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Background: Exposing patients with a low probability of disease to diagnostic testing with poor test characteristics
leads to false positive results. Providers often act on these false results, which can cause unnecessary evaluation
and treatment. The treatment of asymptomatic bacteriuria is discouraged, but it still frequently occurs in the
inpatient setting; it is less studied in the Emergency Department (ED). In this study, we examine associations
between urine testing, inappropriate antibiotic use, and length of stay in discharged ED patients at risk of urinary
tract infection (UTI) misdiagnosis.
Methods: A cohort of discharged ED patients at risk of UTI misdiagnosis was created by pulling visit information
for patients presenting with abdominal pain, chest pain, headache, vaginal bleeding in pregnancy, and elderly
females with weakness or confusion. Predictors of urine testing, and urinary tract infection treatment were
determined with logistic regression analysis. A chart review of a representative sample of this cohort was then
completed screening for the presence of urinary tract symptoms and urine culture results. Linear regression
analysis was then used to generate an adjusted mean difference in length of stay between patients who had urine
testing compared to those who did not.
Results: About a quarter of chest pain and headache patients had urine testing, while approximately 75% of
abdominal pain patients, vaginal bleeding in pregnancy, and elderly females with weakness or confusion did.
Except for chest pain patients, the UTI treatment rate was more than double the positive culture rate, indicating
overtreatment. A diagnosis of UTI is based on a combination of UTI symptoms and positive urine cultures, yet only
about 15% of patients treated for UTI met these criteria. Lastly, in all chief complaint groups, the length of stay
was significantly longer—30 min or more—for those who had urine testing compared to matched controls.
Conclusions: In this observational study of patients at risk of UTI misdiagnosis, urine testing was associated with
inappropriate antibiotic use and delayed discharge. There is pressure on providers to perform diagnostic testing,
but in patients without specific UTI symptoms, urine testing might cause more harm than benefit.
1. Introduction

Clinicians often think that while more diagnostic informationmay not
always be helpful, it will not hurt. However, harm from diagnostic in-
formation occurs when patients with a low pre-test probability of disease
are exposed to testing. In these patients, there is likely to be a high rate of
false positives. Though not indicative of disease, clinicians often act on
the “positive” tests. Examples include false-positive d-dimers leading to
unnecessary imaging and anti-coagulation, or false-positive cardiac
stress-tests leading to unnecessary cardiac catheterization and percuta-
neous coronary intervention [1, 2]. Harms take two forms: the direct
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adverse effects of treatment (bleeding or procedural complications) and
the opportunity costs (money and time) incurred.

The known benefit of antibiotics for urinary tract infection (UTI) are
limited to patients with UTI symptoms; studies in this area enroll patients
with some combination of dysuria, urinary urgency or frequency,
suprapubic pain or flank pain [3, 4]. Antibiotic treatment for asymp-
tomatic bacteriuria (ASB) has generally shown no benefit, and is rec-
ommended only for pregnant patients [5, 6]. Thus, in patients without
urinary tract symptoms, testing should be uncommon, as the treatment
with antibiotics for UTI in the absence of urinary tract symptoms has not
been studied.
ctober 2022
rticle under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

mailto:rchilders@health.ucsd.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.heliyon.2022.e11049&domain=pdf
www.sciencedirect.com/science/journal/24058440
http://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2022.e11049
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.heliyon.2022.e11049


R. Childers et al. Heliyon 8 (2022) e11049
Despite the limited role for UT in patients without urinary symptoms,
it is commonly ordered and can lead to adverse effects. Treatment of ASB
in a systematic review of primarily inpatient studies was 45% [7]. A
multi-center retrospective cohort study of 2733 hospitalized patients
with ASB found an association between antibiotic treatment and longer
hospitalization [8].

