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Abstract

Objective: To determine whether modified reporting of positive urine cultures collected from indwelling catheters improved treatment
decisions without causing harm.

Design: Prospective, unblinded, randomized control trial.
Setting: Two tertiary-care hospitals.

Participants: Overall, 100 consecutive positive urine cultures collected from catheterized inpatients were randomized between standard and
modified laboratory reporting between November 2018 and June 2019. Exclusion criteria were pregnancy, current antibiotic treatment, ICU or
urology admission, or neutropenia.

Intervention: The modified report included significant growth without providing identification, quantification, or susceptibility. The standard
report included identification, quantitation and susceptibility. Diagnosis of catheter-associated asymptomatic bacteriuria (CA-ASB) and
catheter-associated urinary tract infection (CA-UTTI) followed published criteria, using prospective chart review. The appropriate antibiotic
treatment was defined as treatment of CA-UTI, and no treatment of CA-ASB. Patients were followed for 7 days.

Results: Of 543 urine cultures, 443 (82%) were excluded. Of 100 patients, 75 (75%) had CA-ASB and 25 (25%) had CA-UTI. Treatment was
given to 45 of 75 CA-ASB patients (60%) and all 25 CA-UTI patients (100%). Appropriate treatment rate was higher in the modified
reporting arm than in the standard reporting arm: 57% vs 50% (+7.4%; relative risk [RR], 1.15; P = .45). Untreated CA-ASB was higher
in the modified reporting arm: 45% vs 33% (+12%; RR, 1.36; P =.30). The standard report was requested for 33% of modified reports. Furthermore,
4 deaths and 26.9% adverse events occurred in the modified reporting arm, and 3 deaths and 41.3% adverse events occurred in the standard reporting
arm.

Conclusions: Modified reporting increased the appropriateness of treatment, and may be safe.
Clinical trials identifier: ClinicalTrials.gov#NCT03488355.

(Received 6 August 2020; accepted 8 December 2020; electronically published 4 June 2021)

Asymptomatic bacteriuria (ASB) is defined as the presence of bac-
teria in the urinary tract without genitourinary symptoms.'~
Antibiotic treatment of ASB is not associated with a reduction
in pyelonephritis or death, except among pregnant women and
patients undergoing endourological procedures.!~ In fact, treat-
ment of ASB may cause harm, including adverse drug reactions,
Clostridiodes difficile diarrhea, and an increased incidence of
infections caused by antibiotic resistant uropathogens.’”
Catheterization increases the risk of invasion of uropathogens.®
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Bladder catheterization is a common inpatient intervention.”
Catheter-associated asymptomatic bacteriuria (CA-ASB) should
not be screened for, nor treated, but it is often treated in response
to a positive urine culture report rather than based on the applica-
tion of published diagnostic definitions.*

Laboratory reporting interventions may influence antibiotic
treatment decisions.>> We previously performed a randomized
trial evaluating a modified laboratory urine culture report in non-
catheterized acute-care inpatients, which withheld bacterial iden-
tification and susceptibility information, unless requested. The
modified report arm demonstrated a higher proportion of appro-
priate treatment (risk difference of +-27.3%), without an increase in
mortality or adverse events.” The current study assessed the same
intervention in a new patient population. We hypothesized that the
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same modified reporting of positive urine cultures collected from
catheterized inpatients would reduce treatment of CA-ASB, with-
out causing harm.

Methods
Trial design

This study was a prospective, randomized, parallel, unblinded
superiority trial comparing 2 different reporting styles for positive
urine cultures. Consecutive eligible urine specimens were inocu-
lated onto blood and MacConkey agars, incubated overnight,
and interpreted according to standard laboratory protocol.
There were no changes to the trial design during the study.

