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A prospective quasi-experimental before-and-after study of an
electronic medical record-anchored intervention of embedded
education on appropriate urine culture indications and indication
selection reduced the number of urine cultures ordered for catheter-
ized patients at an academic medical center. This intervention could
be a component of CAUTI-reduction bundles.
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Catheter-associated urinary tract infections (CAUTIs) are
increasingly common' and are a significant cause of increased
morbidity, increased length of stay,” and increased healthcare
cost,” including potential financial penalties for poorly
performing centers.* Generally, 2 fundamental strategies are
used to reduce these infections: (1) to use indwelling urinary
catheters appropriately and (2) to optimize the ordering of
urine cultures (UCs) according to clinical indications. Further
studies aimed at promoting appropriate UC ordering are
needed.” Asymptomatic bacteriuria is common in the setting
of urinary catheters and is often treated unnecessarily, poten-
tially leading to increased bacterial resistance or risk for
C. difficile colitis.° An emerging body of research describes
procedures for using the electronic medical record (EMR) to
modify practitioner behavior and practices.” We undertook a
quasi-experimental before-and-after study using an EMR-
anchored intervention to reduce unnecessary UCs, and we
examined its impact on UC ordering practices at an academic
medical center.

METHODS

The study was conducted in the 2 critical care units in which
UCs were most frequently ordered at UW Health-University
Hospital, a 592-bed academic medical center. Prior to this
pilot study, several interventions were implemented at our
institution to reduce inappropriate indwelling urinary catheter
use (Online Supplementary Appendix 1). In a series of multi-
disciplinary meetings, we created an institutional guideline
regarding UC indications, focusing on those pertinent to
patients with urinary catheters (Table 1).>* Indications were
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embedded in the EMR UC order to be visible to all providers
(Online Supplementary Appendix 2). If a patient was in a
pilot unit, was 218 years of age, and had a urinary catheter,
indication selection was mandatory. The EMR order change
went into effect on June 9, 2015.

The following data were collected 2 months after the order
change: patient days, number of UAs, and number of UCs for
all patients in pilot units during the 2-month intervention
period (June 9, 2015—August 7, 2015, named “postintervention
period 1”) and 2 months prior (April 10, 2015—June 8, 2015,
named the “preintervention period”). Review of these data
revealed that providers chose “Miscellaneous, see progress
note” frequently without documenting indications in the note.
Therefore, the drop-down menu of indications was changed to
a full-view menu of radio buttons, and “Miscellaneous, see
progress note” was eliminated on October 9, 2015. Data
were subsequently collected for postintervention period 2
(October 9, 2015 through December 7, 2015). The UC
indication was recorded for all periods. Data were also
collected for nonpilot units. A chart review was conducted of
those patients with a catheter for whom a UC was ordered to
determine whether the clinical picture and documentation
matched the selected indication.

The number of UAs and UCs ordered were compared
using OpenEpi software (Dean AG, et al, OpenEpi:
Open Source Epidemiologic Statistics for Public Health,
www.OpenEpi.com) to perform %> or Fisher's exact tests
where applicable. STATA: Release 14 software (StataCorp,
College Station, TX) was used for segmented regression
analysis of interrupted time series for UAs and UCs in pilot
units. A P value <.05 was considered statistically significant.
We conducted descriptive statistics analyses to evaluate
indications for UCs.

RESULTS

In the pilot intervention units, compared to the preinterven-
tion period, there was a non-significant decrease in UCs
ordered during postintervention period 1, and 34% fewer UCs
were ordered for catheterized patients during postintervention
period 2 (P=.049) (Table 2). The total numbers of UCs
ordered were similar for the preintervention period and post-
intervention period 1, but these totals were significantly lower
for postintervention period 2 (P =.02). Significantly fewer UAs
were ordered for patients with urinary catheters during post-
intervention period 1 than during the preintervention period
(P=.03). The total numbers of UAs ordered were not sig-
nificantly different among the 3 periods.

In our time series analysis (Online Supplementary
Appendix 3), the decrease in UC ordering noted between the
periods did not show a significant downward slope within
either postintervention period. Notably, however, when
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TABLE 1.
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Appropriate and Inappropriate Urine Culture Indications in Catheterized Patients

Indications for Urine Culture in Catheterized Patients

Inappropriate Indications for Urine Culture

* Suprapubic pain/tenderness

e Acute gross hematuria

* Costovertebral angle tenderness

* New fever/rigors with clinical assessment negative for more likely etiology .