The drawbacks of inappropriate UT in the ED specifically are less
studied. In a single-center study of 221 ED patients Khawcharoenporn
reported an ASB treatment rate of 20%; the authors concluded that
abnormal urinalysis results led to treatment of otherwise asymptomatic
patients [9]. Shallcross reported in a UK cohort study that the majority of
patients admitted to the hospital with an ED diagnosis of UTI did not
have clinical or microbiological evidence of urinary tract disease [10].
There are data showing an association between testing, in general, and an
increased ED length of stay (LOS) [11, 12]. Regarding urine testing
specifically, a chart review of 287 discharged ED patients (all-comers
over 12 consecutive days), using regression analysis, found that having a
UA ordered was associated with an increased LOS though the actual
difference was not reported [13].

We hypothesize that UT in patients without urinary symptoms causes
harm in the form of unnecessary antibiotics and prolonged LOS. To test
this hypothesis, we looked at the prevalence of urinary tract symptoms
and positive urine culture results in ED patients who presented with
symptoms unlikely to be due to UTI (chest pain, headache, etc) but who
were treated for UTI at discharge. We also investigated the association of
UT with ED LOS.

2. Methods

2.1. Study design

To examine the drawbacks to inappropriate UT, a historical cohort
study and a chart review were completed at two academic EDs: an urban
safety-net hospital and a tertiary academic medical center with a com-
bined census of approximately 78,000 visits a year. The cohorts included
patients presenting with chief complaints that were unlikely to be due to
urinary pathology; thus, these patients, if exposed to UT, were at risk of
misdiagnosis of UTI. The cohorts included patients presenting with any of
the following chief complaints: abdominal pain, chest pain, headache,
vaginal bleeding in pregnancy, or weakness or confusion or altered
mental status in females greater than 65 years old. All adult discharged
ED patients presenting with the above chief complaints between January
1, 2015, and December 31st, 2019, were identified from our electronic
medical record.

Patients meeting three criteria were defined as having had UTI
treatment. First, they had to receive a prescription for one of the
following antibiotics frequently used to treat UTI: sulfamethoxazole-
TMP, nitrofurantoin, fosfomycin, ciprofloxacin, cephalexin, or cefdinir.
Second, patients receiving a second antibiotic were excluded. For
example, patients receiving ciprofloxacin and metronidazole were likely
being treated for diverticulitis, not UTI. Third, a urine culture must have
been completed. In our system, urine cultures are automatically triggered
by a positive urinalysis. Our hypothesis is that providers are diagnosing
patients based on positive UT; thus, the completion of a urine culture
implies positive UT. A positive urine culture was defined as >100,000
CFU/mL of a single uropathogen or >10,000 CFU/mL if the pathogen
was group B streptococcus in pregnant patients [9].

2.2. Inappropriate antibiotic use

To investigate the appropriate use of antibiotics for UTI in these pa-
tients with non-UTI chief complaints, we performed a chart review of
patients treated for UTI, recording the presence of UTI symptoms and
results of urine culture. In trials of antibiotics for UTI, patients generally
have UTI symptoms and positive testing [14, 15]. Of all types of UT, a
urine culture is generally considered the strongest predictor of a UTI.
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Thus, patients diagnosed with UTI, but without UTI symptoms or positive
urine cultures, are likely misdiagnosed. The term overtreatment, as used
in this manuscript, indicates an unnecessary treatment unlikely to benefit
the patient.

A representative sample of the cohort was reviewed. Sample size was
set at a confidence level (power) of 95% with a confidence interval of 10
[16]. Charts were randomly selected from the entire cohort. In patients
who received a UTI antibiotic, the ED provider note was reviewed for any
of the following signs and symptoms: dysuria, urgency, frequency,
suprapubic pain, flank pain, or CVA tenderness. In questionable cases, we
would err on the side of coding cases as positive; this inclusive view on
the presence of UTI symptoms biased the results against our hypothesis.
To determine if our methods for identifying patients treated for UTI were
accurate, we also noted if the indication for the antibiotic being given
was, indeed, for UTI.

Abstractors included two undergraduate pre-medical students, two
emergency medicine residents, an emergency medicine pharmacist, and
an emergency medicine attending. When ambiguous chart elements were
encountered by abstractors, the first and second authors conferred to
make a final coding decision. The first and second author independently
reviewed 25% of charts to assess interrater agreement. Abstractors were
all study authors and were not blinded to the study hypothesis.