Participants

Consecutive urine specimens submitted for culture from inpatients
at 2 tertiary-care academic hospitals in St John’s, Newfoundland and
Labrador, Canada, were considered. The metropolitan area of St
John’s has a population of 205,955 people.® Eligibility of specimens
was assessed prospectively using medical records. We applied the
following inclusion criteria: age >18 years, admission to either
Health Sciences Center (HSC) or St Clare’s Mercy Hospital
(SCMH), not pregnant, urine specimen obtained from an indwelling
catheter within the bladder for >48 hours, no antibiotic treatment at
the time of collection, no neutropenia, and not admitted to the ICU
or urology ward. Pathogen identification was not criteria for exclu-
sion. The Provincial Public Health Microbiology Laboratory,
Laboratory Services, Eastern Health performs all microbiological
testing for the city, reporting ~3 positive urine cultures from cath-
eterized inpatients per day.

Intervention

Eligible specimens were randomized into 2 study arms: the stan-
dard reporting arm and the modified reporting arm. Before ran-
domization, method of collection was confirmed with a call to
the nursing ward because the method of collection listed was
not consistently reliable. The culture report was released through
the electronic health record. Specimens in the standard reporting
arm were reported with bacterial identification, quantification, and
susceptibility results according to standard laboratory protocol.
The modified reporting arm report withheld this information
and read as follows: “This POSITIVE urine culture may represent
asymptomatic bacteriuria or urinary tract infection. If urinary tract
infection is suspected clinically, please call the microbiology labora-
tory at [phone] between 9:00 A.M. and 11:00 P.M., or the microbiology
technologist on-call at [phone] at night, for identification and suscep-
tibility results.” Full reports were available 24 hours, 7 days a week by
either calling the microbiology lab or the microbiology technologist
on call. When a request for a full report was received, the full report
was immediately provided in the electronic health record.

Patients who provided the enrolled specimens were followed for
7 days after reporting, using electronic medical records. If informa-
tion was missing from electronic records, paper charts were
reviewed. Diagnosis (CA-UTI or CA-ASB) and treatment appro-
priateness were determined at 72 hours. Diagnosis of CA-UTI was
defined as having a positive urine culture with documentation of 1
or more of the following signs or symptoms: fever (>38°C), supra-
pubic tenderness, costovertebral angle pain or tenderness, increase
in urinary frequency, increase in urinary urgency, and dysuria.
CA-ASB was defined as having a positive urine culture with no
documented symptoms. There was no communication between
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investigators and attending physicians. If patients were discharged
during follow-up, the family physician was contacted by telephone
to assess adverse events.

Outcomes

To maintain consistency, our outcomes were the same as our pre-
vious study.? The primary efficacy outcome was the proportion of
appropriate antibiotic treatment at 72 hours (treated CA-UTI or
untreated CA-ASB). Inappropriate treatment was defined as
untreated CA-UTT or treated CA-ASB. The secondary efficacy out-
come was the proportion of requests for complete reports in the
modified reporting arm. The safety outcomes were bacteremia rate
over 7 days, mortality over 7 days, adverse event rate at 72 hours,
and adverse event rate at 7 days. Adverse events were defined as
meeting 2 or more of the criteria diagnostic of systemic inflamma-
tory response syndrome (SIRS): body temperature >38.3°C or
<36°C, heart rate >90 bpm, respiratory rate >20 per minute, leu-
kocyte count >12,000 or <4,000 cells per cubic millimeter of blood,
altered mental status, significant edema or positive fluid balance,
and hyperglycemia in the absence of diabetes.” Adverse events
at 7 days were defined as the onset of any new signs or symptoms
during the 7-day follow-up.

Sample size

Sample size was calculated based on the effect size observed in our
previous study in the absence of other literature reporting the same
intervention. Our previous study reported an increase in the propor-
tion of appropriate treatment from 29 of 55 (52.7%) in the standard
reporting arm to 44 of 55 (80.0%) in the modified reporting arm
(4+27.3%). A sample size calculation for a comparison of 2 propor-
tions produced a sample size of 90 specimens (x = 0.05; § = 0.20).
To account for loss to follow-up, 100 specimens were recruited.

