided useful information to infection
prevention programs. Both hospitals are exploring ways to
leverage the electronic health record to facilitate DUmeasure-
ments and reporting to infection prevention teams and indi-
vidual patient care units.

Unit level patient variation, particularly when non-random,
must be carefully considered when using this metric, as this
may be reflective of external, confounding factors. For in-
stance, the employment of a new urologist and an increase
in urological patient volume on a given unit can impact uri-
nary catheter utilization without necessarily reflecting inap-
propriate catheter use. Additionally, units with relatively low
numbers of patients with low rates of DUmay have significant
variability in DUR that is disproportionally impacted by a
relatively small number of patients with device utilization.

Conclusion

Device use is prerequisite for infectious and non-infectious de-
vice-associated complications. Reducing unnecessary device use
can decrease the incidence of these complications, which is a
desirable healthcare outcome. Device utilization, while tradition-
ally considered a process measurement, also services as an out-
come of several processes, pertaining to device insertion and
removal. Given that unnecessary device utilization is a patient
harm and marker of poor quality, device utilization can be con-
sidered a reasonable outcome measurement for infection preven-
tion programs. Coupling device utilization rate measurements
with rates of device-associated infections can provide a broader
and more robust assessment of healthcare quality at the institu-
tional level. There is a need to develop and validate risk-adjusted
standardized device utilization ratios to allow for comparisons
between hospitals prior to adopting these measures for public
reporting and payment purposes.
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