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Greater understanding of clinical decision thresholds may
improve inappropriate testing and treatment of urinary tract
infection (UTI). We used a survey of clinicians to examine
UTI decision thresholds. Although overestimates of UTI
occurred, testing and treatment thresholds were generally
rational, were lower than previously reported, and differed by
type of clinician.

Unnecessary antibiotic treatment for suspected urinary tract
infection (UTI) is common [1]. Efforts to reduce unnecessary
antibiotic treatment for UTI include limiting urine culture test-
ing to appropriate patient presentations, in which UTI is rea-
sonably likely [2]. Understanding how and when clinicians
decide to test for and prescribe inappropriate antibiotics for
UTI can identify opportunities for stewardship. The diagnosis
of UTI requires dysuria, urinary frequency or urgency, or
suprapubic or flank pain [1].

Clinical decision making using a threshold model was de-
scribed >40 years ago [3]. The threshold model describes a
probability of disease at which a clinician will test for the dis-
ease, and a higher probability at which a clinician will treat
the disease. Below the testing threshold, neither testing
nor treatment is indicated. Above the treatment threshold,
only treatment is indicated as the clinician is confident the
patient has the disease. The decision to test for or treat disease
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depends on the patient’s likelihood of having the disease and
the clinician’s threshold for action. Decisions to test or treat
may be informed by the expectation of benefit from testing
or treatment, the risk of harm, and the preferences and atti-
tudes of the clinician [3, 4]. A patient with probability of UTI
below the testing threshold should not undergo urine culturing.

There is limited research on testing and treatment thresh-
olds. Studies have calculated decision thresholds for various ill-
nesses by giving a scenario and a predetermined probability of
disease to a group of clinicians and asking how many would test
or treat at a given numerical likelihood [5-7]. No studies have
determined thresholds using clinician-estimated probabilities
for a clinical case. Testing thresholds have rarely been exam-
ined, and there is no literature that has evaluated testing thresh-
olds for UTL. One study reported a UTI treatment threshold of
64%, defining treatment threshold as the probability of disease
at which half of primary care clinicians would treat for UTI
with antibiotics. However, the vignette in this study assessed
treatment only after a test result and did not include an option
to not test for UTL In addition, no literature has examined dif-
ferences in thresholds associated with clinician characteristics
[6]. We examined clinician test and treatment thresholds in a
real-life clinical scenario of low-likelihood UTT among primary
care clinicians. We compared testing and treatment thresholds
between clinicians based on training, years in practice, study
site, medical specialty, and numeracy.

METHODS

We used a survey that was administered between 1 June 2018
and 26 November 2019, to primary care clinicians in 8 US states.
Institutional review board approval was obtained at each of 3 co-
ordinating sites [8]. The survey asked clinicians to estimate the
probability of UTT in a 65-year-old man with foul-smelling urine
and no pain or difficulty with urination where a urine dipstick
shows only trace blood. Practitioners were asked whether they
would order a urine culture based on this scenario, the probabil-
ity of disease with a positive urine culture, and whether they
would treat the patient with antibiotics. Demographic informa-
tion was collected from clinicians who completed the survey.
Thresholds were derived from the survey data at the proba-
bility estimate when >50% of surveyed practitioners chose that
they would order the test or treatment (eg, cross a threshold),
consistent with previously published literature on test and
treatment thresholds [5]. To estimate the disease probability
threshold associated with a 50% probability of being likely
to test for UTI, we used a method similar to that used by
Ebell et al [5]. Briefly, we fit a logistic regression model with de-
pendent variable equal to the binary variable (likely to test), and
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predictor equal to the pretest probability of disease. We then in-
verted the resulting equation to determine the pretest threshold
probability corresponding to a 50% probability of being likely
to test. The confidence intervals (CIs) for this threshold were
found by using bootstrap samples. We performed this analysis
for the entire sample for both testing and treatment thresholds,
and separately for various subgroups of clinicians.

Institutional review board approval was obtained at each
of 3 participating sites (Baltimore, Maryland; San Antonio,
Texas; and Portland, Oregon). Verbal informed consent with
a waiver of documentation was approved at all sites, and con-
sent was obtained from all participants.