2.3. Length of stay differences

To examine the association between UT and LOS, a historical cohort
study was completed. We compared the unadjusted mean LOS in those
patients who received UT compared to those who did not. Linear
regression analysis was used to provide an adjusted mean difference.
Adjustment variables included age, race, gender, presence of fever
(�100.5), and presence of CT imaging when appropriate. Fever and CT
imaging were used as markers of patient acuity. In the altered elderly
female cohort, patients with fever were excluded; guidelines allow for
treatment in this group of patients if there are signs of systemic infection
such as fever [17].

In addition to the groups described above, we also included a cohort
of patients who received either a complete blood count or a chemistry.
Often, patients get “screening labs” which include either of these two
blood tests. Some providers include UT as part of this. We were curious if
adding a urine test affected the LOS in this group.

This study was reviewed and approved by the University of California
San Diego Human Research Protections Program. This minimal risk study
was granted a waiver of informed consent.

2.4. Data analysis

Descriptive characteristics were used to describe the cohort charac-
teristics. They were also used to describe the prevalence of UTI symptoms
and urine culture results among the sample selected who had been given
a prescription for a UTI antibiotic. Univariable and multivariable logistic
regression was used to examine predictors of receiving urine testing and
UTI treatment. For the categorical variable race, p-values were not cor-
rected for multiple comparisons. Linear regression was used to generate
an adjusted mean difference in LOS between patients with and without
UT. Confounders (age, gender, race, presence of fever, and presence of CT
imaging) were pre-specified and forced into the model. Analyses were
performed using SPSS for Mac, version 26 (IBM Corp., Armonk, NY).

3. Results

54,005 charts were screened for review. Cohort characteristics are
described in Table 1. Of all the cohorts, patients presenting with chest
pain had the lowest rate of UT (19.5%), but the highest rate of positive
urine culture (14.2%). Almost three-quarters of abdominal pain, vaginal
bleeding in pregnancy, and elderly females with confusion had UT. The
rate of UTI treatment varied, but, except for chest pain patients, was at



Table 1. Descriptive characteristics of discharged emergency department pa-
tients presenting with one of five chief complaints. SD¼ standard deviation, UCX
¼ urine culture, UTI ¼ urinary tract infection, LOS ¼ length of stay.

Chief
Complaint
Group (n)

Abdominal
Pain
(26,798)

Chest
Pain
(16,122)

Headache
(7,763)

Vaginal
Bleeding in
pregnancy
(2,161)

Elderly
females
with
weakness
or
confusion
(1,161)

Mean Age
(SD)

44.3 (17.0) 50.5
(16.9)

44.1 (16.4) 30.6 (6.1) 78.0 (8.9)

Female (%) 60.7 50.2 65.3 100 100

Race (%)

White 48.4 51.0 47.3 39.1 61.0

Black 11.4 15.0 12.6 8.7 9.6

Asian 6.9 7.2 6.7 9.3 8.3

Pacific
Islander

0.4 0.5 0.2 0.3 0.9

American
Indian

0.2 0.2 0.3 0.3 0.2

Other 32.7 26.1 32.8 42.2 20.0

Underwent
Urine
Testing (%)

75.6 19.5 27.3 73.1 78.5

Positive
UCX (%)

2.4 14.2 1.2 1.3 7.7

UTI
antibiotic
(%)

6.2 1.3 2.2 6.0 15.4

Median LOS
(hours)

6.2 5.8 5.3 5.4 6.3

Table 2. Predictors of receiving urine testing and receiving an antibiotic for
urinary tract infection using logistic regression analysis. OR ¼ odds ratio.