Randomization

The randomization sequence was generated using Excel for Office
365 version 1903 software (Microsoft, Redmond, WA). Reporting
assignments were placed into serially numbered, sealed, opaque
envelopes.

Blinding

The reporting assignments were blinded; however, investigators
learned the group assignment during follow-up, because the report
was seen in the electronic medical record.

Statistical methods

All specimens randomized into the study were analyzed using
intention-to-treat (ITT) analysis. Per-protocol (PP) analysis was also
used to analyze the specimens that followed protocol. Interim analy-
sis was performed when 50% of our sample was recruited, to assess
safety outcomes only. There were no preliminary stopping rules.
Outcomes were analyzed using a 2-sided Pearson y* test using
SPSS version 26.0 software (IBM, Markham, ON). An adjusted
analysis was not performed.

Ethics

The protocol was approved by the Provincial Health Research
Ethics Board on July 16, 2018 (file 2018.098). The requirement
for patient and physician consent was waived because awareness
of the study may have influenced treatment decisions, and the
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Less than 18 years old (n=17)
Pregnant (n=3)

Neutropenic (n=4)

Receiving antibiotics (n=85)
Admitted to hospital other than
HSC or SCMH (n=15)

Urology patient (n=16)
Midstream or In/Out Catheter
(n=232)

Admitted to ICU (n=38)
Discharged (n=21)

Death (n=3)

Early protocol violation (n=9y

Allocation llocated to Modified Reporting (n=54)
Allocated to Standard Reporting (n=46) 2
« Included in ITT (n=54)
« Included in ITT (n=46) « Included in PP (n=47)
« Included in PP (n=43) o Urology” (n=1)
o Death(n=1) o Randomized to MR but received
o Mixed growth or negative culture SR™ (n=2) )
(n=2) o Mixed growth or negative culture™*
(n=3)
o On antibiotics* (n=1)
.
mpleted 72 hours follow-up Completed 72 hours follow-up
(n=44/46) (n=53/54)
Follow-up
« Died (n=2) = Discharged (n=1)
Completed 7 day follow-up Completed 7 day follow-up
(n=35/46) (n=45/54)
« Died (n=3) « Died (n=3)
« Discharged (n=6) « Discharged (n=6)
Anal ffi
Analyzed Efficacy Outcomes Analysis ntyzer Effosoy Ouicoumes
« ITT (n=46/46) g;r((rr‘\;s;;;s:)}
« PP (n=43/46)
Analyzed Safety Outcomes Analyzed Safety Outcomes
« ITT (n=54/54)

« ITT (n=46/46)

« PP (n=43/46)

intervention posed no more than minimal risk to participants. A
letter was sent to all inpatient physicians informing them about
the study prior to initiation. When the trial was completed, a
debriefing meeting was scheduled. Physicians and patients were
given the opportunity to withdraw their data. Each adverse event
and death was assessed independently. Each death was reported to
the ethics committee.

Results

We assessed 543 consecutive positive urine cultures between
November 6, 2019, and June 5, 2019; 443 did not meet inclusion
criteria (Fig. 1). The 2 arms were comparable in mean age + SD
(standard report, 73.6 + 13.9 years; modified report, 71.4 + 13.1
years), proportion of CA-UTI (standard report, 26.1%; modified
report, 22.2%), and proportion of CA-ASB (standard report,
71.4%; modified report,77.8%). The standard reporting arm had
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+ PP (n=47/54)

Fig. 1. Participant flow.
*Indicates recruitment error.

**Indicates laboratory error.

a lower proportion of females than the modified reporting arm
(standard report, 39.1%; modified report, 51.9%) (Table 1).

Numbers analyzed

Overall, 100 specimens were randomized and included in ITT
analyses. Furthermore, 46 samples were randomized to the stan-
dard reporting arm, and 54 samples were randomized to the modi-
fied reporting arm (Fig. 1).