RESULTS

In total, 585 of 723 physicians, nurse practitioners (NPs), and
physician assistants (PAs) responded to the survey, of whom
551 answered all questions, for a response rate of 76.2%.

Testing Thresholds

Opverall, 338 clinicians (61%) indicated that they would test
with a urine culture in this scenario. Based on clinician esti-
mates of the probability of UTI, the probability at which
>50% of clinicians would order a urine culture was 19.1%
chance of UTI (95% CI, 15.4%-22.7%) (Table 1).

There were significant differences in testing threshold by
years in practice and training. Clinicians in practice longer
had lower thresholds for testing (P = .03): physicians practicing
<3 years had an average testing threshold of 24.3% (95% CI,
18.0%-30.3%); those practicing 3-9 vyears, 13.3% (6.8%-
19.5%); and those practicing >10 years, 13.6% (4.9%-20.8%).
Both NPs/PAs and attending physicians had lower thresholds
for testing than resident physicians (P <.001). The testing
threshold was 2.5% (95% CI, .0%-9.4%) for NP/PAs, 24.9%
(20.3%-29.4%) for resident physicians, and 14.4% (7.9%-
20.9%) for attending physicians.

Treatment Thresholds

Following a positive urine culture, 392 clinicians (71%) indicat-
ed that they would treat for UTI with antibiotics. The overall
treatment threshold following positive urine culture was esti-
mated to be a 42.3% chance of disease (95% CI, 37.7%-
46.9%) (Table 1).

Clinicians in practice longer had lower thresholds for treat-
ment with antibiotics (P = .007); physicians practicing <3, 3-9,
or >10 years had treatment thresholds of 49.4% (95% ClI,
42.8%-56.0%), 38.7% (30.5%-46.8%), and 31.0% (19.9%-
42.1%), respectively. Both NPs/PAs and attending physicians
had lower thresholds for treatment than resident physicians

Table 1. Testing and Treatment Thresholds and Likelihood of Testing and Treating for Urinary Tract Infection, by Respondent Characteristics
Testing Threshold No. (%) Treatment Threshold No. (%)
Respondent Characteristic (95% Cl), %° PValue® Likely to Test P Value® (95% Cl), % PValue®  Likely to Treat P Value®
Overall (N =553) 19.1 (165.4-22.7) 338 (61) 42.3 (37.7-46.9) 392 (71)
Time in practice, y
<3 (n=240) 24.3 (18.0-30.3) .03 137 (58) 19 49.4 (42.8-56.0) .007 153 (64) .0009
3-9 (n=160) 13.3 (6.8-19.5) 104 (65) 38.7 (30.5-46.8) 116 (73)
>10 (n=145) 13.6 (4.9-20.8) 95 (66) 31.0(19.9-42.1) 119 (82)
Training
NP/PA (n=61) 2.5 (0-9.4) <.001 50 (82) .001 22.4 (0-48.2) <.001 55 (90) <.0001
Resident physician (n =290) 24.9 (20.3-29.4) 163 (57) 48.6 (43.8-55.4) 180 (63)
Attending physician (n =202) 14.4 (7.9-20.9) 125 (62) 32.9 (25.4-40.4) 157 (78)
Site
Pacific NW (n=112) 22.4 (14.5-30.4) .28 50 (45) <.001 37.2 (27.6-46.9) 46 73 (65) .153
Mid-Atlantic (n =305) 17.6 (10.5-24.7) 190 (63) 44.7 (38.7-50.7) 215 (71)
South Texas (n=136) 11.3 (3.7-18.8) 98 (73) 43.9 (33.4-54.4) 104 (76)
Practice type
Family medicine (n=138) 12.9 (3.7-22.1) A7 97 (70) .006 36.0 (24.7-47.3) 13 118 (86) <.0001
Internal medicine (n=315) 23.2 (17.7-28.7) 171 (55) 46.8 (41.0-52.6) 194 (62)
Other (n=35) 20.8 (9.4-32.4) 19 (54) 34.9 (16.9-53.4) 23 (66)
Numeracy score (range, 0-3)
Low (0-1) (n=64) 13.6 (1.8-25.4) .28 42 (67) .03 31.3 (14.5-48.1) 19 50 (78) .030
Medium (2) (n=172) 13.4 (3.7-23.2) 114 (66) 40.5 (30.8-50.1) 131 (76)
High (3) (n=307) 20.8 (16.1-25.0) 173 (57) 45.2 (2.9-39.6) 202 (66)

Abbreviations: Cl, confidence interval; NP, nurse practitioner; NW, Northwest; PA, physician assistant.