Predictor Univariable
OR (95% CI)

P-value Multivariable
OR (95% CI)

P-Value

Urine Testing

Age (Per Year) 1.004 (1.003–1.004) <.001 1.0 (1.0–1.0) <.001

Race

Asian 1.2 (1.2–1.3) <.001 1.1 (1.1–1.2) <.001

Other 1.2 (1.2–1.2) <.001 1.2 (1.2–1.2) <.001

Pacific Islander 1.0 (.89–1.2) .78 .92 (.81–1.1) .26

American Indian .93 (.78–1.1) .39 .87 (.72–1.03) .11

Black .88 (.86–.90) <.001 .90 (.87–.92) .001

White Reference - Reference -

Gender

Female (vs Male) 2.4 (2.4–2.4) <.001 2.4 (2.3–2.4) <.001

UTI Treatment

Age (Per Year) 1.1 (1.0–1.0) <.001 1.0 (1.0–1.0) <.001

Race

Asian 1.3 (1.2–1.4) <.001 1.2 (1.1–1.3) <.001

Other 1.2 (1.2–1.3) <.001 1.3 (1.2–1.4) <.001

Pacific Islander 1.0 (.74–1.5) .81 .95 (.68–1.3) .78

American Indian .97 (.62–1.5) .91 .92 (.59–1.4) .71

Black .74 (.69–.80) <.001 .78 (.73–.85) <.001

White Reference - Reference -

Gender

Female (vs Male) 3.5 (3.3–3.6) <.001 3.4 (3.3–3.6) <.001
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least double the rate of positive urine cultures indicating overtreatment.
The rate of positive urine cultures in the pregnant cohort was relatively
low at 1.3%; rates of asymptomatic bacteriuria in pregnant patients
ranges from 1.9 to 9.5% [17]. It was also low for confused elderly females
at 7.7%; generally, it ranges from 30 to 50% [18].

Table 2 illustrates the results of a logistic regression analysis exam-
ining predictors of urine testing and UTI treatment. Age was weakly
predictive for both outcomes. Females were much more likely to get UT
(OR 2.4; p < .001) and UTI treatment (OR 3.5; p < .001). Race was
weakly predictive of UT and UTI treatment, but, compared to whites,
blacks were less likely to get either testing (OR 0.88; p < .001) or
treatment (0.74; p < 001) even when controlling for age and gender.

A chart review of a cohort sample show that most patients treated for
UTI in our cohort are unlikely to benefit from this treatment (Table 3).
Patients enrolled in trials for UTI treatment generally have urinary tract
symptoms and positive culture results; yet only around 15% of the cohort
treated for UTI met these criteria. The pregnant group was especially
unlikely to benefit; none had symptoms and positive cultures, and only
1.8% had asymptomatic bacteriuria. However, the methods for coding
cases for UTI treatment were not perfect; 8.8% of the abdominal pain
cases our methods coded as being treated for UTI were given an antibiotic
for a different disease. The most common reason for an erroneous coding
of UTI antibiotic was ciprofloxacin given for enteritis. The error rate was
lower for the other groups.

The first and second author reviewed 88 of the cases to rate interrater
agreement. Ten (11.4%) results were changed. In seven cases, the code
was changed to positive UTI symptoms; in three cases the code was
changed to negative UTI symptoms.

In all cohorts, UT was associated with a statistically significant longer
LOS (Table 4). Groups with UT generally had a LOS 30–40 min longer
than patients not exposed to UT. This difference was about 10–15% of the
overall LOS. In the group of all patients who had blood testing, the dif-
ference was especially long at 70 min.
3

4. Discussion

This retrospective study found that many ED patients presenting with
non-UTI complaints who are treated for UTI are likely to have been
misdiagnosed. Further, urine testing in these patients was associatedwith
a clinically significant increase in LOS. Over treatment of ASB in hospi-
talized patients is well-studied; however, this study adds to the scant
information regarding discharged ED patients. Testing, in general, is
associated with an increase in LOS for ED patients; this work isolates the
association between UT specifically and an increase in LOS.

The prevalence of positive urine cultures in our population differed
slightly from epidemiologic data. This is most likely due to differences in
our population and methodology. Interestingly, patient presenting with
chest pain had a higher rate of positive cultures compared to the other
groups. This group had a lower rate of testing so we hypothesized that
providers may have only ordered UT in chest pain patients if they had
urinary symptoms. This could lead to a higher positive rate. Of course, it
could be chance.