Outcomes and estimation

Of 100 patients, 75 (75%) were diagnosed with CA-ASB and 25
(25%) with CA-UTL Of these same 100 patients, 70 (70%) were
treated with antibiotics. Of these 75 CA-ASB patients, 45 (60%)
were treated, and all 26 CA-UTTI patients (100%) were treated.
The proportion of appropriate treatment was higher in the
modified reporting arm: ITT-MR was 57.4% and ITT-standard
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Table 1. Patient Demographics

Claire L. Pratt et al

Age, mean y +SD 73.6£13.9 71.4%13.1 73.3£13.7 70.8+12.6
Sex, female 18 (39.1) 28 (51.9) 17 (39.5) 24 (50.1)
CA-UTI 12 (26.1) 12 (22.2) 12 (27.9) 12 (25.0)
CA-ASB 33 (71.7) 42 (77.8) 31 (72.1) 35 (74.5)

Note. SD, standard deviation; CA-UTI, catheter-associated urinary tract infection; CA-USB, catheter-associated asymptomatic bacteriuria.

Table 2. Proportion of Appropriate Treatment

Intention to treat 23/46 (50.0)

31/54 (57.4) 74

1.15 (0.746-1.77)

Per protocol 23/43 (53.5)

29/47 (61.7) 8.2

0.867 (0.606-1.24)

Table 3. Antibiotic Treatment Timing

Intention to treat, no.

SR, CA-UTI 0 8 2 2 12
SR, CA-ASB 12 7 7 8 34
MR, CA-UTI 0 9 3 0 12
MR, CA-ASB 18 8 12 4 42
Total 30 32 24 14 100
Per protocol, no.
SR, CA-UTI 0 8 2 2 12
SR, CA-ASB 12 5 7 7 31
MR, CA-UTI 0 9 3 0 12
MR, CA-ASB 16 6 10 3 35
Total 28 28 22 12 90

Note. SR, standard report; MR, modified report; CA, catheter-associated; UTI, urinary tract infection; ASB, asymptomatic bacteriuria.

report was 50.0%, for an absolute increase of 7.4% (relative
risk [RR], 1.15; 95% confidence interval [CI], 0.746-1.765)
(Table 2).

Treatment was given most often after urine collection (32 of 70,
45.7%), not after receiving the urine culture report (38 of 70,
54.3%) (Table 3). CA-UTI was treated earlier than CA-ASB in both
study arms. Ciprofloxacin, nitrofurantoin, and ceftriaxone were
the most commonly used antibiotics used in both study arms.
Average treatment duration was similar in both study arms:
ITT-MR showed a mean of 3.6 + 3.6 days, ITT-SR showed a mean
of 4.2 + 4.4 days, PP-MR showed a mean of 3.5 + 3.5 days, and
PP-SR showed a mean of 4.3 + 4.5 days.

Ancillary analyses

Following the receipt of the modified report, a full report was
requested in 18 (33.3%) of 54 cases using ITT analysis and 17
(36.1%) of 47 cases using PP analysis. Overall, 10 requests were
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received from physicians, 7 requests were received from nurses,
and 1 request was received from a pharmacist.

Safety

Our interim analysis revealed no significant differences in safety
between groups (Table 4). There were no cases of untreated UTI
in either study arm. There were 3 deaths in the standard reporting
arm and 4 deaths in the modified reporting arm. No bacteremia
cases occurred in the standard reporting arm, and 3 bacteremia
cases occurred in the modified reporting arm. All positive blood
cultures were collected at the time of urine culture collection,
meaning that no new bacteremia cases were identified during
patient follow-up. Each case of death and bacteremia was investi-
gated independently by a physician, and none were related to the
modified report. All deaths were reported to ethics. The occurrence
of 2 or more SIRS criteria at 72 hours follow-up was more frequent
in the modified reporting arm (24.1%) versus the standard
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Outcome and Treatment Approach Standard Reporting Arm Modified Reporting Arm P Value
Deaths, n/N (%)
ITT 3/46 (6.5) 4/54 (7.4) 863
PP 2/43 (4.7) 3/47 (6.4) .720
Bacteremias, n/N (95% CI)
ITT 0/46 (0.000-0.077)? 3/54 (0.012-0.154) .105
PP 0/43 (0.000-0.082)? 3/47 (0.013-0.175) .092
SIRS at 72 h, n/N (95% CI)®
ITT 8/46 (0.078-0.314) 13/54 (0.135-0.376) A4l4
PP 8/43 (0.084-0.334) 11/47 (0.123-0.380) 577
Adverse events at 7 d, n/N (95% CI)
ITT 19/46 (0.270-0.568) 16/54 (0.180-0.436) 216
PP 19/43 (0.291-0.601) 13/47 (0.156-0.426) .159