@Probability at which 50% of respondents would test.

P values based on bootstrap standard errors.

°P values based on y? test.

9Probability at which 50% of respondents would treat.
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(P<.001); the treatment thresholds for NP/PAs, resident
physicians, and attending physicians, respectively, were 22.4%
(95% CI, 0%-48.2%), 48.6% (43.8%-55.4%), and 32.9%
(25.4%-40.4%).

DISCUSSION

Across a population of primary care clinicians in 8 US states, we
found that clinicians on average would test with a 19% chance
of UTT and treat with a 42% chance of UTI. Variation in thresh-
olds was noted by type of clinician, years in practice, and
geographic location.

We found support for the threshold approach to clinical de-
cision making, with clinicians ordering a urine culture with a
lower chance of disease (19%) than the chance of disease at
which they would treat (42%). There is no previous data on
testing thresholds for UTIL The treatment threshold that we
found (42%) is lower than the previously reported threshold
of 64% [5]. This figure comes from the single previous study
of UTT thresholds [5]. Their higher estimate may be due to their
method of providing a case with pregenerated numerical prob-
abilities instead of requiring clinicians to make estimates. It re-
mains unclear whether clinicians actively assign a probability of
disease and then make decisions based on probability or decide
based on gestalt for a case and then estimate the probability af-
ter the decision.

The treatment thresholds reported by average participants in
our study are in line with guidance for treating UTI [9].
However, it is notable that this scenario of possible UTI de-
scribed a clinical scenario of asymptomatic bacteriuria (ASB)
for which antibiotic treatment is inappropriate. Overall, 71%
of clinicians would inappropriately prescribe antibiotics in
this scenario, implying that while clinicians have appropriate
thresholds for UTI, their initial estimate of probability of UTI
in this case was far too high. This is likely related to inadequate
understanding of the definition of UTTI: the patient in this sce-
nario did not have any symptoms that would have led to a di-
agnosis of UTI, nor any clinical background to indicate testing
for ASB. Recognition of true UTI symptoms, rather than com-
monly associated findings such as urine odor, is important for
reducing inappropriate treatment of ASB.

We found significant variation in testing and treatment
thresholds related to years in practice. We could not determine
whether this was due to time in practice versus practices being
different at the time of training. The diagnosis of ASB is rela-
tively new, and more recent graduates are more familiar with
it. There was also significant variation between types of practi-
tioners, with NP/PAs having notably lower thresholds for both
testing and treatment (and being more likely to treat). This may
reflect differences in education and indicates a potential area

for improvement. Advanced practice providers may also face
pressure to operate more conservatively so as not to miss a sig-
nificant finding that physicians could argue they didn’t test for
because of professional judgment.

This study had limitations, including using a single scenario
of ASB to assess testing and treatment thresholds for UTI.
However, given the high estimates of probability of UTI, it ap-
pears that most clinicians perceived the scenario as UTI, allow-
ing for the calculation of testing and treatment thresholds. The
study asked clinicians to assign probabilities of disease while si-
multaneously deciding whether to treat. Respondents may be
reporting a probability that matches their decision to treat,
rather than first assigning a probability of disease.

In conclusion, we assessed primary care clinicians’ testing
and treatment thresholds for UTI. A large proportion of clini-
cians indicated that they would inappropriately treat this case
of ASB with antibiotics. Treatment was associated with overly
high estimates of UTI, while thresholds for testing and treat-
ment appeared rational. Better clinician understanding of the
initial likelihood of UTI and consideration for decision thresh-
olds for testing and treatment is key for improving antibiotic

overuse.
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