* Acute alteration of mental status with clinical assessment negative for more ¢

likely etiology

* Abnormal urine quality

* Routine component of “pan-culture” in fever
evaluation until other etiologies have been excluded
* Asymptomatic pyuria

Asymptomatic elderly, diabetic or institutionalized
patient
Routine documentation of bacteriuria clearance

* Alteration in medical condition with clinical assessment negative for more

likely etiology in patient whom fever may not be a reliable sign

» Increased spasticity or autonomic dysreflexia in patients with altered

neurologic sensation

TABLE 2. Catheterized and Total Patient Urine Culture Orders and Rates in Pilot Units

Characteristic Preintervention Postintervention 1 P Value® Postintervention 2 P Value®
Catheter days 1,115 1,088 1,113
Catheter UAs, No. 125 90 .03 106 24
Rate per 1,000 catheter days 112 83 95
Catheter UCs, No. 62 48 27 41 .049
Rate per 1,000 catheter days 56 44 37

Total patient days 2,141 2,140 2,177
Total UAs 310 274 13 285 21
Rate per 1,000 patient days 146 128 131
Total UCs 146 132 44 110 .02
Rate per 1,000 patient days 68 62 51

NOTE. UA, urinalysis; UC, urine culture.

*Between the preintervention period and postintervention period 1.
Between the preintervention period and postintervention period 2.

viewing the start of the preintervention period through the
end of the second intervention period as 1 continuous period,
a significant downward trend was observed in UCs ordered
for catheterized patients (1.3 orders per 1,000 catheter days;
P=.031).

In patients with urinary catheters on nonpilot units, no
significant difference in the number of UAs or UCs ordered
was observed (Online Supplementary Appendix 4). Similar
total numbers of UAs were ordered during the preintervention
period and postintervention period 1, but significantly more
UAs were ordered during postintervention period 2 (P <.001).
Fewer total UCs were ordered during postintervention period
2 than during the preintervention period (P=.002), but no
difference was observed between the preintervention period
and postintervention period 1.

During postintervention period 1, for all patients in the pilot
units (including those with no catheter for whom selection was
not mandatory), an indication was not recorded in 78 cases
and “Miscellaneous; see progress note” was selected 13 times.
Among the indications, fever with a positive UA was selected
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most frequently (n=8). Inherent to the order change, there
were no “Miscellaneous, see progress note” entries during
postintervention period 2. However, 47 of 84 of orders
remained with no indication selected during postintervention
period 2. The most commonly selected indication was fever
(n=17) followed by “anticipated urologic procedure” (n=26)
and “suprapubic pain or tenderness” (n=4). The most
commonly selected indication for patients with urinary
catheters was fever (n=7 in post-intervention period 1 and
n=12 in post-intervention period 2) followed by anticipated
urologic surgery, and suprapubic pain or tenderness (Online
Supplementary Appendix 5). Of the 27 orders issued during
postintervention period 2 with an indication, 7 selected indi-
cations matched the clinical picture documented in the notes.
For 3 patients for whom UCs were ordered, criteria were met
but the clinical signs could have been explained by a different
syndrome. Another 9 of these 27 orders did not match the
clinical picture, and 8 orders for UC were never executed
because each was part of a reflex UA to UC order where the
UA was negative.
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DISCUSSION

The incorporation of standardized indications in the EMR for
ordering a UC and requiring the selection of an indication for
patients with indwelling urinary catheters was associated with
a decrease in the rate of UC ordering in the intervention units.
The mismatch in selected and actual indications, along with
the predominance of nonspecific indications selected, suggest
that further provider education is needed.

Possibly, the decrease in UC ordering in nonpilot units
was a result of contamination of the intervention because UC
indications embedded in the EMR were seen by ordering
providers throughout the hospital. Other studies have also
shown that education targeting appropriate UC ordering can
be effective,” and our results highlight the importance of
provider education to order UCs only if UTI is suspected.
In general, many patients with catheters have pyuria and bac-
teriuria; therefore, reflex cultures for a positive UA are likely
of little benefit for these patients.'® In addition, our findings
support the use of the EMR as a potential tool for infection
prevention.

Our study had limitations in study design that did not per-
mit the assessment of causality. Furthermore, this study was a
quality improvement project with short study periods, and we
did not assess other potential consequences of the interven-
tion. Future studies should investigate the impact of such an
intervention on antimicrobial use.

In conclusion, providing approved indications in the EMR
order and requiring an indication for UC for patients with
urinary catheters were associated with a decrease in UCs
ordered and may be important components of a CAUTI-
prevention program in conjunction with interventions to
promote appropriate catheter use.