Note. ITT, intention to treat; PP, per protocol; SIRS, systemic inflammatory response syndrome; WBC, white blood cell count.

2Indicates 1-sided 97.5% confidence interval.

bSIRS criteria met if patient exhibited 2 or more of body temperature >38.3°C or <36°C, pulse >90/min, respirations >20/min, WBC count >12,000 or <4,000 cells per cubic
millimeter of blood, altered mental status, significant edema or positive fluid, or hyperglycemia without diabetes.

reporting arm (17.4%; P = .414). Adverse events at 7 days were
more common in the standard reporting arm: 19 of 46 (95% CI,
0.270-0.568) versus 16 of 54 (95% CI, 0.180-0.436) in the modified
reporting arm. Adverse events varied across patients; however,
delirium, hypokalemia, and shortness of breath were observed in
both study arms (Table 5). There was no significant difference
in adverse events at 7 days between the study arms (Table 4).

Discussion

We have demonstrated that modified urine-culture reporting
has a higher proportion of appropriate treatment in the cath-
eterized population, however not significantly, without a signifi-
cant increase in adverse events. This finding agrees with the
results of our previous study, which showed a significant
improvement in appropriate treatment following the modified
report.? The proportion of inappropriate treatment in both
study arms was high: 22 (47.8%) of 46 in the standard reporting
arm, and 23 (42.6%) of 54 in the modified reporting arm. These
findings confirm that physicians continue to treat positive urine
cultures without applying the diagnostic definitions, as seen in
our previous study.? This behavior contributes to antibiotic
overuse.

Of the urines included, most were collected from patients with
CA-ASB and therefore should not have been collected. This find-
ing reaffirms that the overordering of cultures is a significant issue
in acute care.>!®!! The overordering and treatment of positive cul-
ture results, rather than consideration of symptoms and physical
examination findings, may be caused by a clinical bias toward
treatment.

The proportion of inappropriate treatment in the modified
reporting arm was much higher in the catheterized population
compared to our previous study among noncatheterized inpatients
(51.1% vs 25.7%, respectively), suggesting that treatment of cath-
eterized patients may need improvement.> Most treatment was
given at the time of receipt of urine culture report, suggesting that
a modified reporting intervention occurs at the right time to influ-
ence many treatment decisions. Treatment duration was extremely
variable in both groups (ranges, 1-21 days in the standard
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reporting arm and 1-13 days in the modified reporting arm).
CA-UTI treatment guidelines recommend 7-14 days duration.'

There were no significant differences in safety between the
standard reporting arm and the modified reporting arm,
although our sample size was small. Thus, we cannot confidently
say that modified report is fully safe in the catheterized popula-
tion. The modified reporting arm had no cases of untreated CA-
UTI, meaning that the risk of pyelonephritis due to the modified
report was low.!* The modified reporting arm had a lower pro-
portion of cumulative adverse events, and no case of death or bac-
teremia was caused by the intervention. The proportion of
patients meeting SIRS criteria was higher in the modified report-
ing arm. SIRS criteria are nonspecific, are not solely indicative of
CA-UTI, and may be caused by other medical problems, among
older inpatients with comorbidities.’