Guidelines are clear: only pregnant patients benefit from treatment of
ASB [6]. However, one issue in the ED is the definition of asymptomatic.
Most of the studies on the topic involve truly asymptomatic patients [5].
Patients enrolled at geriatric centers and outpatient clinics because they
are asymptomatic are different than ED patients. ED patients are, almost
by definition, symptomatic. They may not have urinary symptoms, but
patients generally come to the ED for some sort of symptom. It is difficult
to definitively disprove a causal link between vague symptoms and the
possibility of a UTI.

One classic example of this scenario is confusion in older patients. Key
texts recommend in older patients with confusion that a “urinalysis
should be performed whether or not fever is present.” [19] This is con-
traindicated by guidelines which recommend treating ASB in cognitively
impaired patients only if there are systemic signs of infection such as
fever or hemodynamic instability [17]. While it is hard to disprove a
causal relationship between positive UT and confusion in a demented
patient, the benefit of antibiotic treatment in these populations can be



Table 3. Prevalence of lower urinary tract symptoms and urine culture results in ED patients, at risk of UTI misdiagnosis, who get a UTI antibiotic. This is a chart review
of a sample of the overall cohort. The second column are the proportion of patients with both UTI symptoms and culture results and are the population whomight benefit
from antibiotic treatment. The last column indicates incorrect coding of cases, by our methods, for UTI treatment; the higher the number, the more error is introduced
into our results. UTI ¼ urinary tract infection, UCX ¼ urine culture.

Chief Complaint Group (N) þ UTI symptoms
þ UCX (%)

þ UTI symptoms
- UCX (%)

- UTI symptoms
þ UCX (%)

-UTI Symptom
-UCX (%)

Incorrectly coded
as UTI treatment (%)

Abdominal pain (91) 13.2 44.0 8.8 34.1 8.8

Chest pain (67) 13.4 20.9 22.4 43.3 4.5

Headache (62) 16.1 24.2 24.2 35.5 3.2

Vaginal bleeding in pregnancy (55) 0 14.5 1.8 83.6 3.6

Elderly females with weakness or confusion (77) 13.0 20.8 19.5 46.8 0

Table 4. The association of urine testing with length of stay in discharged ED patients at risk of UTI misdiagnosis. The adjusted mean difference was derived using
multivariable linear regression analysis. Age, gender, race, presence of fever, and presence of abdominal CT imaging were controlled for.

Chief Complaint Group (N) Unadjusted Mean LOS
(minutes) Urine Test
Completed (95% CI)

Unadjusted Mean LOS
(minutes) Urine Test Not
Completed (95% CI)

Adjusted Mean Difference
(minutes) (95% CI)

P-Value

Abdominal pain (21,701) 346.1 (344.5–347.7) 298.8 (295.8–301.8) 32.4 (29.2–35.7) <.001

Chest pain (12,688) 346.4 (342.1–350.7) 301.8 (299.7–303.9) 37.8 (32.8–42.8) <.001

Headache (6,662) 337.1 (332.3–341.8) 284.8 (281.7–287.8) 48.2 (42.1–54.4) <.001

Vaginal bleeding in pregnancy (1,994) 326.0 (320.9–331.1) 294.7 (285.6–303.9) 29.9 (19.9–39.9) <.001

Elderly females with weakness or confusion (8,96) 345.4 (338.2–352.5) 308.8 (293.7–324.0) 35.9 (20.2–51.5) <.001

Received CBC and/or blood chemistry
(n ¼ 169,306)

324.7 (323.6–325.8) 242.6 (241.9–243.2) 69.8 (68.5–71.2) <.001
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studied. Randomized trials on this topic, if they show no benefit, might
help change provider behavior and decrease unnecessary urine testing.

Providers may think that having a low threshold for UT is good for
patients; however, in a patient without urinary symptoms, our work
suggests getting UT is more likely to result in overtreatment and an
increased LOS. Fear of malpractice, intolerance of uncertainty, pressure
from patients and colleagues, and financial incentives: these are just
some of the reasons providers overtest [20]. While addressing overuse is
a Sisyphean task, this work provides a counterweight, however small, to
the pressures encouraging providers to over test.