ACKNOWLEDGMENTS

Financial support: Nasia Safdar is supported by a grant from the Veterans’
Affairs Patient Safety Center and by an R18 grant from the Agency for
Healthcare Research and Quality.

Potential conflicts of interest: All authors report no conflicts of interest
relavent to this article.

Affiliations: 1. Division of Infectious Disease, Department of Medicine,
University of Wisconsin School of Medicine and Public Health, Madison,
Wisconsin; 2. UW Health, Madison, Wisconsin; 3. Institute for Clinical
and Translational Research, University of Wisconsin, Madison, Wisconsin;
4. William S. Middleton Memorial Veterans Hospital, Madison, Wisconsin.

Address correspondence to Daniel Shirley, MD, MS, Division of Infectious
Disease, University of Wisconsin School of Medicine and Public Health,

https://doi.org/10.1017/ice.2016.301 Published online by Cambridge University Press

Medical Foundation Centennial Building 5 floor, 1685 Highland Ave,
Madison, WI (dshirley@medicine.wisc.edu).

Received August 5, 2016; accepted November 15, 2016; electronically
published December 27, 2016
© 2016 by The Society for Healthcare Epidemiology of America. All rights
reserved. 0899-823X/2017/3804-0017. DOI: 10.1017/ice.2016.301

SUPPLEMENTARY MATERIAL

To view supplementary material for this article, please visit
https://doi.org/10.1017/ice.2016.301

REFERENCES

1. 2014 National and state healthcare-associated infections progress
report. Centers for Disease Control and Prevention website.
www.cdc.gov/hai/progress-report/index.html. Published March
2016. Accessed November 15, 2016.

2. Gould CV, Umscheid CA, Agarwal RK, Kuntz G, Pegues DA.
Healthcare Infection Control Practices Advisory Committee.
Guideline for prevention of catheter-associated urinary tract
infections 2009. Infect Control Hosp Epidemiol 2010;31:319-326.

3. Tambyah PA, Knasinski V, Maki DG. The direct costs of
nosocomial catheter-associated urinary tract infection in the era
of managed care. Infect Control Hosp Epidemiol 2002;23:27-31.

4. 2013 Statement on US efforts to reduce healthcare-associated
infections before Committee on Health, Education, Labor and
Pensions of the United States Senate. US Department of Health
and Human Services website. www.hhs.gov/asl/testify/2013/09/
t20130924.html. Published 2013. Accessed November 15, 2016.

5. Hartley S, Valley S, Kuhn L, et al. Inappropriate testing for
urinary tract infection in hospitalized patients: an opportunity
for improvement. Infect Control Hosp Epidemiol 2013;34:
1204-1207.

6. Fridkin S, Baggs ], Fagan R, et al. Centers for Disease Control
and Prevention. Vital signs: improving antibiotic use among
hospitalized patients. MMWR 2014;63:194-200.

7. Meeker D, Linder JA, Fox CR, et al. Effect of behavioral interven-
tions on inappropriate antibiotic prescribing among primary care
practices: a randomized clinical trial. JAMA 2016;315:562—570.

8. Schulz L, Hoffman RJ, Pothof ], Fox B. Top ten myths regarding
the diagnosis and treatment of urinary tract infections. | Emerg
Med 2016;51:25-30.

9. Irfan N, Brooks A, Mithoowani S, Celetti SJ, Main C, Mertz D.
A controlled quasi-experimental study of an educational inter-
vention to reduce the unnecessary use of antimicrobials for
asymptomatic bacteriuria. PLoS One 2015;10:1-11.

10. Dietz ], Lo TS, Hammer K, Zegarra M. Impact of eliminating reflex
urine cultures on performed urine cultures and antibiotic use. Am J
Infect Control 2016. doi: 10.1016/j.ajic.2016.04.232.


mailto:dshirley@medicine.wisc.edu
https://doi.org/10.1017/ice.2016.301
www.cdc.gov/hai/progress-report/index.html
www.hhs.gov/asl/testify/2013�/�09/t20130924.html
www.hhs.gov/asl/testify/2013�/�09/t20130924.html
https://doi.org/10.1017/ice.2016.301

	Outline placeholder
	METHODS
	RESULTS
	Table 1Appropriate and Inappropriate Urine Culture Indications in Catheterized Patients
	Table 2Catheterized and Total Patient Urine Culture Orders and Rates in Pilot�Units
	DISCUSSION
	Acknowledgments
	ACKNOWLEDGEMENTS