Our findings indicate that further research using a modified
report of urine culture may be justified.>® The present study con-
tributes to our previous findings that modified reporting improved
treatment decisions in noncatheterized inpatients.> Modified
reporting is an inexpensive and practical intervention that is easy
to implement in a programmable laboratory information system.>’

Most studies reporting the impact of antimicrobial stewardship
interventions use a quasi-experimental (before and after) design,
but our study was a randomized control trial design, which reduced
the risk of bias.>*!> The lack of blinding of investigators would not
influence treatment because investigators were not involved in
treatment decisions. Previous research on the use of laboratory
reporting interventions to improve treatment outcomes has been
performed either in a noncatheterized population or including
catheterized patients but using the modified report as part of a
larger intervention.>!®> The present study contributes to the gap
between these studies by including only catheterized patients
and using the modified report as the sole intervention. This
research is important because it contributes to the assessment of
the modified report as a generalizable intervention across acute-
care patients. Outcome assessment used a standardized case report
form, limiting the bias caused by lack of investigator blinding.

Our study has several limitations. Due to our narrow eligibility
criteria, these findings are not generalizable to all catheterized
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Table 5. Adverse Events at 7 Days

Modified Standard
Adverse Event Reporting Arm Reporting Arm
Acute kidney injury 1 0
Anxiety 0 1
Aspiration pneumonia 0 1
Auditory hallucinations 0 1
Candidemia 0 1
Chest Pain 1 0
Confusion 0 1
Constipation 0 1
Decreased level of consciousness 0 1
Decreased white blood cell 0 1
Delirium 1 1
Diarrhea 1 0
Dizziness 0 1
Edema 0 1
Fall 0 1
Fever 1 0
Fluid overload 0 1
Gross hematuria 0 1
Hypokalemia 1 1
Increased liver enzymes 0 1
Increased penile discharge 0 1
Respiratory secretions 1 0
Sacral tear 1 0
Shortness of breath 1 1
Stool impaction 0 1
Suicidality 1 0
Suprapubic tenderness 1 0
Tachycardia 1 0
Wound infection 1 0

acute care inpatients. Furthermore, other hospital settings may
have different CA-ASB treatment patterns, and the intervention
may have had more impact.

Investigators could not be blinded to diagnosis and treatment
because this information was in the chart. Assessment of diag-
nosis was based on objective criteria, and assessment of treat-
ment was objective; however, the lack of blinding may have
biased our conclusions.

The follow-up duration was too short to assess late adverse
events. Randomization was partly successful; however, more
women were randomized to the modified report than the standard
report, which could have been adjusted for in our analysis.

Inconsistencies in charting may have created an interpretation
bias toward the diagnosis of CA-ASB because symptoms were
recorded from progress notes. The presence of a catheter was con-
firmed by telephone discussion with the nurse.

The calculated sample size was based on the available data from
a single randomized controlled trial with the same design. This
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approach led to an underpowered study (power, 12%), due to a
smaller observed effect size compared to the previous study. The
a priori sample size assumptions may not have been suitable for
the catheterized population.

Furthermore, this study was implemented in the same sites as
the previous study, so physicians and nurses may have been famil-
iar with the intervention. The present study proceeded without the
involvement of the urology department by their request following
the previous study published in 2018, which may have biased
patient selection.

Study patient retention was high, with minimal loss to follow-
up due to discharge or death during the 7-day follow-up. A small
number of protocol errors occurred (eg, urine culture result
changed after randomization, randomization not followed, recruit-
ment of ineligible patients). However, ITT and PP analyses reached
the same conclusion, which indicates that these errors did not sig-
nificantly impact our results.

With these limitations in mind and the lack of evidence in lab-
oratory AMS interventions, we recommend further trials of labo-
ratory reporting interventions, using a larger sample size and a
more inclusive population. Interventions should target early time
points during treatment decision making. A qualitative study
exploring physician attitudes toward antibiotic use, stewardship,
and participation in clinical trials may be helpful in shaping future
AMS initiatives.
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