5. Limitations

This study was done at two different hospitals with different patient
populations—a suburban tertiary referral center and an urban trauma
center. However, these hospitals are within the same system and these
results may not be generalizable to other emergency departments.
Nevertheless, we suspect similar practices are common. In the systematic
review cited in the introduction, 30 studies of ASB were identified and all
of them found high rates of inappropriate antibiotic use [7]. While
acknowledging publication bias, we are not aware of any studies that
have not found significant over-treatment of ASB. Most studies are of
hospitalized patients, but it would seem unlikely for the ED to be
different.

Like any observational study, this work does not prove that UT in
patients presenting with non-UTI related chief complaints causes inap-
propriate antibiotic use or increased LOS. UT may be associated with the
type of provider who is generally slower or be associated with sicker
patients who require more testing, and thus not be the causative factor in
prolonging LOS. However, these associations were found in all pre-
specified groups, the magnitude of the associations were large, and
these findings have face-validity. It makes sense; it often takes time for
patients to provide a urine sample. Regarding causation of antibiotic
prescriptions, other authors have also concluded that false-positive UT, in
the absence of symptoms, leads to inappropriate treatment of ASB [9].
This hypothesis also has face-validity: it is difficult for ED providers to
ignore a positive urine test once it is available and documented in the
4

medical record, so it follows that positive testing drives antibiotic pre-
scription in asymptomatic patients.

We studied cohorts, based on chief complaint, at risk of UTI over-
diagnosis. Patients presenting with non-UTI chief complaints like head-
ache can certainly have an underlying diagnosis like pyelonephritis. We
do not propose providers never get UT in patients presenting with a non-
UTI chief complaint; regardless of the chief complaint, providers should
order urine testing when it is felt it might change management. This was
just a method to estimate the prevalence of inappropriate testing.

Emergency providers do not have urine culture results at the time of
diagnosis and rely on urine dipstick testing and microscopy. The defi-
nition of a “positive” dipstick and urinalysis can get complicated; nitrate,
leukocyte esterase, pyuria, hematuria, and gram stain all have their own
test characteristics. However, these test characteristics are generally
judged by the gold standard of urine culture [21, 22]. Thus, for
simplicity, we used urine culture as a surrogate to determine positive
urine testing. It is likely some of the patients we labeled as being inap-
propriately treated with antibiotics had positive UT at the visit, but the
culture was later negative.

Our methods assume that patients who present with non-UTI chief
complaints will not have specific urinary tract symptoms; however,
30–50% of patients treated for UTI in our cohort were found to have
urinary tract symptoms in chart review. However, it should be noted this
is likely an overestimate. The methods were purposely inclusive to bias
against our hypothesis. Evidence for our inclusivity is that the majority of
those coded as having UTI symptoms had negative urine cultures
(Table 3). In any event, the group that coded positive for both symptoms
and urine culture was smaller at about 15%. This represents significant
overtreatment.

6. Conclusion

In patients presenting to the EDwith non-UTI related chief complaints,
UT is associated with inappropriate antibiotic use and prolonged LOS.
Only ~15% had localizing symptoms and positive cultures. Compared to
matched controls, patients who had UT spent around 30min longer in the
ED. The known benefit of antibiotics for UTI occurs in patients with a
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combination of urinary tract symptoms and positive test results. Until
research shows a benefit to treating ED patients with positive UT but no
UTI symptoms, testing in these patients should be avoided.

Declarations

Author contribution statement

Richard Childers: Conceived and designed the experiments; Per-
formed the experiments; Analyzed and interpreted the data; Wrote the
paper.

Ben Liotta: Conceived and designed the experiments; Performed the
experiments, Wrote the paper.

Jesse Brennan and Edward M. Castillo: Analyzed and interpreted the
data.

Phoebe Wang: Performed the experiments; Wrote the paper.
Jacob Kattoula, Thien Tran and Henry Montilla-Guedez: Performed

the experiments.
Gary M. Vilke: Conceived and designed the experiments; Wrote the

paper.

Funding statement

This research did not receive any specific grant from funding agencies
in the public, commercial, or not-for-profit sectors.

Data availability statement

Data will be made available on request.

Declaration of interest’s statement

The authors declare the following conflict of interests: Dr. Vilke is a
paid legal consultant.

Additional information

No additional information is available for this paper.

Acknowledgements

The authors would like to acknowledge Anton Helman, Justin Mor-
genstern, and Andrew Morris for inspiring this project with their podcast
on the show Emergency Medicine Cases [23].

References

[1] N. Chopra, P. Doddamreddy, H. Grewal, P.C. Kumar, An elevated D-dimer value: a
burden on our patients and hospitals, Int. J. Gen. Med. 5 (2012) 87–92.
5

[2] S. Qamruddin, False-positive stress echocardiograms: a continuing challenge,
Ochsner J. 16 (3) (2016) 277–279.

[3] A. Zalmanovici Trestioreanu, H. Green, M. Paul, J. Yaphe, L. Leibovici,
Antimicrobial agents for treating uncomplicated urinary tract infection in women,
Cochrane Database Syst. Rev. 10 (2010) Cd007182.

[4] X. Tan, Q. Pan, C. Mo, X. Li, X. Liang, Y. Li, et al., Carbapenems vs alternative
antibiotics for the treatment of complicated urinary tract infection: a systematic
review and network meta-analysis, Medicine (Baltim.) 99 (2) (2020) e18769.

[5] A. Zalmanovici Trestioreanu, A. Lador, M.T. Sauerbrun-Cutler, L. Leibovici,
Antibiotics for asymptomatic bacteriuria, Cochrane Database Syst. Rev. 4 (4) (2015)
Cd009534.

[6] D.K. Owens, K.W. Davidson, A.H. Krist, M.J. Barry, M. Cabana, A.B. Caughey, et al.,
Screening for asymptomatic bacteriuria in adults: US preventive services task force
recommendation statement, JAMA 322 (12) (2019) 1188–1194.

[7] M.E. Flokas, N. Andreatos, M. Alevizakos, A. Kalbasi, P. Onur, E. Mylonakis,
Inappropriate management of asymptomatic patients with positive urine cultures: a
systematic review and meta-analysis, Open Forum Infect. Dis. 4 (4) (2017) ofx207.

[8] L.A. Petty, V.M. Vaughn, S.A. Flanders, A.N. Malani, A. Conlon, K.S. Kaye, et al.,
Risk factors and outcomes associated with treatment of asymptomatic bacteriuria in
hospitalized patients, JAMA Intern. Med. 179 (11) (2019) 1519–1527.

[9] T. Khawcharoenporn, S. Vasoo, E. Ward, K. Singh, Abnormal urinalysis finding
triggered antibiotic prescription for asymptomatic bacteriuria in the, Am. J. Emerg.
Med. 29 (2011) 828–830. United States.

[10] L.J. Shallcross, P. Rockenschaub, D. McNulty, N. Freemantle, A. Hayward, M.J. Gill,
Diagnostic uncertainty and urinary tract infection in the emergency department: a
cohort study from a UK hospital, BMC Emerg. Med. 20 (1) (2020) 40.

[11] K.E. Kocher, W.J. Meurer, J.S. Desmond, B.K. Nallamothu, Effect of testing and
treatment on emergency department length of stay using a national database, Acad.
Emerg. Med. 19 (5) (2012) 525–534.

[12] L. Li, A. Georgiou, E. Vecellio, A. Eigenstetter, G. Toouli, R. Wilson, et al., The effect
of laboratory testing on emergency department length of stay: a multihospital
longitudinal study applying a cross-classified random-effect modeling approach,
Acad. Emerg. Med. 22 (1) (2015) 38–46.

[13] A. Anand, B. Ballinger, L. Ganti, Impact of urinalysis on medical decision-making
and length of stay, Cureus 10 (4) (2018) e2531.

[14] I. Gagyor, J. Bleidorn, M.M. Kochen, G. Schmiemann, K. Wegscheider, E. Hummers-
Pradier, Ibuprofen versus fosfomycin for uncomplicated urinary tract infection in
women: randomised controlled trial, BMJ 351 (2015) h6544.

[15] T.C. Christiaens, M. De Meyere, G. Verschraegen, W. Peersman, S. Heytens, J.M. De
Maeseneer, Randomised controlled trial of nitrofurantoin versus placebo in the
treatment of uncomplicated urinary tract infection in adult women, Br. J. Gen.
Pract. 52 (482) (2002) 729–734.

[16] C.R. Systems, Sample Size Calculator. https://www.surveysystem.com/sscalc.htm
accessed November 10, 2021.

[17] L.E. Nicolle, K. Gupta, S.F. Bradley, R. Colgan, G.P. DeMuri, D. Drekonja, et al.,
Clinical practice guideline for the management of asymptomatic bacteriuria: 2019
update by the infectious diseases society of America, Clin. Infect. Dis. 68 (10)
(2019) 1611–1615.

[18] L.E. Nicolle, Asymptomatic bacteriuria in the elderly, Infect. Dis. Clin. 11 (3) (1997)
647–662.

[19] J.S. Huff, Confusion, in: seventh ed., in: J. Marx, R. Hockberger, R. Walls (Eds.),
Rosen's Emergency Medicine: Concepts and Clinical Practice, 1, Mosby/Elsevier,
Philadelphia, 2010, pp. 101–105.

[20] J.H. Lam, K. Pickles, F.F. Stanaway, K.J.L. Bell, Why clinicians overtest:
development of a thematic framework, BMC Health Serv. Res. 20 (1) (2020) 1011.

[21] S.J. Middelkoop, L.J. van Pelt, G.A. Kampinga, J.C. Ter Maaten, C.A. Stegeman,
Routine tests and automated urinalysis in patients with suspected urinary tract
infection at the ED, Am. J. Emerg. Med. 34 (8) (2016) 1528–1534.

[22] T.A. Hurlbut 3rd, B. Littenberg, The diagnostic accuracy of rapid dipstick tests to
predict urinary tract infection, Am. J. Clin. Pathol. 96 (5) (1991) 582–588.

[23] A. Helman, J. Morgenstern, A. Morris, Emergency Medicine Cases, UTI Myths and
Misconceptions, 2017.

http://refhub.elsevier.com/S2405-8440(22)02337-4/sref1
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref1
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref1
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref2
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref2
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref2
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref3
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref3
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref3
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref4
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref4
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref4
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref5
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref5
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref5
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref6
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref6
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref6
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref6
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref7
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref7
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref7
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref8
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref8
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref8
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref8
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref9
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref9
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref9
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref9
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref10
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref10
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref10
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref11
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref11
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref11
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref11
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref12
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref12
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref12
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref12
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref12
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref13
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref13
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref14
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref14
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref14
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref15
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref15
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref15
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref15
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref15
https://www.surveysystem.com/sscalc.htm
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref17
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref17
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref17
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref17
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref17
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref18
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref18
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref18
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref19
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref19
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref19
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref19
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref20
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref20
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref21
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref21
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref21
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref21
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref22
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref22
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref22
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref23
http://refhub.elsevier.com/S2405-8440(22)02337-4/sref23

	Urine testing is associated with inappropriate antibiotic use and increased length of stay in emergency department patients
	1. Introduction
	2. Methods
	2.1. Study design
	2.2. Inappropriate antibiotic use
	2.3. Length of stay differences
	2.4. Data analysis

	3. Results
	4. Discussion
	5. Limitations
	6. Conclusion
	Declarations
	Author contribution statement
	Funding statement
	Data availability statement
	Declaration of interest’s statement
	Additional information

	Acknowledgements
	References


